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Abstract: This study evaluates the technical, economic and environmental benefits of renewable
energy resources (RER) for electricity supply to large size buildings in an educational institution.
The cost of energy generation coupled with the epileptic power supply has led to the demand for an
alternative source of energy supply to an education institution in Nigeria. The essence of renewable
energy generation is becoming more glaring and a hybrid energy system (HES) is believed to deliver
efficient and sustainable energy for the institutions; this paper aims to analyse the techno-economic
assessment of a HES design setup at the College of Engineering, Afe Babalola University Ado-Ekiti
for powering the university buildings; this grid connected system was assessed with various system
configurations was simulated using hybrid optimization model for electric renewables (HOMER)
software and the levelized cost of energy (LCOE) with the consideration of the HES benefits was
developed. The results obtained from the simulation indicate that the grid and solar Photovoltaic
(PV) system provide an optimal system that adequately meets the load demand with more renewable
energy integration and this significantly reduces the cost of energy by 45% and also causes a 32.09%
reduction in CO2 emissions; this configuration is environmentally sustainable and financially suitable
for electrifying an educational institution.

Keywords: renewable energy resource; hybrid energy system; levelized cost of energy; emission;
techno-economic analysis

1. Introduction

The energy demand across the globe is increasing significantly owing to the shortage
of fossil fuels, population increase and economic development. Presently, over a billion
people across the world are without access to electricity [1], thereby crippling several
sectors across the world. Among the sectors seriously affected is the education sector,
which is becoming a leading electricity consumer globally due to the large structures
within this sphere and the steady need of electricity supply for so many uses within the
institutions [2]; moreover, a constant supply of electricity from the conventional fossil fuel
generators are being threatened due to hike in fuel price caused by war and continuous
calls for environmental pollution reduction. Therefore, the viable alternative to solve this
current situation is the use of renewable energy resources to meet the growing energy
demand in the world. The RERs are clean and environmental-friendly energy sources
such as wind, solar, hydro, biomass and hydro that significantly reduce emissions and
ensure energy sustainability [3,4]. In recent years, RERs have been attracting attention in
meeting the growing energy demand with a reduced operational cost and decarbonization
of the emissions; these RERs are faced with the problem of unstable energy generation
due to their unpredictability and unstable nature [5]. Therefore, to solve this issue, the
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deployment of more than one energy source will increase energy efficiency and ensure
system reliability [6]. The most preferable approach to RERs intermittent nature is the
deployment of energy mix configurations from more than two energy sources.

Many studies have discussed the design optimization of the hybrid energy system with
a focus on renewable energy resources and energy storage for electricity supply. Ref. [1]
explores the potential of PV-wind-diesel and PV-wind-battery hybrid systems to meet the
demand of small residential apartments in Saudi Arabia. Ref. [7] presents biomass, wind
and solar hybrid energy systems to satisfy the load profile of a village community in India.
Ref. [8] proposed the integration of gravity energy storage with hybrid wind and PV for an
off-grid system to evaluate its optimal operation and system design. In Ref. [9], the authors
present a comparison evaluation of PV-battery storage and PV-wind-battery storage system
for powering multistorey buildings in residential areas. Ref. [10] presents a PV, battery
storage and heat pump for electrification of complex buildings with consideration to sizing
and optimal operating conditions of the hybrid energy system.

Similarly, some reviews discussed the optimization design of grid-connected hybrid
systems. Ref. [11] presents a grid-connected hybrid system for rural electrification of Kallar
Kahar. The hybrid RER consists of solar, biomass and wind energy. The optimization
design was modelled using Homer software. In [12], both an off-grid and grid-tied hybrid
energy system were presented based on their economic and environmental impacts. The
paper presents several system configurations based on the climatic condition potential
in the region and HOMER software was used for the optimization design of the systems.
Ref. [13] presents an optimization design of hybrid RES to satisfy the daily energy demand
of residential load in a rural settlement with consideration to energy management at the
demand side. Ref. [14] proposed hybrid RES, which involves integrating wind power,
solar PV and combined heating and power (CHP) in a grid-tied network to meet both the
electrical and thermal loads. In Ref. [15], a combination of diesel generator, PV, biomass,
wind and battery system was proposed to achieve an optimal configuration to meet con-
sumer demand using several optimization techniques. Ref. [16] proposed hybrid RES
as a means reducing power outages on the grid-tied network in a remote location using
HOMER software. The obtained results show an increase in power system reliability with
the integration of hybrid RES.

