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Abstract: Reliable energy supply is critical to the functioning of higher education, 

influencing teaching, research, and administrative efficiency. In Nigeria, however, 

universities grapple with persistent grid outages and high dependence on diesel generators, 

which escalate costs and undermine academic productivity. Renewable energy presents a 

viable alternative for addressing these challenges while advancing sustainability. This study 

employed a systematic review design to examine energy reliability challenges in Nigerian 

universities and renewable energy solutions for sustainability. Evidence was sourced from 

2016–2025 publications, government reports, university audits, and donor agency documents, 

retrieved using databases such as Google Scholar, ScienceDirect, ResearchGate, JSTOR, and 

AJOL. A total of 54 relevant documents were retained after applying inclusion and exclusion 

criteria. Analysis followed a thematic approach, categorising evidence under diesel reliance, 

academic disruptions, environmental and health impacts, and renewable adoption outcomes. 

Findings revealed that renewable interventions, especially solar microgrids, reduce energy 

costs, enhance reliability, and improve academic services across universities including OAU, 

FUNAAB, UNIZIK, and UNILAG. The study concludes that integrating renewable energy is 

essential for reducing operational costs, safeguarding academic advancement, and positioning 

Nigerian universities as models of sustainable development. 
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INTRODUCTION 

Nigeria’s chronic power unreliability has incentivized tertiary institutions to rely on 

diesel generators, a practice that is costly, polluting, and operationally fragile. A growing 

body of literature shows that institutional adoption of renewable technologies — especially 

solar PV combined with storage and, where appropriate, diesel backup (hybrid systems) — 

can substantially lower the long-term cost of energy while improving reliability, which in 

turn supports teaching, research and campus services (Kuhe, Ndah, & Idris, 2025; Babatunde 

et al., 2022). Techno-economic modelling across multiple Nigerian case studies consistently 

reports large reductions in net present cost (NPC) and levelized cost of energy (LCOE) when 

PV and battery storage are introduced alongside or in replacement of diesel-only systems 

(Kuhe et al., 2025; Babatunde et al., 2022). 

Case studies of university campuses demonstrate how institutional renewables 

produce both immediate operational savings and medium-term strategic benefits. Covenant 

University’s investigations into on-campus renewables and energy-management coupling 

illustrate that campus microgrids and storage can improve supply stability and reduce 

generator run-hours, thereby cutting fuel and maintenance budgets while smoothing the 

power profile for laboratories and IT infrastructure (Sanni, Olajube, Ademola, & Alabi, 

2019). Recent modelling on renewable energy integration in Nigerian colleges highlights that 

optimised PV-diesel-battery systems can significantly reduce the levelized cost of energy 

(LCOE) and carbon emissions compared with reliance on diesel alone, thereby providing 

more predictable budgets for institutional management (Kuhe et al., 2025). While these cost 

savings are critical, the academic benefits are equally important.  

Reliable power supply enhances teaching, research, and administrative performance 

by ensuring uninterrupted ICT operations, extended laboratory access, and secure storage of 

research materials (Adeshina et al., 2024). This aligns with findings in educational 

administration literature, where effective resource management has been shown to positively 

influence institutional efficiency and teachers’ productivity (Osegbue, Ohamobi, & Manafa, 

2018). Similarly, the utilization of ICT resources strengthens both academic delivery and 

school management, underscoring the importance of sustainable energy to power such 

technologies (Manafa, Ohamobi, & Osegbue, 2022). Therefore, integrating renewable 

systems in higher education not only reduces operational costs but also advances curriculum 

delivery, teacher commitment, and overall institutional competitiveness (Ohamobi et al., 

2020; Ohamobi et al., 2024). Universities that host microgrids also gain unique living 

laboratories for students and faculty to test control strategies, storage technologies, demand-

side management and business models strengthening research outputs, grant competitiveness 

and industry partnerships (Babatunde et al., 2022; Adeshina et al., 2024).  

However, synthesis of recent studies highlights persistent barriers. High upfront 

capital costs and constrained institutional finance remain the dominant obstacles to scale 

(Adeshina et al., 2024; Dinneya-Onuoha, 2025). Supply-chain vulnerabilities, import 

dependence for key PV and battery materials, and a shallow domestic manufacturing base 

inflate prices and extend payback periods (Dinneya-Onuoha, 2025). Technical barriers 

intermittency, inadequate O\&M skills, and limited experience with hybrid dispatch strategies 

can undermine project performance when systems are poorly designed or maintained (Kuhe 

et al., 2025; Sanni et al., 2019). 

The literature therefore converges on several practical solutions. First, hybrid design 

that combines PV, appropriately sized battery storage and existing generation (as transitional 

backup) is the most replicable model for Nigerian campuses, because it balances capital cost, 

reliability and emissions (Kuhe et al., 2025; Babatunde et al., 2022). Second, rigorous, site-

specific modelling (HOMER and similar tools) using measured load profiles increases design 

accuracy and cost-effectiveness (Sanni et al., 2019; Kuhe et al., 2025).  
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Third, blended financing (grants, concessional loans, energy performance contracts) 

and policy incentives can reduce upfront barriers; the national renewable policy landscape 

and targeted institutional programmes are critical enablers (Adeshina et al., 2024).  

The study is therefore justified due to the persistent challenge of unreliable grid power 

and dependence on costly diesel generators, which drain institutional budgets and disrupt 

academic activities. Integrating renewable systems, particularly solar PV with hybrid models, 

offers long-term economic savings, energy reliability, and environmental benefits. Beyond 

cost reduction, such systems enhance research productivity, improve laboratory and ICT 

operations, and create practical learning platforms for students. Thus, the study addresses 

both operational sustainability and the strategic goal of advancing knowledge and innovation 

in Nigerian universities. 

 

Statement of the problem 

The Department of Industrial and Production Engineering, Nnamdi Azikiwe 

University, Awka, exemplifies an epileptic energy situation plaguing Nigerian campuses. 

According to the UNIZIK Energy Audit Report (2022), the campus experiences 8 to 10 hours 

of grid outages each day, forcing reliance on a fleet of 32 diesel generators with a combined 

rated capacity of 4.2 MW. Together, these generators consume roughly 18,000 L of diesel per 

month, costing the university about ₦38 million monthly nearly 23 percent of its recurrent 

budget before accounting for maintenance and logistics (Esimone, 2023). This heavy 

expenditure diverts funds from critical infrastructure improvements, such as modernizing the 

Faculty of Engineering and upgrading research equipment. 

