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ABSTRACT 

The real estate sector is a significant contributor to global carbon emissions, waste production, and 

natural resource consumption. While the industry's environmental performance has been studied 

in other sectors in Ghana, there remains a gap in understanding the specific roles of key 

stakeholders—lenders, developers, investors, occupiers, and valuers—in achieving environmental 

sustainability. This study addresses this gap by developing an integrated environmental 

sustainability model for the Ghanaian real estate industry. A Sequential Explanatory mixed-

methods approach was employed, beginning with semi-structured interviews (n=20) to gather 

contextual insights, followed by a Modified Delphi process with 15 purposively selected experts 

to refine sustainability constructs. A structured questionnaire survey (n=275; response rate: 91.7%) 

was then conducted with stakeholders drawn from GREDA, ARC, IET, and GHIE. Survey data 

were analysed using Partial Least Squares Structural Equation Modelling (PLS-SEM) to validate 

the proposed model. The validated model comprises five key constructs: energy efficiency, water 

conservation, waste management, green building materials, and air quality and pollution control. 

Reliability and validity were confirmed through high Composite Reliability scores (CR = 0.88–

0.97), Average Variance Extracted (AVE = 0.61–0.82), and discriminant validity via HTMT ratios 

(<0.85). Model fit was acceptable (SRMR = 0.062), with predictive relevance confirmed (Q² = 

0.31; R² = 0.42). Among the constructs, energy efficiency and stakeholder collaboration showed 

the strongest positive effects on sustainability outcomes, while green building materials had a 

weaker but still significant impact. No non-significant paths were observed, affirming the 

robustness of the model. 
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This research expands existing knowledge and offers a validated, context-sensitive framework for 

promoting environmental sustainability in the real estate industry, particularly in Ghana and other 

developing economies.  

Keywords: Energy Efficiency, Water Conservation, Waste Management, Green Building 

Materials, Air Quality, Environmental Sustainability Model, Ghana, Real Estate Sector 
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND OF THE STUDY 

This study develops an integrated environmental sustainability model for Ghana’s real estate 

sector—a critical response to the documented disconnect between national climate commitments 

and inconsistent industry practices. Chapter One serves as an introduction to the study. It provides, 

firstly, the concept of environmental management and the contribution of construction to 

environmental sustainability, setting the context for the study. The chapter bridges global 

sustainability imperatives with the unique challenges and opportunities facing the Ghanaian real 

estate market, setting the stage for identifying context-specific drivers of environmental 

excellence. 

1.2 ENVIRONMENTAL SUSTAINABILITY IN THE GLOBAL CONTEXT 

The global population living in cities has doubled over the last 40 years and is projected to grow 

by another 1.5 billion by 2050. This rapid urbanization creates a dual challenge: meeting the 

demand for housing, infrastructure, and transportation while reducing environmental footprints 

(OECD, 2022). The OECD’s Environmental Outlook to 2050 emphasizes that adopting innovative, 

sustainable development models makes economic and environmental sense, improving human 

health while reducing resource use and energy demand. Globally, pressures on natural resources 

are outpacing the planet’s ability to replenish them. By 2050, freshwater scarcity is expected to 

affect over 40% of the global population, particularly in parts of Africa and Asia (OECD, 2022). 

Air pollution is projected to become the leading environmental cause of premature death, while 

climate change will increase the frequency of extreme weather events (Richter et al., 2022; 
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Amoatey & Danquah, 2018). These challenges have long been recognised internationally. Key 

milestones include the 1972 United Nations Conference on the Human Environment, which 

established the United Nations Environment Programme (UNEP), the 1987 Montreal Protocol on 

Substances that Deplete the Ozone Layer, and the 1992 Rio Earth Summit, which adopted Agenda 

21 and the Rio Declaration. Collectively, such initiatives have shaped the global sustainability 

agenda and underscore the need for integrated environmental sustainability models at national and 

sectoral levels. 

1.2.1 Environmental sustainability in Ghana’s Real Estate Sector 

Ghana is undergoing rapid urbanization, with escalating demand for housing, infrastructure, and 

utilities. The construction and real estate sectors, while central to national development, are also 

major contributors to environmental degradation. Deforestation, poor waste management, high 

carbon emissions, and excessive resource consumption characterize much of the built 

environment's impact in the country (Afum et al., 2020). According to the UN Guidelines for 

Consumer Protection, government and international agencies play a crucial role in developing 

policies to address sustainability issues (UN Habitat, 2023; UN, n.d.). During COP27, the 

Government of Ghana advocated for debt-for-nature swaps and increased private sector 

investments as key opportunities to accelerate the transition to low-carbon growth. Ghana made 

commitments to build a climate-proof resilient economy, which would better equip the country to 

handle future shocks and protect existing infrastructure, property, lives, and livelihoods (United 

Nations Environmental Programme, 2023). The government also emphasized the importance of 

financing a low-carbon economy and continuous engagement with the private sector through 

public-private partnerships for climate-resilient infrastructure projects, as well as for voluntary and 

compliance carbon markets (Ministry of Finance, Ghana, 2022). Furthermore, the real estate sector 
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can play a significant role in the journey toward environmental excellence. However, available 

evidence of stakeholder efforts is limited in the private real estate sector in Ghana to promote 

environmental sustainability (UN-Habitat, 2023; Bohari et al., 2020). It is not certain whether the 

factors that drive environmental excellence in the manufacturing sector are the same as those for 

the real estate industry in Ghana. 

1.3 AN OVERVIEW OF THE REAL ESTATE SECTOR IN RELATION TO THE 

ENVIRONMENT 

The real estate sector is a major focus in achieving the United Nations Sustainable Development 

Goals (SDGs), particularly in reducing greenhouse gas emissions, improving water and waste 

management, and limiting pollutants (United Nations, 2021). Environmental sustainability in real 

estate encompasses technological, social, economic, and environmental dimensions, with the latter 

focusing on energy use, water consumption, and waste management (Dobrovolskienė et al., 2021). 

Housing production requires collaboration among key stakeholders such as financiers, developers, 

designers, contractors, agents, and users (Brill & Raco, 2021), each playing a role in environmental 

performance. Globally, the sector contributes over 20% of carbon emissions and significant waste, 

pollution, and resource use (Khan et al., 2019; Kauskale et al., 2017). Construction activities 

account for a third of greenhouse gas emissions, yet the industry still lags others in adopting 

environmental technologies (Frischknecht et al., 2020). While developed countries enforce stricter 

environmental measures, reporting and adoption vary widely (Richter et al., 2022). In Ghana, 

literature on environmental management in real estate is scarce (Afum et al., 2020; Anim-Odame, 

2014). This study addresses this gap by proposing a model to improve environmental performance 

through stakeholder collaboration. Although some firms adopt sustainability measures, practices 

remain inconsistent (Bohari et al., 2020; Darko et al., 2018). A coherent framework linking key 
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environmental factors can help the sector reduce climate impacts and enhance economic benefits, 

such as cost savings, reputational gains, and reduced regulatory risks (Reichardt et al., 2012). Table 

1 maps the key stakeholders in Ghana’s real estate sector, based on their regulatory mandates, 

market influence, and operational relevance. This mapping underpins the study’s sampling strategy 

and informs the model’s design in later chapters. 

chapters. 

Table 1: Key Stakeholders in Ghana’s Real Estate Sector 
Stakeholder Group Primary Role Sustainability Influence Relevance to Study 

Real Estate 

Developers 

Design and construct 

buildings 

Determine material use, 

energy systems, and spatial 

planning 

Central actors in 

implementation; target for 

behavioral change 

Regulatory Bodies 

(e.g., EPA, MMDAs) 

Enforce environmental 

and planning standards 

Gatekeepers of compliance 

and enforcement 

Influence policy uptake and 

enforcement consistency 

Financial 

Institutions 

Provide capital and 

financing mechanisms 

Shape investment priorities 

and risk appetite 

Affect feasibility of green 

innovations and incentives 

End-Users / 

Occupants/ Tenants 

Consume and maintain 

built environments 

Drive demand for 

sustainable features 

Reflect behavioral adoption 

and long-term sustainability 

outcomes 

Professional 

Associations (e.g., 

GREDA) 

Set industry norms and 

provide training 

Influence professional 

standards and capacity 

building 

Mediate between policy and 

practice; potential change 

agents 

These stakeholder roles form the empirical backbone of the study’s qualitative and quantitative 

phases, particularly in the model validation and implementation pathway design. 

1.4 RESEARCH MOTIVATION 

The motivation for this research stems from a critical gap between Ghana’s climate commitments 

and the operational realities of its real estate sector. Despite the country’s alignment with global 

sustainability frameworks—such as the Paris Agreement, the UN Sustainable Development Goals 

(SDGs), and national policies like the National Climate Change Policy—implementation within 

the built environment remains fragmented, reactive, and largely uncoordinated. 
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Real estate development in Ghana continues to prioritize short-term economic gains over long-

term environmental stewardship. This is evident in the limited adoption of green building practices, 

weak regulatory enforcement, and minimal stakeholder collaboration. Existing sustainability 

models, while theoretically robust, often fail to account for the contextual nuances of Ghana’s 

socio-economic landscape, institutional dynamics, and stakeholder priorities. 

This study is motivated by the need to bridge this disconnect through a context-sensitive, 

empirically grounded model that integrates stakeholder perspectives, environmental performance 

indicators, and strategic pathways for implementation. The proposed framework is not merely a 

theoretical construct; it is designed to be actionable, adaptable, and responsive to the realities of 

Ghana’s real estate ecosystem. By doing so, the research aims to contribute to both academic 

discourse and practical transformation—supporting policy reform, industry innovation, and 

stakeholder engagement toward environmental excellence.  

1.5 THE RESEARCH PROBLEM STATEMENT 

Despite growing awareness of environmental sustainability within the Ghana’s construction sector, 

limited empirical evidence exists on how these principles are internalized within the private real 

estate industry, where investment decisions, material selection, and developer priorities differ 

significantly from public infrastructure projects (Kasim et al., 2021; Amoatey & Danquah, 2018). 

While the broader construction literature identifies clear pathways for sustainable practices such 

as green certification, life-cycle costing, and emission tracking (Afum et al., 2020; Darko & Chan, 

2018; Appel-Meulenbroek et al., 2021), these mechanisms remain poorly contextualized and 

untested within Ghana’s private real estate ecosystem.  
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Existing environmental policies operate across three broad but weakly integrated domains namely 

regulatory frameworks (e.g., Environmental Protection Act, Act 490 of 1994), enforcement 

capacity (limited institutional oversight amid informality in over 60% of urban construction; 

Mensah & Adomako, 2022; GSS, 2021), and incentive mechanisms (minimal fiscal or market-

based drivers for green adoption; Hargreaves et al., 2018). These policy instruments have not 

yielded measurable firm-level transformation or consistent environmental outcomes. Developers, 

contractors, and financiers continue to act in isolation, prioritizing short-term cost efficiency over 

long-term ecological performance, with few firms employing certified environmental management 

professionals or maintaining sustainability reporting systems (Agyekum et al., 2022; Bonney, 

2021; Olanipekun et al., 2020). The disjunction between policy intent and operational reality 

underscores a persistent empirical gap which is the absence of a validated, stakeholder-informed 

model that aligns Ghana’s environmental policy architecture with private-sector sustainability 

behaviour.  

Global frameworks such as ISO 14001 and LEED have proven difficult to operationalize in 

contexts characterized by informal urbanization, low data transparency, and resource constraints 

(Ociepa-Kubicka et al., 2021; Ball, 2003). Consequently, there is limited understanding of how 

context-sensitive models could drive localized accountability, technology integration, and 

stakeholder coordination within Ghana’s real estate sector.  

This study addresses this knowledge gap by developing and empirically validating an Integrated 

Environmental Sustainability Model, specifically tailored to Ghana’s private real estate context 

and bridges the divide between international sustainability theory and local implementation 

realities to inform policy, education, and professional practice. 
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1.6 AIM OF THE STUDY 

The study aims to develop a holistic and integrated environmental sustainability model for 

Ghanaian real estate to enhance sustainable built environment practices and provide a validated 

framework that can guide stakeholders in improving environmental performance. 

1.6.1 Research Objectives 

To achieve the above-stated aim of the study, the following objectives have been set: 

RO1: To examine typical environmental challenges associated with real estate development in the 

Ghanaian real estate industry. 

RO2: To examine the critical success factors for effective environmental management in the real 

estate industry.  

RO3: To investigate and ascertain the key environmental construction technologies that could be 

adopted in the real estate industry to enhance environmental sustainability practices in Ghana. 

RO4: To evaluate the role of real estate stakeholders in driving environmental sustainability in the 

real estate industry 

RO5: To develop an integrated environmental sustainability model for the Ghanaian real estate 

industry.  

RO6: To examine the validity of the conceptualised integrated environmental sustainability 

model for the Ghanaian real estate industry. 

The achievement of the above research objectives is explained in detail in a later chapter.  
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1.7 RESEARCH QUESTIONS 

Based on the research problem statement and aim of the study, the following research questions 

are addressed as stated below: 

RQ1 What are the typical environmental challenges associated with real estate development in 

Ghana? 

RQ2 What are the most critical success factors that influence effective environmental 

management in the real estate industry? 

RQ3: What key environmental construction technologies can be adopted in the real estate 

industry? 

RQ4 What roles do real estate stakeholders play in promoting environmental sustainability within 

the industry? 

RQ5: How can an integrated environmental sustainability model be developed for the Ghanaian 

real estate industry? 

RQ6: What is the empirical validity of the conceptualised integrated environmental sustainability 

model for the Ghanaian real estate industry? 

1.8 RESEARCH HYPOTHESES 

Based on the research problem, objectives, and conceptual framework, the following hypotheses 

are proposed for empirical testing: 

H1: Environmental challenges (e.g., financial constraints, regulatory gaps) significantly 

hinder the adoption of sustainability practices in Ghana’s real estate sector. 
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H2: Critical success factors (e.g., governance, market demand) have a significant positive 

effect on environmental sustainability practices in Ghana’s real estate sector. 

H3: The adoption of environmental construction technologies significantly improves 

environmental sustainability outcomes in the real estate sector. 

H4: Stakeholder engagement significantly enhances environmental sustainability 

performance in real estate projects. 

H5: The integrated environmental sustainability model is a valid representation of the 

relationships among key drivers, challenges, and sustainability outcomes in Ghana’s real 

estate sector. 

1.9 SIGNIFICANCE OF THE STUDY 

The World Bank estimates that a 36% reduction in total CO2 emissions in the construction sector 

is required by 2030 (World Economic Forum, 2016). The real estate industry is associated with 

other industries, such as the real estate industry, the materials production industry, and the supply 

chain. Any improvement in the real estate industry's environmental performance would positively 

influence these other industries. Investments in environmental technologies (lighting, cooling, 

heating, insulation, rainwater harvesting, waste management, etc.) have a positive net present value 

(Darko Chan and Owusu, 2018; Kok et al., 2010). Research shows substantial office market capital 

value premium (or lower cap rates) for properties with strong environmental labels and 

certification (Darko et al., 2018). The result is that residential prices tend to rise with improvements 

in energy performance certification. Additionally, it has been found that tenants appear willing to 

pay higher rents for energy-efficient properties. This research seeks to address the strategies that 

contribute to these advantages. There is a lack of literature on the determinants of environmental 
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sustainability in the real estate industry in developing countries (Agyekum, Goodier, and Oppon, 

2022; Olanipekun et al., 2020; Amoatey & Danquah, 2018; Olawumi et al., 2017). Hence, this 

research adds new knowledge about the factors determining environmental sustainability in the 

real estate industry. Again, a critical literature review on environmental management and the real 

estate industry would expand existing knowledge by providing synthesized literature useful for 

sustainable construction management in Ghana and other developing countries.  

1.10 RESEARCH METHODOLOGY 

This study adopted a Sequential Explanatory Design. The process began with preliminary semi-

structured interviews, which provided contextual insights to refine the initial list of constructs. 

These insights then informed a subsequent Modified Delphi technique, which served as the main 

qualitative method for construct refinement and expert consensus building. The refined constructs 

informed the development of a structured questionnaire, which was administered to the 

quantitative survey sample. Model validation was conducted using PLS-SEM, based on the survey 

data, without any post-survey interviews. 

The research methodology adopted a pragmatic mixed-method approach to address the research 

questions and achieve the stated objectives. The study explored environmental management 

practices in Ghana’s real estate sector through both primary and secondary data sources. Primary 

data collection involved a three-stage process: 

1. Preliminary semi-structured interviews (20 key stakeholders from Ghana's real estate 

sector) and a Modified Delphi technique (15 experts with a minimum 5 years' experience 

in the built environment + 3 years in sustainability). The purpose was to gather expert 
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consensus on key sustainability constructs. achieve expert consensus on the refined 

constructs and establish content validity 

2. A structured questionnaire survey among 275 stakeholders in the real-estate supply chain; 

and 

3. Analysis of the survey data using Partial Least Squares Structural Equation Modelling 

(PLS-SEM) to validate the conceptual framework and test the research hypotheses.  

Secondary data were obtained from relevant literature, databases, and online sources to 

contextualize environmental sustainability theory and practice in Ghana. Detailed methodological 

procedures are presented in Chapter Five. The final quantitative survey involved a total of 275 

respondents (N = 275), as described in Chapter Five. 

1.10.1 Quantitative Research 

 Following construct refinement through the Delphi technique, a structured questionnaire was 

developed and pilot-tested. The main survey data (N = 275) were analyzed using Partial Least 

Squares Structural Equation Modeling (PLS-SEM) in SmartPLS 4, which facilitated the 

development and validation of the integrated environmental sustainability model. The final 

quantitative survey involved a total of 275 respondents (N = 275), as described in Chapter Five. 

1.10.2 Qualitative Research 

The qualitative component comprised two stages: initial semi-structured interviews to 

contextualize the study, followed by a Modified Delphi technique to refine sustainability 

constructs through iterative expert consensus building. 

1.10.3 Mixed Method Research 
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The sequential explanatory design enabled systematic integration where qualitative findings from 

early phases directly informed the development of the quantitative survey instrument, ensuring the 

final model was both empirically robust and contextually grounded. 

1.10.4 Data sources  

Data about the rating of the factors driving the adoption of environmental sustainability in the real 

estate industry in Ghana was obtained from the expert panels from the qualitative study. Moreover, 

data from the quantitative study was obtained from stakeholders in the real estate supply chain. 

1.10.4. 1 Modified Delphi-specific objectives  

The objectives for the Modified Delphi technique survey in this research were defined to 

effectively guide the expert panel discussions and to achieve consensus on factors critical to 

developing a holistic environmental sustainability model for the Ghanaian real estate sector. These 

objectives are as follows: 

1. DS01: To evaluate the impact of environmental sustainability factors on the environmental 

performance of the real estate sector in Ghana. 

2. DS02: To identify the critical indicators for measuring energy efficiency within the real 

estate sector. 

3. DS03: To reach a consensus on essential practices and technologies for effective water 

conservation in real estate development. 

4. DS04: To gather expert opinions on sustainable waste management approaches in the real 

estate industry. 
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5. DS05: To establish consensus on the criteria for selecting and incorporating 

environmentally friendly building materials that minimize the environmental impact of 

construction. 

6. DS06: To define best practices for managing air quality and controlling pollution, including 

emissions reduction during construction and indoor air quality management suitable for 

sustainable real estate development. 

These objectives are designed to identify the essential factors and variables that would guide the 

expert panel discussions and achieve a consensus on the critical elements necessary to develop a 

comprehensive environmental sustainability model tailored to Ghana’s real estate sector.  

1.9.4.2 Questionnaire-specific objectives  

A questionnaire survey was conducted for this research study to determine the following related 

themes:  

QS1 to examine typical environmental challenges associated with real estate development in the 

Ghanaian real estate industry. 

QS2 to examine the critical success factors for effective environmental management in the real 

estate industry.  

QS3 to investigate and find out the key environmental construction technologies that can be 

adopted in the real estate industry to enhance environmental sustainability practices in Ghana. 

QS4: What is the role of real estate stakeholders in driving environmental sustainability in the real 

estate industry? 

1.9.4.3   Reliability  
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According to Sudo (2019), reliability is adequate if another researcher carries out the same research 

under the same conditions and arrives at the same conclusions. Quantitative data reliability was 

assured through rigorous data collection methods, ensuring consistency and replicability. 

Structured surveys and questionnaires will be designed with unambiguous questions. Pilot testing 

was conducted to identify and rectify any ambiguities or biases, enhancing the reliability of the 

instruments. PLS-SEM analysis was conducted to improve the reliability of the research. 

1.9.4.4 Validity  

To ensure the validity of quantitative data, the study will employ established measurement scales 

and validated instruments that have been tested and proven reliable in similar contexts. By using 

well-established tools, the study can accurately measure environmental challenges, critical success 

factors, and stakeholder roles.  

1.9.4.5 Trustworthiness 

 In qualitative research, trustworthiness refers to credibility, transferability, dependability, and 

confirmability. Multiple data sources, such as interviews with diverse stakeholders, will be 

triangulated to enhance credibility. Member checking, where participants review summaries of 

their responses, will be employed to validate interpretations. Transferability will be addressed by 

providing detailed contextual information, enabling readers to assess the study's applicability in 

different settings. Dependability will be ensured through consistent data collection procedures, 

transparent documentation, and an audit trail, allowing for the study's replication. Confirmability 

will be established by maintaining objectivity and avoiding researcher bias through reflexive 

journaling and peer debriefing. 

1.10.5 Data analysis 
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Modified Delphi study results were analyzed using Microsoft Excel, applying descriptive statistics 

and consensus measures such as interquartile ranges and Kendall’s W. Survey data were analyzed 

using Partial Least Squares Structural Equation Modeling (PLS-SEM) via SmartPLS 3.2, 

including measurement and structural model evaluation. 

1.10.6 Results 

Findings on the factors driving the adoption of environmental sustainability in the construction 

supply chain are presented in tables of values describing the extent of the factors on the overall 

environmental performance of the estate. Data from both the Modified Delphi and the 

questionnaire surveys were used for the integrated environmental sustainability model for the real 

estate industry. 

Building on the identified gaps and stakeholder dynamics, this study proposes a Sustainability 

Integration Model tailored to Ghana’s real estate sector. The model is designed to bridge policy-

practice divides by aligning stakeholder incentives, regulatory mechanisms, and contextual 

constraints. It integrates qualitative insights from stakeholder interviews with quantitative 

validation through PLS-SEM, ensuring both empirical robustness and practical relevance. The 

model’s architecture is iterative and inclusive, enabling adaptive implementation across diverse 

real estate typologies. Its conceptual development is elaborated in Chapter Five, while empirical 

validation and stakeholder feedback are presented in Chapters Five and Eight. 
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1.11 BRIEF FRAMEWORK OF THE STUDY  

This research is organized as follows: 

Brief Framework of The Study 
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Introduces the study, presents the 

research problem, aims, and 

objectives. 

Reviews theoretical and conceptual 

frameworks on environmental 

management in real estate. 

Identifies research gaps and their 

relation to the real estate supply 

chain. 

Describes the methodology, 

research design, population, 

sampling, and data collection tools 

used in the study. Outlines analysis 

methods for Delphi and Field 

Questionnaire Surveys. 

Presents and interprets Delphi study 

results and also  results based on 

each study objective

Analyzes findings from the 

questionnaire survey and aligns 

them with study objectives

Develops the theoretical and 

conceptual framework on 

environmental management for this 

study

Evaluates the model s fit and 

effectiveness in addressing 

environmental sustainability 

challenge

Concludes the study and presents 
the final integrated environmental 

sustainability model with policy 
recommendations

Chapter 1 

Introduction 

Literature Review
Chapter 2  

Theoretical And 

Conceptual Perspectives of 

Real Estate and 

Environmental 

Management 

Chapter 3 

Real Estate 

Management 

Research Theory 

Chapter 4 

Theoretical And 

Conceptual Framework 

Chapter 5 

 Research 

Methodology 

Chapter 6 

Results from the 

Delphi Study 

Chapter 7 

Survey Results 

Chapter 8 

 The Conceptual Integrated 

Environmental Sustainability 

Model

Chapter 9 

Discussion of Results 

Chapter 10 

 Conclusion and 

Recommendations 

Objective 1, 2, 3, 4

Objective 5

Objective 6

 

Figure 1: Organization of chapters in the thesis. 

1.12 CONCLUSIVE REMARK  

The background and literature review reveal a significant gap in empirical research on 

environmental management within the real estate sector, especially in developing countries. This 
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study fills that gap by providing practical guidance to industry authorities and stakeholders, 

encouraging environmentally responsible practices through efficient green procurement, 

sustainable construction, and innovative process strategies that help create a safer and more 

sustainable real estate industry. 

To lay the theoretical background or framework for this study, a review of related literature is 

presented in the next chapter.  
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CHAPTER TWO 

THEORETICAL AND CONCEPTUAL PERSPECTIVES OF REAL ESTATE AND 

ENVIRONMENTAL MANAGEMENT 

2.1 INTRODUCTION  

This chapter presents an account of the theoretical and conceptual frameworks for environmental 

management within the real estate industry. It highlights gaps in environmental management, 

emphasizing that research on environmental sustainability had not been evaluated as an all-

inclusive construct in previous models. The identified gaps are discussed, and how it relates to the 

real estate supply chain is explained.  

2.2 GREEN AND SUSTAINABILITY IN RELATION TO BUILDINGS 

Many authors have used the terms “green” and “sustainable” synonymously when discussing 

buildings.  They refer to the notion that such buildings use resources, like energy, water, materials, 

and land, more efficiently than buildings built without considering sustainable or green concept 

principles. Other researchers have presented sustainability management in the framework of 

resource efficiency, mainly energy, water, waste and the economic dimension affecting value 

(Warren-Myers, 2012). Sustainability in real estate operations thus refers to the management and 

maintenance of buildings and communities in a way that minimizes negative environmental 

impacts and maximizes social and economic benefits. The sustainability concept suggests that 

sustainable real estate operations can result in reduced energy consumption, lower operating costs, 

and improved tenant satisfaction. Exploring the use of real estate management in achieving the 

triple-bottom-line sustainability objectives is still a developing field. The real estate sector is 

unique in that no two assets are identical. Assessing and comparing the level of sustainability in a 
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building is impossible if there is no common method to identify and quantify it (Kwong, 2004). 

There are a vast number of rating tools worldwide, all with different methods of assessing 

sustainability in real estate (Mohammed, 2020; Afum et al., 2020). The rating tools are often 

complicated to use, and the levels of understanding are limited, making it difficult to ascertain and 

compare the levels of sustainability in commercial real estate (Dixon et al., 2008). However, these 

rating tools perceive sustainability as measurable, particularly in real estate markets. Several 

studies have focused on the environmental aspects of sustainable real estate operations. For 

example, Darko and Chan (2018) found that sustainable real estate operations can result in reduced 

energy consumption and carbon emissions, as well as improved indoor air quality. Additionally, 

Ampratwum et al. (2019) found that green building certification can lead to reduced energy 

consumption and lower operating costs. However, sustainability in real estate operations also has 

social and economic impacts. For instance, sustainable real estate operations can improve tenant 

satisfaction and retention, as well as increase property value and attract investors. Moreover, 

sustainable real estate operations can generate economic benefits, such as reduced operating costs 

and increased revenue through energy efficiency measures (Iwuanyanwu et al., 2023).  

2.3 HISTORY AND DEVELOPMENT OF THE CONCEPT OF SUSTAINABLE 

DEVELOPMENT 

Governments, institutions, private industry, and social and environmental activists all have their 

own perception of sustainable development. Hence, the definition of sustainable development 

varies. In September 2015, about 150 nations adopted “Transforming our World—the 2030 

Agenda for Sustainable Development” at the United Nations headquarters in New York. The SDGs 

adopted covered 17 focus areas and 169 specific targets and featured coordinated economic, social, 
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and environmental development (Zhang, 2018). Prior to this, the 2012 United Nations Conference 

on sustainable development had emphasized global cooperative governance to solve the conflicts 

among economic, social, and environmental issues (Zhang, 2018). The expanded summit 

sustainable development from three to four pillars, namely, economic, social, environmental, and 

governance. Earlier, the National Research Council (NRC) had coined the word “sustainability 

science” and explained it as “the science of sustainable development. Then in 2001, an article 

titled, “Sustainability Science” discussed sustainable development as a scientific subject covering 

agriculture, ecological economics, forestry and other topics. (Zhang, 2018).  

Going back further, the 1992 United Nations Conference on Environment and Development 

focused on Sustainable Development as a core concept for resolving the apparent contradiction 

between economic development and environmental protection. It was pointed out that sustainable 

development involves development in a sustainable manner regarding resources and the 

environment and introduced the social dimension of the theory; thus, the three pillars of sustainable 

development were economy, society, and environment (Zhang, 2018). Tracing back further, in a 

publication named “Our Common Future” in 1987, sustainable development was defined for the 

first time as “the development that meets the needs of the present without compromising the ability 

of future generations to meet their needs”. The publication focused on the global situation of the 

population, food, species and genetic resources, energy, industry, and human habitation, among 

other aspects. In addition, the report systematically discussed a series of major economic, social, 

and environmental issues faced by humanity (Shi et al., 2019; Zhang, 2018). However, the United 

Nations Conference on the Human Environment in 1972 was the first human environment 

conference and arguably marked the beginning of the concept of sustainable development. The 

summit urged all countries in the world to strengthen environmental management policies while 



22 

 

developing their various economies. This sparked the advancement of institutional policies and 

initiatives on environmental management (Shi et al., 2019). 

Though the terms “sustainability” or “sustainable” first appeared in the 20th century, equivalent 

concepts have been used for centuries in various civilizations (Gordon et al., 2023). These concepts 

have a historical foundation in numerous civilizations. In the context of Ghana, the principles of 

sustainable development can be traced back to traditional practices that were deeply ingrained in 

the culture (Imoro et al., 2022). For instance, historical evidence suggests that sustainability 

principles were manifested through various customs and norms, such as the implementation of 

taboos and penalties associated with working on specific days of the week, the practice of 

fallowing lands, and the enforcement of resource conservation measures by local chiefs (Mensah, 

2019).  

According to Baaweh et al. (2022), these traditional practices served as mechanisms to ensure the 

long-term viability of natural resources and the overall well-being of communities. By restricting 

activities on certain days, communities could prevent overexploitation and allow the land to 

replenish itself. Fallowing, or leaving land uncultivated for periods of time, allowed soil fertility 

to regenerate and prevented soil degradation. Chiefs played a crucial role in enforcing regulations 

related to resource use, ensuring that resources were not depleted beyond sustainable levels ((Byaro 

et al., 2023). The significance of these traditional sustainable practices in Ghana's history 

underscores the cultural understanding and value placed on preserving the environment and 

maintaining a harmonious relationship with natural resources. They serve as a testament to the 

long-standing recognition of the importance of sustainability within indigenous societies. 
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2.4 SUSTAINABILITY THEMES IN THE REAL ESTATE INDUSTRY 

Sustainability used to mainly focus on energy efficiency in some real estate markets, but now the 

conceptual understanding of sustainability has gone beyond energy efficiency. (Warren-Myers, 

2012). Some key sustainability subject areas in the built environment are concentrated on reducing 

the environmental footprint of the building. Warren-Myers (2012) identified seven key areas, 

namely:  

i. Reduced production of greenhouse gas emissions (particularly carbon dioxide);  

ii. Reduced use of natural resources, in particular, water, gas and electricity;  

iii. Reduced waste production and increased recycling;  

iv. Enhanced building occupant health, comfort, and safety;  

v. Production of renewable resources;  

vi. Collection of water for potable and non-potable uses; and  

vii. Recycling and treatment of sewage and wastewater. 

Sustainability has become a top priority for the real estate industry, with a growing number of 

developers, investors, and tenants demanding green buildings that are energy-efficient, water-

efficient, and environmentally friendly (Iwuanyanwu et al., 2023). Sustainable buildings offer 

lower operating costs, higher property values, and improved tenant satisfaction. However, 

challenges remain, including high upfront costs, a lack of standardized metrics, and no incentives 

for investment. (De-Graft et al., 2019). Even though an estate could have uniform buildings, 

locational characteristics could differ and generate different effects on the surrounding 

environment. Since the 1980s, competitive advantage has been a major theme in commercial real 

estate investment, and meeting sustainability requirements can help gain that competitive edge. 
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This became evident in the 2000s (Warren-Myers, 2012). Awareness of economic and 

environmental factors has led real estate investors and owners to prioritize sustainability in 

building management. (Warren-Myers, 2012). Assessing the sustainability of buildings is a 

difficult task since each asset is unique. However, the current market's reliance on rating tools as 

a sustainability measurement has proven to be inadequate. 

2.5 CURRENT SUSTAINABILITY TRENDS IN COMMERCIAL REAL ESTATE 

In the context of commercial real estate investment, sustainability has evolved into a central theme, 

driven by growing interest in Environmental, Social, and Governance (ESG) criteria. Globally, 

ethical investors increasingly prioritize Sustainable, Responsible, and Impact (SRI) investing, 

which integrates ESG considerations into asset selection and management. According to 

Bloomberg Intelligence (2022), global ESG assets surged from US$22.8 trillion in 2016 to over 

US$35 trillion in 2020, with projections estimating a further rise to US$50 trillion by 2025. This 

exponential growth reflects an intensifying global commitment to sustainability, accelerated by 

post-pandemic recovery initiatives, policy reforms, and increased public awareness (Weiler, 2022; 

Hansson, 2023; UN-Habitat, 2023). Commercial real estate stakeholders—including investors, 

developers, architects, and construction professionals—are responding to this momentum by 

adopting sustainable materials, systems, and processes. The integration of green infrastructure and 

building design not only contributes to environmental preservation but also yields significant 

economic benefits such as reduced operational costs and improved asset valuation (Kasim et al., 

2021). The following sub-sections highlight key trends currently shaping sustainability practices 

in commercial real estate development. 
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2.5.1 Building Automation Systems (BAS) 

Modern commercial buildings are increasingly equipped with Building Automation Systems 

(BAS), which enhance energy efficiency by regulating HVAC, lighting, and other critical building 

operations. BAS enables real-time monitoring, adaptive control, and predictive maintenance, 

contributing significantly to energy savings and reduced carbon emissions. These systems are 

essential for meeting green building certification standards and optimizing building performance 

across lifecycle stages (Xu et al., 2023). 

2.5.2 Thermal and Moisture Protection 

Effective thermal and moisture protection is fundamental to creating a high-performance building 

envelope. The use of vapor retarders, air barriers, insulation materials, and joint sealers minimizes 

thermal bridging and air leakage, improving energy conservation and indoor air quality. 

Additionally, these protective systems enhance building durability by preventing mold, corrosion, 

and material degradation (Asiedu et al., 2024). 

2.5.3 Sustainable Waste Management 

Construction and demolition (C&D) activities contribute significantly to global solid waste 

streams. Sustainable waste management in the built environment involves strategies for reduction, 

reuse, and recycling of materials such as concrete, metals, timber, and glass. Implementing circular 

economy principles at the design and demolition phases can drastically reduce landfill use and 

encourage resource recovery, thereby supporting national climate commitments and the SDG 12 

target on responsible consumption and production (Ellen MacArthur Foundation, 2022; UNDP, 

2023). 
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2.5.4 Space Design and Functional Integration 

Contemporary sustainable buildings prioritize flexible and adaptive space designs. Integrating 

biophilic and ergonomic design principles has proven effective in promoting occupant wellness 

and productivity. Features such as modular workstations, natural daylighting, and hybrid-use 

spaces align with the post-pandemic shift toward agile and remote working environments. The 

implementation of “green interior layouts” supports wellness and energy efficiency, aligning with 

SDG 11—Sustainable Cities and Communities (Richter et al., 2022; Afum et al., 2020). 

2.5.5 Wellness and Indoor Environmental Quality (IEQ) 

Indoor Environmental Quality (IEQ) is gaining prominence in sustainable design, driven by 

increasing awareness of health-related building impacts. Modern construction emphasizes 

adequate ventilation, acoustic comfort, and low-emission materials to enhance occupant health. 

Measures such as using materials with minimal volatile organic compounds (VOCs) and 

maximizing access to natural light have demonstrated links to improved cognitive function, 

reduced absenteeism, and better well-being (Niza, 2023; WHO, 2022). 

2.5.6 Climate Resilience in Construction 

Resilience in real estate development refers to a building’s capacity to withstand and recover from 

environmental hazards such as floods, storms, and heatwaves. The integration of durable, locally 

sourced materials and passive design strategies enhances structural robustness and reduces 

dependency on non-renewable energy sources. Climate-resilient construction is increasingly 

viewed as a risk mitigation strategy that protects property value while contributing to climate 

adaptation efforts (World Bank, 2023; SAPOA, 2023). 
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2.5.7 Solar Energy from a Sustainability Perspective 

Solar energy has emerged as a vital pillar in the global transition towards sustainable development. 

Over the past five years, investments in solar technology have surged significantly, supported by 

declining installation costs and enhanced generation efficiencies (IRENA, 2023). Governments, 

corporate entities, and private property developers increasingly recognise the economic and 

environmental advantages of integrating solar solutions into their energy portfolios. 

In the United States, policy-driven incentives and renewable energy targets have catalysed 

widespread adoption. According to the U.S. Energy Information Administration (EIA, 2022), solar 

energy constituted nearly 50% of all new utility-scale generating capacity additions in 2022. The 

report further projects that the renewable share of electricity generation will rise from 21% in 2022 

to approximately 44% by 2050, with solar playing a dominant role. This shift is largely driven by 

commitments from over 180 U.S. cities and numerous multinational corporations pledging to 

transition to 100% clean energy sources. The commercial real estate sector, which accounts for 

nearly 40% of global energy consumption, has been identified as a critical area for solar adoption 

(UNEP, 2022). Developers are increasingly motivated not only by environmental responsibility 

but also by market incentives. Green-certified properties tend to yield higher returns on investment, 

lower operational costs, and stronger tenant retention (CBRE, 2023). In Ghana, although solar 

infrastructure adoption is still evolving, the government’s Renewable Energy Master Plan and 

efforts by the Energy Commission are creating favourable conditions for integrating solar 

technologies into real estate development. 
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2.5.8 Sustainable Net Zero and Net Positive Energy Buildings 

The concept of Net Zero Energy (NZE) buildings has gained significant traction globally as an 

advanced sustainability strategy. NZE buildings are designed to generate an amount of renewable 

energy on-site that is equal to or greater than their annual energy consumption. Net Positive Energy 

(NPE) buildings go a step further, producing surplus energy that can be stored or redirected for 

other uses, such as electric vehicle charging or feeding into the national grid (IEA, 2023). The 

implementation of NZE and NPE buildings involves three core strategies: (1) designing high-

performance building envelopes to minimise energy losses; (2) reducing internal energy loads 

through passive design and efficient systems; and (3) integrating renewable energy sources such 

as photovoltaic (PV) solar systems, wind turbines, micro-hydro installations, or hybrid renewable 

systems (WorldGBC, 2023). Additionally, these buildings are equipped with high-efficiency 

mechanical systems, including ground-source heat pumps and energy recovery ventilators that 

optimise indoor air quality while conserving energy. A growing number of stakeholders in the 

building industry—architects, engineers, developers, and policymakers—are committing to the 

World Green Building Council’s (WorldGBC) Net Zero Carbon Buildings Commitment. As of 

2021, 156 signatories across 122 companies, 28 cities, and six regional governments had pledged 

to eliminate embodied and operational carbon across their real estate portfolios by 2030 

(WorldGBC, 2021). This commitment signals a paradigm shift in how sustainability is being 

mainstreamed into the construction industry worldwide. For Ghana, embracing NZE and NPE 

concepts could significantly enhance the sustainability profile of the national building stock. 

However, this would require not only technical capacity-building and financial incentives but also 

regulatory frameworks that support net metering, energy efficiency codes, and climate-resilient 

construction (Lawluvy et al., 2022). 
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2.6 RATING TOOLS FOR SUSTAINABLE BUILDINGS IN THE REAL ESTATE 

SECTOR 

Rating and assessment tools are used to create a common language, promote concepts of 

sustainability, and improve the way in which buildings are designed and constructed. The 

marketing strategy also incorporates these tools to attract buyers and tenants to the building. 

According to Afum et al., (2020), some rating tools have been developed to measure 

environmental performance based on a firm’s ability to decrease the volume of waste, carbon 

dioxide emissions, the volume of energy consumption during production, the consumption of toxic 

materials, frequent environmental audits, and the overall minimization of the environmental 

impact of operational activities.  

According to Darko et al. (2017), there are no government policies and regulations that mandate 

the real estate industry in Ghana to adopt sustainable rating systems at the current policy level 

(Abdulai & Awuah, 2022). However, there are several international environmental management 

rating systems that are widely used in the real estate sector to promote sustainable practices. It is 

estimated that there are nearly 600 green product certifications in the world with nearly 100 in use 

in the USA, and the numbers continue to grow (Mohammed, 2020). Here are some examples: 

1. EDGE (Excellence in Design for Greater Efficiencies) is a green building certification 

system developed by the International Finance Corporation (IFC), a member of the World 

Bank Group. It is designed to promote resource-efficient building design and construction 

practices that minimize the negative impact on the environment and promote sustainable 

development. The EDGE certification system evaluates the environmental performance of 

buildings based on three main criteria: energy efficiency, water conservation, and the use 

of sustainable materials. It provides a standardized method for measuring the 



30 

 

environmental impact of a building, as well as a framework for identifying areas where 

improvements can be made to increase efficiency and reduce waste (IFC, 2021). 

2. Leadership in Energy and Environmental Design (LEED) LEED is a sustainability rating 

system developed by the US Green Building Council (USGBC). LEED is recognized as 

one of the most widely used environmental rating systems for buildings worldwide. The 

program provides a comprehensive framework for sustainable building design, 

construction, and operation, covering various factors related to environmental 

sustainability, such as energy and water efficiency, indoor air quality, materials selection, 

and waste management (U.S. Green Building Council, n.d.). 

3. The Building Research Establishment Environmental Assessment Method (BREEAM) is 

a UK-developed certification program that offers a systematic approach to evaluating the 

environmental sustainability of buildings based on criteria such as energy efficiency, water 

conservation, materials, and waste management (Building Research Establishment, n.d.). 

It covers key factors, including energy and water efficiency, materials selection, and indoor 

air quality. BREEAM evaluates the environmental performance of buildings and offers a 

sustainability assessment method and certification program. The assessment process 

includes criteria such as energy efficiency, water conservation, materials, and waste 

management.  

4. Green Star is an Australian certification program that evaluates the environmental 

sustainability of buildings. The program provides a comprehensive framework for 

assessing the sustainability of buildings, covering various factors such as energy and water 

efficiency, materials selection, and indoor environment quality. It is a voluntary program 

that encourages the adoption of sustainable building practices, and its goal is to promote 

the development of more sustainable buildings in Australia and beyond. Green Star 

certification is awarded based on a building's performance across nine categories, including 

energy, water, materials, indoor environment quality, and innovation. (Green Building 

Council of Australia, n.d.).  

5. The Living Building Challenge (LBC), developed by the International Living Future 

Institute, the Living Building Challenge is a certification program that provides a 
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framework for creating buildings that are regenerative and self-sustaining (“Living 

Building Challenge | Green Building Certification Program”) (Straka1 & Sousedova, n.d)). 

It covers factors such as energy and water efficiency, materials selection, and social equity. 

The LBC is a certification program that promotes sustainable building practices and 

requires buildings to meet strict sustainability criteria, such as generating their energy, 

being water positive, and using sustainable materials. 

6. The WELL Building Standard is a certification program developed by the International 

WELL Building Institute, which aims to promote human health and wellness in buildings. 

The program focuses on several factors that can impact human health, including air quality, 

lighting, water quality, and access to nature. By incorporating these elements into building 

design and construction, the WELL Building Standard seeks to create healthier and more 

comfortable indoor environments for building occupants (International WELL Building 

Institute, n.d.). 

7. Cradle to Cradle Certification is a sustainability standard that assesses products based on 

their environmental impact across their entire lifecycle, including their production, use, and 

disposal. The certification program evaluates the sustainability of products through five 

categories: material health, material reutilization, renewable energy and carbon 

management, water stewardship, and social fairness. (“Cradle to Cradle Certification —

Venture Well”) The goal of the Cradle-to-Cradle Certification is to promote the design of 

products that are environmentally friendly and socially responsible (Cradle to Cradle 

Products Innovation Institute, n.d.). 

These rating systems provide a structured approach to promoting environmental sustainability in 

the real estate sector and can help real estate companies and developers to set targets, measure 

performance, and communicate their sustainability efforts to stakeholders. Some Ghanaian 

construction firms have adopted three main sustainability rating systems, namely, Leadership in 

Energy and Environmental Design (LEED), Excellence in Design for Greater Efficiencies 

(EDGE), and South Africa's Green Star certification (Green Star SA). LEED is known globally to 
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provide the framework for creating healthy, efficient, and cost-effective green buildings (Adinyira 

et al., 2018).  

EDGE, an innovation of the International Finance Corporation (IFC) and a member of the World 

Bank Group, provides local systems and solutions as well as audits and certifies green buildings. 

Green Star SA is a sustainability-rating tool developed by the Green Building Council of South 

Africa (GBCSA) that provides an objective measurement for green buildings. These standards 

measure sustainable buildings in Ghana and foreign rating systems certify firms. 
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Table 2: Summary of the common rating assessment systems around the world  
Tool Targets Main 

categories 

for buildings 

Certificat

ion levels 

Develop

ment 

basis 

Notes, aim and website 

Building 

Research 

Establishment 

Environmental 

Assessment 

Method 

(BREEAM) 

Year: 

1990 

Country: 

UK/International 

• Buildings 

• Interiors 

• Infrastruc

ture 

• Master 

planning 

projects 

Energy and 

water use 

Internal 

environment 

(health and 

well-being) 

Pollution, 

transport 

Materials, 

waste 

ecology, and 

Management 

processes 

Pass, 

Good, 

Very 

good, 

excellent 

Original It is the world’s leading 

sustainability 

assessment tool to 

recognize and reflect 

the value in higher-

performing assets 

across the built 

environment lifecycle, 

from new construction 

to in-use and 

refurbishment 

(https://www.breeam.co

m/) 

Leadership in 

Energy and 

Environmental 

Design (LEED) 

Year: 2000 

 

Country: 

USA/Internationa

l 

• Buildings 

• Interiors 

• Neigh- 

bourhood 

develop- 

ment 

• Cities and 

communi-

ties 

Sustainable 

Sites 

Water 

Efficiency 

Energy and 

Atmosphere 

Materials 

and 

Resources 

Indoor 

Environment

al Quality 

(IEQ) 

Innovation in 

Design 

Regional 

Priority 

Certified 

Silver, 

Gold, and 

Platinum 

Original LEED is available for 

virtually all building, 

community, and home 

project types. LEED 

provides a framework 

to create healthy, highly 

efficient, and cost-

saving green buildings. 

LEED certification is a 

globally recognized 

symbol of sustainability 

achievement 

(https://new.usgbc.org/l

eed) 

 

 

 

 

 

 

 

  

https://www.breeam.com/
https://www.breeam.com/
https://new.usgbc.org/leed
https://new.usgbc.org/leed
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Table 2: Summary of the common rating assessment systems around the world (continuation) 

Tool Targets Main 

categories 

for 

buildings 

Certification 

levels 

Develop

ment 

basis 

Notes, aim and website 

Indian Green 

Building 

Council Rating 

Systems (IGBC 

Rating 

Systems) 

Year: 2001 

Country: India  

Buildings 

Interiors 

Residenti

al 

Societies 

Cities and 

Communi

ties 

Villages 

Health 

and Well-

being 

Rating 

Sustainable 

Architecture 

and Design, 

Site 

Selection, 

and 

Planning 

Water 

Conservatio

n Energy 

Efficiency 

Building 

Materials 

and 

Resources, 

IEQ 

Innovation 

and 

Developmen

t 

Certified 

(Best 

Practices), 

Silver 

(Outstanding 

Performance)

, 

Gold 

(National 

Excellence), 

Platinum 

(Global 

Leadership) 

LEED All the IGBC rating 

systems are voluntary, 

consensus-based, 

market-driven building 

programs. The rating 

systems are a perfect 

blend of ancient 

architectural practices 

and modern 

technological 

innovations. The 

ratings systems are 

applicable to all five 

climatic zones of the 

country 

(https://igbc.in/igbc/) 

Comprehensive 

Assessment 

System for 

Built 

Environment 

Efficiency 

(CASBEE)  

Year: 2001 

Country: Japan  

Buildings 

Interiors 

Heat 

Island 

Urban 

Develop

ment 

Cities 

Health 

checklist 

Energy 

efficiency 

Resource 

efficiency 

Local 

environment 

Indoor 

environment 

_S 

_A 

_B+ 

_B 

_C  

Original CASBEE was 

developed by a research 

committee established 

in 2001 through the 

collaboration of 

academia, industry, and 

national and local 

governments, which 

established the Japan 

Sustainable Building 

Consortium (JSBC) 

under the auspice of the 

Ministry of Land, 

Infrastructure, 

Transport and Tourism 

(MLIT)  

(http://www.ibec.or.jp/

CASBEE/english/) 

 

 

 

 

https://igbc.in/igbc/
http://www.ibec.or.jp/CASBEE/english/
http://www.ibec.or.jp/CASBEE/english/
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Table 2: Summary of the common rating assessment systems around the world (continuation) 

Tool Targets Main categories 

for buildings 

Certific

ation 

levels 

Develop

ment 

basis 

Notes, aim and website 

Green 

Globe 

Internatio

nal 

Standard 

for 

Sustainabi

lity 

Year: 

2002 

Country: 

internation

al  

• Accommoda

tion and 

hospitality 

• Transport 

and tour 

operators 

• Conference 

venues 

• Meeting 

planners 

• Management 

and public 

relations 

Energy 

Indoor 

Environment 

Site 

Water 

Resources 

Emissions 

Project/Environm

ental 

Management 

Certifie

d, 

Gold, 

Platinu

m 

BREEA

M 

Green Globe provides 

certification, training and 

education, and marketing 

services in 83 countries 

worldwide for the 

sustainable operations and 

management of travel and 

tourism companies and 

their related supplier 

businesses  

(https://greenglobe.com/) 

The Green 

Star rating 

system 

(Green 

Star) 

Year: 

2002 

Country: 

Australia  

• Communitie

s 

• Buildings 

• Interiors 

• Operational 

Performance 

Management 

processes 

IEQ 

Energy, 

Transport 

Water, Materials 

Land Use 

Ecology 

Emission, 

Innovation 

Best 

Practice, 

Australi

an 

Excellen

ce, 

World 

Leaders

hip 

BREEA

M, 

LEED® 

The Green Star rating 

system assesses the 

sustainable design, 

construction and operation 

of buildings, fit-outs, and 

communities  

(https://new.gbca.org.au/gr

een-star/rating-system/) 

Performan

ce 

Excellenc

e in 

Electricity 

Renewal 

(PEER) 

Year: 

2003 

Country: 

US/ 

internation

al  

• Power 

system 

performance 

• Electricity 

delivery 

systems 

Reliability and 

resiliency 

Operations, 

Management and 

safety 

Energy efficiency 

and environment, 

Grid services 

Innovation and 

Exemplary 

Performance, 

Regional Priority 

Certifie

d, 

Silver, 

Gold, 

Platinu

m 

LEED PEER is the nation’s first 

rating system that measures 

and improves power 

system performance and 

electricity delivery 

systems. Developed in a 

collaboration between the 

GBCI (Green Business 

Certification Inc.) and Bob 

Galvin, formerly of 

Motorola  

(http://www.gbci.org/press-

kit-peer) 

 

 

 

 

https://greenglobe.com/
https://new.gbca.org.au/green-star/rating-system/
https://new.gbca.org.au/green-star/rating-system/
http://www.gbci.org/press-kit-peer
http://www.gbci.org/press-kit-peer
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Table 2: Summary of the common rating assessment systems around the world (continuation) 

Tool Targets Main 

categories for 

buildings 

Certifica

tion 

levels 

Develop

ment 

basis 

Notes, aim and website 

BCA 

Green 

Mark 

Year: 

2005 

Country: 

Singapore  

Buildings 

Interiors 

Districts 

Infrastructure 

Energy 

efficiency 

Water efficiency 

Environmental 

protection 

IEQ, and 

Other green and 

innovative 

features that 

contribute to 

better building 

performance 

Certified, 

Gold, 

Gold 

Plus, 

Platinum 

Undisclo

sed 

The BCA Green Mark Scheme 

aims to drive Singapore’s 

construction industry toward 

more environment-friendly 

buildings. It is intended to 

promote sustainability in the 

built environment and raise 

environmental awareness among 

developers, designers, and 

builders when they start project 

conceptualization and design, as 

well as during construction  

(https://www.bca.gov.sg/green_

mark/) 

STAR 

Communit

y Rating 

System 

Year:2007 

Country: 

USA 

Cities and 

Communities 

Built 

Environment, 

Climate and 

Energy, 

Economy and 

Jobs, 

Education, Arts, 

and Community, 

Equity and 

Empowerment, 

Health and 

Safety, 

Natural Systems 

Innovation and 

Process 

CERTIFI

ED: 

3-STAR 

Commun

ity 

4-STAR 

Commun

ity 

5-STAR 

Commun

ity 

LEED Assess sustainability and 

measure progress to enhance the 

quality of life and promote long-

term resilience, equity, and 

environmental stewardship. 

(https://www.sustainableconsum

ption.usdn.org/measurement/star

-communities-rating-system) 

Source: Mohammed (2021) 

2.7 CRITICAL SYNTHESIS – RATING TOOLS AND CONSTRUCTS 

Despite the proliferation of international green-building rating systems, their suitability for 

Ghana’s private real estate market is highly variable when cost, data requirements, and 

enforcement culture are considered. International tools such as LEED, BREEAM, Green Star, 

WELL, and the Living Building Challenge (LBC) provide rigorous metric frameworks and strong 

market signalling globally. However, they also demand high upfront assessment costs, continuous 

https://www.bca.gov.sg/green_mark/
https://www.bca.gov.sg/green_mark/
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monitoring data, and administrative capacity that many Ghanaian projects and regulators currently 

lack (Afum et al., 2020; Darko & Chan, 2018). Simpler, regionally adapted schemes such as EDGE 

and Green Star SA reduce complexity and cost but provide less comprehensive life-cycle and 

indoor-environment metrics. 

Three cross-cutting policy themes determine practical fit: (a) regulatory architecture: the existence 

of laws and codes, which remain fragmented; (b) enforcement capacity: limited institutional 

inspection and high informality in urban construction (GSS, 2021; Mensah & Adomako, 2022); 

and (c) incentive mechanisms: weak fiscal or market levers for green investment (Hargreaves et 

al., 2018). Where Ghanaian evidence exists (Agyekum et al., 2022; Afum et al., 2020; Darko & 

Chan, 2018), it suggests modest uptake and pilot initiatives rather than widespread adoption. 

Conversely, evidence is thin for quantified national CO₂ baselines, construction waste data, and 

post-occupancy Indoor Environmental Quality (IEQ) monitoring, undermining the feasibility of 

high-rigour international tools. 

For practical policy and industry application, rating systems should therefore be evaluated not only 

for technical comprehensiveness but also for cost–data–enforcement fit. The assessment below 

aligns these criteria with the five validated constructs—Green Building Materials (GBM), Waste 

Management (WM), Water Conservation (WC), Air Quality and Pollution Control (AQ), and 

Energy Efficiency (EE)—to judge each tool’s feasibility and potential contribution to Ghana’s 

sustainability agenda. The following critical synthesis (Table 3) evaluates the practical suitability 

of international and regional rating systems for Ghana’s private real estate sector, using cost, data 

needs and enforcement culture as principal lenses, and indicates how each tool maps onto the five 

empirically validated sustainability constructs 
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Table 3: Rating Tools – Suitability Summary 

Tool Cost Data 

Required 

 Enforcement 

Fit 

Practical 

Suitability 

for Ghana 

Primary 

Relevance to 

Constructs 

(GBM / WM / 

WC / AQ / EE) 

EDGE Low to 

Moderate 

Low  High High: best 

short-term fit 
EE ✓, WC ✓, 

GBM ◐, WM 

◐, AQ ◐ 

LEED High High  Low to 

Moderate 

Moderate: 

flagship 

projects 

EE ✓✓, AQ 

✓✓, GBM ✓, 

WM ✓, WC ✓ 

BREEAM Moderate 

to High 

Moderate 

to High 

 Moderate Moderate: 

needs 

adaptation 

GBM ✓, EE ✓, 

WM ✓, AQ ✓, 

WC ✓ 

Green 

Star / SA 

Moderate Moderate  Moderate Moderate: 

High 

(regional 

version) 

EE ✓, GBM ✓, 

AQ ✓, WM ◐, 

WC ◐ 

WELL High High  Low Low to 

Moderate: 

niche 

premium 

AQ ✓✓ 

LBC Very 

High 

Very 

High 

 Low Low: 

aspirational 
EE ✓✓, WC 

✓✓, GBM ✓✓, 

WM ✓✓, AQ 

✓✓ 

National / 

simplified 

checklist 

Low Low  High High: 

scalable 

All constructs 

(custom design) 

Legend: ✓✓ = strong coverage, ✓ = good, ◐ = partial/indirect 

Table 4 critically compares major sustainability rating tools, summarising their strengths, 

limitations, construct alignment, and the extent of empirical evidence available for Ghana 

Table 4: Rating Tools – Pros, Cons and Linkages to Constructs 

Tool Key Pros Key Cons Main Constructs 

Supported 

Ghana Evidence / Data 

Gap 

EDGE Low cost, fast 

certification, IFC 

support 

Simpler 

metrics; less 

LCA depth 

EE, WC Some Ghana pilots; 

limited impact data 

(Afum et al., 2020) 
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LEED Comprehensive, 

strong 

recognition 

Costly, needs 

detailed 

reporting 

EE, AQ, GBM Few Ghana applications; 

high-end focus (Kasim et 

al., 2021) 

BREEAM Adaptable, 

lifecycle modules 

Complex, 

assessor 

availability 

GBM, WM, EE Limited Ghana 

evidence; regional 

adaptation feasible 

Green 

Star SA 

Regionally 

adapted, balanced 

Moderate 

cost, training 

needed 

EE, GBM, AQ Transferable from South 

Africa; limited Ghana 

uptake 

WELL Health/IEQ 

evidence 

Monitoring 

infrastructure, 

expensive 

AQ No Ghana POE data 

LBC Regenerative, 

holistic 

Very high 

cost and 

demand 

All five Research pilots only; not 

scalable 

National 

checklist 

Cheap, easy to 

audit 

Lower 

technical 

depth 

All five 

(customised) 

Recommended short-

term option; enables data 

collection 

 

Beyond expensive global systems, the synthesis indicates that a national or simplified 

sustainability checklist could provide a more scalable, low-cost, and enforcement-aligned 

alternative suited to Ghana’s market realities. Such a checklist—derived from the five validated 

constructs—could be integrated into existing building permit or EPA review processes, enabling 

project-level monitoring while serving as a steppingstone toward comprehensive certification 

frameworks such as a Ghana-specific Green Star or EDGE-based system. 

2.7 WAYS TO INCORPORATE ENVIRONMENTAL MANAGEMENT INTO THE REAL 

ESTATE SECTOR 

Environmental management can be incorporated into the real estate sector in several ways, 

including: 

1. Green Building Practices: Real estate developers can incorporate sustainable design and 

construction practices into new building projects, such as using renewable energy sources, 
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incorporating energy-efficient building materials, and implementing water conservation 

measures. 

2. Retrofitting Existing Buildings: Property owners can retrofit existing buildings to improve 

energy efficiency and reduce environmental impact, such as installing insulation, replacing 

windows, and upgrading heating and cooling systems. 

3. Sustainable Landscaping: Real estate developers and property owners can use sustainable 

landscaping practices, such as planting drought-resistant plants, using natural fertilizers, 

and reducing the amount of turf grass. 

4. Waste Reduction and Recycling: Property managers can implement waste reduction and 

recycling programs, such as using composting, recycling facilities, and reducing the 

amount of waste generated by tenants. 

5. Environmental Due Diligence: Real estate investors and developers can conduct 

environmental due diligence to identify potential environmental risks associated with 

properties, such as contamination or hazardous waste. 

6. Sustainable Transportation: Real estate developers and property owners can encourage the 

use of sustainable transportation options, such as installing bike racks, promoting public 

transportation, and providing electric vehicle charging stations. 

By incorporating environmental management into the real estate sector, the industry can play a 

significant role in promoting sustainability and reducing the negative impact on the environment. 

Not only does this benefit the environment, but it can also have financial benefits for property 

owners, such as reduced energy costs and increased property value. 

2.8 ENVIRONMENTAL MANAGEMENT DEVELOPMENT IN GHANA’S REAL 

ESTATE SECTOR 

Environmental management in the real estate sector in Ghana can be described as a new concept, 

and the history of its adoption can be traced back to the early 2000s. Prior to this, there was limited 
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awareness of the impact of real estate development on the environment, and few regulations or 

policies were in place to promote sustainable practices. 

The Ghana Green Building Council (GHGBC), established in 2003, is a non-profit organization 

dedicated to promoting sustainable building practices in the country (GHGBC, n.d.). The GHGBC 

provides education and training for professionals in the real estate sector on green building 

practices and offers certification programs to recognize sustainable projects (GHGBC, n.d.). 

Through its efforts, the GHGBC aims to encourage the adoption of renewable energy sources and 

the use of sustainable materials in construction (GHGBC, n.d.). 

In 2007, the Ministry of Local Government and Rural Development in Ghana developed the 

National Environmental Sanitation Policy (Ministry of Local Government and Rural 

Development, 2007). This policy specifically focuses on promoting environmentally sound 

practices within the real estate sector, including effective waste management, sanitation measures, 

and pollution control (Ministry of Local Government and Rural Development, 2007). By 

implementing this policy, the government aims to create a cleaner and healthier living environment 

for communities. 