In addition, several researchers believed that using a rooftop PV increases its efficiency
as well as improves the output energy of the panels. Ref. [17] deploys the rooftop PV in a
building in South Korea to assess the PV potential and its economic values to the system.
Ref. [18] presents a review based on social, political and economic implications of solar
rooftops in improving the power deficit in India. Ref. [18] presents solar PV rooftop and
battery storage for improving the voltage profile of distribution systems in residential areas.
In Ref. [19], a novel model based on geographical information system (GIS) was developed
for optimal planning of solar PV rooftop system. The model was employed to acquire
accurate data for the installation of the rooftop and also to boost the profit of installing the
PV in the system. Ref. [20] presents a novel method for estimating the potential of rooftops
in different cities in India. The mathematical formulation and micro-level were employed
to estimate the activeness of the rooftop.

A critical survey of the above reviews shows that there are no studies that considered
a grid-tied hybrid wind power, battery storage, diesel generator and solar rooftop system.
Therefore, this paper presents a real-time analysis of solar rooftops integrated to a hybrid
system to examine its operational efficiency and validate the energy balance with a grid
connected system. The following are the main contribution of this paper:

• Determination of the solar rooftop PV system potential and performance using GIS
estimation in order to obtain real-time solar data.

• Development of an optimization design for the grid-connected hybrid energy sys-
tem considering the diesel generator, wind power, solar rooftop PV and battery
storage system for technical assessment of the four configuration models for the
educational institutions.
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• Economic assessment such as the levelized cost of energy (LCOE) of the four system
configurations for determining the optimal choice of hybrid energy system configura-
tion suitable for the educational institution.

The remaining of this paper is organized as follows: Section presents the background
of the study In Section 3, the methodology employed was presented. In Section 4, the
presented simulation results were discussed, and the paper was concluded in Section 5.

2. Background

The details of the background study are given in this section.

2.1. Description of the Case Study

Afe Babalola University is located in Ado-Ekiti, Ekiti State, just opposite the Federal
Polytechnic Ado-Ekiti; it is a private university that was founded in 2009. The university
is located on latitude 7.60117◦ N and longitude 5.30172◦ E. Afe Babalola University com-
prises the University, multi-purpose teaching hospital, farm, international school, student
accommodations, staff quarters, shopping malls and cafeterias. The College of Engineering
is a 3-storey building.

2.2. Solar Global Horizontal Irradiance

The monthly average solar global irradiance data for the College of Engineering is
shown in Figure 1; it was obtained from the National Renewable Energy Lab Database
hosted on HOMER Pro. The data were obtained by entering the College’s location on
HOMER Pro. The annual average monthly solar global horizontal irradiance was obtained
to be 4.97 kWh/m2/day, with November having the highest at 5.577 kWh/m2/day, and
August having the lowest at 3.941 kWh/m2/day.
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Figure 1. Monthly average solar global horizontal irradiance.

2.3. Daily Load Profile

The educational institution load profile differs from the industrial and commercial
loads because of the semester period and period of vacations. The College of Engineering,
College of Social and Management Science and College of Law are connected to the same
load center and are rated at 320 kW. Therefore, the three Colleges load are categorized
as one load and the daily and monthly load profile is shown in Figure 2. The maximum
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demand is in the month of July and the maximum daily load is the hour of 10:00 pm. The
synthetic load profile shown in Figure 2 was created with a peak load to match the rating
of the load center; this would ensure that at all times, the simulated systems would be able
to supply the load demanded at these Colleges.
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Figure 2. Load profile of the Colleges of Engineering, Law and SMS.

3. Methodology

In this section, the mathematical modelling of HES components and the computation
of economic variables are described in Sections 3.1 and 3.2, respectively. The simulation
software is discussed in Section 3.3.