A stark illustration occurred in November 2021, when a 72-hour blackout during end-

of-semester examinations compelled the administration to ration generator power. As a result, 

thousands of students endured repeated disruptions to online assessments, and temperature-

sensitive medical samples at the UNIZIK Teaching Hospital were lost, an estimated ₦5 

million in spoilage alone (UNIZIK Facilities Management, 2022). Compounding these 

operational challenges, only 40 percent of the generator fleet receives scheduled biannual 

servicing due to budget constraints, leading to a 35 percent failure rate during peak usage 

(UNIZIK Facilities Management, 2022). 

The situation at Nnamdi Azikiwe University, Awka, mirrors broader national trends. 

At the University of Ibadan, Olatunji, Adekoya, and Musa (2020) found that diesel generators 

installed to cover 24/7 laboratory operations still left the campus with 6 hours of daily 

outages, and monthly diesel costs exceeded ₦30 million. Similarly, Obafemi Awolowo 

University reported an 85 percent generator downtime over a three-month monitoring period, 

attributed to deferred maintenance and spare-part shortages (Okoro and Nnaji, 2021). 

Beyond financial and operational strain, the environmental and health consequences 

are severe. UNIZIK’s generator emissions total approximately 1,050 tons of CO₂ annually, 

equivalent to the emissions of 230 average Nigerian households over one year (Esimone, 

2023). Air quality measurements on the Ifite Campus record PM₂.5 Concentrations up to 300 

percent above World Health Organization guidelines, which correlates with a 22 percent 

increase in staff asthma cases between 2019 and 2023 (UNIZIK Health Services, 2023). 

Comparable studies at the University of Lagos link continuous generator use to elevated 

ambient PM₂.₅ levels and a 15 percent rise in respiratory illnesses among campus workers 

over a five‐year span (Akinwale, Durojaiye, and Adeoye, 2022). 

The inefficiency of small‐scale diesel mini‐grids further exacerbates the problem. 

Shittu and Adeyemi (2021) demonstrate that generators operating below 30 percent load 

factor achieve thermal efficiencies under 25 percent, effectively wasting up to 75 percent of 

the fuel’s energy content.  
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By contrast, solar battery microgrids at the Federal University of Technology, Akure 

achieved overall system efficiencies above 60 percent and reduced diesel consumption by 72 

percent (Akinola, 2022). Such evidence underscores the urgent need for Nnamdi Azikiwe 

University, Awka, to transition toward renewable‐heavy hybrid systems that can deliver 

reliable power, lower operating costs, and improve campus health and environmental 

outcomes. 

 

METHOD 

This study adopted a systematic review design to explore energy reliability challenges 

in Nigerian universities and the potential of renewable energy systems to enhance academic 

sustainability. A review approach was appropriate because it enabled the collation, synthesis, 

and critical appraisal of existing evidence from institutional reports, peer-reviewed 

publications, and grey literature, thereby providing a comprehensive perspective on the 

problem of diesel dependency and renewable energy interventions within higher education 

contexts. The review covered publications and institutional reports produced between 2010 

and 2025, a period marked by intensified energy crises in Nigeria and growing renewable 

energy advocacy in academic institutions. Relevant materials were sourced from multiple 

databases, including Google Scholar, ResearchGate, ScienceDirect, JSTOR, and African 

Journals Online (AJOL). In addition, government reports, university audit documents, and 

technical reports from donor agencies such as TETFund and the Rural Electrification Agency 

were examined to capture practical experiences beyond academic articles. 

The search strategy employed keywords and Boolean operators to retrieve relevant 

literature. Keywords included: energy reliability in Nigerian universities, diesel generators 

and higher education, renewable energy in campuses, solar microgrids in Nigeria, and 

sustainable academic infrastructure. Articles were screened based on their relevance to 

university contexts, clarity of reporting, and direct focus on either energy reliability 

challenges or renewable energy solutions. Inclusion criteria encompassed peer-reviewed 

journal articles, conference proceedings, case study reports, and government or institutional 

audits that addressed the role of energy in academic functioning. Studies focusing on non-

educational settings, opinion pieces lacking empirical grounding, or publications before 2010 

were excluded. After screening, a total of 56 documents were retained for full review and 

synthesis. 

The analysis followed a thematic approach, where evidence was categorised under 

major themes such as cost and inefficiency of diesel generator reliance, academic disruptions 

due to unreliable energy, health and environmental implications of fossil fuel usage, and 

outcomes of renewable energy adoption in universities. Descriptive comparisons were also 

made across case studies, for example UNIZIK, OAU, FUNAAB, and UNILAG, to highlight 

similarities, differences, and transferable lessons. To ensure credibility, the review applied 

triangulation of sources by cross-validating information from academic literature with 

government reports and university audits. Ethical considerations were observed by 

acknowledging all sources and avoiding misrepresentation of institutional data. 
 

RESULTS AND DISCUSSION 

Results 

Success stories of Renewable Energy for Academic Environment 

To mitigate the heavy reliance on diesel generators, Nigerian universities are adopting 

hybrid renewable energy microgrids that combine solar PV, battery storage, and smart 

controls. These systems not only improve reliability but also deliver substantial cost and 

emission reductions. At the Federal University of Agriculture, Abeokuta (FUNAAB), a 1.2 

MW solar PV array commissioned in late 2022 pairs with a 1 MWh lithium-ion battery bank 
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and a SCADA based energy management system. Funded through a GIZ partnership, the 

installation reduced diesel consumption by 85 percent within its first year, saving the 

university about ₦28 million monthly and cutting CO₂ emissions by 2,400 tons annually 

(GIZ, 2022; Olajide, 2025). 

A similar scale up is underway at Obafemi Awolowo University (OAU), Ile-Ife, 

which began phased solar deployment in 2020 with a target of 5 MW by 2025. Phase I 

installed an 800-kW array of monocrystalline panels (22 percent module efficiency) and 

Tesla Powerwall lithium batteries to power 12 lecture halls, the central library, and 40 staff 

residences (OAU Energy Office, 2021). According to the Vice Chancellor, within 18 months, 

the university saw a 60 percent reduction in energy costs and redirected ₦500 million toward 

student scholarships and STEM laboratory upgrades (Oladipo, 2022). Building on these 

successes, UNIZIK launched its Green Campus Initiative in 2021: 

1. Faculty of Engineering Complex (150 kW): Canadian Solar PV modules and Trojan 

deep-cycle lead-acid batteries feed 24 labs and 6 lecture halls; generator use fell by 65 

percent, saving ₦9.2 million annually (UNIZIK Energy Office, 2023). 

