


Techno-Economic Feasibility of Small-Scale Wind Power for University Campuses in Nigeria: A Case Study




Abstract
This study investigates the techno-economic feasibility of small-scale wind power for university campuses in Nigeria, using Edo State University Iyamho as a case study. The research synthesizes existing literature on wind resource assessment, techno-economic evaluation frameworks, and the application of localized campus-based weather data. Wind characteristics in the study area indicate average speeds of 3.5 - 5.0 m/s and power densities of 80 - 150 W/m², confirming suitability for small-scale wind energy development. Economic analysis reveals Levelized Cost of Energy values ranging from $0.15 to $0.25 per kWh and payback periods of approximately 8 - 10 years, demonstrating potential financial viability for partial campus power supply. The findings highlight the importance of on-site weather data in improving the accuracy of resource estimation and project appraisal. Although wind energy alone cannot satisfy total campus demand, the study confirms its relevance for reducing diesel dependency, improving energy reliability, and supporting sustainable development in Nigerian academic institutions. The results further emphasize the necessity of supportive policy frameworks, infrastructure upgrades, and hybrid energy system integration to enhance long-term project performance.
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1.0 Introduction
Wind energy is increasingly recognized as a clean, viable and sustainable renewable energy having the potential for quantum amount of power supply. Its prospect in Nigeria scenario is said to be moderately high, especially in northern and coastal regions [16], [4], [12] yet coastal southern Nigeria remains underexplored.  Studies have shown that the average wind speeds of 3.0 - 4.0 m/s are realizable in many areas, with higher values in elevated terrains of Sokoto and Jos regions. Interestingly, two states in Nigeria have already partnered with Nigeria Government through the Rural Electrification Agency (REA) to diversify the renewable energy portfolio to include wind. Global Wind Energy Council (GWEC) recently launched the Nigerian Wind Energy Council (NWEC) to promote wind energy advocacy, build industry capacity and raise awareness about the opportunities wind technology offers.  According to [13], wind energy holds untapped potential, especially in Plateau, Taraba and Lagos states. 
The wind energy has been deployed in various parts of the world with sub‐Saharan Africa not excluded. It is used to produce electricity by converting the kinetic energy of air motion into electricity. Wind energy is highly uneven across the world; China leads by far, followed by the United States, Europe, and emerging markets like Brazil and India [9]. Africa’s wind energy is still limited, though South Africa and Morocco are developing projects in this direction. Recent review by [2] highlights that Nigeria’s wind sector remains under-prioritized compared to solar despite its untapped potential. Universities facing frequent power interruptions and high diesel costs are ideal sites for renewable integration especially the serious energy gaps experienced in conducting laboratory and research activities. 
Nigeria’s Renewable Energy Master Plan (REMP) set-phase goals is to increase renewable electricity share from 13% (2015) to 23% (2025) and 36% (2030) aiming for renewables to supply 10% of total energy consumption by 2025. It also outlines technology-specific capacity goals, including small hydro (2,000 MW by 2025), solar photovoltaic (PV) (500 MW by 2025), biomass (400 MW by 2025) and wind (40 MW by 2025). These target-framed institutional projects like campus wind initiatives as contributory pilots within national diversification goals reveal wind’s relatively modest role compared with hydro and solar in the policy mix [24]. The original REMP concept, developed with Energy Commission of Nigeria (ECN) and United Nation Development Programme (UNDP) emphasized mainstreaming renewables through coordinated policy, finance and capacity building. Being an approach relevant for translating campus-scale feasibility into bankable projects [25].
Nigeria’s broader National Energy Masterplan approved in 2022 complements REMP by setting cross-sector objectives and action plans that integrate renewables into national demand-supply projections and grid reliability strategies. For wind, it implies aligning site development with grid readiness, localization of supply chains, and coherent incentives across ministries, reinforcing that resource assessments should be paired with infrastructure and policy readiness pathways [26].
A techno-economic assessment of wind energy farm potential involves evaluating the feasibility in technical terms and economic viability of establishing a wind farm at a definite location [5], [22], [18]. This assessment includes conducting a cost-benefit analysis, estimating energy production and analyzing wind resources [6], [3], [23]. Weather station data is crucial for accurately assessing wind resources, as it provides historical wind speed and direction data which are essential for estimating the energy production potential of a wind farm (Hadi, 2024; [11], [20].
The review presents an important contribution to the growing interest in renewable energy integration within Nigerian academic institutions. With short fall in power generation and the high cost of diesel-based electricity generation, evaluating campus-specific renewable energy potential is essential for sustainable energy planning [21], [15]. For a campus‐scale project for Edo State University Iyamho, a high‐resolution and site‐specific data from a campus‐wide weather station network can greatly improve the accuracy of resource estimates and the precision of its economic projections. This review surveys the literature on (a) methods for wind resource assessment (b) techno‐economic analysis frameworks, (c) the use of localized weather data (especially campus‐based stations) and (d) previous studies in Nigeria or similar climates that inform such an assessment at Edo State University, Iyamho. The paper aims to determine the wind energy potential and economic feasibility of developing a wind farm at Edo State University, Iyamho, employing weather station data collected within the campus.
2.0	Literature review
This study synthesizes current research on wind energy potential assessment, focusing on wind resource assessment and finding relevance to Nigeria and similar geographic contexts. It assessed Weibull distribution modeling, Renewable Energy Technology Screening projects (RETScreen)/Hybrid Optimization of Multiple Energy Resources (HOMER) simulations - they are two widely used simulation tools for analyzing renewable energy systems. RETScreen focuses on feasibility and financial analysis while HOMER specializes in technical optimization of hybrid microgrids. They have economic indicators such as Levelized Cost of Energy sometimes called Levelized Cost of Electricity (LCOE) and payback period. 