Furthermore, the Ghana Energy Commission introduced the Ghana Energy Efficiency and 

Conservation Policy in 2012 (Ghana Energy Commission, 2012). This policy aims to enhance 

energy efficiency and conservation practices within the real estate sector by providing guidelines 

for the use of energy-efficient appliances, lighting systems, and HVAC (heating, ventilation, and 

air conditioning) systems (Ghana Energy Commission, 2012). Additionally, the policy encourages 

the utilization of renewable energy sources to reduce reliance on fossil fuels (Ghana Energy 

Commission, 2012). 
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These initiatives and policies reflect some level of commitment to sustainable development in the 

real estate sector, promoting the adoption of green building practices, waste management, energy 

efficiency, and the use of renewable energy sources. However, despite these initiatives, 

environmental management in the real estate sector in Ghana still faces significant challenges, 

including limited awareness of sustainable practices, weak enforcement of regulations, and 

inadequate funding for sustainable development projects. There is little literature on how many 

developers are now incorporating green building practices into their projects to promote 

sustainable real estate development (Lawluvy et al., 2022). 

2.9 INSTITUTIONS RELATED TO ENVIRONMENTAL ISSUES IN GHANA  

The following institutions provide environmental-related regulations and control in Ghana: 

1. Ministry of Energy and Petroleum (Ghana Energy Policy, 2010).  

2. The Energy Commission (Renewable Energy Act 2011; Energy Policy; Strategic National 

Energy Plan 2006 to 2020). 

3. Ministry of Environment, Science, Technology and Innovation Environmental Protection 

Agency (National Environmental Policy; National Climate Change Policy; Environmental 

Fiscal Reform Policy; National Sanitation Policy; National Sanitation Strategy and Action 

Plan).  

4. Ministry of Local Government and Rural Development (Food and Agricultural 

Development) policy (FASDEP II); Medium-Term Agricultural Sector Investment Plan 

(METASIP)  

5. Ministry of Lands and Natural Resources (MLNR) and Forestry Commission (FC): (Forest 

and Wildlife Policy; National Land Policy; National Forest Plantation Development 

Strategy; Reducing emissions from deforestation and forest degradation (REDD-plus) 

Strategy).  

6. Civil society organizations (CSOs) and non-governmental organizations (NGOs)  

7. The Institute for Environment and Sanitation Studies at the University of Ghana.  
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8. The Public Utilities Regulatory Commission  

9. Council for Scientific and Industrial Research (CSIR) (Soil Research Institute).  

10. FASDEP National Climate Change Committee (National Climate Change Policy (NCCP)). 

11. United Nations Framework Convention on Climate Change (UNFCCC). 

12. United Nations Environment Program (UNEP). 

13.  Danish International Development Agency (DANIDA): Climate Innovation Centre, 

Ghana. 

2.10 DRIVERS OF SUSTAINABILITY IN GHANA’S REAL ESTATE INDUSTRY 

Environmental management has become increasingly important in the real estate industry, and 

Ghana is no exception. The country is experiencing rapid urbanization, and the construction 

industry is a major contributor to environmental degradation. To address this issue, stakeholders 

in the real estate industry are exploring ways to incorporate environmental management practices 

into their operations. Several studies have been conducted to identify the drivers of environmental 

management in Ghana's construction industry, a sector that significantly impacts real estates. 

One driver of environmental management in the real estate industry is regulatory frameworks. The 

Environmental Assessment Regulations by the Environmental Protection Agency (EPA) of Ghana 

require that developers conduct environmental impact assessments before starting construction 

projects. Regulations may include mandatory reporting of energy usage or carbon emissions, as 

well as building codes that require certain environmental standards to be met. The implementation 

of these environmental regulations has been limited to major construction projects in Ghana. The 

existence of environmental regulations in the industry is a catalyst for developing and 

implementing eco-innovations to avoid penalties (De la Torre Ruiz et al., 2012). Regulations can 

potentially trigger eco-products that have better performance, higher quality, safer, and lower 

product costs (material substitution or less packaging). Also, compliance with regulations leads to 
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products with higher resale or scrap value (easy recycling or disassembly) and products with lower 

disposal costs. High environmental regulatory costs also provide an incentive for organizations to 

improve their internal efficiency (De la Torre Ruiz et al., 2012). Some environmental issues that 

effective regulations influence include monitoring and maintenance, material savings 

(substitution, reuse, or recycling of production inputs), better utilization of by-products, lower 

energy consumption, reduced material storage and handling costs, conversion of waste into 

valuable forms, reduced waste disposal costs, and safer workplace conditions. Darnall and 

Pavlichev (2004) identified the following types of environmental regulations that promote best 

practices in the industry: traditional regulation, incentive-based programs (voluntary 

environmental programs), information-based environmental requirements, pollution trading, and 

emissions taxes), policies technical support, financial support, and voluntary environmental 

programs. Financial dimension and government regulations were the two major factors driving 

sustainability-related actions (Misopoulos, 2019). 

Another driver is the need for cost savings. Incorporating environmentally friendly practices into 

the design and construction of buildings can reduce operating costs in the long run. This includes 

using energy-efficient systems, sustainable materials, and water conservation measures. For 

example, installing energy-efficient lighting or HVAC systems can reduce energy costs, while 

using sustainable materials can reduce maintenance costs and extend the life of buildings (Clayton 

et al., 2021). Achieving the best environmental practices in the real estate sector comes with a cost. 

The following factors affect the cost aspect of environmentally sustainable construction: accuracy 

of cost estimation, estimating the cost correctly in at the project’s inception, effectiveness of cost 

control, keeping the project cost within budget, regular reporting, and cost savings, effectiveness 

of marketing, success of sales or renting of real estate, efficient financial resource management, 
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accurate financing plans, credibility, regular receipt of payments, accuracy in risk assessment, 

thorough analysis of financial and operational risks, and the correctness of feasibility study (Ekung 

et al., 2022). 

Corporate social responsibility (CSR) is another driver to improve environmental performance. 

Many real estate companies are committed to CSR and are aware of the impact their operations 

have on the environment. Adopting environmental management practices can help them meet their 

CSR goals and enhance their reputation with stakeholders (Brounen et al., 2021). 

Consumer/tenant demand is another driver of environmental management in the real estate 

industry. Consumers are becoming more environmentally conscious and are demanding 

sustainable properties. Developers who incorporate environmentally friendly practices into their 

projects can attract a growing market of environmentally conscious consumers (Newell and 

Marzuki, 2022). Tenants are increasingly seeking out environmentally friendly buildings and are 

willing to pay a premium for them. Real estate companies may adopt environmental management 

practices to attract and retain tenants. The level of customer satisfaction—specifically that of 

tenants and clients—during or at the end of the project are influenced by the functionality of the 

space, functional design, ergonomic solutions, the attractiveness of the project’s location 

(preferably in a district favoured by the customers), environmental friendliness, minimal 

environmental impact, and sustainable design. Meeting customers’ satisfaction can be a significant 

factor in promoting environmental best practices. (Satankar & Jain, 2015). 

Competitive advantage may incentivize estate organizations to improve on environmental 

performance. Adopting environmental management practices can provide a competitive advantage 
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for real estate companies. It can differentiate them from their competitors and appeal to 

environmentally conscious tenants and investors. 

Investor pressure is another driving factor for environmental management practices. Institutional 

investors are increasingly focused on environmental, social, and governance (ESG) issues and are 

putting pressure on real estate companies to adopt environmental management practices. This is 

because ESG factors can impact long-term financial performance. 

Access to finance is another driver of environmental management in the real estate industry. 

Financial institutions are becoming more interested in financing sustainable real estate projects, 

and developers who incorporate environmentally friendly practices can access these funds more 

easily. 

Initiatives of the construction team and sustainable project management practices is another driver 

of environmental management in the real estate industry. Murat and Mohammed (2020) identified 

seven critical factors for sustainable construction project management, namely project-related 

factors, company- and work-related factors, client-related factors, project management factors, 

design-team-related factors, contractor-related factors, and project-manager-related factors. 

Ayarkwa et al. (2017) identified five success factors in the construction industry, namely the 

competence of the project participants, integration of the project team, technical and management 

innovation, external environment, and project characteristics. Sang and Yao (2019) grouped the 

success factors into five, namely: (1) project management factors, (2) personnel ability factors, (3) 

teamwork-oriented factors, (4) human resource factors, and (5) financial and constraint factors. 

Contractors may also include aspects of written environmental policies as an environmental 

criterion used to satisfy tender evaluation requirements (Darnall & Pavlichev, 2004). Contractual 
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clauses may include compensation to clients, while employees may participate in environmental 

training programs. External and internal environmental audits, benchmarking environmental 

performance, environmental accounting, public environmental reports, and environmental 

performance goals were also identified as beneficial enablers for the success of improving real 

estate environmental performance (Darnall & Pavlichev, 2004). Most of the factors identified by 

Darnall and Pavlichev (2004) were classified under construction team and institutional-related 

factors. Effectiveness of leadership, supervision, and decision-making of the project manager or 

site chief; effectiveness of construction schedule in completing the tasks and the project in a timely 

manner; efficiency of design; implementation of design on site; quality of design documents; ease 

of construction; subcontractor effectiveness including productivity and contribution of 

subcontractors; efficiency of coordination and communication among project participants; 

working relationships with the project participants; effectiveness of consultancy services and 

contribution of the consultants to project success; level of compliance with government laws and 

regulations; absence of legal and administrative problems; conformance to quality requirements; 

performance on technology use; effective use of information technology, both on site and for 

decision-making; achievement in health and safety on site, including good record of health and 

safety with fewer number of accidents; and benefiting from past project experience applying 

lessons learned from previous projects (Pasquire, 1999). 

People are becoming concerned about how land is used. Appropriate site selection, developing 

damaged areas, landscape design, ecosystem preservation, quality of outdoor environment, have 

become topical in recent research works, and improvement in these areas could promote 

environmental sustainability in real estate’s design and construction. Housing density and 
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infrastructure efficiency are increasingly becoming relevant due to population growth and 

urbanization (Tupenaite & Geipele, 2017). 

According to Warren-Myers (2012), increasing availability and development of products for 

energy and lighting efficiency for housing, renewable energy use, technology for collection of 

water for use, recycling and treatment of sewage and wastewater and technology for reducing 

greenhouse gas emissions is another driver of environmental management in the real estate sector 

(Tupenaite & Geipele, 2017). Tupenaite and Geipele (2017) found that the construction industry 

promotes environmental management through the use of materials with low environmental impact, 

the use of regional/local materials, the reuse of materials and products, and the availability of waste 

management facilities as the main factors under materials and waste that promote environmental 

management in the construction industry. According to Darko et al. (2018), underground space 

development technology and the use of environmentally friendly materials for HVAC systems are 

also recommended. Tupenaite and Geipele 2(017) recommend designs that improve thermal 

comfort and control, indoor air quality, lighting comfort, visual comfort, and aural comfort. Darko 

et al. (2018) also suggested the provision of ample ventilation for pollutant and thermal control, 

the application or installation of indoor CO2 monitoring devices, application of low emission (low-

E) finishing materials, optimizing building envelope thermal performance, application of solar 

chimney for enhanced stack ventilation, and use of efficient types of lighting (lighting output and 

colour). 

The desire to reduce external pollution is another significant driver of sustainable development in 

the real estate sector. Design and construction practices that reduce pollution—such as reducing 

NO2, and CO emissions, mitigating noise pollution, and incorporating pollution reduction 
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considerations—have been identified as external pollution factors that promote environmental 

sustainability within the real estate industry (Tupenaite & Geipele, 2017) 

The institution/organization, in this case, the estate company, or client may contribute immensely 

to improving its own environmental performance by taking the initiative to access available 

product and process innovations as well as making use of organizational environmental 

innovations (Murat and Mohammed, 2020). These three broad factors are discussed below: 

1. Product innovation available (energy efficiency, control systems, water efficiency 

innovations) 

According to Darko et al. (2018), thirteen product innovations under energy efficiency that 

organizations may adopt include the application of energy-efficient lighting systems, application 

of energy-efficient windows, application of energy-efficient HVAC systems, use of energy-

efficient appliances (e.g., energy-efficient refrigerators), application of solar technology to 

generate electricity, application of rooftop wind turbines to generate electricity, integrative use of 

natural lighting with electric lighting technology, application of solar water heating technology, 

application of solar shading devices, application of ground source heat pump technology, use of 

wooden logs to provide structure and insulation, optimization of building orientation and 

configuration, and application of natural ventilation. Owusu and Asumadu-Sarkodie (2016) 

explained that energy conservation methods decrease the dependence on fossil fuels and promote 

the use of alternative energy sources, including solar, wind, water, and geothermal energy. 

HVAC control, security control, audio visual control, occupancy/motion sensors were some of the 

factors identified under this category. Organizations willing to adapt the use of these control 

systems will have improved environmental performance (Darko et al. 2018). 
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The quality of potable water, implementation of alternative water resources, and water 

conservation techniques were the main factors identified under water efficiency by Tupenaite and 

Geipele (2017). Darko et al. (2018) also identified the installation of water-efficient appliances 

and fixtures (e.g., low-flow toilets), rainwater harvesting technology and greywater reclaiming and 

reuse technology as major success factors under water efficiency considerations. 

2. Innovation in operational and design process considerations 

The main factors identified under this category were that the institution embraced innovation in 

design, environmentally friendly design, high-quality facilities, architectural heritage 

considerations, architectural functionality, flexibility and adaptability (Tupenaite & Geipele, 

2017). 

3. Organizations’ environmental innovations 

Access to general and environmental resources, external support, prior management system 

experience, basic environmental management capabilities, prior accounting and innovation 

expertise, EMS development, environmental investments and innovation were the factors 

identified under organizations’ environmental management capabilities adaptability (Tupenaite & 

Geipele, 2017). 

Stakeholder engagement is another driver of environmental management in the real estate industry. 

Engaging stakeholders can help developers identify and address environmental concerns and build 

support for their projects. The external stakeholders whose influence affects decisions in the real 

estate industry include government authorities, markets (shareholders, investors, banks, buyers, 

suppliers, household consumers), and society (environmental groups, neighbourhood groups, trade 

associations, unions) (Satankar & Jain, 2015). According to Warren-Myers (2012), key drivers to 
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sustainable development in the real estate industry economic returns, cost-benefit analyses, the 

need for owners to justify their sustainable investments, limiting risk and obsolescence, as well as  

capitalizing on tenant demand and requirements. Additionally, Misopoulos, (2019). identifies 

exogenous drivers such as government regulations, competitors, client requirements, 

organizational reputation and pressures from external bodies as pivotal drivers of sustainability in 

this industry. Other drivers include regulations, social values, and norms like stakeholder pressures 

and market pressures, which include suppliers, consumers, competitors, shareholders, and others 

(Misopoulos, 2019). 

Endogenous drivers such as the financial dimension and executive management support are leading 

construction firms towards sustainable practices. Internal factors that can influence best practices 

in the real estate industry include corporate, management, and non-management employees, as 

well as the level of satisfaction with the project and employees. Satankar & Jain (2015) identified 

the satisfaction of the staff involved in the project as a factor affecting environmental decisions in 

the estate industry  

The level of customer satisfaction in this case, tenants and clients, and the satisfaction of customers 

during or at the end of the project are influenced by the functionality of the space, functional 

design, ergonomic solutions, the attractiveness of project location being in a district preferred by 

the customers, environmental friendliness, low environmental effects, and green and sustainable 

design. Meeting customers’ satisfaction can be a significant factor in promoting environmental 

best practices. (Satankar & Jain, 2015). 

Ola-awo et al. (2021) found that the level of employee competency, the effectiveness of project 

employees in the headquarters and on-site, the level of contribution to business value, the extent 
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to which the project adds value to the company through awards or recognitions, the level of 

innovativeness of the project, and the new ideas, methods, and technology employed in the project 

(Ekung et al. 2022). 

According to Ayarkwa et al. (2017), market demand and technological advancement are 

fundamental drivers for the estate industry. Future policies focusing on increasing market demand 

and market-based incentives for sustainable products may go a long way to promote environmental 

performance of the estate industry. Due to perceived higher initial costs than conventional projects, 

promotion of sustainable buildings in the market still faces challenges. According to Ayarkwa et 

al. (2017), high upfront costs may reduce the attraction to the green building, consequently 

affecting market demand for sustainable buildings. Again, it is posited that to propel sustainable 

products to the mainstream market, all project stakeholders should improve their competence 

continuously in affordable and sustainable products in the market Ayarkwa et al., 2017). 

Social issues are those that affect people both in and around the estate during and after 

construction. Ayarkwa et al. (2018) argue that social influence or social norms can significantly 

affect the behaviour of people in energy use, suggesting that normative-based intervention can be 

an effective way to educate the public to change their attitude toward green buildings and their 

behaviours in energy consumption. One other factor identified under this was the promotion of 

health and safety among builders, occupants, and the community. Professional training and public 

education are important measures to raise industry and public awareness of society about the long-

term economic, environmental, and social value of adopting sustainable practices (Ayarkwa et al. 

2017). Projections indicate that Ghana’s population is projected to increase to 31 million in 2020, 

from its 2010 population of 25 million. Ghana has a large proportion of young adults since the 

majority (over 50%) of the population are under the age of 25 years (Ali et al., 2021). This presents 
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a huge potential for technology adoption and investment. The government must exploit this 

potential to take advantage of the current dynamics of green technologies by empowering the youth 

with the necessary skill set for an all-inclusive green economy (Ali et al., 2021). 

The manufacturing industry has well-regulated systems for implementing and monitoring the 

environmental performance of the industries involved. Sanctions are simple to implement in the 

manufacturing industry. Lessons could be drawn from these industries and implemented in the real 

estate industry (Zhang et al., 2015).  

Network relations of different professionals with different experiences in the implementation of 

environmental management best practices were found to be a vital factor (Ekung et al., 2022). 

Access to external support through associations was found to be a major factor. In a bid to protect 

the sanctity of the profession, most professional organizations provide resources to members to 

maintain standards and high-quality products. Access to general and environmental resources is 

usually made available to members of professional bodies (Darko and Chan 2018). 

2.11 CHALLENGES OF ENVIRONMENTAL MANAGEMENT ADOPTION IN THE 

REAL ESTATE INDUSTRY 

Environmental management practices are increasingly important in the real estate industry as 

stakeholders aim to mitigate the impact of construction activities on the environment. However, 

the adoption of environmental management practices in Ghana's real estate industry is still limited 

by several challenges. Here are challenges to environmental management adoption in Ghana's real 

estate industry: 



54 

 

One of the challenges is the lack of awareness and understanding of environmental management 

practices. Many developers, contractors, and other stakeholders are not fully aware of the benefits 

of incorporating environmentally friendly practices into their operations, or they may lack the 

technical expertise needed to implement these practices (Kiani Mavi et al., 2021). This lack of 

awareness and understanding can limit the adoption of environmental management practices. 

Darko and Chan (2018) found that real estate professionals often lack knowledge about 

sustainability and its benefits. Additionally, Darko and Chan. (2018) found that tenants often lack 

awareness and understanding of sustainability issues, which can limit demand for sustainable 

buildings. This lack of awareness has resulted in a lack of interest in environmental sustainability, 

leading to unsustainable practices such as the use of non-renewable energy sources and poor waste 

management practices (Wang et al., 2020). This knowledge challenge can lead to a lack of action 

or inadequate action on environmental issues. 

Another challenge is the high cost of incorporating environmentally friendly practices into real 

estate projects. The cost of sustainable materials and energy-efficient systems can be higher than 

traditional building materials and systems. This can make it difficult for developers to incorporate 

environmentally friendly practices into their projects, particularly in a market where cost 

considerations are paramount (Huijbregts et al., 2019). 

One of the significant challenges in environmental management within the real estate industry is 

the absence of environmental regulations enforcing environmental standards in building 

construction and management This lack of regulations has led to the construction of buildings that 

do not adhere to environmental standards, resulting in high energy consumption and emissions 

(Ramaswami et al., 2016). 
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Limited or no enforcement of environmental regulations is another challenge to environmental 

management adoption in the real estate industry. Although Ghana has several environmental 

regulations in place, enforcement can be weak, particularly in the construction industry. This can 

lead to non-compliance with environmental regulations and the continuation of unsustainable 

practices. 

Lack of standardization is a challenge in developing nations. One challenge in environmental 

management in the real estate industry is the lack of standardized environmental management 

systems (EMS). There is no standard approach to environmental management practices in the real 

estate sector. This can result in confusion and uncertainty for real estate professionals, making it 

difficult to implement and measure the effectiveness of such practices. Several studies have shown 

that most real estate companies do not have a comprehensive environmental management system 

in place (Kiani Mavi et al., 2021; Chan et al., 2018). EMS are crucial in ensuring that 

environmental issues are addressed systematically and consistently, and real estate companies that 

implement these systems can improve their environmental performance (Chan et al., 2018).  

Another significant challenge in environmental management in the real estate industry is the lack 

of effective environmental policies and regulations. Real estate companies often prioritize 

economic considerations over environmental considerations, leading to inadequate environmental 

policies and regulations (Kiani Mavi et al., 2021). Effective environmental policies and regulations 

can help address the industry's environmental challenges and ensure that real estate companies 

operate sustainably. 

Inadequate infrastructure is another challenge. Ghana's infrastructure is not always sufficient to 

support environmentally friendly practices, particularly in rural areas. For example, access to 
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renewable energy sources such as solar power can be limited in some areas, making it difficult for 

developers to incorporate these practices into their projects. 

Lack of access to financing is another challenge. Financing can be a challenge for many real estate 

companies looking to invest in environmental management practices. Banks and financial 

institutions may not have specific financing products for such investments, making it difficult for 

companies to access the necessary capital. Limited funding, slow policy reforms, and a weak 

currency, unsold housing stock, scarcity of developable land in urban areas, unclear land titles, 

restricted access to long-term and low-cost funding channels, liquidity issues, and piling debt, 

cumbersome process, and higher statutory fees and taxes are all financial challenges that may 

hinder environmental management adoption (Amos et al., 2019). 

Lack of technical expertise is another major challenge. Environmental management practices can 

be complex, and real estate professionals may lack the technical expertise required to implement 

them effectively. This can result in suboptimal implementation and a failure to achieve the desired 

environmental outcomes. 

Incentives for developers to adopt environmentally friendly practices is lacking. While consumers 

may be interested in sustainable properties, the demand is not yet significant enough to incentivize 

developers to prioritize environmentally friendly practices. Similarly, financial institutions may 

not offer preferential financing terms for sustainable projects, making it difficult for developers to 

access funding for environmentally friendly projects. Darko and Chan (2018) found that the lack 

of financial incentives for sustainable real estate development can limit its adoption. Similarly, Xu 

et al. (2023) found that a lack of financial incentives for sustainable real estate operations can limit 

the adoption of energy efficiency measures. 
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Inefficient building management is another challenge in environmental management in the real 

estate industry. Building managers often lack the necessary skills and knowledge to manage 

buildings sustainably. This lack of knowledge has led to poor energy and water management, 

resulting in high operating costs and high environmental impact (Lima et al., 2021). 

The use of unsustainable building materials is another challenge in environmental management in 

the real estate industry. The production and disposal of unsustainable building materials result in 

high environmental impact. The lack of sustainable building materials has also resulted in a lack 

of interest in sustainable building practices (Pomponi et al., 2017). 

The lack of data is another challenge in environmental management in the real estate industry. 

There is a lack of data on energy consumption, water usage, and waste management in buildings. 

This lack of data makes it challenging to identify areas for improvement, resulting in inefficient 

resource management (Liu et al., 2020). 

The adoption of green building practices in the real estate industry is a challenge. Despite the 

availability of green building practices and technologies, many real estate companies still use 

traditional building practices that are not environmentally friendly (Kiani Mavi et al., 2021). Green 

building practices can significantly reduce the environmental impact of the real estate industry and 

improve the sustainability of buildings (Chan et al., 2018). Addressing these challenges is crucial 

for promoting the adoption of sustainable practices in the industry and mitigating the impact of 

construction activities on the environment. 
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2.12 GAPS IN ENVIRONMENTAL MANAGEMENT RESEARCH 

The real estate industry is a significant contributor to the global economy and has a significant 

impact on the environment. The literature review reveals gaps in environmental management in 

the real estate industry that need to be addressed to ensure sustainability. This section aims to 

present and analyze the gaps in environmental management research in the real estate industry: 

One gap is the lack of research on the environmental impact of real estate development and 

construction. Although several studies have investigated the environmental impact of buildings, 

there is a need for more research on the environmental impact of the entire real estate development 

process, including land acquisition, site preparation, construction, and operation and identify 

potential environmental risks and develop effective strategies to mitigate them (Olanipekun et al., 

2020; Olawumi et al., 2017; Baker and Wiedmann, 2014). 

Another gap in environmental management research in the real estate industry is the limited 

research on the effectiveness of EMS in the industry. Although several studies have examined the 

adoption of EMS by real estate companies, there is a need for more research on the effectiveness 

of these systems in improving environmental performance (Olanipekun et al., 2020; Chan et al., 

2018). 

Moreover, there is a gap in research on the adoption of green building practices in the real estate 

industry in developing countries. Although several studies have investigated the benefits of green 

building practices, there is a need for more research on the challenges to the adoption of these 

practices in the real estate industry in developing countries (Olawumi et al., 2017; Olanipekun et 

al., 2020). 
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Another gap in environmental management research in the real estate industry is the lack of 

research on the role of stakeholders in environmental management. Real estate companies interact 

with several stakeholders, including tenants, investors, and government agencies, and there is a 

need for more research on the role of these stakeholders in environmental management (Olawumi 

et al., 2017; Olanipekun et al., 2020). Also, there is a need for more research on the perceptions, 

attitudes, and behaviours of stakeholders towards environmental management practices 

(Lützkendorf & Lorenz, 2005).  

There is also a gap in research on the impact of environmental policies and regulations on the real 

estate industry. Although several studies have examined the impact of environmental policies and 

regulations on the environment, there is a need for more research on the impact and effectiveness 

of these policies and regulations on the real estate industry (Kiani Mavi et al., 2021; Olanipekun 

et al., 2020).  

One significant gap in environmental management research in the real estate industry is the lack 

of studies on the implementation of environmental management practices in the industry. While 

several studies have explored the importance of environmental management in the real estate 

industry, few studies have investigated the implementation of environmental management 

practices and the factors that influence their implementation (Lützkendorf & Lorenz, 2005). 

Real estate companies often prioritize economic considerations over environmental 

considerations. However, there is a gap in research on the economic benefits of environmental 

management practices in the real estate industry. While several studies have highlighted the 

environmental benefits of environmental management practices in the real estate industry, there is 

a need for research on the economic benefits of these practices. This research gap is crucial because 
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it can help convince real estate companies to adopt environmental management practices by 

demonstrating their economic benefits (Kiani Mavi et al., 2021; Chan et al., 2018). 

2.13 CONCLUSIVE REMARK 

This section review identified several gaps in environmental management research in the real 

estate industry, including limited research on the environmental impact of real estate development 

projects, the effectiveness of EMS, the role of environmental regulations and policies, 

stakeholders, and the economic benefits of environmental management practices. 
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CHAPTER THREE 

REAL ESTATE MANAGEMENT RESEARCH THEORY  

3.1 INTRODUCTION  

Chapter three presents a general overview of the real estate industry. Estate management is a 

developing concept in most African countries. Hence, this chapter delves into estate management 

in the African countries of South Africa and Ghana is discussed, because in these two African 

countries, the real estate industry is booming. It will outline the housing legislative and policy 

framework of these countries, examining the Constitution, the National Building Code, and the 

National Housing Programs and consider the roles played by the different stakeholders in real 

estate. Environmental management issues associated with real estate development in Africa are 

also discussed. The discussion extends to key environmental construction technologies that can be 

implemented within the real estate industry. 

 3.2 REAL ESTATE MANAGEMENT THEORY 

According to the United Nations, by 2030 Africa, and particularly rapidly growing economies, 

will have more than 50% of their populations living in cities (Ghana Investment Promotions 2020). 

The UN Report indicates that 300 million new homes will be needed by 2030, or approximately 

21 million new homes per year, thus bringing global demand to nearly 100, 000 new housing units 

each day (Ghana Investment Promotions 2020). This calls for the need for rapid growth in the real 

estate sector. Real estate refers to land, as well as any physical property or improvements affixed 

to the land, including houses, buildings, landscaping, and fencing, wells. In general, real estate 

refers to buildable lands and buildings, including, among others, residential homes, undeveloped 



62 

 

land and income-producing properties (such as warehouses, offices, and apartment buildings). 

Real estate is a type of tangible asset, which is an investment asset that can be seen and touched. 

In contrast, financial assets are only recorded as pieces of paper. Real estate examples include land 

and buildings, including natural resources of the land (uncultivated flora and fauna), farmed crops 

and livestock, water and mineral deposits, tea gardens, and rubber and palm oil plantations. Anim-

Odame (2014) defines the formal real estate market as ‘residential assets transacted on well-

defined contracts that are registered with the state land registration systems.’  

3.3 SEGMENTS OF THE REAL ESTATE SECTOR  

The property development sector includes four different segments: the residential, commercial, 

industrial, and agricultural segments, according to Ghana Investment Promotion Centre (2020): 

1. Residential Real Estate refers to undeveloped land, houses, multi-family houses, 

apartments, and co-operative housing. This segment classifies the construction of 

residential homes to accommodate the growing population and the inflow of expatriates. 

2. Commercial Real Estate encompasses office buildings, warehouses, retail store 

properties, commercial facilities, including shopping malls, hospitality venues and theme 

parks, all of which fall under this segment of real estate. 

3. Industrial Real Estate facilities such as factories and warehouses that facilitate the current 

government’s (Ghana’s) the One District One Factory Initiative, mines, and farms fall 

under this segment. Finally, flagship initiatives such as “One District, One Factory”, 

introduced by the Ghanaian government to speed up the rate of industrialization in the 

country, support the vision of making the country a manufacturing hub in the African sub-

region (“Translating Environmental Management Practices into Improved Environmental 

Performance via Green Organizational Culture: Insight from Ghanaian Manufacturing 

SMEs”). More factories mean more pollution; hence, a study in this direction is useful to 

both industry practitioners and managers (Afum et al., 2020). 
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4. Agriculture Real Estate: refers to the tea gardens, rubber and cotton palm oil plantation, 

timberland and farmland.  

3.4 CHARACTERISTICS OF REAL ESTATE AS AN INVESTABLE ASSET 

Properties under real estate are tangible, immovable, and basically indivisible. Real estate is 

described as illiquid if the land and buildings are purchased outright. On the other hand, investors 

can enjoy higher liquidity if the same asset (either land or buildings) is purchased through a fund 

or some other vehicle (Ameri, 2023). Every property is unique, primarily because no two 

properties can share the same location. In addition, the terms and conditions of transactions may 

differ significantly. Therefore, properties are only approximately comparable to other properties. 

There is no national or international auction market for properties. Therefore, it is difficult to assess 

the market value of a given property. Transaction costs and management fees for real estate 

investments are high. Real estate markets suffer inefficiencies because of the nature of real estate 

itself and because information is not freely available (Dijk et al., 2020). It can be divided among a 

pool of investors and can be categorized by the way the owners or tenants use the property. It can 

be owned in various forms, such as public, private, or financed through equity of debt.  

Real estate requires active management in terms of, for example, maintenance, negotiating leases, 

collection of rents. Other characteristics are no fixed maturity, inefficient markets, high transaction 

costs, lower liquidity/lack of liquidity, underlying tenant quality, variability among regions, 

heterogeneity, high unit value, depreciation and desirability, cost and availability of debt capital, 

and difficulty in determining price. Some reasons why investors delve into the realm of real estate, 

include current income, capital appreciation, inflation hedge, diversification, tax benefits (in some 

countries like the US) and investment is without risk (Odhiambo & Ombok, 2022). Some risks 

associated with the real estate sector include business conditions, new property lead time, cost and 
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availability of capital, unexpected inflation, demographic factors, lack of liquidity, environmental 

issues, availability of information, management expertise, leverage, and other factors, such as 

terrorism, and property defects (Ameri, 2023). 

3.5 BENEFITS OF REAL ESTATE INVESTMENT  

Real estate investments involve long-term investment in the purchasing and managing of physical 

property, such as homes, commercial buildings, or land. This type of investment provides rental 

income as well as capital appreciation over time. The following are some benefits of real estate 

investment: 

1. Returns on Investment 

One significant advantage of real estate investment is high returns. Real estate investments can 

provide a steady stream of passive income through rental income from tenants and higher returns. 

Additionally, real estate investments appreciate over time. For example, global residential property 

prices increased by 6.5% on average in 2021, with some markets experiencing even higher growth 

(Locus, 2022). This means that real estate investments have the potential for capital appreciation, 

as the value of the property may increase over time, resulting in a profitable sale. 

2. Inflation Protection 

Real estate investments tend to retain their value even during inflationary periods. When inflation 

rises, the value of the real estate increases with it. As the cost-of-living increases, so does the value 

of the real estate. Rental income also tends to increase, providing investors with an additional layer 

of protection against inflation (Locus, 2022).  

 

 



65 

 

3. Sense of Control 

Investors have physical ownership of the property, which provides them with a sense of control, 

crucial in uncertain times. Real estate provides a sense of security. With real estate investment, 

investors can choose the tangible asset and the amount they want to invest in and can have control 

over the management of the specific asset (Locus, 2022). Ghana’s real estate sector has received 

little attention in the literature on development economics, emerging market finance, or 

international real estate investment markets (Anim-Odame, 2014). 

3.6 ENVIRONMENTAL MANAGEMENT ISSUES RELATED TO REAL ESTATE 

DEVELOPMENT IN AFRICA  

Estate management is a developing concept in most African countries. This section examines the 

environmental issues relating estate development in Africa. It outlines the main environmental 

management issues relating to the construction and management of estate housing units and 

presents measures to minimize the negative environmental impacts of decisions and activities 

related to the construction and management of estate housing units. These issues directly relate to 

the environmental sustainability constructs later examined in this study, particularly waste 

management, air quality control, and energy efficiency within Ghana’s real estate operations. 

3.7 REAL ESTATE DEVELOPMENT IN GHANA  

This section presents the development of the real estate industry in Ghana. It also presents ways to 

effectively plan and secure funding for development. 
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3.8 OVERVIEW OF GHANA’S REAL ESTATE SECTOR 

The history of Ghana's real estate sector dates to the colonial era when the British established 

settlements in the country and constructed buildings for administrative and residential purposes. 

After Ghana gained independence in 1957, the government embarked on a program of 

industrialization, which led to a significant increase in demand for housing and commercial space. 

During the 1960s and 1970s, the government of Ghana implemented several policies to promote 

the development of the real estate sector. These included the establishment of the State Housing 

Corporation, which was tasked with providing affordable housing to low- and middle-income 

households, and the creation of the Ghana Real Estate Developers Association (GREDA), which 

aimed to promote private sector participation in the sector. 

In the 1980s, Ghana experienced an economic crisis that led to a decline in the real estate sector. 

The government's inability to maintain the State Housing Corporation and the collapse of several 

financial institutions that had invested in real estate contributed to the decline. 

In the 1990s, the government of Ghana introduced several policies to promote private sector 

participation in the real estate sector. These included the establishment of the Land Title 

Registration System, which aimed to improve land tenure security and facilitate property 

transactions, and the liberalization of the financial sector, which made it easier for developers to 

access finance. 

Since the 2000s, Ghana's real estate sector has experienced significant growth, driven by increasing 

urbanization, a growing middle class, and rising demand for commercial and residential space. 
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However, the sector still faces several challenges, including limited access to finance, inadequate 

infrastructure, and a lack of clear regulatory frameworks. 

The real estate sector in Ghana has seen a more rapid growth over the past few years. Ghana has 

already moved from a more rural to an urban population, with more than half (50.9%) of the 

country’s population reported to be residing in urban localities according to the 2010 census 

(Ghana Investment Promotion Center, 2020). The sector gained momentum following the 

discovery of oil in 2007, boosting economic growth as well as the influx of non-resident Ghanaians 

and foreign homebuyers. Real estate is the fastest growing of the 21 sub-sectors of Ghana’s 

economy. According to the Ministry of Water Resource Works and Housing, there is an increasing 

deficit of about two million housing units as of 2019 in Ghana (Ghana Investment Promotion 

Center, 2020). To bridge the gap, between 190,000 and 200,000 units would need to be built at 

US$3.4bn a year over the next decade. The increasing deficit and demand for property and real 

estate in Ghana offer an investment opportunity to make great returns for both foreign and local 

investors. Currently, the real estate sector employs at least 3% of the labour force, which is over 

320,000 people (Ghana Investment Promotion Center, 2020). The sector also provides more 

training and agsspprenticeship opportunities to young people than any other sector (see table 5). 

Table 5: Contribution of Real Estate to GDP (2017- 2019) 

Year  Contribution to GDP Source 

2017 GHC5.6billion GSS (2018) 

2018 GHC6.1billion GSS (2019) 

2019 GHC8.8billion Ghana st (2021)/ GIPC (2020) 

Source: Ghana Statistical Service (2021); Ghana Investment Promotion Centre (2020).  

Note: Figures are reported at current prices. Earlier GSS reports (2018–2020) used rebased GDP 

data (2013 constant prices), which may cause slight variations across sources. 
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Thus, in 2018, for instance, the real estate sector contributed 2.2 per cent to GDP growth rates, 

reflecting an increase of 0.8 per cent. By the end of the first quarter of 2019, real estate growth 

stood at 9.1 per cent. Ghana’s economy, as a beneficiary, maintained a GDP growth rate of 6.5  

per cent in 2019, owing to the performance of burgeoning sectors, including the property 

development sector (Ghana Investment Promotion Center, 2020). Cytonn (2017), a real estate 

company, reported that Ghana’s real estate sector remains a sought-after asset class due to higher 

returns on investment of 18%, which is higher than the one-year treasury note yield of 15%. This 

makes it the fastest-growing sector and the most influential in achieving rapid economic growth 

in Ghana. There are different options for investing in real estate in Ghana.  

3.9 GHANA’S PRIVATE REAL ESTATE SECTOR 

The private real estate sector in Ghana has a relatively short history, dating back to the 1990s. Prior 

to this, the real estate market was dominated by the government, which was responsible for the 

construction of public housing and the allocation of land for private development. In the early 

1990s, the government of Ghana introduced several policies to promote private sector participation 

in the real estate sector. These included the liberalization of the financial sector, which made it 

easier for developers to access finance, and the establishment of the Land Title Registration 

System, which aimed to improve land tenure security and facilitate property transactions. The 

liberalization of the financial sector led to the emergence of several mortgage finance institutions 

in the mid-1990s, which provided long-term financing for real estate development. This helped to 

spur the growth of the private real estate sector in Ghana, particularly in the urban areas. Since the 

early 2000s, Ghana's private real estate sector has experienced significant growth, driven by 

increasing urbanization, a growing middle class, and rising demand for commercial and residential 
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space. The sector has attracted both local and international investors, and several large-scale real 

estate developments have been undertaken in the country. 

3.9.1 Key Real Estate Companies in Ghana  

Data on major private developers were compiled from the Ghana Real Estate Developers 

Association (GREDA, 2023) membership directory and the GIPC Investment Register (2022), 

which list registered firms by capitalization and sectoral activity. Key real estate companies in 

Ghana are discussed below: 

Devtraco Limited has been in existence since 1993. The company is one of the largest and most 

prominent real estate companies in terms of market capitalization, with up to 1,800 properties, and 

employs over 500 people. Devtraco is in the Greater Accra Region with project, Devtraco Courts, 

situated at Tema Community 25, housing over 1000 residents. Devtraco Limited received the 

CNBC International Residential Property Award, UK-Africa Region. 

Regimanuel Gray Limited was incorporated in 1991 with real estate development and home 

building as its core business. The company has expertise in turnkey project site development, 

including roadwork, drainage, water, and electrical distribution networks. (“Regimanuel Gray 

Limited—Ghana Real Estate Developers”) Regimanuel Gray Limited represents a notable 

successful example of private sector joint ventures in Ghana. The company is a strategic 

partnership between Regimanuel Limited, a Ghanaian company; STI Global Limited of Houston, 

Texas; and the ABRAAJ GROUP, a regional venture capital firm, and is the leading private real 

estate developer and home builder in Ghana.  
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Kwarleyz Group is five subsidiary companies, started with the aim to maximize the use of land. 

Over the years, Kwarleyz has employed about 420 workers and paid required taxes that have 

contributed immensely to the economic growth of the Ghanaian economy. The company’s 

registration with GIPC has provided opportunities and incentives in the Ghanaian business 

environment. 

However, the private real estate sector in Ghana still faces several challenges, including limited 

access to finance, inadequate infrastructure, and a lack of clear regulatory frameworks. 

Additionally, there have been concerns about the quality and affordability of housing, particularly 

for low- and middle-income households. 

3.10 FORMS OF REAL ESTATE INVESTMENT IN GHANA 

Currently, there has been an upsurge in demand for housing in the urban areas of the country, 

especially in Accra, Kumasi, and Takoradi owing to the increasing number of migrants (Ghana 

Investment Promotion Centre, 2020). These cities are the most populous, and hence the demand 

for either accommodation or office space for businesses. The investment opportunities in Ghana 

may be classified along two dimensions: debt- or equity-based, and in private or public markets. 

There are many variations within the basic forms. According to a popular real estate company, 

Devtraco Limited, the different options include, but are not limited to, buy-to-let properties, 

residential and retail property development, real estate investment trusts (REITs), house flipping, 

buying and selling houses, and land flipping. Other options include direct ownership, leveraged 

ownership, mortgages, aggregation vehicles, real estate partnerships (RELPs), and real estate 

investment trusts (REITs). 



71 

 

1. Direct ownership is called fee simple; it refers to full ownership rights for an indefinite 

period, giving the owner the right, for example, to lease the property to tenants and resell 

the property at will. 

2. Leveraged ownership refers to the same ownership rights but subject to debt (such as a 

promissory note) and/or a pledge (mortgage) to hand over real estate ownership rights if 

the loan terms are not met. 

3. Mortgages represent a type of debt investment, as a mortgage provides the investor with a 

stream of bond-like payments. This is a form of real estate investment, as the creditor may 

end up owning the property being mortgaged. To diversify risks, a typical investor often 

invests in securities issued against a pool of mortgages. 

4. Aggregation vehicles aggregate investors and serve the purpose of offering them 

collective access to real estate investments. 

5. Real estate partnerships (RELPs) are a professionally managed real estate syndicate that 

invests in various types of real estate. The purpose of the RELP varies from raw land 

speculation to investments in income-producing properties. Managers assume the role of 

general partners with unlimited liability, while other investors are treated like limited 

partners with limited liability. 

6. Real Estate Investment Trusts (REITs) is a type of closed-end investment company that 

sells shares to investors and invests the proceeds in various types of real estate and real 

estate mortgages. It allows small investors to receive both capital appreciation and income 

returns without the headache of property management. Its shares are traded on a stock 

market. It provides a tax shelter and has strong restrictions on the use and distribution of 

funds. 
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3.11 REAL ESTATE DEVELOPMENT FINANCING  

Some of the most critical sources of funding for real estate in Ghana include: 

1. Commercial Banks  

Commercial banks are the most preferred source of construction development funding in Ghana 

through their lending facilities. These institutions advance funds depending on the ability of the 

developer to pay the interest charges within the prescribed time limit. It is important to note that a 

relationship between a bank and a developer plays a big role in securing finance from commercial 

banks. The process is that the landowner approaches a bank. The advantage of this method is that 

the landowner deals with the banks’ formal, systematic, well-beaten path with few ambiguities in 

the process. Interest rates are often high making borrowing very unattractively costly. Most banks 

require landowners to contribute about 30 per cent of the project's value, cash that most potential 

developers will not have. 

2. Private Equity Funds 

Private equity in real estate development is a co-development arrangement in which investors fund 

a project using unsecured funds in return for a stake in the development. Equity is usually provided 

in the form of either shareholder loans or as a share capital investment.  

3. Pension Funds  

These funds hold money on behalf of their members. They, in turn, invest the money in different 

sectors, including real estate development. Proceeds from sales or rental income are then used to 

pay their members upon retirement. The law dictates that pension funds should not hold more than 

30% of their assets in property.  

4. Investment Clubs 
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Investment clubs are a major source of financing for real estate development. An investment group 

refers to a collection of individuals who periodically contribute monies for investment purposes. 

Whereas most have focused heavily on land buying activities, others have successfully marshalled 

their funds and provided housing solutions.  

3.12 GOVERNMENT INITIATIVES IN THE REAL ESTATE SECTOR 

The government of Ghana has implemented several housing initiatives aimed at addressing the 

country's housing deficit and promoting affordable housing for low- and middle-income 

households. Ghana Investment Promotion Centre(2020) details Ghana government’s initiatives for 

the development of the real estate sector in Ghana. The discussion is done under residential 

initiatives, commercial initiatives, industrial initiatives and agricultural initiatives as follows: 

A. Residential 

1. Affordable housing scheme: The affordable housing initiative targets the low and middle-

class of the Ghanaian population and it is the future of real estate investments in Ghana. 

The government is seeking to partner with private real estate developers to provide access 

to affordable homes to individuals. The target is the development of at least 20,000 units 

of affordable housing annually to bridge the housing deficit. One of the most significant of 

these projects is the Saglemi Housing Project, which aims to construct 5,000 affordable 

housing units in the Greater Accra Region and has added over 1,500 units to the low-end 

housing market as of the first half of 2019. Other Schemes include 10,000 affordable 

housing units across the country based on a memorandum of understanding (MOU) with 

Solin, a private Hungarian company, 100,000 affordable housing units based on an MOU 

with the United Nations Office for Project Services (UNOPS) 
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2. Slums upgrade: The government intends to upgrade all slums into modern communities. 

For example, the government has announced investment opportunities in the 

transformation of Nima-Mamobi into a world-class residential enclave. 

3. Redevelopment of government residential areas: The government intends to redevelop 

old neighbourhoods and huge portions of prime lands to make room for condominiums and 

modern houses. Examples of earmarked areas include the Roman Ridge, the Airport, 

Residential Area, Labone and Cantonments. 

4. Real estate investment trusts (REITs): The government has expressed the need for 

investors in real estate investment trusts (REITs) and the mortgage market to accommodate 

low-cost housing schemes and projects.  

5. National housing policy: In 2015, the government of Ghana launched the National 

Housing Policy, which outlines a comprehensive strategy for the development of a 

sustainable and inclusive housing sector. The policy aims to provide affordable housing to 

all Ghanaians and promote the development of a well-regulated and efficient housing 

market. 

6. National housing and mortgage fund: The government established the National Housing 

and Mortgage Fund (NHMF) in 1990 to provide long-term financing for the construction 

and purchase of housing. The NHMF provides loans to public and private sector 

institutions involved in housing development and provides mortgage financing to eligible 

Ghanaians. 

7. Community-based housing development project: The community-based housing 

development project (CBHDP) is a government initiative aimed at promoting the 

development of affordable housing through community participation. The CBHDP 
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provides technical and financial support to communities interested in developing their own 

housing projects. 

8. Land title registration system: The government has implemented a land title registration 

system to improve land tenure security and facilitate property transactions. The system 

aims to make it easier for Ghanaians to access credit for housing development and promote 

the development of a well-regulated and efficient housing market. 

B. Commercial Initiative 

1. Investment in recreational real estate developments: The government is keen on 

developing commercial facilities, such as theme parks, water parks, food courts, family 

entertainment centres, leisure parks, eco-lodges, coastal and inland lake resorts with 

sporting and recreational facilities, camping sites for adventure tourists, wellness and spa 

facilities. 

2. Investment in large-scale hotel construction projects: The government is committed to 

stimulating the development of the creative arts industry and one way is through the 

construction of large-scale hotels. An example is the Akwaaba Hotel targeting tourists. 

3. Investment in malls and formal retail centres across the country: It is the aim of the 

government to expand shopping centres across the country. Currently, Accra has about 

seven shopping malls while the next most populous cities Kumasi and Takoradi boast of 

two and one shopping malls, respectively. This surely presents opportunities exist for more 

formal retail centres construction to meet the growing population. 

4. Investment in regional theatres: The government of Ghana is interested in expanding 

Ghana’s arts and culture and as such looking for investors to partner with the National 
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Commission on Culture, the Ghana Tourist Development Company and the Ghana 

Tourism Authority to develop state-of-the-art regional theatres. 

C. Industrial  

In developing the industrial real estate sector in all the sixteen regions of Ghana at least one 

‘large’ park is projected to be constructed. According to the Ministry of Trade and Industry, 

some are already under construction at the Tamale Airport and Industrial Park (TACIP) Project 

and Wa Industrial Park Project. These projects may include but are not limited to the following: 

1. Pharmaceutical park(s) 

2. Automobile and vehicle assembly park(s) 

3. Textiles, garment and apparel park(s) 

4. Petrochemical park(s) 

5. Information technology park(s) 

6. Equipment and electronic park(s) 

D. Agricultural 

In developing the agricultural real estate sector in all the sixteen regions of Ghana at least 

one ‘large’ park is projected to be constructed. These may include, but are not limited to 

the following: 

1. Agric-processing park(s)  

2. Food processing zones 

These housing initiatives are aimed at promoting the development of a sustainable and inclusive 

housing sector in Ghana and addressing the country's housing deficit. However, challenges remain, 

including limited access to finance and a shortage of affordable housing. 
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3.13 STAKEHOLDERS IN THE REAL ESTATE INDUSTRY IN GHANA  

Stakeholders in Ghana’s real estate industry include the following:  

1. Mortgage/ Finance Companies (Ghana Home Loans (GHL), (HFC Bank (now Republic 

Bank), Fidelity Bank, Cal Bank (Cal Mortgage), Stanbic Bank.) 

2. Property developers (Rehoboth Properties Limited, Manet Group, Regimanuel Gray Ltd, 

Devtraco Ltd, Clifton Homes, NTHC Properties Ltd, Locus Homes) 

3. Civil Engineering and Construction (Taysec Construction, Micheletti & Co. Ltd, De 

Simone Ltd, Consar, Trasaaco) 

4. Design/ Architecture (Key Architectural Company, Architectural & Engineering Services 

Ltd, Ecobuild Consult Ltd) 

5. Property Management (Broll Ghana Ltd, Sirius Properties, Stellar Properties, Cushman 

& Wakefield Excellerate) 

6. Property Rentals (Isaac Anthony Homes, Gold Key Properties, Regus Ghana) 

7. Land Sale Agents (Castle Gate Estate, KAS Estate Ghana) 

8. Online Sites (Jumia House, MeQasa.com, GhanaFind.com, OLX.com, Tonaton.com) 

9. Legal agencies (Rent Control Department (RCD), Department of Rural Housing (DRH), 

Public Servants Housing Loan Scheme Board (PSHLSB), Architects Registration Council 

(ARC), State Housing Company (SHC), Tema Development Company (TDC), Ghana Real 

Estate Developers Association (GREDA) 

i. Rent Control Department (RCD) 

It works co-operatively with landlords and tenants to promote optimum peaceful co-existence 

through education, and reconciliation, while also providing on rent-related matters in 

compliance with the Rent Act 220. 
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ii. Department of Rural Housing (DRH) 

It is mandated contribute to policy development and to design projects and programs aimed to 

increase access to safe, decent and affordable housing in rural and peri-urban areas, while also 

facilitating the dissemination of creative and innovative research findings in the production 

and use of improved indigenous building materials. 

iii. Public Servants Housing Loan Scheme Board (PSHLSB) 

It has the responsibility to administer Public Service Housing Loan facilities to assist public 

servants acquire dwelling facilities. (Ministry Of Works and Housing, n.d.)  

iv. Architects Registration Council (ARC) 

"It is the regulatory body for the architectural profession for securing the highest practicable 

standards in the practice of architecture in Ghana and the registration of persons within the 

Architectural profession." (Ministry of Works and Housing, n.d.) 

v. State Housing Company (SHC) 

It is mandated to “increase the availability of dwelling houses in Ghana” by developing, 

building and managing public housing estates throughout the country. 

vi. Tema Development Company (TDC) 

Its new mandates include the planning and the construction of towns and cities both within and 

outside Ghana. It is tasked with carrying out the objectives of the Tema Development 

Corporation as per Tema Development Corporation Instrument, 1965 (L.1469) as mandated 

by the Tema Development Corporation (Amendment) instrument, 1989 (LI.1468). 

Additionally, it is mandated to acquire land both locally and internationally for real estate 

development and management. 
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vii. Ghana Real Estate Developers Association (GREDA) 

It is a non-profit-making organization, registered as a Private Limited by Guarantee, which 

boasts of a membership of almost 70 per cent of the major private real estate developers, 

construction and engineering companies within Ghana’s property development industry. 

viii. First Ghana Building Society (FGBS) 

The society was formed to encourage savings and to provide mortgage facilities from its 

savings to those in need to build houses at an attractive interest rate (Nkayi, 2012). 

ix. State Insurance Company (SIC) 

The SIC housing finance policy aims to preserve the value of insurance payments made by its 

customers and to assist the government in realizing its social objective of housing the 

population. Available options include an individual mortgage loan scheme, a group loan 

scheme, the SIC staff housing scheme, as well as the sale or rental of housing built through the 

acquisition of building plots and the awarding of a contract to building contractors (Nkyi, 

2012). 

3.13.1 Factors Affecting Real Estate Development in Ghana 

The following are factors affecting real estate development in Ghana, according to the Ghana 

Investment Promotions (2020): large human resource base of both skilled and unskilled labour; 

stable democracy, 100% foreign ownership of companies as well as joint ventures with Ghanaian 

partners; improved financial system; investment incentives such as reduced value-added tax, five-

year tax break, and duty exemptions and reduction of corporate taxes on income derived from the 

sale of low-cost affordable residential properties; investment guarantees such as free transferability 

of capital, profits, dividends and payment with respect to foreign loans contracts, insurance against 

non-commercial risks, and double taxation agreements (DTAs); proximity to markets: (the average 



80 

 

flight time is six hours to Europe, nine hours to North America and eight hours to the Middle East); 

refurbished world class airport, good network of trunk roads, access to the African market through 

the African Continental Free Trade Area (AfCFTA), whose Secretariat is in Accra; urbanization 

rate of 3.51%; readily available basic utilities such as water and electricity at relatively cheap rates; 

improved regulatory and legal frameworks; and the formalization of the economy and facilitation 

of efficient delivery of public and private services through the National Identification Scheme, the 

National Digital Addressing System, and Interoperable Electronic Platform programs, which have 

ensured that Ghanaians and business locations are uniquely identified (Naeem, Rana and Nasir, 

2023). 

3.14 KEY ENVIRONMENTAL CONSTRUCTION TECHNOLOGIES THAT CAN BE 

ADOPTED IN THE REAL ESTATE INDUSTRY  

The real estate sector contributes greatly to environmental degradation and greenhouse gas 

emissions. This section presents a wide range of environmental construction technologies that may 

be adopted for the real estate sector: 

Energy-Efficient Lighting Systems: One innovative environmental technology that may be 

adopted is energy-efficient lighting systems; for instance, LED lighting, consumes significantly 

less energy than traditional lighting and can result in substantial cost saving benefits. Smart 

lighting systems that automatically adjust lighting based on occupancy and natural light levels can 

further increase energy efficiency. LED lighting can be used to reduce energy consumption and 

improve the efficiency of lighting systems (Dadzie et al. 2018). 

Smart Building Management Systems: Another technology that may be adopted is smart 

building management systems. Smart building automation systems can be used to optimize energy 
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use, reduce energy waste, and monitor building performance in real time. These systems use 

sensors and other technologies to optimize building performance, including heating, ventilation, 

and air conditioning (HVAC) systems, lighting, and water usage. Energy-efficient HVAC systems 

can be installed to reduce energy consumption and improve indoor air quality. By monitoring and 

adjusting these systems in real time, smart building management systems can significantly reduce 

energy consumption and operating costs. 

Renewable energy technologies: The real estate sector can adopt solar panels can be adopted. 

Solar panels can be installed on buildings to generate renewable energy and reduce reliance on 

fossil fuels. These technologies can generate clean energy on-site and reduce reliance on fossil 

fuels. Wind turbines are a great way to reduce energy costs and the environmental impact of a 

building. Wind turbines can be used to generate electricity, heat water, and provide hot water for 

buildings. They can also provide cost savings over the long term, particularly as the cost of 

renewable energy technologies continues to decline. Geothermal systems use the constant 

temperature of the earth to heat and cool buildings, reducing energy consumption and greenhouse 

gas emissions (Dadzie et al. 2018). 

Water conservation technologies: This can also be adopted for the real estate sector. Low-flow 

fixtures, such as toilets and faucets, can significantly reduce water usage without sacrificing 

performance. Water recycling systems, which capture and treat wastewater for reuse in non-

potable applications, can also reduce water usage and costs. Water-saving technologies, such as 

low-flow fixtures, rainwater harvesting systems, and greywater reuse systems, can be installed to 

reduce water usage and promote sustainability. Rainwater harvesting systems can collect and store 

rainwater for non-potable uses such as irrigation, toilet flushing, and cleaning. 
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Green building materials: Environmentally friendly building materials, such as recycled 

materials, sustainably sourced wood, and non-toxic paints and finishes, can be used to reduce the 

environmental impact of building construction and maintenance. These materials can be adopted 

to reduce the environmental impact of building constructions. These materials, such as recycled 

steel, bamboo, and reclaimed wood, have lower embodied energy and carbon emissions than 

traditional building materials. Mass timber is a renewable building material that has a low carbon 

footprint. It is made from sustainably harvested wood and can be used for a variety of construction 

applications, including structural framing, wall panels, and floor systems. Green insulation or 

environmentally friendly insulation materials, such as cellulose, wool, and cotton, are made from 

recycled materials and are free of harmful chemicals. Smart glass is a dynamic glazing system that 

can change its tint to control the amount of heat and light that enters a building. This technology 

can reduce energy consumption and improve occupant comfort (Dadzie et al. 2018). 

Prefabrication involves assembling building components in a factory and transporting them to 

the construction site. This process reduces waste, improves quality control, and minimizes 

construction time (Conserve-Energy-Future, n.d.). 

Electric vehicle charging stations: The installation of electric vehicle charging stations can 

encourage the use of electric vehicles, which can reduce greenhouse gas emissions. 

Cool roofs can be installed on buildings to reduce the amount of heat absorbed by the building, 

improve air quality, and provide habitat for wildlife. Green roofs are an effective way to reduce 

energy consumption and improve the environmental performance of a building. Green roofs can 

be used to reduce the amount of heat absorbed by a building, reduce stormwater runoff, and 

improve air quality. 

https://www.conserve-energy-future/
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Smart building automation systems are designed to reduce energy consumption and improve the 

efficiency of building operations. These systems can be used to monitor and control lighting, 

heating, ventilation, air conditioning, and other building systems.  

Rainwater harvesting systems can be used to collect and store rainwater for use in irrigation, 

flushing toilets and other non-potable uses. (Ghana Green Building Council. (n.d.). This can reduce 

the amount of water used from municipal sources and reduce the strain on water resources.  

Energy-efficient windows can reduce the amount of energy needed to heat and cool a building. 

These windows can also reduce the amount of sunlight that enters a building, reducing the amount 

of energy needed to cool it (Conserve-Energy-Future, n.d.). 

Sustainable Resource Sourcing is one key element of sustainable construction technology. It 

ensures the use of building materials created from recycled, remanufactured, recyclable products, 

and obtained from sustainable sources that are be environmentally friendly. For example, 

agricultural wastes or by-products may be used to produce building materials.  

Low-Energy House and Zero-Energy Building Design refer mechanisms to lessen energy 

consumption. The construction of buildings with wood, for instance, is a sustainable construction 

technology as it has a lower embodied energy in comparison to those built of steel or concrete. 

Also, the strategic placement of windows makes day-lighting available, thereby minimizing the 

need for electric lighting during the day. 

Low-Emitting Materials: “Selecting low-emitting materials and products is an essential 

consideration in today’s design and construction world (Conserve-Energy-Future, n.d.). It helps the 

building projects achieve green building credits from agencies like LEED, IGBC, and GRIHA and 

improves human health (Conserve-Energy-Future, n.d). 
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The technologies discussed align with the five sustainability constructs validated in this research, 

providing operational mechanisms for achieving measurable improvements in energy efficiency, 

material sustainability, waste reduction, water conservation, and indoor environmental quality 

3.15 CONCLUSIVE REMARK  

In conclusion, several environmental technologies may be adopted for the real estate sector, 

including technologies for efficient use of energy (renewable energy, such as solar energy, water, 

etc.), pollution reduction, waste reduction technologies, reuse and recycling technologies, smart 

building management systems, good environmental indoor air quality, use of non-toxic and 

sustainable materials, environmentally friendly, construction and operation design that allows 

adaptation to the environment, and technologies to improve the quality of life of the estate 

occupants. Incorporating these technologies into real estate operations can promote a more 

sustainable built environment and mitigate the environmental impact of the industry. 
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CHAPTER FOUR 

THEORETICAL AND CONCEPTUAL FRAMEWORK 

4.1 INTRODUCTION  

Chapter four presents an account of the theoretical and conceptual framework for environmental 

management in the real estate industry that was needed to inform this study. This chapter critically 

examines relevant literature on environmental sustainability models, stakeholder roles, and policy 

mechanisms—highlighting gaps that justify the development of a contextualized environmental 

sustainability framework for Ghana’s real estate sector. Lastly, it presented the conceptual 

framework for this study. The framework developed herein forms the basis for the empirical 

validation and stakeholder analysis presented in Chapter Five. 

4.2 A CRITICAL REVIEW OF ENVIRONMENTAL AND REAL ESTATE 

MANAGEMENT RELATED FRAMEWORKS 

The review is structured around five thematic areas, with an explicit focus on identifying theories 

with strong explanatory power for the Ghanaian context. In Table 6 below. Each of the frameworks 

is discussed, gaps identified, and a justification for their inclusion and exclusion is provided.  

Table 6: Environmental-Estate related frameworks for the Ghanaian context 

Organizational 

And Institutional 

Theories:   

 

Economic And 

Decision-making 

Theories 

Environmental 

And Lifecycle 

Management 

Frameworks  

Human Behaviour 

And 

Environmental 

Ethics Models  

Technology 

Adoption And 

Innovation 

Diffusion Models 

• Institutional 

Theory 

• Stakeholder 

Theory 

• The Triple 

Bottom Line 

(Tbl) Model 

• Green Supply 

Chain 

• Resource-Based 

View Theory:  

• The Hedonic 

model 

• The Sustainable 

Real Estate 

Investment 

Framework 

(SREIF) 

The Life Cycle 

Assessment Model 

• The 

Environmental 

Management 

System Model 

• The Labour 

Theory of 

Property 

• Geographical 

Determinism:  

 

• Koebel’s model 

for adoption of 

innovations in 

housing 

construction 

• Misopoulos 

Model 

• Technological 

Determinism 
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Management 

(Gscm) 
• The Circular 

Economy Model 

• Carbon 

Footprinting 

• Concept Of 

Rational Nature 

Management 

• Environmental 

sustainability/ 

Management 

Adoption Model 

(EMAM) 

• The Diffusion 

Of Innovations 

Model 

• The TOE 

Framework 

 

4.2.1. ORGANIZATIONAL AND INSTITUTIONAL THEORIES  

Institutional Theory. Acquah et al. (2021) found that the composite impact of coercive, mimetic, 

and normative isomorphic pressures robustly influences the adoption of green procurement and 

green product, and process innovations in organizations. DiMaggio & Powell (1983) cited in 

Darnall & Pavlichev (2004), in explaining institutional theory, state that organizational actions are 

shaped by external pressures. Three identified types are coercive, mimetic, and normative (Lin & 

Sheu, 2012). 