2. Nnamdi Azikiwe Library (80 kW): Rooftop PV with SMA inverters powers digital 

archives and air-conditioning around the clock, eliminating archiving downtime (UNIZIK 

Library Services, 2023). 

3. Student Hostels (82 kW): A pilot battery-backed system delivers 6 hours of nightly 

autonomy for 3,200 residents, improving study conditions and security (UNIZIK Student 

Affairs, 2023). In 2023, UNIZIK secured a ₦420 million TET Fund grant for a 750-kW grid-

tied solar plant with Huawei string inverters and 2 MWh of Lithium-ion storage. Phase I (250 

kW) now powers the Administrative Block cutting generator runtime from 14 to 4 hours daily 

and the ICT Centre, which now offers uninterrupted 24/7 JAMB registration services, 

generating ₦15 million in monthly community revenue (UNIZIK Finance Office, 2024). 

These case studies demonstrate that hybrid PV plus storage systems can achieve 50 to 85 

percent diesel offset, pay back capital costs within 5 to 7 years, and reduce campus CO₂ 

emissions by thousands of tons annually (Kebede et al., 2021; Akinola, 2022). To sustain this 

momentum, Nnamdi Azikiwe University, Awka, collaborates with the Anambra State Light-

Up Anambra Masterplan and the National Centre for Energy Efficiency (NCEE) to train 120 

students per year in PV installation and maintenance developing the skilled workforce needed 

for complex microgrid operations (NCEE, 2023). 

 

The Role of Energy in the Appropriate Functioning of the Academic Environment 

Reliable electricity underpins every facet of campus life, from basic illumination to 

advanced research. In teaching and learning spaces, uninterrupted power ensures that 

laboratory instruments (e.g., spectrometers, centrifuges) remain calibrated and that 

experiments proceed without data loss. In the ICT domain, campus networks, servers, and 

digital‐learning platforms depend on uninterruptible power supplies, with outages leading to 

halted e‐lectures and lost records (Sobamowo et al., 2024). Climate control in laboratories 

and lecture halls maintains temperature and humidity within strict tolerances often ±1 °C 

critical for both human comfort and the stability of sensitive equipment (Frontiers in Energy 

Research, 2024). 

Water supply and treatment systems pumps, filters, and UV sterilizers require 

consistent power to deliver potable water and maintain hygiene standards; power failures risk 

bacterial contamination and service disruption (Mkpojiogu, 2021). Security installations, 

including CCTV cameras, electronic access controls, and emergency alarms, must operate 

24/7 to safeguard students, staff, and high‐value equipment; generator or battery failure 

correlates with spikes in campus security incidents (Akinwale, Durojaiye, and Adeoye, 

2022). 
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1. Lighting (Indoor/Outdoor and Emergency Lights) 

a. Indoor Lighting: Classrooms and laboratories demand tailored illumination levels to 

support visual tasks. The Illuminating Engineering Society recommends 300 to 500 lux for 

general classroom activities and up to 1,000 lux for detailed laboratory work such as 

microscopy or precision assembly. Upgrading to LED fixtures reduces power draw by up to 

60 percent compared to fluorescents and offers lifespans exceeding 50,000 hours, lowering 

replacement and maintenance costs. Integrating occupancy sensors and daylight‐harvesting 

controls further cuts energy use by an additional 20 to 30 percent (DOE, 2021). 

b. Outdoor Lighting: Campus walkways, parking areas, and building exteriors require 5 

to 30 lux of horizontal illuminance to deter crime and enable safe passage after dark (CIE, 

2019). Full‐cutoff LED luminaires concentrate light downward, minimizing skyglow and 

light pollution. Solar‐powered LED bollards and post‐tops, charged during the day, provide 

reliable illumination without extending diesel‐generator runtime (Ogunbiyi et al., 2022). 

c. Emergency Lighting: Regulations mandate that emergency egress lighting sustain at 

least 90 minutes of operation at 1 to 5 lux to facilitate safe evacuation. Modern emergency 

fixtures combine sealed‐lead‐acid or LiFePO₄ batteries with self‐test electronics that perform 

daily automatic checks and full discharge tests monthly, ensuring readiness when grid power 

fails (IEC, 2015). 

By implementing solar PV with battery backup for both normal and emergency 

lighting circuits, academic institutions can maintain service levels during outages while 

cutting operational costs and carbon emissions (REN21, 2024). 

 
Table 1: Lighting Power Consumption at (UNIZIK, 2023 Data) 

Location Lighting 

Type 

Energy 

Consumption 

(kWh/month) 

Cost (₦) Carbon 

Emissions 

(kg 

CO₂/month) 

Notes 

Lecture Halls LED Panels 

(40W) 

12,000 ₦720,000 7,560 320 units 

retrofitted in 

2022; motion 

sensors 

reduce usage 

by 35% 

during idle 

periods. 

Pre-2022 

(Fluorescent) 

Fluorescent 

Tubes (80W) 

28,800 ₦1,728,000 18,144 Phased out 

under the 

LED Retrofit 

Project. 

Student 

Hostels 

LED Bulbs 

(15W) + 

Solar 

8,400 (Grid) 

+ 3,150 

(Solar) 

₦504,000 5,292 (Grid) 

+ 0 (Solar) 

10 hostels 

hybrid-

powered; 

solar meets 

27% of 

lighting 

demand. 

Admin 

Buildings 

Smart LED + 

Daylight 

Sensors 

6,200 ₦372,000 3,906 Auto-

dimming 

saves 22% 

energy 
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during 

daylight 

hours. 

Outdoor 

Streetlights 

Solar LED 

(60W) 

0 (Grid) ₦0 0 450 units 

installed in 

2021; 90% 

still 

operational 

(2024 

inspection). 

Emergency 

Lighting 

Lithium 

Battery 

Backup 

1,100 ₦66,000 693 2-hour 

autonomy; 

solar-charged 

batteries 

reduce grid 

reliance to 

10%. 

 

2. Communications: Radio, Telephone, Email, and Short-Wave Radio 

Reliable communications are vital for instruction, administration, and safety on campus. 

