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Abstract:

The increasing demand for sustainable and reliable energy systems has led to the development of hybrid
renewable energy systems (HRES). These systems combine multiple renewable energy sources, such as solar,
wind, and energy storage, to ensure a consistent and reliable power supply. This manuscript presents a detailed
methodology for sizing an HRES using a nature-inspired search method and a Loss of Power Supply Probability
(LPSP) model. The proposed approach aims to optimize the system configuration to minimize costs while ensuring
a reliable power supply.
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1. Introduction

1.1 Background
The transition towards renewable energy sources is essential to mitigate the adverse effects of climate change and
reduce dependency on fossil fuels [1]. Hybrid renewable energy systems (HRES) offer a promising solution by
integrating multiple renewable energy sources, such as solar photovoltaic (PV) panels, wind turbines, and energy
storage systems (ESS) [2], [3], [4]. However, the intermittent nature of renewable energy sources poses challenges
in ensuring a reliable power supply. Therefore, optimal sizing of HRES components is crucial to balance cost,
reliability, and efficiency.
Sizing a Hybrid Renewable Energy System (HRES) refers to the process of determining the optimal capacity and
configuration of its components, such as solar panels, wind turbines, and energy storage systems, to meet energy
demand reliably and cost-effectively [5]. This process is critical because renewable energy sources like solar and
wind are intermittent, meaning their energy output varies depending on weather conditions, time of day, and season
[6]. Proper sizing ensures that the system can balance supply and demand while minimizing costs and maximizing
reliability [6].

1.2 Problem Statement

primary challenge in HRES design is determining the optimal size of system components (e.g., solar panels,
wind turbines, and energy storage) to minimize costs while ensuring a reliable power supply. Traditional methods
often fail to account for the stochastic nature of renewable energy sources and the complex trade-offs between cost
and reliability.

The intermittent nature of renewable energy sources, such as solar and wind, poses a significant challenge to their
integration into power systems. Unlike traditional fossil fuel-based energy sources, which can provide a consistent
and controllable supply of electricity, renewable energy generation depends heavily on environmental conditions.
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For example, solar power generation varies with sunlight availability, which is affected by weather patterns, time
of day, and seasonal changes. Similarly, wind energy production fluctuates with wind speed, which can be
unpredictable and inconsistent.

This variability can lead to mismatches between energy supply and demand, potentially causing instability in the
power grid. To address this issue, energy storage systems, hybrid configurations, and advanced grid management
techniques are often employed to ensure a reliable and stable energy supply. By mitigating the intermittency of
renewable energy sources, these solutions enable a smoother transition to a sustainable energy future.

1.3 Objective
This manuscript aims of the study are to:

1. Develop a robust methodology for sizing HRES components using a nature-inspired search
method (Particle Swarm Optimization).

2. Incorporate a Loss of Power Supply Probability (LPSP) model to evaluate system reliability.

3. Optimize the system configuration to minimize total costs while meeting reliability constraints.

The main contribution of the article is to size a hybrid system using a nature-inspired algorithm consisting of (PV,
WT, ESS, and Converter) to meet the demand with the proposed objectives to avoid power losses by implementing
the LPSP technique. The remaining section of the article is divided into the following sections: Section 2, studying
the following methodology to meet the proposed objectives along with the designed system diagram and the
mathematical equation of the objective of LPSP. The implanted case study along with the

2. Methodology
2.1 System Description

The HRES under consideration consists of the following components and is presented in Figure 1. Additionally,
the description of each of the utilized components is listed below.

1. Solar PV Panels: Convert solar energy into electrical energy.

2. Wind Turbines: Convert wind energy into electrical energy.

3. Energy Storage System (ESS): Stores excess energy generated by the PV panels and wind turbines for
use during periods of low generation.

4. Power Converter: Converts DC power from the PV panels and ESS to AC power for use by the load.

DC Bus AC Bus
AC-AC o :
PV Array | DC-DC L] > Converter > Utlity Grid
Converter
) . AC-DC .| DC-AC
Wind Turbine [—* CETVETET Converter
Energy Storage |, | DC-DC PN /AC residential load
Unit Converter
— Power flow line

Figure 1: System Diagram.

2.2 . Loss of Power Supply Probability (LPSP) Model

The LPSP is a reliability index that quantifies the probability of the system failing to meet the load demand. It is
defined as the ratio of the total unmet load to the total load demand over a specified period [7]. The LPSP can be
expressed as in Eq. 1.

P max(O, L(t) — Peotar (t))
L@

Where the L(t) is the load demand at time t, P;,.4; (t) is the total power generated by the HRES at time t, and the
T is the total number of time intervals.

LPSP =

(1)
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2.3 Nature-Inspired Search Method

Nature-inspired search methods, such as Particle Swarm Optimization (PSO) [8], Genetic Algorithms (GA) [9],
and Ant Colony Optimization (ACO) [10], are widely used for solving complex optimization problems. In this
study, we employ the Particle Swarm Optimization (PSO) algorithm due to its simplicity and effectiveness in
exploring large solution spaces.