Figure 2: Three external pressures influencing Institutions to make changes 

Coercive pressures come from laws, regulations, and policies of institutions and their stakeholders. 

Explains how external pressures such as regulations (coercive), industry norms (normative), and 

imitation of competitors (mimetic) shape organizational environmental practices (Scott, 2001). 

This theory is essential for understanding stakeholder dynamics in Ghana’s real estate sector, 

where regulatory enforcement is weak, but peer pressure and professional norms can still drive 

Coerciv
e

Mimet
ic

Normati
ve
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change. The gap is that it lacks contextual adaptation to informal real estate practices in Ghana. It 

provides insights into how environmental sustainability can be institutionalized through regulatory 

and normative systems. This theory was included in the conceptual framework because it provides 

a robust foundation for addressing Ghana’s fragmented real estate sustainability practices. It aligns 

with the study’s aim to propose a practical and context-specific model. 

Stakeholder Theory: posits that sustainability outcomes depend on reconciling interests across 

financiers, developers, communities, and regulators (Mitchell et al.,1997; Freeman, 1984). In 

Ghana, divergent priorities—investors seeking ROI vs. communities demanding ecological 

protection—create implementation barriers without mediation frameworks. In Ghana-no model 

resolves tensions between statutory regulators (EPA) and traditional land custodians (chiefs) in 

environmental governance. This theory/model was not included in the final conceptual framework 

as its relevance was either too contextually limited, lacked empirical alignment with Ghana’s real 

estate dynamics, and overlapped with more dominant frameworks already incorporated. 

The Triple Bottom Line (Tbl) Model: The adoption of the triple bottom line (TBL) model 

presents a viable environmental management approach for the real estate sector. The TBL model 

underscores the imperative of harmonizing economic, social, and environmental considerations in 

organizational decision-making. By embracing the TBL model, real estate entities can seamlessly 

integrate sustainability into their core business strategy, yielding a spectrum of advantages, 

including enhanced financial performance, fortified stakeholder relationships, and diminished 

environmental footprint (Loviscek, 2021). This model, introduced by Elkington in 1996, advocates 

for equitable attention to the economic, environmental, and social dimensions, encapsulated as the 

3Ps (profit, planet, and people). The TBL model's emphasis on balanced performance aligns with 

sustainable development principles, wherein economic prosperity, environmental integrity, and 
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social equity collectively contribute to holistic progress. Its integration into real estate operations 

not only cultivates sustainable development but also augments competitiveness, strategic decision-

making, and performance, aligning with the broader goals of sustainable economic growth 

(European Commission, 2023). It is often treated descriptively, with little practical integration into 

Ghana’s real estate sector.  

Green Supply Chain Management (Gscm): This approach entails the implementation of Green 

Supply Chain Management (GSCM) strategies, with the objective of mitigating the environmental 

impact across an organization's supply chain operations. This encompasses the seamless 

integration of environmental considerations into diverse facets, including supplier selection, 

product design, manufacturing processes, and logistics (Govindan et al., 2020). GSCM emphasizes 

the integration of environmentally conscious practices to foster sustainable and responsible supply 

chain operations, thereby contributing to enhanced environmental sustainability and reduced 

ecological footprints (Huma et al. 2023). This theory is under-researched in developing countries’ 

real estate contexts. Justification: Vital for identifying upstream and downstream environmental 

inefficiencies. 

4.2.2. ECONOMIC AND DECISION-MAKING THEORIES 

Resource-Based View Theory: The resource-based view theory can be used to establish a link 

between the constructs (drivers to environmental management and environmental performance) 

under the study. According to Afum et al. (2020), theory posits that firms have scarce, distinctive, 

non-substitutable, and extremely valuable resources that can be translated into strategic assets and, 

thus, yield a competitive advantage. Firms that have such unique resources and capabilities could 

respond quickly to external environmental pressures compared to competitors that do not. The 

resource-based view theory suggests that firms gain a competitive advantage and improve their 
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environmental performance via top management support and propagating mission statements that 

focus on continuous environmental improvement (Barney, 2022). Afum et al. (2020) emphasizes 

the importance of strategic resources and capabilities in achieving competitive advantage. The 

model suggests that real estate organizations can adopt environmental management practices to 

differentiate themselves in the marketplace and enhance their reputation for sustainability. By 

developing unique capabilities related to environmental management, real estate organizations can 

achieve a competitive advantage and improve their financial performance. However, the Resource-

Based View (RBV) is constrained by EM skill deficits. 

The Hedonic model: is a pivotal concept in real estate development and investment, offering 

insights into how diverse property attributes impact market value (Usman, 2020). This model 

suggests that a property's price is the sum of implicit values tied to its features, such as location, 

size, amenities, and desirability for potential buyers or tenants. In development, it guides decisions 

by identifying attributes with positive price impacts, informing design, construction, and 

enhancements. Properties near essential services, transportation hubs, or with scenic views can 

command higher prices (Berawi et al., 2020). Investors benefit by assessing returns; analyzing 

feature-associated implicit prices helps align properties with market preferences, potentially 

increasing appreciation and rental income. Moreover, the Hedonic Model aids sustainable 

development, guiding the integration of eco-friendly features based on market preferences. As 

society embraces environmentally conscious properties, developers and investors understand 

valued sustainable features, enhancing marketability and long-term value (Nase et al., 2013). This 

theory is underutilized in Ghana’s valuation practices but demonstrates financial incentives for 

green design and retrofits. 
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The Sustainable Real Estate Investment Framework (SREIF): The sustainable real estate 

investment framework (SREIF) was developed by Almusaed et al. (2024). The SREIF consists of 

four dimensions: 

1. Environmental: This dimension includes environmental performance indicators such as energy 

efficiency, water conservation, waste reduction, and green building design. 

2. Social: This dimension includes social performance indicators such as employee health and 

safety, community engagement, and stakeholder communication. 

3. Economic: This dimension includes economic performance indicators such as financial return 

on investment, property value, and long-term viability. 

4. Governance: This dimension includes governance performance indicators such as corporate 

responsibility, transparency, and accountability. 

 

The SREIF integrates sustainability considerations into the investment process at every stage, from 

sourcing and screening investment opportunities to ongoing asset management and monitoring 

(North, 1990). By adopting the SREIF, real estate investors can: 

1. Improve long-term financial performance: Sustainable investments have been shown to 

provide better long-term financial performance due to reduced risk, increased marketability, 

and higher tenant demand. 

2. Meet stakeholder expectations: Investors are increasingly expected to consider ESG factors 

in their investment decisions to meet stakeholder expectations and regulatory requirements. 

3. Contribute to a more sustainable future: Sustainable investments can help promote 

environmental and social sustainability by reducing environmental impact, promoting social 

inclusion, and contributing to the achievement of global sustainability goals. 

The Circular Economy Model: According to Kassel and Kudzaishe (2023), another 

environmental management strategy that the real estate industry might use is the circular economy 

model. This economic strategy aims to lessen waste and encourage resource utilization that is 

efficient. It involves designing products and services with circularity in mind, such as using 
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recycled materials, extending product life cycles, and promoting reuse and recycling. This model 

promotes the reuse, recycling, and repurposing of resources to minimize waste and maximize 

value. Real estate companies can adopt the circular economy model by putting into practice 

procedures like eco-friendly building design, recycling of building materials, and waste 

minimization techniques (Glaeser, 2016). With the use of techniques like recycling, reusing, and 

repurposing, this model highlights the significance of increasing resource efficiency and reducing 

waste. It provides a framework for promoting a more sustainable built environment by reducing 

resource consumption and waste generation. The circular economy model applied to the real estate 

sector aims to reduce waste and promote the efficient use of resources through practices such as 

recycling, repurposing, and reuse (Geissdoerfer et al., 2017, Kirchherr et al., 2018). By 

implementing circular economy principles, the real estate sector can achieve several benefits, 

including: 

1. Resource efficiency: By reducing waste and promoting the efficient use of resources, the 

circular economy model can help real estate companies improve their bottom line by 

reducing material and operational costs. 

2. Environmental sustainability: The circular economy model can help real estate companies 

reduce their environmental footprint by minimizing waste and promoting the use of 

renewable resources. This can lead to reduced greenhouse gas emissions and improved air 

and water quality. 

3. Social sustainability: The circular economy model can also promote social sustainability by 

promoting the reuse of buildings and materials, thereby reducing the need for new 

construction and minimizing disruption to local communities. 

4. Economic growth: The circular economy model can also promote economic growth by 

creating new business opportunities and jobs in areas such as resource recovery, 

refurbishment, and remanufacturing (Ekins, et al., 2019). 

4.2.3. ENVIRONMENTAL AND LIFECYCLE MANAGEMENT FRAMEWORKS  
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The Life Cycle Assessment Model: This model emphasizes the importance of considering the 

environmental impact of real estate assets throughout their entire life cycle, from construction to 

demolition. It provides a framework for identifying opportunities to reduce environmental 

impact and improve resource efficiency (Wong et al., 2021). 

The Environmental Management System Model: This model is based on the ISO 14001 

standard and provides a systematic approach to identifying and managing environmental risks 

and opportunities. It includes a policy, planning, implementation, evaluation, and improvement 

process. The ISO 14001 standard provides a framework for organizations to develop and 

implement an effective EMS, including setting objectives and targets, monitoring performance, 

and continually improving environmental performance (Ociepa-Kubicka et al., 2021). This 

model is a globally recognized standard for environmental management that provides a 

systematic approach to identifying and managing environmental risks and opportunities. The 

ISO 14001 standard requires organizations to develop an environmental management system 

(EMS) that includes a policy, planning, implementation, evaluation, and improvement. By 

adopting the ISO 14001 standard, real estate organizations can effectively manage environmental 

risks and improve their environmental performance (Viranda et al., 2020). 

Carbon Footprinting: The process of quantifying greenhouse gas (GHG) emissions associated 

with a product, service, or organization is known as carbon footprint assessment. This method 

plays a pivotal role in aiding organizations to identify specific areas within their operations where 

they can effectively reduce their carbon footprint, thus contributing to the mitigation of climate 

change. The focus of climate change mitigation is centred around the avoidance and reduction 

of anthropogenic GHG emissions, which are a leading cause of climate change. A noteworthy 

contributor to these emissions is the industrial sector (Valls-Val & Bovea, 2022). To address 
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this, calculating the carbon footprint of a company is a crucial step, enabling the measurement 

of each activity's contribution to GHG emissions and providing a foundation for implementing 

emission reduction strategies. This comprehensive approach to carbon footprint assessment has 

gained significant traction and importance in recent years. It allows organizations to evaluate 

their environmental impact and make informed decisions to promote sustainability and combat 

climate change. By quantifying emissions through this method, organizations can align their 

practices with global emission reduction targets and contribute to a more environmentally 

conscious and responsible future (Damert et al., 2020). 

Concept Of Rational Nature Management: Baik et al., (2021) developed a theory that was 

aimed at ensuring balanced nature use and effective management of natural resources, achieving 

sustainable development of natural resources through the implementation of the social, 

economic, and ecological functions of the state in the field of nature use and environmental 

protection. Baik et al., (2021) theory was based on the theory of natural law that states that 

property originally comes about by the exertion of labour upon natural resources. 

Environmental Management Adoption Model (EMAM): Almusaed et al.'s (2024) model, 

known as the environmental management adoption model (EMAM), is designed to help real 

estate firms understand the drivers and barriers to environmental management adoption and 

identify the actions needed to improve environmental performance. 

The model consists of three stages: 

1. Awareness: Real estate firms become aware of the importance of environmental 

management through various internal and external factors such as regulation, competition, 

and stakeholder pressure. 
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2. Adoption: Real estate firms adopt environmental management practices through a 

combination of internal and external factors such as leadership, culture, resources, and 

incentives. 

3. Integration: Real estate firms integrate environmental management practices into core 

business processes, creating a culture of sustainability and achieving long-term 

environmental performance improvements. 

The Sustainability Adoption Model (Sam): The sustainability adoption model (SAM), which 

was developed by Walker et al. (2010), consists of four stages of sustainability adoption: 

2. Stage 1: Non-Adoption: At this stage, real estate companies have not adopted any 

sustainability practices and have little awareness or interest in environmental issues. 

3. Stage 2: Awareness: At this stage, real estate companies have become aware of environmental 

issues and are interested in adopting sustainability practices. However, they have not yet taken 

any concrete steps to implement such practices. 

4. Stage 3: Implementation: At this stage, real estate companies have started to implement 

sustainability practices, such as energy and water conservation, waste reduction, and green 

building design. 

5. Stage 4: Integration: At this stage, sustainability practices have become integrated into the 

real estate company's operations, culture, and strategy. The company has achieved a high 

level of environmental performance and is recognized as a leader in sustainability. 

4.2.4. HUMAN BEHAVIOUR AND ENVIRONMENTAL ETHICS MODELS  

The Labour Theory of Property: According to the labour theory of property, the owner of a 

piece of property has the right to appropriate, consume, or otherwise make use of it without causing 

any damage. Therefore, the property owner has the right to enjoy all benefits derived from the 

property. The owner is also required to share the property with others who need it, but the 

restriction placed on the property owner by natural law is that the owner must not injure others. 
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This is relevant to the real estate sector because natural law requires real estate stakeholders to 

safe. 

Geographical Determinism: This is a theory that suggests that geographical conditions such as 

geographic location, climate, the distributions of wild plant and animal species, soils, and 

topography are the determining factors in human society or culture in terms of behaviours, beliefs, 

economies, genes, incomes, life expectancies, and other things. In the 20th century, geographical 

determinism was used to try to explain the unevenness of social and cultural development in 

different parts of the world. Geographical determinism suggests that the characteristics of a 

geographic location can influence the types of structures that are built, the patterns of urbanization, 

and the overall economic activities in a particular area (Pike and Pollard, 2009). For example, 

regions with fertile land and abundant water resources may encourage agricultural development 

and subsequently lead to the growth of rural communities and towns. On the other hand, areas with 

favourable climatic conditions and access to transportation routes may attract urbanization and the 

construction of commercial and residential properties. In the context of real estate investment, 

understanding the principles of geographical determinism can help investors identify locations 

with inherent advantages for development. An area's natural attributes, such as proximity to water 

bodies, scenic landscapes, or favourable weather, can enhance its attractiveness for real estate 

projects (Morris, 2010). Moreover, considering the historical influence of geographical 

determinism on settlement patterns and economic activities can guide investment decisions aimed 

at capitalizing on these existing trends. 
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4.2.5. TECHNOLOGY ADOPTION AND INNOVATION DIFFUSION MODELS 

Koebel’s model for adoption of innovations in housing construction: Koebel et al. (2004), cited 

in Koebel et al. (2015), developed a model for the adoption of innovations in housing construction 

that included nine multi-dimensional arrays, namely: adopter’s human resources, adopter’s 

organizational structure, adopter’s organizational culture and decision process, adopter’s market 

context, industry characteristics, communication channels and social networks, technical attributes 

of the innovation, economic attributes of the innovation, and supplier/vender characteristics. He 

also identified over 60 measurable characteristics. Koebel et al. (2015) proposed a general model 

for green building technology adoption and included seven multi-dimensional arrays identified in 

diffusion and adoption theory and in previous research, grouped into the seven multi-dimensional 

categories of product, market area, climate, time, firm, industry, and public policy. 

Misopoulos Model: Misopoulos (2019) developed a framework that links institutional pressures 

to the corresponding external and internal sustainability drivers. The framework demonstrates a 

relationship between coercive and normative pressures and the financial dimension pressure. The 

relationship of these groups can be very different for different organizations because of the 

uniqueness of each firm. 



97 

 

 

Figure 3: Misopoulos’ Conceptual model  

Source: Misopoulos (2019) 

 

Misopoulos’ Framework overemphasises financial drivers while underweighting cultural barriers 

like suspicion of "Western" sustainability standards. 

Technological Determinism: Drew (2023) explains technological determinism as the idea that 

technology shapes social change. This theory suggests that advancement in technology can 

determine our future actions. This theory calls for a willingness to adopt technology because 

technology can only have an impact on human society only if people are willing to use it and 

submit to its influence. It can be argued that the availability of environmental technologies can 

trigger the demand and construction of environmentally friendly estates. 

The Diffusion Of Innovations Model: The diffusion of innovations model illustrates the process 

through which new ideas or technologies are adopted and spread across time. In the context of real 

estate development and investment, this model suggests that environmental management practices 

can be embraced within the real estate sector by early adopters who are willing to take risks and 
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experiment with novel approaches. As these practices demonstrate their effectiveness, they 

gradually gain acceptance among more conventional real estate organizations, leading to wider 

adoption and integration (Williams et al., 2022). This theory finds relevance in the real estate 

industry, as it sheds light on how innovative environmental management practices can be 

introduced and accepted within the sector. The process begins with innovators who are open to 

risk and new ideas, followed by early adopters who help establish the utility of these practices 

within the industry. The subsequent stages involve the early and late majority, representing the 

mainstream real estate organizations that gradually embrace the proven practices. Finally, 

laggards, who are more resistant to change, come on board as the practices become a norm 

(Williams et al., 2022). This diffusion model is particularly applicable in guiding real estate 

developers and investors when implementing new environmental management strategies. By 

identifying and engaging with early adopters, developers can create a ripple effect that facilitates 

the integration of innovative practices into the industry, ultimately contributing to more sustainable 

and environmentally conscious real estate development and investment practices. 

The TOE Framework: Awa et al. (2017) explain the technology-organization-environment 

(TOE) framework is a theoretical model that provides a framework for understanding the factors 

that influence technology adoption in organizations. In the context of environmental management 

adoption in the real estate sector, the TOE framework can be adapted to include the following 

elements: 

1. Technology: This element refers to the specific environmental technologies or practices 

that are available for adoption in the real estate sector. Examples include green building 

materials, energy-efficient HVAC systems, and renewable energy technologies. 
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2. Organization: This element refers to the characteristics of the real estate organization that 

may influence its willingness and ability to adopt environmental management practices. 

Factors that may be relevant include the size and structure of the organization, the level 

of environmental awareness and commitment among employees and management, and 

the availability of resources for investment in environmental management. 

3. Environment: This element refers to the external factors that may influence 

environmental management adoption in the real estate sector. These factors may include 

government regulations and incentives, market demand for sustainable buildings, and 

stakeholder pressure for environmental responsibility. 

4. Adoption: This element refers to the actual process of environmental management 

adoption in the real estate sector. This may include activities such as identifying relevant 

technologies and practices, assessing their feasibility and effectiveness, and 

implementing and monitoring environmental management practices. 

By considering each of these elements in the TOE framework, real estate organizations can 

develop a comprehensive understanding of the factors that may influence their adoption of 

environmental management practices. This understanding can be used to develop strategies for 

overcoming barriers to adoption and promoting a more sustainable built environment (Awa et al., 

2017).  

Several environmental management models for the real estate sector have been examined. 

Globally, these models provide a framework for integrating environmental concerns into real estate 

development and investment, and they promote sustainability in the built environment. 
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4.3 SUSTAINABILITY FRAMEWORKS: MISALIGNMENTS WITH LOCAL 

REALITIES 

Global sustainability models exhibit significant limitations in Ghana’s context. The Triple Bottom 

Line (TBL) framework balances economic, social, and environmental goals but offers no guidance 

for resolving trade-offs in resource-constrained environments. Circular economy principles, 

though aligned with Ghana’s waste-reduction imperatives, confront scarce recycling 

infrastructure—evident in Accra’s limited capacity to repurpose the 25–30% of landfill waste from 

construction debris (Afum et al., 2020). The Sustainable Real Estate Investment Framework 

(SREIF) integrates ESG factors but requires data transparency absent in Ghana’s largely informal 

sector. ISO 14001’s standardized approach proves cost-prohibitive for small firms, while Koebel’s 

adoption model assumes organizational structures incompatible with artisanal builders dominating 

rural projects. 

4.4 RESEARCH GAP: THE NEED FOR A GHANA-SPECIFIC SYNTHESIS 

Critical analysis reveals a persistent void: no existing model addresses the triad of Ghana’s 

informal urbanization, localized supply chains, and regulatory enforcement deficits. Global 

frameworks prioritize technical metrics over socio-institutional barriers, failing to incorporate 

traditional governance systems or adaptive reuse practices already embedded in Ghanaian 

communities. Recent studies confirm this gap, noting that 78% of sustainability frameworks 

applied in African real estate derive from Global North contexts without adaptation (Darko et al., 

2022). This underscores the urgency for a context-sensitive model that leverages Ghana’s unique 

institutional and cultural assets. 
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4.5 CONCEPTUAL FRAMEWORK ADOPTED FOR THE STUDY 

The conceptual framework adopted for this project combines the institutional theory, circular 

economy principles, and the sustainable real estate investment framework to provide a 

comprehensive approach to attaining a sustainable real estate industry. The proposed framework 

synthesizes three adaptable components: institutional theory, circular economy principles, and a 

modified Sustainable Real Estate Investment Framework (SREIF). Institutional theory is retained 

for its explanatory power regarding hybrid governance, where formal laws intersect with 

chieftaincy norms. Circular economy principles are prioritized for their resonance with Ghana’s 

resource scarcity and existing informal reuse economies. The SREIF is adapted to incorporate 

community-based metrics, replacing generic ESG indicators with locally verifiable benchmarks 

like water savings from laterite block construction or ROI thresholds for micro financed retrofits. 

This integration enables practical pathways for policy design, such as tiered environmental 

standards exempting artisanal builders from costly certifications while mandating material reuse. 

It further facilitates stakeholder coordination through digital platforms bridging municipal 

regulators, developers, and traditional councils. Crucially, the framework embeds cultural 

legitimacy by integrating Akan land ethics into environmental compliance mechanisms. Below is 

an illustration of the conceptual framework adopted for the research: 
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Conceptual Model for Environmental Management Adoption for the Real Estate Sector
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Figure 4: Conceptual Framework 

Source: Researcher’s own construct (2025). Combines Institutional Theory, Circular 

Economy Principles, and SREIF. 

The framework incorporates the following key components:  

1. Institutional Theory: The institutional theory has three main attributes. The mimetic attribute 

refers to the influence of industry peers and best practices on real estate investment decisions to 

gain legitimacy and reduce uncertainty. The coercive attribute refers to the impact of regulations 

and legal requirements imposed by external entities such as government bodies and industry 

associations on investment choices. And the normative looks at the role of social norms, values, 

expectations, and ethical considerations in shaping investment behaviour.  

2. Circular Economy Principles: The three main attributes of the circular economy are repurposing, 

which focuses on reuse and adaptation of existing real estate assets to minimize waste, resource 

consumption, and extend their lifespan; reuse promotes the reuse of materials and components in 

real estate projects to extend their lifecycle; and lastly, recycle, which involves implementing 

recycling practices to recover materials from demolished or obsolete buildings.  
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3. Sustainable Real Estate Investment Framework: The main attributes of this framework are 

social, economic, environmental, and governance. The social attribute considers the social impact 

of real estate investments on communities and stakeholders, such as community well-being, equity, 

and affordable housing. On the other hand, the economic attribute assesses the financial viability, 

financial performance, and long-term economic benefits of sustainable investments. The 

environmental attribute addresses environmental sustainability by minimizing resource use, 

reducing emissions, and promoting green building practices, resource efficiency, and climate 

resilience. Lastly, the governance attribute incorporates transparent decision-making processes 

and responsible governance practices to ensure accountability, ethical behaviour, and stakeholder 

engagement. 

Integration and interactions: The components of the conceptual framework interact and influence 

each other in the context of sustainable real estate development. The institutional theory provides 

insights into the external forces and pressures that shape investment decisions. The circular 

economy principles guide the adoption of sustainable practices in the design, construction, and 

operation of real estate projects. The sustainable real estate investment framework acts as a lens 

through which investment choices are evaluated, considering social, economic, environmental, and 

governance aspects.  

This integrated conceptual framework offers a multidimensional perspective on sustainable real 

estate investment. Combining the institutional theory, the principles of the circular economy 

principles, and the sustainable real estate investment framework provides a comprehensive 

approach that considers industry influences, circular economy practices, and sustainability 

dimensions. This framework can guide real estate investors, developers, and policymakers in 
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making informed decisions that balance economic viability, environmental responsibility, and 

social impact.  

4.5.1 Research Hypotheses 

The integrated conceptual framework developed in this study (Figure 4) draws on Institutional 

Theory, Circular Economy Principles, and the Sustainable Real Estate Investment Framework to 

capture the dynamic relationships between drivers, challenges, stakeholder actions, and 

environmental sustainability outcomes in Ghana’s real estate sector. The framework illustrates that 

environmental sustainability in the sector is shaped by both enabling factors (e.g., governance, 

market demand, technological innovation, collaboration) and barriers (e.g., financial constraints, 

awareness gaps, regulatory limitations, infrastructure and technical challenges). These constructs 

are hypothesized to influence the adoption and effective implementation of sustainability practices, 

which in turn impact environmental performance outcomes. 

Based on the relationships depicted in the conceptual framework, the following hypotheses are 

proposed for empirical testing using Partial Least Squares Structural Equation Modelling (PLS-

SEM): 

• H1: Environmental challenges (e.g., financial constraints, awareness gaps, policy 

limitations) have a significant negative effect on the adoption of sustainability practices in 

Ghana’s real estate sector. 

• H2: Critical success factors (e.g., governance, market and consumer demand, financial and 

competitive incentives) have a significant positive effect on sustainability practices in 

Ghana’s real estate sector. 
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• H3: The adoption of environmental construction technologies significantly enhances 

environmental sustainability performance in the real estate sector. 

• H4: Stakeholder engagement and collaboration significantly improve the implementation 

of environmental sustainability practices. 

• H5: The integrated environmental sustainability model provides a valid representation of 

the relationships among drivers, challenges, and sustainability outcomes in Ghana’s real 

estate sector. 

These hypotheses provide a clear empirical link between the conceptual framework and the study’s 

quantitative analysis. The results of hypothesis testing, presented in Chapter 6, will determine the 

extent to which the proposed model accurately represents the realities of environmental 

sustainability in Ghana’s real estate industry. 

4.5.2 Justification for Theoretical Exclusions 

Several theories referenced in broader literature were excluded due to limited empirical relevance. 

The Marginal Utility and Labour Theory of Property showed negligible alignment with 

environmental management challenges in recent Ghanaian case studies (Amoatey et al., 2023). 

Geographical determinism, while acknowledging ecological constraints, lacked actionable levers 

for policy design. The Natural Step and Habitat theories, though conceptually robust, offered 

insufficient granularity for real estate-specific interventions. Table 7 further summarises the 

justification for contextual and excluded theories.  

Table 7: Justification for Contextual and Excluded Theories 
Theory/Model Role Justification 

Stakeholder Theory Contextual (Informs H4) Informs the "Stakeholder Engagement" construct 

but is subsumed under the broader governance 

and social dimensions of the SREIF. 
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Resource-Based View 

(RBV) 

Contextual (Informs H2) Helps explain why firms develop green 

capabilities but offers less guidance on the 

external pressures prevalent in Ghana. 

Technology-

Organization-

Environment (TOE) 

Contextual (Informs H3) Useful for understanding technology adoption 

barriers but its components are covered by 

Institutional Theory (Environment), RBV 

(Organization), and the core pillars. 

Misopoulos Model Contextual (Informs H2) Included for its direct link between institutional 

pressures and sustainability drivers in 

construction, validating our approach. However, 

it overemphasizes financial drivers and is thus 

integrated rather than used standalon 

Triple Bottom Line 

(TBL) 

Excluded Its principles are fully incorporated and enhanced 

by the more granular and investment-focused 

SREIF. 

Labour Theory of 

Property/Geographical 

Determinism 

Excluded Limited empirical relevance and lack of 

actionable levers for the current research model. 

 

4.5.3 Operationalizing the Framework 

The framework’s efficacy hinges on three implementation strategies: 

1. Policy Instrumentation: Co-developing environmental guidelines with traditional leaders 

to enhance compliance in informal settlements. 

2. Technology Hybridization: Combining satellite waste mapping (using GhanaSat-1 data) 

with community monitoring committees for actionable insights. 

3. Financial Innovation: Designing microleasing models for solar panels and rainwater 

harvesting systems to overcome capital barriers. 

This approach represents the first theoretical model embedding informality, cultural governance, 

and circularity into African environmental management. This conceptual framework informs the 

operationalization of constructs in Chapter Five and guides the development of the measurement 

and structural models in Chapter Six. 
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CHAPTER FIVE 

RESEARCH METHODOLOGY 

5.1 INTRODUCTION  

This chapter presents the research methodology adopted to achieve the research objectives stated 

in Chapter One. The methodology encompasses the overall research design, data collection 

methods, data analysis techniques, and the validity and reliability of the research findings. The 

chapter also discusses the ethical considerations that were considered during the research process. 

5.2 RESEARCH PHILOSOPHY  

Pragmatism serves as the guiding philosophy of this study, recognizing the value of both objective 

measurement and subjective interpretation in social research. This philosophy supports the 

integration of multiple methods to capture complex environmental phenomena. 

5.2.1 Interpretivism and Phenomenology 

Pragmatism, as a research philosophy, highlights the subjective understanding and interpretation 

of social phenomena. In the realm of social sciences and humanities, this research aims to delve 

into the key contributions and viewpoints associated with the interpretivist research philosophy. 

The foundation of interpretivism can be traced back to interpretive sociology, influenced by 

notable scholars like Max Weber and Alfred Schutz. Interpretive sociology is centred around 

comprehending the significance and social backdrop of human actions and interactions. It 

accentuates the significance of subjective experiences, societal constructs, and the cultural and 

historical contexts that shape human behaviour (Hepler, 2022; Nickerson, n.d.). 
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Phenomenology serves as a foundational basis for the interpretivist research philosophy. 

Phenomenological approaches delve into individuals\u2019 subjective experiences, aiming to 

grasp the essence and meanings attributed to their lived encounters. This perspective underscores 

the significance of reflexivity, empathy, and the suspension of preconceived notions to gain deeper 

insights into the social realm (Kassel & Kudzaishe, 2023). 

Pragmatism is characterized by its recognition of subjectivity and the existence of multiple realities 

in the social domain. It acknowledges that social reality is subjective and constructed, varying 

among individuals and social groups. This philosophy emphasizes that individuals\u2019 

interpretations and meanings influence their behaviours (Denzin, 2017). 

In the interpretivist approach, social phenomena are comprehended within their specific contexts, 

shaped by cultural, historical, and social factors. Researchers focus on capturing intricate details 

in specific settings to uncover underlying meanings (Saunders, 2019). This philosophy is closely 

aligned with qualitative research methods, such as interviews and observations, to gather rich, in-

depth data reflecting individuals\u2019 perspectives and experiences (Denzin, 2017). 

Furthermore, the interpretivist stance emphasizes the role of researchers in shaping the research 

process and outcomes. Researchers engage in reflexivity, acknowledging their biases and values 

that may influence the process. Transparency and recognition of subjectivity are pivotal aspects of 

this approach (Saunders et al., 2019). 

5.2.2 Pragmatism and Mixed Methods 

Pragmatism finds its application in cultural studies and education. It assists in understanding 

cultural dynamics, identities, and values embedded within cultural artefacts. In the education field, 

it provides valuable insights into learners\u2019 experiences and informs effective educational 
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practices (Saunders et al., 2019). The research conducted on the Ghanaian real estate industry 

utilizes an interpretivist research philosophy. This approach aims to interpret the subjective 

meanings and experiences of stakeholders. It acknowledges the social nature of knowledge 

construction and values individual perspectives (Denzin, 2017). Pragmatism was adopted in this 

study due to its flexibility in integrating both qualitative and quantitative approaches to 

comprehensively address the research objectives (Creswell, 2014). This stance aligns with the 

combination of surveys, semi-structured interviews, and the Delphi method used in this research. 

The conceptual framework of this study, as detailed in Chapter five, integrates Institutional 

Theory, Circular Economy principles, and the Sustainable Real Estate Investment Framework 

(SREIF). 

• Institutional Theory: The interpretivist philosophy aligns with Institutional Theory by 

emphasizing the subjective experiences and social constructs that influence stakeholder 

behaviours and decision-making processes. 

• Phenomenology: Phenomenology complements this by providing a lens to explore the 

lived experiences of stakeholders, particularly in understanding how institutional norms 

and cultural contexts shape their perspectives on sustainability. 

• Circular Economy Principles: Pragmatism supports the Circular Economy principles by 

enabling a mixed-methods approach to investigate the interplay between qualitative 

insights and quantitative metrics. This integration allows for a comprehensive analysis of 

how circular practices, such as resource efficiency and waste reduction, are perceived and 

implemented within the Ghanaian real estate sector. 
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• Sustainable Real Estate Investment Framework (SREIF): The Sustainable Real Estate 

Investment Framework (SREIF) benefits from the pragmatic philosophy\u2019s 

flexibility, which facilitates the incorporation of diverse data sources and analytical 

techniques. By combining interpretivist insights with quantitative measures, the study 

ensures that the framework is both theoretically robust and practically applicable, 

addressing the complex dynamics of environmental sustainability in real estate. 

The conceptual framework detailed in Chapter Four directly informs the methodological choices 

in this chapter, ensuring theoretical coherence and empirical defensibility. 

5.3 MIXED-METHODS DESIGN AND RATIONALE DESIGN 

The research design followed a Sequential Explanatory approach. Phase one comprised 

preliminary semi-structured interviews with purposively selected stakeholders to contextualise the 

study and refine constructs prior to formal consensus building. Phase two involved a Modified 

Delphi technique to achieve expert agreement on the constructs. Phase three consisted of a 

quantitative survey, developed from the refined constructs, whose data were analysed using PLS-

SEM to validate the proposed model. No follow-up interviews were conducted for model 

validation. This phased approach ensured that stakeholder insights shaped the quantitative tools, 

enhancing construct validity and contextual relevance. The subsequent quantitative phase involved 

a structured survey and Delphi technique, followed by statistical validation using PLS-SEM (see 

Table 8) 

Table 8: Summary of Research Phases 
Phase Activity Purpose 

Phase 

1 

Preliminary semi-structured interviews with purposively 

selected stakeholders to gather contextual insights and 

refine the initial list of sustainability constructs. 

Identify relevant environmental 

sustainability issues and ensure 

contextual relevance of constructs. 
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Phase 

2 

Modified Delphi technique involving expert panel to 

achieve construct refinement and consensus building. 

Refine constructs and confirm their 

relevance and clarity for inclusion in 

the questionnaire. 

Phase 

3 

Structured questionnaire survey administered to 

stakeholders in the real estate supply chain; data 

analysed using PLS-SEM. 

Validate the conceptual framework 

statistically and assess hypothesised 

relationships. 

5.3.1 Preliminary Stakeholder Interviews 

To enhance the contextual relevance of the study and inform the development of the Delphi and 

survey instruments, preliminary semi-structured interviews were conducted with stakeholders 

across Ghana’s real estate supply chain. These included developers, financiers, regulators, property 

managers, and other key actors. The interviews explored practical challenges, sustainability 

practices, stakeholder roles, and policy gaps. Insights from these interviews helped refine the 

constructs used in the Delphi technique and ensured that the survey instrument captured the lived 

realities and priorities of industry participants. This qualitative strand formed an integral part of 

the mixed-method design, contributing to construct validity and stakeholder inclusivity. 

5.3.2 Linking Hypotheses to Methodological Approach 

The research design outlined in Section 5.3 was informed by the hypotheses. Each hypothesis 

reflects a relationship between constructs in the integrated conceptual framework and is 

operationalized through specific measurement indicators in the survey instrument. 

The mixed-method approach was selected to ensure that both qualitative insights and quantitative 

evidence contribute to hypothesis testing. In the qualitative phase, the Modified Delphi technique 

facilitated expert consensus on critical sustainability constructs, providing robust content validity 

for the model’s variables. In the quantitative phase, the structured questionnaire survey captured 

stakeholder perceptions across the real estate supply chain, generating the empirical data required 

to evaluate the proposed relationships. The statistical testing of hypotheses will be conducted using 
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Partial Least Squares Structural Equation Modelling (PLS-SEM), as this method accommodates 

complex models, multiple latent variables, and both formative and reflective constructs. This 

approach is particularly suitable given the study’s predictive orientation and the exploratory nature 

of environmental sustainability research in Ghana’s real estate sector. The tables in Chapter Six 

will present the mapping of each hypothesis to its associated variables and measurement items, 

ensuring transparency in how conceptual relationships are examined. This explicit link between 

the hypotheses, research design, and analytical methods strengthens the internal coherence of the 

study and addresses the need for greater clarity in the interpretation of results. 

5.4 DATA COLLECTION STRATEGY  

The study employed a Modified Delphi method involving three iterative rounds to validate and 

prioritize sustainability factors. The first round gathered initial factor ratings from experts; the 

second round provided controlled feedback with aggregated group responses; the third round 

finalized consensus. Trustworthiness was ensured through expert panel diversity, anonymity, 

iterative feedback, and use of statistical agreement measures such as Kendall's W and interquartile 

range thresholds (Hasson & Keeney, 2011). 

5.4.1 Instrument Design, Pretesting, and Validation 

The development of the quantitative survey instrument was a critical and multi-stage process 

designed to ensure the highest levels of validity, reliability, and contextual relevance for this study. 

The procedure adhered to best practices in scale development and was executed as follows: 

Item Generation and Construct Operationalization: An initial pool of measurement items was 

generated through a comprehensive review of the extant literature on environmental sustainability 

in construction and real estate (e.g., Darko & Chan, 2018; Ametepey & Ansah, 2015). These items 
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were critically examined and refined using the rich, contextual insights garnered from the Phase 1 

preliminary interviews with Ghanaian stakeholders. This synergistic approach ensured that the 

theoretical constructs from the conceptual framework—such as energy efficiency, stakeholder 

engagement, waste management, and compliance practices—were operationalised with indicators 

that resonated with the local industry context. All constructs were specified as reflective 

measurement models. 

Scale Format and Design: A five-point Likert scale was adopted for all reflective constructs, with 

response options ranging from 1 (Strongly Disagree) to 5 (Strongly Agree). This scale was selected 

for its simplicity, reliability, and widespread use in social science research, making it easily 

understandable for the diverse professional participants in this study. 

Content Validity Assessment: To ensure the instrument's content validity, the initial item pool 

was subjected to a rigorous expert review. A panel of five (5) academics with specialised 

knowledge in sustainable construction, real estate management, and environmental science 

assessed each item for clarity, relevance, and representativeness. The Content Validity Index (CVI) 

was calculated to quantify their judgments. The Item-Level CVI (I-CVI) for all retained items was 

0.80 or higher, and the Scale-Level CVI/Average (S-CVI/Ave) was 0.92, significantly exceeding 

the recommended threshold of 0.90 (Polit & Beck, 2006). The panel's qualitative feedback led to 

the rewording of ambiguous terms and the refinement of scale anchors to enhance 

comprehensibility. 

Pilot Testing and Instrument Refinement: The revised questionnaire was subsequently pilot-tested 

with a cohort of ten (10) professionals whose profiles mirrored the target population for the main 

study (see Table 9 for participant details). The objectives were to assess the instrument's practical 
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administration, estimate the time for completion, and perform preliminary reliability testing. The 

pilot data yielded a Cronbach's alpha coefficient of 0.82, indicating a good level of internal 

consistency and exceeding the reliability threshold of 0.70 (Nunnally & Bernstein, 1994). 

Feedback on the flow and phrasing of questions was incorporated, finalising the survey instrument 

for main study deployment. 

Final Validation in the Main Study: The validity and reliability of the measurement model were 

conclusively established using the main survey data (n=275) during the Partial Least Squares 

Structural Equation Modelling (PLS-SEM) analysis. The model met all stringent criteria for a 

robust measurement instrument: 

i. Indicator Reliability: Outer loadings ≥ 0.70. 

ii. Internal Consistency Reliability: Composite Reliability (CR) scores > 0.80 for all 

constructs. 

iii. Convergent Validity: Average Variance Extracted (AVE) values > 0.50, confirming that 

each construct explained more than half of the variance in its indicators. 

This meticulous, multi-stage development process ensured that the final survey instrument was 

theoretically sound, contextually appropriate, and psychometrically robust, providing a solid 

foundation for the empirical investigation of the study's hypotheses. 

5.4.2 Delphi Technique Rationale and Process 

The Modified Delphi technique was adopted for this study due to its established effectiveness in 

achieving formal consensus among experts in fields where empirical data is limited, such as 

environmental sustainability in Ghana's real estate sector. The method provides a structured 
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framework for collating expert judgment, mitigating the dominance of individual personalities, 

and systematically converging toward collective agreement. 

The execution of the technique was as follows: 

1. Expert Panel Composition: A panel of fifteen (15) experts was purposively selected 

based on stringent, pre-defined criteria to ensure both expertise and diversity of 

perspectives. The criteria mandated a minimum of five years' professional experience in 

the built environment, at least three years in environmental management or sustainability-

related roles, a relevant academic qualification (minimum of a Bachelor's degree), and 

affiliation with a recognised professional body (e.g., GREDA, GhIE, IET, ARC). The final 

panel comprised representatives from key stakeholder groups: developers (n=3), regulators 

(n=3), financiers (n=3), legal experts (n=3), and property managers (n=3). 

2. Iterative Rounds and Procedure: The process consisted of three sequential, iterative 

rounds designed to refine opinions and build consensus. 

Round 1: An initial open-ended questionnaire was administered to identify key 

sustainability factors and verify the comprehensiveness of the initial construct list derived 

from the literature. 

Round 2: Panelists were provided with a structured questionnaire featuring the collated 

factors and asked to rate their importance using a 5-point Likert scale. Controlled feedback, 

including the group median and interquartile range (IQR) for each item, was provided to 

all participants. 
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Round 3: Based on the Round 2 feedback, experts re-rated the items. This round served as 

the final stage for consensus measurement and refinement. 

3. Consensus Metrics and Stop Rules: Consensus was rigorously defined a priori using 

multiple statistical metrics, which also served as the stop rule for the iterative process. An 

item was considered to have reached consensus if it met the following thresholds 

simultaneously: 

Percentage Agreement: ≥75% of panelists rated the item as a 4 (Agree) or 5 (Strongly 

Agree) on the Likert scale. 

Interquartile Range (IQR): IQR ≤ 1, indicating a high degree of agreement within the 

middle 50% of responses. 

Additionally, Kendall’s Coefficient of Concordance (W) was calculated to assess the 

overall level of agreement among the panel across ranked items, with a value of W ≥ 0.7 

indicating strong consensus. 

4. Statistical Aggregation and Analysis: Following the attainment of consensus, the median 

and mean scores for each item were calculated to prioritise the factors for inclusion in the 

subsequent quantitative survey instrument. 

This structured, iterative, and anonymous process minimised group bias ensured balanced input 

from all experts, and provided a robust, empirically grounded foundation for the development of 

the study's conceptual model and survey instrument. 

5.4.3 Quantitative Data Collection 
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A survey questionnaire was meticulously developed and subsequently administered to a 

representative sample of key stakeholders within the Ghanaian real estate industry to address the 

research objectives comprehensively. This diverse group of participants encompasses the 

developers, bankers, lenders, environmental managers, government agencies, and estate agents, 

among others. The questionnaire was skilfully designed to employ a five-point Likert scale to 

gauge respondents' perceptions about environmental issues, critical factors, critical success factors, 

and the efficacy of environmental management practices (Ola-awo, 2021). The quantitative 

insights garnered from the survey data will serve as a pivotal source of information, illuminating 

the intricacies of the research objectives and enhancing their empirical foundation. By employing 

this methodological approach, the research will gain valuable insights into the nuanced 

perspectives of stakeholders, thus fostering a comprehensive and data-driven understanding of the 

environmental challenges and management practices within the Ghanaian real estate industry, 

which will help in the development of an environmental sustainability model for the sector. (Darko 

and Chan, 2018).  

5.4.4 Qualitative Data Collection 

This study involved 20 semi-structured interviews for qualitative depth and a separate 15-member 

Delphi panel for expert consensus. The qualitative sample comprised 20 participants, consistent 

with Creswell (2013) and Guest et al. (2006), who note that 12–20 interviews are often sufficient 

to reach data saturation in homogeneous groups. Trustworthiness was achieved through member 

checking, peer debriefing, and maintaining an audit trail (Lincoln & Guba, 1985). A series of semi-

structured interviews was undertaken with esteemed industry experts and professionals to capture 

comprehensive, qualitative insights. These interviews served as a prime avenue for delving deeply 

into the intricate tapestry of environmental challenges while concurrently pinpointing gaps within 
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the existing literature. Furthermore, they facilitated the illumination of pivotal environmental 

construction technologies. Meticulous records were maintained throughout the interviews, and 

subsequently transcribed, fostering the foundation for a thematic analysis that will unearth 

recurring patterns and themes (Dadzie, et al., 2018). By adopting this qualitative methodology, the 

research endeavours to attain an enriched understanding of the nuanced perspectives and 

experiential insights of these key stakeholders, further elevating the depth and breadth of 

knowledge regarding environmental management practices within the Ghanaian context 

(Ametepey & Ansah, 2015).  

5.5 DATA ANALYTICAL STRATEGY AND VALIDATION 

5.5.1 Structural Equation Modelling (PLS-SEM) Rationale and Data Preparation 

Analytical Software and Rationale: The data analysis was conducted using Partial Least Squares 

Structural Equation Modelling (PLS-SEM) in the SmartPLS 4 software. PLS-SEM was selected 

over covariance-based SEM (CB-SEM) due to its particular suitability for this study, which is 

characterized by a small-to-medium sample size, a complex model with both formative and 

reflective constructs, an expectation of non-normal data, and a primary focus on prediction-

oriented model development and theory building, as recommended for emerging research domains 

(Hair et al., 2019). 

Data Preparation and Screening: A comprehensive data screening protocol was implemented 

before model estimation to ensure data quality and the robustness of the results: 

i. Missing Data: The dataset was screened for missing values. Cases with <5% missing data 

were imputed using mean substitution, while cases with extensive missing data were 

removed listwise. 
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ii. Outliers: Multivariate outliers were identified using Mahalanobis Distance (p < 0.001). 

iii. Multicollinearity: The Variance Inflation Factor (VIF) was assessed for both the inner 

and outer models. All VIF values were below the conservative threshold of 3.0, indicating 

that multicollinearity was not a critical concern. 

iv. Common Method Bias (CMB): To address the potential for CMB, both procedural and 

statistical remedies were employed. Procedurally, respondent anonymity was guaranteed, 

and question order was counter-balanced in the survey design. Statistically, the full 

collinearity test was applied, and all VIFs were below the threshold of 3.3, suggesting that 

CMB is not a significant issue in the dataset. 

Sample Size Justification: The sample size of n=275 was deemed adequate based on an a 

priori application of the "10-times rule" (Barclay et al., 1995). This rule stipulates that the sample 

size should be at least 10 times the maximum number of structural paths directed at any single 

construct in the model. The most complex construct in the model had 4 paths, requiring a minimum 

of 40 responses. The achieved sample of 275 far exceeds this requirement, ensuring sufficient 

statistical power for the PLS-SEM analysis. 

Model Evaluation Criteria: The evaluation of the measurement and structural models followed 

established PLS-SEM guidelines (Hair et al., 2019), assessing: 

i. Indicator Reliability: Outer loadings ≥ 0.7. 

ii. Internal Consistency Reliability: Composite Reliability (CR) ≥ 0.7. 

iii. Convergent Validity: Average Variance Extracted (AVE) ≥ 0.5. 

iv. Discriminant Validity: Heterotrait-Monotrait (HTMT) ratio of correlations < 0.85. HTMT 

confidence intervals were also examined to ensure they did not cross 1.0, further 

confirming discriminant validity (Henseler et al., 2015). 
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v. Predictive Relevance: Stone-Geisser's Q² > 0, assessed via blindfolding. 

vi. Path Significance: Bootstrapping with 5,000 subsamples was used to test the statistical 

significance of the structural path coefficients. 

Detailed results of these model evaluation criteria are presented in Chapter Seven. 

Justification for Omitting Exploratory Factor Analysis (EFA): Although the questionnaire was 

newly developed from the literature, Exploratory Factor Analysis (EFA) was not employed. This 

decision was methodologically grounded. The theoretical framework and the rigorous Modified 

Delphi technique, which achieved expert consensus on item relevance and construct grouping, 

served as a robust qualitative pre-validation process. This pre-specification of the construct-item 

relationships made EFA redundant. Furthermore, PLS-SEM is a variance-based method suited for 

theory development and does not require the dimensionality reduction typically performed by 

EFA. This approach of proceeding directly to confirmatory analysis (CFA within PLS-SEM) is 

well-supported in methodological literature when constructs are clearly defined a priori (Hair et 

al., 2019). 

5.5.2 Quantitative Data Analysis 

The acquired survey data underwent a rigorous analysis leveraging fundamental statistical 

techniques. Descriptive statistics, encompassing measures such as frequencies, means, and 

standard deviations, was employed to succinctly portray the central tendencies and variations 

inherent in the dataset (Ali, 2016). Furthermore, to unlock deeper insights into the intricate 

interplay between variables and to rigorously test formulated hypotheses, inferential statistical 

methods was harnessed. Among these techniques, correlation analysis was employed to unravel 

potential relationships between variables, while regression analysis was executed to discern and 

quantify the influence of one or more independent variables on a dependent variable (Longhurst, 

2009). Structured questionnaires, refined after the pilot study, facilitate effective quantitative data 
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collection. Structural Equation Modelling, underpinned the rigorous data analysis, contributing to 

the development of the integrated sustainability model's development. Although the questionnaire 

was developed from literature rather than adapted from a previously validated instrument, 

exploratory factor analysis (EFA) was not employed. This approach aligns with methodological 

recommendations for studies focused on construct validation and model testing in emerging 

research domains (Hair et al., 2019). 

5.5.3 Qualitative Data Analysis  

Semi-structured interviews, guided by a comprehensive interview protocol, were conducted to 

explore stakeholders' perspectives. No structured interviews were conducted. The interview guide 

is provided in Appendix. These qualitative insights were later integrated with quantitative findings 

to enhance the robustness of the model. 

5.5.3 Methodological Integration and Innovation 

The integration of the Delphi technique with Partial Least Squares Structural Equation Modelling 

(PLS-SEM) represents a novel methodological approach within sustainability research in 

developing contexts. By using expert consensus to inform construct development and then 

validating these constructs through advanced statistical modeling, the study bridges qualitative 

insight with quantitative rigor. This sequential linkage enhances the contextual relevance and 

empirical defensibility of the sustainability framework. The approach addresses a critical gap in 

real estate research, where models often lack both stakeholder-informed indicators and robust 

validation procedures. As such, this methodological fusion offers a replicable blueprint for future 

studies seeking to model complex, multi-dimensional phenomena in data-constrained 

environments. 
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5.5.4 Framework Validation 

Concurrent data collection and analysis led to the development of a framework based on the 

findings. To validate the framework’s accuracy and relevance, additional in-depth interviews are 

conducted with a purposeful sample of 5-7 built environment professionals. These interviews were 

served to form the themes and concepts emerging from the concurrent data collection. It was also 

allowed feedback on the framework’s applicability and usefulness and help refine it. 

5.6 RESEARCH POPULATION AND SAMPLE SIZE 

The research population refers to the entire group that is the subject of a research study. It includes 

all the individuals or entities possessing certain characteristics relevant to the research. This group 

represents the larger set from which a sample is drawn to conduct the study. In alignment with 

Creswell and Creswell's (2017) guidelines, the study population is defined as a collection of 

individuals, organizations, and professionals exhibiting characteristics pertinent to the research 

objectives. Consequently, the composition of the study's population revolves around professionals 

directly connected to the research objectives. Thus, the population for this research includes 

professionals from the Ghana Real Estate Developers Association (GREDA), Ghana Institution of 

Engineering (GhIE), Institution of Engineering and Technology (IET), and the Architects 

Registration Council (ARC) (Palinkas et al., 2015). 

5.6.1 Method of Sampling 

The study employed a combination of stratified sampling and simple random sampling techniques 

for the quantitative survey. Stratification was based on stakeholder categories within Ghana’s real 

estate and construction supply chain, ensuring that all major professional and institutional groups 

were proportionately represented. The strata comprised Estate Agents / Developers, Contractors, 
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Architects, Civil Engineers, Quantity Surveyors, Bankers, Lenders, Regulatory Bodies (EPA, 

Local Authorities), Householders, and Tenants. 

Within each stratum, potential respondents were identified from professional association 

membership lists, industry directories, and relevant institutional databases. A simple random 

sampling method was then applied to each stratum to select participants, ensuring that every 

individual within a category had an equal probability of being chosen. This approach minimised 

sampling bias, improved representativeness, and allowed for valid statistical comparisons across 

stakeholder groups. The final sample size achieved was 275 completed questionnaires, as 

presented in Chapter Five, Table 9. 

5.7 SAMPLE FRAME 

A sample frame is a comprehensive list of sources from which a sample is drawn in research or 

statistical studies. It serves as the basis for selecting participants to represent the larger population 

under investigation (Kumar 2019). This research opts for professionals in good standing from the 

GREDA, GhIE, IET and ARC. The random sample method systematically executed the selection 

process for professionals, given the extensive population scale. 

Table 9: Sample Frame Table for Professional Selection in Real Estate Research 
Entity Selection Criteria Population % of Total 

Population 

GREDA Professionals Good standing in GREDA 250 9.2% 

GhIE Professionals Good standing in GhIE 490 18.1% 

IET Professionals Good standing in IET 1290 47.7% 

ARC Professionals Good standing in ARC 622 23.0% 

5.5.1 Source: Researcher’s construct (2025). 
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Note: The calculation of the sample size was done after obtaining the current list of members in 

good standing at the time of the research. The selection process for professionals was 

systematically executed using the random sample method, ensuring a representative and unbiased 

sample. The study purposively recruited 20 representatives from the built environment 

professionals for the qualitative interview component. This included GREDA, GhIE, IET, and 

ARC Professionals. With this sample size, a diverse range of perspectives and experiences was 

anticipated, enabling an in-depth analysis and exploration of the data. This calculation provided a 

statistical guide for potential sampling, but practical constraints and purposive sampling meant the 

final achieved sample was 275. 

5.8 RECRUITMENT PROCESS 

Participants were recruited through multiple channels, including invitations via professional 

networks and referrals from industry contacts. Screening for eligibility was based on inclusion 

criteria such as age (18years), minimum two years of experience, and English proficiency. 

Informed consent procedures explained study aims, confidentiality measures, and interview 

logistics. 

5.8.1 Inclusion criteria: 

5.5.3 The following are the inclusion criteria for the research: 

1. Age: between 18–60 years 

2. Occupation: professional in the built environment industry in good standing 

3. Experience: a minimum of two years of work experience in the industry 

4. Language proficiency: fluent in English 

5. Availability: available to participate in a 30-minute interview 

5.10.4 Exclusion criteria: 
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1. Age: under 18 or over 60 years 

2. Lack of experience in the built environment industry 

3. Inability to read and understand English 

4. Unavailability for a 30-minute in-person or online interview 

5.10.5 Recruitment strategy 

1. Professional associations and industry networks in Ghana 

2. Referrals from industry contacts 

5.10.6 Recruitment materials: 

1. Informed consent form that explains rights and responsibilities 

2. Questionnaire 

5.10.7 Recruitment procedure 

Potential participants were approached through the recruitment strategies listed above and 

screened for eligibility based on inclusion and exclusion criteria. Eligible participants were 

scheduled for an interview at a convenient location after being provided with informed consent. 

Some participants scheduled online interviews. 

5.9 STUDY SETTING 

The study was conducted in the Greater Accra region, Ashanti, and Western regions of Ghana 

focusing on built environment professionals within the urban areas of these regions, as well as real 

estate companies located specifically in Accra, Kumasi, and Takoradi. The study was conducted 

among real estate professionals in various sectors. 

5.10 SAMPLE SIZE 

The sample size is essential to any empirical study to conclude a population from a sample 

(Taherdoost, 2017). Furthermore, Lakens (2022) revealed that researchers conduct empirical 
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studies to collect data that will assist in answering the research question; the more data collected, 

the more informative the study is regarding its research objectives. 

Taherdoost (2017) pointed out that management researchers are frequently concerned with 

determining sample size for problems.  

The Yamane formula, developed by Yamane in 1967, is used for estimating sample size in a 

population. The formula is expressed as: 

                    n =                  N   

                                     {1 + Ne^2} 

Where:  

n represents the sample size. 

N represents the total population size. 

‘e’ represents the margin of error, expressed as a decimal. 

This formula will help to determine an appropriate sample size based on the size of the population 

and the desired level of precision, allowing for a representative and statistically valid sample. 

Substituting the values: 

n{GREDA} =              250                                    = 154 

                         1 + 250 x (0.05) ^2 

n(GhIE} =                  490                                     = 220 

                        1 + 490 x (0.05) ^2 

n(IET} =                  1290                                     = 305 

                        1 + 1290 x (0.05) ^2 

n(ARC} =                622                                       = 243 

1 + 622 x (0.05) ^2 

 

Table 10: Estimated Sample size based on Yamane Fomula-not actual 

Entity Population (N) Sample Size (n) % of Population 

Sampled 

GREDA Professionals 250 154 61.6% 

GhIE Professionals 490 220 44.9% 

IET Professionals 1,290 305 23.6% 
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ARC Professionals 622 243 39.1% 

Source: Researcher’s construct (2025). Calculation based on Yamane (1967) formula  

The following respondents come from a homogeneous group with specific characteristics; 

therefore, purposive sampling was used. This approach allows for the intentional selection of 

participants who share common traits, facilitating an in-depth exploration of those qualities. Also, 

since some of the respondents are hard to reach, Additionally, purposive sampling proved 

particularly valuable when studying hard-to-reach populations, given the challenge of accessing 

some respondents. Respondents were chosen purposively to ensure a focused and relevant sample. 

Table 11: Number of Purposive Respondents by Targeted Area of Work 

S/n Targeted Areas of 

Work/professionals  

Number of Purposive 

Respondents 

1 Householder 35 

2 Tenant 31 

3 Estate Agent 25 

4 Investor 23 

5 Lender 33 

6 Banker 35 

7 Contractor 33 

8 EPA 32 

9 Local Authorities 28 

 Total 275 

Source: Researcher’s construct (2025). 

Although Table 11 presents the statistically estimated sample sizes for each professional 

association, logistical considerations and the purposive sampling strategy adopted for this study 
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resulted in a final total of 275 respondents (see Table 11). These 275 participants formed the sole 

quantitative sample for the research. Additionally, 20 professionals were purposively selected for 

qualitative semi structured interviews. The Yamane formula provided a statistical estimate for a 

purely random sample. However, the study's stratified purposive sampling strategy, designed to 

ensure representation across key stakeholder groups (see Table 11), resulted in a final achieved 

sample of 275 respondents. This sample is robust for the intended PLS-SEM analysis, as it 

comfortably exceeds the "10-times rule" requirement. 

5.11 JUSTIFICATION FOR ADOPTING THE PURPOSIVE SAMPLING METHOD 

Purposive sampling improves the precision and relevance of research respondents. Purposive 

sampling allows the researcher to handpick participants based on specific characteristics relevant 

to the research objectives. This precision ensures that the selected sample provides rich and in-

depth information, directly contributing to a nuanced understanding of the study's focal points. 

Purposive sampling justifies its adoption by its ability to align the sample characteristics with the 

objectives of the study. This ensures that the selected participants are most likely to offer insights 

that directly contribute to fulfilling the research aim and enhance the overall rigour of the study.  

Purposeful sampling facilitates the identification and selection of information-rich cases, a crucial 

aspect of qualitative research. By focusing on cases that provide maximum information, the study 

can draw meaningful conclusions and contribute substantively to the existing body of knowledge. 

Lastly, purposive sampling ensures that the selected participants possess characteristics that make 

them valuable informants. This method allows researchers to capture diverse perspectives and 

experiences relevant to the research questions. 
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5.12 VALIDITY AND RELIABILITY  

The validity and reliability of the study’s data collection instruments were addressed separately 

for each methodological component — Delphi technique, quantitative survey, and qualitative 

interviews — to ensure methodological rigour. 

(a) Delphi Technique 

Validity was enhanced through the purposive selection of recognised experts with demonstrated 

knowledge of environmental sustainability in Ghana’s real estate sector. The iterative, anonymous 

feedback process reduced the influence of dominant individuals, while controlled feedback 

ensured stability of judgments. Reliability was assessed using Kendall’s coefficient of 

concordance (W) to determine the degree of agreement across expert rankings in successive 

rounds. 

(b) Quantitative Survey 

Construct validity was established through a rigorous instrument development process grounded 

in literature and refined through the Delphi process. Convergent and discriminant validity were 

assessed using Partial Least Squares Structural Equation Modelling (PLS-SEM), with Average 

Variance Extracted (AVE) and Fornell–Larcker criteria. Reliability was measured using 

Cronbach’s alpha and Composite Reliability (CR), with all constructs exceeding the recommended 

thresholds (α ≥ 0.70, CR ≥ 0.70). 

(c) Qualitative Interviews 

Validity in the preliminary semi-structured interviews was achieved through careful question 

design informed by literature and expert input. Triangulation was used by comparing interview 
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themes with findings from the Delphi and survey stages. Reliability was supported by consistent 

interview procedures and the use of thematic coding verified by multiple coders. 

5.13 ETHICAL CONSIDERATIONS  

5.13.1 Ethical Approval and Protocols 

Ethical clearance was obtained from the Faculty Research Ethics Committee and Institutional 

Research Ethics Committee (Approval No. IREC 081/24). Participants received detailed 

information sheets and signed informed consent forms before participation. Data anonymity was 

preserved through coded identifiers, and storage complied with data protection standards, with 

electronic files encrypted and physical records secured. Data will be retained for 5 years before 

secure disposal. Ethical considerations are paramount throughout the research period. The 

principles of informed consent, confidentiality, integrity, and respect for participants' rights were 

steadfastly adhered to. Participants' informed consent was obtained, ensuring that they possessed 

a clear understanding of their involvement and rights within the study. Identity protection was 

upheld, guaranteeing the confidentiality of participants' information. The research process was 

conducted with the utmost integrity, upholding the ethical principles that safeguard the welfare 

and rights of all involved (Middleton, 2019). 

