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 This study aims to develop a selection tool that would optimise 

levelized-cost-of-energy (LCOE) for a hybrid energy generating and 

distribution systems using FUPRE as a case study. The research 

begins with a detailed LCOE modelling process, dissecting the cost 

components of the hybrid energy system. A sensitivity analysis is 

conducted to identify and assess the impact of various factors such 

as capital costs, operational expenses, and energy output on the 

LCOE. Optimum solutions for selecting a suitable plant for 9 

different supply areas with various energy sources, including, diesel 

generator, petrol generator, solar and grid, were sought using ACO 

and simplex method simultaneously, for varied energy need. The 

result revealed that PV type solar energy which has a fixed 

operational cost has the least LCOE. However, diesel generators of 

capacity over 100 kVA could present LCOE that is lower than grid 

under load conditions over 90% of its capacity. In all, petrol 

generators are least economical, having least capacity of energy and 

very high LCOE. Simplex method was shown to be effective for 

selecting the most economical energy sources among different 

sessional energy supplies using the developed linear integer 

optimisation model, whereas, ACO technique failed to solve the 

optimisation model accurately. This research contributes to 

advancing the understanding of LCOE modelling and optimization 

in hybrid energy systems, shedding light on the intricate balance 

between economic factors and sustainable energy practices. The 

methodologies presented offer practical applications for decision-

makers in the energy sector, guiding the development of cost-

effective and environmentally conscious energy solutions. 
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1. Introduction 

In the pursuit of sustainable energy solutions, off-grid hybrid energy systems have emerged as a 

vital component in providing reliable and clean energy access to remote and isolated regions 

worldwide [1-3]. These systems integrate multiple renewable energy sources, such as solar, wind, 

and generators, alongside energy storage technologies and possibly conventional energy sources, to 

meet the energy needs of off-grid communities[4]. A large proportion of Nigerians and other 

Africans lack access to steady electricity supply [5], driving the adoption of off-grid hybrid energy 

solutions that combine different sources like diesel generators, solar and with energy storage.  
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Large communities, such as university campuses have a huge number of energy sources supplying 

different areas based on availability and cost. Designing and optimizing off-grid hybrid energy 

systems present unique challenges, particularly in selecting the most cost-effective combination of 

energy generation plants to ensure long-term sustainability and affordability[6].  

 

The literature on plant selection via LCOE optimization in hybrid energy systems reveals a rich 

landscape of methodologies and models aimed at designing cost-effective and sustainable energy 

infrastructures [7-8]. Researchers have developed mathematical programming approaches and 

metaheuristic algorithms to minimize LCOE by assessing capital costs, operational expenses, and 

energy yields of various energy generation technologies[7,9-10]. Techno-economic analyses have 

emphasized the integration of diverse renewable and conventional sources, alongside energy storage 

technologies, to maximize energy production while reducing environmental impacts [11-14]. 

Additionally, studies have addressed uncertainties and risks through probabilistic methods and 

explored multi-objective optimization techniques to balance conflicting objectives such as cost 

minimization and emissions reduction [15-17]. Real-world case studies have demonstrated the 

practical relevance of LCOE optimization in optimizing the design, operation, and planning of 

hybrid energy systems across different scales and sectors [18-19], highlighting opportunities for 

future research to address emerging challenges and integrate evolving technologies and policies. 

 

The optimization of plant selection in off-grid hybrid energy systems via LCOE presents significant 

challenges. Existing methodologies primarily focus on grid-connected systems, neglecting the 

unique complexities of off-grid environments [18,20]. Off-grid systems operate in remote areas with 

limited access to conventional energy sources, requiring diverse renewable energy technologies and 

energy storage systems for reliability. Additionally, the dynamic nature of off-grid energy demand 

and renewable resource availability complicates plant selection[21-22]. Current models are not 

readily easy to solve, leading to conservative solution[1]. Thus, there is a pressing need for tailored 

optimization methodologies and decision support tools specifically designed for off-grid hybrid 

energy systems to maximize economic viability and sustainability. 

 

This study aims to explore and evaluate the optimised solution of LCOE for plant selection in hybrid 

energy systems, using the Federal University of Petroleum Resources as a case study. The primary 

objective is to provide a comprehensive methodology that models and minimises the LCOE of 

energy generation and distribution using a suitable case study, thereby offering insights into an 

effective way and opportunities for improving the operation and planning of hybrid energy systems. 