3.1. Mathematical Modelling of the HES Components

The hybrid energy system components have been modelled based on their equations
and are described in the section.

3.1.1. Rooftop Solar PV Arrangement

In this study, the rooftop for the College of Engineering was modelled using Revit
software [21,22]. The simulations are performed to assess the real power produced by
the rooftop panels. 300 W panels and their dimensions were modelled and placed on the
rooftop until they fit completely as shown in Figure 3. The rated capacity of the PV array on
the different orientations of the rooftops are shown in Table 1; this capacity can be obtained
using Equation (1).

Rated Capacity (kW) =
Np × 300

1000
(1)

where Np is the number of panels on the rooftop.

Table 1. Rooftop orientation and rated PV capacity.

Orientation Rated Capacity (kW)

North PV Array 10.5
East PV Array 10.5

South PV Array 10.5
West PV Array 10.5

North-East PV Array 164.1
North-West PV Array 293.4
South-East PV Array 296.4
South-West PV Array 161.7
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The hourly energy generation by PV panels depends on PV characteristics and
cell temperature.

The hourly power produced by the rooftop solar PV panels is based on the arrange-
ment of the PV array. Therefore, the power output of the solar PV array can be expressed
as [23]:

PPV = YPV fPV

(
GT

GT,STC

)
[1 + αP(Tc − Tc,STC)] (2)

where YPV is the rated capacity of the PV array (kW), fPV is the derating factor of the PV
(%), GT is the solar radiation incident on the PV array in the current time step (kW/m2),
GT,STC (TC,STC) is the solar radiation incident on the PV array in standard test conditions
(1 kW/m2), αP is the temperature coefficient of power (%/◦C), Tc is the PV cell temperature
in the current time step (◦C), and Tc,STC is the PV cell temperature under standard test
conditions. The solar PV efficiency at standard test conditions can be expressed as [24,25]:

ηmp,STC =
YPV

APV GT,STC
(3)

where ηmp,STC is the efficiency of the PV module under standard test is conditions (%), YPV

is the rated capacity of the PV array (kW), APV is the surface area of the PV module (m2),
and GT,STC is the radiation at standard test conditions.

3.1.2. Wind Power

The variability of the wind power range portrays its maturity among the renewable
energy sources widely available. The output power of a wind turbine is determined by the
wind speed and the wind speed at the turbine hub can be expressed as [26]:

vhub
h
va

h
=

(
hhub
ha

)∂

(4)

where vhub
h is the average wind speed at height of the turbine hub; va

h is the average wind
speed at the height above the ground. ∂ is the turbulence index and its value is a function of
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atmospheric stability and roughness of the surface. The power output of the wind turbine
can be expressed as:

Pw = 0.5γAρλv3 (5)

where γ is the wind turbine efficiency; A is the wind turbine swept area; ρ is the air density;
λ is the wind turbine coefficient and v is the wind velocity.

3.2. Computation of Economic Variables

In this study, the economic variables used are the levelized cost of energy (LCOE) and
net present cost (NPC). LCOE is a measure of the average net present cost of electricity
generation for a generating plant over its lifetime; it can be expressed as [27]:

LCOE =
Ctotal
Etotal

(6)

where Ctotal is the total annualized cost of energy for the whole system in $/year and Etotal
is the total energy consumption per year in kWh/year.

NPC is the present value of all the costs of installing and operating the Component
over the project lifetime, minus the present value of all the revenues that it earns over the
project lifetime [27,28] and this can be computed using:

NPC =
Ctotal

CRF(i + PT)
(7)

where PT is the project lifetime; i is the annualized interest rate in % and CRF is the capital
recovery factor and is a function of the number of years.

