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Abstract

This research investigates the optimization of hybrid renewable energy systems for sustainable electrification,
focusing on the case study of Nuhu Bamalli Polytechnic Library in Zaria, Nigeria. The study explores the
significant potential of wind and solar photovoltaic (PV) energy in the Zaria region and compares various
configurations, including Grid/Wind, Solar PV/Wind/Battery/Inverter/Grid, and Solar PV/Inverter/Battery/Grid
hybrid renewable energy systems. The findings reveal that electrifying the polytechnic library using an on-grid
hybrid renewable energy system is more cost-effective than relying solely on centralized grid supply. The hybrid
Grid/Wind configuration is identified as the most promising option, demonstrating the least levelized cost of
energy (LCOE) at N8.86/kWh, the lowest net present cost (NPC) at N19.7 million, and high energy production
per year. The study underscores the potential of on-grid wind energy systems and hybrid renewable energy
configurations in providing sustainable energy solutions for educational institutions. This research contributes to
the understanding of renewable energy feasibility in Nigeria and suggests avenues for future studies in optimizing
hybrid configurations and incorporating diverse renewable energy sources.
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I Introduction

Renewable energy sources are gaining increasing attention as viable alternatives to conventional power
generation, offering sustainable solutions to growing energy demands. In the context of educational institutions,
such as Nuhu Bamalli Polytechnic in Zaria, Nigeria, the exploration of renewable energy options becomes
imperative for fostering energy sustainability and reducing environmental impact. This study delves into the
optimization of hybrid renewable energy systems to meet the energy needs of the polytechnic library, focusing on
the integration of wind and solar photovoltaic (PV) technologies.

The global shift towards renewable energy aligns with Nigeria's commitment to diversify its energy mix
and harness its abundant renewable resources. As established by Ajayi (2010), Nigeria possesses substantial wind
energy potential that remains largely untapped. Additionally, solar irradiance data from the Global Solar Atlas
indicates favorable conditions in the study area (Global Solar Atlas, 2022). The quest for sustainable energy
solutions is particularly relevant for educational institutions, where energy demands are essential for academic
activities, research, and overall campus functionality.

In the Nigerian context, previous studies have explored the feasibility of various renewable energy
sources (Adesina et al., 2023; Mohammed et al., 2013). However, there is a need for site-specific investigations
to determine the most efficient and cost-effective configurations tailored to the unique energy requirements of
institutions like Nuhu Bamalli Polytechnic. The present research aims to fill this gap by conducting a
comprehensive analysis of hybrid renewable energy systems, emphasizing the on-grid hybridization of wind and
solar PV technologies.

The introduction of renewable energy solutions for educational institutions is strategic, not only for
reducing reliance on conventional grid power but also for fostering a culture of sustainability among students and
faculty. This paper unfolds the findings of a meticulous study that evaluates the potential of on-grid hybrid
configurations, considering factors such as levelized cost of energy (LCOE), net present cost (NPC), and annual
energy production. The research contributes valuable insights to the broader discourse on renewable energy
adoption in Nigeria and offers recommendations for optimizing hybrid systems in similar contexts.
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1. Literature Review

Renewable energy has emerged as a pivotal focus in addressing the energy needs of diverse sectors,
including educational institutions. This literature review provides an overview of relevant studies, examining the
potential of wind and solar photovoltaic (PV) technologies, and explores the significance of hybrid configurations
in the context of Nuhu Bamalli Polytechnic, Zaria.

Ajayi (2010) emphasizes the underexplored wind energy potential in Nigeria, presenting a case for its
viability as a sustainable energy source. This aligns with the findings of this study, which identifies significant
wind energy potential in the research location (Zaria). As demonstrated by the research, incorporating wind energy
into hybrid configurations contributes to optimal energy production.

Solar energy, characterized by abundant sunlight, is a prominent renewable resource in Nigeria
(Mohammed et al., 2013). The Global Solar Atlas (2022) provides insights into solar irradiance data, affirming
the suitability of the study area for solar PV integration. The report echoes the importance of harnessing solar
energy, particularly in hybrid systems, to enhance overall energy production.

Previous researches (Adesina et al., 2023; Falama et al., 2023) has delved into comparative analyses of
various hybrid configurations. Adesina et al. (2023) focus on off-grid solar-powered systems, while Falama et al.
(2023) conduct a multi-criteria assessment of on/off-grid connected renewable energy systems. These studies
provide a backdrop for the current research, emphasizing the need for comprehensive evaluations to identify the
most suitable hybrid configurations.

Chandel et al. (2014) and Ahmed et al. (2023) contribute to the understanding of the techno-economic
aspects of solar photovoltaic systems. Their analyses of solar photovoltaic power plants and economic feasibility
studies align with the economic considerations presented in the current study. The high net present cost associated
with solar PV configurations, as revealed in this research, underscores the economic challenges of relying solely
on solar energy.