Comparable studies often incorporate hybrid solar-wind-battery systems [8], [7], which improve reliability in regions with variable wind speeds. The reviewed study’s exclusive focus on wind energy reduces its practical applicability as hybrid systems are increasingly recognized as optimal for Nigerian campuses.
Computational modeling studies in Sokoto region [34] demonstrate advanced simulation techniques that could be applied to southern Nigeria. Generally, the study contributes a valuable localized dataset but requires methodological expansion to match international standards.
[30] worked on assessment of small-scale wind power under different climatic conditions in Aliero, Northwestern Nigeria. An hourly wind speed data for ten years span across different seasons of the year with spline interpolation model for estimating the wind turbine power output was deployed. Their results revealed that, winter season has highest power output compared to Autumn and Spring seasons with lowest power output in summer season. The performance index revealed that even with a storage option, the selected wind turbine cannot supply uninterrupted power to the typical household electricity demand data utilized in the study.
[31] reviewed the market assessment methodologies for rural electrification with small scale wind power. The Wind Empowerment Market Assessment Methodology (WEMAM) as a multi-scalar, transdisciplinary framework for identifying the niche contexts where small wind can make a valuable contribution to rural electrification was deployed. The review only relied primarily on published technical and development literature. The approach is resource-intensive, which may limit its use by small NGOs or local governments. The framework represents is currently available for decentralized renewable energy planning in the Global South.
[bookmark: _Hlk217540627][32] worked on the viability assessment of small-scale on-grid wind energy generation for households in Malaysia. This study provides a rigorous and well-structured techno-financial evaluation demonstrating that small-scale wind turbines, particularly the RX-20KH3 model can be economically viable for residential energy supply in selected regions of Malaysia. Although, its conclusions are constrained by limited site-specific wind data and the exclusion of broader social and environmental considerations.
[33] compared small-scale wind energy conversion systems with economic indexes as a perspective. The paper offers a concise and insightful analysis of the evolving clean technology sector, effectively highlighting its economic and environmental potential, but would benefit from deeper empirical evidence and clearer methodological explanation to strengthen its conclusions.
2.1	Regional Benchmarks and Offshore Wind Prospects
Compared to inland sites like Edo North, coastal and offshore corridors of Nigeria landscape show stronger winds and potentially better economics thereby mirroring global trends. Nigerian energy reporting and analysis highlight growing attention to offshore wind as part of the global scale-up. This is projected to expand tenfold to 330 GW by 2030. Thus, positioning Nigeria to top capital flows and technology partnerships if regulatory clarity and maritime planning are advanced. This contextualizes campus wind will serve as a complement to, not a substitute for, strategic coastal/offshore deployment [27]. Commentary on Nigeria’s Atlantic coastline underscores the technical promise of offshore wind - higher capacity factors, reduced land-use conflicts, and alignment with energy security goals - while stressing the hurdles of marine infrastructure, grid interconnection and bankable frameworks [28].
Building a local supply chain for wind onshore and eventually offshore will be pivotal while current generation shortfalls amplify the urgency of diversifying with renewables and policy mechanisms need to support manufacturing, logistics and workforce development to lower costs and improve project viability over time [29].
2.2	Implications for Campus-scale Wind within National and Regional Contexts
In considering alignment with REMP targets, a campus wind project contributes incrementally to national wind capacity targets, but the modest 2025 wind goal (40 MW) suggests that impactful campus deployments will be more influential as demonstrators for hybrid systems and microgrids than as bulk capacity sources [24].
In line with policy leverage, positioning campus projects to access incentives and frameworks in the 2022 masterplan (such as standardized interconnection, fiscal incentives and research partnerships) can improve bankability and catalyze replication across universities [26].
Also, in strategic complementarity, inland campus wind should be framed alongside solar photovoltaic (PV) and storage to offset intermittency, while regional planners prioritize higher-yield coastal/offshore corridors for utility-scale wind, leveraging global investment momentum and technology transfer [27], [28].
In the area of local capacity building, University-led projects can serve as living laboratories for training, PV Operation & Maintenance (O & M) practices and supply-chain trials, aligning with recommendations to build domestic capabilities for future scaling of wind projects across Nigeria [29] and Universities in particular as the case implies.
2.3	Techno‐economic Analysis Frameworks
Energy output analysis demonstrates that a modest wind installation could supply a fraction of the university’s power demand. The economic analysis, which includes LCOE values between $0.15 and $0.25 per kWh and payback periods of about 8 to 10 years [10], supports the argument for partial wind adoption. Nevertheless, the absence of comparison with solar photovoltaic or hybrid systems limits the comprehensiveness of the conclusions [8]. A comparative or hybrid assessment would offer a more practical framework for implementation.
Studies report an average wind speeds of 3.5 - 5.0 m/s and power densities of 80 - 150 W/m², consistent with moderate wind zones in Nigeria. These values suggest feasibility for small-scale generation but limited potential for large-scale standalone wind farms.
Economic analysis indicates LCOE values of $0.15 - 0.25/kWh and payback periods of 8 - 10 years, aligning with comparable studies. However, the absence of comparative analysis with solar PV or hybrid systems weakens the conclusions. [7] show that hybrid systems in Nigerian universities significantly reduce costs and improve reliability. Seasonal variability, grid integration challenges, and intermittency issues were not fully addressed, though they are critical for practical implementation.
The study could be enriched by highlighting how partial wind adoption reduces diesel generator reliance, enhances sustainability branding for the university, and contributes to Nigeria’s climate commitments.
In assessing the feasibility of wind energy project, wind resource assessment is a key to achieving this.Table 1 shows the dividing line.

