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Abstract

This study examined an existing isolated solar/battery microgrid, and the potential of
optimum hybridization of energy resources to meet the rise in the load demand of the
proposed solar/wind/diesel/battery microgrid of the remote community in Nigeria,
chosen as a case study. The study deployed the Annualized System Cost to analyze
the existing system's Cost of Energy (COE). Also, this study considered a lifespan of
25 years. Hypothetical mathematical models for modeling and simulation using
MATLAB-based Particle Swarm Optimization were deployed to find the optimum
configuration that satisfies the single-objective cost function (i.e., Annual System Cost).
The study revealed that the proposed microgrid model could effectively assist
engineers, investors, researchers, and policy and decision-makers in designing and
accessing a microgrid’s reliability from an economic point of view for a particular
location. Also, it is practically possible to develop a reliable and cost-effective microgrid
for any community in any part of the world, considering the renewable energy potential,
hence the proposed microgrid configuration is recommended.




Introduction

Energy demand is rising globally due to the rise in population, leading to a high
standard of living. About 1.2 billion people have no access to electricity, of which 22%
lives in developing countries. Most locations have zero connection to the utility grid [1],
[2]. Sustainable energy supply is now being considered another option for the rural area
to serve as a solution to the fast-depleting fossil fuel and the CO. emissions that are
building environmental health hazards [3], [4].

In Nigeria, some communities are not accessing electric power. The isolated hybrid
power systems for these rural locations are a recommended option. Though there is a
remarkable reduction in Solar PV cost over the years [5], [6], photovoltaic systems still
have some limitation that is compromising their widespread in Nigeria, such as the high
cost of investment of PV panels in contrast to the rate of income of the rural dwellers [7],
and also, the variability of the solar radiation. The high cost of diesel fuel and diesel fuel
has shown that diesel is the optimal solution for providing electricity for these rural
locations in Nigeria. Although diesel generators are primarily applied in the
electrification of some rural communities, green gas emissions always cause
environmental pollution and health hazards[8], hence the need to provide a hybrid
power system for these remote locations.

The study is to develop an optimum hybrid system for electrifying the Obayantor
community in Edo State, Nigeria, with zero grid connection and an increasing load
profile. Hence more alternative energy sources are needed to support electricity
availability [9].

The authors in [10] proposed an optimization model of an off-grid hybrid, with the
system operating batteryless Solar module-Diesel. The technical and economic model
was interested in the irregular nature of solar radiation and the power demand. The
optimization of the model searched for the lowest Cost of Energy (COE) of the hybrid
system operation. The optimization result revealed that the solar PV-Diesel system had
a lower cost of 0.284 /kWh than the CO stand-alone Diesel generators with 0.32/ kWh
COE.

The authors in [11] presented a PV-biomass gasifier-diesel-based hybrid system. The
system configuration was optimized for several load studies. The energy cost was
computed for various peak loads, energy load profiles, and the availability of the grid.
The peak load, energy demand, and COE were given as 19 kW, 178 kWh/day, and US
$ 0.145/ kWh respectively. [12]. Similarly, a hybrid system assessment was presented
using the HOMER model on primary data, developing load profile, and identifying the
minimal energy cost for a community in Ethiopia [13]. Most of the studies reviewed
found that renewable energy systems are most suitable, either the solar module or
solar/wind. Some of the present paper's gaps are overcome by comparing the
optimization of several off-grid configurations. This study used energy consumption data
primary values of energy. It updated the cost of system components for energy systems'
feasibility planning combining all potential sources of electricity for remote locations.
The study compared the results for existing remote area electrification of off-grid, with
the proposed micro-grid which can be used in selecting the right energy source for
providing electrical power for remote locations where reasonable solar irradiation and
wind speed are available in Nigeria, including other developing countries.



The study aims to optimize and access a hybrid power microgrid for an off-grid location
in the Obayantor community, Edo State Nigeria as a case study.
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Study site data

The Meteorological data for the Obayantor community in Edo State Nigeria, was used to
design a hybrid micro-grid, situated in coordinates of 6°34 N and 5.60° E, as given in
Fig. 1. The village comprises 95 households and four commercial shops.

Methodology

Questionnaires were used to collect applicable end users' primary data. Secondary data
were collected by reviewing publications and literature; all the information was used to
model the Matlab code to determine a hybrid system that minimizes the total system
cost and satisfies the primary energy load. Fig. 2 depicts the proposed Hybrid power
Microgrid power system configuration.

PSO optimal system configuration results

The PSO technique was used to get the best configuration of the energy resources and
the minimum ASC and COE of the HPM, selecting Solar PV, diesel generator, wind
generator, and battery for the community microgrid.

The ASC and cost of electricity from simulation results were validated in previous
literature, such as reported in [24], [26], [17]. The authors in [24] reported that the
annual system cost and COE of the solar PV/wind/diesel/battery configuration are much
less compared to other

Conclusions

Providing power supply to the rural community without access to energy is very vital,
especially in developing countries. The hybridized power system is very essential for
remote village electrification, to be able to satisfy the increasing load demand. The
results were presented for the optimal configurations of the energy sources for the
hybrid power microgrid system that could supply electricity to any community depending
on their energy needs. The PSO algorithm was also integrated into the
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