3.3. Simulation Process

In this work, Revit software was used to model the rooftop for the study site. The
simulations were performed to assess the real power produced by the rooftop panels.
Several solar panels and their dimensions were modelled and placed on the rooftop until
they fit completely as shown in Figure 3. Secondly, Hybrid Optimization Model for Mul-
tiple Energy Resources (HOMER) software tool was employed to evaluate the technical,
economical and environmental aspects of the appropriate probable solution to determine
the optimal configuration based on the LCOE and NPC. The optimal systems were cal-
culated based on their net present cost, initial capital, operating cost, maintenance cost
and replacement cost. A lifetime of 25 years, a discount rate of 8%, and an inflation rate
of 2% were assumed. HOMER software was designed by National Renewable Energy
Laboratory (NREL); this software is majorly used by engineering because of its ability to
analyze technical and economic aspects of the power system network. In this study, four
power system configurations were considered as shown in Figure 4. The hybrid energy
system configuration consists of the rooftop solar PV, diesel generator, wind turbine, battery
and the grid. The different power system configurations are:

• Diesel Generator and Utility Grid System (DU);
• Diesel Generator, Utility Grid, Solar PV, Inverter and Battery System (DUP);
• Diesel Generator, Solar PV, Inverter and Battery System (DP);
• Utility Grid, Solar PV, Inverter and Battery System (UP).
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4. Results and Discussion

This section presents the performance evaluation of the techno-economic analysis of
HES for the institution which is based on the electrical power generated by each component
of the hybrid energy system together with cost parameters. The results obtained from
the simulation are discussed in three directions such as power capacity, emissions and
economic analysis based on the established configurations.

4.1. Power Capacity

The average power produced by a diesel generator is constant for DU, DUP and DP
configurations, which is 500 kW. Similarly, the power consumed from the utility grid is
also constant for DU, DUP and UP configurations and it is 1743 kW, as shown in Table 2;
this is an indication that for any configuration that involves a diesel generator and utility
grid, these two are prioritized in the system. The power produced by the rooftop solar
PV for DUP, DP and UP configurations are 203.7 kW, 957.6 kW and 357.6 kW, respectively,
as shown in Table 2. In DP configuration, it is evident that the main power produced is
from rooftop solar PV which is more optimal than the utility grid and diesel generator.
The DU system produced a total of 722,316 kWh/year which satisfied 100% of the energy
demanded with 3.48% excess energy as shown in Figure 5. The DUP system produced a
total of 813,567 kWh/year which also satisfied 100% of the energy demanded with 13%
excess energy as shown in Figure 6. Renewable energy contributed 24.7% of the power



Energies 2022, 15, 5606 8 of 12

produced from this configuration. The DP system produced 51.9% excess energy but was
unable to meet 0.00783% of the electrical load and a capacity shortage of 0.0992%; it can be
observed that 64.3% of the produced are from the renewable energy as shown in Figure 7.
The UP system produced a total of 821,080 kWh/year and was able to fully meet the energy
demand with 12.7% excess energy as shown in Figure 8. Renewable energy contributed
52.8% of the power produced from this configuration.

Table 2. Power produced based on system architecture.

Components DU DUP DP UP

Diesel Generator (kVA) 500 500 500 -
Grid (kW) 1743 1743 - 1743

North PV Array (kW) - 10.5 10.5 -
East PV Array (kW) - 10.5 10.5 10.5

South PV Array (kW) - 10.5 10.5 10.5
West PV Array (kW) - 10.5 10.5 10.5

North-East PV Array (kW) - - 164.1 164.1
North-West PV Array (kW) - - 293.4 -
South-East PV Array (kW) - - 296.4 -
South-West PV Array (kW) - 161.7 161.7 162

Batteries (2500 AH) - 24 480 24
Inverter (kW) - 115 325 160
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4.2. Emissions