Through its exploration of LCOE optimization, the article ultimately aims to contribute to informed 

decision-making and strategic planning in the utilisation of different energy sources.  

 

2.  Methodology 

 

The methodology of this study involved, energy data collection for a set of energy sources and 

supplies within the Federal university of Petroleum Resources Campus, development of a model for 

energy generation of the hybrid system and optimisation solution of the model 

 

2.1 FUPRE Energy System 

The data utilised in this project was collected from the Department of Works at the Federal 

University of Petroleum Resources, Effurun (FUPRE). FUPRE is a federal university located in 

Effurun, Delta State Nigeria. The different facilities located within the campus and their power need 

is summarised in Table 2. The plant specifications, including data used to compute the LCOE is 

shown in Table 3. The overall energy system consists of several energy sources and building 

sessions that are described as follows  
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2.2 Available power sources 

a. 500 KVA 33/11KV injection substations (BDEC public power supply).  

b. 500KW solar-diesel hybrid power plant which delivers a maximum 80% efficiency of rated 

power capacity (400KVA /400KW respectively). 

c. Several petrol generators of capacity between 3 KVA to 5 KVA located at different session. 

d. Different capacities of diesel generators providing alternative power supply to each building 

complex. The buildings serviced by the different energy sources are shown in Table 1 

 

Table 1: Different sessions and available designated diesel generators  

Session  BUILDINGS / FACILITIES  DIESEL 

GENERATOR 

ATTACHED 

 

Session 1   

Administrative buildings/Water plant / Library complex/ Workshop/Laboratory 

(Petroleum Engineering       Buildings) 

500 KVA 

Session 2 College Of Technology, Workshop/Laboratory (Chemical Engineering) 

Workshop/Laboratory (Marine Engineering Workshop/Laboratory (Elect/Elect 

Engineering Workshop/Laboratory (Mechanical Engineering) buildings Student 

Centre Building. 

500 KVA 

Session 3  Health Centre/security, Convocation hall, and corpers members lodge, physical 

planning b uilding 

135 KVA 

Session 4  Hostels B1, B2 And A buildings 100 KVA 

Session 5   College of Science Buildings Phase 1 and 2 /Entrepreneurship Building  , PG-

School building, Civil Engineering building 

250 KVA 

Session 6 Tetfund classroom and office Building 1  50 KVA 

Session 7 Tetfund classroom/Office Building 2 / Twin lecture theatre /College of marine 

studies building 

60 KVA 

Session 8 ICT building 60 KVA 

Session 9  Ugbomro Female Hostel   8 KVA 

 

Table 2: Different facilities / buildings and their average power need  

S/NO  BUILDING LOAD 

1. Administrative buildings/Water plant  84 kw 

2.  Health Centre/security and corps members lodge/ICT buildings 46 kw 

3.  Library Building /Lecture theatre 1  47kw 

4.   College of Technology building   45 kw 

5.  Hostel B1, B2 And A. 38 kw 

6.   College of Science Building 72 kw 

7.  Student Centre Building 10 kw 

8. Workshop/Laboratory (Chemical Engineering)   23 kw 

9.  Workshop/Laboratory (Marine Engineering 20kw 

10.  Workshop/Laboratory (Elect/Elect Engineering 22kw 

11.  Workshop/Laboratory (Mechanical Engineering)  26 kw 

12.     Workshop/Laboratory (Petroleum Engineering)  23kw 

13.  Entrepreneurship Building   32 kw 

14.  Ugbomro Female Hostel   15kw 

15  Tetfund classroom/Office Building 1 42 kw 

16  Tetfund classroom/Office Building 2 30kw 

17   Twin lecture theatre   32kw 

18 Street Light poles/ fittings 11 kw 

 

 



Eyere Emagbetere et. al./ Journal of Energy Technology and Environment                                                                                          

6(4) 2024 pp. 81 - 92 

84 

 

 

 

Table 3 Plant capacity and other specifications 

Plant type 

Capacity 

(KVA) Specification 

Capital cost 

(million 

Naira) 

Fuel 

consumption 

rate at max 

capacity 

(lit/hr) 

