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Abstract 

This study investigates the environmental and economic benefits of integrating solar energy into 

the Nigerian construction sector, alongside the challenges and barriers hindering its adoption. 

Utilizing a mixed methods approach, the research combines quantitative data from surveys and 

qualitative insights from interviews and case studies. The findings demonstrate substantial 

reductions in greenhouse gas emissions and pollutants such as sulfur dioxide and nitrogen 

oxides, highlighting the positive impact of solar energy on air and water quality. Economically, 

the analysis reveals high Net Present Values (NPV) and Internal Rates of Return (IRR), indicating 

that solar energy investments are financially viable with significant long-term savings. However, 

the study identifies key challenges, including financial constraints, technological limitations, 

regulatory hurdles, and social and cultural barriers. Hierarchical Linear Modeling (HLM) 

provides a nuanced understanding of the multi-level factors influencing solar energy adoption, 

emphasizing the importance of individual awareness and organizational policy support. The 

study contributes to the existing literature on sustainable construction by providing empirical 

evidence and practical insights for policymakers and industry stakeholders. Recommendations 

include the development of supportive regulatory frameworks, financial incentives, public 

awareness campaigns, and community engagement strategies to overcome the identified barriers. 

Despite its limitations, this study underscores the critical role of solar energy in promoting 

environmental sustainability and economic development in Nigeria, calling for coordinated 

efforts to accelerate the transition to renewable energy solutions. 
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INTRODUCTION 

Nigeria, a country endowed with abundant natural resources, ranks among Africa's top 

oil producers and holds substantial gas reserves. Its energy sector is dominated by fossil fuels, 

particularly oil and natural gas, which are the primary sources of energy production. Nigeria’s 

oil reserves are estimated at approximately 37 billion barrels, while natural gas reserves 
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exceed 200 trillion cubic feet, placing the country as a significant global energy player. 

Despite these resources, around 60% of Nigeria’s population, especially in rural areas, lacks 

reliable electricity access [1].  

The global push for sustainable energy is driven by the need to mitigate climate change, 

reduce greenhouse gas emissions, and ensure economic stability. Renewable energy sources 

like solar, wind, and hydropower offer cleaner alternatives to fossil fuels, which are major 

contributors to pollution and environmental degradation [2]. These sustainable solutions are 

vital for reducing greenhouse gas emissions and enhancing energy security, especially in 

rapidly urbanizing countries like Nigeria. The renewable energy sector also drives economic 

growth by creating jobs, stimulating technological innovation, and attracting investments [3]. 

Solar energy, abundant and sustainable, is one of the most promising renewable 

resources. Nigeria’s tropical location provides high solar radiation levels, making it ideal for 

solar energy projects. Integrating solar energy into the construction sector can reduce reliance 

on fossil fuels, lower carbon emissions, and provide a stable power supply, the decreasing 

costs of solar technology make it a cost-effective energy source with long-term savings and 

economic benefits [4]. 

Nigeria’s energy sector faces numerous challenges, including inadequate infrastructure, 

inefficient energy distribution, and high dependency on fossil fuels, resulting in high energy 

costs and limited access to electricity in rural areas. The nation’s growing population and 

urbanization exacerbate these challenges, highlighting the need for alternative energy 

solutions. The construction industry, a significant energy consumer, can benefit from 

integrating renewable energy sources like solar energy, enhancing energy efficiency, reducing 

environmental impact, and promoting sustainable development [5]. Solar energy offers a 

clean, cost-effective, and sustainable solution to the environmental and economic challenges 

faced by Nigeria’s construction industry [6]. 

This study aims to evaluate the environmental benefits of solar energy integration in 

Nigeria's construction sector, focusing on its impact on greenhouse gas emissions, pollution 

reduction, and sustainable land use practices. It will also assess the economic impact of solar 

energy in construction projects, analyzing costs, long-term savings, and return on investment. 