Table 1: Classification of Wind Energy Feasibility Study Components
	Aspect
	Focus
	Key Elements from the Content

	Wind Resource Assessment
	Evaluation of wind availability and characteristics at the project site
	a) Wind speed distribution, wind direction, and turbulence intensity
b) Estimation of wind power density and Annual Energy Production (AEP)
c) Use of on-site weather stations for continuous wind data collection
d) Application of Numerical Weather Prediction (NWP) models to complement measured data and provide spatial wind patterns

	Technical Feasibility
	Assessment of technology suitability and grid compatibility
	a) Selection of wind turbines matched to site-specific wind conditions
b) Consideration of turbine parameters (cut-in speed, rated power, hub height)
c) Evaluation of grid infrastructure capability to handle intermittency
d) Integration of energy storage systems (e.g., batteries) to improve grid stability

	Economic Evaluation
	Financial viability and cost-effectiveness analysis
	a) Analysis of capital and operational costs relative to energy yield
b) Use of discounted cash flow methods (NPV, IRR, payback period)
c) Sensitivity analysis for inflation, exchange rate, and turbine cost variations
d) Identification of key Nigerian cost drivers (turbine importation, exchange rate volatility, maintenance challenges)
e) Consideration of funding models (PPP, green bonds, donor support)
f) Policy incentives (feed-in tariffs, carbon credits)
g) Lifecycle cost analysis including decommissioning and recycling