Fuel consumption 

rate at 1/4 

capacity (lit/hr) 

Max 

output 

(kw) 

Diesel generator 500 Perkins 2800 23.5 135.00 41.60 400 

Diesel generator 135 FG Wilson 5.05 37.10 12.40 108 

Diesel generator 100 FG Wilson 4.05 27.98 9.83 80 

Diesel generator 250 

Perkins 

PF_P275 10.1 68.07 21.55 200 

Diesel generator 8 Hyundai 0.8 3.50 1.50 6.5 

Diesel generator 50 Mikano  7.2 17.02 6.43 40 

Diesel generator 60 Mikano  8.5 18.15 6.81 45 

Petrol generator 5.5 Varied 0.74 1.20 0.80 4.8 

Petrol generator 3.5 Varied 0.53 1.00 0.65 3 

Petrol generator 3 Varied 0.45 1.00 0.60 2.8 

Petrol generator 2.5 Varied 0.35 0.80 0.50 2 

Solar plant 500   1500 0.00 0.00 450 

 

2.4 Other utilities and energy requirement 

1. 2 x 15kw central water plant 

2. Surface/submersible water pumping machines   attached to each building. 

3. 80 number streetlight poles with energy lamp fittings on campus and environs. 

2.5 Levelized Cost of Energy 

Calculating the LCOE for a hybrid power system involves estimating the total cost of purchase, 

operating, and maintaining the system over its lifetime and then dividing that cost by the total 

amount of electricity it is expected to generate during its lifetime. The LCOE was calculated using 

the formula for LCOE given in Equation 1. 

 

     LCOE = (Total present value of Costs) / (Total present value of energy output)  (1)  

Total Present Value of Costs, which is calculated using Equation 2, represents the sum of all costs 

associated with the energy system over its lifetime, including initial capital costs (C), operational 

and maintenance costs (OM), and any financing or incentive-related costs (F) expressed in present 

value terms. This is typically calculated using a discount rate (r) and the number of years (n) over 

the project's lifetime. 

 

Total Present Value of Costs = ∑
𝐶+𝑂𝑀−𝐹

(1+𝑟)𝑛
       (2) 

Total Present Value of Energy Output, which is calculated using Equation 3, represents the sum of 

all energy produced by the system over its lifetime (E), also expressed in present value terms. Like 

costs, this is typically calculated using the same discount rate (r) and the number of years (n) over 

the project's lifetime. 

  

  Total Present Value of Energy Output = ∑
𝐸

(1+𝑟)𝑛
        (3) 



Eyere Emagbetere et. al./ Journal of Energy Technology and Environment                                                                                          

6(4) 2024 pp. 81 - 92 

85 

 

The discount rate (r) was taken as 5% for all the energy sources, which is an average value between 

the range of discounted values used for cases with low LOCE. 

 

2.6 Optimisation model 

The optimisation modelling entails the derivation of an objective function and constraints that would 

be suitable for minimising the total cost of energy for the hybrid system.  

 

2.6.1 Objective function: the objective function which represents the total cost of energy (𝑇𝑖) for n 

number of plants is given as a product of the LCOE of each plant (𝐶𝑖) multiplied by an integer factor 

𝑥𝑖 as shown in Equation 4.  

𝑇𝑖 = ∑ 𝐶𝑖 ∗ 𝑥𝑖
𝑛
𝑖=1          (4) 

 

2.6.2 Equality constraints  

This is the set of equations that limits the energy source that supplies a particular session to just 1. 

This equation validates the fact that only one energy source can be used to supply a session or 

building per time. It is of the form of Equation 5. Where 𝑄𝑖 is one for all energy source i for session 

Q. 
∑𝑄𝑖 ∗ 𝑥𝑖 = [1]         (5) 

 

2.6.3 Bound constraints 

This is the constraint that subjects the variables to either 1 or 0. It is of the form of equation 6  

0 ≤ 𝑥𝑖 ≤ 1          (6) 

 

2.7 Solving the Model 

The solution to the model was determined using Python solver in the Scipy library.  This library 

was selected based on factors like ease of use, documentation and community support that were 

available. The solution was determined using Simplex method. 

 

2.8 Simulation and Sensitivity analysis 

Based on the obtained data and developed model, energy needs for different session were 

statistically described, the different sessions LCOE were estimated, and energy sources were 

selected for different sessions for the different plants for minimal cost based on the proportion of 

energy need. 