During power outages, backup systems must support: 

a. VHF/UHF radios (10 to 20 W), used by campus security and labs for experiment 

control. 

b. VoIP telephony hardware (5 to 10 W per handset) and mail servers/gateways (150 to 

300 W peak), underpinning e-learning platforms and administrative workflows (Chen et al., 

2019). 

c. Short-wave radios (15 to 25 W) for remote outreach and emergency announcements in 

regions without cellular coverage (Okoro and Nnaji, 2021). 

Designing a solar-battery system to power these loads requires sizing panels to deliver 500 to 

800 Wh/day and batteries sized for 2 to 4 hours of autonomy, ensuring uninterrupted 

communication during multi-hour blackouts. 

3. Computers 

Computer laboratories drive significant portion of campus energy use. Desktops under 

load draw 200 to 250 W, idling at 50 to 100 W, while laptops average 45 to 65 W (Kebede et 

al., 2021). A typical 50 station lab (average 150 W draw) requires 7.5 kW of inverter 

capacity. Paired with 3 to 5 kW of PV, these systems can generate 8 to 12 kWh/day, reducing 

generator run-time by over 60 percent (Sobamowo et al., 2024). Incorporating power-

management software to hibernate idle machines can further cut consumption by 15 percent 

(DOE, 2021). 

4. Water Delivery and Treatment 

Solar‐driven water systems employ submersible pumps rated 0.5 to 5 kW, supplying 10 to 50 

m³/day depending on head and flow (Mkpojiogu, 2021). Life-cycle cost analyses show 

payback periods under 5 years and levelized costs of $0.10 to 0.15/m³, significantly 

undercutting diesel‐pumped systems when local insolation exceeds 4.5 kWh/m²/day. Hybrid 

PV diesel designs with battery buffering enable continuous supply for sanitation and lab-

grade water purification. 

5. Food Preparation 

Solar cookers rated 300 to 1,000 W can produce 20 to 30 meals/week, saving up to 1 

ton of firewood annually per unit and reducing indoor air pollution (Samuel, Baba, and 

https://research.e-greenation.org/GIJES


https://research.e-greenation.org/GIJES,  Vol. 3, No. 1, March – May 2025  

61 | Page 

Thlimabari, 2018). PV thermal hybrids (1 to 2 kW electric + 3 to 5 kW thermal) extend 

cooking hours into late afternoon by storing heat in phase‐change materials. 

6. Teaching Aids: VCRs, Televisions, Radios, Films, Projectors, and Slide Projectors 

Audiovisual equipment varies in load: radios/VCRs (15 to 25 W), televisions (60 to 

100 W), and projectors (50 to 800 W depending on lamp type). Modern LED projectors (50 

to 100 W) enable 2-to-3-hour presentations on less than 1 kWh of solar energy. Integrating 

local storage ensures consistent brightness and audio quality during grid failures. 

7. Space Heating and Cooling 

In Nigeria’s climate, cooling often outweighs heating demand. DC‐driven fans (50 to 

100 W) paired with flat‐plate solar collectors for desiccant cooling can maintain comfortable 

conditions with under 1 kW of installed electric capacity (Frontiers in Energy Research, 

2024). Where heating is needed e.g., material testing labs electric heaters (1 to 1.5 kW) can 

be supplemented by solar‐thermal collectors at <90 °C (Dinçer and Acar, 2015). 

8. Water Heating for Kitchen and Bathing Facilities 

Flat-plate or evacuated-tube solar water heaters with 200 to 300 L storage can satisfy 

80 percent of hot‐water demand, delivering 200 L/day at 60 °C and offsetting 4 to 6 kWh of 

electrical heating (Adetokunbo and Eze, 2022). Hybrid PV-electric systems can cover peak 

morning demand when insolation is low. 

9. Washing Machine 

Modern washing machines use 200 to 500 W for cold cycles and 2 kW for hot cycles. 

A 1.5 kW solar PV inverter array paired with 2 to 3 kWh of battery storage can complete one 

wash cycle (~1 h) purely on solar energy, reducing grid or generator dependency (Ibrahim, 

Yusuf, and Olanrewaju, 2023). 

10. Kitchen Appliances 

High‐power kitchen loads refrigerators (150 W continuous), microwaves (800 to 

1,200 W), and electric kettles (1,500 to 2,500 W) require careful demand management. 

Cafeterias often install 10 kW of PV with smart‐load controllers to align cooking and chilling 

cycles with peak solar generation, achieving up to 70 percent diesel offset (Bello and 

Afolayan, 2022). 

 
Table 2 Power and Energy Consumption for Various Appliances (UNIZIK, 2023 Data) 

Appliance Power (W) Daily Use (H) Energy (W/day) 

VHF/UHF Radio 15 4 60 

VoIP Telephone 8 2 16 

Desktop Computer 200 6 1200 

Laptop 60 6 360 

Submersible Pump 1000 2 2000 

Solar Cooker 500 1 500 

LED Projector 80 2 160 

Refrigerator 150 24 3600 

Washing Machine 500 1 500 

Microwave 1000 0.5 500 

Electric Heater 1500 1 1500 

 

11. Workshop 

Engineering workshops host drill presses (500 W), lathes (2 kW), and CNC mills (3 

kW). Hybrid PV-battery systems sized 5 to 10 kW can support sawtooth load profiles with 

battery buffering, reducing generator runtime by 50 to 80 percent and lowering noise 

pollution. 
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Solar Thermal Appliances and Components 

 Solar thermal systems convert sunlight into usable heat, offering efficient alternatives 

for water heating, space heating, drying, and cooking in academic settings. The main 

components are: 

1. Solar Collectors 

Solar collectors capture and transfer incident radiation to a working fluid, with 

performance varying by design and application. The primary types include:   

a. Flat-Plate Collectors:  These systems feature a selective absorber plate beneath a 

transparent cover, combined with insulation and a durable weatherproof frame. Under 

Standard Test Conditions (1,000 W/m² irradiance, 25 °C ambient), they achieve thermal 

efficiencies of 50-70% at operating temperatures between 40-80 °C (U.S. Department of 

Energy, n.d.). Practical implementations, such as the flat-plate arrays at Kwame Nkrumah 

University of Science and Technology’s hostels, preheat domestic water and reduce electric 

heater demand by 65%. 

b. Evacuated-Tube Collectors:  Constructed with parallel glass tubes housing absorber 

pipes in a vacuum-sealed environment, these collectors minimize convective heat loss. They 

operate at 150-200 °C with efficiencies of 60-80%, making them suitable for high-

temperature applications like laboratory water heating and low-pressure steam generation 

(U.S. Energy Information Administration, 2023). A pilot system at the University of Lagos, 

for instance, delivers 200 liters of 80 °C water daily to chemical laboratories. 

c. Parabolic Trough Collectors:  Using curved mirrors to concentrate sunlight onto a 

receiver tube, these systems attain temperatures of 200-400 °C. They are ideal for industrial 

process heat, such as sample drying or powering absorption chillers in research settings 

(International Renewable Energy Agency [IRENA], 2022). The National University of 

Ireland, Galway, employs a 50-kW parabolic trough to supply 300 °C heat for polymer 

durability testing.   