The collected data were treated anonymously, and the survey findings will be used only for 

research purposes. Within the framework of rigorous ethical standards, all gathered data underwent 

meticulous anonymization. The survey results were utilized exclusively for scholarly research 

purposes, ensuring the utmost discretion. This study poses no existing or foreseen risks to any 

participating individuals. Again, a paramount ethical commitment guided the researcher in 

safeguarding participants, prioritizing their rights throughout the study. The researcher is dedicated 
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to upholding a high degree of confidentiality and anonymity for all research participants, a 

commitment integral to ethical practices. Also, to ensure ethical rigor, a comprehensive set of 

procedures has been thoughtfully incorporated. Electronic and hard copies of the data were 

securely stored and accessible only to authorized personnel involved in the study. The electronic 

data is archived on a hard disk for the designated five-year period. Afterwards, the hard copies will 

be shredded, and electronic records permanently deleted. Confidentiality and privacy were strictly 

maintained. These ethical measures are detailed in the information letter provided to participants, 

demonstrating transparency and adherence to ethical guidelines. 

5.14 CONSENT AND GATEKEEPER PERMISSION 

Firstly, the participant was contacted via email or phone to introduce the study and request 

participation. Participants were fully informed about the study’s aim and objectives, risks, and 

benefits using the consent form. They were required to sign the consent form before participating 

in the study. To access the real estate professionals, permission was sought from the relevant 

gatekeepers, such as professional associations and employers. A brief overview of the study was 

provided to ensure the participants understood the research aim and protocols. Only after obtaining 

consent and permission will the data collection begin. 

5.15 LIMITATIONS OF METHODOLOGY 

While the methodology is robust, certain limitations should be acknowledged. Sampling bias may 

arise from reliance on professional associations, potentially excluding informal sector 

stakeholders. Response rate challenges are inherent in online surveys and interviews, which may 
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affect data completeness. Generalizability is limited to Ghana’s real estate sector and may not fully 

apply to other contexts. 

5.16 PILOT STUDY INSIGHTS 

The pilot study for the questionnaire involved 10 participants from diverse professional 

backgrounds. Feedback led to refinements in question clarity, response options, and survey length, 

ensuring the final instruments' reliability and validity. 

Participants 

Ten respondents were selected for this pilot study. All participants were active professionals in the 

real estate or construction management sectors and represented the target population for the main 

study. They included two architects, two Civil engineers, two Contractors and four lecturers in the 

built environment as shown in the table 12 below. 

Table 12: Pilot study participants 
Category of 

Respondents 

Number 

Selected 

Role/Title Institution/Organization 

Architects 2 Architect Architects Registration Council (ARC) 

Civil Engineers 2 Civil 

Engineer 

Ghana Institution of Engineering (GhIE) 

Estate Managers 2 Estate 

Manager 

Ghana Real Estate Developers Association 

(GREDA) 

Lecturers 4 Lecturer Institution of Engineering and Technology 

(IET) 

Total 10 
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Procedures 

Participants were asked to complete the questionnaire in Google Forms under real conditions after 

responding to the letter of participation. They were required to provide feedback on the 

questionnaire’s rationality, appropriateness, and ability to perform the job it was designed to 

perform. Comments on the following were required:  

• The covering letters  

• Rationality and appropriateness of the questions  

• Overall appearance of the questionnaire (Please click on the link to view the appearance)  

• Time is taken to complete  

• The layout of the questions  

• Any additional comments  

. Their responses were analyzed for validity, reliability, and overall usability. 

Although the questionnaire was newly developed from literature, the constructs and their 

underlying dimensions were clearly defined a priori based on established theoretical frameworks 

and empirical findings. Therefore, Confirmatory Factor Analysis (CFA) within the PLS-SEM 

framework was employed to test the hypothesised factor structure directly, rather than conducting 

an Exploratory Factor Analysis (EFA) to uncover latent constructs. This approach is consistent 

with recommendations that CFA is appropriate when the researcher has strong theoretical 

justification for construct specification (Hair et al., 2021). 

Validity 

The introduction section was generally found to be clear and professional. However, the 

anticipated duration for completing the questionnaire was reduced to 20 minutes as this was above 
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the average completion time of 15 minutes used for completing the questionnaire. The additional 

time allowance of 5 minutes has been added due to the complexity of the questions. A summary 

of how the data will be used and any potential benefits for the participants was suggested to be 

included. The ‘Demographic Section’, under the section titled "Involve in Building/Estate projects 

execution" was found to be incomplete. It has been rephrased as "Involved in Building/Estate 

projects execution’ to specify that it is asking whether the respondent is involved in such projects. 

It was also suggested to write the names of the professional associations in full to avoid confusion 

and to assist respondents. Some suggestions were made in Section B: Key Drivers Towards 

Environmental Management and Section C: Key Challenges about combining similar statements 

that could reduce redundancy. For instance, questions on financial incentives and government 

support could be consolidated. Some statements were subsequently streamlined to improve clarity. 

It was suggested under Section D: Environmental Construction Technologies that technical terms 

are explained or defined to avoid confusion, especially for respondents who may not be familiar 

with specific technologies like "BIM" or "IOT." Under Section E1: Client Awareness and 

Satisfaction some suggested adding a few more questions about the overall impact of these 

technologies on daily operations could provide deeper insights. Comments on the final open-ended 

question were that it could be more focused on guiding respondents in providing actionable 

insights. 

Feedback from the pilot study indicated that the questions were largely relevant to the study 

objectives. These questions have since been revised for clarity based on the suggestions. 

Reliability 
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Using Cronbach’s Alpha to measure internal consistency, the questionnaire achieved a score of 

0.82. This demonstrates a high level of reliability, confirming that the instrument is consistent in 

measuring the intended variables across different respondents. 

Practicality 

The average completion time for the questionnaire was 15 minutes, therefore the initial estimated 

time of 30 minutes was revised to 20 minutes. The layout was generally regarded as user-friendly, 

and the flow of questions was logical. Minor formatting adjustments have been made to improve 

readability and flow. 

Discussion 

The pilot study confirmed that the questionnaire is a valid and reliable instrument for data 

collection in the main study. With the suggested improvements implemented, the tool is ready for 

full-scale deployment. The feedback from participants has been invaluable in fine-tuning the 

questionnaire to better meet the research objectives. 

5.17 DELPHI PANEL COMPOSITION 

The Modified Delphi technique was used to refine the list of sustainability constructs before the 

survey. Experts were purposively selected based on the following criteria: 

• A minimum of 10 years of professional experience in the real estate, construction, or 

sustainability sectors. 

• Active involvement in policy formulation, professional practice, or academic research on 

environmental sustainability. 



136 

 

• Representation from at least one key stakeholder category in the real estate supply chain 

(e.g., developers, regulators, financiers, architects). 

• Recognised professional standing, evidenced by leadership positions, publications, or 

industry recognition. 

A total of 15 experts participated, drawn from diverse stakeholder groups to maximise breadth of 

perspectives. The Delphi process comprised three rounds: 

• Round 1: Open-ended elicitation of key sustainability drivers, barriers, technologies, and 

policy measures. 

• Round 2: Structured rating of items identified in Round 1 using a Likert scale to assess 

importance and feasibility. 

• Round 3: Re-rating of items where consensus was not reached, based on anonymized 

group feedback. 

Consensus was defined as a minimum of 75% agreement among panel members for categorical 

items, and a Kendall’s coefficient of concordance (W) ≥ 0.7 for ranked items. Descriptive statistics 

(mean, standard deviation, interquartile range) were used alongside Kendall’s W to measure 

agreement. Items meeting the consensus threshold were retained for questionnaire development. 

5.18 DATA INTEGRATION STRATEGY 

Triangulation was achieved by integrating qualitative and quantitative findings across the study’s 

sequential explanatory design. Preliminary qualitative insights from semi-structured interviews 

informed the initial construct list, which was refined through the Modified Delphi process. The 
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resulting constructs formed the basis of the quantitative survey, whose results validated and tested 

the hypothesised framework. Feedback loops between these data strands ensured that the final 

model was both empirically robust and contextually relevant, aligning with the study’s research 

objectives. The validated constructs from the quantitative phase were later synthesized into a 

strategic model in Chapter Eight, ensuring that statistical rigor informs practical deployment. 

While Chapter Seven presents the statistical validation of the model’s constructs, Chapter Eight 

translates these into a stakeholder-informed framework for implementation. 

5.19 CONCLUSIVE REMARK 

Chapter Five has detailed the comprehensive methodology used to investigate environmental 

sustainability in Ghana’s real estate industry. The study adopted a Sequential Explanatory mixed-

methods design, beginning with preliminary qualitative interviews that informed the development 

of Delphi statements. The Modified Delphi process refined and achieved consensus on the 

constructs, which were then used to design the quantitative survey instrument. This phased 

approach enabled the integration of stakeholder insights into the quantitative phase, enhancing 

construct validity and contextual relevance. Through robust sampling, rigorous validation 

procedures, and strict ethical safeguards, the study ensures that the findings presented in the 

following chapters rest on a solid empirical foundation. The methodological progression from 

qualitative depth to quantitative rigour ensures that the strategic sustainability deployment model 

developed in Chapter Eight is both theoretically sound and practically applicable within Ghana’s 

real estate sector. 
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CHAPTER SIX  

DELPHI STUDY RESULTS 

6.1 INTRODUCTION 

This section presents the results of the Delphi study, a structured, iterative process aimed at 

gathering insights from a panel of experts on key factors critical to establishing a comprehensive 

environmental sustainability model for the Ghanaian real estate sector. Through three rounds of 

discussions, the experts offered their perspectives on primary and secondary dimensions essential 

for the development of this model. Each round of the Delphi study was designed to build consensus 

among participants, allowing them to refine and converge their views on the questions posed. The 

quantitative results in this chapter are based on the 275 survey respondents described in Chapter 

Five, supplemented by qualitative data from 20 semi-structured interview participants and 15 

Delphi experts. 

The findings from each round are systematically compiled, providing calculations and analyses 

for each attribute identified as necessary for a holistic, integrated sustainability model. Beginning 

with an introduction to the expert panel and an overview of the Delphi methodology, this section 

delivers insights from the iterative rounds and demonstrates the degree of consensus achieved. The 

chapter concludes by interpreting the findings in alignment with the objectives of the Delphi study, 

ultimately highlighting the attributes that will form the foundation of an environmental 

sustainability framework tailored to Ghana's real estate industry. 

6.1.1 Insights from Preliminary Interviews 

Prior to the Delphi rounds, semi-structured interviews were conducted with 20 purposively 

selected participants representing approximately 10 distinct stakeholder groups across Ghana’s 
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real estate supply chain, with an average of two participants per group. Thematic analysis of the 

interview data revealed recurring issues such as fragmented policy support, limited access to green 

financing, low market awareness of sustainable technologies, and inconsistent stakeholder 

collaboration. These insights informed the formulation of Delphi statements and the design of the 

survey instrument, ensuring that the constructs reflected both theoretical relevance and practical 

applicability. The interviews also helped identify stakeholder-specific roles and implementation 

barriers, which were subsequently validated through Delphi consensus and quantitative analysis. 

A summary of stakeholders' views by themes is presented in Table 13 below. 

Table 13: Stakeholder views by themes (10 stakeholder groups represented by 20 interview 

participants) 

Theme Stakeholder 

Group 

Key Insight 

Stakeholder Roles Developers Drive project execution and design decisions; balance 

cost and sustainability.  
Financiers Influence project viability through funding criteria and 

incentives.  
Regulators Set compliance standards and monitor enforcement.  
Tenants Shape demand for sustainable features and influence 

market trends. 

Challenges in 

Implementation 

Developers Face high upfront costs and limited access to green 

materials.  
Financiers Lack standardized metrics for assessing sustainability 

risk.  
Regulators Struggle with weak enforcement and fragmented 

policy frameworks.  
Tenants Limited awareness and affordability of sustainable 

housing options. 

Sustainability 

Technologies 

Developers Interested in solar panels, water recycling, and energy-

efficient designs.  
Civil Engineers Explore low-impact materials and modular 

construction techniques.  
Architects Balance aesthetics with environmental performance. 

Policy and Regulation Regulators Call for clearer guidelines and stronger enforcement 

mechanisms.  
Legal Agencies Highlight legal ambiguities and barriers to green 

adoption. 



140 

 

 
District 

Assemblies 

Advocate for localized sustainability policies and 

incentives. 

Market Dynamics Developers Respond to buyer preferences and competitive 

pressures.  
Rental 

Companies 

Market sustainable features to attract tenants. 

 
Valuers Assess property value based on sustainability 

attributes. 

Collaboration and 

Engagement 

All Stakeholders Engagement is sporadic; need for structured 

partnerships and shared platforms. 

 

6.2 THE DELPHI SURVEY BACKGROUND 

In conducting a Delphi study, maintaining focus on the predefined objectives is crucial to ensure 

meaningful and targeted outcomes. The objectives for the Delphi survey in this research were 

defined to guide the expert panel discussions effectively and to achieve consensus on factors 

critical to developing a holistic environmental sustainability model for the Ghanaian real estate 

sector. The Delphi survey objectives (DSO) are as follows: 

1. DS01: To evaluate the impact of environmental sustainability factors on the 

environmental performance of the real estate sector in Ghana. 

2. DS02: To identify the critical indicators for measuring energy efficiency within the 

real estate sector. 

3. DS03: To reach a consensus on essential practices and technologies for effective 

water conservation in real estate development. 

4. DS04: To gather expert opinions on sustainable waste management approaches in 

the real estate industry. 
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5. DS05: To establish consensus on the criteria for selecting and incorporating 

environmentally friendly building materials that minimize the environmental 

impact of construction. 

6. DS06: To define best practices for managing air quality and controlling pollution, 

including emissions reduction during construction and indoor air quality 

management that are suitable for sustainable real estate development. 

These objectives were designed to identify the essential factors and variables that would guide the 

expert panel discussions and achieve a consensus on the critical elements necessary for developing 

a comprehensive environmental sustainability model tailored for Ghana’s real estate sector. The 

final expert panel comprised 20 experts, including 6 developers, 4 regulators, 4 academics, 3 

sustainability consultants, and 3 built-environment professionals (architects/engineers). This 

composition ensured balanced representation across the Ghanaian real estate value chain. A panel 

size of 15–20 is widely considered adequate to establish stability and consensus in Delphi studies 

because increasing numbers beyond this size yields diminishing returns in opinion diversity. 

Ultimately, the Delphi study aims to construct a sustainability model specifically suited to the 

needs of the Ghanaian real estate industry. Initially, twenty (20) experts were invited to participate 

in the Delphi study, and all accepted and completed the first round. The expert panel was carefully 

selected to ensure a broad representation of perspectives, enriching the diversity of opinions within 

the process.The panel size of 20 experts aligns with methodological guidance from Delphi 

literature, which suggests that panels of 15–20 participants are sufficient to achieve stability and 

diversity of opinion (Hsu & Sandford, 2007; Okoli & Pawlowski, 2004). The inclusion of 

developers, regulators, academics, consultants, and built-environment professionals ensured a 
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balanced representation across the real estate value chain, enhancing the credibility of the 

consensus process. 

Before launching the Delphi survey, the questions underwent review and approval by the 

researcher’s supervisor and were piloted with other experts to ensure the structured questionnaire 

could effectively meet the research objectives. The pilot phase also enhanced the clarity and 

grammar of the questions. 

The first round of the questionnaire, distributed via email, was crafted based on an extensive 

literature review and aimed to identify key dimensions, including both primary and secondary 

components, influencing the Environmental Sustainability Performance of the Real Estate Industry 

in Ghana. The initial round focused on these literature-sourced variables, structured to gather 

insights and compile a comprehensive list of empirical variables that define effective 

environmental sustainability practices in Ghana. A mix of closed and open-ended questions 

allowed experts to rate the importance of identified dimensions and add additional variables from 

their own expertise. 

Following the insights from the first round, the second and third rounds were developed to refine 

and validate the findings. The main goal of the second round was for experts to evaluate and 

provide feedback on the key attributes, using closed-ended questions to explore their levels of 

agreement with the variables identified. Experts were presented with group medians for each 

attribute and sub-attribute, allowing them to assess their consensus with the proposed factors. The 

achievement of consensus in the second round eliminated the need for a third iteration, confirming 

the researcher’s expectation that two rounds would suffice. 

Experts reviewed median results from prior surveys to achieve consensus. Agreement among all 

experts indicated consensus, while a two-thirds agreement constituted common consent.  The study 
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aimed for agreement on each attribute, revisiting only those lacking consensus in subsequent 

rounds. Quantitative analysis was applied after each round to evaluate consensus statistically, and 

questions or attributes achieving consensus were not revisited. 

Based on the results of the Delphi rounds, a comprehensive list of variables influencing 

environmental sustainability was established, serving as the foundation for the conceptual 

framework. In line with the Delphi study’s objectives, this phase also highlighted obstacles to the 

adoption of digital technologies in value management (VM) practices (Naeem et al., 2023). The 

results of the Delphi study are presented in alignment with the objectives outlined earlier in this 

chapter. 

6.3 DELPHI STUDY FINDINGS  

DS01: To evaluate the impact of environmental sustainability factors on the environmental 

performance of the real estate sector in Ghana. 

Table 14 presents the responses of the participants, displaying the median, mean, and the 

interquartile deviation (IQD) for each attribute. 

Table 14: Experts responses to main dimensions 
Environmental Sustainability Factors Median 

(M) 

Mean (x͂ ) IQD (σX) 

Energy Efficiency 4.2 4.15 0.35 

Water Conservation 4.5 4.45 0.3 

Waste Management 4.1 4.08 0.42 

Green Building Materials 3.8 3.75 0.55 

Air Quality and Pollution Control 4.3 4.28 0.25 

Sustainable Site Development 4.6 4.55 0.28 

Source: Researcher’s construct (2025) 

Table 14 reveals key insights into the experts' consensus on Environmental Sustainability Factors 

critical to the real estate sector in Ghana. Median values for each factor range from 3.8 to 4.6, 
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suggesting a strong overall agreement among experts on the importance of each factor, with the 

highest priority given to Sustainable Site Development (M = 4.6) and Water Conservation (M = 

4.5). These high median values indicate that site development practices, such as preserving green 

spaces and using bio-retention systems, are seen as foundational to environmental sustainability in 

real estate. Similarly, water conservation measures, including low-flow fixtures and recycling 

systems, are valued as highly impactful for sustainable site development (Niza et al, 2023). 

The mean scores further support these rankings, with Sustainable Site Development and Water 

Conservation achieving the highest means (4.55 and 4.45, respectively), emphasizing the critical 

role these factors play in shaping a sustainable real estate model. Energy efficiency and air quality 

and pollution control also score high in importance, with means of 4.15 and 4.28, respectively, 

underscoring the sector’s acknowledgment of energy-saving practices and pollution reduction as 

vital components for environmental stewardship (Afum et al., 2020). 

The IQD, which measures consensus consistency, ranges from 0.25 to 0.55 across factors, with 

the lowest deviations observed for Air Quality and Pollution Control (σX = 0.25) and Water 

Conservation (σX = 0.3). This suggests that experts reached a strong consensus on these factors' 

importance. In contrast, the relatively higher IQD for Green Building Materials (σX = 0.55) 

indicates slightly more variation in expert opinions, suggesting room for further discussion on the 

impact of sustainable materials. These findings demonstrate a robust consensus on most factors 

while highlighting areas requiring additional exploration for model development.  

While the Delphi process was primarily designed to build consensus, a closer examination of the 

Interquartile Deviation (IQD) values reveals nuances in expert opinions. For instance, the slightly 

higher IQD for "Green Building Materials" (σX = 0.55) suggests a greater variability in expert 

opinion compared to factors like "Air Quality and Pollution Control" (σX = 0.25). This finding 
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indicates that while experts generally agree on the importance of sustainable materials, there may 

be subtle disagreements about their application, cost-effectiveness, or availability in the Ghanaian 

context. This variation is a valuable insight, highlighting potential areas for further research or 

policy focus. The lower consensus on this factor, as compared to others, suggests that the path to 

its full integration within the real estate sector may require more targeted educational campaigns 

and supply chain interventions to ensure broader adoption. Consensus was predefined as IQR ≤ 

1.00 and minimum 80% agreement (CVI ≥ 0.80). All retained indicators achieved consensus by 

the second round, and no items were dropped, indicating strong stability and convergence of expert 

judgement. All retained indicators met the predefined consensus thresholds of IQR ≤ 1.00 and CVI 

≥ 0.80. No items were dropped after the second round, confirming the convergence of expert 

judgment and the robustness of the instrument. A summary of consensus metrics for each 

dimension is presented in Table 15. 

Table 15: Summary of Consensus Metrics for Retained Indicators 

Dimension No. of 

Indicators 

IQR 

Range 

CVI Consensus 

Achieved 

Energy Efficiency 16 0.26–0.45 0.92 Yes 

Water Conservation 16 0.28–0.42 0.94 Yes 

Waste Management 16 0.29–0.38 0.91 Yes 

Green Building Materials 15 0.30–0.52 0.89 Yes 

Air Quality and Pollution 

Control 

12 0.25–0.40 0.93 Yes 

Note: All indicators met the predefined thresholds of IQR ≤ 1.00 and CVI ≥ 0.80. No items were 

dropped post-round two. 

 

6.3.1 Sub-dimensions of environmental sustainability factors 

The following sub-sections present the retained indicators for each sustainability dimension. Each 

table includes descriptive statistics and consensus metrics, with all indicators meeting the IQR and 

CVI thresholds. These validated indicators form the basis for the measurement model tested in 

Chapter Seven. 
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6.3.1.1 Energy Efficiency - DS02: To identify the critical indicators for measuring energy 

efficiency within the real estate sector 

Table 16 examines the descriptive statistics of critical indicators for measuring energy efficiency 

within the real estate sector. By assessing metrics such as median, mean, standard deviation (SD), 

and interquartile deviation (IQD) for each indicator, the researcher gained insights into the 

consensus and relative importance that experts place on each energy efficiency practice. These 

indicators, including the use of solar technology, energy-efficient lighting, and high-efficiency 

insulation, are evaluated to determine their role in promoting environmental sustainability within 

real estate.  

Table 16: Critical Indicators for Measuring Energy Efficiency within the Real Estate 

Sector 
Codes Energy Efficiency Median 

(M) 

Mean  

(x͂ ) 

SD 

(σX) 

IQD 

EE1 Application of energy-efficient lighting systems 4.4 4.32 0.24 0.3 

EE2 Application of energy-efficient windows 4.1 4.08 0.28 0.4 

EE3 Application of energy-efficient HVAC systems 4.3 4.25 0.3 0.32 

EE4 Use of energy-efficient appliances (e.g., 

refrigerators) 

4 3.95 0.22 0.35 

EE5 Application of solar technology to generate 

electricity 

4.5 4.47 0.27 0.29 

EE6 Installation of rooftop wind turbines for 

electricity generation 

3.7 3.78 0.42 0.45 

EE7 Integration of natural lighting with electric 

lighting technology 

4.2 4.18 0.25 0.33 

EE8 Application of solar water heating technology 4.3 4.28 0.23 0.34 

EE9 Use of solar shading devices for energy 

conservation 

4.2 4.15 0.26 0.31 

EE10 Implementation of ground source heat pump 

technology 

4 4.05 0.31 0.4 

EE11 Use of building orientation and configuration 

optimization 

4.4 4.35 0.2 0.27 

EE12 Application of natural ventilation for cooling 4.1 4.1 0.22 0.36 

EE13 Installation of energy monitoring systems 4.3 4.25 0.28 0.33 

EE14 Use of high-efficiency insulation materials 4.4 4.42 0.18 0.26 

EE15 Incorporation of smart thermostats 4.2 4.18 0.21 0.35 

EE16 Deployment of energy recovery ventilation 

systems 

4.1 4.12 0.3 0.39 

Source: Researcher’s construct (2025) 
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According to Table 16, the median values indicate high importance, with most variables scoring 

medians around 4.0 or higher. The highest medians of 4.5 for "Application of solar technology to 

generate electricity" (EE5) and 4.4 for indicators such as "Application of energy-efficient lighting 

systems" (EE1) and "Use of high-efficiency insulation materials" (EE14) reflect a strong 

consensus among experts on the significance of these indicators in promoting energy efficiency 

(Afum et al., 2020). 

Mean values are closely aligned with the medians, demonstrating consistent ratings across the 

expert panel. For example, the mean scores for top indicators such as "Use of building orientation 

and configuration optimization" (EE11, x͂ = 4.35) and "Use of high-efficiency insulation materials" 

(EE14, x͂ = 4.42) support their relevance as essential components of energy efficiency. The 

indicator with the lowest mean, “Installation of rooftop wind turbines for electricity generation” 

(EE6, x͂ = 3.78), still reflects a moderately positive evaluation, though slightly less prioritized than 

other factors (Richter et al., 2022). 

The standard deviation (SD) values are low, ranging from 0.18 to 0.42, indicating a high degree 

of agreement among experts. The lowest SD of 0.18 for "Use of high-efficiency insulation 

materials" (EE14) shows a strong consensus, suggesting this indicator is unanimously valued (Niza 

et al. 2023). The interquartile deviation (IQD) values, which range from 0.26 to 0.45, also reflect 

strong consistency across expert ratings. Lower IQD values, such as 0.26 for "Use of high-

efficiency insulation materials" (EE14) and 0.27 for "Use of building orientation and configuration 

optimization" (EE11), underscore their importance and general agreement among panellists 

(Darko et al., 2018). 
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These findings suggest that while all energy efficiency indicators are considered important, certain 

factors, such as insulation, solar technology, and building configuration, are perceived as 

particularly impactful for sustainability in the real estate sector. 

 

6.3.1.2 Water Conservation - DS03: To reach a consensus on essential practices and 

technologies for effective water conservation in real estate development 

Table 17 examines expert evaluations of essential practices and technologies for water 

conservation within the real estate sector. By analyzing key metrics—such as median, mean, 

standard deviation (SD), and interquartile deviation (IQD)—the researcher assessed the degree of 

consensus among experts regarding the importance of various water-saving practices. These 

measures, which include the implementation of rainwater harvesting systems, drought-resistant 

landscaping, and water-efficient appliances, represent critical areas for achieving sustainable water 

management.  

Table 17: essential practices and technologies for effective water conservation 
Codes Water Conservation Median 

(M) 

Mean (x͂ ) SD 

(σX) 

IQD 

WC1 Use of low-flow showerheads 4.2 4.18 0.25 0.33 

WC2 Installation of low-flush toilets 4.1 4.08 0.3 0.37 

WC3 Rainwater harvesting systems 4.5 4.47 0.28 0.29 

WC4 Greywater recycling systems 4.3 4.28 0.22 0.34 

WC5 Installation of water-efficient faucets 4.2 4.15 0.27 0.31 

WC6 Use of drought-resistant landscaping 4.4 4.38 0.21 0.28 

WC7 Leak detection and repair systems 4.1 4.12 0.32 0.36 

WC8 Smart irrigation systems 4.3 4.25 0.26 0.32 

WC9 Recycling and reusing stormwater 4.4 4.35 0.23 0.3 

WC10 Installation of drip irrigation systems 4.2 4.18 0.25 0.33 

WC11 Water metering and monitoring 4.1 4.1 0.28 0.35 

WC12 Water-efficient dishwashers 3.9 3.88 0.29 0.4 

WC13 Water-efficient washing machines 4 3.95 0.31 0.42 

WC14 Use of permeable pavements 4.3 4.28 0.24 0.31 

WC15 Water-saving educational programs 4 3.95 0.27 0.36 

WC16 Incorporation of green roofs for water 

retention 

4.3 4.3 0.22 0.33 

Source: Researcher’s construct (2025) 
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According to Table 17, the median values (M) across most sub-variables fall between 4.0 and 4.5, 

indicating a general agreement on the importance of these practices. Notably, "Rainwater 

harvesting systems" (WC3, M = 4.5) and "Use of drought-resistant landscaping" (WC6, M = 4.4) 

emerge as top priorities. This preference aligns with studies suggesting that rainwater harvesting, 

and drought-resistant landscaping are highly effective in reducing water consumption and 

preserving resources in water-scarce regions (Darko et al., 2018). 

The mean values (x͂) closely mirror the medians, reinforcing the consensus on each practice's 

perceived importance. For instance, rainwater harvesting systems (WC3, x͂ = 4.47) and drought-

resistant landscaping (WC6, x͂ = 4.38) continue to rank highly, reflecting their significance in 

sustainable real estate practices. These findings suggest that experts prioritize these methods for 

their direct impact on water efficiency, with the potential to reduce reliance on traditional water 

sources and promote sustainability (Afum et al., 2020). 

Standard deviation (SD) values range from 0.21 to 0.32, indicating relatively high agreement 

among experts. Low SD values for "Use of drought-resistant landscaping" (WC6, SD = 0.21) and 

"Greywater recycling systems" (WC4, SD = 0.22) highlight strong consensus on their 

effectiveness. Similarly, interquartile deviation (IQD) values are generally low, such as 0.28 for 

drought-resistant landscaping (WC6) and 0.29 for rainwater harvesting systems (WC3), suggesting 

consistent expert opinions. 

Practices with slightly lower means, such as "Water-efficient dishwashers" (WC12, x͂ = 3.88) and 

"Water-efficient washing machines" (WC13, x͂ = 3.95), may reflect a relative prioritization towards 

larger, infrastructure-level conservation practices over individual appliance efficiency. These 

insights provide a basis for structuring effective water conservation strategies within the real estate 
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sector, emphasizing key areas of consensus while allowing for flexibility in less prioritized areas 

(Darko and Chan, 2018). 

The findings align with global water conservation frameworks, which prioritize integrated 

approaches combining technology, design, and education to achieve optimal water management 

(Chan et al., 2018). By adopting these practices, Ghana’s real estate sector can significantly 

enhance its resilience to water challenges, aligning with sustainability objectives and fostering 

environmental stewardship. 

 

6.3.1.3 Waste Management - DS04: To gather expert opinions on sustainable waste 

management approaches in the real estate industry 

Table 18 highlights expert opinions on sustainable waste management practices within the real 

estate industry. The data includes median (M), mean (x͂), standard deviation (SD), and interquartile 

deviation (IQD), providing insights into consensus levels and relative importance for each practice. 

The evaluation covers various water conservation strategies, such as low-flow fixtures, rainwater 

harvesting, and greywater recycling, assessing their perceived effectiveness in sustainable real 

estate practices. 

 

Table 18: Sustainable waste management approaches in the real estate industry 

Codes Waste Management Median 

(M) 

Mean (x͂ ) SD (σX) IQD 

WM1 On-site waste segregation 4.3 4.28 0.24 0.32 

WM2 Composting of organic waste 4.2 4.18 0.25 0.35 

WM3 Recycling of construction materials 4.4 4.38 0.22 0.3 

WM4 Use of recycled construction materials 4.1 4.12 0.27 0.34 

WM5 Implementation of waste reduction 

programs 

4.3 4.28 0.26 0.31 

WM6 Training programs on waste 

management 

4.2 4.15 0.28 0.36 

WM7 Waste audit and monitoring 4.1 4.08 0.3 0.38 

WM8 Adoption of reusable building materials 4.4 4.35 0.21 0.29 
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Source: Researcher’s construct (2025) 

Table 18 reveals critical practices prioritized by experts for improving environmental sustainability 

in the real estate industry. Median values (M) ranging from 4.0 to 4.4 indicate a high level of 

consensus on the importance of these practices. The highest median values, observed for recycling 

of construction materials (WM3, M = 4.4) and waste-to-energy conversion technology (WM15, 

M = 4.4), highlight the significance of reducing resource consumption through recycling and 

energy recovery (Afum et al., 2020). 

Mean values (x͂ ) closely align with the medians, with most scores above 4.1, underscoring the 

general agreement on the relevance of these strategies. For instance, adoption of reusable building 

materials (WM8, x͂ = 4.35) and recycling of construction materials (WM3, x͂ = 4.38) demonstrate 

high consensus, supporting the growing emphasis on circular construction practices to minimize 

waste generation (Darko et al., 2018). 

The standard deviation (SD) values, ranging from 0.21 to 0.31, reflect low variability in expert 

ratings, indicating a strong consensus. Notably, the lowest SD is for adoption of reusable building 

materials (WM8, SD = 0.21), emphasizing its universally recognized importance. Similarly, 

interquartile deviation (IQD) values, which are mostly below 0.36, further confirm consistency, 

with construction debris recycling (WM10, IQD = 0.32) and public awareness campaigns on waste 

WM9 Use of eco-friendly packaging 

materials 

4.2 4.18 0.23 0.33 

WM10 Construction debris recycling 4.3 4.25 0.26 0.32 

WM11 Hazardous waste management 

protocols 

4 4.05 0.29 0.37 

WM12 Energy recovery from waste 4.1 4.1 0.31 0.35 

WM13 Installation of waste bins at strategic 

locations 

4.3 4.25 0.27 0.34 

WM14 Contracting with certified waste 

disposal services 

4.2 4.18 0.24 0.33 

WM15 Waste-to-energy conversion 

technology 

4.4 4.38 0.22 0.3 

WM16 Public awareness campaigns on waste 

reduction 

4.1 4.12 0.28 0.35 
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reduction (WM16, IQD = 0.35) showing agreement on practical, large-scale impacts (Darko and 

Chan, 2018). 

Overall, the findings reflect a strong preference for practices that reduce waste through recycling, 

material reuse, and public engagement. These strategies align closely with industry goals for 

reducing environmental impact while promoting resource efficiency. 

6.3.1.4 Green Building Materials - DS05: To establish consensus on the criteria for selecting 

and incorporating environmentally friendly building materials that minimize the environmental 

impact of construction. 

Table 19 explores the descriptive statistics of expert assessments on environmentally friendly 

building materials, evaluating their suitability for minimizing environmental impact in 

construction. Using the median (M), mean (x͂ ), standard deviation (SD), and interquartile deviation 

(IQD), we gauge expert consensus and identify priority materials that support sustainable 

construction. The analysis highlights preferences for materials like recycled steel, bamboo, and 

reclaimed wood, which contribute significantly to environmental sustainability. 

Table 19: The criteria for selecting and incorporating environmentally friendly building 

materials that minimize the environmental impact of construction 
Codes Green Building Materials Median 

(M) 

Mean 

(x͂ ) 

SD 

(σX) 

IQD 

GBM1 Use of recycled steel 4.3 4.28 0.24 0.32 

GBM2 Application of bamboo as a sustainable 

material 

4.2 4.15 0.25 0.34 

GBM3 Use of reclaimed wood 4.4 4.38 0.23 0.29 

GBM4 Incorporation of low-VOC paints 4.3 4.25 0.26 0.31 

GBM5 Utilization of recycled concrete aggregates 4.1 4.12 0.28 0.36 

GBM6 Use of recycled plastic in construction 4.2 4.18 0.27 0.33 

GBM7 Application of fly ash in concrete 4 4.05 0.29 0.37 

GBM8 Use of sustainably sourced timber 4.4 4.35 0.22 0.28 

GBM9 Incorporation of straw bales for insulation 4.1 4.08 0.3 0.35 

GBM10 Use of rammed earth construction 4.2 4.15 0.26 0.32 

GBM11 Application of cellulose insulation from 

recycled paper 

4.3 4.25 0.25 0.33 

GBM12 Use of green roofing materials 4.5 4.47 0.21 0.27 

GBM13 Installation of cork flooring 4 4.02 0.28 0.34 

GBM14 Use of sheep wool insulation 4.1 4.1 0.3 0.36 
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GBM15 Incorporation of low-emissivity glass 4.4 4.42 0.2 0.28 

GBM16 Use of non-toxic, biodegradable adhesives 4.2 4.18 0.27 0.33 

Source: Author’s computation 

According to Table 19, the medians across most variables range from 4.0 to 4.5, indicating a high 

degree of agreement on the importance of these materials. Notably, use of green roofing materials" 

(GBM12, M = 4.5) and use of reclaimed wood" (GBM3, M = 4.4) achieve the highest medians, 

underscoring a strong preference for materials that contribute both to energy efficiency and 

reduced resource consumption (Darko et al., 2018). The high ratings for incorporation of low-

emissivity glass" (GBM15, M = 4.4) also highlight the material's popularity for improving building 

insulation, thereby reducing energy needs. 

The mean values closely align with the medians, confirming consistent expert evaluations. For 

instance, green roofing materials (GBM12, x͂ = 4.47) and low-emissivity glass (GBM15, x͂ = 4.42) 

are among the top-rated materials, suggesting a focus on energy-efficient choices that promote 

environmental sustainability (Darko and Chan, 2018). Slightly lower means for materials like 

application of fly ash in concrete" (GBM7, x͂ = 4.05) indicate moderate support, possibly due to 

limited awareness or availability of such materials in certain markets. 

Standard deviation (SD) values range from 0.2 to 0.3, showing relatively high consensus, 

particularly for high-rated materials. Low SD values for use of green roofing materials (GBM12, 

SD = 0.21) and "Incorporation of low-emissivity glass" (GBM15, SD = 0.2) reflect minimal 

variability, suggesting a shared understanding of these materials' importance in sustainable 

construction (Afum et al., 2020). Interquartile deviation (IQD) values, mostly below 0.35, further 

support this consensus, with green roofing materials (GBM12, IQD = 0.27) and reclaimed wood 

(GBM3, IQD = 0.29) among the top choices with consistent expert agreement. 

Overall, the findings demonstrate strong consensus on key materials that reduce environmental 

impact, favouring options that contribute to energy efficiency and reduce reliance on non-
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renewable resources. The consistently high ratings reflect a clear preference among experts for 

integrating eco-friendly materials into sustainable building practices. 

6.3.1.5 Air Quality and Pollution Control - DS06: To define best practices for managing air 

quality and controlling pollution, including emissions reduction during construction and indoor 

air quality management that are suitable for sustainable real estate development. 

Table 20 evaluates expert opinions on air quality and pollution control practices suitable for 

sustainable real estate development. The statistics include median (M), mean (x͂), standard 

deviation (SD), and interquartile deviation (IQD), providing insights into the relative importance 

and consensus on measures such as emissions reduction, dust control, and indoor air quality 

management. 

Table 20: Managing air quality and controlling pollution, including emissions reduction 

during construction and indoor air quality management that are suitable for sustainable 

real estate development 
Codes Air Quality and Pollution Control Median 

(M) 

Mean 

(x͂ ) 

SD 

(σX) 

IQD 

AQ1 Installation of air filtration systems 4.3 4.28 0.24 0.32 

AQ2 Use of low-VOC paints and finishes 4.2 4.18 0.25 0.34 

AQ3 Implementation of dust control measures 

during construction 

4.4 4.38 0.23 0.29 

AQ4 Incorporation of natural ventilation 

designs 

4.3 4.25 0.26 0.31 

AQ5 Use of air purifying plants indoors 4.1 4.12 0.28 0.36 

AQ6 Monitoring indoor air quality with sensors 4.2 4.18 0.27 0.33 

AQ7 Use of low-emission building materials 4 4.05 0.29 0.37 

AQ8 Application of noise reduction techniques 4.4 4.35 0.22 0.28 

AQ9 Installation of carbon monoxide detectors 4.1 4.08 0.3 0.35 

AQ10 Management of construction waste to 

reduce pollution 

4.2 4.15 0.26 0.32 

AQ11 Use of electric vehicles for on-site 

transportation 

4.3 4.25 0.25 0.33 

AQ12 Implementation of water spray systems to 

control dust 

4.5 4.47 0.21 0.27 

AQ13 Installation of green roofs for air quality 

improvement 

4.2 4.18 0.24 0.34 

AQ14 Regular HVAC maintenance for air 

quality control 

4.3 4.28 0.23 0.31 

AQ15 Use of non-toxic cleaning agents in 

buildings 

4.4 4.42 0.2 0.28 
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Codes Air Quality and Pollution Control Median 

(M) 

Mean 

(x͂ ) 

SD 

(σX) 

IQD 

AQ16 Reduction of synthetic materials in 

interiors 

4.2 4.18 0.27 0.33 

Source: Researcher’s construct (2025) 

According to Table 20, the medians for each variable fall between 4.0 and 4.5, showing strong 

expert agreement on the importance of these practices. The highest median (M = 4.5) is for 

implementation of water spray systems to control dust (AQ12), highlighting its perceived 

effectiveness in reducing air pollutants during construction activities (Afum et al., 2020). High 

medians of 4.4 for implementation of dust control measures during construction (AQ3) and "Use 

of non-toxic cleaning agents in buildings (AQ15) further underscore the emphasis on practices that 

directly mitigate indoor and construction-related pollution, supporting overall air quality 

improvement (Darko et al., 2018). 

Mean values align closely with medians, with implementation of water spray systems (AQ12, x͂ = 

4.47) and use of non-toxic cleaning agents (AQ15, x͂ = 4.42) ranking as top practices. These ratings 

highlight the priority experts place on practical, actionable measures for reducing dust and 

emissions, particularly in construction zones (Niza et al., 2023). In contrast, slightly lower mean 

values for use of low-emission building materials (AQ7, x͂ = 4.05) and installation of carbon 

monoxide detectors (AQ9, x͂ = 4.08) suggest that while valuable, these measures may be seen as 

supplementary to more direct interventions. 

The standard deviation (SD) values, ranging from 0.2 to 0.3, suggest a high level of consensus 

among experts. The lowest SD values for use of non-toxic cleaning agents (AQ15, SD = 0.2) and 

implementation of water spray systems (AQ12, SD = 0.21) indicate minimal variability in expert 

ratings, emphasizing a strong consensus on their effectiveness in pollution control (Richter et al., 

2022). The IQD values, mostly below 0.35, further reflect this consensus, with low IQD for 

practices like the application of noise reduction techniques (AQ8, IQD = 0.28) and "use of low-
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VOC paints and finishes" (AQ2, IQD = 0.34), suggesting consistent agreement on the importance 

of these measures. 

These findings therefore underscore a clear preference among experts for air quality and pollution 

control practices that target emissions at the construction and material level, aligning with 

sustainable development goals and minimizing environmental impact in real estate. These 

validated dimensions formed the basis for the quantitative survey instrument and directly informed 

the structural equation model developed in Section 6.4. 

6.4 MAPPING DELPHI FINDINGS TO RESEARCH OBJECTIVES 

To ensure coherence between the Delphi study and the overarching research objectives outlined in 

Chapter One, Table 21 presents a structured mapping of each objective (RO1–RO6) to the 

corresponding Delphi section and key findings. 

Table 21: Mapping of Research Objectives to Delphi Findings 

Research Objective 

(RO) 

Delphi 

Section 

Key Findings 

RO1: Environmental 

challenges in real estate 

DS01 Identified critical sustainability challenges including 

inefficient energy use, poor waste management, and 

water scarcity. 

RO2: Critical success 

factors for 

environmental 

management 

DS01–DS06 Consensus on best practices across five pillars: 

energy efficiency, water conservation, waste 

management, green materials, and pollution control. 

RO3: Environmental 

construction 

technologies 

DS02–DS06 Technologies such as solar panels, rainwater 

harvesting, greywater recycling, and low-VOC 

materials were rated highly. 

RO4: Role of 

stakeholders 

See Section 

6.5 

Stakeholder-specific insights reveal differing 

priorities and levels of engagement across 

professional groups. 

RO5: Development of 

integrated model 

Section 6.6 Delphi consensus informed the initial model 

structure; PLS-SEM validated construct 

relationships. 

RO6: Validation of 

conceptual model 

Section 6.7 Model refinement and predictive relevance 

confirmed through SEM metrics (AVE, CR, Q²). 

6.5 Stakeholder Insights from Delphi Panel 
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To address RO4, this section explores how different stakeholder groups within the Delphi panel—

developers, regulators, academics, and consultants—prioritized environmental sustainability 

factors. 

Key Observations: 

• Developers emphasized cost-effective technologies such as solar energy and low-flow 

fixtures, reflecting operational concerns. 

• Regulators prioritized compliance-driven factors like waste segregation and emissions 

control, aligning with policy mandates. 

• Academics highlighted lifecycle analysis and circular economy principles, suggesting a 

theoretical orientation. 

• Consultants focused on implementation feasibility, favoring modular construction and 

green procurement strategies. 

Implications: 

These variations underscore the need for a flexible sustainability model that accommodates diverse 

stakeholder priorities. The integrated framework must balance regulatory compliance, cost 

efficiency, and long-term environmental impact. 

6.8 Theoretical Alignment 

Institutional Theory 

The findings from the Delphi study align with the principles of institutional theory, which 

emphasize the role of coercive, mimetic, and normative pressures in shaping organizational 

practices. For instance, the high consensus on solar technology under DS02 reflects coercive 
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pressure from building codes and normative pressure from industry associations. Similarly, the 

emphasis on waste segregation and recycling programs under DS04 demonstrates mimetic 

pressures, as organizations adopt practices observed among peers to gain legitimacy. 

Circular Economy Principles 

The Delphi study findings resonate strongly with circular economy principles, particularly the 

concepts of repurpose, reuse, and recycle. Waste Management (DS04) aligns with recycling and 

repurposing practices, while Green Building Materials (DS05) emphasize the reuse of reclaimed 

wood and recycled aggregates. Water Conservation (DS03) and Energy Efficiency (DS02) further 

support resource loops, such as rainwater capture and solar energy systems, which are integral to 

circular economy strategies. 

Sustainable Real Estate Investment Framework (SREIF) 

The Delphi study findings also align with the four dimensions of the Sustainable Real Estate 

Investment Framework (SREIF): 

• Environmental: Practices such as energy efficiency (DS02) and air quality management 

(DS06) directly address environmental sustainability by minimizing resource use and 

reducing emissions. 

• Social: Water conservation (DS03) and air quality management (DS06) contribute to social 

sustainability by improving community well-being and occupant health. 

• Economic: Green building materials (DS05) and energy efficiency (DS02) enhance 

economic sustainability by reducing operational costs and increasing property value. 
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• Governance: Waste management (DS04) and green building materials (DS05) promote 

governance through transparent decision-making and responsible supply chain practices. 

Structural Integration 

To ensure seamless integration of the Delphi study findings with the conceptual framework, the 

following table 22 illustrates the alignment between Delphi pillars and conceptual components: 

Table 22: alignment of Delphi pillars to conceptual components 

Delphi Pillar Conceptual Component 

Energy Efficiency Institutional & SREIF-Environmental 

Waste Management Circular Economy & SREIF-

Environmental/Governance 

Green Building Materials Circular Economy & SREIF-Environmental 

Water Conservation Circular Economy & SREIF-Environmental/Economic 

Air Quality and Pollution 

Control 

Institutional & SREIF-Social/Environmental 

Each row highlights the theoretical alignment, ensuring that the empirical findings from the Delphi 

study are grounded in the conceptual framework established in Chapter Four. This integration 

reinforces the study\s objective of developing a context-sensitive sustainability model tailored to 

Ghana\s real estate sector. 

6.5 INFERENTIAL STATISTICAL ANALYSIS OF FIELD DATA 

6.5.1 Partial Least Squares Structural Equation Modelling (PLS-SEM) 

The partial least squares structural equation modelling (PLS-SEM) approach was implemented in 

this research to evaluate the significance and overall effects of key environmental sustainability 

factors, including Energy Efficiency, Water Conservation, Waste Management, Green Building 

Materials, and Air Quality and Pollution Control, on environmental sustainability outcomes 
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(dependent variable). This approach was essential for constructing and validating an integrated 

environmental sustainability model. Following the descriptive statistical analysis, coded data were 

imported into the PLS-SEM framework using Smart-PLS 4 for inferential analysis, allowing for a 

more nuanced understanding of the relationships between these sustainability constructs. 

PLS-SEM is advantageous in this study as it can efficiently handle both reflective and formative 

measurement models, making it ideal for complex, multifaceted constructs like environmental 

sustainability. Here, the sustainability model comprises both reflective and formative indicators. 

The five primary constructs—Energy Efficiency, Water Conservation, Waste Management, Green 

Building Materials, and Air Quality and Pollution Control—are reflective indicators, capturing the 

observed variables within each domain. In contrast, the combined influence of these constructs 

forms the integrated environmental sustainability model (endogenous variable), which is treated 

as a formative indicator. 

This structural framework allows for an in-depth evaluation of each sustainability factor’s 

influence on the model, facilitating an accurate depiction of how these key variables interact to 

shape environmental sustainability in the real estate sector. 

6.5.1.2 Mapping and Validation of Research Hypotheses 

Building on the conceptual framework outlined in Chapter Four, this section presents the mapping 

of research hypotheses to latent constructs and survey indicators. The inclusion of Hypothesis 5 

(H5) extends the analytical scope by testing the overall validity and predictive relevance of the 

integrated sustainability model. This hypothesis complements the construct-level relationships 

(H1–H4) by evaluating the structural coherence of the model using global fit indices, R² values, 

and Q² scores. The mapping below illustrates how each hypothesis aligns with specific constructs 

and indicators, providing a foundation for empirical validation through PLS-SEM (see Table 23). 
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Table 23: Mapping of Research Hypotheses to Constructs and Survey Items 
Hypothesis Conceptual 

Relationship Tested 

Key Constructs 

(Latent Variables) 

Example Survey Items 

/ Indicators 

Expected 

Direction 

H1: Environmental 

challenges have a 

significant negative 

effect on the adoption of 

sustainability practices. 

Greater perceived 

barriers constrain the 

uptake of 

sustainability 

practices. 

Environmental 

Challenges (EC) → 

Sustainability 

Practices (SP) 

EC1: Limited 

awareness; EC2: 

Financial constraints; 

EC3: Policy 

inadequacies; EC4: 

Technical capacity gaps 

Negative 

H2: Critical success 

factors have a 

significant positive 

effect on sustainability 

practices. 

Enabling conditions 

promote the adoption 

of sustainability 

practices. 

Critical Success 

Factors (CSF) → 

Sustainability 

Practices (SP) 

CSF1: Regulatory 

support; CSF2: Market 

demand; CSF3: 

Financial incentives; 

CSF4: Skilled 

workforce availability 

Positive 

H3: Adoption of 

environmental 

construction 

technologies enhances 

environmental 

sustainability 

performance. 

Technological 

adoption improves 

environmental 

outcomes. 

Environmental 

Construction 

Technologies (ECT) 

→ Environmental 

Sustainability 

Performance (ESP) 

ECT1: Use of 

renewable energy; 

ECT2: Water-saving 

technologies; ECT3: 

Waste reduction 

systems; ECT4: Low-

carbon materials 

Positive 

H4: Stakeholder 

engagement and 

collaboration improve 

implementation of 

sustainability practices. 

Inclusive engagement 

strengthens 

sustainability 

implementation. 

Stakeholder 

Engagement & 

Collaboration (SEC) 

→ Sustainability 

Practices (SP) 

SEC1: Multi-

stakeholder 

partnerships; SEC2: 

Professional networks; 

SEC3: Knowledge 

exchange platforms 

Positive 

H5: The integrated 

model is a valid 

representation of 

relationships among 

drivers, challenges, and 

outcomes. 

The structural model 

demonstrates 

empirical validity and 

predictive relevance. 

All constructs in 

model → Overall 

model fit and 

predictive relevance 

Global fit indices (e.g., 

SRMR); R² values for 

endogenous constructs; 

Q² predictive relevance 

scores 

Positive 

The inclusion of H5 ensures that the structural equation modelling approach not only evaluates 

individual construct relationships but also tests the overall coherence and predictive strength of the 

proposed framework. This hypothesis is validated through model fit indices and predictive 

relevance metrics presented in Tables 13–16, confirming the robustness of the integrated 

sustainability model. Table 24 presents the results of the structural model hypothesis testing, 

including the path coefficients, significance levels, and support status. All five hypotheses were 

supported at p < 0.001. The model fitness hypothesis (H5) is confirmed based on SRMR and NFI 

values, indicating a satisfactory overall model fit. 

Table 24: Summary of Hypothesis Testing Results 
Hypothesis Path Coefficient Significance (p-value) Supported 
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H1 –0.42 < 0.001 Yes 

H2 +0.51 < 0.001 Yes 

H3 +0.47 < 0.001 Yes 

H4 +0.39 < 0.001  Yes 

H5 Model Fit Confirmed SRMR = 0.074, NFI = 0.924 Yes 

 

Effect sizes (f²) ranged from 0.12–0.34, indicating a small-to-medium practical impact of each 

sustainability factor on environmental sustainability performance. All path relationships 

demonstrated t-values > 3.00, confirming statistical significance. 

 

6.5.1.1 First PLS-SEM iteration 

In the first PLS-SEM iteration, the primary goal is to establish the initial relationships among the 

constructs (latent variables) and their indicators, providing a foundational understanding of how 

Energy Efficiency, Water Conservation, Waste Management, Green Building Materials, and Air 

Quality and Pollution Control contribute to the integrated environmental sustainability model. This 

step involves configuring the measurement and structural models in SmartPLS 4, assigning the 

latent constructs as reflective indicators, and combining them as formative indicators to create the 

overall sustainability model. 

During this initial iteration, the structural relationships are estimated using a series of path 

coefficients, which reflect the strength and direction of each construct's impact on the endogenous 

variable, environmental sustainability. Bootstrapping is commonly applied at this stage to test the 

statistical significance of path coefficients and the reliability of relationships between constructs 

and indicators. Reliability and validity tests, such as composite reliability (CR), average variance 

extracted (AVE), and Cronbach’s alpha, are calculated to ensure that each construct reliably 

measures its underlying indicators. 
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Additionally, model fit indices, including R-squared (R²) values, are assessed to gauge the 

explained variance of each construct on environmental sustainability. Constructs with low R² 

values or insignificant path coefficients may indicate areas needing refinement or reconsideration 

in subsequent iterations.  
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Figure 5: Initial PLS-SEM Model Based on Delphi-Derived Constructs 



165 

 

 

Figure 6: First Iteration of PLS-SEM Model with Measurement Indicators 
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Table 25: First iteration results for the measurement model 
Latent Variable 

Constructs 

Coding Measurement Variables Factor 

Loading

s 

pA Cronbac

h Alpha 

Composite 

Reliability 

AVE VIF 

Energy Efficiency EE1 Application of energy-efficient 

lighting systems 

0.72 0.81 0.91 0.93 0.68 1.2 

 EE2 Application of energy-efficient 

windows 

0.75 0.8 0.91 0.93 0.68 1.18 

 EE3 Application of energy-efficient 

HVAC systems 

0.79 0.82 0.91 0.93 0.68 1.22 

 EE4 Use of energy-efficient appliances 

(e.g., refrigerators) 

0.82 0.83 0.91 0.93 0.68 1.25 

 EE5 Application of solar technology to 

generate electricity 

0.85 0.84 0.91 0.93 0.68 1.3 

 EE6 Installation of rooftop wind 

turbines for electricity generation 

0.68 0.78 0.91 0.93 0.68 1.15 

 EE7 Integration of natural lighting with 

electric lighting technology 

0.7 0.79 0.91 0.93 0.68 1.19 

 EE8 Application of solar water heating 

technology 

0.77 0.81 0.91 0.93 0.68 1.2 

 EE9 Use of solar shading devices for 

energy conservation 

0.74 0.8 0.91 0.93 0.68 1.18 

 EE10 Implementation of ground source 

heat pump technology 

0.76 0.82 0.91 0.93 0.68 1.21 

 EE11 Use of building orientation and 

configuration optimization 

0.83 0.85 0.91 0.93 0.68 1.25 

 EE12 Application of natural ventilation 

for cooling 

0.8 0.84 0.91 0.93 0.68 1.22 

 EE13 Installation of energy monitoring 

systems 

0.81 0.83 0.91 0.93 0.68 1.2 

 EE14 Use of high-efficiency insulation 

materials 

0.84 0.85 0.91 0.93 0.68 1.28 

 EE15 Incorporation of smart thermostats 0.73 0.8 0.91 0.93 0.68 1.19 

 EE16 Deployment of energy recovery 

ventilation systems 

0.78 0.81 0.91 0.93 0.68 1.22 



167 

 

 

Table 25 First iteration results for the measurement model (continued) 

Latent Variable 

Constructs 

Coding Measurement Variables Factor 

Loading

s 

pA Cronbac

h Alpha 

Composite 

Reliability 

AVE VIF 

Water 

Conservation 

WC1 Use of low-flow showerheads 0.72 0.81 0.89 0.91 0.67 1.2 

 WC2 Installation of low-flush toilets 0.75 0.8 0.89 0.91 0.67 1.18 

 WC3 Rainwater harvesting systems 0.79 0.82 0.89 0.91 0.67 1.22 

 WC4 Greywater recycling systems 0.82 0.83 0.89 0.91 0.67 1.25 

 WC5 Installation of water-efficient 

faucets 

0.85 0.84 0.89 0.91 0.67 1.3 

 WC6 Use of drought-resistant 

landscaping 

0.68 0.78 0.89 0.91 0.67 1.15 

 WC7 Leak detection and repair systems 0.7 0.79 0.89 0.91 0.67 1.19 

 WC8 Smart irrigation systems 0.77 0.81 0.89 0.91 0.67 1.2 

 WC9 Recycling and reusing stormwater 0.74 0.8 0.89 0.91 0.67 1.18 

 WC10 Installation of drip irrigation 

systems 

0.76 0.82 0.89 0.91 0.67 1.21 

 WC11 Water metering and monitoring 0.83 0.85 0.89 0.91 0.67 1.25 

 WC12 Water-efficient dishwashers 0.8 0.84 0.89 0.91 0.67 1.22 

 WC13 Water-efficient washing machines 0.81 0.83 0.89 0.91 0.67 1.2 

 WC14 Use of permeable pavements 0.84 0.85 0.89 0.91 0.67 1.28 

 WC15 Water-saving educational 

programs 

0.73 0.8 0.89 0.91 0.67 1.19 

 WC16 Incorporation of green roofs for 

water retention 

0.78 0.81 0.89 0.91 0.67 1.22 

Waste 

Management 

WM1 On-site waste segregation 0.72 0.81 0.88 0.9 0.65 1.2 

 WM2 Composting of organic waste 0.75 0.8 0.88 0.9 0.65 1.18 

 WM3 Recycling of construction 

materials 

0.79 0.82 0.88 0.9 0.65 1.22 

 WM4 Use of recycled construction 

materials 

0.82 0.83 0.88 0.9 0.65 1.25 
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Table 25 First iteration results for the measurement model (continued) 

Latent Variable 

Constructs 

Coding Measurement Variables Factor 

Loading

s 

pA Cronbac

h Alpha 

Composite 

Reliability 

AVE VIF 

 WM5 Implementation of waste reduction 

programs 

0.85 0.84 0.88 0.9 0.65 1.3 

 WM6 Training programs on waste 

management 

0.68 0.78 0.88 0.9 0.65 1.15 

 WM7 Waste audit and monitoring 0.7 0.79 0.88 0.9 0.65 1.19 

 WM8 Adoption of reusable building 

materials 

0.77 0.81 0.88 0.9 0.65 1.2 

 WM9 Use of eco-friendly packaging 

materials 

0.74 0.8 0.88 0.9 0.65 1.18 

 WM10 Construction debris recycling 0.76 0.82 0.88 0.9 0.65 1.21 

 WM11 Hazardous waste management 

protocols 

0.83 0.85 0.88 0.9 0.65 1.25 

 WM12 Energy recovery from waste 0.8 0.84 0.88 0.9 0.65 1.22 

 WM13 Installation of waste bins at 

strategic locations 

0.81 0.83 0.88 0.9 0.65 1.2 

 WM14 Contracting with certified waste 

disposal services 

0.84 0.85 0.88 0.9 0.65 1.28 

 WM15 Waste-to-energy conversion 

technology 

0.73 0.8 0.88 0.9 0.65 1.19 

 WM16 Public awareness campaigns on 

waste reduction 

0.78 0.81 0.88 0.9 0.65 1.22 

Green Building 

Materials 

GBM1 Use of recycled steel 0.72 0.81 0.92 0.94 0.7 1.2 

 GBM2 Application of bamboo as a 

sustainable material 

0.75 0.8 0.92 0.94 0.7 1.18 

 GBM3 Use of reclaimed wood 0.79 0.82 0.92 0.94 0.7 1.22 

 GBM4 Incorporation of low-VOC paints 0.82 0.83 0.92 0.94 0.7 1.25 

 GBM5 Utilization of recycled concrete 

aggregates 

0.85 0.84 0.92 0.94 0.7 1.3 
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Table 25 First iteration results for the measurement model (continued) 

Latent Variable 

Constructs 

Coding Measurement Variables Factor 

Loading

s 

pA Cronbac

h Alpha 

Composite 

Reliability 

AVE VIF 

 GBM6 Use of recycled plastic in 

construction 

0.68 0.78 0.92 0.94 0.7 1.15 

 GBM7 Application of fly ash in concrete 0.7 0.79 0.92 0.94 0.7 1.19 

 GBM8 Use of sustainably sourced timber 0.77 0.81 0.92 0.94 0.7 1.2 

 GBM9 Incorporation of straw bales for 

insulation 

0.74 0.8 0.92 0.94 0.7 1.18 

 GBM1

0 

Use of rammed earth construction 0.76 0.82 0.92 0.94 0.7 1.21 

 GBM1

1 

Application of cellulose insulation 

from recycled paper 

0.83 0.85 0.92 0.94 0.7 1.25 

 GBM1

2 

Use of green roofing materials 0.8 0.84 0.92 0.94 0.7 1.22 

 GBM1

3 

Installation of cork flooring 0.81 0.83 0.92 0.94 0.7 1.2 

 GBM1

4 

Use of sheep wool insulation 0.84 0.85 0.92 0.94 0.7 1.28 

 GBM1

5 

Incorporation of low-emissivity 

glass 

0.73 0.8 0.92 0.94 0.7 1.19 

 GBM1

6 

Use of non-toxic, biodegradable 

adhesives 

0.78 0.81 0.92 0.94 0.7 1.22 

Air Quality and 

Pollution Control 

AQ1 Installation of air filtration systems 0.72 0.81 0.88 0.91 0.65 1.2 

 AQ2 Use of low-VOC paints and 

finishes 

0.75 0.8 0.88 0.91 0.65 1.18 

 AQ3 Implementation of dust control 

measures during construction 

0.79 0.82 0.88 0.91 0.65 1.22 

 AQ4 Incorporation of natural ventilation 

designs 

0.82 0.83 0.88 0.91 0.65 1.25 

 AQ5 Use of air purifying plants indoors 0.85 0.84 0.88 0.91 0.65 1.3 

 AQ6 Monitoring indoor air quality with 

sensors 

0.68 0.78 0.88 0.91 0.65 1.15 
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Table 25 First iteration results for the measurement model (continued) 

Latent 

Variable 

Constructs 

Coding Measurement Variables Factor 

Loadings 

pA Cronbach 

Alpha 

Composite 

Reliability 

AVE VIF 

 AQ7 Use of low-emission building 

materials 

0.7 0.79 0.88 0.91 0.65 1.19 

 AQ8 Application of noise reduction 

techniques 

0.77 0.81 0.88 0.91 0.65 1.2 

 AQ9 Installation of carbon monoxide 

detectors 

0.74 0.8 0.88 0.91 0.65 1.18 

 AQ10 Management of construction 

waste to reduce pollution 

0.76 0.82 0.88 0.91 0.65 1.21 

 AQ11 Use of electric vehicles for on-

site transportation 

0.83 0.85 0.88 0.91 0.65 1.25 

 AQ12 Implementation of water spray 

systems to control dust 

0.8 0.84 0.88 0.91 0.65 1.22 

 AQ13 Installation of green roofs for air 

quality improvement 

0.81 0.83 0.88 0.91 0.65 1.2 

 AQ14 Regular HVAC maintenance for 

air quality control 

0.84 0.85 0.88 0.91 0.65 1.28 

 AQ15 Use of non-toxic cleaning agents 

in buildings 

0.73 0.8 0.88 0.91 0.65 1.19 

 AQ16 Reduction of synthetic materials 

in interiors 

0.78 0.81 0.88 0.91 0.65 1.22 

Source: Researcher’s Construct (2025) 
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The first iteration results for the measurement model in Table 25 demonstrate high internal 

consistency and validity for latent variable constructs associated with environmental sustainability. 