 

3. Results and Discussions 

 

This session presents the results generated from the LCOE analysis for the different energy sources 

and the optimisation solutions using both simplex and ACO techniques. 

 

3.1 Effect of Energy utilisation on total LCOE  

Figure 1 shows the total levelized cost of energy (LCOE) as the energy need increases. This was an 

estimation of value of energy cost per unit consumed when all power plants are assumed running. 

It can be observed that the total LCOE decreased exponentially as the need increases. This is due to 

the fact that the amount spent on fuel to generate energy does not decrease commensurately as the 

energy consumed is decreased; implying that the excess cost would then reflect on the cost of energy 

per unit consumed (LCOE). Thus, the more the energy supplied by plant, the cheaper the LCOE.  

 

The explanation for this is that there are several diesel and petrol generators in the system being 

considered (FUPRE), and the rate at which these generators dispense fuel to produce energy do not 

change commensurately with the amount of energy being consumed (Thiruvengadem, et al. 2020). 
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Hence the total LCOE would decrease appreciably while running those engines at considerably high 

load demands.   

 
Figure 1: Cost of energy per energy need    
 

3.2 Sessional LCOE of different plants 

The Sessional Levelized Cost of Electricity (LCOE) analysis, as shown in Figures 2 – 4, provides 

valuable insights into the economic performance of different plants within the organization. These 

values were estimated based on Table 3. The Sessional LCOE were examined for four plants: diesel 

generator, Petrol generator, solar plant and grid supply. Data for each plant's electricity generation, 

costs, and other relevant factors were collected and analysed to calculate the LCOE for each plant 

in different sessions. However, the current value of electricity in Nigeria, being 36 naira per KWH.  

 

The LCOE of different plants vary from one session to another, and there are some sessions with 

relatively high LCOE compared to other sessions. As can be seen, sessions 1 and 2 had the highest 

LCOE which implies higher energy expenditure and energy consumption, while session 9 had the 

least values of LCOE.  

 

The results show that the LCOE of different plants vary from one session to another, and there are 

some sessions with relatively high LCOE compared to others. The petrol generator has the highest 

LCOE for all sessions regardless the power need. Solar energy was found to present the lowest 

LCOE, indicating that it is the most cost-effective plant among the four plants. Previous studies had 

indicated that solar systems are one of the cheapest source of energy (Osman et al., 2023; Sonawane 

et al., 2018). Depending on the session, energy need and specifications of the diesel plant, diesel 

engines present LCOE lower than that of grid, especially when the energy consumed is at maximum 

value from the diesel generator. The changes in the use of petrol and diesel generators are 

insignificant for 100% and 80% power consumption respectively. The LCOE of renewable energy 

plants has been decreasing steadily over the past decade, leading to increased cost-competitiveness 

compared to conventional energy sources (Uddin et al., 2023).  
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Figure 2: LCOE of different energy plants for optimum plant energy utilisation – A 

 

 

 
Figure 3: LCOE of different energy plants for optimum plant energy utilisation – B 

 

 

 
Figure 4: LCOE of different energy plants for optimum plant energy utilisation - C 
 

3.3 Cost of energy using a singular source type 

Figure 5 shows what the cost of energy would be if a singular plant type is utilised. The least cost 

of energy is that of solar which increase linearly with the energy need. Solar energy has shown a 

significant decrease in cost over the past decade, making it one of the most competitive sources of 
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renewable energy (Alharthi et al., 2018; Hai et al., 2023; Osman et al., 2023). This substantial cost 

reduction is primarily due to advancements in technology, increased production scale, and policy 

support (Elagtal & Khamis, 2016; Mitali et al., 2022). However, the limitation of storage systems 

and relatively high initial capital cost are limiting the available capacity for most organisation. 

For lower energy need, grid source of electricity is cheaper than diesel, but as the energy need 

increases to certain level, diesel generator becomes cheaper than grid. Also, for very small energy 

need, the use of petrol energy may be cheaper than diesel as well. This informs that the most suitable 

plant for energy source greatly depends on the energy need, and this is in line with previous findings 

(Alharthi et al., 2018). 