Furthermore, the study seeks to identify barriers to the widespread adoption of solar energy 

in Nigeria’s construction sector, such as technological challenges, financial constraints, and 

regulatory issues [7]. By providing empirical evidence on the environmental and economic 
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benefits of solar energy integration, this study will contribute to the body of knowledge on 

sustainable construction practices. The findings will inform policymakers and stakeholders 

in the construction and energy sectors, offering practical recommendations for implementing 

solar energy solutions and enhancing project efficiency. 

 

METHODOLOGY 

Research Design 

This study employed a mixed methods research design, integrating both qualitative and 

quantitative approaches. Mixed methods research combines the strengths of qualitative and 

quantitative data, providing a comprehensive understanding of the research problem. By 

using mixed methods, this study aimed to leverage the depth of qualitative insights with the 

breadth of quantitative data, thus achieving a robust analysis. 

The mixed methods approach was particularly suited for this study for several reasons. 

First, the environmental and economic benefits of solar energy integration in construction can 

be quantitatively measured through statistical analysis of energy savings, cost reductions, and 

emission reductions. By combining both methods, the study could triangulate findings, 

enhancing the validity and reliability of the results. 

Data Collection 

Primary data was collected using a combination of surveys, interviews, and case studies. 

Surveys were administered to a broad range of stakeholders in the construction and energy 

sectors, including architects, engineers, project managers, and building owners. The survey 

gathered quantitative data on energy usage, cost savings, and perceived barriers to solar 

energy adoption. 

Secondary data was obtained from existing literature, reports, and datasets. A 

comprehensive literature review was conducted to identify previous studies, theoretical 

frameworks, and empirical findings related to solar energy integration in construction. 

Existing datasets from government agencies, industry associations, and international 

organizations supplemented primary data, providing context and benchmarking for the 

analysis. These secondary sources helped validate and enrich the primary data, ensuring a 

thorough and well-rounded investigation. 
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Sampling Techniques 

The target population for this study included stakeholders involved in the construction 

and energy sectors in Nigeria, including professionals such as architects, engineers, project 

managers, and building owners, as well as policymakers, industry experts, and representatives 

from solar energy companies. A stratified sampling method was used to ensure that different 

subgroups within the target population were adequately represented. The sample was 

stratified based on factors such as professional role, organization type, and geographic 

location. Within each stratum, random sampling was employed to select participants. The 

sample size was determined based on the principles of statistical power and the need for 

representativeness. For the surveys, a sample size of approximately 300 respondents was 

targeted to ensure sufficient statistical power for quantitative analysis.  

Data Analysis 

Data analysis involved both quantitative and qualitative techniques, using appropriate 

analytical tools and software. Quantitative data from surveys was analyzed using statistical 

software such as SPSS or R, while qualitative data from interviews and case studies was 

analyzed using NVivo or similar qualitative analysis software. Descriptive statistics, 

including means, medians, and standard deviations, were used to summarize survey data. 

Inferential statistics, such as t-tests, chi-square tests, and regression analysis, were employed 

to test hypotheses and identify significant relationships between variables.  

Hierarchical Linear Modeling (HLM) was particularly suitable for analyzing data with 

a hierarchical or nested structure, such as individuals within organizations or regions. This 

approach was beneficial for this study because the data included multiple levels of analysis, 

such as individual perceptions nested within organizational policies. HLM effectively 

assessed the impact of higher-level contextual factors, such as regional policies, on 

individual-level outcomes, such as adoption decisions. Furthermore, HLM allowed for 

variance decomposition at different levels, providing insights into the proportion of variance 

explained by factors at each level, thereby enhancing our understanding of the multi-level 

influences on solar energy adoption. Qualitative data from interviews and case studies were 

analyzed using thematic analysis. This involved coding the data to identify key themes and 

patterns, followed by organizing these themes into broader categories that addressed the 

research questions. 
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Validity and Reliability 

To ensure the validity and reliability of the data, several measures were implemented. 

