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Abstract 

This study examines the cost-benefit, energy sustainability, and technological implications of artificial intelligence 

(AI) adoption in Nigeria's agricultural and waste-to-energy (WTE) systems. AI technologies are increasingly 

transforming agricultural production, renewable energy generation, waste management efficiency, and 

environmental sustainability across developing economies. Using a quantitative survey design, data were collected 

from 522 respondents across Nigeria's six geopolitical zones and analysed using descriptive statistics and multiple 

regression techniques. The findings reveal moderate-to-high AI adoption (Mean = 3.84), significant improvements 

in operational efficiency (Mean = 4.02), enhanced energy recovery and environmental sustainability (Mean = 3.95), 

and positive social impacts (Mean = 3.78). Regression results indicate that AI investment significantly improves 

operational efficiency (β = 0.62, p < 0.01) and sustainability outcomes (β = 0.55, p < 0.01). The study further 

demonstrates that AI-enabled technologies support smart energy conversion, precision agriculture, renewable 

energy optimisation, and efficient waste valuation. However, infrastructural deficiencies, unstable electricity 

supply, limited technical expertise, and high implementation costs remain major barriers. The study concludes that 

AI adoption provides substantial economic, technological, and energy sustainability benefits that outweigh 

implementation costs. The results contribute to emerging literature on AI, renewable energy systems, and 

sustainable technological development in developing economies while offering practical policy recommendations 

for Nigeria's green transition agenda.  

 

Keywords: Artificial intelligence; Cost–benefit analysis; Energy sustainability; Technology adoption; Waste-to-

energy systems 

 

1. Introduction

 

Artificial intelligence (AI) has emerged as a transformative technology with significant implications for economic 

productivity, environmental sustainability, and sectoral efficiency across developing economies. Recent studies 

https://crossmark.crossref.org/dialog/?doi=10.56556/jtie.v5i1.1464&domain=pdf


Journal of Technology Innovations and Energy 

  Global Scientific Research   19 

 

further indicate that AI-driven agricultural systems can enhance climate resilience, optimise resource utilisation, 

and improve sustainable food production in developing economies (Dinrifo et al., 2025; Udoinyang, 2024). 

In Nigeria, where agriculture contributes approximately 25–30% of GDP and waste management remains a 

persistent environmental challenge, the integration of AI into agricultural systems and waste-to-energy (WTE) 

processes offers substantial opportunities for innovation and sustainability (World Bank, 2023; FAO 2022). Recent 

global studies highlight that AI-driven systems can optimise crop yields, reduce resource inefficiencies, and 

enhance renewable energy generation through smart waste conversion systems (Vinuesa et al., 2020; Talaviya et 

al. 2020). Recent evidence suggests that the convergence of artificial intelligence, renewable energy technologies, 

and sustainable agricultural systems is becoming a major driver of economic transformation worldwide. Studies 

published in 2025 and 2026 indicate that AI-enabled predictive analytics, intelligent energy management systems, 

machine learning-based crop monitoring, and automated waste conversion technologies significantly improve 

energy efficiency, reduce greenhouse gas emissions, and enhance resource productivity (Dinrifo et al., 2025; 

Ayangbenro et al., 2024; Vinuesa et al., 2020). Furthermore, emerging research demonstrates that AI-supported 

waste-to-energy systems can increase energy recovery rates while minimising environmental externalities through 

real-time process optimisation and intelligent monitoring systems (Fang et al., 2023). 

Despite these potentials, the adoption of AI in Nigeria faces structural constraints, including high initial investment 

costs, limited technical expertise, infrastructural deficits, and policy inconsistencies (Ayangbenro et al., Diallo et 

al., 2024). The cost–benefit dynamics of AI implementation therefore require critical examination, particularly in 

sectors where financial resources are constrained but sustainability demands are urgent. Furthermore, sustainability 

analysis is essential to assess whether AI deployment aligns with long-term environmental, economic, and social 

goals. In agriculture, AI technologies such as precision farming, predictive analytics, and automated irrigation 

systems have demonstrated the ability to improve productivity while minimising environmental degradation (Li et 

al., 2021) In Nigeria, where smallholder farmers dominate, AI could enhance decision-making, reduce post-harvest 

losses, and improve climate resilience. Sustainable agricultural transformation also depends on improved market 

systems, resource efficiency, and environmentally responsible farming practices across rural communities (Falola 

et al., 2024). However, the cost implications and scalability challenges remain unclear. 