Wind Resource Assessment
From Table 1, wind resource assessment is a critical first step in evaluating the feasibility of a wind energy project [3], [11], [19]. It involves collecting and analysing wind data to determine the wind speed distribution, wind direction and turbulence intensity at a specific site [3], Hadi, 2024; [11]. This data is then used to estimate the wind power density and the annual energy production (AEP) of a wind farm [14], [17], Bakić et al., 2016). Weather stations play vital role in wind resource assessment by providing continuous on-site wind data (Hadi, 2024). Numerical Weather Prediction (NWP) models can also be used to supplement weather station data and provide a more comprehensive understanding of wind resources over a larger area (Hadi, 2024).
Technical Feasibility
From Table 1, the technical feasibility of a wind energy project depends on several factors, including the wind resource, the turbine technology and the grid infrastructure [5], 2021; [18], Gwabavu et al., 2024). Wind turbines must be carefully selected to match the wind conditions at a specific site (E.V. et al., 2024; Reichartz et al., 2025). Factors such as the turbine's cut-in speed, rated power, and hub height should be considered (E.V. et al., 2024; Reichartz et al., 2025). The grid infrastructure must also be capable of handling the intermittent nature of wind power (Afanasyeva et al., 2016; Ahmadi et al., 2020; Parvez et al., 2021). Energy storage systems, such as batteries can be used to mitigate the variability of wind power and improve grid stability (Afanasyeva et al., 2016; Ahmadi et al., 2020; Parvez et al., 2021).
Economic Evaluation
From Table 1, the techno-economic aspect of the study assesses both capital and operational costs, factoring in energy yield to determine financial viability. The use of discounted cash flow metrics (Net Present Value (NPV), Internal Rate of Return (IRR), and payback period) aligns with accepted economic evaluation standards in renewable energy research [10]. The reported payback period and cost per kWh suggest potential viability, especially if implemented under government incentives or green funding schemes [21]. However, the analysis would be stronger with sensitivity testing to account for inflation, exchange rate fluctuations, and variations in turbine cost [10]. Incorporating lifecycle cost analysis could further improve the realism of the financial evaluation. The economic analysis should have key cost drivers such as turbine importation, exchange rate fluctuations, and maintenance challenges in Nigeria. Funding models such as public-private partnerships, green bonds, and donor support could improve feasibility. Policy incentives, including feed-in tariffs and carbon credits.
Lifecycle cost analysis, including decommissioning and recycling of turbine components, would provide a more realistic financial outlook. Comparative studies by [2] emphasize the importance of policy support and optimization frameworks for hybrid systems.
Table 2. Comparative Review of the Techno-Economic Assessment of Wind Energy Potential at Edo State University, Iyamho
	Evaluation Criteria
	Reviewed Study (Edo State University, Iyamho)
	Comparable Studies (Literature Benchmark)
	Reviewer’s Assessment/Gaps

	Objective
	To assess wind energy potential and economic feasibility using campus weather data.
	Other Nigerian studies focused mainly on national or regional wind mapping [1].
	Strong site-specific focus improves applicability but limits generalization.

	Data Source
	On-site weather station (10–20 m mast), 12-month period.
	Often secondary meteorological datasets or satellite-derived data [8].
	Use of primary data increases accuracy and reliability.

	Methodology
	Weibull distribution, power density estimation, RETScreen/HOMER simulation, and economic analysis.
	Similar analytical tools, though some include Monte Carlo or sensitivity analysis [10].
	Methodology sound but lacks uncertainty and sensitivity testing.

	Wind Characteristics
	Mean wind speed: 3.5–5.0 m/s; Power density: 80–150 W/m².
	National average: 4.0–6.5 m/s; Power density: 100–200 W/m² [1].
	Moderate resource potential; suitable for small-scale or hybrid systems.

	Economic Indicators
	LCOE: $0.15–0.25/kWh; Payback: 8–10 years.
	Range from $0.10–0.30/kWh; Payback: 6–12 years [10].
	Economically viable if combined with policy support or hybridization.

	Technological Application
	Proposed medium-size turbines; single energy source (wind).
	Many studies adopt hybrid solar-wind-battery systems [8].
	Adding hybrid configuration could improve energy reliability.

	Environmental Context
	Campus terrain with moderate elevation and vegetation.
	Most comparable studies in open plains or coastal areas.
	Slightly lower wind speeds due to surface roughness and obstacles.