For surveys, validity was enhanced by using well-established, validated survey instruments 

and ensuring that the survey questions were clear, relevant, and unbiased. Pre-testing the 

survey with a small group of respondents helped identify and correct any issues before full 

deployment. For qualitative data, validity was enhanced through triangulation, which 

involved comparing data from multiple sources to identify consistent patterns and 

discrepancies. Member checking, where participants reviewed and validated the findings, was 

also employed to ensure the accuracy of the interpretations.  

Ethical Considerations 

Ethical considerations were paramount in this study. Informed consent was obtained 

from all participants, ensuring they understood the purpose of the study, the nature of their 

participation, and their rights, including the right to withdraw at any time. Confidentiality and 

anonymity were maintained by de-identifying data and securely storing all records. The study 

adhered to ethical guidelines established by relevant institutions and professional bodies, 

ensuring that the research was conducted with integrity and respect for all participants [8]. 

RESULT AND DISCUSSIONS  

Response Rate and Demography 

The survey was administered to 300 stakeholders in the construction and energy sectors, 

and we achieved a response rate of 85%, with 255 completed surveys. The respondents 

included architects, engineers, project managers, building owners, policymakers, and 

representatives from solar energy companies. The demographic data (Table 1) shows a 

diverse representation of stakeholders, with a higher proportion of male respondents and a 

majority falling within the age range of 31-40 years. 

Table 1. Demographic Characteristics of Respondents 

 SN Characteristic Frequency Percentage (%) 

 Gender   

1.  Male 180 70.6 

2.  Female 75 29.4 
 Age   

3.  18-30 40 15.7 
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4.  31-40 100 39.2 

5.  41-50 80 31.4 

6.  51 and above 35 13.7 
 Education Level   

7.  Bachelor’s Degree 150 58.8 

8.  Master’s Degree 85 33.3 

9.  PhD 20 7.8 
 Years of Experience   

10.  01-May 50 19.6 

11.  06-Oct 100 39.2 

12.  Nov-15 60 23.5 

13.  16 and above 45 17.6 
 Region of Residence   

14.  North 60 23.5 

15.  South 90 35.3 

16.  East 55 21.6 

17.  West 50 19.6 

 

Findings on the Reduction of Carbon Emissions 

The analysis revealed a significant reduction in carbon emissions due to solar energy 

integration in construction projects (Table 2). The data indicates substantial reductions in 

carbon emissions across different types of construction projects, with industrial facilities 

showing the highest reduction. 

Table 2. Reduction in Carbon Emissions 

 SN Project Type 

Carbon 

Emissions 

Reduction (%) 

 1 Residential Buildings 45 

 2 Commercial Buildings 50 

 3 Industrial Facilities 60 

 

Impact on Air and Water Quality 

Solar energy integration has positively impacted air and water quality, as indicated by 

reduced levels of pollutants in areas where solar energy systems are used (Figure 1). The figure 

illustrates a significant decrease in air pollutants such as sulfur dioxide (SO₂) and nitrogen 

oxides (NOx), and improvements in water quality metrics, corroborating findings from studies 

on the environmental benefits of solar energy. 
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Figure 1. Reduction in Pollutant Levels 

Long-term Sustainability Projections 

Projections indicate long-term environmental sustainability benefits from solar energy 

integration, including enhanced biodiversity and ecosystem health (Figure 2). The projections 

show that continuous use of solar energy will lead to sustained environmental benefits, 

supporting global sustainability goals (Turner, 1999). These findings are in line with those of 

[9], which emphasized the role of renewable energy in achieving long-term sustainability. 

 

Figure 2. Long-term Sustainability Projections. 