 

All energy need shows a linear relationship with the energy cost. However, the slope varies and it 

is steepest for petrol generators, while it is least for solar generators. This shows that the more the 

energy utilised the more the cost, but the rate of increases depends on the energy source. 

 

 
Figure 5: Energy cost versus total energy need for different plants 

 

3.4 Optimisation results for conditions of grid supply and cases where there is no grid supply 

This session presents results of selected plants for different sessions based on the energy need and 

other constraints. The significance of economic trade-offs in renewable energy systems has been 

well emphasized (He & Huang, 2022), reinforcing our findings that system optimization is crucial 

for achieving a favourable LCOE while meeting sustainability goals. Similarly, (Ammari, et al. 

2022) (Ammari et al., 2022), emphasized the importance of optimizing the mix of energy sources 

in a hybrid system to minimize LCOE.  

 

The selected plant for the different session as determined by simplex method for different proportion 

of energy need is presented as follows. For this case, it was assumed that grid power supply is 

available. Table 4 shows the different plant selected for 95, 50 and 10 per cent energy utilisation, 

respectively, of the designated diesel generator installed within the session. 1 indicates that that 

particular plant is selected, while 0 indicates that the plant is not sleeted for that session. As shown, 

those sessions with large diesel generators were selected, while grid and solar supply were selected 

for other sessions. This implies that at very high capacity usage, the diesel generators could be more 

viable to utilise for energy supply for those sessions. The solar energy supply which is usually the 

cheapest for that level of energy demand is selected for some sessions only due to the its limited 

capacity of about 450 watt-hour.  

 

When total energy need per session was set at 50%, the selected power supply source was either 

solar or grid.  Although the solar energy supply is cheaper, its supply is limited to the available 
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power source. However, when the energy need is 10% of the designated diesel generator installed 

within each session, the solar power source was selected for all because the total power need at 10% 

for each section is lower than total solar capacity 

.  

Table 4: Plant selected at different % of plant capacity when there is grid supply 

% usage 

of total 

capacity 

Power 

source 

Session 

1 

Session 

2 

Session 

3 

Session 

4 

Session 

5 

Session 

6 

Session 

7 

Session 

8 

Session 

9 

95 

Diesel 1 1 0 0 0 0 0 0 0 

Grid 0 0 0 0 0 1 1 0 0 

Solar 0 0 1 1 1 0 0 1 1 

Petrol 0 0 0 0 0 0 0 0 0 

50 

Diesel 0 0 0 0 0 0 0 0 0 

Grid 1 1 0 0 0 1 1 0 0 

Solar 0 0 1 1 1 0 0 1 1 

Petrol 0 0 0 0 0 0 0 0 0 

10 

Diesel 0 0 0 0 0 0 0 0 0 

Grid 0 0 0 0 0 0 0 0 0 

Solar 1 1 1 1 1 1 1 1 1 

Petrol 0 0 0 0 0 0 0 0 0 

 

Table 5 shows the different plant selected when the energy need was 95, 50 and 10 per cent of the 

designated diesel generator installed within the session, and there is power outage (no grid supply). 

Only solar supply was selected when energy demanded was at 10%, while diesel generator was 

selected for some areas to supplement for the limited capacity of solar supply when more energy is 

needed. This can adequately address the issue of energy availability and reliability at minimum 

costs. The reviews by (Hassan et al., 2023b; Kavadias, 2021; Zhang & Wei, 2022) on optimal 

configuration of hybrid energy systems using mathematical optimization techniques supports our 

findings, emphasizing the significance of considering multiple energy sources for system efficiency. 

 

Table 5 Plant selected for the different sessions when there is no grid supply  

% usage of 

total 

capacity 

Power 

source 

Session 

1 

Session 

2 

Session 

3 

Session 

4 

Session 

5 

Session 

6 

Session 

7 

Session 

8 

Session 

9 

95 

Diesel 1 1 0 1 1 0 0 0 0 

Grid 0 0 0 0 0 0 0 0 0 

Solar 0 0 1 0 0 1 1 1 1 

Petrol 0 0 0 0 0 0 0 0 0 

50 

Diesel 1 1 0 0 1 0 0 0 0 

Grid 0 0 0 0 0 0 0 0 0 

Solar 0 0 1 1 0 1 1 1 1 

Petrol 0 0 0 0 0 0 0 0 0 

10 

Diesel 0 0 0 0 0 0 0 0 0 

Grid 0 0 0 0 0 0 0 0 0 

Solar 1 1 1 1 1 1 1 1 1 

Petrol 0 0 0 0 0 0 0 0 0 
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The optimised solution in terms of levelized cost of energy when there is grid supply or not is shown 

in Figure 6. The total cost of energy was lower when there is grid supply and the energy need is 

greater than the capacity of the solar plant. The change in cost as energy need increases does not 

form a perfect linear curve.  