Konstantinidis and Botsaris (2016) provide insights into the current status, obstacles, and trends in wind
energy systems. Their work aligns with the recommendation for incorporating wind energy into the hybrid
configuration, as identified in the present study. The comparative advantage of the hybrid grid/wind configuration
supports the argument for integrating wind turbines into the energy mix.

This literature review establishes a foundation for understanding the renewable energy landscape in
Nigeria, emphasizing the potential of wind and solar PV technologies. The current study builds upon these insights
by offering a site-specific analysis of hybrid renewable energy systems for Nuhu Bamalli Polytechnic, providing
valuable recommendations for future research and implementation.

1. Materials and Method
This research employs a comprehensive and systematic methodology to evaluate the feasibility and
optimization of hybrid renewable energy configurations for the energy needs of Nuhu Bamalli Polytechnic, Zaria.
The methodology encompasses data collection, simulation, and analysis, drawing on Homer Pro software. The
stepwise approach is designed to ensure accuracy, reliability, and relevance in addressing the research objectives.
The methodology can be itemized as:

v Literature review

v Data/information collection from the Nigeria Meteorological Agency (NIMET), similar websites and
load profile of the site.

v System design, in-depth analysis and simulation using Homer Pro renewable energy software.

4 Discussion and analysis of the result.

3.1 Data Collection:

Data such as solar irradiation and other renewable energy resources were obtained from Global Solar
Atlas and National Aeronautics and Space Administration (NASA) websites while information regarding load
consumption of the library were obtained from power ratings of the equipment, energy usage and duration of use
by different users of the facility. These data were used for load profiling and component sizing of equipment used
in the study.

Table 3.1: Site Information for Nuhu Bamalli Polytechnic Library (Global Solar Atlas, 2022)

SIN Description Quantity

1 Specific Photovoltaic Power Output (PVOUT) 4.674 KWh/kWp/day
2 Direct Normal Irradiance (DNI) 4.095 kWh/m?/day
3 Global Horizontal Irradiance (GHI) 5.830 kWh/m?day
4 Diffuse Horizontal Irradiance (DHI) 2.816 kwh/m?/day

5 Global Tilted Irradiation at Optimum Angle (GTI opta) 6.001 kWh/m?/day

6 Optimum Tilt of PV Module (OPTA) 16/180

7 Air Temperature (TEMP) 252°C

8 Terrain Elevation (ELE) 649 m
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9 Coordinate

11.037333°N, 007.673944°E

Table 3.1 presents solar energy resource for the study site. The global tilted irradiation for the site is
about 6 kWh/m?/day at 16/180- which demonstrated a good potential for solar power plant. The global position
of the site as well as its terrain elevation were 11.037333°N, 007.673944°E and 649 m respectively.

Table 3.2: Average monthly data of wind speed, solar irradiation and temperature (NASA, 2023)

Month Wind speed (m/s) Irradiation Temperature ('C)
(KWh/m?)
January 6.89 5.520 19.40
February 6.70 6.170 22.83
March 5.88 6.490 26.26
April 5.01 6.560 28.25
May 4.66 6.260 27.42
June 4.65 5.860 25.75
July 4.27 5.310 24.44
August 3.74 4.940 23.82
September 3.44 5.420 24.23
October 3.76 5.730 24.26
November 511 5.710 22.83
December 6.89 5.710 19.40

The mean wind speed, solar irradiation and ambient temperature for the site as obtained online from the NASA
website is presented in Table 3.2 while the estimated energy demand is presented in Table 3.3 based on load type,
number of operational hours in a day and the average energy demand in kWh/day.

Table 3.3: Estimated Energy Demand for the Library

Load type Power (kw) Duration of use (h) Energy (kWh/day)
Lights 1.60 14 22.40
Fans 6.60 10 66.00
Air conditioners 14.25 7 99.75
Televisions 0.50 8 4.00
Security lights 0.33 12 3.96
Tech. Services, printing &
bindery 1.60 8 12.80
Miscellaneous 1.28 14 17.92
26.16 226.83

Table 3.3 shows that energy used per day for all categories of load is 226.83 kWh/day and the average energy per
year is estimated to be 82,792.95 kWh/year. The daily power and energy demand obtained were used in sizing
system components. An hourly load profile for a single day serves as an input for simulation with HOMER Pro

software.
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Figure 3.1: Daily Load Profile of the Library
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Figure 3.1 presents a daily load profile for January developed by Homer Pro software using 24-hour energy
consumption of the library. The average energy demand is 226.83kWh/day while the peak load is 36.51kW.