Similarly, Nigeria produces more than 32 million tonnes of solid waste each year, a substantial proportion of which 

is inadequately managed (UNEP, 2022). Waste-to-energy systems, enhanced by AI for optimisation and efficiency, 

present an opportunity to convert waste into renewable energy while addressing environmental pollution. Recent 

sustainability literature equally emphasises that integrated technological systems are essential for reducing 

environmental degradation and improving renewable energy efficiency in emerging economies (Udoinyang et al., 

2024). AI can improve sorting efficiency, energy conversion rates, and system maintenance (Fang et al., 2023). 

However, the economic feasibility and sustainability trade-offs of such systems in Nigeria have not been 

comprehensively evaluated. 

Previous studies have independently examined artificial intelligence adoption in agriculture, renewable energy 

systems, and waste management, but few have evaluated the economic, technological, energy, and sustainability 

implications of AI adoption across both agricultural and waste-to-energy sectors in Nigeria. Existing studies 

primarily concentrate on technical efficiency or adoption determinants, neglecting integrated cost-benefit and 

sustainability assessments. This study therefore contributes to knowledge by providing a holistic empirical 

evaluation of AI adoption that combines economic viability, technological effectiveness, operational efficiency, 

renewable energy sustainability, and environmental outcomes. The innovative aspect of this research lies in its 

integration of agricultural and waste-to-energy systems within a unified analytical framework, thereby generating 

evidence that supports sustainable technological transitions in developing economies. 
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The primary aim of this study is to evaluate the cost–benefit and sustainability implications of AI adoption in 

Nigeria’s agricultural and waste-to-energy systems. 

Specific objectives are to: Assess the economic costs and benefits of AI implementation in agriculture and WTE 

systems, examine the environmental and social sustainability impacts of AI adoption, analyse the relationship 

between AI investment and operational efficiency, and identify key barriers and enablers of AI adoption in Nigeria.  

The study is guided by the following research questions: what are the cost implications of AI adoption in 

agriculture and WTE systems in Nigeria? what benefits (economic, environmental, and social) are derived from 

AI implementation? how does AI adoption influence sustainability outcomes? And finally, what factors determine 

the effectiveness of AI deployment in these sectors?  

The study hypotheses are: 

H₀₁: AI adoption has no significant effect on operational efficiency in agriculture and WTE systems. 

H₀₂: There is no significant relationship between AI investment and sustainability outcomes. 

H₀₃: The costs of AI implementation outweigh its benefits in Nigeria’s agricultural and WTE sectors. 

The remainder of this paper is structured as follows. Section Two presents the theoretical and empirical literature 

review. Section Three discusses the research methodology, including research design, population, sampling 

procedures, data collection, and analytical techniques. Section Four presents the results and discussion of findings. 

Finally, Section Five concludes the study, highlights policy implications, discusses limitations, and suggests 

directions for future research.  

 

2. Literature Review 

 

This study is anchored on three complementary theories:  

 

Technology Acceptance Model (TAM)  

 

The technology Acceptance Model (TAM) explains that an individual’s decision to adopt a technology is largely 

influenced by how beneficial and user-friendly the technology is perceived to be (Venkatesh et al., 2012). Within 

the context of this study, TAM explains how farmers and waste management operators perceive AI technologies. 

Recent digital agriculture studies also demonstrate that perceived usefulness, accessibility, and technical support 

significantly influence the adoption of AI-enabled agricultural technologies in developing countries (Dinrifo et al., 

2025). Recent studies on digital transformation reveal that TAM remains one of the most effective frameworks for 

understanding AI adoption behaviours in developing economies. Ayangbenro et al., (2024) found that perceived 

usefulness, technological trust, accessibility, and institutional support significantly influence AI acceptance among 

agricultural stakeholders in Sub-Saharan Africa. Similarly, Dinrifo et al. (2025) reported that farmers are more 

likely to adopt AI technologies when they perceive clear economic and operational benefits. 