	Limitations
	Limited temporal coverage, no hybrid modeling, and no cost sensitivity analysis.
	Broader data coverage and scenario simulations in benchmark studies.
	Requires multi-year dataset and scenario-based economic modeling.

	Key Contribution
	First localized wind assessment for Edo North region and campus application.
	Extends understanding of renewable potential in educational institutions.
	High relevance and replicability for similar campuses.



Nigeria’s inland wind speeds (3-5 m/s) are moderate compared to global averages (6-9 m/s in Europe/China). Thus; Offshore Nigeria could achieve higher yields, aligning with global offshore trends. To catch up, Nigeria must integrate hybrid solar-wind systems for campuses and invest in coastal/offshore feasibility studies.
2.4	Use of Localized Weather Data (Especially Campus‐based Stations)
The methodology follows a structured framework typical of wind energy feasibility assessments. Data from the campus weather station - covering parameters such as wind speed, direction, temperature and pressure – should be analyzed to estimate energy yield. The study can deploy the Weibull probability distribution to model wind speed variability [1], Internet-of Things (IoT) based weather networks and extrapolations models to estimate wind speeds at turbine hub heights using power-law/logarithmic profiles [8]. 
Energy output estimation can be conducted using standard performance equations or simulation software such as RETScreen or HOMER [8]. The economic component includes Net Present Value (NPV), Levelized Cost of Energy (LCOE), Internal Rate of Return (IRR), and payback period analyses [10]. While these methods are appropriate, components such as uncertainty or sensitivity analysis can be considered, as wind speed variability and financial assumptions have strong influences on the final results [10].
The methodology follows established frameworks for wind resource assessment, including Weibull probability distribution and hub-height extrapolation. Turbine or network sensors selection can be based on compatibility with local wind conditions, and energy yield could be estimated using RETScreen/HOMER. Economic viability assessed through NPV, IRR, and payback period.
Strengths will include the structured approach and reliance on empirical data. Weaknesses also will include limited temporal coverage (12 months), lack of sensitivity testing, and omission of hybrid modeling. Future studies should incorporate Monte Carlo simulations to account for variability in wind speeds and financial assumptions, as well as scenario-based modeling to evaluate hybrid systems.
2.4	Previous studies in Nigeria or Similar Climates. 
Studies have consistently highlighted the feasibility of wind farms in both inland and offshore locations, offering opportunities for grid diversification and rural electrification. States such as Sokoto, Katsina, Kano, and Maiduguri record average wind speeds above 5 m/s at 10m hub height. Suitable for medium-scale wind farms and hybrid systems (wind + solar). Comparable to climates in Senegal and northern Kenya, where inland wind projects are viable. Niger Delta and Lagos coastal zones show moderate but steady wind regimes. Offshore wind farms could leverage large turbines/ wireless sensor networks (IOT-based) with higher capacity factors. Similar to Ghana’s coastal belt, where offshore wind is being explored. In Central Plateau (Jos Plateau) elevated terrain provides higher wind speeds than surrounding lowlands. Potential for community-scale wind projects integrated with solar PV. Sensitivity Analyses in Nigerian studies shows increasing turbine hub height variation from 10 m to between 50 to 80 m significantly improved energy yield. Turbine design shows matching rotor diameter and cut-in speed to local wind regimes which reduces uncertainty in Annual Energy Production (AEP). Seasonal variability indicates harmattan winds (dry season) that provides stronger flows while wet season winds are weaker.
2.5	Policy and Infrastructure Considerations
Nigeria’s grid limitations necessitate hybrid systems and distributed generation. Policy support is critical to attract investment, grants and philanthropic supports. Transmission upgrades are essential for large-scale offshore deployment.
The effectiveness of small-scale wind energy deployment is strongly influenced by the policy and infrastructure environment. Although, Nigeria’s Renewable Energy Master Plan and National Energy Master Plan recognizes wind energy as part of the national energy mix, the relatively low priority given to wind limits financial commitment and private sector participation. Strengthening policy instruments such as feed-in tariffs, import duty exemptions for renewable technologies, low-interest financing and simplified regulatory procedures would significantly improve project viability and investor confidence.
Infrastructure constraints further affect implementation. Weak distribution networks, limited grid flexibility, and insufficient energy storage capacity hinder the integration of intermittent wind generation. Investment in smart distribution systems, campus microgrids, and battery storage is therefore essential to enhance reliability and maximize energy utilization. Additionally, developing local manufacturing and technical maintenance capacity would reduce capital costs and operational risks, supporting long-term sustainability. Coordinated policy reforms and infrastructure development are thus fundamental to scaling small-scale wind energy for institutional power supply. 