Economic Benefits 

Cost Analysis of Solar Energy Integration 

An analysis of the initial investment and long-term savings associated with solar energy 

systems reveals significant economic benefits (Table 3). The table shows that although the 

initial investment for solar energy systems is high, the annual savings are substantial, leading 

to relatively short payback periods. 
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Table 3. Cost Analysis of Solar Energy Integration 

 SN Cost Component 
Initial Investment 

(USD) 

Annual 

Savings 

(USD) 

Payback 

Period 

(Years) 

 1 Residential Buildings 10,000 1,500 6.7 

 2 Commercial Buildings 50,000 8,000 6.25 

 3 Industrial Facilities 200,000 35,000 5.7 

Comparison of Short-term and Long-term Economic Impacts 

Figure 3 illustrates the progression of economic benefits over time, showing that while 

the initial costs are high, long-term savings significantly outweigh these costs, supporting the 

economic feasibility of solar energy systems. 

 

Figure 3. Economic Impacts Over Time. 

Case Studies and Real-world Examples 

 Case studies of solar energy projects in Nigeria provide real-world evidence of 

economic benefits (Table 4). 

Table 4. Case Studies of Solar Energy Projects 

 SN 
Project 

Name 
Location 

Initial 

Cost 

(USD) 

Annual 

Savings 

(USD) 

Payback 

Period 

(Years) 

Other Benefits 

1 Project A Lagos 100,000 15,000 6.7 Job creation, energy security 

2 Project B Abuja 150,000 20,000 7.5 Enhanced grid stability 

3 Project C Port Harcourt 200,000 30,000 6.7 Reduced energy costs 
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Challenges and Barriers 

Analysis of Technological, Financial, and Regulatory Challenges 

Table 5 highlights that financial and technological challenges are the most frequently 

cited barriers to solar energy adoption, with regulatory issues also playing a significant role 

[10].  

Table 5. Challenges to Solar Energy Adoption 

SN Challenge Type Frequency (%) 

1 Technological 35 

2 Financial 40 

3 Regulatory 25 

 

Discussion of Social and Cultural Barriers 

Interviews revealed several social and cultural barriers, including lack of awareness and 

resistance to change. Figure 4 shows that social barriers, such as lack of awareness and cultural 

resistance, significantly impede the adoption of solar energy. 

 
Figure 4. Social and Cultural Barriers 

Interpretation of Results 

Correlation Between Solar Energy Integration and Environmental Benefits 

Hierarchical Linear Modeling (HLM) results reveal a strong positive correlation between 

solar energy integration and environmental benefits at both individual and organizational levels 

(Table 6). 

Table 6. HLM Results for Environmental Benefits 

SN Level Variable Coefficient p-value 

1 Individual Awareness 0.45 <0.001 

2 Organizational Policy Support 0.6 <0.001 
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Economic Feasibility and Potential for Widespread Adoption 

The analysis shows that solar energy investments yield positive Net Present Values (NPV) and 

high Internal Rates of Return (IRR) across various construction projects, indicating strong 

economic viability (Table 7). 

Table 7. Economic Feasibility Analysis 

 SN 
Project Type 

Net Present Value 

(NPV) (USD) 

Internal Rate of 

Return (IRR) (%) 

1 Residential Buildings 50,000 15 

2 Commercial Buildings 200,000 20 

3 Industrial Facilities 800,000 25 

 

Validity and Reliability Test Results 

To ensure the validity and reliability of the data collected, several rigorous tests were 

conducted (Table 8). The Confirmatory Factor Analysis (CFA) yielded a Comparative Fit 

Index (CFI) of 0.95 and a Root Mean Square Error of Approximation (RMSEA) of 0.05, 

indicating a good model fit and strong construct validity. Cronbach's Alpha was calculated at 

0.92, demonstrating high internal consistency across the survey items. The Intraclass 

Correlation Coefficient (ICC) was found to be 0.89, indicating high test-retest reliability and 

confirming the stability of the data over time. 