The fuel consumed by the diesel generator is a major factor to environmental emis-
sions in the society. Table 3 presents a comparison of system emissions which comprises
of different pollutants at different configurations. In DU configuration, the load demand
of the institution is satisfied by the diesel generator and utility supply. There is absence
of renewable energy and storage system in DU configuration and therefore the system
produced the highest CO2 emissions of 422,169 kg/year. In DUP configuration, renewable
energy accounted for 24.7% of the power produced and the CO2 emission is given as
340,750 kg/year. In DP configuration, renewable energy contributed 52.8% of the power
produced and the CO2 emissions is given as 239,703 kg/year. In UP configuration, re-
newable energy accounted for 52.8% of the energy generated from the system and the
CO2 emissions is given as 135,474 kg/year, which is a 32.09% emission reduction when
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compared to the DU system; this is an indication that the presence of renewable energy
improves the emission reduction. Similarly, aside the CO2, other pollutants such as CO,
UHC, PM, SO2 and NOx is higher in DP configuration as compared to DU and DU configu-
rations; however, the UP system produced only CO2 emission as well as lower emissions as
compared to other configurations because it is the only configuration without the presence
of diesel generator; it is evident that the UP system is more environmentally sustainable as
compared to other configurations.
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Table 3. Comparison of the system emissions.

DU DUP DP UP

Carbon Dioxide (kg/year) 422,169 340,750 239,703 135,474
Carbon Monoxide (kg/year) 1064 1064 1240 0

Unburned Hydrocarbons (kg/year) 56.4 56.4 65.8 0
Particulate Matter (kg/year) 9.09 9.09 10.6 0

Sulfur Dioxide (kg/year) 503 503 586 0
Nitrogen Oxides (kg/year) 204 204 238 0

Total 424,005 342,586 241,843 135,474

4.3. Economic Analysis

The summary of the optimized economic analysis for the four configurations is pre-
sented in Table 4. The UP configuration has the minimum levelized cost of energy of
₦ 31.26 as compared to DU, DUP and DP systems which have LCOE of ₦ 57.14, ₦ 54.96
and ₦ 86.85, respectively; this is evidence of the higher penetration of renewable energy
into the system as against other configurations. Similarly, UP system has the less NPC
of ₦ 281,719,600 as compared to DU, DUP and DP systems which are ₦ 514,967,400;
₦ 495,329,200 and ₦ 782,075,00, respectively. In addition, the UP system has a lower oper-
ating cost of ₦ 13,505,270 as compared to DU, DUP and DP systems which are ₦ 39,834,980;
₦ 33,135,460 and ₦ 27,803,930, respectively; it is observed that UP has a lower operating
cost because there is no cost incurred for a diesel generator in this configuration whilst the
DU system has the highest operating cost due to large sufficient amount incurred on diesel
fuel and cost incurred on electricity from the utility supply. The internal rate of return (IRR)
for DUP and DP configurations is the same at 8% whilst the UP system has a higher IRR of
11.4%. Similarly, the UP system has the highest return on an investment (ROI) of 8% and a
lower payback period of 7.64 years against DUP and DP configurations that have ROI and
payback periods of 6% and 5.4%; 8.9 and 17.06 years, respectively.
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Table 4. Economic analysis for the system configurations.

Parameters DU DUP DP UP

LCOE (₦) 57.14 54.96 86.85 31.26
NPC (₦) 514,967,400 495,329,200 782,075,00 281,719,600

Operating Cost (₦) 39,834,980 33,135,460 27,803,930 13,505,270
ROI (%) - 6.0 5.4 8.0
IRR (%) - 8.0 8.0 11.4

Simple Payback (yr) - 8.94 17.06 7.64

5. Conclusions

This study carries out a technical and economic assessment of four different configura-
tions of HES for electricity supply to the College of Engineering, Afe Babalola University,
Ado-Ekiti for powering the university buildings. Revit software was used to model the
solar rooftop for the building. The grid-connected HES was modelled and simulated using
HOMER software for different system configurations. An LCOE and NPC were computed
to evaluate the economic feasibility of these configurations. The simulation results show
that the UP system can be considered as the optimal system configuration when compared
to the other scenarios owing to its ability to accurately meet the energy demand with 12.7%
excess energy. More importantly, it was observed that the configuration with the highest
renewable energy fraction experienced a significant decrease in the cost of energy by 45%
and this also enhances the drive for energy transition by reducing carbon emissions by
32.09%. Adopting this system provides the College of Engineering ABUAD with a more
affordable and sustainable means of producing electricity. In the future, machine learning
can be used to train the real data obtained from the rooftop solar PV to predict the precise
power output obtainable from solar PV.
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