Table 3.4: Components Costs and quantities

Component Description Capacity Quantity Unit Price Price (NGN)
Fronius Symo 24.0 Inverter 30 KVA 2 2,250,000.00 5,500,000.00
LONGI LR6-72 Solar Panel 380 W 134 114,402.99 15,330,000.00
BAE SECURA SOLAR 12V Battery 200 AH 46 170,000.00 7,820,000.00
Felicity MPPT Charge Controller 100 A 10 150,000.00 1,500,000.00
Eocycle E020 Wind Turbine 20 kW 12 891,000.00 10,692,000.00
Cable and Accesories Lot 500,000.00
Miscellaneous Lot 400,000.00
Total Cost 41,742,000.00

V. Results and Discussions
The research findings provide a comprehensive assessment of three different configurations for meeting
the energy demands of Nuhu Bamalli Polytechnic. The configurations include Grid/Wind, Solar
PV/Wind/Battery/Inverter/Grid and Solar PV/Inverter/Battery/Grid. The evaluation criteria include energy
production, operating costs, levelized cost of energy (LCOE), and net present cost (NPC).

Energy Production

The energy production per year for each configuration was analyzed, revealing that the Grid/Wind
configuration exhibited the most responsible energy production option, approximately 99.58% of the Solar
PV/Wind/Battery/Inverter/Grid configuration in addition to having the least LCOE.

Total Energy Production (kWh/year)
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Figure 4.1: Energy Production of Different Configurations

Operating Costs

The operating costs of the three configurations were compared, and Figure 4.2 illustrates the yearly
operating costs. The Grid/Wind configuration emerged as the most cost-effective option, with the lowest operating
cost per year among all configurations. It was followed by the Solar PV/Wind/Battery/Inverter/Grid configuration.
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Operating Cost (N/year)
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Figure 4.2: Operating Costs of Different Configurations
The above figure shows that the Grid/Wind configuration exhibited the option with least operating cost.

Levelized Cost of Energy (LCOE)
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Figure 4.3: Levelized Cost of Energy for Different Configurations

Figure 4.3 presents the LCOE for each configuration, representing the cost per unit of energy. The Grid/Wind
configuration demonstrated the lowest LCOE at N8.86/kWh, establishing itself as the most economically
favorable option. The Solar PV/Wind/Battery/Inverter/Grid configuration followed with LCOEs of N12.51/kWh.
Net Present Cost (NPC)
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Net Present Cost (N)
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Figure 4.4: Net Present Cost for Different Configurations

The net present cost for each configuration is highlighted in Figure 4.4. The Grid/Wind configuration
exhibited the lowest NPC at N19.7 million, indicating its economic viability. In contrast, the Solar
PV/Inverter/Battery/Grid configuration showed the highest NPC at N55.4 million.

These findings collectively identify the Grid/Wind configuration as the most promising option, offering
high energy production, low operating costs, favorable LCOE, and a cost-effective NPC. The results underscore
the economic and technical advantages of hybrid renewable energy systems over conventional approaches,
providing valuable insights for sustainable energy planning.

V. Conclusion and Recommendations

In conclusion, this research conducted an in-depth analysis of various energy configurations to meet the
electricity demand of Nuhu Bamalli Polytechnic library, with a focus on energy production, operating costs,
levelized cost of energy (LCOE), and net present cost (NPC). The major findings and conclusions drawn from
this study are summarized below:
1. Energy Potential: The study affirmed the substantial potential for wind and solar photovoltaic energy in the
research location, Zaria. This establishes a foundation for harnessing renewable energy sources to address the
facility's power needs.
2. Cost-Effectiveness of On-Grid Hybrid Renewable Energy: It was determined that electrifying the
Polytechnic library using on-grid hybrid renewable energy is a more cost-effective approach than relying solely
on centralized grid supply. This insight can guide future energy infrastructure decisions for similar institutions.
3. Optimal Configurations: Among the three configurations evaluated, the hybrid grid/wind configuration
emerged as the most favorable for electricity supply to the library. This configuration exhibited the least LCOE
at N8.86/kWh, the lowest NPC at N19.7 million, and high energy production per year, positioning it as the optimal
choice.
4. Comparative Analysis: Comparative analyses revealed that on-grid solar PV configurations are the least
economically attractive options due to their elevated net present costs and higher operating costs.
5. Validation of Hybrid Renewable Energy Systems: The research findings underscore the effectiveness of on-
grid hybrid systems, which proved to be economically viable and capable of meeting the energy needs of the
library facility.

5.1 Recommendations for Future Studies

To further enhance the understanding of renewable energy solutions, future research should consider incorporating
multiple sources such as biomass, small hydro, and solar thermal. Additionally, extending the study to larger
facilities or communities could provide more comprehensive insights into the scalability and applicability of the
identified configurations.
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