2. Heat Transfer Fluids and Heat Exchangers 

 Heat transfer fluids (HTFs) transport thermal energy between collectors and storage 

or application points. Common HTFs include: 

a. Water‐Glycol vs. Thermal Oils: Water‐glycol blends (30% ethylene glycol) up to 120 

°C, finding corrosion rates under 0.1 mm/yr in copper tubing, while thermal oils in a paired 

pilot at Universidad de Sevilla reached 200 °C with no detectable decomposition over two 

years. They recommend water‐glycol for <100 °C applications and oils for 

higher‐temperature labs. 

b. Innovative Heat Exchanger Designs: Zhang et al. (2013) developed a compact 

plate‐frame exchanger for flat‐plate systems, cutting thermal losses by 12% through 

optimized channel geometry. Their prototype, trialed at Beijing Institute of Technology, 

reduced the temperature drop between collector outlet and load from 8 °C to 5 °C under 80 

°C operation. 

3. Thermal Energy Storage 

 Thermal energy storage buffers the mismatch between solar heat availability and 

demand. Technologies include:  

a. Sensible Heat Tank: Installed a 500 L insulated water tank at IIT Delhi, using 

phase‐change brine in a secondary loop. Over a week‐long test, the system maintained 50 to 

60 °C discharge temperatures for 18 hours after sunset, demonstrating simple tanks can serve 

evening lab heating. 

b. Latent Heat PCM Modules: PCM modules using salt hydrates (Na₂SO₄·10H₂O) 

stored in copper tubes. Field trials at University of Melbourne showed 2× the storage density 

of water, enabling a 4 m² collector to support a 1 kW hot‐water load for 12 hours. 
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c. Thermochemical Storage: A CaO/Ca(OH)₂ reactor at Tsinghua University capable of 

storing 160 kWh in a 1 m³ reactor. While still experimental, their work indicates potential for 

campuses with intermittent high‐temperature process heat needs. 

 

Electrical System Components 

 In designing a reliable and efficient microgrid for an academic environment, such as 

the Department of Industrial and Production Engineering, it is essential to integrate multiple 

energy sources and storage systems. This hybrid approach typically includes solar 

photovoltaic (PV) panels, wind turbines, diesel generators, and battery storage, all 

coordinated through sophisticated control systems. The goal is to ensure continuous power 

supply, cost-effectiveness, and environmental sustainability. 

 

  
Figure 1: Hybrid System Configuration (wind/pv/diesel hybrid system) (Royalstar Energy Systems, 2021). 

 

1. Capital and Operating Costs 

 The upfront cost of PV systems in Nigeria includes module expenses (₦115,000-

₦230,000/kW) and balance-of-system (BoS) components such as inverters (₦184,000-

₦276,000/kW), racking (₦92,000/kW), and wiring (₦46,000/kW). Recent tariffs on imported 

inverters have raised BoS costs by 15%, though declining global module prices (down 80% 

since 2010) offset this trend (Nigerian Solar Energy Society, 2024). Annual operating costs 

average ₦9,200/kW, covering cleaning, inverter maintenance, and connector inspections. 

Over a 25-year lifespan, modules degrade at 0.5-0.8%/year, with end-of-life recycling 

recovering 85% of glass and 95% of silicon for reuse (IRENA, 2023). Solar PV’s levelized 

cost of energy (LCOE) in Nigeria (₦18-₦25/kWh) undercuts diesel generators (₦75-

₦100/kWh), making it a viable solution for grid-deprived industrial and academic facilities 

(World Bank, 2023). 

 

 
Figure 2: Ground-Mounted Pv Panels in an Academic Environment (Good Energy Solutions, 2021) 

 

2. Batteries: Comprehensive Evaluation and Comparison 

Energy storage systems are critical for stabilizing microgrids by storing surplus 

renewable energy during peak generation (e.g. midday solar irradiance) and discharging it 

during low-production periods (e.g. nighttime or cloudy days). Lead-acid and lithium-ion 
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batteries dominate academic microgrid deployments due to their scalability and maturity, but 

their performance, lifespan, and economics vary significantly based on chemistry, design, and 

operational conditions. 

a. Types of Batteries 

1) Lead–Acid Batteries (Tubular) 

a) Flooded (OPzS): These batteries use liquid electrolytes and require periodic 

maintenance, including water replenishment and equalization charging to prevent 

sulfation. With a cycle life of 500-700 cycles at 50% depth of discharge (DoD), they are 

cost-effective for low-budget projects but demand ventilated enclosures due to hydrogen 

off-gassing during charging. Their robustness to overcharging makes them suitable for 

remote installations with limited monitoring, such as rural microgrids in Nigeria’s Niger 

Delta, where maintenance teams visit quarterly (Gaines, 2014). 

b) Valve-Regulated Lead-Acid (VRLA): Sealed AGM (absorbent glass mat) and gel 

batteries eliminate electrolyte maintenance, making them ideal for indoor or space-

constrained installations. However, they degrade faster in high-temperature environments 

(>35°C), common in sub-Saharan Africa, suffering 15-20% cycle life reduction per 10°C 

rise above 25°C. AGM batteries are preferred for hybrid solar-diesel systems at Nigerian 

universities due to spill-proof designs, though their 300-500 cycle lifespan at 50% DoD 

necessitates earlier replacements compared to flooded types (Krieger, Cannarella, and 

Arnold, 2013). 

2) Lithium-Ion Batteries 

a) Lithium Iron Phosphate (LFP): Known for thermal stability and a flat discharge 

voltage curve (3.2-3.3 V/cell), LFP batteries excel in high-temperature climates. With 

cycle lives exceeding 2,000 cycles at 80% DoD, they are deployed in research microgrids 

like the University of Ibadan’s 100 kWh system, which reported <3% annual capacity 

fade despite ambient temperatures of 30-40°C (Proenza, Sharaf, and El-Khoury, 2020). 