 

Cost–Benefit Theory  

 

Cost–benefit theory evaluates whether the benefits of an investment outweigh its costs. Recent applications 

emphasise sustainability-adjusted cost-benefit frameworks (Boardman et al., 2021). This theory underpins the 

economic evaluation of AI adoption. Empirical sustainability studies in Nigeria further reveal that investments in 

modern agricultural and renewable energy technologies can generate long-term economic and environmental 

benefits despite high initial implementation costs (Udoinyang, 2024). Recent sustainability economics literature 

argues that cost-benefit analyses of emerging technologies should incorporate environmental and social 
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externalities in addition to direct financial costs and returns. Fang et al. (2023) demonstrate that AI-driven 

renewable energy systems generate long-term economic benefits through reduced operational inefficiencies, 

improved resource utilisation, and lower environmental remediation costs. 

 

Sustainable Development Theory  

 

Sustainable Development Theory emphasises balancing economic growth, environmental protection, and social 

equity (UN, 2021). AI adoption is assessed through this triple-bottom-line lens. Contemporary agricultural 

sustainability literature equally stresses that environmentally responsible production systems and resource-

efficient technologies are essential for achieving sustainable development goals in developing economies (Falola 

et al., 2024) TAM explains adoption behaviour, cost–benefit theory evaluates economic viability, and sustainable 

development theory assesses long-term impacts. Recent studies further suggest that artificial intelligence 

contributes significantly to achieving the Sustainable Development Goals (SDGs) through smart resource 

management, renewable energy optimisation, climate adaptation, and environmental protection initiatives. 

Vinuesa et al. (2020) found that AI-supported sustainability interventions improve energy efficiency and 

environmental performance across multiple sectors in emerging economies. Together, they provide a 

comprehensive framework for analysing AI in Nigeria’s agricultural and WTE sectors. 

 

Empirical Review of AI, Energy and Sustainability Studies 

 

The growing application of AI technologies in agriculture and renewable energy systems has attracted significant 

scholarly attention. Recent studies reveal that AI-enabled precision agriculture improves crop productivity, reduces 

resource wastage, and enhances climate resilience. Likewise, intelligent waste-to-energy systems improve 

renewable energy generation through automated sorting, predictive maintenance, and energy optimisation 

technologies. However, evidence from developing economies remains fragmented, and comprehensive 

assessments that integrate economic, environmental, technological, and energy dimensions are scarce. 

Recent empirical studies demonstrate the transformative role of AI in agriculture and energy systems. Li et al. 

(2022) found that AI-driven precision agriculture increased crop yields by 15–25% while reducing fertiliser use.  

Similarly, Talaviya et al. (2020) reported improved irrigation efficiency through AI-based monitoring systems. In 

Africa, studies indicate growing interest in AI adoption but highlight infrastructural and financial challenges. 

Ayangbenro et al. (2023) observed that farmers in Nigeria encounter several challenges, including inadequate 

access to digital technologies and the high costs associated with implementation.  According to Diallo et al. (2022), 

they further noted that government policies remain inadequate in supporting AI-driven agricultural innovation, 

which hinders the potential benefits that AI could bring to the agricultural sector in Nigeria. AI has demonstrated 

its ability to enhance operational efficiency in waste-to-energy systems. Falola et al. (2023) demonstrated that AI-

enhanced sorting systems increased recycling efficiency by 30%. United Nations (2022) reported that AI 

integration in waste management reduces landfill dependency and greenhouse gas emissions. However, cost 

concerns remain significant. Similarly, Boardman et al. (2021) emphasise that high upfront investment and 

maintenance costs can hinder adoption in developing countries. Vinuesa et al. (2020) also highlight the need for 

long-term cost-benefit evaluations. Sustainability impacts of AI are mixed. While AI enhances efficiency, it may 

increase energy consumption due to computational requirements (IEA, 2023) which raises concerns about its 

overall sustainability impact in various sectors.  

Nevertheless, when applied in renewable energy systems, AI contributes positively to sustainability outcomes by 

optimising energy production and consumption, reducing waste, and facilitating the integration of renewable 
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sources into the energy grid. Most studies focus either on agriculture or waste management independently, with 

limited integration of both sectors, which hinders a comprehensive understanding of their interdependencies and 

potential synergies for sustainability.  

Additionally, few studies provide a combined cost–benefit and sustainability analysis in the Nigerian context, 

which is crucial for understanding the overall impact of renewable energy systems on both agriculture and waste 

management. This study addresses this gap by offering a holistic evaluation. 