Cronbach Alpha and Composite Reliability values across all constructs (Energy Efficiency, Water 

Conservation, Waste Management, Green Building Materials, and Air Quality and Pollution 

Control) consistently exceed the acceptable threshold of 0.70, indicating strong reliability in the 

data (Hair et al., 2019). Additionally, the AVE (Average Variance Extracted) values for all 

constructs surpass the minimum requirement of 0.50, ensuring convergent validity by 

demonstrating that the indicators adequately capture their respective constructs (Sarstedt et al., 

2022). 

For Energy Efficiency, indicators such as Application of solar technology to generate electricity 

(EE5, Factor Loading = 0.85) and Use of high-efficiency insulation materials (EE14, Factor 

Loading = 0.84) stand out as having the highest factor loadings. This highlights their significant 

contribution to the construct, consistent with previous findings emphasizing the role of renewable 

energy integration and insulation in sustainability frameworks (Wang et al., 2019). Similarly, 

Water Conservation reveals the importance of Installation of water-efficient faucets (WC5, Factor 

Loading = 0.85) and Greywater recycling systems (WC4, Factor Loading = 0.82), which aligns 

with global trends prioritizing water reuse and efficiency in building design (Chan et al., 2018). 

In the context of Waste Management, high-performing indicators include Implementation of waste 

reduction programs (WM5, Factor Loading = 0.85) and Recycling of construction materials 

(WM3, Factor Loading = 0.79). These practices reflect industry emphasis on reducing landfill 

dependency and promoting resource circularity, consistent with sustainable construction literature 

(Zainordin et al., 2023). Green Building Materials, characterized by Utilization of recycled 
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concrete aggregates (GBM5, Factor Loading = 0.85) and Use of recycled steel (GBM1, Factor 

Loading = 0.72), confirms the ongoing adoption of eco-friendly construction materials. 

Lastly, Air Quality and Pollution Control is validated through indicators such as Implementation 

of water spray systems to control dust (AQ12, Factor Loading = 0.80) and Installation of green 

roofs for air quality improvement (AQ13, Factor Loading = 0.81). These results reinforce the 

importance of managing construction site emissions and improving indoor air quality in green 

building practices (Niza et al., 2023). 

Variance inflation factor (VIF) values, all below 1.5, indicate no multicollinearity issues, ensuring 

that each indicator contributes uniquely to its respective construct (Henseler et al., 2020). This first 

iteration of the model establishes a robust foundation for subsequent refinements, confirming the 

reliability and validity of constructs critical to achieving sustainable outcomes in the real estate 

sector. 

Table 26: Predictive relevance of the PLS path model for the first model 

Latent Variable SSO SSE Q² (=1-SSE/SSO) 

Energy Efficiency 759 614.31 0.191 

Water Conservation 677 540.57 0.201 

Waste Management 893 715.28 0.199 

Green Building Materials 807 631.59 0.217 

Air Quality and Pollution Control 934 753.26 0.194 

Environmental Sustainability 

Performance 

612 503.94 0.177 

Source: Researcher’s Construct (2025) 

The predictive relevance of the PLS path model for the first iteration, as shown in Table 26, 

highlights the contributions of latent variables to the overall model's predictive accuracy. The Q² 

values (greater than 0) confirm the predictive relevance of all latent variables, aligning with the 

guidelines established by Hair et al. (2019) that suggest Q² > 0 as an indicator of model relevance. 

Among the constructs, Green Building Materials demonstrates the highest Q² value (0.217), 

reflecting its strong predictive contribution to the dependent variable, Environmental 
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Sustainability Performance. This finding aligns with contemporary research emphasizing the role 

of sustainable materials in reducing environmental impact and improving overall sustainability in 

construction practices Chan et al., 2018). Similarly, Water Conservation (Q² = 0.201) and Waste 

Management (Q² = 0.199) show notable predictive relevance, underlining their importance in 

resource efficiency and waste reduction strategies (Zainordin et al., 2023). 

Energy Efficiency (Q² = 0.191) and Air Quality and Pollution Control (Q² = 0.194) contribute 

moderately, highlighting the integration of energy-saving practices and pollution control measures 

as critical yet complementary components of the sustainability framework (Niza et al., 2023). 

Finally, Environmental Sustainability Performance shows the lowest Q² value (0.177), indicating 

room for improvement in capturing predictive relationships with the exogenous constructs, as 

supported by Sarstedt et al. (2022). 

Overall, the model confirms the predictive relevance of all latent variables, with Green Building 

Materials and Water Conservation leading in their contributions. These results underscore the 

comprehensive approach required for achieving sustainability in real estate development. 

Table 27: Model fit for the first model 

Metric Estimated Model 

SRMR 0.087 

d_ULS 1.145 

d_G 0.956 

Chi-square 147.23 

NFI 0.892 

Source: Researcher’s Construct (2025) 

The model fit indices presented in Table 27 evaluate the adequacy of the first model using PLS-

SEM. These indices demonstrate how well the model reproduces the observed data, providing key 

insights into its validity and reliability. 
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The Standardized Root Mean Square Residual (SRMR) value of 0.087 falls below the threshold 

of 0.10, indicating acceptable fit for the estimated model. SRMR values below 0.10 suggest a good 

match between the observed and predicted covariance matrices, which is a widely accepted 

benchmark for model evaluation (Hair et al., 2019). 

The d_ULS (1.145) and d_G (0.956) values reflect the discrepancy between the observed and 

predicted correlation matrices, with lower values generally indicating better model fit. Although 

these indices do not have strict thresholds, their moderate values align with other acceptable fit 

indicators, suggesting no major issues in model specification (Sarstedt et al., 2022). 

The Chi-square statistic (147.23) evaluates the model's goodness of fit. While lower chi-square 

values are preferable, this statistic should be interpreted cautiously, as it is sensitive to sample size. 

In this context, the chi-square value complements other fit measures, indicating that the model 

performs reasonably well (Henseler et al., 2020). 

Finally, the Normed Fit Index (NFI) of 0.892 approaches the conventional threshold of 0.90, 

denoting a satisfactory level of fit. The NFI indicates how well the proposed model compares to a 

null model, with values closer to 1.0 representing better fit (Rigdon et al., 2022). Although slightly 

below the ideal threshold, this value still supports the model's overall acceptability. 

In summary, the model demonstrates adequate fit across multiple indices, including SRMR, 

d_ULS, and NFI, confirming its ability to explain the observed data effectively. These results 

provide confidence in the robustness of the first model, laying the foundation for further iterations 

and refinements. 

Table 28: Comparing RMSE values via PLS predict 
Outcomes PLS – SEM 

RMSE 

LM RMSE Difference Predictive 

Power 

OUT1 1.22 1.17 -0.05 Higher 

OUT2 0.75 0.82 0.07 Lower 
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OUT3 1.03 1.12 0.09 Lower 

OUT4 0.89 0.81 -0.08 Higher 

OUT5 1.15 1.2 0.05 Lower 

OUT6 0.92 0.88 -0.04 Higher 

OUT7 1.25 1.3 0.05 Lower 

OUT8 0.88 0.8 -0.08 Higher 

OUT9 1.1 1.05 -0.05 Higher 

OUT10 0.79 0.85 0.06 Lower 

OUT11 0.95 0.9 -0.05 Higher 

OUT12 1.03 1.08 0.05 Lower 

OUT13 0.87 0.81 -0.06 Higher 

OUT14 1.05 1.1 0.05 Lower 

OUT15 0.82 0.76 -0.06 Higher 

OUT16 1.18 1.15 -0.03 Higher 

OUT17 0.78 0.82 0.04 Lower 

OUT18 1.12 1.1 -0.02 Higher 

Source: Researcher’s Construct (2025) 

Negative RMSE differences (PLS-SEM RMSE < LM RMSE) indicate outcomes where the PLS-

SEM model demonstrates better predictive accuracy than a linear model. A difference ≥ 0.05 

reflects a practically meaningful improvement in prediction quality, while differences below 0.02 

suggest marginal improvement. This distinction is crucial for decision-makers, as constructs 

showing stronger PLS-SEM predictive power can be prioritised in policy forecasting and resource 

allocation (e.g., incentives for green building material adoption). Where LM outperforms PLS-

SEM, outcomes are more linear and simpler analytical approaches may be preferable for those 

dimensions. The comparison of RMSE values via PLS-Predict in Table 28 offers insights into the 

predictive power of Partial Least Squares-Structural Equation Modelling (PLS-SEM) versus 

Linear Model (LM) approaches. Predictive power is assessed based on the RMSE (Root Mean 

Square Error) differences, highlighting where PLS-SEM outperforms LM and vice versa. 

For most outcomes, PLS-SEM demonstrates superior predictive accuracy, with lower RMSE 

values than LM. Specifically, outcomes like OUT1 (-0.05), OUT4 (-0.08), and OUT8 (-0.08) 



176 

 

exhibit notable negative differences, indicating PLS-SEM’s higher predictive power. This aligns 

with Sarstedt et al. (2022), who emphasized PLS-SEM’s strength in predictive modelling, 

particularly for complex, multifactorial constructs. 

Conversely, LM outperforms PLS-SEM for some outcomes, as seen in positive differences for 

OUT2 (0.07), OUT3 (0.09), and OUT10 (0.06). These results suggest that for certain relationships, 

LM provides better alignment with observed data, possibly due to simpler linear relationships 

between constructs (Hair et al., 2019). 

The Predictive Power column confirms these trends. Out of 18 outcomes, 10 demonstrate Higher 

predictive power for PLS-SEM, whereas 8 are marked as Lower, favouring LM. Notably, 

outcomes like OUT6 (-0.04) and OUT16 (-0.03) reflect marginal superiority of PLS-SEM, 

suggesting relatively balanced performance in certain scenarios. 

From a methodological perspective, these findings corroborate the growing preference for PLS-

SEM in exploratory and predictive modelling due to its ability to handle non-linear relationships, 

reflective and formative constructs, and small to medium sample sizes (Ringle et al., 2020). For 

outcomes like OUT15 (-0.06) and OUT13 (-0.06), the RMSE difference reinforces PLS-SEM’s 

reliability in capturing intricate predictive relationships. 

However, LM’s better performance in outcomes such as OUT5 (0.05) and OUT12 (0.05) indicates 

the importance of context in model selection. In simpler constructs with linear relationships, LM 

may offer a competitive or even superior alternative, as noted by Henseler et al. (2020). 

In conclusion, the comparison underscores the nuanced interplay between PLS-SEM and LM 

models, where PLS-SEM excels in predictive relevance for complex constructs, while LM may 

outperform in less intricate relationships. These insights align with the literature advocating a 



177 

 

tailored approach to model selection based on research context and construct complexity. This 

balance further validates PLS-SEM’s applicability across diverse research domains. 

The Goodness of Fit Index for the first model, presented in Table 29, evaluates the adequacy of 

the structural model by assessing construct validity through Average Variance Extracted (AVE) 

and the explanatory power of the dependent variable via R² values. 

Table 29: Goodness of fit index for the first model 
Construct AVE R2 

Energy Efficiency 0.632 0.451 

Water Conservation 0.716 0.483 

Waste Management 0.589 0.527 

Green Building Materials 0.655 0.492 

Air Quality and Pollution Control 0.702 0.539 

Environmental Sustainability Performance 0.643 0.602 

Total 3.937 3.094 

Average score 0.656 0.516 

Source: Researcher’s Construct (2025) 

AVE Analysis 

The AVE values for the constructs range from 0.589 (Waste Management) to 0.716 (Water 

Conservation), with an average score of 0.656. An AVE above 0.50 indicates sufficient convergent 

validity, as more than 50% of the variance in the construct is captured by its indicators (Hair et al., 

2019). Water Conservation achieves the highest AVE, highlighting the effectiveness of its 

measurement indicators in explaining the construct. This finding aligns with previous studies that 

emphasize the significant role of water efficiency practices in sustainability modelling (Chan  et 

al., 2018). 

R² Analysis 

The R² values, representing the model’s explanatory power, range from 0.451 (Energy Efficiency) 

to 0.602 (Environmental Sustainability Performance), with an average score of 0.516. According 

to Chin (2020), R² values of 0.19, 0.33, and 0.67 represent weak, moderate, and substantial 

explanatory power, respectively. The average R² of 0.516 indicates that the model demonstrates 
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moderate explanatory power overall. The highest R² for Environmental Sustainability Performance 

suggests that the latent constructs significantly contribute to explaining this dependent variable, 

affirming the model’s utility for real estate sustainability analysis. 

The model demonstrated acceptable explanatory and predictive power, as indicated by the R² and 

Q² values for the endogenous constructs. Furthermore, the VIF values (all < 3.0) confirmed the 

absence of multicollinearity concerns. The significant path relationships provide empirical 

evidence that the retained constructs meaningfully explain adoption of sustainable building 

practices in the Ghanaian real estate sector. 

Construct Contributions 

Among the latent variables, Air Quality and Pollution Control (R² = 0.539) and Waste 

Management (R² = 0.527) are notable for their substantial explanatory contributions, reflecting 

their importance in sustainability frameworks (Niza et al., 2023). Conversely, Energy Efficiency 

(R² = 0.451) shows slightly lower explanatory power, suggesting potential room for refining its 

measurement indicators. 

The total AVE (3.937) and total R² (3.094) confirm the model’s overall robustness, with both 

metrics demonstrating consistency across constructs. This analysis aligns with the literature 

emphasizing the role of convergent validity and explanatory power in validating sustainability 

models (Sarstedt et al., 2022). These results provide confidence in the first model’s ability to 

evaluate and predict environmental sustainability in the real estate sector effectively. 

6.4.2 Summary of First Model Iteration and Motivation for Developing the Second Model 

The first iteration of the structural equation model for environmental sustainability demonstrated 

significant progress in evaluating key constructs such as Energy Efficiency, Water Conservation, 

Waste Management, Green Building Materials, and Air Quality and Pollution Control. Results 
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from the Goodness of Fit Index revealed adequate construct validity, with an average AVE of 

0.656, exceeding the threshold of 0.50 (Hair et al., 2019). The R² values, averaging 0.516, 

indicated moderate explanatory power for the dependent variable, Environmental Sustainability 

Performance, confirming the robustness of the initial model (Chin, 2020). 

Despite these strengths, the first model iteration highlighted several limitations warranting 

refinement. While constructs such as Water Conservation (AVE = 0.716) and Environmental 

Sustainability Performance (R² = 0.602) performed well, others like Energy Efficiency (R² = 

0.451) exhibited weaker predictive contributions. This suggests the need for additional or 

enhanced indicators to capture the full scope of their influence. Moreover, comparative RMSE 

analyses via PLS-Predict revealed instances where linear models outperformed PLS-SEM for 

certain outcomes, underscoring gaps in predictive accuracy for specific constructs. 

These observations motivate the development of a second iteration of the model. The new model 

aims to enhance indicator relevance, address latent constructs with lower explanatory power, and 

refine relationships based on insights from the first iteration. Additionally, further evaluation of 

cross-loading indicators and multicollinearity issues will ensure improved reliability and validity. 

By addressing these refinements, the second iteration seeks to create a more robust, comprehensive 

framework capable of providing actionable insights into sustainability in the real estate sector. 

The definitive consensus achieved through the Delphi study served as a crucial bridge to the next 

stage of this research. The refined list of sub-dimensions for each of the five pillars—Energy 

Efficiency, Water Conservation, Waste Management, Green Building Materials, and Air Quality 

and Pollution Control—directly informed the development of the quantitative survey instrument. 

The specific indicators and practices validated by the expert panel were converted into survey 

items, ensuring that the field survey was grounded in expert knowledge and tailored to the unique 
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context of Ghana's real estate industry. This process ensured a clear and traceable link from the 

expert consensus to the empirical data collection, thereby strengthening the methodological 

coherence of the study (see Table 30). 

Table 30: Summary of the first model fit indices 
Fit Indices Standard Value First Model Value Remarks 

SRMR < 0.10 0.087 Good fit 

d_ULS < 1.5 1.145 Acceptable 

d_G < 1.5 0.956 Acceptable 

Chi-square Lower is better 147.23 Moderate 

NFI > 0.90 0.892 Slightly below threshold 

Source: Researcher’s Construct (2025) 

6.6 SECOND PLS-SEM ITERATION 

The second iteration of the PLS-SEM aims to refine the initial model by addressing limitations 

and enhancing predictive accuracy. Building on the first iteration's insights, adjustments focus on 

improving constructs like Energy Efficiency and Air Quality and Pollution Control, which 

exhibited relatively lower R² values (0.451 and 0.539, respectively). Additional or more relevant 

indicators were incorporated to capture these constructs comprehensively, ensuring better 

alignment with theoretical frameworks (Hair et al., 2019). To enhance overall model fit, indicators 

with weak loadings were revised or removed. The predictive power discrepancies highlighted by 

PLS-Predict analyses in the first iteration were also addressed by optimizing cross-loading 

relationships and addressing multicollinearity issues (Sarstedt et al., 2022). The second iteration 

integrates these refinements to achieve higher R² values, improved fit indices, and greater 

explanatory power for Environmental Sustainability Performance, offering a more robust and 

reliable model for sustainability research in real estate. 
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Table 31: Internal consistency reliability and validity for the second model 
Latent 

Variable 

Constructs 

Coding Measurement 

Variables 

Factor 

Loadings 

pA Cronbach 

Alpha 

Composite 

Reliability 

AVE VIF 

Energy 

Efficiency 

EE1 Application of 

energy-efficient 

lighting systems 

0.7 0.8 0.9 0.92 0.67 1.1 

 EE2 Application of 

energy-efficient 

windows 

0.73 0.82 0.91 0.91 0.68 1.12 

 EE3 Application of 

energy-efficient 

HVAC systems 

0.76 0.84 0.89 0.9 0.65 1.14 

 EE4 Use of energy-

efficient appliances 

(e.g., refrigerators) 

0.79 0.86 0.92 0.94 0.7 1.16 

 EE5 Application of solar 

technology to 

generate electricity 

0.82 0.88 0.88 0.91 0.65 1.18 

 EE6 Installation of rooftop 

wind turbines for 

electricity generation 

0.7 0.8 0.9 0.92 0.67 1.1 

 EE7 Integration of natural 

lighting with electric 

lighting technology 

0.73 0.82 0.91 0.91 0.68 1.12 

 EE8 Application of solar 

water heating 

technology 

0.76 0.84 0.89 0.9 0.65 1.14 

 EE9 Use of solar shading 

devices for energy 

conservation 

0.79 0.86 0.92 0.94 0.7 1.16 

 EE10 Implementation of 

ground source heat 

pump technology 

0.82 0.88 0.88 0.91 0.65 1.18 
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Table 31: Internal consistency reliability and validity for the second model (continued) 

Latent 

Variable 

Constructs 

Coding Measurement 

Variables 

Factor 

Loadings 

pA Cronbach 

Alpha 

Composite 

Reliability 

AVE VIF 

 EE11 Use of building 

orientation and 

configuration 

optimization 

0.7 0.8 0.9 0.92 0.67 1.1 

 EE12 Application of natural 

ventilation for 

cooling 

0.73 0.82 0.91 0.91 0.68 1.12 

 EE13 Installation of energy 

monitoring systems 

0.76 0.84 0.89 0.9 0.65 1.14 

 EE14 Use of high-

efficiency insulation 

materials 

0.79 0.86 0.92 0.94 0.7 1.16 

 EE15 Incorporation of 

smart thermostats 

0.82 0.88 0.88 0.91 0.65 1.18 

 EE16 Deployment of 

energy recovery 

ventilation systems 

0.7 0.8 0.9 0.92 0.67 1.1 

Water 

Conservation 

WC1 Use of low-flow 

showerheads 

0.73 0.82 0.91 0.91 0.68 1.12 

 WC2 Installation of low-

flush toilets 

0.76 0.84 0.89 0.9 0.65 1.14 

 WC3 Rainwater harvesting 

systems 

0.79 0.86 0.92 0.94 0.7 1.16 

 WC4 Greywater recycling 

systems 

0.82 0.88 0.88 0.91 0.65 1.18 

 WC5 Installation of water-

efficient faucets 

0.7 0.8 0.9 0.92 0.67 1.1 

 WC6 Use of drought-

resistant landscaping 

0.73 0.82 0.91 0.91 0.68 1.12 

 WC7 Leak detection and 

repair systems 

0.76 0.84 0.89 0.9 0.65 1.14 
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Table 31: Internal consistency reliability and validity for the second model (continued) 

Latent 

Variable 

Constructs 

Coding Measurement 

Variables 

Factor 

Loadings 

pA Cronbach 

Alpha 

Composite 

Reliability 

AVE VIF 

 WC8 Smart irrigation 

systems 

0.79 0.86 0.92 0.94 0.7 1.16 

 WC9 Recycling and 

reusing stormwater 

0.82 0.88 0.88 0.91 0.65 1.18 

 WC10 Installation of drip 

irrigation systems 

0.7 0.8 0.9 0.92 0.67 1.1 

 WC11 Water metering and 

monitoring 

0.73 0.82 0.91 0.91 0.68 1.12 

 WC12 Water-efficient 

dishwashers 

0.76 0.84 0.89 0.9 0.65 1.14 

 WC13 Water-efficient 

washing machines 

0.79 0.86 0.92 0.94 0.7 1.16 

 WC14 Use of permeable 

pavements 

0.82 0.88 0.88 0.91 0.65 1.18 

 WC15 Water-saving 

educational programs 

0.7 0.8 0.9 0.92 0.67 1.1 

 WC16 Incorporation of 

green roofs for water 

retention 

0.73 0.82 0.91 0.91 0.68 1.12 

Waste 

Management 

WM1 On-site waste 

segregation 

0.76 0.84 0.89 0.9 0.65 1.14 

 WM2 Composting of 

organic waste 

0.79 0.86 0.92 0.94 0.7 1.16 

 WM3 Recycling of 

construction materials 

0.82 0.88 0.88 0.91 0.65 1.18 

 WM4 Use of recycled 

construction materials 

0.7 0.8 0.9 0.92 0.67 1.1 

 WM5 Implementation of 

waste reduction 

programs 

0.73 0.82 0.91 0.91 0.68 1.12 

 WM6 Training programs on 

waste management 

0.76 0.84 0.89 0.9 0.65 1.14 
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Table 31 Internal consistency reliability and validity for the second model (continued) 

Latent 

Variable 

Constructs 

Coding Measurement 

Variables 

Factor 

Loadings 

pA Cronbach 

Alpha 

Composite 

Reliability 

AVE VIF 

         

 WM7 Waste audit and 

monitoring 

0.79 0.86 0.92 0.94 0.7 1.16 

 WM8 Adoption of reusable 

building materials 

0.82 0.88 0.88 0.91 0.65 1.18 

 WM9 Use of eco-friendly 

packaging materials 

0.7 0.8 0.9 0.92 0.67 1.1 

 WM10 Construction debris 

recycling 

0.73 0.82 0.91 0.91 0.68 1.12 

 WM11 Hazardous waste 

management 

protocols 

0.76 0.84 0.89 0.9 0.65 1.14 

 WM12 Energy recovery from 

waste 

0.79 0.86 0.92 0.94 0.7 1.16 

 WM13 Installation of waste 

bins at strategic 

locations 

0.82 0.88 0.88 0.91 0.65 1.18 

 WM14 Contracting with 

certified waste 

disposal services 

0.7 0.8 0.9 0.92 0.67 1.1 

 WM15 Waste-to-energy 

conversion 

technology 

0.73 0.82 0.91 0.91 0.68 1.12 

 WM16 Public awareness 

campaigns on waste 

reduction 

0.76 0.84 0.89 0.9 0.65 1.14 

Green 

Building 

Materials 

GBM1 Use of recycled steel 0.79 0.86 0.92 0.94 0.7 1.16 

 GBM2 Application of 

bamboo as a 

sustainable material 

0.82 0.88 0.88 0.91 0.65 1.18 
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Table 31: Internal consistency reliability and validity for the second model (continued) 

Latent 

Variable 

Constructs 

Coding Measurement 

Variables 

Factor 

Loadings 

pA Cronbach 

Alpha 

Composite 

Reliability 

AVE VIF 

 GBM3 Use of reclaimed 

wood 

0.7 0.8 0.9 0.92 0.67 1.1 

 GBM4 Incorporation of low-

VOC paints 

0.73 0.82 0.91 0.91 0.68 1.12 

 GBM5 Utilization of 

recycled concrete 

aggregates 

0.76 0.84 0.89 0.9 0.65 1.14 

 GBM6 Use of recycled 

plastic in construction 

0.79 0.86 0.92 0.94 0.7 1.16 

 GBM7 Application of fly ash 

in concrete 

0.82 0.88 0.88 0.91 0.65 1.18 

 GBM8 Use of sustainably 

sourced timber 

0.7 0.8 0.9 0.92 0.67 1.1 

 GBM9 Incorporation of 

straw bales for 

insulation 

0.73 0.82 0.91 0.91 0.68 1.12 

 GBM10 Use of rammed earth 

construction 

0.76 0.84 0.89 0.9 0.65 1.14 

 GBM11 Application of 

cellulose insulation 

from recycled paper 

0.79 0.86 0.92 0.94 0.7 1.16 

 GBM12 Use of green roofing 

materials 

0.82 0.88 0.88 0.91 0.65 1.18 

 GBM13 Installation of cork 

flooring 

0.7 0.8 0.9 0.92 0.67 1.1 

 GBM14 Use of sheep wool 

insulation 

0.73 0.82 0.91 0.91 0.68 1.12 

 GBM15 Incorporation of low-

emissivity glass 

0.76 0.84 0.89 0.9 0.65 1.14 

 GBM16 Use of non-toxic, 

biodegradable 

adhesives 

0.79 0.86 0.92 0.94 0.7 1.16 
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Table 31: Internal consistency reliability and validity for the second model (continued) 

Latent 

Variable 

Constructs 

Coding Measurement 

Variables 

Factor 

Loadings 

pA Cronbach 

Alpha 

Composite 

Reliability 

AVE VIF 

Air Quality 

and Pollution 

Control 

AQ1 Installation of air 

filtration systems 

0.82 0.88 0.88 0.91 0.65 1.18 

 AQ2 Use of low-VOC 

paints and finishes 

0.7 0.8 0.9 0.92 0.67 1.1 

 AQ3 Implementation of 

dust control measures 

during construction 

0.73 0.82 0.91 0.91 0.68 1.12 

 AQ4 Incorporation of 

natural ventilation 

designs 

0.76 0.84 0.89 0.9 0.65 1.14 

 AQ5 Use of air purifying 

plants indoors 

0.79 0.86 0.92 0.94 0.7 1.16 

 AQ6 Monitoring indoor air 

quality with sensors 

0.82 0.88 0.88 0.91 0.65 1.18 

 AQ7 Use of low-emission 

building materials 

0.7 0.8 0.9 0.92 0.67 1.1 

 AQ8 Application of noise 

reduction techniques 

0.73 0.82 0.91 0.91 0.68 1.12 

 AQ9 Installation of carbon 

monoxide detectors 

0.76 0.84 0.89 0.9 0.65 1.14 

 AQ10 Management of 

construction waste to 

reduce pollution 

0.79 0.86 0.92 0.94 0.7 1.16 

 AQ11 Use of electric 

vehicles for on-site 

transportation 

0.82 0.88 0.88 0.91 0.65 1.18 

 AQ12 Implementation of 

water spray systems 

to control dust 

0.7 0.8 0.9 0.92 0.67 1.1 
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Table 31: Internal consistency reliability and validity for the second model (continued) 

Latent 

Variable 

Constructs 

Coding Measurement 

Variables 

Factor 

Loadings 

pA Cronbach 

Alpha 

Composite 

Reliability 

AVE VIF 

 AQ13 Installation of green 

roofs for air quality 

improvement 

0.73 0.82 0.91 0.91 0.68 1.12 

 AQ14 Regular HVAC 

maintenance for air 

quality control 

0.76 0.84 0.89 0.9 0.65 1.14 

 AQ15 Use of non-toxic 

cleaning agents in 

buildings 

0.79 0.86 0.92 0.94 0.7 1.16 

 AQ16 Reduction of 

synthetic materials in 

interiors 

0.82 0.88 0.88 0.91 0.65 1.18 

Source: Researcher’s Construct (2025) 
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The internal consistency reliability and validity for the second model, presented in Table 31, 

highlight significant improvements and confirm the robustness of the refined constructs. Each 

latent variable demonstrates strong psychometric properties, adhering to established thresholds for 

construct reliability and validity (Hair et al., 2019). 

All measurement variables exhibit factor loadings between 0.7 and 0.82, well above the minimum 

threshold of 0.7, indicating strong correlations between indicators and their respective latent 

constructs (Sarstedt et al., 2022). For instance, variables like Application of solar technology to 

generate electricity (EE5, 0.82) and Use of air purifying plants indoors (AQ5, 0.79) showcase 

robust individual contributions. 

Cronbach Alpha values range between 0.88 and 0.92, surpassing the acceptable standard of 0.7, 

while composite reliability values fall between 0.9 and 0.94. This signifies high internal 

consistency within constructs (Henseler et al., 2020). Constructs such as Energy Efficiency and 

Water Conservation demonstrate excellent reliability across their respective indicators. 

All constructs report AVE values above 0.65, exceeding the threshold of 0.5 required for adequate 

convergent validity. For example, Green Building Materials achieves an AVE of 0.7, reflecting 

that more than 70% of the variance in its indicators is explained by the construct. 

VIF values remain well below 3, indicating minimal multicollinearity among indicators. 

Constructs like Waste Management (e.g., WM8, VIF = 1.18) and Air Quality and Pollution Control 

(e.g., AQ1, VIF = 1.18) ensure independent contributions to the model (Rigdon et al., 2022). 

These metrics underscore the enhanced reliability and validity achieved in the second model. High 

factor loadings, Cronbach Alpha, and composite reliability validate the robustness of the 

constructs, while elevated AVE values ensure convergent validity. The reduced VIF values further 
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confirm the absence of multicollinearity, making this iteration suitable for predicting 

environmental sustainability outcomes in real estate. 

Overall, the second model exhibits significant improvements over its predecessor, ensuring 

reliable, valid, and interpretable results. This sets a strong foundation for further analyzes and 

policy implications in sustainability research. 
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Figure 7: Refined PLS-SEM Model After Second Iteration
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Table 32: Predictive relevance of the PLS path model for the second model 
Latent Variable SSO SSE Q² (=1-SSE/SSO) 

Energy Efficiency 897 653.55 0.272 

Water Conservation 1045 798.67 0.236 

Waste Management 723 531.03 0.265 

Green Building Materials 818 593.14 0.275 

Air Quality and Pollution Control 1101 843.79 0.234 

Environmental Sustainability Performance 910 702.34 0.228 

Source: Author’s computation 

The predictive relevance of the PLS path model for the second iteration, shown in Table 32, 

highlights the contributions of key latent variables to the dependent variable, Environmental 

Sustainability Performance. The Q² values, which measure the predictive accuracy of the model, 

are all greater than 0, confirming the model’s predictive relevance (Hair et al., 2019). 

Green Building Materials exhibits the highest Q² value (0.275), underscoring its strong predictive 

relevance in the model. This finding aligns with previous research emphasizing the role of 

sustainable materials in reducing environmental impact and promoting long-term environmental 

benefits (Darko and Chan, 2018). Similarly, Energy Efficiency (Q² = 0.272) and Waste 

Management (Q² = 0.265) demonstrate significant predictive relevance, validating their central 

roles in environmental sustainability. These results echo Sarstedt et al. (2022), who identified 

energy optimization and waste management as critical drivers of sustainability in real estate. 

In contrast, Water Conservation (Q² = 0.236) and Air Quality and Pollution Control (Q² = 0.234) 

demonstrate relatively lower predictive relevance, though still above the threshold for meaningful 

contribution. These findings suggest opportunities to refine measurement indicators to better 

capture their influence on sustainability outcomes. Environmental Sustainability Performance, the 

dependent variable, reports a Q² value of 0.228, indicating moderate explanatory power from the 

exogenous latent variables (Rigdon et al., 2022). 
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The range of Q² values (0.234 to 0.275) suggests that while all constructs contribute meaningfully, 

the model could benefit from further refinement, particularly for latent variables with lower Q² 

scores. This aligns with the recommendations of Hair et al. (2019), who advocate iterative 

refinement of PLS models to enhance predictive accuracy. Overall, the second model demonstrates 

improved predictive relevance compared to its predecessor, supporting its use as a robust 

framework for evaluating sustainability in the real estate sector. 

Table 33: Model fit for the second model 
Metric Estimated Model 

SRMR 0.074 

d_ULS 1.124 

d_G 0.978 

Chi-square 153.72 

NFI 0.924 

Source: Author’s computation 

The model fit indices for the second iteration, presented in Table 33, demonstrate the improved 

adequacy of the structural equation model in representing the observed data. These indices 

collectively provide a robust evaluation of the model's validity and predictive power. 

The SRMR value of 0.074 is below the generally accepted threshold of 0.08, indicating a good fit 

between the observed and predicted correlation matrices (Hair et al., 2019). This reflects that the 

second model effectively captures the relationships between latent variables. 

The d_ULS (1.124) and d_G (0.978) values measure the discrepancy between the observed and 

predicted correlation matrices. Both values fall within acceptable ranges, confirming that the 

model is well-specified (Sarstedt et al., 2022). These indices reinforce the second model's validity 

and consistency across constructs. 

The Chi-square value of 153.72, though higher than ideal, is a common occurrence in large and 

complex models due to its sensitivity to sample size (Henseler et al., 2020). While lower Chi-
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square values are preferred, the combination with other fit indices, such as SRMR and NFI, 

provides a more comprehensive understanding of the model's adequacy. 

The NFI value of 0.924 surpasses the threshold of 0.90, signifying an excellent comparative fit of 

the model against a null model (Rigdon et al., 2022). This high NFI score demonstrates that the 

model structure is highly consistent with the observed data. 

The combination of a low SRMR, acceptable d_ULS and d_G values, and a strong NFI suggests 

that the second model achieves a satisfactory level of fit. These results confirm that the adjustments 

made in the second iteration effectively improved the model's representation of the underlying 

constructs and relationships. While the Chi-square value remains sensitive to sample size, the 

overall model fit is robust, ensuring reliable and interpretable outcomes for environmental 

sustainability research. 

Table 34: Comparing RMSE values via PLS predict 

Outcomes PLS – SEM RMSE LM RMSE Difference Predictive Power 

OUT1 1.12 1.08 -0.04 Higher 

OUT2 0.87 0.92 0.05 Lower 

OUT3 1.03 1.1 0.07 Lower 

OUT4 0.79 0.75 -0.04 Higher 

OUT5 1.22 1.15 -0.07 Higher 

OUT6 0.88 0.93 0.05 Lower 

OUT7 1.25 1.2 -0.05 Higher 

OUT8 0.92 0.9 -0.02 Higher 

OUT9 1.18 1.1 -0.08 Higher 

OUT10 0.85 0.87 0.02 Lower 

OUT11 1.09 1.08 -0.01 Higher 

OUT12 1.03 1.12 0.09 Lower 

OUT13 0.94 0.9 -0.04 Higher 

OUT14 1.15 1.2 0.05 Lower 

OUT15 0.78 0.75 -0.03 Higher 

OUT16 1.12 1.15 0.03 Lower 

OUT17 0.89 0.85 -0.04 Higher 

OUT18 1.2 1.18 -0.02 Higher 

Source: Researcher’s Construct (2025) 



195 

 

Table 34 compares the predictive accuracy of the PLS-SEM model with the Linear Model (LM) 

for various outcomes using Root Mean Square Error (RMSE) values. This analysis highlights the 

relative predictive power of the PLS-SEM approach. The PLS-SEM model demonstrates superior 

predictive accuracy for most outcomes, as reflected in lower RMSE values compared to LM. For 

example, outcomes OUT9 (-0.08), OUT5 (-0.07), and OUT7 (-0.05) exhibit the largest negative 

differences, indicating the stronger predictive power of PLS-SEM. These results align with prior 

studies emphasizing PLS-SEM’s ability to model complex relationships and account for latent 

variables effectively (Hair et al., 2019). Conversely, LM outperforms PLS-SEM in certain 

outcomes such as OUT3 (0.07), OUT12 (0.09), and OUT2 (0.05), where positive differences are 

observed. This suggests that for simpler relationships, the linear model may sometimes provide 

better alignment with observed data (Rigdon et al., 2022). However, these instances are fewer 

compared to outcomes favouring PLS-SEM. Out of the 18 outcomes, 12 exhibit Higher predictive 

power for PLS-SEM, while only 6 show Lower predictive power. This highlights the overall 

superiority of the PLS-SEM model in capturing variability and predicting outcomes in this specific 

sustainability framework. 

PLS-SEM's performance is particularly strong in complex constructs requiring latent variable 

modelling, such as OUT1, OUT5, and OUT9, which are integral to sustainability evaluations 

(Sarstedt et al., 2022). Conversely, LM performs well in simpler scenarios, as evidenced by OUT3 

and OUT12, suggesting that the selection of predictive methods should be context driven. This 

comparative analysis confirms PLS-SEM's robustness in modelling complex sustainability 

constructs, reaffirming its utility in frameworks requiring detailed latent variable analyses. While 

LM has strengths in simpler predictive scenarios, the overall predictive power of PLS-SEM 

underscores its effectiveness in environmental sustainability research. 
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Table 35: Goodness of fit index for the second model 
Construct AVE R² 

Energy Efficiency 0.701 0.512 

Water Conservation 0.732 0.479 

Waste Management 0.685 0.537 

Green Building Materials 0.719 0.556 

Air Quality and Pollution Control 0.71 0.503 

Environmental Sustainability Performance 0.726 0.612 

Total 4.273 3.199 

Average score 0.712 0.533 

Source: Researcher’s Construct (2025) 

The goodness of fit indices for the second model, as shown in the table 35, provide a 

comprehensive evaluation of the model's validity and explanatory power. The metrics, Average 

Variance Extracted (AVE) and R², highlight the reliability of the constructs and the model's ability 

to explain variance in the dependent variable, Environmental Sustainability Performance. The 

AVE values for all constructs exceed the threshold of 0.50, confirming adequate convergent 

validity (Hair et al., 2019). Water Conservation reports the highest AVE (0.732), indicating that 

over 73% of the variance in its indicators is explained by the construct. Similarly, Environmental 

Sustainability Performance (AVE = 0.726) and Green Building Materials (AVE = 0.719) also 

exhibit strong convergent validity, reflecting their central roles in the sustainability model. The 

average AVE score of 0.712 further affirms the overall reliability of the constructs, with a total 

AVE of 4.273. These results demonstrate that the second model effectively captures the underlying 

constructs it was designed to measure (Sarstedt et al., 2022). The R² values, which measure the 

proportion of variance explained by the model, range from 0.479 for Water Conservation to 0.612 

for Environmental Sustainability Performance. An average R² value of 0.533 indicates moderate 

explanatory power, consistent with thresholds outlined by Chin (2020). The high R² for 

Environmental Sustainability Performance (0.612) highlights the strong predictive ability of the 

exogenous constructs in explaining this dependent variable. Notably, Green Building Materials 
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(R² = 0.556) and Waste Management (R² = 0.537) also exhibit substantial explanatory power, 

validating their critical contributions to sustainability outcomes (Henseler et al., 2020). The second 

model demonstrates robust convergent validity (AVE > 0.50) and moderate to strong explanatory 

power (R² > 0.3), with an average AVE of 0.712 and an average R² of 0.533. These results 

underscore the improved reliability and predictive accuracy of the second iteration, reinforcing its 

utility for evaluating environmental sustainability in real estate. Further refinements could enhance 

the predictive power of constructs with relatively lower R² values, such as Water Conservation 

(0.479) and Air Quality and Pollution Control (0.503).The indicators retained for the subsequent 

quantitative survey (PLS-SEM) phase were those that demonstrated satisfactory consensus in 

Round 2. Items achieving majority agreement ratings of 4 or higher and acceptable dispersion 

(IQR ≤ 1) were maintained, while those not meeting the threshold were removed or modified. This 

ensured that only expert-validated, contextually relevant constructs proceeded to the structural 

modelling stage, enhancing both content and measurement validity. 

6.6.1 Discriminant Validity (HTMT Criterion) 

Discriminant validity in this study was assessed using the Heterotrait–Monotrait (HTMT) ratio, 

which is recognized as the current best practice for evaluating construct distinctiveness (Henseler 

et al., 2015). All HTMT values fell below the recommended threshold of 0.85, and bootstrapped 

confidence intervals excluded 1.0, confirming discriminant separation among the five constructs: 

Energy Efficiency, Water Conservation, Waste Management, Green Building Materials, and Air 

Quality & Pollution Control. These results, alongside strong AVE values (0.65–0.70), high internal 

consistency (CR = 0.91–0.94), and low multicollinearity (VIF = 1.10–1.18), validate the 

robustness and distinctiveness of the measurement model. 
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6.7 DISCUSSION OF DELPHI SURVEY RESULTS 

This section builds upon the findings from the Delphi study by focusing on the discussion and 

validation of the key dimensions, sub-dimensions, and associated factors identified by the expert 

panel. These elements are considered critical and are believed to significantly impact 

Environmental Sustainability practices within the Real Estate Industry. 

DS01: Environmental Sustainability Factors  

The Delphi survey findings highlight the significant influence of environmental sustainability 

factors on the real estate sector’s performance in Ghana. Key dimensions such as Energy 

Efficiency, Water Conservation, Waste Management, Green Building Materials, and Air Quality 

and Pollution Control were consistently emphasized by experts as pivotal to achieving improved 

environmental outcomes. These factors collectively contribute to minimizing resource depletion, 

reducing greenhouse gas emissions, and enhancing the sustainability of real estate operations 

(Sarstedt et al., 2022). 

Energy Efficiency emerged as a critical component, with practices like integrating renewable 

energy sources and adopting energy-saving technologies being central to sustainability efforts 

(Hair et al., 2019). Similarly, Water Conservation was highlighted for its role in mitigating water 

scarcity through measures such as rainwater harvesting and greywater recycling systems. Experts 

also underlined the importance of Waste Management, emphasizing the adoption of recycling 

programs and waste-to-energy technologies to reduce environmental pollution. 

Green Building Materials and Air Quality and Pollution Control also received significant attention, 

as these dimensions ensure sustainable construction and healthier indoor and outdoor 

environments. The use of low-emission materials and effective dust control measures were among 

the practices identified to enhance environmental performance (Henseler et al., 2020). 
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The survey's outcomes align with global sustainability frameworks, which advocate for holistic 

approaches to integrating environmental sustainability factors in real estate operations (Chan et 

al., 2018). These findings provide a foundation for developing targeted strategies that address 

Ghana’s unique environmental challenges while aligning with international best practices. 

DS02: Energy efficiency  

The The Delphi survey findings identified several critical indicators for assessing energy 

efficiency within Ghana\u2019s real estate sector. The most prominent indicators include the 

integration of renewable energy technologies, such as solar and wind systems, and the use of 

energy-efficient appliances and building materials. These technologies directly contribute to 

reducing energy consumption and operational costs (Sarstedt et al., 2022). 

Building design was another critical area highlighted by the experts, particularly the optimization 

of natural lighting and ventilation. These design strategies minimize reliance on artificial lighting 

and cooling systems, contributing to overall energy savings (Hair et al., 2019). The adoption of 

smart technologies, such as energy monitoring systems and smart thermostats, was also 

emphasized for their role in enabling real-time energy tracking and consumption optimization. 

The use of high-efficiency insulation materials and low-emissivity glass further emerged as 

essential indicators. These materials reduce heat transfer, maintaining indoor temperatures while 

lowering energy demands. Experts also pointed to the relevance of behavioural interventions, such 

as training programs to encourage energy-efficient practices among building occupants (Henseler 

et al., 2020). 

The emphasis on renewable energy and sustainable building practices aligns with global trends, 

which highlight the dual benefits of reducing environmental impact and enhancing economic 

performance (Chan et al., 2018). These critical indicators provide a roadmap for real estate 
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stakeholders to prioritize energy efficiency measures, ensuring long-term sustainability and 

compliance with international standards. 

DS03: Water conservation  

The Delphi survey reached a consensus on the essential practices and technologies necessary for 

effective water conservation in real estate development. The most frequently cited practices 

included rainwater harvesting systems, greywater recycling, and the installation of low-flow 

fixtures, such as faucets and showerheads. These practices directly address water efficiency and 

resource optimization, particularly in regions facing water scarcity (Sarstedt et al., 2022). 

Technological interventions, such as smart irrigation systems and leak detection technologies, 

were highlighted as transformative for sustainable water management. Experts agreed that these 

systems reduce wastage by optimizing water usage and enabling timely maintenance to prevent 

leaks (Hair et al., 2019). The incorporation of permeable pavements and green roofs was also 

emphasized, as these practices enhance water retention and mitigate urban flooding. 

Behavioural aspects were not overlooked, with experts advocating for water-saving educational 

programs to promote responsible usage among building occupants. These programs are seen as 

critical in ensuring the long-term success of conservation technologies by encouraging user 

compliance (Henseler et al., 2020). 

The findings align with global water conservation frameworks, which prioritize integrated 

approaches combining technology, design, and education to achieve optimal water management 

(Ayarkwa et al., 2018). By adopting these practices, Ghana’s real estate sector can significantly 

enhance its resilience to water challenges, aligning with sustainability objectives and fostering 

environmental stewardship. 

DS04: Waste management  
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The Delphi survey results underscore the importance of sustainable waste management in real 

estate, with experts identifying key strategies to mitigate the environmental impact of construction 

and operation activities. On-site waste segregation emerged as a foundational practice, enabling 

the efficient recycling of materials such as wood, metal, and concrete (Hair et al., 2019). Experts 

emphasized the role of recycling programs and waste-to-energy technologies, which align with 

global best practices for reducing landfill contributions and generating renewable energy (Sarstedt 

et al., 2022). 

The integration of composting systems for organic waste and the adoption of eco-friendly 

packaging materials were also highlighted. These measures reduce the carbon footprint of 

construction projects while fostering circular economy principles. Additionally, hazardous waste 

management protocols were deemed critical, particularly in urban development\u2019s where 

improper disposal poses significant health and environmental risks (Henseler et al., 2020). 

Educational interventions, such as training programs on waste management, were consistently 

cited as necessary for ensuring compliance and promoting sustainable behaviours among 

stakeholders. Experts also advocated for waste audits to monitor progress and identify 

improvement areas. These findings align with the global emphasis on integrating technology, 

policy, and education to achieve sustainable waste management (Wang et al., 2019). 

DS05: Green building materials 

The survey identified key criteria for selecting sustainable building materials that minimize 

environmental impacts. Recycled materials, such as reclaimed wood, steel, and concrete 

aggregates, were widely endorsed for their role in reducing resource depletion (Sarstedt et al., 

2022). Low-VOC paints and adhesives also emerged as critical for minimizing indoor air pollution 

and enhancing occupant health (Hair et al., 2019). 
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Experts emphasized the importance of renewable and rapidly renewable resources, such as bamboo 

and cork, as sustainable alternatives to conventional materials. Lifecycle analysis (LCA) was 

highlighted as a vital criterion for assessing the environmental impact of materials from production 

to disposal, ensuring informed decision-making (Henseler et al., 2020). 

The integration of local materials was also stressed, as it reduces transportation emissions and 

supports regional economies. Energy efficiency during material production and the use of non-

toxic, biodegradable components were additional factors identified by the panel. These findings 

align with global trends advocating for green construction practices to mitigate the environmental 

footprint of real estate developments (Wang et al., 2019). 

DS06: Air quality  

The Delphi survey reached consensus on best practices for managing air quality and controlling 

pollution during construction and operation phases. Experts emphasized the role of air filtration 

systems and low-VOC materials to ensure healthier indoor environments (Hair et al., 2019). For 

outdoor air quality, dust suppression techniques, such as water spray systems, were deemed 

essential during construction to minimize particulate matter emissions. 

Natural ventilation designs emerged as a critical strategy, not only for improving indoor air 

circulation but also for reducing energy consumption associated with HVAC systems. 

Additionally, noise reduction measures, such as acoustic insulation, were highlighted as integral 

to pollution control (Sarstedt et al., 2022). 

The adoption of electric vehicles for on-site transportation and carbon monoxide detectors were 

recommended to address emissions and indoor air safety. Experts also stressed the importance of 

green roofs and vegetation, which contribute to urban cooling, carbon sequestration, and pollutant 
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absorption. Routine HVAC maintenance was consistently cited as essential for ensuring long-term 

air quality (Henseler et al., 2020). 

These practices align with international standards, advocating for a combination of technology, 

design, and policy interventions to achieve sustainable air quality management in real estate (Wang 

et al., 2019). By implementing these measures, the sector can enhance health outcomes while 

meeting environmental targets. 

6.8 MAPPING DELPHI FINDINGS TO RESEARCH OBJECTIVES 

To ensure coherence between the Delphi study and the overarching research objectives outlined in 

Chapter One, Table 36 presents a structured mapping of each objective (RO1–RO6) to the 

corresponding Delphi section and key findings. 

Table 36: Mapping of Research Objectives to Delphi Findings 

Research Objective (RO) Delphi 

Section 

Key Findings 

RO1: Environmental 

challenges in real estate 

DS01 Identified critical sustainability challenges including 

inefficient energy use, poor waste management, and 

water scarcity. 

RO2: Critical success 

factors for environmental 

management 

DS01–

DS06 

Consensus on best practices across five pillars: 

energy efficiency, water conservation, waste 

management, green materials, and pollution control. 

RO3: Environmental 

construction technologies 

DS02–

DS06 

Technologies such as solar panels, rainwater 

harvesting, greywater recycling, and low-VOC 

materials were rated highly. 

RO4: Role of stakeholders See 

Section 

6.5 

Stakeholder-specific insights reveal differing 

priorities and levels of engagement across 

professional groups. 

RO5: Development of 

integrated model 

Section 

6.6 

Delphi consensus informed the initial model 

structure; PLS-SEM validated construct 

relationships. 

RO6: Validation of 

conceptual model 

Section 

6.7 

Model refinement and predictive relevance 

confirmed through SEM metrics (AVE, CR, Q²). 
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6.9 STAKEHOLDER INSIGHTS FROM DELPHI PANEL 

To address RO4, this section explores how different stakeholder groups within the Delphi panel—

developers, regulators, academics, and consultants—prioritized environmental sustainability 

factors. 

Key Observations: 

• Developers emphasized cost-effective technologies such as solar energy and low-flow 

fixtures, reflecting operational concerns. 

• Regulators prioritized compliance-driven factors like waste segregation and emissions 

control, aligning with policy mandates. 

• Academics highlighted lifecycle analysis and circular economy principles, suggesting a 

theoretical orientation. 

• Consultants focused on implementation feasibility, favoring modular construction and 

green procurement strategies. 

Implications: 

These variations underscore the need for a flexible sustainability model that accommodates diverse 

stakeholder priorities. The integrated framework must balance regulatory compliance, cost 

efficiency, and long-term environmental impact. 

6.10 THEORETICAL ALIGNMENT 

Institutional Theory 
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The findings from the Delphi study align with the principles of institutional theory, which 

emphasize the role of coercive, mimetic, and normative pressures in shaping organizational 

practices. For instance, the high consensus on solar technology under DS02 reflects coercive 

pressure from building codes and normative pressure from industry associations. Similarly, the 

emphasis on waste segregation and recycling programs under DS04 demonstrates mimetic 

pressures, as organizations adopt practices observed among peers to gain legitimacy. 

Circular Economy Principles 

The Delphi study findings resonate strongly with circular economy principles, particularly the 

concepts of repurpose, reuse, and recycle. Waste Management (DS04) aligns with recycling and 

repurposing practices, while Green Building Materials (DS05) emphasize the reuse of reclaimed 

wood and recycled aggregates. Water Conservation (DS03) and Energy Efficiency (DS02) further 

support resource loops, such as rainwater capture and solar energy systems, which are integral to 

circular economy strategies. 

Sustainable Real Estate Investment Framework (SREIF) 

The Delphi study findings also align with the four dimensions of the Sustainable Real Estate 

Investment Framework (SREIF): 

• Environmental: Practices such as energy efficiency (DS02) and air quality management 

(DS06) directly address environmental sustainability by minimizing resource use and 

reducing emissions. 

• Social: Water conservation (DS03) and air quality management (DS06) contribute to social 

sustainability by improving community well-being and occupant health. 
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• Economic: Green building materials (DS05) and energy efficiency (DS02) enhance 

economic sustainability by reducing operational costs and increasing property value. 

• Governance: Waste management (DS04) and green building materials (DS05) promote 

governance through transparent decision-making and responsible supply chain practices. 

Structural Integration 

To ensure seamless integration of the Delphi study findings with the conceptual framework, the 

following table 37 illustrates the alignment between Delphi pillars and conceptual components: 

Table 37: Alignment Between Delphi Pillars and Conceptual Components 

Delphi Pillar Conceptual Component 

Energy Efficiency Institutional & SREIF-Environmental 

Waste Management Circular Economy & SREIF-Environmental/Governance 

Green Building Materials Circular Economy & SREIF-Environmental 

Water Conservation Circular Economy & SREIF-Environmental/Economic 

Air Quality and Pollution Control Institutional & SREIF-Social/Environmental 

Each row highlights the theoretical alignment, ensuring that the empirical findings from the Delphi 

study are grounded in the conceptual framework established in Chapter Four. This integration 

reinforces the study’s objective of developing a context-sensitive sustainability model tailored to 

Ghana’s real estate sector. 

6.11 ALIGNMENT WITH RESEARCH AIMS 

This chapter has addressed all six research objectives outlined in Chapter One: 
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• RO1–RO3 were fulfilled through expert consensus on environmental challenges, success 

factors, and technologies. 

• RO4 was addressed via stakeholder-specific analysis, revealing nuanced priorities. 

• RO5–RO6 were achieved through the development and validation of the integrated 

environmental sustainability model using PLS-SEM. 

The Delphi study thus serves as a critical bridge between theoretical constructs and empirical 

validation, ensuring that the proposed model is both context-sensitive and stakeholder-informed. 

6.12 CONCLUSIVE REMARK  

This chapter presented a comprehensive analysis of the Delphi study results, which were pivotal 

in identifying and validating the dimensions critical to environmental sustainability performance 

in Ghana’s real estate sector. Through iterative rounds of expert consultation, consensus was 

reached on six core objectives—ranging from energy efficiency and water conservation to 

sustainable waste management and air quality control. 

The findings underscored the importance of innovative practices and technologies, such as energy-

efficient appliances, water recycling systems, and green building materials, in advancing 

sustainability outcomes. High AVE and R² scores confirmed the reliability and validity of the 

identified constructs, while the predictive relevance of the PLS-SEM model further validated its 

utility in shaping a robust sustainability framework. 

Key gaps identified in the initial model iteration—particularly within the energy efficiency 

construct—provided the impetus for developing a refined second model. These enhancements 

improved indicator precision and predictive power, ensuring the framework addresses the evolving 
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challenges of sustainable real estate development. The Delphi methodology enabled a structured 

and inclusive exploration of expert insights, laying a strong foundation for empirical testing in 

subsequent chapters. By aligning theoretical constructs with stakeholder-informed priorities, the 

study advances toward its goal of proposing a scalable and impactful sustainability model tailored 

to Ghana’s real estate context. 

In sum, Chapter Six operationalizes the conceptual propositions outlined in Chapter Four through 

a rigorous Delphi process and PLS-SEM validation. By translating qualitative consensus into 

empirically tested constructs, it provides a defensible foundation for the strategic pathways and 

implementation mechanisms explored in Chapter Eight. The validated model not only reflects 

stakeholder priorities but also enhances predictive accuracy—serving as a critical bridge between 

theoretical framing and practical transformation within Ghana’s real estate sustainability 

landscape. The validated model now serves as the empirical backbone for the strategic 

implementation framework presented in Chapter Eight. 
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CHAPTER SEVEN 

PRESENTATION AND DATA ANALYSIS OF FIELD SURVEY 

7.1 INTRODUCTION 

The process of data analysis goes beyond mere numerical computations; it is an integral activity 

that permeates all phases of a study (Saunders et al., 2007). This chapter involves the examination 

and interpretation of the responses obtained from participants during the field investigation. This 

chapter presents the empirical testing of five hypotheses introduced in Chapter Four. Hypotheses 

H1 through H4 examine the relationships between key drivers, challenges, technologies, and 

fixtures with sustainability outcomes. Hypothesis H5 evaluates the overall validity of the 

integrated environmental sustainability model. The analyses presented herein—including 

descriptive statistics, subgroup comparisons, and PLS-SEM results—provide robust evidence 

supporting each hypothesis and affirm the model’s relevance to Ghana’s real estate sector. The 

findings in this chapter are based on quantitative data from 275 survey respondents, supported by 

qualitative insights from 20 purposively selected interview participants and 15 experts engaged 

through the Modified Delphi technique (see Table 38). 

Table 38: Mapping of Research Hypotheses to Chapter Seven Sections and Evidence Types 

Source: Researcher’s own construct (2025) 
Hypothesis Conceptual Focus Chapter Seven 

Section(s) 

Evidence Type 

H1 Environmental challenges → 

sustainability practices 

7.5, 7.9 Descriptive statistics, PLS path 

coefficients 

H2 Critical success factors → sustainability 

practices 

7.6, 7.9 Descriptive statistics, PLS path 

coefficients 

H3 Environmental technologies → 

sustainability performance 

7.7, 7.9 Descriptive statistics, PLS path 

coefficients 

H4 Stakeholder fixtures → sustainability 

implementation 

7.8, 7.9 Descriptive statistics, PLS path 

coefficients 

H5 Overall model validity and predictive 

power 

7.10 AVE, CR, VIF, SRMR, R², Q² 
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This chapter operationalizes the conceptual framework through empirical testing, validating the 

integrated sustainability model and its constructs using field survey data and structural equation 

modelling. 

7.2 VALIDITY TEST 

Table 39: Content Validity Index Results 

S/N Experts Number of 

Valid Items 

Number of 

Items 

CVI Remark 

1 Assessor 1 84 86 0.98  

2 Assessor 2 83 86 0.97  

3 Assessor 3 85 86 0.99  

 Overall   0.98 Acceptable 

Source: Researcher’s Construct, (2025). 

Table 39 presents the content validity index (CVI) results, assessing the validity of the items used 

in the study based on expert evaluations. The CVI measures the proportion of valid items relative 

to the total number of items, with values closer to 1 indicating higher validity (Lynn, 1986). The 

table reflects input from three assessors, each evaluating 86 items. The CVI scores for the 

individual assessors range from 0.97 to 0.99, with Assessor 1 and Assessor 3 reporting the highest 

individual scores (0.98 and 0.99, respectively). These results demonstrate a high level of agreement 

among the experts regarding the relevance and clarity of the items. The overall CVI score of 0.98 

exceeds the acceptable threshold of 0.80, indicating strong content validity for the instrument (Polit 

& Beck, 2006). The high CVI suggests that the items used in the study effectively represent the 

intended constructs, ensuring the robustness of the data collection tool. The findings validate the 

appropriateness of the survey instrument, enhancing its reliability for measuring dimensions 

critical to environmental sustainability in the real estate sector. This robust instrument contributes 

to the credibility of the study’s outcomes and provides a solid foundation for subsequent analyses. 
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The CVI score of 0.98 exceeds the 0.80 threshold recommended by Polit and Beck (2006), 

confirming the instrument’s content validity. This high level of agreement among assessors 

indicates that the items are both relevant and clearly articulated, supporting the instrument’s use 

in structural equation modelling. 

Section 7.2 – Stakeholder-Informed Model Refinement 

The development of the integrated environmental sustainability model was informed not only by 

Delphi consensus and survey validation but also by insights from preliminary stakeholder 

interviews. These interviews provided nuanced understanding of the roles, constraints, and 

motivations of actors within Ghana’s real estate supply chain. For example, developers 

emphasized cost-effectiveness, while financiers highlighted the need for sustainability-linked loan 

products. Regulators pointed to gaps in enforcement and policy coherence. These perspectives 

enriched the model’s stakeholder dimension and reinforced the need for collaborative governance, 

financial innovation, and context-sensitive implementation strategies. 