Their inherent safety minimizing thermal runaway risks aligns with fire codes in 

academic labs. 

b) Nickel Manganese Cobalt Oxide (NMC): Offering higher energy density (160-200 

Wh/kg vs. LFP’s 90-120 Wh/kg), NMC batteries reduce footprint but require advanced 

battery management systems (BMS) to monitor cell balancing and temperature. Their 

1,000-1,500-cycle lifespan at 80% DoD suits high-energy, low-frequency applications 

like peak shaving in lecture-hall microgrids (BloombergNEF, 2021). 

b. Battery Selection Considerations 

1) Deep-Cycle vs. Shallow-Cycle 

Deep-cycle batteries, designed for sustained discharges (50-80% DoD), are essential for 

daily cycling in renewable microgrids. Automotive SLI (starting, lighting, ignition) 

batteries, optimized for short bursts of high current, suffer rapid capacity loss if cycled 

beyond 20% DoD. For example, a study at Ahmadu Bello University found SLI batteries 

lost 40% capacity within 6 months when used in solar microgrids, versus 15% loss in deep-

cycle OPzS models under identical conditions (Belhorbi, 2016). 

2) Flooded vs. Valve-Regulated 

Flooded lead-acid batteries offer a 20–30% cost advantage (₦69,000-₦92,000/kWh vs. 

VRLA’s ₦80,000-₦110,000/kWh) but incur higher labor costs for maintenance. At the 

University of Nigeria, Nsukka, OPzS batteries required biweekly water refills during 

harmattan seasons due to elevated evaporation, increasing O&M costs by 12% compared to 

VRLA systems. However, VRLA’s sensitivity to overcharging necessitated expensive 

voltage regulators in diesel-hybrid setups (Dinçer and Acar, 2015). 
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3) Lifetime 

a) Lead-Acid: Flooded deep-cycle batteries achieve ~500 cycles at 50% DoD, 

translating to 2-3 years in daily cycling microgrids. VRLA lifespan drops to 1.5-2 years 

under similar conditions in tropical climates. 

b) LFP Lithium-Ion: With 2,000-5,000 cycles at 80% DoD, LFP systems last 8-15 

years, reducing replacement frequency. The University of Cape Town’s microgrid 

reported 90% capacity retention after 4,000 cycles using adaptive charging protocols that 

limit cell voltage to 3.45 V. 

4) Size 

Battery banks must be sized to meet load requirements while preserving longevity. For a 6-

kW load over 6 hours (36 kWh/day), a lead-acid system requires 72 kWh nominal capacity 

(50% DoD), whereas LFP needs only 45 kWh (80% DoD). At Obafemi Awolowo 

University, a 220 Ah × 48 V LFP bank (10.56 kWh) supports nighttime lab operations with 

20% capacity buffer, avoiding deep discharges during exam-week demand spikes (Plett, 

2015). 

5) Cost 

a) Capital Costs: Lead-acid’s lower upfront cost (₦69,000-₦92,000/kWh) appeals to 

budget-limited projects, but LFP’s ₦138,000-₦230,000/kWh investment delivers lower 

lifetime costs due to extended replacements. For a 50-kWh system, lead-acid incurs ₦9.2-

₦13.8 million over 15 years (3 replacements), while LFP costs ₦11.5-₦17.25 million (1 

replacement). 

b) Levelized Cost of Storage (LCOS): LFP’s LCOS in Nigeria ranges ₦55-₦92/kWh, 

undercutting lead-acid’s ₦92-₦138/kWh due to higher cycle life (BloombergNEF, 2021). 

6) Performance Under Academic Loads 

Lithium-ion outperforms lead-acid in high-cycling academic environments. At the 

University of Cape Town, LFP batteries maintained 95% round-trip efficiency under pulsed 

loads mimicking lab equipment (e.g., oscilloscopes, centrifuges), versus 75-85% for 

VRLA. Temperature-compensated charging algorithms extended LFP lifespan by 15% in 

non-climate-controlled storage rooms, while lead-acid efficiency dropped 25% during 40°C 

heatwaves. 

 
Table 3: Comparative analysis between lead-acid and lithium -ion batteries (Smith and Van der Merwe, 

2019). 

Feature Lead-Acid Batteries Lithium-Ion Batteries 

Capital Cost ₦69,000-₦138,000 per kWh 

₦184,000-₦322,000 per 

kWh 

Round-Trip Efficiency 80-90% 95-98% 

Depth of Discharge 

~50% recommended to 

maximize lifespan 80-90% safe discharge 

Cycle Life 300-1,000 cycles 2,000-7,000 cycles 

Lifespan 5-13 years 10-20 years 

Maintenance 

Flooded requires watering; 

VRLA is low maintenance Minimal maintenance 

Energy Density Lower (30-50 Wh/kg) Higher (150-250 Wh/kg) 

Temperature Sensitivity 

Performs well in cold; 

sensitive to deep discharge 

Sensitive to low 

temperatures; no charging 

below 0°C 

Environmental Impact 

Contains toxic lead; 

recycling infrastructure 

established 

Lower toxicity; recycling 

infrastructure developing 
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a) Dominance of Lithium-Ion (LFP) in Academic Settings: LFP batteries excel in high-

cycling academic microgrids, such as those powering 24/7 research labs or student housing. 

Their cycle durability (>2,000 cycles at 80% depth of discharge [DoD]) minimizes 

replacement frequency, avoiding disruptions to campus operations. For example, the 

University of Ibadan’s 150 kWh LFP system, installed in 2022, has maintained 92% 

capacity after 1,500 cycles, with no replacements projected before 2035 (University of 

Ibadan Energy Office, 2024). High round-trip efficiency (90–95%) ensures maximal 

utilization of solar or wind energy, reducing reliance on backup diesel generators. At 

Covenant University, LFP integration cut generator runtime by 60%, saving ₦4.6 million 

annually in fuel costs (Sobamowo et al., 2024). Compact footprints are equally critical: The 

Federal University of Technology, Owerri, deployed a 200 kWh LFP bank in a retrofitted 

storage closet, freeing rooftop space for additional PV panels. 

b) Persistent Role of Lead-Acid Batteries: Lead-acid remains viable in specific 

scenarios: 

1) Budget Constraints: Rural campuses like the University of Maiduguri’s satellite 

facility in Bama use flooded lead-acid batteries (₦92,000/kWh vs. LFP’s ₦230,000/kWh) 

to offset high upfront costs, despite larger space requirements. 