 

3. Research Method 

 

This study adopts a quantitative research design using survey and econometric analysis. The study covers Nigeria’s 

six geopolitical zones, with selected states including Lagos, Rivers, Kano, Enugu, Plateau, and Borno to ensure 

regional representation. The questionnaire consisted of five sections measuring AI adoption, technological 

readiness, operational efficiency, energy sustainability, environmental sustainability, and implementation 

challenges using a five-point Likert scale. Content validity was established through expert review by specialists in 

artificial intelligence, agricultural economics, renewable energy systems, and research methodology. A pilot study 

involving 50 respondents was conducted prior to the main survey, leading to minor modifications that improved 

clarity and reliability. Multiple diagnostic tests, including multicollinearity assessment, normality testing, and 

heteroscedasticity analysis, were conducted before regression estimation to ensure robustness of the findings. 

The study population comprises agricultural practitioners, waste management operators, policymakers, and AI 

technology experts. A stratified random sampling technique was employed to select 600 respondents, ensuring 

proportional representation across sectors and regions. Data were collected using structured questionnaires and 

supplemented with secondary data from government and international reports. Ethical approval was obtained from 

a recognised institutional review board, and informed consent was secured from all participants. The reliability of 

the research instrument was established through Cronbach’s alpha, which yielded a coefficient of 0.87, indicating 

high internal consistency. Data analysis was conducted using descriptive statistics and multiple regression analysis 

was employed to assess the relationships among AI adoption, operational cost, and sustainability outcomes. 

 

Table 1. Demographic distribution and sampling 

Zone State Respondents Occupation Age 

Range 

Gender Education Questionnaire 

Distribution 

Questionnaire 

Returned 

Southern-

South 

Rivers 100 Farmers/En

gineers 

25-55 M/F BSc/MSc 100 90 

South-

Eastern 

Enugu 100 Agric 

Expert 

25-55 M/F BSc/MSc 100 88 

South-

Western 

Lagos 100 Tech/Polic

y 

25-50 M/F BSc/PhD 100 85 

North- 

Central 

Plateau 100 Mixed 20-50 M/F BSc 100 87 

North-

Eastern 

Borno 100 Waste 

Managers 

30-60 M/F Diploma 100 80 

North-

Western 

Kano 100 Farmers 30-60 M/F Diploma 100 85 

Source: Authors Fieldwork, 2026 
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Table 1 presents a balanced representation across Nigeria’s six geopolitical zones to ensure national coverage and 

reduce regional bias. The states were chosen because of their significant involvement in agricultural production 

and waste management practices. Lagos represents technological advancement and policy dynamics, while Rivers 

reflects industrial and waste management relevance. Kano and Borno were selected for their agricultural intensity 

and waste challenges in northern Nigeria. Enugu and Plateau offer perspectives on mixed agricultural systems. 

The demographic distribution ensures diversity in occupation, age, gender, and educational background, which is 

critical for capturing varied perspectives on AI adoption. The high response rate (87%) indicates strong 

engagement and reliability of the dataset. The inclusion of multiple occupations enhances the robustness of the 

analysis, as it reflects interdisciplinary insights. 

 

4. Results and Discussion 

 

The integrated analysis of descriptive and regression results will provide evidence of the cost–benefit and 

sustainability implications of artificial intelligence (AI) adoption in Nigeria’s agricultural and waste-to-energy 

(WTE) systems. 

 

Table 2.  Cost and financial implications of AI implementation 

Variable Mean Std. Deviation Min Max 

AI Adoption Level 3.84 0.76 1.00 5.00 

Cost of Implementation 3.67 0.82 1.00 5.00 

Operational Efficiency 4.02 0.71 1.50 5.00 

Environmental Sustainability 3.95 0.74 1.20 5.00 

Social Impact 3.78 0.80 1.00 5.00 

Technical Capacity 3.41 0.88 1.00 5.00 

Source: Authors Fieldwork, 2026 

 

The descriptive statistics in Table 2 show moderate-to-high AI adoption in Nigeria’s agricultural and waste-to-

energy sectors. The mean score for AI adoption (3.84) indicates increased awareness and utilisation of AI 

technologies among respondents. Operational efficiency recorded the highest mean score (4.02), showing that AI 

significantly improves productivity and system performance. Environmental sustainability (3.95) and social impact 

(3.78) also reveal that AI contributes positively to waste reduction, resource optimisation, environmental protection, 

and improved service delivery. The cost of implementation (3.67) indicates that AI adoption requires considerable 

financial investment, including infrastructure, maintenance, and training costs. However, respondents still believe 

that the long-term benefits outweigh the implementation costs. Technical capacity recorded the lowest mean score 

(3.41), indicating that limited technical expertise and inadequate skills remain major barriers to effective AI 

adoption and sustainability outcomes in Nigeria. 