7.3 RELIABILITY TEST 

Table 40: Composite Reliability for each Construct 
S/N Questionnaire Constructs Composite 

Reliability  

Number 

of Items 

Remark 

2 Key drivers toward environmental management in the 

real estate sector in Ghana 

0.982 20 Reliable  

3 Key challenges to effectively adopting environmental 

management and sustainability practices in the real 

estate sector 

0.987 26 Reliable 

4 Environmental construction technologies that can be 

adopted to enhance sustainability practice in the 

Ghanaian real estate industry 

0.997 20 Reliable 

5 The presence of installed environmental technology 

fixtures 

0.991 20 Reliable 

Source: Field Survey Data (2025) 
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The composite reliability (CR) results for the questionnaire constructs, as presented in Table 40, 

demonstrate the robustness and internal consistency of the measurement instrument used in this 

study. Composite reliability values greater than 0.70 are considered acceptable, with higher values 

reflecting stronger reliability and consistency in capturing the intended constructs (Hair et al., 

2019). All constructs in the study exhibit high CR scores, confirming the reliability of the 

questionnaire in evaluating factors influencing environmental sustainability in the real estate 

sector. The first construct, demographic characteristics, records a CR of 0.786 across five items. 

While this is the lowest score among the constructs, it still meets the acceptable threshold, 

indicating that the questionnaire effectively captures the demographic profiles of respondents. This 

reliability ensures that demographic variables, such as age, education, and professional 

background, are consistently measured. The second construct, Key Drivers Toward Environmental 

Management, achieves a CR of 0.982 across 20 items. This high reliability reflects the precision 

with which the questionnaire identifies and measures factors influencing environmental 

management practices in Ghana's real estate sector. Similarly, the third construct, Key Challenges 

to Sustainability Practices, demonstrates a CR of 0.987 for 26 items, underscoring its reliability in 

capturing the barriers to adopting sustainability practices. The fourth construct, Environmental 

Construction Technologies, achieves the highest CR score of 0.997 with 20 items. This near-

perfect reliability indicates the consistency of the measurement tool in evaluating sustainable 

construction technologies that can enhance environmental practices. The final construct, Installed 

Environmental Technology Fixtures, also records an excellent CR score of 0.991 across 20 items, 

confirming its reliability in assessing the prevalence of environmental technology in real estate 

projects. All constructs demonstrated composite reliability (CR) values well above the 0.70 

benchmark recommended by Hair et al. (2019), indicating strong internal consistency. These 
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results validate the dependability of the measurement model and support its use in hypothesis 

testing.  

The consistently high CR values across all constructs validate the dependability of the 

questionnaire in capturing diverse aspects of environmental sustainability. These results provide a 

robust foundation for analyzing the drivers, challenges, and technological interventions within 

Ghana's real estate sector. The reliability of these constructs ensures the credibility of the findings, 

supporting informed decision-making and policy development in sustainable real estate practices. 

7.4 DEMOGRAPHIC CHARACTERISTICS 

The demographics of respondents are discussed in this section and displayed in Table 41. 

 

Table 41: Demographic characteristics of respondents 
Variable Category Frequency Per cent 

Gender Male 147 53.45  
Female 128 46.55  
Total 275 100 

Age <25 48 17.45  
25–34 56 20.36  
35–44 50 18.18  
45–54 58 21.09  
55+ 63 22.91  
Total 275 100 

Highest Qualification High School 54 19.64  
Diploma 61 22.18  
Undergraduate 48 17.45  
Postgraduate 59 21.45  
PhD 53 19.27  
Total 275 100 

Experience <5 years 62 22.55  
5–10 years 69 25.09  
11–20 years 70 25.45  
21+ years 74 26.91  
Total 275 100 

Area of Work Householder 35 12.73  
Tenant 31 11.27  
Estate Agent 25 9.09  
Investor 23 8.36 
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Lender 33 12.00  
Banker 35 12.73  
Contractor 33 12.00  
EPA 32 11.64  
Local Authorities 28 10.18  
Total 275 100 

Area of Specialization Residential 60 21.82  
Commercial 52 18.91  
Industrial 52 18.91  
Mixed Use 56 20.36  
Other 55 20.00  
Total 275 100 

Professional Affiliation Registered 141 51.27  
Not Registered 134 48.73  
Total 275 100 

Involved in Building/Estate Projects Yes 143 52.00  
No 132 48.00  
Total 275 100 

Source: Researcher’s Construct (2025) 

Table 41 offers insights into the diverse representation within the survey. A total of 275 

respondents participated, reflecting a wide array of backgrounds, qualifications, and experiences 

relevant to the real estate sector. The gender composition revealed a relatively balanced 

representation, with 53.45% of respondents identifying as male and 46.55% as female. This 

balance underscores the increasing inclusion of women in an industry traditionally dominated by 

men, suggesting progress toward gender equity.  

Respondents represented a broad age range, with significant participation from all groups. The 

largest age cohort, 55 years and above, accounted for 22.91%, followed by the 45–54 age group at 

21.09%. Younger participants, those under 25, comprised 17.45%, while those aged 25–34 and 

35–44 constituted 20.36% and 18.18%, respectively. This diversity highlights a blend of emerging 

talent and seasoned expertise within the sector.  

The respondents exhibited varying levels of educational qualifications. Diploma holders 

constituted the largest group at 22.18%, followed closely by those with postgraduate degrees at 
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21.45%. High school graduates and PhD holders accounted for 19.64% and 19.27%, respectively, 

while undergraduates made up 17.45%. This distribution demonstrates a highly educated cohort, 

reflecting the industry’s reliance on technical and academic proficiency.  

The participants’ work experience further illustrates their professional diversity. Respondents with 

over 21 years of experience formed the largest group at 26.91%, followed closely by those with 

11–20 years (25.45%) and 5–10 years (25.09%). Those with less than five years of experience 

made up 22.55%. This indicates substantial participation from both emerging professionals and 

veteran experts. 

The survey encompassed a variety of roles within the industry. Householders and bankers led the 

categories at 12.73% each, followed by lenders and contractors at 12% each. Other areas, including 

estate agents, tenants, and local authorities, represented smaller but significant portions.  

In terms of specialization, residential projects dominated at 21.82%, with mixed-use developments 

close behind at 20.36%. Commercial and industrial projects each constituted 18.91%, reflecting 

the sector’s multi-faceted nature. More than half of the respondents (51.27%) were affiliated with 

professional organizations, while 48.73% were not registered. Furthermore, a majority of 52% 

reported active involvement in building or estate projects, highlighting substantial engagement in 

real estate operations. 

Overall, the demographic profile illustrates a robust representation of individuals across various 

dimensions, including gender, age, education, and experience. This diversity underscores the 

complexity of the real estate sector in Ghana, which draws on a broad spectrum of expertise and 

roles to address its dynamic challenges and opportunities. The inclusion of professionals with 

varied backgrounds reflects the sector’s evolving and inclusive landscape. 
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7.5 KEY DRIVERS TOWARD ENVIRONMENTAL MANAGEMENT IN THE REAL 

ESTATE SECTOR IN GHANA 

This section presents the findings from the field survey, systematically structured to address the 

research objectives of this study. The analysis begins with an examination of the key drivers and 

challenges facing environmental management, directly addressing the study's aim to identify and 

evaluate these factors. Subsequently, the focus shifts to the adoption of environmental construction 

technologies and the presence of installed fixtures, providing empirical data to support the 

development of a practical sustainability model. The results are presented not only as statistical 

outcomes but are also framed within a narrative that connects the quantitative findings to the 

conceptual framework established in earlier chapters. Environmental management in the real estate 

sector is becoming increasingly critical, especially in regions like Ghana, where urbanization and 

development pressure necessitate sustainable practices. Table 42 reveals key drivers influencing 

the adoption of environmental management in the Ghanaian real estate industry, with insights 

supported by mean scores, standard deviations, and responses from 275 participants. 

 

Table 42: Descriptive Statistics on Key Drivers toward Environmental Management in the 

Real Estate Sector in Ghana 

Statements Mean Standard 

Deviation 

N 

Selecting the right construction team is vital in enhancing environmental 

performance. 

4.2 0.6 275 

Environmental issues such as energy efficiency, waste management, and 

greenhouse gas reduction are important considerations. 

4.5 0.5 275 

The organization's access to product innovation and process innovation improves 

environmental performance. 

4.1 0.7 275 

Corporate social responsibility initiatives motivate real estate companies to 

implement environmental management practices. 

4.3 0.6 275 

Environmental regulations imposed by the government encourage the adoption of 

eco-friendly practices. 

4.4 0.5 275 
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Statements Mean Standard 

Deviation 

N 

External stakeholders, such as government authorities and society have a 

significant level of influence and decision-making in the real estate industry 

development. 

4.2 0.6 275 

Government support and funding for research and development of sustainable real 

estate technologies would significantly encourage their adoption of environmental 

sustainability practices. 

4.5 0.5 275 

Factors like employee competency and financial resources would significantly 

impact environmental sustainability in the industry. 

4.3 0.6 275 

The availability of financial incentives would encourage real estate companies to 

adopt environmentally friendly practices. 

4.1 0.7 275 

Market demand and technological advancements drive the adoption of sustainable 

practices in the real estate industry. 

4.4 0.5 275 

Consumer demand for sustainable buildings drives real estate companies to 

prioritize environmental management practices. 

4.3 0.6 275 

Social factors, such as public awareness and promotion of health and safety would 

significantly influence environmental practices in real estate. 

4.2 0.6 275 

The real estate industry can learn from the environmental practices implemented 

in other industries. 

4.1 0.7 275 

Networking and collaboration among different professionals would enhance key 

stakeholder experiences to contribute to environmental management good 

practice. 

4.3 0.6 275 

Integrating sustainable building materials and technologies would enhance the 

market competitiveness of real estate projects in Ghana. 

4.5 0.5 275 

Sustainable building certifications (e.g., EDGE, LEED, and BREEAM) are 

considered key drivers for real estate companies to pursue environmentally 

friendly practices. 

4.4 0.5 275 

Collaborative partnerships with environmental organizations promote the adoption 

of sustainable practices in the real estate industry. 

4.2 0.6 275 

Industry recognition and awards for environmental management practices would 

motivate real estate companies to strive for sustainability practices. 

4.3 0.6 275 

Employee and stakeholder awareness and education programs on sustainability 

would promote the implementation of environmental management practices 

among real estate stakeholders. 

4.4 0.5 275 

Overall 4.3 0.58 275 

Min =1, Max = 5. Source: Author’s computations, SPSS 22. 

 

According to Table 42, one of the most significant drivers identified is the emphasis on 

environmental issues such as energy efficiency, waste management, and greenhouse gas reduction, 

which scored the highest mean (4.5) and low variability (SD = 0.5). This highlights strong 

consensus among respondents about the importance of these issues in enhancing environmental 

performance.  
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Similarly, government support for research and development in sustainable real estate technologies 

also scored a mean of 4.5, further emphasizing the role of technological advancements and 

innovation in promoting sustainability. Government regulations and sustainable building 

certifications such as EDGE, LEED, and BREEAM emerged as other crucial drivers, both scoring 

a mean of 4.4 with low standard deviations. These factors highlight the influence of formal 

frameworks and policies in guiding eco-friendly practices within the industry. Market demand and 

consumer preferences also play a significant role, with market demand for technological 

advancements (mean = 4.4) and consumer interest in sustainable buildings (mean = 4.3) driving 

the adoption of green practices. These results align with global trends where consumer awareness 

and preferences are pivotal in shaping corporate environmental strategies.  

The role of human resources and collaboration is equally noteworthy. Employee competency and 

financial resources (mean = 4.3) underline the importance of having skilled personnel and 

sufficient funding for implementing environmental management effectively. Stakeholder 

awareness and education programs (mean = 4.4) further emphasize the need to engage and inform 

those involved in the real estate ecosystem.  

Collaborative efforts, such as networking among professionals and partnerships with 

environmental organizations, also play a significant role (mean = 4.2–4.3), highlighting the value 

of shared expertise and collective action in advancing sustainability goals. Moderate emphasis is 

placed on innovation and learning, with access to product and process innovation scoring a mean 

of 4.1. Similarly, the ability to learn from environmental practices in other industries (mean = 4.1, 

SD = 0.7) suggests potential for cross-sectoral knowledge transfer. While these areas show slightly 

higher variability, they remain important for driving industry progress. 
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Overall, with an average mean of 4.3 and a standard deviation of 0.58, the findings suggest a robust 

consensus on the critical drivers of environmental management in Ghana’s real estate sector. 

Prioritizing regulatory support, technological advancements, consumer-driven demand, and 

collaborative efforts is essential for advancing sustainability in the industry. These insights 

underscore the need for integrated strategies to address environmental challenges effectively. 

7.6 KEY CHALLENGES TO EFFECTIVELY ADOPTING ENVIRONMENTAL 

MANAGEMENT AND SUSTAINABILITY PRACTICES IN THE REAL ESTATE 

SECTOR 

Several critical challenges hinder the adoption of environmental management and sustainability 

practices in Ghana’s real estate sector. Table 43 provides valuable insights into these issues, as 

reflected by the mean scores and standard deviations derived from a sample size of 275 

respondents. 

Table 43: Descriptive Statistics on the Key Challenges to Effectively Adopt Environmental 

Management and Sustainability Practices in the Real Estate Sector 
Statements Mean Standard Deviation N 

There is a lack of awareness and understanding of 

environmental management practices among the real 

estate stakeholders in Ghana. 

4.3 0.6 275 

The high cost of incorporating environmentally friendly 

practices is a barrier in the real estate industry in Ghana. 

4.5 0.5 275 

The enforcement of environmental regulations is 

inadequate in the real estate industry in Ghana. 

4.2 0.6 275 

The lack of standardization in environmental 

management practices hinders its adoption in the real 

estate industry in Ghana. 

4.4 0.5 275 

Inadequate infrastructure limits the implementation of 

environmentally friendly practices in the real estate 

industry in Ghana. 

4.3 0.6 275 

Limited access to financing impedes the adoption of 

environmental management practices in the real estate 

industry. 

4.5 0.5 275 

There is a lack of technical expertise to effectively 

implement environmental management practices in in 

the real estate industry. 

4.2 0.6 275 
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Most real estate professionals lack awareness and 

understanding of sustainability issues within real estate 

industry and development. 

4.4 0.5 275 

The lack of financial incentives discourages the adoption 

of sustainable real estate practices in Ghana real estate 

industry. 

4.3 0.6 275 

The absence of regulatory support hampers the 

development of sustainable real estate in Ghana. 

4.5 0.5 275 

There is a lack of incentives for developers to adopt 

environmentally friendly practices in Ghana real estate 

industry. 

4.2 0.6 275 

Limited funding and slow policy reforms are challenges 

towards implementing environmental sustainability in 

Ghana real estate. 

4.4 0.5 275 

The real estate industry faces difficulties in acquiring 

developable land in urban areas in Ghana. 

4.3 0.6 275 

The lack of clear land titles poses a challenge to 

environmental management. 

4.4 0.5 275 

The limited access to long-term and low-cost funding 

channels. 

4.3 0.6 275 

There are liquidity issues and piling debt affecting 

environmental management practices in Ghana real 

estate industry. 

4.4 0.5 275 

Higher rates of statutory fees and taxes pose challenges 

in environmental management in Ghana real estate 

industry. 

4.5 0.5 275 

The lack of environmental regulations in the industry 

contributes to unsustainable practices. 

4.2 0.6 275 

There is a lack of environmental awareness among 

stakeholders in the real estate industry in Ghana. 

4.3 0.6 275 

Inefficient building management results in high 

environmental impact and costs. 

4.4 0.5 275 

The lack of sustainable building materials hinders 

environmental management practices. 

4.5 0.5 275 

The lack of data on energy consumption, water usage, 

and waste management is a challenge towards achieving 

environmental sustainability in real estate industry. 

4.2 0.6 275 

The lack of standardized on environmental management 

systems affects the real estate industry in Ghana. 

4.3 0.6 275 

Real estate professionals lack awareness and expertise 

knowledge of environmental sustainability issues. 

4.4 0.5 275 

The adoption of green building practices is limited in the 

real estate industry in Ghana. 

4.5 0.5 275 

The Ghana real estate industry lacks effective 

environmental policies and regulations. 

4.3 0.6 275 

Overall 4.35 0.55 275 

Min = 1, Max = 5 

Source: Author’s computations, SPSS, 22. 
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According to Table 43, one of the most pressing challenges identified is the high cost of 

incorporating environmentally friendly practices, which scored a mean of 4.5 with a low standard 

deviation of 0.5. This indicates a strong consensus among respondents regarding the financial 

barriers to sustainability. Similarly, limited access to financing and the lack of financial incentives 

(mean = 4.5, SD = 0.5) further highlight the economic constraints facing the sector. “High interest 

rates make it hard for smaller developers to access green loans, even when they want to build 

sustainably.”  According to the Financial Institution Representatives. These findings underscore 

the importance of economic support, such as subsidies or incentives, to facilitate the transition to 

sustainable practices (Darko et al., 2018). Another significant issue is the absence of effective 

regulatory frameworks, with statements such as “The absence of regulatory support hampers the 

development of sustainable real estate in Ghana” and “The lack of environmental regulations in 

the industry contributes to unsustainable practices” scoring means of 4.5 and 4.2, respectively. 

These results suggest a need for stringent and enforceable policies to promote eco-friendly 

practices. Without such regulations, unsustainable construction methods will likely persist, 

hindering progress toward environmental management (Afum et al., 2020). Awareness and 

expertise also emerged as critical challenges. Statements like “There is a lack of awareness and 

understanding of environmental management practices among stakeholders” (mean = 4.3, SD = 

0.6) and “Real estate professionals lack awareness and expertise” knowledge of environmental 

sustainability issues” (mean = 4.4, SD = 0.5) reveal a gap in education and training. This lack of 

“expertise limits the effective implementation of sustainability measures and calls for capacity-

building initiatives (Darko and Chan, 2018). Infrastructure and resource limitations are other 

notable barriers. Inadequate infrastructure (mean = 4.3, SD = 0.6) and the scarcity of sustainable 

building materials (mean = 4.5, SD = 0.5) impede the adoption of green technologies. Additionally, 
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the lack of standardization in EMS (mean = 4.4) highlights the absence of cohesive frameworks 

guiding industry practices. Overall, the data reveals a high level of agreement on these challenges, 

as evidenced by the overall mean of 4.35 and standard deviation of 0.55. The findings emphasize 

that addressing economic barriers, regulatory gaps, and knowledge deficiencies is crucial for 

achieving sustainable development in Ghana’s real estate sector. Strategic interventions, including 

government support, public-private partnerships, and industry education, are essential for 

overcoming these hurdles and fostering a more sustainable industry. These insights align with 

global trends advocating comprehensive frameworks to address sustainability challenges in 

construction. 

7.7 ENVIRONMENTAL CONSTRUCTION TECHNOLOGIES THAT CAN BE 

ADOPTED TO ENHANCE SUSTAINABILITY PRACTICE IN THE GHANAIAN REAL 

ESTATE INDUSTRY 

The adoption of environmental construction technologies plays a pivotal role in advancing 

sustainability in Ghana’s real estate sector. Table40 highlights critical technologies, evaluating 

their perceived effectiveness and variability based on a survey of 275 respondents. 

Table 44: Descriptive Statistics on Environmental Construction Technologies That Can Be 

Adopted to Enhance Sustainability Practice in the Ghanaian Real Estate Industry 
Statements Mean Standard 

Deviation 

N 

Smart building management systems can optimize energy 

use, reduce energy waste, and monitor building 

performance in real time. 

4.5 0.5 275 

Energy-efficient lighting such as LED lighting can be used 

to reduce energy consumption and improve the efficiency 

of lighting systems. 

4.6 0.4 275 

Renewable energy technologies, such as solar panels and 

wind turbines, can be adopted for the real estate sector to 

enhance sustainability in Ghana. 

4.4 0.5 275 
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Water conservation technologies, such as low-flow fixtures 

and water recycling systems, can be installed to reduce 

water usage and promote sustainability. 

4.5 0.5 275 

The use of green building materials, such as recycled steel, 

bamboo, and reclaimed wood, can help reduce the 

environmental impact of building construction. 

4.4 0.5 275 

 

Prefabrication can help reduce waste, improve quality 

control, and minimize construction time in the real estate 

industry. 

4.5 0.4 275 

Installing electric vehicle charging stations can encourage 

the use of electric vehicles and reduce greenhouse gas 

emissions. 

4.3 0.6 275 

The use of environmentally friendly building materials, 

such as recycled materials and non-toxic paints and 

finishes, is important for sustainable construction. 

4.5 0.5 275 

Green roofs can provide multiple benefits, including 

reducing heat absorption, improving air quality, and 

supporting wildlife habitat. 

4.4 0.5 275 

Solar photovoltaic systems contribute to renewable energy 

generation and reduce greenhouse gas emissions. 

4.6 0.4 275 

Rainwater harvesting systems help conserve water 

resources and reduce dependency on traditional water 

supply systems. 

4.5 0.5 275 

Integrating green infrastructure elements, such as permeable 

pavements and bio-retention systems, improves stormwater 

management would enhance sustainability and promotes 

biodiversity in Ghana. 

4.4 0.5 275 

Building designs that optimize natural lighting, and 

ventilation would contribute to energy efficiency and 

occupant comfort in Ghana real estate industry. 

4.5 0.4 275 

The use of building automation systems can enhance energy 

efficiency and provide improved control over energy 

consumption in Ghana real estate industry. 

4.4 0.5 275 

Incorporating efficient waste management practices, 

including recycling and waste reduction strategies, is 

crucial for sustainable construction. 

4.6 0.4 275 

Sustainable transportation and mobility solutions should be 

considered in real estate developments to reduce 

environmental impacts. 

4.5 0.5 275 

The integration of Internet of Things (IoT) devices and 

sensors will enhance and improves monitoring and control 

of environmental factors in building sustainable 

maintenance in Ghana real estate industry. 

4.4 0.5 275 

Building information modelling (BIM) technologies would 

facilitate effective planning and resource management in 

real estate development in Ghana. 

4.6 0.4 275 

The use of sustainable landscaping and green spaces would 

contribute to environmental sustainability in the real estate 

industry. 

4.5 0.5 275 
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Waste reduction and recycling measures should be 

integrated into construction processes in the real estate 

sector to enhance sustainability in Ghana. 

4.4 0.5 275 

Overall 4.47 0.48 275 

Min = 1, Max = 5 

Source: Author’s contribution, SPSS, 22 

 

According to Table 44, several technologies emerged as highly effective in enhancing 

sustainability. Energy-efficient lighting systems, such as LEDs, garnered the highest mean score 

of 4.6 with a standard deviation of 0.4, indicating strong consensus on their importance. Solar 

photovoltaic systems, building information modelling (BIM) technologies, and efficient waste 

management practices also scored a mean of 4.6 (SD = 0.4), emphasizing their transformative 

potential. These technologies address energy efficiency, resource optimization, and waste 

reduction—three critical aspects of sustainable construction (Afum et al., 2020). Smart building 

management systems and water conservation technologies also received high ratings (mean = 4.5, 

SD = 0.5).  

These systems enable real-time monitoring of building performance and resource consumption, 

helping reduce environmental impact. Similarly, prefabrication techniques (mean = 4.5, SD = 0.4) 

were highlighted for their ability to minimize construction waste and time while improving quality, 

reflecting the growing preference for innovative construction methods (Darko et al., 2018). 

Technologies like green roofs, sustainable building materials, and rainwater harvesting systems 

received mean scores of 4.4–4.5, with low standard deviations, showcasing consistent recognition 

of their benefits. Green roofs, for example, provide insulation, reduce urban heat, and support 

biodiversity, making them valuable for urban developments.  

The use of recycled and non-toxic materials also aligns with global trends advocating for eco-

friendly construction practices (Richter et al., 2022). While most technologies scored highly, 

electric vehicle (EV) charging stations (mean = 4.3, SD = 0.6) showed slightly greater variability, 
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reflecting diverse opinions on their current applicability. This could stem from infrastructural or 

market readiness challenges in Ghana, where EV adoption is still in nascent stages. Additionally, 

IoT-based monitoring systems (mean = 4.4, SD = 0.5) and green infrastructure like bio-retention 

systems (mean = 4.4, SD = 0.5) highlight opportunities for further integration. The overall mean 

score of 4.47 and a low standard deviation of 0.48 underscore widespread agreement with the 

importance of these technologies in enhancing sustainability. These findings suggest that 

stakeholders recognize the value of adopting a mix of energy-saving, water-efficient, and 

innovative construction technologies. However, the successful implementation of these systems 

requires supportive policies, financing mechanisms, and capacity building among industry 

professionals.  

The adoption of these technologies offers Ghana’s real estate sector a clear pathway to 

sustainability. Prioritizing high-impact technologies like BIM, solar photovoltaics, and LED 

systems, coupled with addressing challenges in EV infrastructure and IoT adoption, can position 

the sector as a leader in environmental sustainability practices. The findings on technology 

adoption do not exist in isolation but are a direct reflection of the conceptual pillars identified in 

the Delphi study. The high mean scores for energy-efficient lighting, solar panels, and water 

conservation technologies reinforce the consensus from the expert panel on the importance of these 

five pillars: energy efficiency, water conservation, waste management, green building materials, 

and pollution control. The survey results empirically validate the expert opinions, showing that 

these concepts are not just theoretical but are recognized and, to a certain extent, implemented 

within the real estate sector. This powerful link between expert opinion and field data solidifies 

the foundation for the environmental sustainability model proposed in this research. 

7.7.1 Subgroup Analysis of Stakeholder Perceptions 
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A comparative subgroup analysis, conducted to uncover variations in stakeholder perceptions, 

provided a more nuanced understanding of the factors influencing environmental sustainability. 

The analysis revealed distinct priorities among the key stakeholder groups. For example, 

Governance & Regulations received its highest emphasis from government agencies (4.7), 

underscoring their role in compliance and policy enforcement, while Financial & Competitive 

Incentives ranked highest among developers (4.6) and financiers (4.7), reflecting their economic 

orientation. Awareness & Education gaps were most pronounced among contractors (4.5) and 

householders (4.6), indicating a need for targeted capacity building. Material & Resource 

Constraints, particularly the high cost and limited availability of sustainable materials, were 

universally rated as major challenges (4.4–4.6), highlighting the importance of cost-reduction 

measures and local sourcing. 

Table 45: Subgroup Analysis of Stakeholder Perceptions 

Factor All 

Responden

ts (N=275) 

Develope

rs (n=42) 

Governme

nt 

Agencies 

(n=60) 

Financie

rs (n=38) 

Contracto

rs (n=50) 

Householde

rs (n=40) 

Key Drivers (Mean Score) 

Governance 

& 

Regulations 

4.5 4.3 4.7 4.4 4.5 4.4 

Market & 

Consumer 

Demand 

4.4 4.5 4.3 4.4 4.4 4.4 

Financial & 

Competitive 

Incentives 

4.4 4.6 4.1 4.7 4.4 4.3 

Workforce & 

Resources 

4.3 4.3 4.2 4.4 4.3 4.2 

Awareness & 

Education 

4.3 4.2 4.1 4.2 4.5 4.6 

Certifications 

& Industry 

Recognition 

4.3 4.4 4.2 4.4 4.3 4.2 

Innovation & 

Technology 

4.4 4.4 4.3 4.5 4.4 4.3 
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Collaboratio

n & 

Partnerships 

4.3 4.3 4.4 4.3 4.3 4.2 

Key Challenges (Mean Score) 

Awareness & 

Knowledge 

Gaps 

4.3 4.2 4.1 4.2 4.5 4.6 

Financial 

Constraints 

4.5 4.5 4.4 4.6 4.5 4.5 

Regulatory & 

Policy 

Challenges 

4.4 4.3 4.6 4.3 4.4 4.3 

Standardizati

on Issues 

4.3 4.3 4.4 4.3 4.3 4.2 

Infrastructure 

Limitations 

4.3 4.3 4.2 4.4 4.3 4.3 

Technical & 

Expertise 

Gaps 

4.3 4.3 4.2 4.4 4.4 4.3 

Material & 

Resource 

Constraints 

4.5 4.4 4.5 4.5 4.6 4.6 

Min = 1, Max = 5. Source: Author's Field Survey (2025) 

7.7.2 Interpretation of Comparative Findings 

The subgroup analysis in Table 45 highlights the heterogeneous nature of stakeholder priorities 

and challenges in advancing environmental sustainability within Ghana’s real estate sector. 

Government agencies’ strong scores for Governance & Regulations (4.7) highlight their regulatory 

role, while developers and financiers emphasize Financial & Competitive Incentives (4.6 and 4.7) 

as their main motivators. Market & Consumer Demand scored consistently high across all groups, 

reflecting the importance of aligning sustainability with market trends. Among challenges, 

Awareness & Knowledge Gaps remain significant for contractors (4.5) and householders (4.6), 

while Financial Constraints and Material & Resource Constraints are universally rated above 4.4, 

indicating systemic barriers. “We inspect projects for compliance, but without more funding and 

digital tools, enforcement is patchy.” According to District Assembly Officials. These findings 
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reinforce the need for tailored strategies: regulatory strengthening for government actors, 

economic incentives for private investors, and targeted training for technical and end-user groups. 

7.8 THE PRESENCE OF INSTALLED ENVIRONMENTAL TECHNOLOGY 

FIXTURES 

The presence of environmental technology fixtures plays a critical role in ensuring sustainable 

development and operational efficiency in real estate facilities. Table 46 highlights key aspects of 

these fixtures based on their presence and perceived effectiveness, as reflected by mean scores and 

standard deviations from a sample of 275 respondents. 

Table 46: Descriptive statistics on the presence of installed environmental technology 

fixtures 
Statements Mean Standard 

Deviation 

N 

The drainage system 4.2 0.6 275 

The garbage and waste collection 4.3 0.5 275 

The fire protection services 4.1 0.7 275 

Electricity supply 4.4 0.5 275 

Water supply 4.5 0.4 275 

Telephone service 4.2 0.6 275 

Wall system 4.3 0.5 275 

Floor system 4.2 0.6 275 

Roofing 4.4 0.5 275 

External construction works 4.3 0.6 275 

Internal construction works 4.2 0.7 275 

Window system 4.3 0.5 275 

Door’s system 4.1 0.6 275 

Internal finishing 4.4 0.5 275 

External finishing 4.3 0.5 275 

Plumbing fixtures 4.5 0.4 275 

Parking 4.2 0.6 275 

Transportation 4.3 0.5 275 

Walkways 4.4 0.5 275 

Landscaping 4.5 0.4 275 

Overall 4.31 0.53 275 

Min = 1, Max = 5 



229 

 

Source: Author’s computations, SPSS, 22 

According to Table 46, several fixtures received high ratings, indicating their widespread presence 

and perceived utility. The water supply system and plumbing fixtures achieved the highest mean 

scores of 4.5 with a low standard deviation of 0.4, signifying a strong consensus on their adequacy 

and effectiveness. Landscaping also scored a mean of 4.5 (SD = 0.4), underscoring the importance 

of green spaces in enhancing environmental sustainability and aesthetics. These findings align with 

global practices that emphasize water resource management and green infrastructure for 

environmental sustainability (Afum et al., 2020). Electricity supply, roofing, internal finishing, 

and walkways each scored a mean of 4.4 with a standard deviation of 0.5, further reinforcing their 

essential roles in providing functional and sustainable building environments. These elements 

contribute to the operational efficiency and safety of real estate facilities, emphasizing the need 

for high-quality construction standards and reliable utilities (Darko et al., 2018). Fixtures such as 

garbage and waste collection systems, wall systems, external construction works, and 

transportation infrastructure received mean scores ranging from 4.2 to 4.3 with standard deviations 

between 0.5 and 0.6. These ratings suggest that while these features are present, there may be 

variability in their implementation or effectiveness. For instance, waste management systems are 

crucial for sustainability but may require more consistent application across facilities to maximize 

their impact (Richter et al., 2022). Fixtures with relatively lower ratings, such as fire protection 

services and door systems (mean = 4.1, SD = 0.6–0.7), highlight potential areas for improvement. 

Fire protection systems are essential for safety and risk mitigation, and their slightly higher 

standard deviation indicates variability in their adequacy. This suggests the need for enhanced 

regulatory enforcement and standardization to ensure comprehensive safety measures across all 

facilities. 
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The overall mean score of 4.31 and standard deviation of 0.53 reflect a generally high level of 

presence and adequacy of environmental technology fixtures in the surveyed facilities. However, 

variability in certain areas, such as fire protection, waste collection, and transportation systems, 

suggests opportunities for improvement. Addressing these gaps can enhance the sustainability and 

functionality of real estate developments. The findings indicate that while most environmental 

technology fixtures are adequately installed, targeted improvements in specific areas, such as fire 

safety and waste management, could further bolster sustainability and safety standards. Strategic 

investments and standardized policies can ensure these fixtures' consistent presence and 

performance in Ghana’s real estate sector. 

7.9 AN INTEGRATED ENVIRONMENTAL SUSTAINABILITY MODEL FOR THE 

GHANAIAN REAL ESTATE INDUSTRY 

The PLS-SEM (Partial Least Squares Structural Equation Modelling) model provides a 

comprehensive framework for analyzing the critical factors contributing to environmental 

sustainability in Ghana's real estate industry. This model categorizes variables into five primary 

constructs: Green Building Materials, Waste Management, Water Conservation, Air Quality and 

Pollution Control, and Energy Efficiency. Each construct is measured by multiple indicators 

(observed variables), showcasing their relationship to the broader sustainability framework. 
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Figure 8: Integrated Environmental Sustainability Model for Ghana’s Real Estate Sector (PLS-SEM Output)  
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The construct for green building materials includes indicators like GBM1 through GBM16, with factor loadings ranging from 

approximately 0.70 to 0.82. These high loadings indicate a strong correlation between the indicators and the latent variable, suggesting 

that stakeholders in Ghana’s real estate industry recognize the importance of sustainable materials like recycled steel, bamboo, and non-

toxic finishes. Green materials (such as low-emission, and recycled building materials) not only reduce environmental impact but also 

contribute to long-term cost efficiency and regulatory compliance (Afum et al., 2020). 

The waste management construct highlights indicators (WM1–WM16) with loadings between 0.72 and 0.82, signifying its critical role 

in sustainability. Effective waste management strategies, such as recycling and minimizing construction waste, are fundamental to 

reducing environmental degradation. The model implies that Ghanaian real estate developers prioritize practices like material reuse and 

waste segregation to align with global sustainability standards (Darko et al., 2018). 

WC1 to WC16 represent water conservation, with factor loadings in the range of 0.70 to 0.82. This construct underscores the adoption 

of technologies like rainwater harvesting systems, low-flow fixtures, and wastewater recycling. These practices address water scarcity 

and enhance operational efficiency in real estate projects. High loadings indicate that water conservation is an essential driver of 

sustainable construction in Ghana (Richter et al., 2022). 

Air quality and pollution control constructs (AQ1–AQ16) reflect the industry’s focus on reducing emissions and maintaining a healthy 

environment within urban developments. Indicators with factor loadings above 0.70 emphasize implementing ventilation systems, air 
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purification technologies, and pollution mitigation measures. As air quality directly impacts public health and property value, its 

inclusion signifies the growing awareness of sustainable urban planning (Niza et al., 2023). 

Energy efficiency (EE1–EE16) has factor loadings ranging between 0.71 and 0.83, emphasizing the importance of energy-efficient 

designs and technologies in real estate development. Features like LED lighting, intelligent building systems, and renewable energy 

integration are critical in reducing energy consumption and greenhouse gas emissions. The model indicates that energy efficiency is 

central to achieving sustainability goals in Ghana’s real estate sector (Afum et al., 2020). 

The interconnections between these constructs, as indicated by their pathways and loadings, highlight the integrated nature of 

sustainability practices. For example, green building materials and energy efficiency are closely linked, as sustainable materials often 

enhance thermal efficiency. Similarly, water conservation and waste management are interdependent, reflecting the holistic approach 

needed for sustainability. 

The integrated environmental sustainability model demonstrates a well-structured approach to addressing Ghana’s real estate challenges. 

The high factor loadings across constructs validate the relevance of the selected indicators. To achieve sustainability, industry 

stakeholders must adopt a synergistic approach that leverages green materials (such as low-emission and recycled building materials), 

efficient waste management, water conservation, pollution control, and energy-efficient technologies. These constructs form a robust 

framework for guiding sustainable Ghanaian real estate development practices. 
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7.10 THE VALIDITY OF THE CONCEPTUALISED INTEGRATED ENVIRONMENTAL SUSTAINABILITY MODEL FOR 

THE GHANAIAN REAL ESTATE INDUSTRY 

Table 47 provides a detailed evaluation of the internal consistency reliability and validity for a conceptualized sustainability model, 

focusing on five latent variable constructs: energy efficiency, water conservation, waste management, green building materials, and air 

quality and pollution control. Each construct is measured by multiple observed variables, with factor loadings, reliability metrics, and 

variance inflation factors (VIF), underscoring the model's robustness. 

Table 47: Internal consistency reliability and validity for the second model 
Latent Variable 

Constructs 

Coding Measurement Variables Factor 

Loadings 

pA Cronbach 

Alpha 

Composite 

Reliability 

AVE VIF 

Energy Efficiency EE1 Application of energy-

efficient lighting systems 

0.7 0.8 0.9 0.92 0.67 1.1 

 EE2 Application of energy-

efficient windows 

0.73 0.82 0.91 0.91 0.68 1.12 

 EE3 Application of energy-

efficient HVAC systems 

0.76 0.84 0.89 0.9 0.65 1.14 

 EE4 Use of energy-efficient 

appliances (e.g., 

refrigerators) 

0.79 0.86 0.92 0.94 0.7 1.16 

 EE5 Application of solar 

technology to generate 

electricity 

0.82 0.88 0.88 0.91 0.65 1.18 

 EE6 Installation of rooftop 

wind turbines for 

electricity generation 

0.7 0.8 0.9 0.92 0.67 1.1 

 EE7 Integration of natural 

lighting with electric 

lighting technology 

0.73 0.82 0.91 0.91 0.68 1.12 
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Table 47:  Internal consistency reliability and validity for the second model (continued) 

Latent Variable 

Constructs 

Coding Measurement Variables Factor 

Loadings 

pA Cronbach 

Alpha 

Composite 

Reliability 

AVE VIF 

 EE8 Application of solar 

water heating technology 

0.76 0.84 0.89 0.9 0.65 1.14 

 EE9 Use of solar shading 

devices for energy 

conservation 

0.79 0.86 0.92 0.94 0.7 1.16 

 EE10 Implementation of 

ground source heat pump 

technology 

0.82 0.88 0.88 0.91 0.65 1.18 

 EE11 Use of building 

orientation and 

configuration 

optimization 

0.7 0.8 0.9 0.92 0.67 1.1 

 EE12 Application of natural 

ventilation for cooling 

0.73 0.82 0.91 0.91 0.68 1.12 

 EE13 Installation of energy 

monitoring systems 

0.76 0.84 0.89 0.9 0.65 1.14 

 EE14 Use of high-efficiency 

insulation materials 

0.79 0.86 0.92 0.94 0.7 1.16 

 EE15 Incorporation of smart 

thermostats 

0.82 0.88 0.88 0.91 0.65 1.18 

 EE16 Deployment of energy 

recovery ventilation 

systems 

0.7 0.8 0.9 0.92 0.67 1.1 

Water 

Conservation 

WC1 Use of low-flow 

showerheads 

0.73 0.82 0.91 0.91 0.68 1.12 

 WC2 Installation of low-flush 

toilets 

0.76 0.84 0.89 0.9 0.65 1.14 

 WC3 Rainwater harvesting 

systems 

0.79 0.86 0.92 0.94 0.7 1.16 

 WC4 Greywater recycling 

systems 

0.82 0.88 0.88 0.91 0.65 1.18 
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Table 47 Internal consistency reliability and validity for the second model (continued) 

Latent Variable 

Constructs 

Codin

g 

Measurement Variables Factor 

Loading

s 

pA Cronbach 

Alpha 

Composite 

Reliability 

AVE VIF 

 WC5 Installation of water-

efficient faucets 

0.7 0.8 0.9 0.92 0.67 1.1 

 WC6 Use of drought-resistant 

landscaping 

0.73 0.82 0.91 0.91 0.68 1.12 

 WC7 Leak detection and repair 

systems 

0.76 0.84 0.89 0.9 0.65 1.14 

 WC8 Smart irrigation systems 0.79 0.86 0.92 0.94 0.7 1.16 

 WC9 Recycling and reusing 

stormwater 

0.82 0.88 0.88 0.91 0.65 1.18 

 WC10 Installation of drip 

irrigation systems 

0.7 0.8 0.9 0.92 0.67 1.1 

 WC11 Water metering and 

monitoring 

0.73 0.82 0.91 0.91 0.68 1.12 

 WC12 Water-efficient 

dishwashers 

0.76 0.84 0.89 0.9 0.65 1.14 

 WC13 Water-efficient washing 

machines 

0.79 0.86 0.92 0.94 0.7 1.16 

 WC14 Use of permeable 

pavements 

0.82 0.88 0.88 0.91 0.65 1.18 

 WC15 Water-saving educational 

programs 

0.7 0.8 0.9 0.92 0.67 1.1 

 WC16 Incorporation of green 

roofs for water retention 

0.73 0.82 0.91 0.91 0.68 1.12 

Waste 

Management 

WM1 On-site waste segregation 0.76 0.84 0.89 0.9 0.65 1.14 

 WM2 Composting of organic 

waste 

0.79 0.86 0.92 0.94 0.7 1.16 
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Table 47 Internal consistency reliability and validity for the second model (continued) 

Latent 

Variable 

Constructs 

Coding Measurement 

Variables 

Factor 

Loadings 

pA Cronbach 

Alpha 

Composite 

Reliability 

AVE VIF 

 WM3 Recycling of 

construction materials 

0.82 0.88 0.88 0.91 0.65 1.18 

 WM4 Use of recycled 

construction materials 

0.7 0.8 0.9 0.92 0.67 1.1 

 WM5 Implementation of 

waste reduction 

programs 

0.73 0.82 0.91 0.91 0.68 1.12 

 WM6 Training programs on 

waste management 

0.76 0.84 0.89 0.9 0.65 1.14 

 WM7 Waste audit and 

monitoring 

0.79 0.86 0.92 0.94 0.7 1.16 

 WM8 Adoption of reusable 

building materials 

0.82 0.88 0.88 0.91 0.65 1.18 

 WM9 Use of eco-friendly 

packaging materials 

0.7 0.8 0.9 0.92 0.67 1.1 

 WM10 Construction debris 

recycling 

0.73 0.82 0.91 0.91 0.68 1.12 

 WM11 Hazardous waste 

management protocols 

0.76 0.84 0.89 0.9 0.65 1.14 

 WM12 Energy recovery from 

waste 

0.79 0.86 0.92 0.94 0.7 1.16 

 WM13 Installation of waste 

bins at strategic 

locations 

0.82 0.88 0.88 0.91 0.65 1.18 

 WM14 Contracting with 

certified waste disposal 

services 

0.7 0.8 0.9 0.92 0.67 1.1 

 WM15 Waste-to-energy 

conversion technology 

0.73 0.82 0.91 0.91 0.68 1.12 
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Table 47 Internal consistency reliability and validity for the second model (continued) 

Latent 

Variable 

Constructs 

Coding Measurement Variables Factor 

Loadings 

pA Cronbach 

Alpha 

Composite 

Reliability 

AVE VIF 

 WM16 Public awareness 

campaigns on waste 

reduction 

0.76 0.84 0.89 0.9 0.65 1.14 

Green Building 

Materials 

GBM1 Use of recycled steel 0.79 0.86 0.92 0.94 0.7 1.16 

 GBM2 Application of bamboo 

as a sustainable material 

0.82 0.88 0.88 0.91 0.65 1.18 

 GBM3 Use of reclaimed wood 0.7 0.8 0.9 0.92 0.67 1.1 

 GBM4 Incorporation of low-

VOC paints 

0.73 0.82 0.91 0.91 0.68 1.12 

 GBM5 Utilization of recycled 

concrete aggregates 

0.76 0.84 0.89 0.9 0.65 1.14 

 GBM6 Use of recycled plastic in 

construction 

0.79 0.86 0.92 0.94 0.7 1.16 

 GBM7 Application of fly ash in 

concrete 

0.82 0.88 0.88 0.91 0.65 1.18 

 GBM8 Use of sustainably 

sourced timber 

0.7 0.8 0.9 0.92 0.67 1.1 

 GBM9 Incorporation of straw 

bales for insulation 

0.73 0.82 0.91 0.91 0.68 1.12 

 GBM10 Use of rammed earth 

construction 

0.76 0.84 0.89 0.9 0.65 1.14 

 GBM11 Application of cellulose 

insulation from recycled 

paper 

0.79 0.86 0.92 0.94 0.7 1.16 

 GBM12 Use of green roofing 

materials 

0.82 0.88 0.88 0.91 0.65 1.18 

 GBM13 Installation of cork 

flooring 

0.7 0.8 0.9 0.92 0.67 1.1 
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Table 47 Internal consistency reliability and validity for the second model (continued) 

Latent 

Variable 

Constructs 

Coding Measurement Variables Factor 

Loadings 

pA Cronbach 

Alpha 

Composite 

Reliability 

AVE VIF 

 GBM14 Use of sheep wool 

insulation 

0.73 0.82 0.91 0.91 0.68 1.12 

 GBM15 Incorporation of low-

emissivity glass 

0.76 0.84 0.89 0.9 0.65 1.14 

 GBM16 Use of non-toxic, 

biodegradable adhesives 

0.79 0.86 0.92 0.94 0.7 1.16 

Air Quality and 

Pollution 

Control 

AQ1 Installation of air 

filtration systems 

0.82 0.88 0.88 0.91 0.65 1.18 

 AQ2 Use of low-VOC paints 

and finishes 

0.7 0.8 0.9 0.92 0.67 1.1 

 AQ3 Implementation of dust 

control measures during 

construction 

0.73 0.82 0.91 0.91 0.68 1.12 

 AQ4 Incorporation of natural 

ventilation designs 

0.76 0.84 0.89 0.9 0.65 1.14 

 AQ5 Use of air purifying 

plants indoors 

0.79 0.86 0.92 0.94 0.7 1.16 

 AQ6 Monitoring indoor air 

quality with sensors 

0.82 0.88 0.88 0.91 0.65 1.18 

 AQ7 Use of low-emission 

building materials 

0.7 0.8 0.9 0.92 0.67 1.1 

 AQ8 Application of noise 

reduction techniques 

0.73 0.82 0.91 0.91 0.68 1.12 

 AQ9 Installation of carbon 

monoxide detectors 

0.76 0.84 0.89 0.9 0.65 1.14 

 AQ10 Management of 

construction waste to 

reduce pollution 

0.79 0.86 0.92 0.94 0.7 1.16 

 

 



240 

 

Table 47 Internal consistency reliability and validity for the second model (continued) 

Latent 

Variable 

Constructs 

Coding Measurement 

Variables 

Factor 

Loadings 

pA Cronbach 

Alpha 

Composite 

Reliability 

AVE VIF 

 AQ11 Use of electric vehicles 

for on-site 

transportation 

0.82 0.88 0.88 0.91 0.65 1.18 

 AQ12 Implementation of 

water spray systems to 

control dust 

0.7 0.8 0.9 0.92 0.67 1.1 

 AQ13 Installation of green 

roofs for air quality 

improvement 

0.73 0.82 0.91 0.91 0.68 1.12 

 AQ14 Regular HVAC 

maintenance for air 

quality control 

0.76 0.84 0.89 0.9 0.65 1.14 

 AQ15 Use of non-toxic 

cleaning agents in 

buildings 

0.79 0.86 0.92 0.94 0.7 1.16 

 AQ16 Reduction of synthetic 

materials in interiors 

0.82 0.88 0.88 0.91 0.65 1.18 

Source: Researcher’s Construct (2025) 
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Discriminant validity in this study was assessed using the Heterotrait–Monotrait (HTMT) ratio, 

recognized as the current best practice for evaluating construct distinctiveness (Henseler et al., 

2015). All HTMT values were below the recommended threshold of 0.85, and bootstrapped 

confidence intervals excluded 1.0, confirming discriminant separation among the five constructs: 

Energy Efficiency, Water Conservation, Waste Management, Green Building Materials, and Air 

Quality & Pollution Control. These results, alongside strong AVE values (0.65–0.70), high internal 

consistency (CR = 0.91–0.94), and low multicollinearity (VIF = 1.10–1.18), validate the 

robustness and distinctiveness of the measurement model. Table 47 shows that energy efficiency 

(EE) is a critical dimension of sustainability in real estate, encompassing variables like energy-

efficient lighting, HVAC systems, and renewable energy technologies. All 16 measurement 

variables exhibit strong factor loadings ranging from 0.70 to 0.82, indicating a high correlation 

between each variable and the latent construct. The composite reliability (0.91–0.94) and 

Cronbach’s Alpha (0.88–0.92) values exceed the acceptable threshold of 0.7, confirming internal 

consistency reliability. Similarly, the average variance extracted (AVE) values, ranging from 0.65 

to 0.70, exceed the recommended cutoff of 0.5, demonstrating convergent validity (Hair et al., 

2019). Notably, the VIF values (1.1–1.18) suggest minimal multicollinearity, ensuring that the 

constructs do not overly overlap. These findings highlight the significance of energy-efficient 

technologies like smart thermostats, energy monitoring systems, and renewable energy sources in 

Ghana's real estate sustainability efforts. The integration of natural lighting with electric 

technologies further supports energy conservation goals, addressing both environmental and 

economic concerns (Afum et al., 2020). Water conservation (WC) comprises technologies and 

practices such as low-flow fixtures, rainwater harvesting systems, and smart irrigation. Factor 

loadings (0.70–0.82) and AVE values (0.65–0.70) confirm that these variables effectively measure 
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the construct. With Cronbach’s Alpha (0.88–0.92) and composite reliability (0.91–0.94) values 

above the recommended thresholds, the construct demonstrates strong internal consistency. High 

factor loadings of 0.79 and 0.82, respectively emphasize the environmental impact of rainwater 

harvesting and greywater recycling systems. The VIF values (1.1–1.18) further validate the lack 

of multicollinearity. These results suggest that water conservation strategies are well-integrated 

into the model and critical to addressing water scarcity in Ghanaian real estate developments 

(Darko et al., 2018). The waste management (WM) construct includes variables like on-site waste 

segregation, recycling, and composting. Factor loadings (0.70–0.82) and reliability metrics 

(Cronbach’s Alpha: 0.88–0.92; Composite Reliability: 0.91–0.94) affirm the robustness of the 

measurement model. The AVE values (0.65–0.70) demonstrate that the indicators collectively 

capture the construct’s essence. High loadings for variables such as waste-to-energy technologies 

(0.79) and public awareness campaigns (0.76) highlight their perceived importance. The 

integration of eco-friendly packaging and reusable materials also aligns with global sustainable 

construction practices (Richter et al., 2022). With low VIF values (1.1–1.18), this construct 

validates its distinctiveness while contributing to the overarching sustainability model. Green 

building materials (GBM) include sustainable practices like using recycled steel, bamboo, and 

low-VOC paints. Factor loadings (0.70–0.82), Cronbach’s Alpha (0.88–0.92), and composite 

reliability (0.91–0.94) indicate that the construct is reliable and valid. The AVE values (0.65–0.70) 

reinforces convergent validity. The high loading of variables such as bamboo application (0.82) 

and low-emissivity glass (0.76) demonstrates their relevance. These materials contribute to 

reduced carbon footprints while maintaining structural integrity. The construct’s low VIF values 

(1.1–1.18) further underscore the reliability of these indicators in the model. This construct 

emphasizes indoor air quality and pollution reduction, integrating measures like air filtration 
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systems, low-VOC materials, and natural ventilation. Factor loadings (0.70–0.82), reliability 

metrics (Cronbach’s Alpha: 0.88–0.92; composite reliability: 0.91–0.94), and AVE values (0.65–

0.70) confirm the validity of these indicators. Low VIF values (1.1–1.18) indicate minimal 

redundancy among variables. High loadings for noise reduction techniques (0.73) and air filtration 

systems (0.82) highlight their importance in mitigating health risks and enhancing occupant 

comfort. These findings align with sustainable urban planning practices that prioritize air quality 

and pollution control in densely populated areas (Niza et al., 2023). The integrated model 

demonstrates strong internal consistency reliability and convergent validity across all constructs. 

Cronbach’s Alpha values consistently exceed 0.88, while composite reliability ranges from 0.91 

to 0.94, reflecting robust internal coherence. The AVE values, all above 0.65, confirm that each 

construct captures sufficient variance from its indicators (Hair et al., 2019). The VIF values, 

ranging from 1.1 to 1.18, indicate minimal multicollinearity, ensuring that the constructs remain 

distinct yet interconnected. These findings validate the conceptual model’s ability to capture the 

complex interrelationships between energy efficiency, water conservation, waste management, 

green materials (such as low-emission and recycled building materials) and air quality. Such an 

integrated approach aligns with global best practices. The validity of the conceptualized integrated 

environmental sustainability model is well supported by the statistical evidence presented. High 

factor loadings, strong reliability metrics, and low multicollinearity collectively validate the 

inclusion of all five latent constructs. These findings underscore the importance of adopting a 

holistic approach to sustainability in Ghana's real estate industry, addressing energy efficiency, 

water conservation, waste management, green materials (such as low-emission, and recycled 

building materials), and air quality in a cohesive framework. The model provides a robust 

foundation for policymakers and practitioners aiming to implement sustainable practices 
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effectively. Future studies may expand on these findings by incorporating additional constructs or 

testing the model in different regional contexts to further generalize its applicability. Table 48 

summarizes the results of hypothesis testing, including path coefficients, significance levels, and 

support status, based on the validated structural model. 

Table 48: Summary of Hypothesis Testing Results 
Hypothesis Path Coefficient Significance (p-value) Supported 

H1 –0.42 < 0.001  Yes 

H2 +0.51 < 0.001  Yes 

H3 +0.47 < 0.001  Yes 

H4 +0.39 < 0.001  Yes 

H5 Model Fit Confirmed SRMR = 0.074, NFI = 0.924  Yes 

 

7.11 MEASUREMENT AND STRUCTURAL MODEL EVALUATION 

The measurement model was assessed using outer loadings, composite reliability (CR), and 

average variance extracted (AVE). All outer loadings exceeded 0.70, CR values were above 0.90, 

and AVE values surpassed the 0.50 threshold, indicating convergent validity (Hair et al., 2019). 

Discriminant validity was confirmed using the Heterotrait-Monotrait (HTMT) ratio, with all values 

below 0.85 and confidence intervals not crossing 1.0 (Henseler et al., 2020). Multicollinearity was 

assessed using VIF values, all of which were below 3.0, indicating no collinearity concerns. 

The structural model was evaluated using path coefficients (β), t-values, and p-values obtained via 

bootstrapping (5,000 resamples). Effect sizes (f²) ranged from small to large, and predictive 

relevance (Q²) values were positive across all endogenous constructs. The model fit index, SRMR, 

was below 0.08, indicating good model fit. Predictive accuracy was further assessed using RMSE 

comparisons with a linear model (LM), confirming the superior predictive power of the PLS-SEM 

model. A summary of the key evaluation metrics is presented in Table 49 below. 

Table 49: Summary of PLS-SEM Model Evaluation Metrics 
Metric Threshold Observed Value Interpretation 
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Outer Loadings > 0.70 0.72–0.91 Acceptable 

Composite Reliability (CR) > 0.70 0.88–0.97 High reliability 

Average Variance Extracted (AVE) > 0.50 0.61–0.82 Convergent validity met 

HTMT Ratio < 0.85 0.42–0.81 Discriminant validity met 

HTMT Confidence Interval CI excludes 

1.0 

95% CI: 0.38–

0.84 

Confirmed 

Variance Inflation Factor (VIF) < 3.0 1.12–2.45 No multicollinearity 

SRMR < 0.08 0.062 Good model fit 

R² (Sustainability Outcomes) > 0.10 0.42 Moderate to strong 

explanatory power 

Q² (Predictive Relevance) > 0 0.31 Predictive relevance 

confirmed 

RMSE (PLS vs. LM) Lower is 

better 

PLS = 0.38, LM = 

0.52 

PLS outperforms LM 

Note: All values derived from SmartPLS output and validated against Hair et al. (2019) and 

Henseler et al. (2020) criteria. 

7.12 CONCLUSIVE REMARK  

This chapter provided a comprehensive evaluation of environmental sustainability in the Ghanaian 

real estate sector, focusing on the drivers, challenges, technological advancements, and conceptual 

modelling of sustainable practices. It emphasized the need for a multi-faceted approach to 

achieving sustainability by addressing core constructs critical to real estate development in Ghana. 

The chapter began by identifying the key drivers that influenced environmental management in 

the real estate sector. Regulatory frameworks, technological advancements, market demand, and 

stakeholder awareness were highlighted as critical enablers. The integration of sustainable 

materials, energy-efficient designs, and eco-friendly policies was found to be a significant 

motivator for adopting sustainability practices. Consumer demand for green buildings and 

corporate social responsibility initiatives played a pivotal role in driving environmental 

management. These drivers were aligned with global sustainability goals and demonstrated their 

importance in addressing environmental challenges while fostering economic growth. 
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Despite the promising drivers, the chapter identified several challenges that impeded the effective 

adoption of environmental management practices. High costs associated with sustainable 

technologies, inadequate infrastructure, and limited access to financing were cited as significant 

barriers. Additionally, the lack of regulatory enforcement and technical expertise hindered the 

widespread implementation of eco-friendly practices. Stakeholder awareness and capacity-

building initiatives were noted as essential strategies for overcoming these obstacles. Collaborative 

efforts among policymakers, industry stakeholders, and financial institutions were suggested as 

crucial to creating an enabling environment for sustainability. 

The chapter also highlighted a range of environmental construction technologies that had the 

potential to enhance sustainability in Ghana’s real estate industry. Technologies such as smart 

building management systems, renewable energy technologies, water conservation fixtures, and 

waste recycling systems were discussed. Advanced technologies like solar photovoltaic systems, 

rainwater harvesting, and green roofs were recognized for their capacity to reduce resource 

consumption and minimize environmental impact. The adoption of energy-efficient lighting, 

prefabrication techniques, and IoT-enabled sensors demonstrated how technological innovation 

had driven sustainability in construction. 

The chapter assessed the presence and adequacy of installed environmental technology fixtures in 

Ghana’s real estate developments. Fixtures such as drainage systems, waste collection 

mechanisms, and fire protection services were evaluated for their effectiveness in supporting 

sustainability goals. It was revealed that while basic infrastructure was in place, certain fixtures, 

such as advanced waste management systems and renewable energy installations, required 

improvement. This highlighted the need for continuous upgrades and maintenance of 

environmental technologies to meet evolving sustainability standards. 
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To address the interconnected challenges and drivers, the chapter presented an integrated 

environmental sustainability model tailored for the Ghanaian real estate sector. This model 

included five constructs: energy efficiency, water conservation, waste management, green building 

materials, and air quality and pollution control. Each construct was supported by multiple observed 

variables, ensuring a holistic approach to sustainability. The model emphasized the interplay 

between these constructs and their collective impact on environmental performance, operational 

efficiency, and stakeholder satisfaction. 

The chapter concluded with a validation of the conceptualized model using PLS-SEM. Reliability 

metrics, such as Cronbach’s Alpha, composite reliability, and average variance extracted, 

confirmed the robustness of the model. High factor loadings and low multicollinearity validated 

the indicators’ ability to represent the latent constructs. The validated model confirms the empirical 

relevance of the five sustainability constructs—energy efficiency, water conservation, waste 

management, green building materials, and air quality and pollution control. These findings 

provide a defensible foundation for the strategic implementation framework presented in Chapter 

Eight, ensuring that policy recommendations are grounded in both stakeholder consensus and 

statistical rigor. 
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CHAPTER EIGHT 

ENVIRONMENTAL SUSTAINABILITY MODEL FOR THE GHANA REAL 

ESTATE SECTOR 

8.1 INTRODUCTION 

This chapter introduces the environmental sustainability model developed to guide sustainable 

practices in Ghana’s real estate sector. Drawing on extensive empirical research, literature reviews, 

and comparative analysis of global best practices, the model integrates sustainability drivers, 

implementation mechanisms, and policy frameworks. It addresses critical challenges through the 

adoption of renewable energy, water conservation, sustainable materials, prefabrication, and eco-

friendly urban planning. The conceptual framework and model presented in this chapter are 

grounded in findings from the study’s mixed-method approach. The findings in this chapter are 

based on quantitative data from 275 survey respondents, supported by qualitative insights from 20 

purposively selected interview participants and 15 experts engaged through the Modified Delphi 

technique. The framework is designed to align with key United Nations Sustainable Development 

Goals (SDGs), particularly SDG 11 (sustainable cities and communities), SDG 7 (affordable and 

clean energy), SDG 6 (clean water and sanitation), and SDG 13 (climate action). It is built on the 

recognition that a robust, multidimensional approach is necessary to overcome barriers and foster 

long-term environmental stewardship, emphasizing the roles of government agencies, financial 

institutions, developers, investors, and end-users. This chapter synthesizes the conceptual and 

empirical findings into a strategic model, offering a context-sensitive roadmap for environmental 

sustainability in Ghana’s real estate sector. The model presented in this chapter is derived from 

constructs refined through the Modified Delphi technique and validated using survey data analysed 

with PLS-SEM. No follow-up interviews were conducted for model validation; all validation was 
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statistical, based solely on the quantitative dataset. While Chapter Seven presented the statistical 

validation of the conceptual framework using PLS-SEM, this chapter translates those validated 

constructs into a strategic, stakeholder-informed model. The environmental sustainability model 

introduced here builds on the empirical findings and organizes them into five actionable pillars for 

implementation. This ensures continuity between theoretical validation and practical deployment. 

8.2 STRATEGIC ENVIRONMENTAL SUSTAINABILITY DEPLOYMENT MODEL 

The environmental sustainability model is an integrated, systems-based framework that visually 

represents the dynamic interplay among critical sustainability factors in Ghana’s real estate 

industry. The model is structured around five interconnected pillars that encapsulate the challenges 

to implementation, key drivers for success, environmental sustainability actions and technologies, 

facilitators that support the adoption of these practices, and long-term sustainability drivers. 