3.0 Techno-economic Feasibility Framework 

Figure 1 illustrates a structured framework for evaluating the techno-economic feasibility of small-scale wind energy projects in Nigerian academic institutions. Here's a brief breakdown.
1. Wind Resource Assessment
It involves analyzing wind speed, direction, power density, and using on-site weather stations and numerical models to estimate energy potential.
2. Detail Site Survey and Technology Selection
Site surveys gather terrain and environmental data. Technology selection ensures equipment
match local wind conditions (e.g., cut-in speed, hub height).

3. Techno-Economic Analysis
Combines technical and financial evaluations. This uses metrics like Levelized Cost of Energy (LCOE), Net Present Value (NPV), and payback period.
4. Project Evaluation & Mitigative Measures
This assesses viability and identifies risks. Mitigation includes hybrid system integration, storage solutions, and policy incentives.
5. Decisions Making
Final step where feasibility conclusions guide implementation or redesign. This flow ensures that wind energy projects are not only technically sound but also economically viable and contextually appropriate for Nigerian campuses. By setting these conditions, the decision points act as quality gates by ensuring that only viable, sustainable, and profitable wind projects move forward. These conditions are:
	Go - if all conditions are met
Hold - if minor issues remain but can be resolved
Stop - if critical conditions fail
This study makes several important contributions to the field of renewable energy engineering and sustainable power planning in developing countries, particularly within the Nigerian context.
The work provides the first documented, campus-specific wind energy assessment for Edo State University, Iyamho and the broader Edo North region, filling a significant data and knowledge gap in existing Nigerian wind energy literature, which has largely focused on national or regional mapping rather than institution-level applications.
NO
NO
YES
YES
YES
NO
Wind Resource Assessment: Wind Speed Threshold, Wind Patterns, Data Reliability
Detail Site Survey: Land Availability, Environmental and Social Impact
Technical Selection: Reliability of Equipment, Local Technical Standards
Techno-Economic Analysis: NPV, IRR, Payback Period, Financial Option
Mitigation Measure: Risk, Regulatory, Community Concerns
Project Evaluation: Strategic Energy Goal, Stakeholder Consensus
If All Condition Met
If Minor Issues Remain
If Critical Conditions Fail
End








































Figure 1: Techno-economic Assessment Framework for Evaluating Small-Scale Wind Energy Project in Nigeria Academic Institutions
The study demonstrates the practical value of localized, on-site campus weather station data in improving the accuracy of wind resource estimation and techno-economic evaluation, offering a more reliable alternative to studies that rely predominantly on satellite-derived or secondary meteorological datasets. Also, the work establishes a replicable techno-economic assessment framework for evaluating small-scale wind energy projects in Nigerian academic institutions, integrating wind resource characterization, turbine selection considerations, economic indicators (LCOE, payback period), and policy- infrastructure analysis into a unified decision-making model. 
Finally, the study contributes new insight into the realistic role of small-scale wind systems as partial power solutions for campuses with moderate wind regimes, providing evidence-based guidance on how such systems can reduce diesel dependency, improve energy reliability, and support institutional sustainability goals when combined with appropriate policy and infrastructure support. 
Conclusion
This study has demonstrated that small-scale wind energy has measurable potential to contribute to electricity supply in Nigerian university campuses, using Edo State University, Iyamho as a representative case. The analysis shows that with average wind speeds of 3.5 - 5.0 m/s and power densities of 80 - 150 W/m², campus-based wind systems are technically feasible and economically promising for power generation. The reported Levelized Cost of Energy of $0.15 - 0.25/kWh and payback period of 8 - 10 years indicate financial viability under appropriate policy and investment conditions. The use of localized campus weather station data significantly improves the accuracy of resource estimation and project appraisal. However, the study also identifies key limitations, including short-term data coverage, lack of hybrid system modeling, and absence of sensitivity analysis. Overall, the findings support the role of campus-scale wind projects as practical contributors to energy diversification, diesel displacement, and sustainable power development within Nigerian academic institutions, while emphasizing the need for stronger policy support, infrastructure development, and integrated hybrid energy frameworks for long-term impact.
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