The regression results in Table 3 reveal that investment in artificial intelligence demonstrates a significant positive 

influence on operational efficiency and sustainability performance in Nigeria’s agricultural and waste-to-energy 

sectors. The coefficient value for AI investment (β = 0.62, p < 0.01) indicates that increased investment in AI 

technologies leads to improved productivity, better waste management, and enhanced system performance. 

Similarly, the sustainability index (β = 0.55, p < 0.01) shows that AI adoption contributes positively to 

environmental sustainability through efficient resource utilisation, waste reduction, and improved renewable 
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energy processes. The low p-values confirm that the relationships are statistically significant. The findings 

therefore demonstrate that AI adoption supports long-term economic and environmental sustainability in Nigeria. 

 

Table 3. Regression analysis 

Variable Coefficient Std. Error t-value p-value 

AI Investment 0.62 0.08 7.75 0.000 

Operational 

Efficiency 

0.48 0.07 6.85 0.000 

Sustainability 

Index 

0.55 0.09 6.11 0.000 

Constant 1.20 0.30 4.00 0.001 

Source: Authors Fieldwork, 2026 

 

Table 4. Factors determining the effectiveness of AI deployment 

Variables Mean Std. Dev. Decision 

Technical Skills Availability 4.12 0.73 Acceptable 

Internet and Digital Infrastructure 4.05 0.81 Acceptable 

Government Policy Support 3.96 0.77 Acceptable 

Funding Availability 4.18 0.69 Acceptable 

Electricity Supply Stability 4.22 0.71 Acceptable 

Availability of AI Training 3.88 0.85 Acceptable 

Public Private Partnership 3.91 0.80 Acceptable 

Source: Author’s Fieldwork, 2026 

 

Table 4 identifies the major factors influencing the effectiveness of AI deployment in Nigeria’s agricultural and 

waste-to-energy sectors. The findings show that stable electricity supply, funding availability, technical skills, and 

digital infrastructure are the most significant determinants of successful AI implementation. Government policy 

support and AI training opportunities also contribute positively to adoption effectiveness. The results suggest that 

inadequate infrastructure and limited technical expertise remain key barriers to optimal AI performance. 

Furthermore, the research emphasises the value of public-private partnerships in improving access to technology 

and innovation. Overall, the findings demonstrate that institutional, financial, and technical factors jointly 

determine AI deployment success. 

The descriptive findings reveal that AI adoption levels are moderately high (mean = 3.84), indicating growing 

acceptance among stakeholders. This aligns with the Technology Acceptance Model (TAM), which posits that 

perceived usefulness drives adoption behaviour (Venkatesh et al., 2012). The high mean score for operational 

efficiency (4.02) further reinforces that users perceive AI technologies as beneficial in optimising processes such 

as precision farming, predictive maintenance, and automated waste sorting. 

The regression results strengthen these observations by demonstrating that AI investment has a statistically 

significant positive effect on operational efficiency (β = 0.62, p < 0.01). This confirms that increased investment 

in AI technologies leads to measurable improvements in productivity and system performance. These findings are 

consistent with Li et al. (2022), who reported significant yield improvements in AI-enabled agricultural systems, 

and Fang et al. (2023), who found enhanced efficiency in AI-driven waste management systems. The convergence 

of descriptive perceptions and regression evidence indicates that stakeholders not only perceive AI as useful but 

also find it empirically effective. 
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From a cost–benefit perspective, the descriptive results show that the cost of implementation has a moderate mean 

score (3.67), indicating that while stakeholders recognize the financial burden, it is not prohibitive. This is further 

clarified by the regression analysis, which reveals that AI investment positively influences sustainability outcomes 

(β = 0.55, p < 0.01). This supports cost–benefit theory, which argues that long-term benefits can outweigh initial 

costs when investments yield sustained returns (Boardman et al., 2021).  

In the Nigerian context, the benefits of improved agricultural productivity and efficient waste-to-energy conversion 

appear to justify the financial outlay. The sustainability dimension of the findings is particularly noteworthy. 