 

The Simplex Method suitably solved the mathematical equations and constraints within the energy 

system, ensuring feasibility. By optimizing the system within the defined constraints, the hybrid 

energy system could be used to provide energy at a minimum cost. Alquatanni, et. Al. (Alqahtani et 

al., 2021) showcased the importance of constraint handling in optimization problems, supporting 

our approach in using the Simplex Method to ensure system stability while accommodating various 

operational constraints. Simplex method can thus be suitably used for economics analysis of plant 

selection for different sessions of a complex powered by various energy sources for monetary 

efficiency.  A similar economic analysis in the context of hybrid energy systems was conducted by 

(Gangwar 2014) [27], reinforcing our findings that optimizing with the Simplex Method contributes 

to economic sustainability in energy solutions. 

 

 
Figure 6: Optimised solution for total levelized cost of energy  

 

3.5 Optimisation result for average plant utilization per sessional buildings 

The result of assigned plant based on the average energy need in the different sessions is shown in 

Table 6. The sessions selected to use solar plant, as shown, is slightly different for cases where there 

is grid supply and no grid supply. However, the solar power was split among 6 sessions for both 

cases. The optimised solutions of total energy cost were 29429 and 32029 naira per KWH, 

respectively for grid and no grid supply, respectively. 

 

Table 6 Selected plants based on average energy need 

Condition 
Power 

source 

Session 

1 

Session 

2 

Session 

3 

Session 

4 

Session 

5 

Session 

6 

Session 

7 

Session 

8 

Session 

9 

Grid 

available 

Diesel 0 0 0 0 0 0 0 0 0 

Grid 1 1 1 0 0 0 0 0 0 

Solar 0 0 0 1 1 1 1 1 1 

Petrol 0 0 0 0 0 0 0 0 0 

Grid 

unavailabl

e 

Diesel 1 1 0 0 1 0 0 0 0 

Grid 0 0 0 0 0 0 0 0 0 

Solar 0 0 1 1 0 1 1 1 1 

Petrol 0 0 0 0 0 0 0 0 0 
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4. Conclusion and Recommendation 

 

Through the integration of mathematical models for the energy supply and appropriate constraints 

equations, the study identified an optimal plant selection for the hybrid energy system under 

different conditions of energy need. This involved determining the appropriate selection of solar, 

diesel generator, petrol generator and conventional grid source that minimizes energy costs while 

satisfying operational constraints. The modelling and analysis of the LCOE in a hybrid energy 

generation and distribution system provide valuable insights into the economic viability of such 

systems. The simplex optimisation technique was successfully applied to optimise energy source 

selection for different plants available in FUPRE. The end result of this investigation has provided 

priceless knowledge in the field of hybrid energy generating and distribution systems. The findings 

underscore the importance of optimizing the mix of energy sources, conducting sensitivity analyses, 

and considering economic trade-offs to achieve a resilient, efficient, and economically viable energy 

infrastructure. These revelations have the potential to help create a future where operating hybrid 

energy systems would be more reliable and sustainable. 

 

However, there are several key areas for further research in hybrid energy generating and 

distribution systems. There is the need for exploring the integration of machine learning and 

artificial intelligence to enhance system performance, developing holistic energy management 

strategies for more precise optimization outcomes, and integrating hybrid energy systems into smart 

grids and microgrids for improved stability and distribution. Additionally, researching the economic 

viability and policy implications of these systems, conducting comprehensive environmental impact 

assessments, analysing socio-cultural acceptance and community engagement, and evaluating the 

long-term performance and durability of hybrid energy systems is recommended. These suggestions 

underscore the importance of a multidisciplinary approach to advancing hybrid energy systems, 

considering technological, economic, environmental, and social factors. 
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