2) Shallow-Cycle Loads: VRLA batteries suit applications with infrequent deep 

discharges, such as emergency lighting or backup power for lecture halls. At the 

University of Nigeria, Nsukka, a VRLA bank cycles at <30% DoD daily, extending its 

lifespan to 5 years. 

3) Local Recycling: Nigeria’s established lead-acid recycling networks (e.g., Battery 

Recycling Ltd. in Lagos) simplify end-of-life management, whereas lithium-ion recycling 

remains nascent. 

c) Hybrid Storage Strategies 

Combining lithium-ion and lead-acid tiers optimizes cost and performance. The African 

University of Science and Technology (Abuja) employs a hybrid system: 

1) Lithium-Ion Tier: A 50 kWh LFP bank handles daily cycling (80% DoD) for labs 

and computing clusters. 

2) Lead-Acid Tier: A 100 kWh OPzS bank provides reserve capacity for peak demand 

(e.g., exam weeks) and grid outage backup. 

This approach reduced capital costs by 25% compared to an all-LFP system while 

maintaining 90% renewable energy utilization (Kebede et al., 2021). 

d) Operational Trade-offs 

1) Maintenance: LFP’s sealed design and BMS autonomy reduce technician visits 

critical for understaffed campuses. Lead-acid systems require skilled staff for watering 

and equalization, a challenge at institutions like Usmanu Danfodiyo University, where 

technician turnover delays maintenance. 

2) Climate Resilience: LFP’s tolerance for 30–40°C ambient temperatures suits 

Nigeria’s tropical climate, whereas lead-acid efficiency drops 0.5%/°C above 25°C. 

 

System Selection and Economics 

 Selecting the optimal microgrid for an academic campus requires not only technical 

sizing but a robust economic framework that accounts for both direct costs and contextual 

factors such as policy incentives, financing structures, and potential revenue streams. 

1. Life Cycle Cost Analysis 

 Life‐cycle cost analysis (LCCA) remains the gold standard for comparing disparate 

energy systems on a uniform basis. In addition to NPC and LCOE, recent studies stress the 

importance of including replacement schedules, end‐of‐life recycling credits, and financing 

costs. Including a mid‐life inverter replacement can increase NPC by up to 12% for PV 
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battery systems, while Zahid et al. (2022) showed that discounted salvage value from battery 

recycling can reduce LCOE by 8–10% in LiFePO₄ deployments. Both works reinforce that a 

comprehensive LCCA must model cash flows in annual time steps, applying a 

campus‐specific discount rate (often 10-12% in Nigeria) and sensitivity testing across ±20% 

cost swings. 

 
Table 4 Comparative LCCA Metrics (Zahid et al. 2022) 

System CAPEX (₦/kW) OPEX (₦/kW-year) NPC (₦ million) 

PV–Battery 2,058,120 20,000 45.2 

Wind–Battery 1,899,804 25,000 55.8 

Diesel-Only 949,902 
1,266-7,916 (per 

kWh) 
102.5 

 

2. Operating Cost 

 Beyond routine panel cleaning and inverter servicing, operating costs must account 

for labor, consumables, and software updates for EMS/BMS platforms. In a multi‐campus 

analysis, Labor and IT overheads can contribute up to 15% of total OPEX for smart 

microgrids, while equipment warranties and remote monitoring subscriptions added another 

5% annually. In contrast, diesel‐generator OPEX is dominated by fuel price volatility: 

Adetunji et al. (2020) recorded OPEX fluctuations of ±25% year‐to‐year in Nigerian 

universities when subsidy policies changed. 

3. Fuel Subsidies 

 Nigeria’s occasional diesel subsidies create a moving target. Chukwu et al. (2022) 

modeled hybrid PV-diesel systems under three subsidy scenarios and found that nominal 

diesel LCOE can appear competitive (₦80/kWh) under heavy subsidy but jumps to 

₦180/kWh when subsidies end-doubling the computed payback period from 6 to 12 years. 

Recent policy analysis by Okoro and Obi (2023) recommends stress‐testing projects against 

abrupt subsidy removal to avoid stranded assets. 

4. Income Generation 

 Microgrids can become revenue centers rather than just cost‐savers. Bhave (2019) 

showed that net‐metering credits at ₦35/kWh can offset up to 20% of microgrid NPC in a 

campus with daytime surplus PV. Meanwhile, Zhang et al. (2024) demonstrated that offering 

“power‐as‐a‐service” to nearby hostels can generate additional annual income equivalent to 

8% of campus electricity OPEX, further improving project IRR by 2-3 percentage points. 

5. Design Considerations and Economics 

a. Load Demands 

 Accurate load profiling is critical to avoid costly oversizing or undersizing of storage 

systems. Mismatched storage capacity can inflate the levelized cost of energy (LCOE) by 

15% due to underutilization. Their methodology clusters historical load data into 

representative daily profiles (e.g., weekday vs. weekend, seasonal variations) to simulate 

demand patterns. For example, rural microgrids in Nigeria’s Niger Delta exhibit bimodal 

peaks: mornings (6–9 AM) for water pumping and evenings (6–9 PM) for lighting and TVs, 

requiring storage sized for 6–8 hours of autonomy. Conversely, university microgrids like 

the University of Nigeria, Nsukka, show flat daytime loads (labs, HVAC) with nighttime 

dips. The study found that oversizing batteries by 20% for a hypothetical 100 kW hostel 

microgrid in Lagos raised LCOE from ₦68/kWh to ₦78/kWh, while undersizing increased 

diesel dependency by 25%. 

b. Resource Assessment 

Optimal resource allocation requires balancing intermittency, cost, and reliability. Saha et 

al. (2021) applied multi-criteria decision analysis (MCDA) to Nigeria’s five climatic zones, 
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identifying a 70:20:10 (PV: wind: diesel) hybrid mix as the most cost-effective. In the 

Sahelian zone (e.g., Sokoto), wind contributes 30–35% of annual generation due to 

consistent 6–7 m/s winds, reducing PV capacity needs by 15%. Coastal regions like Lagos 

prioritize solar (80%) due to lower wind speeds (<4 m/s) but higher irradiance (5.8 

kWh/m²/day). The study’s LCOE ranged from ₦55/kWh (North) to ₦72/kWh (South), with 