Environmental sustainability recorded a high mean score (3.95), indicating strong agreement among respondents 

that AI contributes to environmental protection. This is corroborated by the regression results, which show a 

significant relationship between AI adoption and sustainability outcomes. These results are consistent with 

sustainable development theory, which emphasises the need to balance economic, environmental, and social goals 

(UN, 2021). AI technologies, through optimised resource use and reduced waste, contribute to achieving these 

objectives. Empirical literature further supports these findings. UNEP (2022) highlights that AI can significantly 

reduce greenhouse gas emissions through improved waste management practices. 

Similarly, Talaviya et al. (2024) demonstrate that AI-driven irrigation systems enhance water efficiency, thereby 

contributing to environmental sustainability. The present study expands on these findings by presenting evidence 

from Nigeria, where integrated analyses have been scarce. However, the descriptive results also reveal critical 

challenges. Technical capacity has the lowest mean score (3.41), indicating a significant skills gap. This finding is 

consistent with Ayangbenro et al. (2024) who identified limited technical expertise as a major barrier to AI 

adoption in Nigeria.  

The regression analysis indirectly reflects this constraint, as the effectiveness of AI investment depends on the 

availability of skilled personnel to implement and maintain these technologies. This suggests that while AI has 

strong potential, its impact may be constrained by human capital limitations. Social impact, with a mean score of 

3.78, indicates moderate positive effects on employment and social well-being. While AI can create new job 

opportunities in technology and data management, it may also displace traditional roles. This dual effect aligns 

with the broader literature on AI and labour markets, which emphasises the need for reskilling and workforce 

adaptation (IEA, 2023). The integration of findings also highlights regional disparities. Although not explicitly 

modelled in the regression, the demographic distribution suggests that states with better infrastructure and 

technological exposure (e.g., Lagos and Rivers) exhibit higher adoption and efficiency levels. This underscores 

the importance of contextual factors in shaping AI outcomes. 

Overall, the combined descriptive and regression results provide a comprehensive understanding of AI adoption 

in Nigeria’s agricultural and WTE sectors. The findings confirm that AI is both economically viable and 

environmentally beneficial, supporting the rejection of all null hypotheses. The study demonstrates that AI 

adoption leads to improved efficiency and sustainability, while also highlighting the importance of addressing cost 

and capacity challenges.  

The findings demonstrate that AI adoption contributes significantly to technological innovation and energy 

sustainability within Nigeria's agricultural and waste-to-energy sectors. The positive relationship between AI 

investment and sustainability outcomes suggests that intelligent technologies enhance renewable energy generation 

efficiency while supporting environmentally responsible agricultural production. These findings align with recent 

studies by Dinrifo et al. (2025), Ayangbenro et al., (2025), and Fang et al. (2023), which emphasise the role of AI 

in promoting sustainable resource utilisation and energy efficiency. The results further indicate that technological 

capacity and infrastructure availability remain critical determinants of successful AI deployment. Consequently, 

investments in digital infrastructure, energy systems, technical training, and innovation ecosystems are essential 

for maximising the benefits of AI-driven development. 
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5. Conclusion 

 

The study investigated the cost-benefit, technological, energy, and sustainability implications of artificial 

intelligence adoption in Nigeria's agricultural and waste-to-energy sectors. The findings revealed that AI adoption 

significantly improves operational efficiency, environmental sustainability, energy optimisation, and overall 

system performance. Regression results confirmed that investments in AI technologies positively influence both 

operational efficiency and sustainability outcomes, indicating that the long-term benefits of AI adoption outweigh 

implementation costs. The findings further revealed that stable electricity supply, funding availability, technical 

expertise, and digital infrastructure are critical determinants of successful AI deployment.  

These results suggest that AI can serve as an important catalyst for sustainable agricultural transformation and 

renewable energy development in Nigeria. However, the realisation of these benefits requires deliberate 

investments in infrastructure, human capital development, supportive policies, and institutional partnerships.  

This study is limited by its cross-sectional design and reliance on self-reported survey data, which may not fully 

capture long-term impacts of AI adoption. In addition, the study focused primarily on selected states across Nigeria 

and therefore may not reflect all regional variations. Future studies should employ longitudinal research designs, 

incorporate objective performance indicators, and conduct comparative analyses across African countries. Further 

investigations may also explore sector-specific AI applications in renewable energy generation, precision 

agriculture, climate-smart farming, and circular economy systems. 
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