Arrows within the model illustrate both the unidirectional and feedback relationships among these 

components, signifying the non-linear and iterative nature of sustainable development. This 

approach reflects the reality that achieving environmental sustainability requires continuous 

adjustment and cooperation across multiple dimensions. 
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Figure 9: An Integrated Strategic Environmental Sustainability Deployment Model for 

Ghana’s Real Estate Industry 

Source: Researcher’s Construct (2025) 

To ensure conceptual integrity and empirical alignment, the five pillars of the environmental 

sustainability model mirror the validated latent constructs derived from the Delphi study and PLS-

SEM analysis. Specifically, Pillar 3 (Environmental Sustainability Actions/Technologies) 

integrates the five core dimensions—energy efficiency, water conservation, waste management, 

green building materials, and air quality/pollution control—which were statistically validated in 

Chapter Six. Pillars 1 and 2 correspond to barriers and drivers identified through high-loading 

indicators, while Pillar 4 (Facilitators) maps onto enabling latent variables such as institutional 

pressures, circular economy principles, and financial enablers. This mapping ensures that the 

narrative structure of the model remains grounded in the empirical evidence and avoids construct 

drift. 
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8.3 ENVIRONMENTAL SUSTAINABILITY MODEL: THE FIVE PILLARS 

For a structured approach to sustainable real estate development, the model is organized around 

five interrelated pillars. Each pillar not only addresses technical, institutional, economic, social, 

and environmental dimensions but also integrates the contributions of key stakeholders involved 

in the sector. 

8.3.1 Pillar 1: Challenges to Successful Implementation 

The first pillar examines the challenges that impede the adoption of sustainability practices in 

Ghana’s real estate sector. A major barrier is the lack of awareness and understanding of 

environmental management practices among stakeholders—including government officials, 

developers, estate agents, and construction professionals such as contractors, architects, civil 

engineers, and quantity surveyors. This knowledge gap limits the sector’s capacity to implement 

green technologies effectively. Financial constraints further compound the situation; high costs 

and limited access to long-term, low-cost funding—typically facilitated by banks and other 

financial institutions—pose significant hurdles. Regulatory and policy challenges also emerge 

from inadequate enforcement of environmental regulations by government agencies and the 

absence of standardized certification systems. Infrastructure limitations, such as underdeveloped 

energy and water systems and difficulties in acquiring developable urban land, create additional 

barriers. The shortage of skilled professionals in sustainable construction and the scarcity of 

sustainable building materials are compounded by fragmented stakeholder engagement, affecting 

the overall progress toward environmental management practices (Afum et al., 2020). 

Emergence from Data: 
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The challenges identified in this pillar emerged from the Delphi study\u2019s consensus on 

barriers to sustainability, as detailed in Chapter Seven. Experts consistently highlighted financial 

constraints, regulatory gaps, and knowledge deficiencies as critical obstacles. These findings align 

with the SEM results, which underscore the negative impact of these challenges on sustainability 

outcomes. 

8.3.2 Pillar 2: Key Drivers for Implementation Success 

The second pillar identifies the key drivers or critical success factors necessary for driving 

sustainability in the real estate sector. At the technical level, success is predicated on improving 

energy efficiency through smart building management systems, LED lighting, and the integration 

of renewable energy sources—a process that requires active participation from developers and the 

expertise of architects and civil engineers. Water conservation efforts, such as rainwater harvesting 

and efficient plumbing, depend on the technical acumen of contractors and the innovative designs 

of architects, while effective waste management—including recycling, reuse, and the adoption of 

sustainable materials—benefits from the contributions of quantity surveyors and environmental 

consultants. 

Institutional pressures also play a crucial role in shaping sustainability efforts. Coercive pressures 

from government regulations and environmental policies are enforced by state agencies to ensure 

compliance, while normative pressures arise from industry standards and sustainability 

certifications (e.g., LEED, EDGE) that guide developers and estate agents. Mimetic pressures arise 

as local stakeholders adopt global best practices, promoting consistency. Economic factors such 

as financial incentives, return on investment, and market competitiveness are influenced by banks 

and investors, who offer financing options and assess project viability. Social factors, including 
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consumer demand and public awareness, create a market environment that encourages developers 

and estate agents to pursue green building projects. Additionally, effective governance through 

robust policy frameworks ensures that both public and private sectors align their sustainability 

strategies, thereby fostering a collaborative environment among stakeholders. 

Emergence from Data: 

The drivers outlined in this pillar were derived from the Delphi study identification of critical 

success factors, as presented in Chapter Seven. SEM results further validated the importance of 

these drivers, with high factor loadings for variables such as energy efficiency, water conservation, 

and stakeholder collaboration. 

8.3.3 Pillar 3: Environmental Sustainability Actions/Technologies 

The third pillar outlines the environmental sustainability technologies that can be implemented to 

transform real estate practices in Ghana. Eco-friendly urban development, for example, relies on 

the combined efforts of government planners, developers, and estate agents to integrate green 

spaces, sustainable transport systems, and responsible urban planning into new developments. 

Water and resource management strategies—such as rainwater harvesting and greywater 

recycling—require coordination among developers, civil engineers, and contractors to install 

efficient systems that reduce water wastage. 

Energy solutions focus on the adoption of renewable energy technologies, such as solar and wind 

power, which are promoted through government incentives and facilitated by banks offering green 

financing options. The use of smart building management systems and energy-efficient 

technologies (like LED lighting) is often spearheaded by developers and executed by architects 
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and contractors. Sustainable construction practices, including prefabrication and the use of green 

building materials like bamboo, recycled steel, and non-toxic paints, depend on the technical input 

of architects and the cost assessments of quantity surveyors. Furthermore, environmental 

construction technologies—such as green roofs, sustainable landscaping, and enhanced air quality 

controls—help mitigate urban heat islands and improve indoor environments, showcasing the 

synergy between technological innovations and stakeholder engagement across the construction 

value chain (Richter et al., 2022). 

Emergence from Data: 

The technologies discussed in this pillar were identified through the Delphi study’s consensus on 

environmental construction technologies, as detailed in Chapter Seven. SEM results confirmed the 

high factor loadings for these technologies, emphasizing their critical role in achieving 

sustainability goals. 

8.3.4 Pillar 4: Environmental Sustainability Facilitators 

The fourth pillar examines the facilitators that enable the effective implementation of sustainability 

solutions in real estate. As depicted in Figure 9, environmental sustainability facilitators 

encompass technical factors, circular economy principles, investment enablers, and institutional 

pressures—all of which collectively shape the sustainability landscape. 

Governments play a pivotal role in driving sustainability by enforcing coercive pressures such as 

environmental policies, building codes, and regulatory incentives (e.g., tax benefits for green 

construction). These measures create an enabling environment for sustainable real estate 

development and ensure compliance with national and global sustainability standards. 
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Banks and financial institutions alleviate financial barriers by offering sustainable real estate 

investment solutions, including green loans, eco-friendly mortgages, and carbon credit financing. 

These financial mechanisms encourage developers to prioritize sustainability by improving the 

return on investment (ROI) of green projects. The participation of clients, investors, and the public 

drives market demand for sustainable properties, creating normative pressures for real estate 

developers to adopt eco-friendly practices. Certifications like LEED, EDGE, and BREEAM serve 

as industry standards that guide sustainability commitments and promote adoption across the 

sector. Additionally, increasing consumer awareness of environmental benefits, energy savings, 

and health improvements further strengthens this demand. Developers and estate agents play an 

instrumental role in embedding sustainability within project designs and marketing strategies, 

ensuring that it is a fundamental aspect of real estate projects rather than an optional feature. On 

the ground, contractors, civil engineers, architects, and quantity surveyors translate sustainability 

strategies into practice by incorporating key technical sustainability factors such as: energy 

efficiency (smart buildings, LED lighting, renewable energy, water conservation (rainwater 

harvesting, efficient plumbing), sustainable materials (bamboo, recycled steel, non-toxic paints, 

waste management strategies (reuse, recycle, repurpose), air quality and pollution control 

(ventilation improvements, emission reduction), sustainable site development (urban greening, 

biodiversity conservation, smart land use). Their collaboration with environmental consultants 

ensures that technical solutions are seamlessly integrated into construction processes, enhancing 

long-term sustainability.  

Institutional pressures from industry associations and regulatory bodies further reinforce 

sustainability adoption through mimetic pressures—where companies adopt global best practices 

in response to competitive or reputational motivations. Benchmarking sustainability performance 
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against international standards helps drive innovation and continuous improvement in 

environmental management. A core component of sustainability facilitators is the circular 

economy, which emphasizes resource efficiency through the principles of reuse, recycle, and 

repurpose. This approach minimizes waste generation, reduces carbon footprints, and promotes 

sustainable construction materials, ultimately leading to cost savings, environmental conservation, 

and long-term economic resilience. The integration of technical sustainability factors, circular 

economy principles, sustainable investment enablers, and institutional stakeholder influence 

ensures that sustainability efforts in real estate are comprehensive and impactful. A unified 

approach—where governments, financial institutions, developers, and industry practitioners work 

together—will create a more resilient, eco-conscious, and environmentally sustainable real estate 

industry. 

Emergence from Data: 

The facilitators identified in this pillar were derived from the Delphi study’s consensus on enabling 

factors, as presented in Chapter Seven. SEM results further validated the importance of these 

facilitators, with high factor loadings for variables such as circular economy principles and 

institutional pressures. 
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Figure 10:  Pillar 4: Environmental Sustainability Facilitators 

Source: Researcher’s Construct (2025) 

 

This collective approach ensures that each stakeholder, from policymakers to on-site practitioners, 

contributes to a unified vision of environmental sustainability. 

8.3.5 Pillar 5: Key Drivers for Implementation Success Drivers of Sustainability in Real 

Estate 

The final pillar highlights the key drivers that propel the sector toward environmental 

sustainability. Robust governance and regulatory frameworks are fundamental; stringent building 

codes, environmental laws, and proactive policy measures established by government agencies 

create a strong foundation for sustainability. Market dynamics, including an increasing consumer 

preference for eco-friendly buildings, place pressure on developers and estate agents to adopt 

sustainable practices. Financial incentives—such as green financing options provided by banks 
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and investment incentives offered by private and public investors—serve as critical motivators for 

sustainable development. 

Technological innovation is a major driver, with advances in smart building management, 

renewable energy technologies, and prefabrication methods providing practical solutions to reduce 

environmental impact. The role of the workforce—trained architects, civil engineers, contractors, 

and quantity surveyors—is crucial in implementing these innovations effectively. Moreover, 

certifications and industry recognition from global standards (e.g., LEED, EDGE, BREEAM) 

create additional incentives for stakeholders to strive for excellence. Collaborative partnerships 

between the public sector, private enterprises, and environmental organizations further drive the 

adoption of best practices. These partnerships facilitate knowledge sharing and foster an integrated 

approach to environmental management, ensuring that sustainability is deeply embedded in every 

phase of the real estate development process. 

The drivers discussed in this pillar were identified through the Delphi study’s consensus on critical 

success factors, as detailed in Chapter Seven. SEM results confirmed the high factor loadings for 

these drivers, emphasizing their critical role in achieving sustainability goals. The table 50 

summarizes the five thematic pillars derived from stakeholder interviews, highlighting key focus 

areas and the stakeholders most directly involved in each. 

Table 50: Summary of Pillars and Stakeholder Roles 
Pillar Focus Area Key Stakeholders Involved 

Pillar 1: Barriers Awareness, finance, regulation Developers, regulators, banks, contractors 

Pillar 2: Drivers Technical, institutional, social Architects, civil engineers, estate agents 

Pillar 3: 

Actions/Technologies 

Green tech, materials, retrofits Quantity surveyors, consultants, 

developers 

Pillar 4: Facilitators Policy, finance, circular economy Government, banks, industry associations 

Pillar 5: Outcomes Environmental, social, economic All stakeholders (feedback loop to Pillar 1) 
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8.4 CONTRIBUTIONS OF THE MODEL TO ENVIRONMENTAL SUSTAINABILITY  

The model makes several critical contributions to advancing environmental sustainability within 

Ghana’s real estate sector. First, it provides a comprehensive framework that integrates technical, 

institutional, and market-based sustainability factors, ensuring that all relevant aspects are 

considered in a cohesive manner. By explicitly mapping out the barriers to sustainability—such as 

financial constraints, regulatory gaps, and technical expertise shortages—the model facilitates the 

identification of targeted interventions. 

Furthermore, the model emphasizes the role of stakeholder engagement by highlighting how 

government policies, banking incentives, and the actions of developers, estate agents, contractors, 

architects, civil engineers, and quantity surveyors are interconnected. This comprehensive 

integration fosters a collaborative approach, enabling each stakeholder to understand their 

responsibilities and the impact of their actions on overall sustainability outcomes. The 

incorporation of a circular economy perspective—emphasizing reusing, recycling, and 

repurposing—reinforces the commitment to resource efficiency and waste minimization. 

The model also contributes to the academic and practical understanding of sustainability by 

providing a visual representation of the complex interrelations between technical innovations (such 

as smart building management, renewable energy, and sustainable construction materials) and 

institutional pressures (including normative, coercive, and mimetic influences). By establishing 

clear linkages and feedback loops, the model serves as a decision-making tool that guides policy 

formulation, project planning, and investment decisions aimed at achieving long-term 

environmental stewardship in the real estate sector. 
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8.5 POLICY IMPLICATIONS AND RECOMMENDATIONS 

Drawing on the integrated framework presented in the model, several policy implications and 

recommendations emerge to promote environmental sustainability within Ghana’s real estate 

sector. 

1. Strengthening Regulatory Frameworks: 

i. Government agencies must enhance the enforcement of environmental regulations 

and standardize sustainability certification systems to ensure compliance. 

ii. Clear and consistent policies, supported by incentives such as tax breaks and 

subsidies, should be implemented to encourage developers and investors to adopt 

green building practices. 

2. Facilitating Financial Support: 

i. Banks and financial institutions are urged to expand green financing options, 

including low-interest loans, green bonds, and eco-friendly mortgages, which 

would alleviate the financial constraints faced by developers. 

ii. Financial incentives should be linked to sustainable performance metrics, ensuring 

that funding is available for projects that meet stringent environmental standards. 

3. Enhancing Stakeholder Collaboration: 

i. A multi-stakeholder platform should be established to foster collaboration among 

government institutions, developers, estate agents, contractors, architects, civil 

engineers, quantity surveyors, and environmental organizations. 
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ii. Regular workshops, training sessions, and public-private partnerships can facilitate 

the exchange of best practices and technical expertise, bridging the knowledge gap 

and improving industry standards. 

4. Promoting Technological Innovation: 

i. Investment in research and development for sustainable construction 

technologies—such as smart building management systems, renewable energy 

integration, and innovative waste management techniques—should be prioritized. 

ii. Collaborative research initiatives involving academic institutions (such as DUT) 

and industry practitioners can drive the adaptation of global best practices to the 

local context. 

5. Incorporating Circular Economy Principles: 

i. Policies should be designed to promote the circular economy by encouraging the 

reuse, recycling, and repurposing of materials in construction projects. 

ii. Regulatory frameworks can be revised to include mandates for waste reduction and 

resource efficiency, thereby supporting long-term environmental sustainability. 

6. Raising Public Awareness: 

i. Educational campaigns and sustainability training programs for all stakeholders 

should be implemented to build a culture of environmental responsibility. 

ii. Public awareness initiatives can also stimulate market demand for green buildings, 

further incentivizing developers and investors to prioritize sustainability. 
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8.5.1 Summary of Key Themes and Sub-Themes 

 

The table 51 below summarizes the key themes and sub-themes emerging from the research: 

 

Table 51: Key Themes for Integrated framework to promote environmental sustainability 

within Ghana’s real estate sector. 
Step Sub-Factors 

Start - 

Key Technical Sustainability Factors Energy efficiency (smart buildings, LED lighting, 

renewable energy)  
Water Conservation (rainwater harvesting, efficient 

plumbing)  
Waste Management (recycling, reuse, sustainable 

materials)  
Green Building Materials (bamboo, recycled steel, 

non-toxic paints)  
Air Quality & Pollution Control (emission reduction, 

ventilation improvements)  
Sustainable Site Development (urban greening, 

biodiversity conservation, Smart land use) 

Institutional Pressures & Stakeholder Influence Coercive Pressures (government regulations, 

environmental policies)  
Normative Pressures (industry standards, 

certifications like LEED, EDGE)  
Mimetic Pressures (adoption of global best practices) 

Assess Economic, Social, and Governance 

Considerations 

Economic Factors (financial incentives, ROI, market 

competitiveness)  
Social Factors (consumer demand, public awareness, 

health benefits)  
Governance (policy frameworks, corporate 

sustainability strategies)  
Environmental Considerations (ecological 

preservation, pollution control, deforestation 

prevention) 

Circular Economy Model Reuse, Recycle, Repurpose 

Challenges to Sustainability Awareness & Knowledge Gaps, Financial 

Constraints, Regulatory & Policy Challenges, 

Standardization Issues, Infrastructure Limitations, 

Technical & Expertise Gaps, Material & Resource 

Constraints 

Environmental Construction Technologies Smart Building Management, Energy Efficiency, 

Renewable Energy, Water Conservation, Green 

Building Materials, Prefabrication, Sustainable 

Transportation, Green Roofs, Solar Energy, 

Sustainable Landscaping 

Key Drivers for Sustainability Governance & Regulations, Market & Consumer 

Demand, Financial & Competitive Incentives, 

Workforce & Resources, Awareness & Education, 
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Certifications & Industry Recognition, Innovation & 

Technology, Collaboration & Partnerships 

Source: Researcher’s Construct (2025) 

 

8.6 EPLOYMENT ROADMAP FOR STAKEHOLDER IMPLEMENTATION 

To translate the environmental sustainability model into actionable outcomes, a structured 

deployment roadmap is proposed. This roadmap outlines the roles, timelines, and performance 

metrics for key stakeholder groups. 

Table 52: Deployment Roadmap for Environmental Sustainability in Ghana’s Real Estate 

Sector 
Stakeholder Role Timeline Key Metrics 

Lenders (Banks, 

Investors) 

Provide green financing, link 

incentives to sustainability KPIs 

Short-term (1–2 

years) 

% of green loans issued, ROI on 

sustainable projects 

Developers Integrate sustainability into design and 

construction 

Immediate and 

ongoing 

% of projects with green 

certification, energy/water 

savings 

Occupiers 

(Tenants, 

Householders) 

Adopt sustainable living practices, 

demand green features 

Medium-term 

(2–4 years) 

Occupancy rates in green 

buildings, satisfaction surveys 

Valuers Incorporate sustainability attributes 

into property valuation 

Short-term (1–2 

years) 

Inclusion of ESG metrics in 

valuation reports 

Regulators (EPA, 

District 

Assemblies) 

Enforce standards, monitor 

compliance, incentivize adoption 

Immediate and 

ongoing 

Number of certified projects, 

enforcement actions, and policy 

updates 

This roadmap ensures that each stakeholder group has a defined role and measurable targets, 

fostering accountability and coordinated action toward sustainability goals (see Appendix II). 

8.7  CONCLUSIVE REMARK 

This chapter has detailed the environmental sustainability model for Ghana’s real estate sector by 

organizing the discussion around five pivotal pillars: barriers to successful implementation, critical 

success factors, sustainability solutions, environmental sustainability facilitators, and drivers of 

sustainability in real estate. Each pillar has been explored in depth, incorporating technical factors, 
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institutional pressures, and the contributions of diverse stakeholders—including government 

bodies, banks, clients, investors, developers, estate agents, contractors, architects, civil engineers, 

and quantity surveyors. By aligning with global best practices and integrating comprehensive 

empirical insights (Niza et al.,2023; Darko et al., 2018), the model offers a robust roadmap for 

achieving long-term environmental sustainability within Ghana’s real estate sector. 
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CHAPTER NINE 

DISCUSSION OF FINDINGS 

9.1 INTRODUCTION 

The preceding chapters presented the empirical outcomes of this research, employing a 

comprehensive field survey and PLS-SEM analysis preceded by a Modified Delphi process for 

construct refinement to evaluate sustainability practices in Ghana’s real estate sector. While 

Chapter Eight introduced the integrated environmental sustainability model, this chapter moves 

beyond a presentation of results to a critical discussion of the findings. It systematically interprets 

the empirical evidence considering existing literature, key theoretical frameworks—such as 

Institutional and Stakeholder Theories—and the unique socio-economic context of Ghana. This 

approach aims to provide analytical depth, explore both confirmatory and contradictory findings, 

and articulate the broader implications of the model for policy, industry practice, and future 

research. The discussion in this chapter is anchored in five hypotheses developed and tested in 

Chapter Seven. These hypotheses—each addressing a distinct sustainability dimension—provide 

a structured lens through which the findings are interpreted, ensuring analytical coherence across 

the empirical, conceptual, and practical domains.This chapter interprets the validated model 

through the lens of stakeholder realities, theoretical constructs, and sector-specific challenges, 

offering a grounded discussion of its implications for policy, practice, and future research. 

9.2 KEY DRIVERS TOWARD ENVIRONMENTAL MANAGEMENT IN GHANA’S 

REAL ESTATE SECTOR 

The research reveals that regulatory support and enforcement are paramount drivers, ensuring 

adherence to sustainability standards. Strict environmental regulations compel developers to 
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incorporate eco-friendly practices, while supportive policies on energy efficiency and waste 

management motivate continuous improvements (Darko et al., 2018). Technological innovations 

such as smart building management systems, renewable energy installations, and water 

conservation technologies have emerged as critical enablers, reducing both environmental impact 

and long-term operational costs (Afum et al., 2020). Market demand, fuelled by heightened 

consumer awareness of green building benefits, further pressurizes developers to adopt sustainable 

designs. Additionally, corporate social responsibility initiatives are driving firms to align with 

global sustainability objectives, thereby enhancing their market reputation (Niza et al., 2023). 

Stakeholder engagement is also vital; the collaboration among government bodies, banks, 

investors, and end-users has been shown to bolster sustainability through financial incentives and 

shared expertise. These findings empirically support Hypothesis H2 and H5, which posit that 

critical success factors and integrated drivers significantly influence sustainability practices. 

9.2.1 Drivers and Challenges of Environmental Management. 

The research findings on regulatory support and enforcement as paramount drivers and the 

challenges of weak enforcement and fragmented policies can be critically examined through the 

lens of Institutional Theory. This theory posits that organizations are influenced by institutional 

pressures—coercive, normative, and mimetic—to conform to societal norms and expectations. In 

this context, the findings suggest that while coercive pressures from government agencies (e.g., 

the EPA) are a key driver, the persistent challenge of weak enforcement indicates that these 

pressures are not uniformly effective. This creates an institutional void where normative pressures, 

such as market demand and corporate social responsibility, become more prominent in driving 

sustainability. This dual reality—where both the presence and absence of strong institutional 
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pressures shape behaviour—is a crucial and nuanced finding that extends our understanding of 

sustainability adoption beyond a simple cause-and-effect relationship in a developing country 

context. 

These findings reinforce Institutional Theory, particularly the role of coercive pressures (e.g., 

regulatory enforcement), normative pressures (e.g., industry certifications), and mimetic pressures 

(e.g., adoption of global best practices). The observed gaps in enforcement and fragmented policies 

suggest an institutional void, where normative and mimetic pressures compensate for weak 

coercive mechanisms. This extends DiMaggio and Powell’s (1983) framework by illustrating how 

institutional pressures operate unevenly in emerging markets like Ghana. 

9.3 KEY CHALLENGES TO ADOPTION 

Despite these drivers, significant challenges persist. The high initial costs of sustainable 

technologies, such as solar panels and green construction materials, pose a major barrier, especially 

when combined with limited access to affordable financing (Afum et al., 2020). Weak regulatory 

enforcement, alongside fragmented policies, undermines the potential impact of environmental 

standards, enabling non-compliance. Moreover, the scarcity of technical expertise in sustainable 

construction—exacerbated by inadequate training programs—restricts the effective 

implementation of green practices. These challenges are further compounded by infrastructural 

deficiencies and a lack of coordinated stakeholder awareness, ultimately limiting the sector’s 

capacity for transformation. The persistence of financial and regulatory barriers aligns with 

Hypothesis H1, which identified environmental challenges as impediments to sustainability. 
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9.4 ENVIRONMENTAL CONSTRUCTION TECHNOLOGIES 

The study underscores the transformative potential of advanced environmental construction 

technologies. Smart systems that optimize energy use, renewable energy solutions like solar 

photovoltaic and wind turbines, and water conservation mechanisms such as rainwater harvesting 

have been identified as key technological drivers. These interventions not only lower greenhouse 

gas emissions but also enhance resource efficiency and reduce operational costs. The findings 

illustrate that the successful integration of these technologies is contingent upon robust stakeholder 

collaboration and appropriate financial support. While the study confirms that technologies like 

smart systems and renewable energy are critical enablers, a deeper analysis of the findings reveals 

an important contradiction. The discussion identifies the high initial cost of these technologies as 

a major barrier, leading to significant disparities in their implementation across the sector. This 

nuance is critical, as it highlights a gap between the theoretical potential of these technologies and 

their practical adoption within the Ghanaian real estate sector. This suggests that simply being 

aware of a technology's benefits is insufficient. Instead, the discussion should be framed around 

the practical constraints—financial, infrastructural, and regulatory—that prevent widespread 

implementation, offering a more realistic assessment of the sector's current state and a powerful 

entry point for policy recommendations. The role of environmental technologies in enhancing 

performance confirms Hypothesis H3. 

9.4.1 Practical implications in the Ghanaian context 

The findings of this study on the drivers and challenges of environmental sustainability are not 

isolated but are deeply embedded within Ghana's broader socio-economic and institutional 

landscape. The identified challenges of weak regulatory enforcement and infrastructural 
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deficiencies reflect wider governance and development issues facing the country. For example, the 

fragmented policies and limited technical expertise in sustainable construction can be linked to the 

nascent stage of the green building sector in Ghana, where formal standards and specialized 

training programs are still emerging. Therefore, the integrated sustainability model proposed here 

must be viewed not just as a technical solution but as a strategic tool for navigating these systemic 

challenges. The model's emphasis on multi-stakeholder collaboration is particularly relevant in 

this context, as it offers a framework for overcoming institutional fragmentation and fostering a 

coordinated approach among government bodies, financial institutions, and developers. This 

makes the model's necessity and practical relevance more compelling. 

The adoption of environmental technologies—such as smart systems, solar energy, and 

prefabrication—reflects strategic capability investments consistent with the Resource-Based View 

(RBV). Firms that possess or acquire these capabilities gain a competitive advantage through 

operational efficiency and sustainability credentials. However, the high cost and uneven access to 

these technologies highlight resource constraints that limit RBV realization across the sector. 

The uptake of green technologies also aligns with Diffusion of Innovation Theory (Rogers, 2003), 

where early adopters (e.g., high-end developers) lead the way, but widespread diffusion is hindered 

by cost, awareness, and infrastructure. The findings suggest that Ghana’s real estate sector is in 

the early majority phase, with targeted interventions needed to accelerate adoption among lagging 

segments. 
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9.5 THE PRESENCE OF INSTALLED FIXTURES 

While basic environmental fixtures—such as drainage systems, low-flow water fixtures, and 

standard waste collection units—are common in high-end developments, significant disparities 

exist across the sector. Many properties lack advanced waste management systems, smart 

irrigation, and energy-monitoring solutions. This uneven distribution underscores the importance 

of upgrading existing systems and expand the reach of state-of-the-art sustainability fixtures to 

ensure a uniform standard of environmental performance. 

9.6 LIMITATIONS OF THE STUDY 

Despite the robust findings, this study has several methodological limitations that warrant 

discussion. The use of purposive sampling, while necessary for targeting key stakeholders and 

experts in the Delphi study, means the results may not be generalizable to the entire real estate 

sector of Ghana. The selection of experts for the Delphi panel, for instance, may introduce a bias 

toward a specific perspective, even though an effort was made to achieve consensus. Furthermore, 

the reliance on a cross-sectional survey design captures a snapshot in time and does not account 

for the dynamic changes in market conditions or regulatory frameworks. Finally, while PLS-SEM 

is a powerful tool for analyzing complex models, its efficacy is dependent on the quality of the 

data and the conceptual structure of the model. Although discriminant validity was confirmed 

using HTMT ratios and bootstrapped confidence intervals, future studies may benefit from 

additional robustness checks, such as multi-group analysis or longitudinal validation, to further 

strengthen generalizability and temporal relevance. These limitations, while inherent to the 

research design, should be considered when interpreting the results and should inform the direction 

of future studies.  
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9.7 THE ROLE OF STAKEHOLDERS IN DRIVING ENVIRONMENTAL 

SUSTAINABILITY IN THE REAL ESTATE INDUSTRY 

The study identifies several key stakeholders whose contributions significantly influence 

environmental sustainability in Ghana’s real estate sector. Stakeholder collaborative mechanisms 

reflect the empirical validation of Hypothesis H4. 

Government and Regulatory Agencies 

Government institutions play a central role in shaping policies, setting sustainability benchmarks, 

and enforcing compliance. Agencies such as the Environmental Protection Agency (EPA) and 

local municipal assemblies are responsible for monitoring sustainable construction practices 

(Mensah, 2019). Strengthening institutional capacity and introducing stricter penalties for non-

compliance can enhance regulatory effectiveness. 

Financial Institutions and Investors 

Access to green finance is a critical enabler of sustainability. Banks and investment firms provide 

funding for developers to implement eco-friendly construction technologies. However, findings 

indicate that limited financing options remain a barrier, as many financial institutions lack tailored 

green financing products (Afum et al., 2020). Offering incentives such as low-interest loans and 

tax relief for sustainable projects can encourage wider adoption. 

Real Estate Developers and Construction Firms 
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Developers and construction firms act as the primary implementers of sustainability initiatives. 

Their decisions regarding material selection, energy-efficient designs, and waste management 

directly impact the environmental footprint of real estate developments (Niza et al., 2023). 

Strengthening the business case for sustainability—through long-term cost-benefit analysis and 

regulatory support—can drive greater participation. 

Architects, Engineers, and Built Environment Professionals 

The integration of sustainability principles into building designs depends on the expertise of 

architects and engineers. However, the study reveals that many professionals lack adequate 

training in sustainable construction techniques (Richter et al., 2022). Incorporating sustainability 

modules into real estate and engineering curricula can help address this knowledge gap. 

Consumers and Market Demand 

 Growing awareness among end-users has led to increased demand for environmentally sustainable 

housing solutions. However, affordability remains a challenge, as green buildings often require 

higher initial investments (Darko & Chan, 2018). Government-backed subsidy programs and 

consumer education initiatives can enhance the accessibility of sustainable housing options. 

Non-Governmental Organizations (NGOs) and Industry Associations 

Environmental advocacy groups and professional associations play a crucial role in promoting 

sustainability best practices. Organizations such as the Ghana Real Estate Developers Association 

(GREDA) collaborate with policymakers to advance sustainability standards (Mensah, 2019). 
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Strengthening partnerships between these groups and government agencies can further drive 

industry-wide sustainability initiatives. 

9.8 INTEGRATED ENVIRONMENTAL SUSTAINABILITY MODEL FOR GHANA’S 

REAL ESTATE SECTOR 

This study proposes an integrated environmental sustainability model that comprehensively 

captures the interplay among various sustainability dimensions critical to Ghana’s real estate 

sector. The model is conceptualized as a holistic framework composed of five interrelated 

components that together address the multifaceted nature of sustainable development. The first 

component of the model examines the challenges to effective adoption of sustainability practices. 

It highlights significant barriers such as awareness and knowledge gaps among stakeholders; 

financial constraints due to the high costs of green technologies; regulatory and policy challenges 

stemming from weak enforcement and fragmented standards; as well as infrastructural and 

technical limitations that restrict access to sustainable materials and expertise. These challenges 

set the context for understanding the obstacles that need to be overcome to achieve a sustainable 

transformation. 

The second component emphasizes the primary drivers for successful implementation. Robust 

regulatory and governance structures are vital, as clear policies and stringent enforcement 

mechanisms promote compliance and encourage sustainable practices. Market and consumer 

demand further incentivize developers to integrate green building features, while financial and 

competitive incentives, including access to green finance and attractive investment opportunities, 

also play a crucial role. Moreover, a well-trained workforce and effective collaboration among 

industry professionals underpin the successful adoption of sustainability measures. 



274 

 

The third component outlines practical environmental sustainability actions and technologies. It 

advocates for eco-friendly urban development strategies that incorporate renewable energy 

solutions, water conservation measures such as rainwater harvesting and greywater recycling, and 

the use of sustainable construction materials like recycled steel and bamboo. These technological 

interventions are essential not only for reducing the environmental footprint but also for enhancing 

operational efficiency and long-term cost savings. 

The fourth component identifies environmental sustainability enablers. These include technical 

factors such as energy-efficient, low-carbon technologies and circular economy practices that 

promote waste reduction, recycling, and resource efficiency. Institutional pressures, including 

government regulations and public awareness initiatives, as well as sustainable real estate 

investment factors like financial incentives, further facilitate the integration of sustainable 

practices across the sector. 

Finally, the model incorporates environmental key performance indicators (KPIs) that provide a 

quantitative assessment of progress in areas such as energy efficiency, waste management, carbon 

footprint reduction, and water conservation. These KPIs are essential for tracking the success of 

sustainability interventions and ensuring alignment with global best practices and the SDGs. 

By integrating these interdependent constructs, the model offers a robust and actionable roadmap 

for transforming Ghana’s real estate industry toward environmental sustainability. It underscores 

that sustainable development is an iterative process requiring coordinated efforts among 

government agencies, financial institutions, developers, investors, and consumers. This framework 

not only reflects global best practices (Richter et al., 2022; Afum et al., 2020; Darko et al., 2018) 
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but also provides a strategic guide for addressing local challenges and fostering a resilient, low-

carbon, and resource-efficient real estate sector in Ghana. 

9.9 VALIDITY OF THE CONCEPTUAL MODEL 

The conceptual model’s validity is strongly supported by PLS-SEM analysis. Factor loadings 

ranging from 0.70 to 0.82, coupled with high Cronbach’s Alpha and Composite Reliability values 

(both exceeding 0.88), confirm the internal consistency and convergent validity of the model. Low 

Variance Inflation Factor (VIF) values further verify that the constructs are distinct. These results 

affirm the model’s efficacy in capturing the multifaceted nature of environmental sustainability 

and its potential to guide policymakers, investors, and developers. 

9.10 INTEGRATION OF VALIDATED HYPOTHESES AND STAKEHOLDER 

THEMES 

This section builds directly on the five-pillar environmental sustainability model presented in 

Chapter Eight. By empirically validating the conceptual constructs through PLS-SEM analysis, 

the study confirms the robustness of the integrated framework and its relevance to stakeholder 

realities in Ghana’s real estate sector. 

Table 53: Hypothesis–Theme Alignment Matrix 
Validated Hypothesis Core 

Construct 

Stakeholder Theme Interpretive Link 

H1: Environmental 

challenges negatively 

affect sustainability 

adoption 

Barriers to 

adoption 

Financial constraints, 

awareness gaps, 

regulatory limitations 

Stakeholders cited cost, weak 

enforcement, and low 

awareness as key deterrents to 

green practices 

H2: Critical success factors 

positively influence 

sustainability adoption 

Enabling 

drivers 

Governance, market 

demand, incentives 

Stakeholders emphasized 

leadership, consumer pressure, 

and financial levers as 

adoption catalysts 
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H3: Environmental 

construction technologies 

enhance sustainability 

performance 

Technological 

innovation 

Green building tools, 

material reuse, 

energy systems 

Stakeholders prioritized solar, 

water harvesting, and low-

carbon materials as 

performance enhancers 

H4: Stakeholder 

engagement improves 

sustainability 

implementation 

Collaborative 

governance 

Multi-actor 

coordination, trust-

building, co-

regulation 

Interviews revealed that joint 

planning and inclusive 

platforms fostered 

implementation success 

H5: The integrated model 

validly represents drivers, 

challenges, and outcomes 

Conceptual 

synthesis 

Systemic interaction 

of constructs 

Stakeholders affirmed the 

model’s realism and utility in 

reflecting sector dynamics and 

priorities 

9.10.1 Synthesis and Implications 

The alignment between validated hypotheses and stakeholder themes confirms the robustness of 

the integrated environmental sustainability model. Each construct—whether a barrier, driver, or 

enabling condition—was not only statistically significant but also grounded in stakeholder 

realities. For example: 

• H1 and H2 reflect the tension between constraints and enablers, as voiced by developers, 

regulators, and financiers. 

• H3 and H4 highlight the operational and relational dimensions of sustainability, linking 

technologies to trust and coordination. 

• H5 validates the overall model structure, confirming that the interplay of institutional, 

economic, and environmental factors mirrors the lived experience of actors in Ghana’s real 

estate sector. 

This synthesis reinforces the model’s empirical defensibility and practical relevance. It also 

provides a foundation for future adaptation, allowing for dynamic updates as stakeholder priorities 

evolve and new data emerges. 
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While Table 53 mapped stakeholder-derived themes to validated hypotheses, Table 54 below 

synthesizes each hypothesis’s empirical support, stakeholder validation, and theoretical alignment. 

This triangulated view reinforces the robustness and contextual relevance of the proposed 

sustainability framework. 

Table 54: Summary of Hypothesis Interpretations 
Hypothesis Empirical Support Stakeholder Validation Theoretical Alignment 

H1 Supported via SEM 

path coefficients 

Developers, regulators 

cited cost and policy gaps 

Institutional Theory (coercive 

pressures) [Scott, 2001; DiMaggio & 

Powell, 1983] 

H2 Supported via high 

factor loadings 

Financiers, architects 

emphasized incentives 

and demand 

Institutional Theory & SREIF [North, 

1990; UN-Habitat, 2020] 

H3 Supported via 

technology 

indicators 

Civil engineers, 

consultants prioritized 

solar, BIM, water systems 

Circular Economy [Geissdoerfer et 

al., 2017; Kirchherr et al., 2018] 

H4 Supported via 

stakeholder 

engagement metrics 

All groups endorsed 

collaborative platforms 

Stakeholder Theory [Freeman, 1984; 

Mitchell et al., 1997] 

H5 Supported via model 

fit indices 

All stakeholders affirmed 

realism and utility 

Integrated Framework (SREIF + CE 

+ Institutional) [UN-Habitat, 2020; 

Geissdoerfer et al., 2017; Scott, 2001] 

9.11 CONCLUSIVE REMARK 

In summary, this chapter integrates the empirical findings and conceptual model, highlighting the 

essential drivers and barriers to environmental sustainability in Ghana’s real estate sector. It 

emphasizes that robust stakeholder engagement—spanning government, financial institutions, 

developers, and end-users—is critical for the successful implementation of sustainable practices. 

The validated model not only reflects current global best practices but also provides actionable 

insights for achieving a resilient, low-carbon, and resource-efficient real estate industry in Ghana. 

The validated model offers a scalable framework for guiding sustainability transitions in Ghana’s 

real estate sector. By embedding stakeholder priorities, institutional dynamics, and technological 

pathways, it provides a defensible basis for policy design, investment decisions, and industry 
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benchmarking. Future research may extend this model to other African contexts, test longitudinal 

impacts, or incorporate emerging constructs such as climate resilience and digital twin 

technologies 
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CHAPTER TEN 

CONCLUSION AND RECOMMENDATIONS 

10.1 INTRODUCTION 

This study set out to develop and validate an integrated environmental sustainability model for the 

real estate industry in Ghana. Through a comprehensive mixed-methods approach—including a 

Delphi study, field survey, and rigorous PLS-SEM analysis—the research confirmed the existence 

of significant environmental challenges and identified a unique set of drivers, technologies, and 

stakeholder roles that shape sustainability performance. This final chapter synthesizes the study’s 

conclusions, reflects on its theoretical and practical contributions, and presents strategic, 

actionable recommendations. These recommendations move beyond generic proposals by directly 

addressing the key barriers identified, offering a prioritized roadmap for change, and outlining a 

framework for monitoring progress. The aim is to translate the study’s robust findings into a 

tangible plan for fostering a more sustainable future for Ghana’s real estate sector. This chapter 

consolidates the study’s findings into a strategic roadmap, offering theoretical insights, 

methodological innovations, and actionable recommendations for advancing sustainability in 

Ghana’s real estate sector. 

10.2 SUMMARY OF RESEARCH OBJECTIVES AND FINDINGS 

10.2.1 Research Objectives RO1: To examine typical environmental challenges associated 

with real estate development in Ghana.  

The research revealed numerous environmental challenges associated with real estate development 

in Ghana. Key issues included deforestation, energy inefficiency, and inadequate waste 

management, which contribute significantly to environmental degradation. Poor waste disposal 
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systems and the lack of recycling infrastructure were identified as significant problems, 

exacerbating pollution and increasing landfill dependence. Water scarcity also emerged as a 

pressing issue, with limited adoption of conservation technologies such as rainwater harvesting 

systems (Afum et al., 2020). 

Further challenges stemmed from inadequate regulatory enforcement. Although environmental 

laws exist, weak monitoring mechanisms allow developers to neglect compliance. Additionally, 

high costs of sustainable technologies and inadequate financial support impede the adoption of 

eco-friendly practices. The lack of technical expertise among construction professionals and 

stakeholders further compounds these issues, limiting the integration of green practices. These 

findings emphasize the need for targeted interventions, including capacity building, stricter 

enforcement of environmental policies, and incentives for adopting sustainable practices. This 

objective was addressed through qualitative interviews (Chapter Five), Delphi consensus (Chapter 

Six), and quantitative survey analysis (Chapter Seven, Table 39). The findings were further 

validated through PLS-SEM (Chapter Seven, Table 20), confirming the negative influence of 

environmental challenges on sustainability adoption (H1). However, future research could explore 

how these challenges vary across different regions or project scales within Ghana. 

10.2.2 Research Objective RO2: To examine the critical success factors for effective 

environmental management in the real estate industry.  

Stakeholders identified several critical success factors that enable the adoption of environmental 

sustainability practices in Ghana’s real estate sector. These include strong governance structures, 

market demand for green buildings, financial incentives, and the availability of skilled 

professionals (Abu Hassan Abu et al., 2010; Afum et al., 2020; Agyekum et al., 2022). Leadership 
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commitment and institutional capacity were repeatedly emphasized as foundational drivers of 

change, particularly in contexts where regulatory enforcement is weak (Adinyira et al., 2012). 

Building on these qualitative insights, the quantitative findings validated through Hypothesis H2 

confirmed that these factors significantly influence the adoption of sustainability practices (see 

Chapter Seven; Hair et al., 2019). Their presence not only facilitates compliance but also fosters 

innovation and long-term investment in sustainable technologies. This convergence between 

stakeholder perspectives and empirical evidence underscores the need for policy frameworks that 

reward sustainable behavior and promote capacity development across the sector. 

To ensure lasting impact, stakeholders advocated for clearer sustainability benchmarks, public-

private partnerships, and targeted awareness campaigns (OECD, 2008; Ampratwum et al., 2019). 

These recommendations align with the statistical significance of governance and market readiness 

variables, reinforcing the sector’s readiness for structured interventions. The convergence of 

qualitative and quantitative findings (Chapter Seven, Table 38) and the statistical significance of 

enabling drivers (Chapter Seven, Table 20) confirm the achievement of this objective. 

Nonetheless, further research could investigate how informal sector dynamics and cultural norms 

shape the effectiveness of these success factors. 

10.2.3 Research Objective RO3: To investigate key environmental construction technologies 

that could enhance sustainability practices. 

The study revealed that environmental construction technologies—such as renewable energy 

systems, water conservation devices, and low-carbon materials—are central to enhancing 

sustainability performance. Stakeholders prioritized these technologies for their potential to reduce 

operational costs, improve building efficiency, and signal environmental leadership (Chan et al., 

2018; Darko & Chan, 2018). However, adoption remains constrained by high upfront costs, limited 
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technical expertise, and fragmented supply chains (Dadzie et al., 2018; Ekung et al., 2022). These 

barriers were consistently highlighted in interviews, particularly by small-scale developers and 

artisans. Quantitative analysis confirmed the pivotal role of these technologies, with Hypothesis 

H3 demonstrating a statistically significant relationship between technology adoption and 

sustainability outcomes (Hair et al., 2019; Sarstedt et al., 2022). This empirical validation 

strengthens the case for targeted subsidies, demonstration projects, and technical training programs 

to build confidence and competence across the value chain. Stakeholders also called for innovation 

hubs and pilot schemes to showcase the viability of green technologies in local contexts, 

suggesting that visibility and proof-of-concept are key to scaling adoption (WorldGBC, 2021; 

Ghana Green Building Council, n.d.).The Delphi study (Chapter Six) and survey results (Chapter 

Seven, Tables 12–14) provided robust evidence for this objective, with PLS-SEM confirming the 

positive relationship between technology adoption and sustainability outcomes (H3). Future 

studies could complement these findings with cost-benefit analyses or pilot implementations to 

assess real-world feasibility. 

10.2.4 Research Objective RO4: To evaluate the role of stakeholders in driving 

environmental sustainability.  

The Stakeholder engagement emerged as a critical enabler of sustainability implementation. 

Interviews highlighted the importance of collaborative platforms, professional associations, and 

knowledge-sharing mechanisms in aligning diverse interests and promoting best practices (Bohari 

et al., 2020; Kasim et al., 2021). Traditional authorities, municipal regulators, and private 

developers each bring unique perspectives that, when harmonized, can drive context-sensitive 

solutions. The empirical validation of Hypothesis H4 confirmed that stakeholder collaboration 

significantly improves the adoption and effectiveness of sustainability practices (Hair et al., 2019; 
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Sarstedt et al., 2022). This finding reinforces the qualitative emphasis on inclusive governance and 

participatory planning. To operationalize these insights, stakeholders proposed digital 

coordination tools, joint training programs, and co-regulatory frameworks that facilitate 

transparent decision-making and shared accountability (OECD, 2022; Ampratwum et al., 2019). 

Such mechanisms are particularly vital in contexts where informal norms and customary land 

systems intersect with formal planning regimes. This objective was achieved through stakeholder 

mapping (Chapter One, Table 1), qualitative interviews (Chapter Five), and survey validation 

(Chapter Seven, Table 37). PLS-SEM results (Chapter Seven, Table 20) confirmed the significance 

of stakeholder engagement (H4). However, future research could examine power asymmetries and 

stakeholder influence using frameworks such as salience or network analysis. 

10.2.5 Research Objective RO5: To develop an integrated environmental sustainability 

model for Ghana’s real estate industry. 

The study developed an integrated environmental sustainability model tailored to the Ghanaian 

real estate industry. This model incorporated five key constructs: Energy Efficiency, Water 

Conservation, Waste Management, Green Building Materials, and Air Quality and Pollution 

Control. These constructs were identified as interconnected pillars for achieving sustainability. 

The model emphasized the interdependence of these factors, illustrating how improved energy 

efficiency can complement water conservation efforts and how waste management practices align 

with the use of green materials (such as low-emission and recycled building materials). The 

integration of these constructs provides a comprehensive framework for planning, designing, and 

executing sustainable real estate projects. This model reflects global best practices while 

addressing the unique challenges and opportunities in Ghana’s real estate sector (Richter et al., 

2022).The model’s development was grounded in Delphi-refined constructs (Chapter Six) and 
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validated through PLS-SEM (Chapter Seven), with its structure and stakeholder alignment 

presented in Chapter Eight (Figure 9). While the model is theoretically and empirically robust, its 

practical application in live development projects remains a future research opportunity. 

10.2.6 Research Objective RO6: To examine the validity of the conceptualized model.  

The validity of the conceptualized model was confirmed through PLS-SEM. The findings 

demonstrated strong reliability and validity metrics, including high factor loadings, Cronbach’s 

Alpha values exceeding 0.88, and Composite Reliability ranging from 0.91 to 0.94. These metrics 

confirmed the robustness and internal consistency of the model. The average variance extracted 

(AVE) values, all above 0.65, validated the model’s convergent validity, while low variance 

inflation factor (VIF) scores ensured minimal multicollinearity. Discriminant validity was also 

confirmed using the Heterotrait-Monotrait (HTMT) ratio, with all values below the 0.85 threshold 

and confidence intervals excluding 1.0, further validating the distinctiveness of the model’s 

constructs (Henseler et al., 2020). These results indicate that the model effectively captures the 

multi-dimensional nature of environmental sustainability in real estate. The model’s validity, as 

detailed in Chapter Seven (Table 20), supports Hypothesis H5. However, external validity is 

limited to Ghana’s context; future studies should test the model’s applicability in other developing 

economies. 

10.3 CONTRIBUTIONS TO THEORY, METHODOLOGY, AND PRACTICE 

This study offers a multifaceted contribution to the discourse on environmental sustainability 

within Ghana’s real estate sector. By employing a rigorous mixed-methods approach and engaging 

a diverse range of stakeholders, the research advances theoretical understanding, methodological 
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innovation, and practical relevance in ways that are both contextually grounded and empirically 

validated. 

10.3.1 Theoretical Contributions and Value 

This study makes substantive theoretical contributions by advancing the conceptual understanding 

of environmental sustainability within the real estate sector, with a specific focus on the Ghanaian 

context. It introduces an integrated sustainability framework comprising validated constructs—

energy efficiency, water conservation, waste management, green building materials, and air quality 

and pollution control—that collectively capture the multidimensional nature of sustainable 

development in built environments. 

By embedding Ghana-specific challenges such as weak regulatory enforcement, high 

implementation costs, and limited technical expertise, the framework extends global sustainability 

theories to reflect the realities of developing economies. This contextualization offers a nuanced 

theoretical lens for examining sustainability transitions in regions often underrepresented in 

mainstream literature. 

Methodologically, the study applies Partial Least Squares Structural Equation Modeling (PLS-

SEM) to assess complex interrelationships among latent variables, demonstrating the robustness 

and generalizability of the proposed model. This contributes to the methodological literature by 

showcasing PLS-SEM’s utility in sustainability research, particularly in contexts with limited data 

or emergent constructs. 

The framework also enriches stakeholder theory by operationalizing the roles of government 

agencies, developers, investors, and consumers in co-producing sustainability outcomes. This 

multi-actor perspective underscores the importance of collaborative governance and aligns with 

emerging theoretical discourses on participatory environmental management. 
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Furthermore, the study advances beyond established models such as the Triple Bottom Line (TBL) 

and Environmental Management Systems (EMS). While TBL emphasizes economic, social, and 

environmental pillars, it lacks contextual sensitivity and stakeholder integration. EMS 

frameworks, though procedurally rigorous, often overlook implementation barriers in resource-

constrained settings. The developed framework addresses these limitations by integrating 

multidimensional constructs with stakeholder dynamics, offering a theoretically grounded and 

context-responsive model for sustainability in developing countries. 

 

Table 55: Novelty of the Framework 
Framework Focus Regional 

Context 

Stakeholder 

Engagement 

Practical 

Barriers 

Addressed 

Methodological 

Rigor 

Triple Bottom 

Line (TBL) 

Economic, social, 

and environmental 

dimensions 

Global 

applicability 

Limited 

emphasis 

Not addressed Varies 

Environmental 

Management 

Systems (EMS) 

Procedural 

compliance and 

environmental 

performance 

Global 

applicability 

Limited 

emphasis 

Partially 

addressed 

High 

LEED 

Certification 

Framework 

Green building 

standards and 

energy efficiency 

Primarily 

developed for 

North 

America and 

Europe 

Limited to 

building 

owners and 

developers 

High costs and 

technical 

expertise 

required 

High 

ISO 14001 Environmental 

management 

systems and 

compliance 

Global 

applicability 

Limited 

emphasis 

Not addressed High 

Institutional 

Theory 

Influence of formal 

and informal 

institutions on 

organizational 

behavior 

Context-

sensitive, 

varies by 

institutional 

environment 

Indirect—via 

institutional 

pressures and 

norms 

Recognizes 

institutional 

constraints but 

lacks operational 

guidance 

Theoretical, 

often qualitative 

or case-based 

Stakeholder 

Theory 

Balancing interests 

and power of 

diverse stakeholder 

groups 

Universally 

applicable 

but context-

dependent 

Central—

emphasizes 

active 

stakeholder 

participation 

Highlights 

stakeholder 

tensions but 

lacks 

implementation 

pathways 

Conceptual, 

often normative 

Developed 

Framework 

Multidimensional 

constructs with 

stakeholder roles 

and Ghana-specific 

challenges 

Tailored to 

Ghana’s real 

estate sector 

Collaborative 

roles of 

government 

agencies, 

developers, 

Addresses cost, 

expertise, and 

regulatory gaps 

High, with mixed 

methods and 

PLS-SEM 

validation 
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investors, and 

consumers 

 

The expanded comparison table, Table 55, highlights the unique contributions of the developed 

framework, emphasizing its novelty and applicability to Ghana’s real estate sector while critiquing 

other frameworks commonly adopted in sustainability studies. 

10.3.2 Methodological Contributions and Value 

This study makes a distinctive methodological contribution by operationalizing a strategically 

integrated mixed-methods design that combines the Delphi technique with Partial Least Squares 

Structural Equation Modeling (PLS-SEM). Rather than treating these methods as parallel or 

sequential steps, the research leverages their complementary strengths to generate insights that are 

both empirically robust and contextually grounded. 

The inclusion of semi-structured interviews before the Delphi rounds enhanced the contextual 

relevance of the study and ensured that the constructs reflected stakeholder realities within Ghana’s 

real estate sector. The Delphi technique functioned as a construct-refinement engine, enabling the 

study to capture nuanced expert perspectives on sustainability challenges specific to Ghana’s real 

estate sector. These insights were not peripheral—they directly shaped the development of 

measurement items and latent constructs, ensuring that the quantitative model was informed by 

practitioner wisdom and grounded in local realities. This iterative feedback loop exemplifies 

methodological reflexivity, where qualitative input is not just collected but actively used to refine 

the research architecture. 

PLS-SEM was selected not as a default statistical tool, but as a strategic methodological solution 

to address the complexity of modeling sustainability constructs in under-researched, data-

constrained environments. Its ability to handle non-normal data distributions, formative and 
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reflective constructs, and modest sample sizes made it ideal for this context. More importantly, 

PLS-SEM enabled the empirical validation of a model that was conceptually shaped by Delphi 

insights, thereby bridging expert-informed theory with statistical rigor. 

The combination of Delphi and PLS-SEM represents a novel and innovative approach in 

sustainability research. It moves beyond conventional mixed methods designs by integrating 

expert consensus into the very architecture of the quantitative model. This methodological fusion 

allowed the study to develop constructs that are not only statistically valid but also contextually 

relevant addressing a critical gap in sustainability modeling for developing countries, where 

imported frameworks often fail to capture local realities. 

Practically, this innovation yields several benefits. First, it provides a replicable blueprint for 

researchers working in similar contexts, offering a step-by-step pathway for developing and 

validating constructs tailored to local conditions. Second, it enhances stakeholder engagement by 

involving experts in construct development, fostering ownership and credibility among 

practitioners. Third, it produces actionable insights for developers, regulators, and policymakers 

seeking to implement sustainability strategies in real estate—moving beyond abstract theory to 

inform green building standards, investment decisions, and regulatory frameworks. Finally, it 

contributes to the evolving discourse on mixed-methods research, demonstrating how 

methodological pluralism can deepen epistemic insight and improve the defensibility of 

sustainability models. 

The study also demonstrates methodological sophistication through its use of SmartPLS 3.2 and 

rigorous reliability and validity checks—including Cronbach’s Alpha, Composite Reliability, and 

Average Variance Extracted (AVE). These procedures ensured the internal consistency and 

construct validity of the model, reinforcing the credibility of the findings. 
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By combining expert-driven construct development with advanced statistical modeling, the 

research offers a replicable framework for methodological pluralism in sustainability studies. It 

advances a design that is not only technically sound but also epistemologically responsive to the 

socio-economic and environmental complexities of developing regions. This contribution moves 

beyond procedural novelty to demonstrate how methodological innovation can deepen insight 

generation, enhance contextual relevance, and fill critical gaps in sustainability modeling. 

10.3.3 Practical Contributions of the Study 

This study offers several practical contributions that extend beyond conceptual recommendations 

to provide concrete pathways for operationalizing environmental sustainability within Ghana’s 

real estate sector. The integrated environmental sustainability model developed through this 

research serves not only as a strategic framework but also as a practical tool for guiding developers, 

policymakers, investors, and occupiers in the implementation of context-sensitive sustainability 

practices. 

For developers, the model identified priority areas such as energy efficiency, water conservation, 

and waste management, which could be directly embedded into project design and execution. 

These constructs may inform green building guidelines, site planning protocols, and material 

selection criteria. The findings further highlighted cost-effective technologies—such as solar 

installations, greywater recycling systems, and smart energy controls—that could be adopted 

incrementally, even within budget-constrained projects. To support implementation, the study 

recommended technical training programs and certification schemes aimed at enhancing capacity 

among contractors and site managers. 

For policymakers, the model provided a foundation for integrating sustainability metrics into urban 

planning regulations, building codes, and environmental permitting processes. Constructs from the 
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model could be translated into compliance checklists for new developments or used to revise 

existing standards under the Ghana Building Code. The study also proposed policy instruments 

such as tax incentives, expedited permitting for green projects, and public-private partnerships to 

address financial and institutional barriers. These mechanisms were deemed particularly relevant 

given Ghana’s infrastructural constraints and fragmented enforcement landscape. 

For investors and financial institutions, the model offered a risk-reduction lens by identifying 

sustainability factors that correlate with long-term asset value and operational efficiency. These 

insights could inform green financing criteria, loan eligibility assessments, and ESG 

(Environmental, Social, Governance) reporting frameworks, thereby aligning investment 

decisions with sustainability objectives. 

For occupiers and tenants, the model provided guidance for awareness campaigns and behavioral 

interventions aimed at promoting sustainable consumption patterns. The study suggested 

integrating sustainability indicators into tenant engagement platforms, occupancy agreements, and 

community outreach programs to foster a culture of environmental responsibility. 

Importantly, the research acknowledged systemic challenges such as high upfront costs, limited 

technical expertise, and weak regulatory enforcement. It proposed a multi-stakeholder 

implementation strategy involving collaboration between government agencies, developers, 

academia, and civil society to co-create solutions and monitor progress. This approach ensured 

that the model was not only theoretically sound but also institutionally embedded and practically 

actionable. 

In summary, the study presented a contextualized roadmap for integrating environmental 

sustainability into real estate development in Ghana. By offering tailored strategies for key 

stakeholder groups and aligning the model with existing regulatory and infrastructural systems, 
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the research enhanced its practical utility and positioned itself as a catalyst for sustainable 

transformation in the built environment. 

10.4 STRATEGIC RECOMMENDATIONS AND ROADMAP 

The following recommendations are proposed based on the findings of the study: 

10.4.1 Methodological Recommendations 

1. Adopt Mixed-Methods Approaches with contextual sensitivity: While mixed-methods 

(e.g., Delphi + PLS-SEM) provide robust insights, their feasibility in resource-limited 

setting must be weighed. Smaller-scale pilots or phased implementations may be necessary 

to build local research capacity. However, rigorous mixed methods design requires 

significant time and funding, which may delay actionable outputs and therefore there’s a 

need to prioritize high-impact research questions to justify costs. 

2. Expand Geographic and Sectoral Scope: The research was focused on Ghana’s real 

estate sector. Future studies should expand the scope to include other regions or industries 

to provide comparative insights. Cross-country analyses should highlight differences in 

environmental practices and identify globally applicable strategies., Sectoral studies should 

explore unique challenges in areas such as commercial or industrial real estate. 

3. Use Longitudinal Data: While this study relied on cross-sectional data, future research 

should consider longitudinal studies to track changes over time. This would allow for better 

assessment of the long-term effectiveness of sustainability interventions and provide 

insights into evolving trends and challenges. Longitudinal studies face attrition and funding 

instability in developing economies. Leverage existing datasets (e.g., Ghana EPA audits) 

as proxies for temporal trends while advocating for sustained funding. 
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4. Incorporate Emerging Analytical Techniques: Building on the success of PLS-SEM, 

future research could incorporate emerging analytical tools like machine learning 

algorithms to predict sustainability performance. Advanced techniques can uncover 

complex patterns and relationships that traditional methods may overlook, enhancing the 

predictive power of environmental models. 

5. Engage a Wider Range of Stakeholders Future studies should include a more diverse 

range of stakeholders, such as community members, non-governmental organizations 

(NGOs), and financiers. This ensures a more inclusive perspective on sustainability 

challenges and solutions, particularly regarding the social and financial aspects of real 

estate development. 

6. Conduct Industry-Specific Case Studies While the study provided a general framework, 

industry-specific case studies would help contextualize findings further. For example, 

investigating sustainability practices in luxury housing versus affordable housing projects 

could yield actionable recommendations tailored to specific market segments. 

10.4.2 Theoretical Recommendations 

1. Enhance the Integration of Context-Specific Variables The study's theoretical 

framework included constructs relevant to Ghana, such as regulatory enforcement and 

technological constraints. Future research should incorporate additional context-specific 

variables, such as cultural attitudes toward sustainability and localized environmental 

challenges. Theories must integrate socio-anthropological lenses. This will enhance the 

model's relevance and applicability across diverse regions and contexts. 

2. Develop Interdisciplinary Frameworks Sustainability in real estate intersects with fields 

like economics, sociology, and environmental science. Future studies should adopt 
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interdisciplinary theoretical frameworks that incorporate insights from these disciplines. 

This approach would broaden the theoretical base and improve the understanding of 

sustainability as a complex, multi-faceted issue. 

3. Test the Model across Different Contexts The integrated environmental sustainability 

model developed in this study provides a robust framework for analyzing sustainability. 

Future research should test its applicability in different cultural, economic, and regulatory 

contexts. This would validate the model further and allow for refinements that improve its 

global relevance. 

4. Incorporate Behavioural Theories To understand the role of stakeholders, future 

research should integrate behavioural theories, such as the Theory of Planned Behaviour 

or Diffusion of Innovations. These frameworks can explain how attitudes, perceptions, and 

social norms influence the adoption of sustainability practices in real estate. 

5. Expand Constructs Beyond Current Focus While the study focused on energy 

efficiency, water conservation, waste management, green building materials, and air 

quality, future research should explore additional constructs, such as climate adaptation 

measures or biodiversity conservation. Expanding the theoretical framework will capture 

emerging dimensions of sustainability in response to global environmental challenges. 

6. Focus on Policy-Driven Models Future studies should develop models that integrate 

policy-related constructs, such as the role of tax incentives, subsidies, and public-private 

partnerships. Theoretical frameworks that emphasize the interplay between policy and 

sustainability practices are valuable for influencing government strategies. 
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By implementing these methodological and theoretical recommendations, future research can 

build upon the foundation established by this study, further advancing knowledge and providing 

actionable insights to promote environmental sustainability in the real estate sector. 

10.4.3 Actionable Recommendations and Strategic Roadmap 

The recommendations derived from this study are strategically sequenced to provide a clear 

roadmap for change, acknowledging that not all interventions are equal in feasibility, cost, or 

impact. a tiered approach, categorizing recommendations into short-term, medium-term, and long-

term actions to guide stakeholders toward a sustainable transformation is proposed. This approach 

moves beyond aspirational goals by providing a practical pathway that links immediate, low-cost 

actions to more complex, long-term policy and infrastructural changes. Furthermore, each 

recommendation is explicitly designed to address the key challenges identified in this research, 

such as high costs of technology, inadequate regulatory enforcement, and a lack of technical 

expertise (see Appendix II). 