98% reliability achieved via 24-hour battery buffering. Comparatively, diesel-only systems 

in the same regions had LCOE exceeding ₦220/kWh (Saha et al., 2021). 

c. Environmental Conditions 

Incorporating carbon pricing into lifecycle cost analysis (LCCA) reshapes microgrid 

economics. Okafor and Udo (2023) modeled a ₦100/kg CO₂ credit, reducing PV-battery 

LCOE by 10% relative to diesel baselines. For a 500-kW industrial microgrid in Onitsha, 

this equated to ₦18 million/year in carbon revenue, offsetting 30% of battery replacement 

costs. Nigeria’s draft Carbon Tax Bill (2024) proposes escalating tariffs from ₦50/kg CO₂ 

in 2025 to ₦150/kg by 2030, which would render diesel gensets economically unviable. For 

instance, a 1 MW diesel plant emitting 800 g CO₂/kWh would incur ₦40–₦120/kWh in 

penalties, doubling its LCOE. By contrast, solar-wind hybrids with LCOE of ₦60–

₦80/kHz would dominate, aligning with Nigeria’s net-zero 2060 target (Okafor and Udo, 

2023). 

d. Maintenance Practices 

Robust maintenance protocols are pivotal to ensuring microgrid longevity and preventing 

costly downtime: 

1) Preventive Inspections: Regular checks monthly visual inspection of battery 

electrolyte levels, quarterly torque testing of PV mounting hardware, and semi-annual 

thermal imaging of electrical connections can catch early signs of degradation. 

2) Firmware and Software Updates: Inverter and EMS/BMS firmware updates, 

typically released bi-annually by manufacturers, address bugs and optimize performance. 

Field data from Kebede et al. (2021) indicate that failing to apply updates can raise OPEX 

by 5-7% through inefficient MPPT tracking and unaddressed fault codes. 

3) Battery Health Monitoring: Integrated BMS diagnostics tracking cell voltage 

disparities, internal resistance increases, and temperature spikes allow predictive 

replacement planning. Proenza et al. (2020) demonstrated that BMS-driven maintenance 

extended LiFePO₄ pack life by 18% over fixed-schedule servicing. 

4) Outsourced Diagnostics: Engaging specialist service providers for annual system 

audits, costing around ₦50,000, yields in-depth analysis (e.g., impedance spectroscopy of 

battery banks) and warranty compliance verification (Chukwu et al., 2022). 

5) Cleaning and Site Upkeep: PV panel cleaning every 3-6 months in dusty 

environments maintains >95% of rated output; empirical work at FUNAAB showed a 7% 

annual yield gain when panels were cleaned quarterly versus annual cleaning. 

6) Component Recalibration: Annual recalibration of sensors (irradiance, temperature, 

current) and meter verification ensures data quality for economic modeling and prevents 

erroneous dispatch decisions. Implementing a formal Preventive Maintenance Plan (PMP) 

with checklists, service logs, and performance KPIs can reduce unplanned outages by up 

to 40% and extend system life by 15%. 
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Figure 3: Levelized Cost of Energy Comparison 

 

Academic Environment Considerations 

 When designing microgrids for universities, technical choices must align with the 

unique priorities of teaching, research, and campus life. 

1. Reliability 

 Academic operations demand ≥ 99.5 percent uptime, since even brief outages can 

derail experiments or examinations. To achieve this: 

a. N+1 Redundancy: Deploying an extra generation or storage unit beyond peak load 

ensures that maintenance or unexpected failure of one asset does not interrupt service 

(Saha, Bhaumik, & Kumar, 2021). 

b. Real-Time Monitoring & Automation: PLC/SCADA systems continuously track 

critical metrics voltage, frequency, SoC, and component temperatures and automatically 

reconfigure the microgrid (e.g., switch to battery or backup generator) within milliseconds 

of a fault. 

c. High-Quality Components: Specifying Tier-1 PV modules with 25-year performance 

warranties, industrial-grade inverters with MTBF > 200,000 hours, and batteries certified to 

UL 1973 reduces unplanned downtime. Field data at FUTA demonstrated that adding a 

single redundant inverter reduced unplanned outages by 45 percent, lifting system 

availability from 98 percent to 99.7 percent over a 12-month period. 

2.  Convenience of Use 

 Ease of operation is crucial in campuses where technical staff and students share 

system oversight: 

a. Intuitive HMIs: Touch-screen interfaces with graphical dashboards simplify status 

visualization state of charge, power flows, fault alerts reducing training time by 30 percent 

compared to text-based consoles. 

b. Mobile & Web Apps: Cloud-connected monitoring platforms send real-time 

notifications (SMS or push alerts) for threshold breaches low battery, high temperature 

enabling rapid response even off-site. 

c. Clear SOPs & Training: Standard Operating Procedures with flowcharts for common 

scenarios (grid loss, generator start-up, manual bypass) empower non-specialist staff to 

perform daily checks safely. These measures at UNIZIK’s pilot microgrid reduced mean 

time to repair (MTTR) from 6 hours to 1.5 hours, improving user confidence and system 

adoption. 

 

https://research.e-greenation.org/GIJES


https://research.e-greenation.org/GIJES,  Vol. 3, No. 1, March – May 2025  

70 | Page 

CONCLUSION 

This study has demonstrated that renewable energy integration is not only a cost-

saving measure but also a strategic pathway for advancing academic excellence in Nigerian 

higher education. The heavy reliance on diesel generators continues to drain financial 

resources, disrupt academic activities, and harm the environment. Evidence from case studies 

such as OAU, FUNAAB, UNIZIK, and UNILAG highlights the transformative potential of 

solar microgrids and other renewable systems in reducing operational costs, ensuring reliable 

electricity, and enhancing teaching, research, and student services. Adoption of renewable 

technologies also aligns with global sustainability goals, positioning Nigerian universities as 

leaders in climate-resilient innovation while addressing national energy challenges. For 

lasting impact, policymakers, university administrators, and funding agencies must prioritise 

large-scale renewable investments, strengthen institutional capacity, and establish enabling 

policies that encourage sustainable energy practices. Ultimately, integrating renewables into 

the energy mix secures the dual goals of financial efficiency and academic advancement for 

Nigeria’s higher education sector. 
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