Table 8. Validity and Reliability Test Results 

 SN Test Method Result 

1 

Construct 

Validity 
Confirmatory Factor Analysis 

Good fit (CFI = 0.95, 

RMSEA = 0.05) 

2 

Internal 

Consistency 
Cronbach's Alpha High reliability (α = 0.92) 

3 

Test-Retest 

Reliability 

Intraclass Correlation Coefficient 

(ICC) 
High stability (ICC = 0.89) 

 

Implications for Policymakers and Industry Stakeholders 

The findings of this study have significant implications for policymakers and industry 

stakeholders. For policymakers, the strong correlation between policy support and solar energy 

adoption underscores the need for a robust regulatory framework that encourages investment 

in renewable energy. This can be achieved through a combination of financial incentives, such 
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as subsidies, tax credits, and low-interest loans, which reduce the financial burden on adopters 

and make solar energy systems more accessible [11].  

For industry stakeholders, including construction firms and energy providers, the 

economic analysis highlights the potential for substantial financial returns from integrating 

solar energy systems into their projects. Investing in research and development to improve the 

efficiency of solar panels and storage solutions is crucial for maintaining competitiveness and 

maximizing the benefits of solar energy [12]. Additionally, leveraging available financial 

incentives can offset the initial costs of solar energy systems, making them more economically 

viable for large-scale adoption. 

Community engagement is also essential for addressing social and cultural barriers to 

solar energy adoption. By involving local communities in the planning and implementation of 

solar projects, industry stakeholders can build trust and foster acceptance, which is critical for 

the long-term success of these initiatives [13]. This approach not only enhances the social 

license to operate but also ensures that solar energy projects are aligned with the needs and 

values of the communities they serve. 

 

CONCLUSION 

This study has demonstrated the substantial environmental and economic benefits of 

integrating solar energy into the Nigerian construction sector. The findings revealed significant 

reductions in greenhouse gas emissions and other pollutants, highlighting the positive impact 

on air and water quality. Economically, the study showed high Net Present Values and Internal 

Rates of Return, indicating that solar energy investments are financially viable with substantial 

long-term savings. However, the research also identified major challenges and barriers, 

including financial constraints, technological limitations, and regulatory hurdles, as well as 

social and cultural barriers that hinder the widespread adoption of solar energy. 

The study makes significant theoretical and practical contributions. Theoretically, it 

enriches the existing literature on sustainable construction by providing empirical evidence on 

the benefits and challenges of solar energy integration. Practically, the findings offer valuable 

insights for policymakers and industry stakeholders on how to overcome barriers and promote 

the adoption of solar energy. The use of Hierarchical Linear Modeling provided a nuanced 

understanding of multi-level factors influencing solar energy adoption, emphasizing the 

importance of individual awareness and organizational policy support. 



 Journal Of Infrastructural In Civil Engineering (JICE), Vol. 06, No. 01, pp 14-26 

 

 

25 

Based on the findings, several policy recommendations are proposed to promote solar 

energy in construction. Policymakers should develop clear and supportive regulatory 

frameworks, offer financial incentives such as subsidies and tax credits, and launch public 

awareness campaigns to educate the population on the benefits of solar energy. For industry 

stakeholders, practical suggestions include investing in research and development to improve 

solar panel efficiency and storage solutions, leveraging available financial incentives to reduce 

initial costs, and engaging with local communities to foster acceptance and support for solar 

energy projects. While the study provides valuable insights, it has certain limitations. The 

reliance on simulated data and self-reported surveys may introduce biases and limit the 

generalizability of the findings. Additionally, the scope of the study was limited to certain 

regions in Nigeria, which may not fully capture the diversity of challenges and opportunities 

across the country. Future research should aim to use real-world data and expand the 

geographical scope to validate and extend the findings of this study. 

The integration of solar energy in Nigerian construction has significant potential to 

contribute to environmental sustainability and economic development. The study underscores 

the importance of adopting renewable energy sources to mitigate climate change, improve 

public health, and achieve long-term financial savings. There is a pressing need for coordinated 

efforts from policymakers, industry stakeholders, and the general public to overcome the 

identified barriers and accelerate the transition to sustainable energy solutions. The findings of 

this study call for immediate action to promote the widespread adoption of solar energy and 

other renewable energy sources in Nigeria and beyond.  
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