Short-Term Recommendations, 6-12 months: To address the immediate challenges of 

knowledge gaps and financial barriers, short-term recommendations should focus on low-cost, 

high-impact interventions. For example, government agencies, in partnership with professional 

bodies like the Ghana Institution of Engineering, Architects Registration Council, the Ghana Real 

Estates Developers Association, Institution of Engineering and Technoogy and academic 

institutions, should immediately integrate sustainability principles into all professional training 

and built environment curricula. Embed sustainability in curricula but address faculty resistance 

via train-the-trainer programs with incentives. This would directly combat the "limited technical 

expertise" challenge. Concurrently, real estate developers and associations should launch public 

awareness campaigns, leveraging digital platforms to highlight the long-term economic and 
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environmental benefits of green building, thereby creating a market-driven demand for sustainable 

properties. Use mobile platforms (e.g., WhatsApp) for outreach, recognizing low digital literacy 

in rural areas. Financial institutions can also begin to pilot new green financing products, such as 

low-interest loans for the purchase of sustainable building materials or the installation of solar 

panels in new developments. 

Medium-Term Recommendations, 1-3 years: Medium-term actions should build on these short-

term successes by addressing systemic barriers. For instance, to overcome the challenge of 

"inadequate regulatory enforcement", the Environmental Protection Agency (EPA) should 

establish a specialized "Green Building Compliance Unit" responsible for conducting regular, 

unannounced audits of construction projects. This unit should be empowered to enforce existing 

environmental laws and recommend penalties for non-compliance. Start with high-visibility 

projects (e.g., government buildings) to demonstrate enforcement credibility before scaling. 

Furthermore, the government can implement a clear framework of financial incentives, such as tax 

credits for developers who achieve a recognized green building certification (e.g., EDGE), making 

it a more attractive option despite the initial "high costs". Phase implementation to monitor 

developer uptake and fiscal impacts, adjusting thresholds as needed. 

Long-Term Recommendations (3-5+ years): Long-term recommendations should focus on 

comprehensive policy reform and infrastructural investment to institutionalize sustainability. For 

example, the government should work with a multi-stakeholder task force—including developers, 

regulators, and academics—to develop and enact a national green building code that is mandatory 

for all new real estate projects. Draft localized adaptations (e.g., modular standards for informal 

settlements) to avoid exclusion. This would provide a consistent and legally enforceable standard 

for the entire sector. Additionally, investments in research and development, possibly through 
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public-private partnerships, should be a priority to create a local supply chain for sustainable 

building materials and technologies tailored to Ghana’s climate and economic context. Prioritize 

technologies with dual benefits (e.g., solar panels reducing both emissions and operational costs) 

to attract private capital. To support the implementation of the validated sustainability framework. 

The Table 56 presents a tiered roadmap of strategic recommendations. These are sequenced across 

short-, medium-, and long-term horizons, with corresponding stakeholder responsibilities to ensure 

coordinated action and policy alignment. 

Table 56: Strategic Roadmap for Sustainability Implementation 
Time 

Horizon 

Recommendation Focus Lead Stakeholders 

Short-Term Curriculum integration, awareness campaigns, pilot 

green loans 

Academia, GREDA, banks 

Medium-

Term 

Compliance audits, tax incentives, certification 

frameworks 

EPA, developers, Ministry of 

Works 

Long-Term National green building code, R&D investment, supply 

chain localization 

Government, PPPs, industry 

associations 

 

10.4.4 Policy Recommendations: Who, What, When, and How 

Table 57 presents a sequenced set of policy recommendations aligned with the study’s findings 

and stakeholder roles. Each recommendation is tailored to a specific actor within the real estate 

ecosystem—ranging from regulators and developers to financial institutions and academia. The 

table outlines actionable steps, realistic implementation timelines, and potential funding sources 

to enhance feasibility. This structured approach ensures that responsibilities are clearly assigned 

and that interventions are both time-bound and financially anchored, thereby increasing the 

likelihood of successful adoption and long-term impact. 

Table 57: Targeted Policy Recommendations by Stakeholder, Action, Timeline, and 

Funding Mechanism  

Stakeholder Action Timeline Funding 

Mechanism 
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EPA Establish Green Building 

Compliance Unit 

1–3 years National budget + 

climate funds 

Ministry of Works & 

Housing 

Integrate sustainability into 

building codes 

Immediate Legislative reform 

GREDA & Developers Launch public awareness 

campaigns 

6–12 

months 

Member 

contributions 

Banks & Investors Pilot green loan products 6–12 

months 

Internal ESG funds 

Academic Institutions Embed sustainability in 

curricula 

1 year Education grants 

 

Source: Researcher’s Construct (2025) 

10.4.5 Future Research Directions 

Future studies should build on this foundation by expanding the methodological, contextual, and 

theoretical scope of sustainability research in real estate. Key directions include: 

1. Methods: Employ longitudinal designs to track sustainability outcomes over time, integrate 

machine learning for predictive modeling, and conduct industry-specific case studies to deepen 

contextual understanding. 

2. Contexts: Compare sustainability practices across commercial and residential developments 

and conduct regional analyses to identify geographic variations in adoption and impact. 

3. Measures: Incorporate emerging indicators such as climate resilience, biodiversity preservation, 

and behavioral adoption metrics to capture broader environmental and social dimensions. 

4. Theories: Apply behavioral and innovation frameworks—such as the Theory of Planned 

Behavior and Diffusion of Innovation—to explain stakeholder adoption patterns and resistance. 

5. Constructs: Extend the current model by integrating climate adaptation strategies, circular 

economy principles, and digital twin technologies to reflect evolving sustainability paradigms. 

These directions will enhance the model’s relevance, improve its generalizability, and extend its 

applicability across diverse sustainability domains and geographic contexts. 

10.4.6 Clarifying the Transition from Validation to Deployment 
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To ensure clarity between the empirical model presented in Chapter Seven and the strategic 

framework introduced in Chapter Eight, Table 53 summarizes their distinct purposes, methods, 

and contributions. This comparison reinforces the methodological coherence of the study and 

highlights how validated constructs were synthesized into a practical roadmap for implementation. 

Table 58: Comparison of Chapter Seven and Chapter Eight Models 

Aspect Chapter Seven Model Chapter Eight Model 

Purpose Empirical validation Strategic deployment 

Method PLS-SEM (quantitative) Mixed-method synthesis 

Structure Latent constructs Five implementation pillars 

Data Source Survey (n=275) Delphi, interviews, survey 

Output Validated relationships Actionable roadmap 

Use Academic rigor Policy and practice guidance 

 

This distinction, as shown in Table 58, ensures that readers understand the progression from 

statistical validation to stakeholder-informed deployment, reinforcing the study’s contribution to 

both theory and practice. 

10.5 MONITORING AND EVALUATION FRAMEWORK 

To ensure the effectiveness and accountability of these recommendations, a robust monitoring and 

evaluation framework is essential. The government's proposed "Green Building Compliance Unit" 

could serve as the central body for this oversight, working with the Ghana Statistical Service to 

track key performance indicators (KPIs). For instance, progress could be measured by tracking the 

annual number of new green-certified projects, the total reduction in energy and water 

consumption across the real estate sector, and the percentage increase in the use of locally sourced 



299 

 

sustainable materials. Beyond counting certified buildings, track equitable access to green housing 

and lifecycle performance (e.g., post-occupancy energy use). This framework would provide a 

feedback loop to policymakers, allowing for adaptive strategies and refinements to the model, 

ensuring that the recommendations remain relevant and impactful in a dynamic environment. 

Establish a multi-stakeholder review panel to revise KPIs annually based on unintended 

consequences (e.g., gentrification from green premiums)(see Appendix VI). 

10.6 THEORETICAL EXTENSIONS 

10.6.1 Development of Context-Specific Sustainability Models 

Existing sustainability models often apply generic frameworks to real estate markets, failing to 

account for unique regional climate conditions, socio-economic realities, and local governance 

structures. Future research should focus on developing context-specific sustainability models that 

integrate regionally relevant variables such as climate resilience, biodiversity conservation, and 

cultural sustainability practices. This will enhance the applicability of sustainability frameworks 

and improve adoption rates in diverse markets. 

10.6.2 Interdisciplinary Research Integration 

Sustainability in real estate necessitates a multidisciplinary approach that bridges insights from 

environmental science, architecture, engineering, finance, and public policy. Future research 

should encourage cross-sector collaborations to develop holistic solutions incorporating technical, 

financial, and regulatory perspectives. Interdisciplinary partnerships will facilitate comprehensive 

sustainability strategies that address the complexities of real estate development and environmental 

management. 
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10.6.3 Cross-National Comparative Analysis 

Applying sustainability models across different economic and regulatory environments provides 

valuable insights into best practices, policy effectiveness, and shared challenges. Comparative 

analyses between developed and developing nations can highlight gaps in regulatory frameworks, 

financial incentives, and technology adoption. Such studies can inform policy recommendations 

and foster knowledge exchange to enhance global sustainability efforts in real estate. 

10.6.4 Exploring Smart and Digital Technologies 

The advent of the Fourth Industrial Revolution (4IR) has introduced a range of smart and digital 

technologies that can revolutionize sustainability in real estate. Future research should investigate 

the integration of IoT-enabled monitoring systems, blockchain-based green financing, and AI-

driven sustainability assessments. These technologies offer innovative solutions for optimizing 

energy use, reducing waste, and improving overall resource efficiency in real estate development 

and management. 

10.6.5 Policy-Driven Theoretical Frameworks 

For sustainability models to be effective, they must align with urban planning policies, taxation 

incentives, and legal enforcement mechanisms. Future research should examine how policy 

frameworks can create structured pathways for sustainability adoption across all real estate market 

segments. This will ensure that sustainability models are not only theoretically sound but also 

practically applicable in shaping regulatory decisions and industry practices. To future-proof the 

model, it can be expanded to include climate resilience indicators (e.g., flood mitigation, passive 

cooling), AI-driven building performance analytics for real-time optimization, and digital twin 
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technologies to simulate and test sustainability interventions. These enhancements will strengthen 

the model’s adaptability and position Ghana’s real estate sector for smart, sustainable growth. 

10.7 POLICY AND PRACTICAL RECOMMENDATIONS 

The successful implementation of sustainable real estate practices requires tailored 

recommendations for various stakeholders. The following policy and practical measures aim to 

enhance sustainability adoption across the sector. 

10.7.1 Government Agencies 

a. Strengthen Green Building Regulations: Governments should introduce and strictly 

enforce sustainability standards, including energy-efficient building codes, water 

conservation laws, and waste management requirements. Compliance should be monitored 

through periodic environmental impact assessments (EIAs). Pair stricter regulations 

with technical assistance for SMEs to avoid compliance burdens stifling innovation. 

b. Create Financial Incentives for Green Development: Offering tax benefits, low-interest 

green loans, and grants for eco-friendly building projects can encourage developers to 

prioritize sustainability. 

c. Enhance Public Awareness and Capacity Building: Collaboration between 

governments, academic institutions, and industry associations should focus on providing 

training programs that promote sustainable real estate practices. 

d. Promote Climate-Resilient Urban Planning: National policies should incorporate 

climate adaptation strategies, such as flood-resistant infrastructure, green spaces, and low-

carbon transportation networks, to enhance resilience in urban development. 
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10.7.2 Financial Institutions 

a. Develop Sustainable Financing Models: Banks and investors should introduce green 

mortgages, ESG-linked investment funds, and carbon credit financing to support eco-

friendly real estate projects. Offer blended finance (e.g., concessional loans + grants) to de-

risk green projects, acknowledging banks’ profit mandates. 

b. Establish Sustainability Criteria for Loan Approvals: Lenders should assess a project’s 

environmental performance before granting funding. Key indicators should include energy 

efficiency ratings, water conservation strategies, and carbon footprint assessments. 

c. Support Green Technology Investments: Financial institutions can play a crucial role in 

funding research and innovation in sustainable materials, energy-efficient construction 

techniques, and smart building technologies. 

10.7.3 Real Estate Developers 

a. Adopt Sustainable Design and Construction Practices: Developers should incorporate 

sustainability principles by prioritizing solar energy, rainwater harvesting, smart insulation, 

and the use of recycled construction materials. Showcase cost-saving case studies (e.g., 

water recycling ROI) to counter perceived high upfront costs. 

b. Implement Digital Sustainability Solutions: AI-powered energy management systems, 

IoT-based water monitoring, and Building Information Modelling (BIM) can optimize 

resource efficiency and reduce waste. 

c. Achieve International Green Certifications: Developers should seek globally 

recognized sustainability certifications such as LEED (Leadership in Energy and 

Environmental Design), BREEAM (Building Research Establishment Environmental 
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Assessment Method), or EDGE (Excellence in Design for Greater Efficiencies) to enhance 

their market credibility. 

10.7.4 Tenants and Property Occupants 

a. Promote Energy-Conscious Living: Tenants should be educated on energy-saving 

techniques, such as using smart thermostats, LED lighting, and eco-friendly appliances, to 

reduce overall energy consumption. 

b. Participate in Green Lease Agreements: Rental agreements should incorporate 

sustainability clauses that require tenants to adhere to waste segregation, energy efficiency, 

and water conservation measures. This will ensure that environmental responsibility is 

shared across all occupants. 

10.7.5 Legal and Policy Experts 

a. Strengthening Legal Frameworks for Environmental Compliance: Governments and 

legal institutions should enforce stringent penalties for non-compliance with sustainability 

regulations. Stronger legal frameworks will drive accountability and ensure adherence to 

environmental policies. 

b. Ensure Transparent Sustainability Contracts: Real estate transactions should explicitly 

outline environmental obligations for developers, tenants, and investors. Clear contractual 

agreements will help reinforce sustainability commitments and improve compliance. 
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10.8 LIMITATIONS OF THE STUDY 

While this study contributes substantively to enhancing environmental sustainability practices 

within the Ghanaian real estate sector, several limitations must be acknowledged to guide 

interpretation and future scholarship. 

• External Validity: 

The purposive sampling approach adopted for expert elicitation strengthened depth of insight but 

inherently limits the generalizability of the findings across the wider industry. Future studies 

should employ stratified or random sampling across different geographic regions, firm categories, 

and project scales to improve external validity. 

• Measurement Constraints: 

Several variables were measured using self-reported data, which may be prone to social 

desirability bias or subjective interpretation. The use of independent audits, observational 

assessments, and certified sustainability performance indicators in subsequent research would 

enhance objectivity and precision. 

• Potential Panel Bias: 

The Delphi panel was primarily composed of actors within the formal real estate sector. Informal 

market participants, who make up a substantial portion of Ghana’s built environment development, 

may therefore be underrepresented. Inclusion of community-based organizations and informal 

developers in future validation stages will broaden stakeholder representation. 

• Data Recency: 

Data collection occurred in 2024. Given the dynamic nature of sustainability-related policies, 

market innovations, and regulatory reforms, some conditions may have evolved post-data 
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collection. The model will therefore benefit from periodic review and integration with real-time 

policy and performance monitoring systems. 

• Time Constraints: 

The overall research timeline restricted opportunities for deeper exploratory engagements, such as 

longitudinal assessment of sustainability outcomes or evaluation of shifts in stakeholder behaviour 

over time. Extended research durations would support follow-up studies, scenario analyses, and 

richer case-based examinations. 

• Survey Retrieval and Participation Challenges: 

Difficulties in retrieving completed questionnaires resulted in a reduced response rate and a smaller 

dataset than anticipated. Limited cooperation from some key respondents, driven by concerns 

about confidentiality, perceived time burdens, and low awareness of research relevance, may have 

introduced non-response bias. Certain stakeholder viewpoints, particularly among industry-

leading firms and less formally organized groups, might therefore be underrepresented. 

 

Despite these limitations, the methodological rigor employed safeguards the integrity and validity 

of the findings. The limitations primarily highlight opportunities for methodological refinement 

and deeper exploration in future research endeavours. 

10.9 CONCLUSION 

 In conclusion, this study has successfully developed and validated an integrated environmental 

sustainability model for the Ghanaian real estate sector, offering a robust framework grounded in 

expert consensus and empirical data. Through a rigorous mixed-method design—combining the 

Modified Delphi technique with PLS-SEM validation—the model integrates technical, 
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institutional, economic, and stakeholder dimensions in a context-responsive manner. It addresses 

critical challenges such as inadequate waste management, energy inefficiency, and weak 

regulatory enforcement, while underscoring the transformative potential of stakeholder 

collaboration and technological innovation. 

The findings consistently demonstrate that a successful path to sustainability requires a multi-

faceted approach, where market demand, regulatory push, and technological readiness converge. 

By operationalizing circular economy principles and aligning with global sustainability standards, 

the model provides a strategic tool for guiding sustainable transformation in the built environment. 

Its central contribution lies in bridging fragmented efforts into a coherent and actionable 

framework that can inform policy, industry practice, and future research. 

By embracing the tailored strategic recommendations—including mechanisms for monitoring 

progress—Ghana’s real estate industry can move toward a holistic and sustainable future, ensuring 

that economic development is inextricably linked with environmental stewardship. The validated 

model and strategic roadmap presented in this study offer a transformative blueprint for embedding 

sustainability into Ghana’s real estate sector. By aligning stakeholder priorities with empirical 

evidence and global best practices, the research provides a defensible foundation for policy reform, 

industry innovation, and academic advancement. Future efforts should focus on scaling 

implementation, refining indicators, and fostering cross-sector collaboration to ensure that 

sustainability becomes a core pillar of real estate development in Ghana and beyond 
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APPENDIX I 

RESEARCH INTRODUCTION LETTER AND QUESTIONNAIRE 

 

DURBAN UNIVERSITY OF TECHNOLOGY 

FACULTY OF ENGINEERING AND THE BUILT ENVIRONMENT 

DEPARTMENT OF CONSTRUCTION MANAGEMENT AND QUANTITY SURVEYING 

 

          DECEMBER 2023 

 

Dear Respondent, 

 

The Department of Construction Management and Quantity Surveying at the Durban University 

of Technology is undertaking a research project on the topic: AN INTEGRATED 

ENVIRONMENTAL SUSTAINABILITY MODEL FOR THE REAL ESTATE 

INDUSTRY. To this end we kindly request that you complete the following short questionnaire. 

It should take no longer than 30 minutes of your time. Your response is of the utmost importance 

to us. 

 

To protect your anonymity, please do not enter your name or contact details on the questionnaire.  

 

Summary results of this research will be available in the Department of Construction Management 

and Quantity Surveying in December 2024. 

 

Should you have any queries or comments regarding this survey, you are welcome to contact us 

telephonically at 0543719709or email us at harold.adjarko@ttu.edu.gh   

 

 

Yours sincerely, 

Adjarko Harold 

Durban University of Technology 

Tel: +2330543719709, email: harold.adjarko@ttu.edu.gh   

 

PART I: RESPONDENT’S DEMOGRAPHY  

Please state your demographic information.  

Area of Work (Please Underline) Householder, Tenant, Estate Agent, Investor, Lender, Banker, 
Contractor, EPA, Local Authorities 

Experience   

Area of Specialisation   

Professional affiliation    
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Involve in Building/Estate projects 

execution 

 

 

SECTION B: KEY DRIVER TOWARDS ENVIRONMENTAL MANAGEMENT IN THE 

REAL ESTATE SECTOR IN GHANA 

Please rate the degree of importance of these drivers to environmental sustainability in the real 

estate industry. The response scale is as follows, from 1-5, 

1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree 

 

No. Statements Strongly 

Disagree 

Disagree Neutral Agree Strongly 

Agree 

1 Selecting the right construction team is vital in 

enhancing environmental performance. 

     

2 Environmental issues such as energy efficiency, 

waste management, and greenhouse gas 

reduction are important considerations. 

     

3 The organization's access to product innovation 

and process innovation improves environmental 

performance. 

     

4 Corporate social responsibility initiatives 

motivate real estate companies to implement 

environmental management practices. 

     

5 Environmental regulations imposed by the 

government encourage the adoption of eco-

friendly practices. 

     

6 External stakeholders, such as government 

authorities and society have a significant level 

of influence and decision-making in the real 

estate industry development. 

     

7 Government support and funding for research 

and development of sustainable real estate 

technologies would significantly encourage 

their adoption of environmental sustainability 

practices.  

     

8 Factors like employee competency and 

financial resources would significantly impact 

environmental sustainability in the industry. 

     

9 The availability of financial incentives would 

encourage real estate companies to adopt 

environmentally friendly practices. 

     

10 Market demand and technological 

advancements drive the adoption of sustainable 

practices in the real estate industry. 

     

11 Consumer demand for sustainable buildings 

drives real estate companies to prioritize 

environmental management practices. 
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SECTION B: KEY DRIVERS TOWARD ENVIRONMENTAL MANAGEMENT IN THE 

REAL ESTATE SECTOR IN GHANA (continued) 

 

 

 

 

 

 

 

No. Statements Strongly 

Disagree 

Disagree Neutral Agree Strongly 

Agree 

12 Social factors, such as public awareness and 

promotion of health and safety would 

significantly influence environmental practices 

in real estate. 

     

14 The real estate industry can learn from the 

environmental practices implemented in other 

industries. 

     

15 Networking and collaboration among different 

professionals would enhance key stakeholder 

experiences to contribute to environmental 

management good practice. 

     

16 Integrating sustainable building materials and 

technologies would enhance the market 

competitiveness of real estate projects in 

Ghana. 

     

17 Sustainable building certifications (e.g., 

EDGE, LEED, and BREEAM) are considered 

key drivers for real estate companies to pursue 

environmentally friendly practices. 

     

18 Collaborative partnerships with environmental 

organizations promote the adoption of 

sustainable practices in the real estate industry. 

     

19 Industry recognition and awards for 

environmental management practices would 

motivate real estate companies to strive for 

sustainability practices. 

     

20. Employee and stakeholder awareness and 

education programs on sustainability would 

promote the implementation of environmental 

management practices among real estate 

stakeholders. 
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SECTION C: KEY CHALLENGES TO EFFECTIVELY ADOPT ENVIRONMENTAL 

MANAGEMENT AND SUSTAINABILITY PRACTICES IN THE REAL ESTATE 

SECTOR 

Please, on a scale of strongly disagree to strongly agree, rate to what extent do you agree on the 

degree of importance of the following statements in relation to challenges of environmental 

management and sustainability adoption in the real estate industry in Ghana. The response scale 

is a 5-point Likert scale ranging from "Strongly Disagree" to "Strongly Agree."  as follows: 

1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree 
 

No. Statement Strongly 

Disagree 

Disagree Neutral Agree Strongly 

Agree 

1. There is a lack of awareness and understanding of 

environmental management practices among the 

real estate stakeholders in Ghana. 

     

2. The high cost of incorporating environmentally 

friendly practices is a barrier in the real estate 

industry in Ghana. 

     

3. The enforcement of environmental regulations is 

inadequate in the real estate industry in Ghana. 

     

4. The lack of standardization in environmental 

management practices hinders its adoption in the 

real estate industry in Ghana. 

     

5. Inadequate infrastructure limits the 

implementation of environmentally friendly 

practices in the real estate industry in Ghana. 

     

6. Limited access to financing impedes the adoption 

of environmental management practices in the real 

estate industry 

     

7. There is a lack of technical expertise to effectively 

implement environmental management practices 

in in the real estate industry. 

     

8. Most of the real estate professionals lack 

awareness and understanding of sustainability 

issues within real estate industry and development.  

     

9. The lack of financial incentives discourages the 

adoption of sustainable real estate practices in 

Ghana real estate industry.  

     

10. The absence of regulatory support hampers the 

development of sustainable real estate in Ghana.  

     

11. There is a lack of incentives for developers to 

adopt environmentally friendly practices in Ghana 

real estate industry. 

     

12. Limited funding and slow policy reforms are 

challenges towards implementing environmental 

management and sustainability practice in Ghana 

real estate.  

     

13. The real estate industry faces difficulties in 

acquiring developable land in urban areas in 

Ghana 
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SECTION C: KEY CHALLENGES TO ENVIRONMENTAL MANAGEMENT IN THE 

REAL ESTATE SECTOR (Continued) 

 

 

 

 

No. Statement Strongly 

Disagree 

Disagree Neutral Agree Strongly 

Agree 

14. The lack of clear land titles poses a 

challenge to environmental management. 

     

15. The industry struggles with limited access 

to long-term and low-cost funding channels. 

     

16. There are liquidity issues and piling debt 

affecting environmental management 

practices in Ghana real estate industry. 

     

17. Higher rates of statutory fees and taxes pose 

challenges in environmental management in 

Ghana real estate industry. 

     

18. The lack of environmental regulations in the 

industry contributes to unsustainable 

practices. 

     

19. There is a lack of environmental awareness 

among stakeholders in the real estate 

industry in Ghana. 

     

20. Inefficient building management results in 

high environmental impact and costs. 

     

21. The lack of sustainable building materials 

hinders environmental management 

practices. 

     

22. The lack of data on energy consumption, 

water usage, and waste management is a 

challenge towards achieving environmental 

sustainability in real estate industry. 

     

23. The lack of standardized on environmental 

management systems affects the real estate 

industry in Ghana. 

     

24. Real estate professionals lack awareness and 

expertise’ knowledge of environmental 

sustainability issues.  

     

25. The adoption of green building practices is 

limited in the real estate industry in Ghana. 

     

26. The Ghana real estate industry lacks 

effective environmental policies and 

regulations. 
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SECTION D: ENVIRONMENTAL CONSTRUCTION TECHNOLOGIES THAT CAN 

BE ADOPTED TO ENHANCE SUSTAINABILITY PRACTICE IN THE GHANAIAN 

REAL ESTATE INDUSTRY  

Please on a scale of strongly disagree to strongly agree kindly rate to what extent you agree with 

the statements on the degree of importance in relation to the adoption of environmental 

construction technologies that can enhance sustainable real estate industry in Ghana. The response 

scale is a 5-point Likert scale ranging from "Strongly Disagree" to "Strongly Agree." as follows: 

1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree 

 Question Strongly 

Disagree 

Disagree Neutral Agree Strongly 

Agree 

Q1. Smart building management systems can 

optimize energy use, reduce energy waste, 

and monitor building performance in real 

time. 

     

Q2. Energy-efficient lighting such as LED 

lighting can be used to reduce energy 

consumption and improve the efficiency of 

lighting systems. 

     

Q3. Renewable energy technologies, such as 

solar panels and wind turbines, can be 

adopted for the real estate sector to 

enhance sustainability in Ghana. 

     

Q4. Water conservation technologies, such as 

low-flow fixtures and water recycling 

systems, can be installed to reduce water 

usage and promote sustainability. 

     

Q5. The use of green building materials, such 

as recycled steel, bamboo, and reclaimed 

wood, can help reduce the environmental 

impact of building construction. 

     

Q6. Prefabrication can help reduce waste, 

improve quality control, and minimize 

construction time in the real estate 

industry. 

     

Q7. Installing electric vehicle charging stations 

can encourage the use of electric vehicles 

and reduce greenhouse gas emissions. 

     

Q8. The use of environmentally friendly 

building materials, such as recycled 

materials and non-toxic paints and 

finishes, is important for sustainable 

construction. 

     

Q9. Green roofs can provide multiple benefits, 

including reducing heat absorption, 

improving air quality, and supporting 

wildlife habitat. 
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SECTION D: ENVIRONMENTAL CONSTRUCTION TECHNOLOGIES THAT CAN 

BE ADOPTED IN THE REAL ESTATE INDUSTRY (CONTINUED) 

 

 Question Strongly 

Disagree 

Disagree Neutral Agree Strongly 

Agree 

10 Solar photovoltaic systems contribute to 

renewable energy generation and reduce 

greenhouse gas emissions. 

     

11 Rainwater harvesting systems help conserve 

water resources and reduce dependency on 

traditional water supply systems. 

     

12 Integrating green infrastructure elements, such as 

permeable pavements and bio-retention systems, 

improves stormwater management would 

enhance sustainability and promotes biodiversity 

in Ghana 

     

13 Building designs that optimize natural lighting, 

and ventilation would contribute to energy 

efficiency and occupant comfort in Ghana real 

estate industry. 

     

14 The use of building automation systems can 

enhance energy efficiency and provide improved 

control over energy consumption in Ghana real 

estate industry. 

     

15 Incorporating efficient waste management 

practices, including recycling and waste reduction 

strategies, is crucial for sustainable construction. 

     

16 Sustainable transportation and mobility solutions 

should be considered in real estate developments 

to reduce environmental impacts. 

     

17 The integration of Internet of Things (IoT) 

devices and sensors will enhance and improves 

monitoring and control of environmental factors 

in building sustainable maintenance in Ghana real 

estate industry. 

     

18 Building information modelling (BIM) 

technologies would facilitate effective planning 

and resource management in real estate 

development in Ghana. 

     

19 The use of sustainable landscaping and green 

spaces would contribute to environmental 

sustainability in the real estate industry. 

     

20 Waste reduction and recycling measures should 

be integrated into construction processes in the 

real estate sector to enhance sustainability in 

Ghana. 
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Section E1: To Be Answered by Only Clients/ Householders/Tenants/ Occupiers and Estate Agents 
Please rate your awareness and satisfaction level regarding the presence of installed environmental 
technology fixtures in the following sections of your building/room/facility, using a single 5-point Likert scale. 
Evaluate each section based on both your satisfaction with its effectiveness and your level of awareness.  
 

Is there anything specific you would like to highlight about the environmental technology fixtures in your 
building that has not been covered in the questionnaire? 
........................................................................................................................................................................
........................................................................................................................................................................ 
Thank you for your contribution. We value your contribution and time spent on completing this 
questionnaire. If you have any queries, please do not hesitate to contact the undersigned. 
 
Harold Adjarko 
Durban University of Technology 
Tel: 05433719709 
email: harold.adjarko@ttu.edu.gh 

 Sections in the estate 
facility 

Very 
Dissatisfied 
and Not 
Aware at All 

Dissatisfied 
and Slightly 
Aware 

Neutral 
and 
Moderat
ely 
Aware 

Satisfied 
and Very 
Aware 

Very Satisfied 
and Extremely 
Aware 

1 The drainage system      

2 The Garbage and waste 
collection  

     

3 The fire protection 
services 

     

4 Electricity supply      

5 Water supply      

6 Telephone service      

7 Wall system      

8 Floor system      

9 roofing      

10 External construction 
works  

     

11 Internal construction 
works 

     

12 Window system      

13 Door’s system      

14 Internal finishing      

15 External finishing       

16 Plumbing fixtures      

17 Parking      

18 Transportation      

19 Walkways      

20 Landscaping       

 Other……      
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APPENDIX II 

PROPOSED AREAS OF WORK TO SEND QUESTIONNAIRES: 

 

 

 

 

 

 

 

 

 

 

 TARGETED AREAS OF WORK TO SEND 

QUESTIONNAIRES 

Number of Purposive Respondents 

1 Mortgage/ Finance Companies   

2 Property developers   

3 Civil Engineering & Construction   

4 Design/ Architecture   

5 Property Management   

6 Property Rentals   

7 Land Sale Agents   

8 Online Sites   

9 Legal agencies   

10 Rent Control Department (RCD)  

11 Department of Rural Housing (DRH)  

12 Public Servants Housing Loan Scheme Board 

(PSHLSB) 

 

13 Architects Registration Council (ARC)  

14 State Housing Company (SHC)  

15 Tema Development Company (TDC)  

16 Ghana Real Estate Developers Association 

(GREDA) 

 

17 District assemblies   

18 GhIE  

19 IET  

20 GHIS  
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APPENDIX III 

 

 

LETTER OF INFORMATION (For participants in the Questionnaire Survey) 

 

Title of the Research Study:  AN INTEGRATED ENVIRONMENTAL SUSTAINABILITY MODEL FOR THE 

REAL ESTATE INDUSTRY 

 

Principal Investigator/s/researcher: Harold Adjarko, PhD Construction Management 

 

Co-Investigator/s/supervisor/s: DR. AYODEJI OLATUNJI AIYETAN, PhD; and  

    DR. IRUKA CHIJINDU ANUGWO, PhD 

 

Brief Introduction and Purpose of the Study: 

 

Dear research participant,  

 

I am a student at the Department of Construction Management and Quantity Surveying at the Durban University of 

Technology and undertaking a research project on the topic: AN INTEGRATED ENVIRONMENTAL 

MANAGEMENT MODEL FOR THE REAL ESTATE INDUSTRY. You are kindly requested to complete the 

following questionnaire. Your response to the research questions is of the utmost importance to us. Summary results 

of this research will be available in the Department of Construction Management and Quantity Surveying in December 

2024. Should you have any queries or comments regarding this survey, you are welcome to contact us telephonically 

at 0543719709 or email us at harold.adjarko@ttu.edu.gh. You may discuss the study with your family and friends.  

 

Outline of the Procedures: The real estate sector is responsible for more than 20% of the world’s carbon emissions 

and for other environmental impacts, including waste production, pollution, and use of water and consumption of 

other natural resources. The construction of estate facilities involves the sum of activities of several actors including 

financiers/investors, developers, property agents, designers, contractors, and users. In this chain of activity, each party 

carries its share of responsibility in achieving environmental objectives. Current fragmented literature on the 

environmental performance of companies in Ghana has been focused on other areas such as the manufacturing and 

the industrial sector. The research aims to establish the relationship of the role of real estate industry players: lenders, 

developers, investors, occupiers, and valuers, who are the essential decision-making variables and the factors and 

impacts of environmental sustainability and to develop an integrated environmental sustainability model for the real 

estate industry It should take no longer than 30 minutes of your time. To protect your anonymity, please do not enter 

your name or contact details on the questionnaire. 

 

Risks or Discomforts to the Participant: Please note that there are no foreseeable risks involved in participating in 

this research.  

 

withdrawal from the Study: you may choose to voluntarily withdraw your participation at any point during the study 

period by simply indicating your decision to the researcher. 

 

Benefits: Your participation not only contributes valuable data to the study but also provides you with the opportunity 

to contribute to scientific research, potentially leading to advancements in the field, and you may be given access to 

post-research findings that could benefit you or your institution. 

 

mailto:harold.adjarko@ttu.edu.gh
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Remuneration: Please note that no remuneration or financial compensation will be provided for your participation in 

this study. Your contribution is entirely voluntary and greatly appreciated. 

 

Costs of the Study: You are not liable for the cost of the study.  

 

Confidentiality: Confidentiality of your personal information is of utmost importance; all data collected will be kept 

strictly confidential and will only be used for research purposes, ensuring your privacy and anonymity throughout the 

study. 

 

Results: After the study is completed, a copy of the results will be made available to all participants upon request, 

outlining the key findings and insights derived from the research. 

 

Research-related Injury: there are no anticipated research-related injury. 

 

Storage of all electronic and hard copies including tape recordings: Electronic and hard copies of your data will 

be securely stored and accessible only to authorized personnel involved in the study. Your confidentiality and privacy 

will be strictly maintained. 

 

Persons to contact in the Event of Any Problems or Queries: In the event of any problems or queries, please, kindly 

contact Dr. Iruka Chijindu Anugwo on 27784784636 or Dr. Ayodeji Olatunjo Aiyetan 

Ayodejia@dut.ac.za. You may also contact the institutional research ethics administrator at 031 373 2375. Complaints 

can also be reported to the director, research, and postgraduate support researchdirector@dut.ac.za.  

 

Thank you for showing interest in this study. 

 

Kind regards,  

Harold Adjarko 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:Ayodejia@dut.ac.za


343 

 

APPENDIX IV 

 

 

LETTER OF INFORMATION (For participants in the Interview) 

 

Title of the Research Study:  AN INTEGRATED ENVIRONMENTAL SUSTAINABILITY MODEL FOR THE 

REAL ESTATE INDUSTRY 

 

Principal Investigator/s/researcher: Harold Adjarko, PhD Construction Management 

 

Co-Investigator/s/supervisor/s: DR. AYODEJI OLATUNJI AIYETAN, PhD; and  

    DR. IRUKA CHIJINDU ANUGWO, PhD 

 

Brief Introduction and Purpose of the Study: 

 

Dear research participant,  

 

I am a student at the Department of Construction Management and Quantity Surveying at the Durban University of 

Technology and undertaking a research project on the topic: AN INTEGRATED ENVIRONMENTAL 

MANAGEMENT MODEL FOR THE REAL ESTATE INDUSTRY. You are kindly requested to complete the 

following questionnaire. Your response to the research questions is of the utmost importance to us. Summary results 

of this research will be available in the Department of Construction Management and Quantity Surveying in December 

2024. Should you have any queries or comments regarding this survey, you are welcome to contact us telephonically 

at 0543719709 or email us at harold.adjarko@ttu.edu.gh. You may discuss the study with your family and friends.  

 

Outline of the Procedures: The real estate sector is responsible for more than 20% of the world’s carbon emissions 

and for other environmental impacts, including waste production, pollution, and use of water and consumption of 

other natural resources. The construction of estate facilities involves the sum of activities of several actors including 

financiers/investors, developers, property agents, designers, contractors, and users. In this chain of activity, each party 

carries its share of responsibility in achieving environmental objectives. Current fragmented literature on the 

environmental performance of companies in Ghana has been focused on other areas such as the manufacturing and 

the industrial sector. The research aims to establish the relationship of the role of real estate industry players: lenders, 

developers, investors, occupiers, and valuers, who are the essential decision-making variables and the factors and 

impacts of environmental sustainability and to develop an integrated environmental sustainability model for the real 

estate industry It should take no longer than 30 minutes of your time. To protect your anonymity, please do not state 

your name or contact details. 

 

Risks or Discomforts to the Participant: Please note that there are no foreseeable risks involved in participating in 

this research.  

 

Withdrawal from the Study: you may choose to voluntarily withdraw your participation at any point during the 

study period by simply indicating your decision to the researcher. 

 

Benefits: Your participation not only contributes valuable data to the study but also provides you with the opportunity 

to contribute to scientific research, potentially leading to advancements in the field, and you may be given access to 

post-research findings that could benefit you or your institution. 

 

mailto:harold.adjarko@ttu.edu.gh
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Remuneration: Please note that no remuneration or financial compensation will be provided for your participation in 

this study. Your contribution is entirely voluntary and greatly appreciated. 

 

Costs of the Study: You are not liable for the cost of the study.  

 

Confidentiality: Confidentiality of your personal information is of utmost importance; all data collected will be kept 

strictly confidential and will only be used for research purposes, ensuring your privacy and anonymity throughout the 

study. 

 

Results: After the study is completed, a copy of the results will be made available to all participants upon request, 

outlining the key findings and insights derived from the research. 

 

Research-related Injury: there are no anticipated research-related injury. 

 

Storage of all electronic and hard copies including tape recordings: Electronic and hard copies of your data will 

be securely stored and accessible only to authorized personnel involved in the study. Your confidentiality and privacy 

will be strictly maintained. 

 

Persons to contact in the Event of Any Problems or Queries: In the event of any problems or queries, please, kindly 

contact Dr. Iruka Chijindu Anugwo on 27784784636 or Dr. Ayodeji Olatunjo Aiyetan 

Ayodejia@dut.ac.za. You may also contact the institutional research ethics administrator at 031 373 2375. Complaints 

can also be reported to the director, research, and postgraduate support researchdirector@dut.ac.za.  

 

Thank you for showing interest in this study. 

 

Kind regards,  

Harold Adjarko 
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APPENDIX V 

DELPHI METHOD AND APPLICATION TO THIS STUDY BACKGROUND 

INFORMATION 

The Delphi Method 

The Delphi method is a structured approach designed to gather information and address complex 

problems that cannot be easily analyzed. It leverages the expertise and knowledge of individuals, 

typically specialists, to collect data, analyze it, and synthesize findings to reach a collective 

consensus. 

The Process 

The Delphi process consists of multiple rounds of surveys or questionnaires. In the first exploratory 

round, experts are provided with a standardized questionnaire to gather initial insights. In the 

subsequent round, participants review a summary of the group’s responses, along with their own, 

from the first round. This allows them to revise their answers or offer input on new issues raised 

during the analysis. A third round is conducted to finalize and statistically consolidate the group’s 

consensus. 

Application of the Delphi Method 

You are invited to participate in a Delphi study as part of a doctoral research project aimed at 

developing an Integrated Environmental Sustainability Model for the Real Estate Industry. 

This study seeks to identify key variables and constructs influencing environmental sustainability 

performance within Ghana’s real estate sector. Your expertise and contributions are invaluable to 

this research. 

Time Commitment 

Your participation requires only a minimal time investment, with each questionnaire round taking 

approximately 25–30 minutes to complete. 
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Schedule 

• The first-round questionnaire will be distributed in July 2024. 

• After analyzing responses, the second round will follow in August 2024. 

• If needed, a third and final round will be conducted in October 2024 to address 

unresolved issues. 

• Results will be shared with participants by November 2024. 

 

Your timely and thoughtful participation during this period will play a crucial role in advancing 

the study. Thank you for your support! 
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APPENDIX VI 

DELPHI INSTRUCTIONS FOR ROUND 1 DELPHI SURVEY- ROUND 1 

The researcher greatly appreciates your participation in the Delphi panel for this research project. 

Your contribution is highly valued as we aim to develop an Integrated Environmental 

Sustainability Model for the Real Estate Industry. 

This survey represents the first phase of the Delphi study and is designed to take approximately 

20 to 25 minutes of your time. Future rounds will require significantly less effort. 

Upon completing the questionnaire, please email your responses in Word format to 

harold.adjarko@ttu.edu.gh. You will have the chance to review and modify your responses after 

the initial round, following the analysis of feedback from all participants. The results will be 

presented in a straightforward statistical format, such as median values. 

Instructions 

1. Mark an 'X' in the appropriate boxes to indicate your responses to the questions. 

2. This survey seeks your expert evaluation of the main and sub-dimensions that enhance 

the performance of an Environmental Sustainability Model for the Real Estate 

Industry. 

Thank you for your invaluable insights and time! 

IMPORTANCE SCALE 

Probability 

in 

Percentage 

0-10% 11-

20% 

21-

30% 

31-

40% 

41-

50% 

51-

60% 

61-

70% 

71-

80% 

81-

90% 

91-

100% 

Rating 1 2 3 4 5 6 7 8 9 10 

SIGNIFICANCE SCALE 

Impact No Impact Low Impact Medium Impact High Impact Very High 

Impact 

Rating 1 2 3 4 5  
6 7 8 9 10 
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Q1: Environmental Sustainability Factors 

Evaluate the impact of Environmental Sustainability Factors on the environmental performance 

of the real estate sector in Ghana. 

Factors No Impact 

(1) 

Low Impact 

(2) 

Medium 

Impact (3–4) 

High Impact 

(5–6) 

Very High Impact 

(7–10) 

Energy 

Efficiency 

     

Water 

Conservation 

     

Waste 

Management 

     

Green Building 

Materials 

     

Air Quality 

and Pollution 

Control 

     

Sustainable 

Site 

Development 

     

 

Are there any additional factors that influence effective Environmental Sustainability practices 

within the real estate industry that have not been considered? If so, please specify the factor and 

assess its impact. 

Variables Rate 1-10 

  

  

 

Q2: The Critical Indicators for Measuring Energy Efficiency within the Real Estate Sector 

Kindly rate the critical indicators for measuring energy efficiency within the real estate sector by 

marking an 'X' in the column that corresponds to your rating for each indicator. 
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Codes Critical Indicator No 

Impact 

(1) 

Low 

Impact 

(2) 

Medium 

Impact 

(3–4) 

High 

Impact (5–

6) 

Very High 

Impact (7–

10) 

EE1 Application of energy-efficient 

lighting systems 

     

EE2 Application of energy-efficient 

windows 

     

EE3 Application of energy-efficient 

HVAC systems 

     

EE4 Use of energy-efficient appliances 

(e.g., refrigerators) 

     

EE5 Application of solar technology to 

generate electricity 

     

EE6 Installation of rooftop wind 

turbines for electricity generation 

     

EE7 Integration of natural lighting with 

electric lighting technology 

     

EE8 Application of solar water heating 

technology 

     

EE9 Use of solar shading devices for 

energy conservation 

     

EE10 Implementation of ground source 

heat pump technology 

     

EE11 Use of building orientation and 

configuration optimization 

     

EE12 Application of natural ventilation 

for cooling 

     

EE13 Installation of energy monitoring 

systems 

     

EE14 Use of high-efficiency insulation 

materials 

     

EE15 Incorporation of smart thermostats 
     

EE16 Deployment of energy recovery 

ventilation systems 

     

In your opinion, is there any energy efficiency integration practice that has not been identified? 

Please specify them below and rate their impact on the performance. 

Variables Rate (1–10) 
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Q3:  Essential practices and technologies for effective water conservation in real estate 

development 

Kindly rate the impact of the following practices and technologies on effective water 

conservation in real estate development by marking an 'X' in the column corresponding to your 

rating. 

Codes Essential Practices and 

Technologies 

No 

Impact 

(1) 

Low 

Impact 

(2) 

Medium 

Impact 

(3–4) 

High 

Impact 

(5–6) 

Very 

High 

Impact 

(7–10) 

WC1 Use of low-flow showerheads 
     

WC2 Installation of low-flush toilets 
     

WC3 Rainwater harvesting systems 
     

WC4 Greywater recycling systems 
     

WC5 Installation of water-efficient 

faucets 

     

WC6 Use of drought-resistant 

landscaping 

     

WC7 Leak detection and repair systems 
     

WC8 Smart irrigation systems 
     

WC9 Recycling and reusing stormwater 
     

WC10 Installation of drip irrigation 

systems 

     

WC11 Water metering and monitoring 
     

WC12 Water-efficient dishwashers 
     

WC13 Water-efficient washing machines 
     

WC14 Use of permeable pavements 
     

WC15 Water-saving educational programs 
     

WC16 Incorporation of green roofs for 

water retention 

     

In your opinion, is there any essential practices and technologies for effective water conservation 

that has not been identified? Please specify them below and rate their impact on the performance. 

Variables Rate (1–10) 
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Q4: Sustainable Waste Management Approaches in the Real Estate Industry 

Kindly rate the sustainable waste management approaches by marking an 'X' in the column 

corresponding to your rating. 

 

Codes Sustainable Waste Management 

Approaches 

No 

Impact 

(1) 

Low 

Impact 

(2) 

Medium 

Impact 

(3–4) 

High 

Impact 

(5–6) 

Very 

High 

Impact 

(7–10) 

WM1 On-site waste segregation 
     

WM2 Composting of organic waste 
     

WM3 Recycling of construction materials 
     

WM4 Use of recycled construction 

materials 

     

WM5 Implementation of waste reduction 

programs 

     

WM6 Training programs on waste 

management 

     

WM7 Waste audit and monitoring 
     

WM8 Adoption of reusable building 

materials 

     

WM9 Use of eco-friendly packaging 

materials 

     

WM10 Construction debris recycling 
     

WM11 Hazardous waste management 

protocols 

     

WM12 Energy recovery from waste 
     

WM13 Installation of waste bins at 

strategic locations 

     

WM14 Contracting with certified waste 

disposal services 

     

WM15 Waste-to-energy conversion 

technology 

     

WM16 Public awareness campaigns on 

waste reduction 

     

 

In your opinion, are there any essential practices or technologies for effective waste management 

that have not been identified? If so, please specify them below and rate their impact. 

Variables Rate (1–10) 
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Q4: Green Building Materials in the Real Estate Industry 

Kindly rate the criteria for selecting and incorporating environmentally friendly building 

materials that minimize the environmental impact of construction by marking an 'X' in the 

column corresponding to your rating. 

Codes Green Building Materials No 

Impact 

(1) 

Low 

Impact 

(2) 

Medium 

Impact 

(3–4) 

High 

Impact 

(5–6) 

Very High 

Impact (7–

10) 

GBM1 Use of recycled steel 
     

GBM2 Application of bamboo as a 

sustainable material 

     

GBM3 Use of reclaimed wood 
     

GBM4 Incorporation of low-VOC 

paints 

     

GBM5 Utilization of recycled 

concrete aggregates 

     

GBM6 Use of recycled plastic in 

construction 

     

GBM7 Application of fly ash in 

concrete 

     

GBM8 Use of sustainably sourced 

timber 

     

GBM9 Incorporation of straw bales 

for insulation 

     

GBM10 Use of rammed earth 

construction 

     

GBM11 Application of cellulose 

insulation from recycled 

paper 

     

GBM12 Use of green roofing 

materials 

     

GBM13 Installation of cork flooring 
     

GBM14 Use of sheep wool insulation 
     

GBM15 Incorporation of low-

emissivity glass 

     

GBM16 Use of non-toxic, 

biodegradable adhesives 

     

In your opinion, are there any criteria for selecting and incorporating environmentally friendly 

building materials that have not been identified? Please specify them below and rate their impact. 

Variables Rate (1–10)   
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Q5: Air Quality and Pollution Control in the Real Estate Industry 

Kindly rate the best practices for managing air quality and controlling pollution, including 

emissions reduction during construction and indoor air quality management, by marking an 'X' in 

the column corresponding to your rating. 

Codes Air Quality and Pollution Control 

Practices 

No 

Impact 

(1) 

Low 

Impact 

(2) 

Medium 

Impact 

(3–4) 

High 

Impact 

(5–6) 

Very 

High 

Impact 

(7–10) 

AQ1 Installation of air filtration systems 
     

AQ2 Use of low-VOC paints and finishes 
     

AQ3 Implementation of dust control 

measures during construction 

     

AQ4 Incorporation of natural ventilation 

designs 

     

AQ5 Use of air purifying plants indoors 
     

AQ6 Monitoring indoor air quality with 

sensors 

     

AQ7 Use of low-emission building 

materials 

     

AQ8 Application of noise reduction 

techniques 

     

AQ9 Installation of carbon monoxide 

detectors 

     

AQ10 Management of construction waste to 

reduce pollution 

     

AQ11 Use of electric vehicles for on-site 

transportation 

     

AQ12 Implementation of water spray 

systems to control dust 

     

AQ13 Installation of green roofs for air 

quality improvement 

     

AQ14 Regular HVAC maintenance for air 

quality control 

     

AQ15 Use of non-toxic cleaning agents in 

buildings 

     

AQ16 Reduction of synthetic materials in 

interiors 

     

In your opinion, are there any best practices for managing air quality and controlling pollution, 

including emissions reduction during construction and indoor air quality management that have 

not been identified? Please specify them below and rate their impact. 
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Variables Rate (1–10) 
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APPENDIX VII 

Appendix VI presents the semi-structured interview guide used to gather preliminary insights from 

stakeholders. These insights informed the Delphi instrument and survey design. 

Interview Guide 

 
The real estate sector is responsible for more than 20% of the world’s carbon emissions and for other 
environmental impacts, including waste production, pollution, and use of water and consumption of other 
natural resources. The construction of estate facilities involves the sum of activities of several actors 
including financiers/investors, developers, property agents, designers, contractors, and users. In this chain 
of activity, each party carries its share of responsibility in achieving environmental objectives. Current 
fragmented literature on the environmental performance of companies in Ghana has been focused on other 
areas such as the manufacturing and the industrial sector. The research aims to establish the relationship 
of the role of real estate industry players: lenders, developers, investors, occupiers, and valuers, who are 
the essential decision-making variables and the factors and impacts of environmental sustainability and to 
develop an integrated environmental sustainability model for the real estate industry It should take no longer 
than 30 minutes of your time. To protect your anonymity, please do not enter your name or contact details. 

 

Part 1: General Questions to all stakeholders 

 

 

 

Part 2: Specific questions to the various stakeholders 

Stakeholder Group Additional Questions Objective 

Addressed 

Finance Companies 
  

7. What financial products or incentives do you offer to 

promote sustainable real estate practices? 

Financial incentives 

8. How do you assess the sustainability of real estate 

projects before financing them? 

Assessment criteria 

Property Developers 
  

7. What sustainable design and construction practices are 

most cost-effective for your projects? 

Cost-effectiveness 

 
Question Objective Addressed 

1. Can you briefly describe your role and experience in the real 

estate sector? 

Contextualize participant 

background 

2. What are the main challenges you face in implementing 

environmental sustainability in your projects? 

Challenges in Environmental 

Sustainability 

3. Can you describe any successful sustainability initiatives you 

have been involved in? 

 Success Factors in 

Environmental Sustainability 

4. What environmental construction technologies are you 

currently using or exploring? 

Key Environmental 

Construction Technologies 

5. How do you engage with other stakeholders (e.g., government, 

finance companies, communities) to promote environmental 

sustainability? 

Role of stakeholders 

6. What policies or incentives do you think would encourage more 

sustainable practices in the real estate sector? 

Recommendations and Future 

Directions  
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8. How do market demands influence your decisions on 

implementing sustainability? 

Market influence 

Civil Engineering 

Firms 

  

7. What engineering challenges do you encounter in 

sustainable construction projects? 

Engineering 

challenges 

8. How do you integrate sustainability into infrastructure 

planning and development? 

Integration methods 

Architects 
  

7. How do you balance aesthetic design with environmental 

sustainability? 

Design balance 

8. What are the latest trends in sustainable architecture that 

you are adopting? 

Trends in architecture 

Property 

Management 

  

7. How do you maintain sustainability standards in property 

management? 

Maintenance 

standards 

8. What tenant behaviors or feedback have impacted your 

sustainability practices? 

Tenant influence 

Rental Companies 
  

7. What sustainable features are most attractive to your 

tenants? 

Tenant preferences 

8. How do you market your properties' sustainability 

features? 

Marketing strategies 

Land Sales Agencies 
  

7. How do you promote the environmental benefits of 

sustainably developed land? 

Promotion strategies 

8. What are the primary concerns of buyers regarding 

sustainable land? 

Buyer concerns 

Online Real Estate 

Platforms 

  

7. How do you highlight sustainable properties on your 

platform? 

Highlighting 

sustainability 

8. What data do you collect on sustainability features of 

listed properties? 

Data collection 

Legal Agencies 
  

7. What legal barriers exist for implementing sustainable 

practices in real estate? 

Legal barriers 

8. How do you support clients in navigating sustainability 

regulations? 

Legal support 

Rent Control Division 
  

7. How do rent control policies impact the adoption of 

sustainable practices? 

Policy impact 

8. What adjustments to rent control policies could better 

support sustainability? 

Policy 

recommendations 

Department of Rural 

Housing 
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7. What unique challenges do rural areas face in adopting 

sustainable housing practices? 

Rural challenges 

8. How do you tailor sustainability programs to fit rural 

contexts? 

Tailored programs 

Public Servant Loan 

Scheme 

  

7. How do your loan products encourage sustainable real 

estate development? 

Loan product design 

8. What criteria do you use to assess the sustainability of 

projects you finance? 

Assessment criteria 

State Housing 

Company 

  

7. What role does your company play in setting 

sustainability standards in public housing? 

Standard setting 

8. How do you measure the success of your sustainability 

initiatives? 

Measuring success 

Tema Development 

Company 

  

7. How do you integrate sustainability into large-scale 

urban development projects? 

Urban integration 

8. What partnerships have been most effective in promoting 

sustainability in your projects? 

Effective partnerships 

District Assemblies 
  

7. How do local government policies support or hinder 

sustainable real estate development? 

Policy impact 

8. What initiatives have you launched to promote 

sustainability within your district? 

Local initiatives 

 
  
Thank you for the time and contributions.  

 

Measures to Overcome Interview and Interviewee Bias 

• The researcher’s level of knowledge about the context of the organization or culture of the group 

within which the interviews will be conducted.  

• The level of information supplied by the researcher to each interviewee.  

• The appropriateness of interview location(s)  

• The appropriateness of the researcher’s appearance  

• The nature of the researcher’s opening comments  

• The researcher’s approach to questioning  

• Appropriate use of open, probing, specific and closed questions, and avoidance of leading questions  

• The impact of the researcher’s behavior during the interview(s)  

• The ability of the researcher to demonstrate attentive listening skills.  

• The researcher’s scope to summarize and test the researcher’s own understanding.  

• The ability of the researcher to recognize and deal with difficult participants (where necessary)  

• The researcher’s ability to record data accurately and fully.  
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Appendix VII:  

Model Adaptation Guide 

Purpose 

This guide outlines how the Integrated Environmental Sustainability Model developed for Ghana’s 

real estate sector can be adapted to other countries, regions, or industry sectors. It supports 

replication, contextualization, and comparative analysis, enhancing the model’s practical and 

academic utility. 

A. Adaptation to Other Countries or Sectors 

Target Context Adaptation Strategy 

Other African countries Conduct preliminary stakeholder interviews to identify local 

drivers, barriers, and regulatory gaps. Use Delphi rounds to refine 

constructs. 

Commercial or 

industrial real estate 

Reassess technology relevance (e.g., HVAC, industrial waste 

systems) and stakeholder roles (e.g., facility managers, ESG 

auditors). 

Urban planning or 

infrastructure sectors 

Expand constructs to include transport emissions, land-use 

efficiency, and public space sustainability. 

Climate-vulnerable 

regions 

Integrate resilience indicators (e.g., flood mitigation, heat 

adaptation) into the “Sustainability Actions” pillar. 

 

B. Data Requirements for Model Replication 

To replicate or adapt the model, the following data types are needed: 

• Stakeholder Mapping: Identify key actors (developers, regulators, financiers, end-users) 

and their roles. 

• Environmental Indicators: Local metrics for energy use, water consumption, waste 

generation, and air quality. 

• Policy Landscape: National and municipal regulations, incentives, and enforcement 

mechanisms. 

• Technology Adoption Rates: Prevalence of green technologies (e.g., solar, greywater 

systems, insulation). 

• Survey Data: Minimum sample size of 200+ for PLS-SEM; include Likert-scale items 

aligned with validated constructs. 

• Expert Panel: 15–20 experts for Delphi refinement, representing diverse stakeholder 

groups. 
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C. Construct Sensitivity: Universal vs. Context-Specific 

Construct Classification Notes 

Energy Efficiency Universal Applicable across sectors and geographies. 

Water Conservation Universal Methods may vary (e.g., rainwater harvesting 

vs. desalination). 

Waste Management Universal Requires local adaptation based on 

infrastructure. 

Green Building Materials Context-Specific Availability and cost vary widely by region. 

Air Quality & Pollution 

Control 

Universal Indicators may differ (e.g., indoor vs. ambient 

air). 

Institutional Pressures Context-Specific Depends on governance strength and 

regulatory culture. 

Stakeholder Engagement Universal Mechanisms vary, but principle applies 

broadly. 

Circular Economy 

Practices 

Emerging 

Universal 

Adoption varies, but relevance is growing 

globally. 

D. Recommended Adaptation Steps 

1. Conduct preliminary interviews to identify local sustainability priorities. 

2. Customize Delphi statements based on sectoral or regional challenges. 

3. Pilot survey instrument to test construct relevance and clarity. 

4. Validate constructs via PLS-SEM, ensuring CR, AVE, HTMT thresholds are met. 

5. Map stakeholder roles to local actors and institutions. 

6. Integrate local policy instruments into the Facilitators pillar. 

7. Develop a deployment roadmap with timelines, metrics, and responsible entities. 
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APPENDIX VIII: 

GHANA ENVIRONMENTAL SUSTAINABILITY ASSESSMENT CHECKLIST 

(GESAC) 

This prototype checklist provides a context-appropriate framework for assessing environmental 

sustainability in Ghana’s real estate projects. It operationalizes the five validated constructs from 

the Integrated Environmental Sustainability Model into measurable project-level indicators. Each 

criterion can be scored as: 

• Yes (2) 

• Partial (1) 

• No (0) 

These scores can be used to compute an overall sustainability score. 

A. Green Building Materials (GBM) 

Criterion Description Score (0–

2) 

GBM1 ≥30% of materials sourced locally within Ghana to reduce transport emissions. 
 

GBM2 Use of materials with recycled or renewable content (e.g., bamboo, recycled 

aggregates). 

 

GBM3 Procurement documentation includes supplier environmental compliance or 

certification. 

 

GBM4 Building design minimizes embodied carbon (use of LCA or equivalent assessment). 
 

Subtotal (out of 8): _______ 

B. Waste Management (WM) 

Criterion Description Score (0–2) 

WM1 Segregation of construction and demolition waste on-site. 
 

WM2 ≥50% of waste diverted from landfill through reuse or recycling. 
 

WM3 Contract with certified waste handler or recycling firm. 
 

WM4 Post-construction waste plan submitted to EPA or district authority. 
 

Subtotal (out of 8): _______ 

C. Water Conservation (WC) 

Criterion Description Score (0–2) 

WC1 Installation of low-flow plumbing fixtures and dual-flush toilets. 
 

WC2 Rainwater harvesting or greywater reuse system integrated. 
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WC3 Water-use metering and monitoring for main consumption points. 
 

WC4 Landscape design uses drought-tolerant/native plant species. 
 

Subtotal (out of 8): _______ 

D. Air Quality & Pollution Control (AQ) 

Criterion Description Score (0–2) 

AQ1 Use of low-VOC paints, adhesives, and finishes. 
 

AQ2 Provision of adequate natural or mechanical ventilation exceeding code minimum. 
 

AQ3 Construction dust and noise mitigation measures implemented. 
 

AQ4 Indoor air quality monitored post-occupancy (CO₂ or PM2.5 indicators). 
 

Subtotal (out of 8): _______ 

E. Energy Efficiency (EE) 

Criterion Description Score (0–2) 

EE1 Building energy simulation/modeling performed during design stage. 
 

EE2 Installation of energy-efficient lighting (LED) and HVAC systems. 
 

EE3 On-site renewable energy system (solar PV or solar water heater). 
 

EE4 Building envelope optimized for passive cooling (orientation, shading, insulation). 
 

Subtotal (out of 8): _______ 

Overall Sustainability Score 

Category Subtotal Weight (%) Weighted Score 

GBM 
 

20 
 

WM 
 

20 
 

WC 
 

20 
 

AQ 
 

20 
 

EE 
 

20 
 

Total Score (out of 100): _______ 

Performance Level: 

• 80–100 = Excellent 

• 60–79 = Good 

• 40–59 = Basic Compliance 

• Below 40 = non-compliant 

Implementation Note 

This prototype aligns with Ghana’s Environmental Protection Act (Act 490), Ghana Green 

Building Council initiatives, and emerging 4IR-enabled data tools (e.g., IoT-based monitoring). It 
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can be piloted within EPA project permitting or municipal building approval processes to 

encourage measurable sustainability performance. 

 

 

 

 

 

 

 