2.3.1  Particle Swarm Optimization (PSO)

PSO is a population-based optimization technique inspired by the social behavior of birds flocking or fish
schooling as presented in Figure 2 [11]. Each particle in the swarm represents a potential solution to the
optimization problem is demonstrated in Figure 3. The particles move through the solution space, adjusting their
positions based on their own experience and the experience of neighboring particles.

P best,i
X:C+1
| 3
Ky
i
— e
Gbest
Xk

Figure 2: Movement steps of the PSO [12].

The position and velocity of each particle are updated using the following equations in Eq. 2 and in Eq. 3,
respectively.

K+l _ k k k
v = wouf +cpny. (Pbest,i —X; ) + 2. 15 (Gpest — Xi) )

Xt = xfF vkt 3)

Where the vt is the velocity of particle i at iteration k, x[ is the position of particle i at iteration k, w is the
inertia weight, the ¢, ¢, are the cognitive and social acceleration coefficients, ry, r,are random numbers between
0 and 1, Py ; is the best position of particle i so far, and g, is the best position found by the entire swarm.
respectively.

2.4 Optimization Problem Formulation

The optimization problem aims to minimize the total cost of the HRES while maintaining the LPSP within
acceptable limits. The objective function can be expressed as in Eq. 4 to meet the subject as in Eq. 5.

Minimize Cyorqr = Cpy- Npy + Cyr. Nyr + Ciss- Egss + Ceonp- Peonw- 4)
LPSP < LPSP,,, (5)

Where the Cyyq,1s the total cost of the HRES, Cpy, Ciyr, Crss, Ceony are the costs of PV panels, wind turbines, ESS,
and power converters, Npy, Nyyr, Egss, P.ony are the number of PV panels, wind turbines, ESS capacity, and
converter power rating, and LPSP,,,, is the maximum allowable LPSP, respectively [14].
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Figure 3: Flowchart of PSO [13].

2.5 Implementation Steps

The main implemented steps are tabulated in Table 1 with an explanation of each step.

Table 1: Implementation Steps [15].

Steps Action Explanation
1 Data Collection Collect data on solar irradiance, wind speed, load demand, and component
costs
> Initialization Initialize the PSO algorlthm with a population 'of particles representing
potential HRES configurations.
3 Fitness Evaluation Evaluate the fitness of each particle by calculating the total cost and LPSP
4 Update Positions and Update the positions and velocities of the particles based on the PSO
Velocities equations.
L Check if the termination criteria (e.g., maximum number of iterations or
5 Termination Check
convergence) are met. If not, repeat steps 3-5.
6 Output Optimal Output the optimal HRES configuration that minimizes the total cost while
Configuration satisfying the LPSP constraint.
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3. Case Study
Libya, a country in North Africa, has enormous potential for the development of renewable energy because of its
substantial wind energy potential and wealth of solar resources [4]. However, the nation's energy demands are
currently largely met by fossil fuels [16]. By switching to a Hybrid Renewable Energy System (HRES), Libya
may lower greenhouse gas emissions, diversify its energy sources, and provide a more dependable and sustainable
energy supply [17]. In light of Libya's distinct geographic and climatic characteristics, this case study investigates
the sizing of an HRES for a fictitious location there [18].
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Figure 4: Libyan Map (case study) [19].

3.1 System Parameters
To demonstrate the proposed methodology, a case study is conducted with the following parameters as tabulated
in Table 2. Along with the components costs as in Table 3.

Table 2: System Parameters [20].
Parameters Values

Load Demand 100 kWh/day with a peak load of 10 kW

Solar Irradiance | Average daily solar irradiance of 5 kWh/m?day

Wind Speed Average wind speed of 6 m/s

LPSP Constraint Maximum allowable LPSP of 5%.

Table 3: Component Costs [21].
Components Costs

PV panel $200 per panel (300 W per panel

Wind turbine | $1,500 per turbine (1 kW per turbine).

ESS $500 per kWh

Power converter $300 per kW.
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3.2 Challenges in HRES Sizing

Sizing a Hybrid Renewable Energy System is a complex but essential process that involves balancing cost,
reliability, and sustainability [15]. By leveraging advanced optimization techniques and reliability models,
engineers can design HRES that effectively harness renewable energy sources to meet energy demand in a cost-
effective and environmentally friendly manner [22]. Proper sizing is key to unlocking the full potential of hybrid
renewable energy systems in the global transition to clean energy faces some challenges as presented in Table 4.

Table 4: Challenges in HRES Sizing.

Challenges Remarks
Intermittency of Solar and wind energy are not constant, making it challenging to match supply
Renewable Sources with demand.

Balancing the cost of system components (e.g., solar panels, batteries) with the

Cost Optimization need for reliability.

Ensuring the system meets energy demand with minimal interruptions, often

Reliability Requirements quantified using metrics like Loss of Power Supply Probability (LPSP)

Geographic and Local climate, solar irradiance, wind patterns, and load profiles significantly
Environmental Factors influence system design.

4. Results and Discission
The results of the case study demonstrate the effectiveness of the proposed methodology in sizing an HRES. The
PSO algorithm efficiently explores the solution space and identifies an optimal configuration that minimizes the
total cost while maintaining the LPSP within acceptable limits. The integration of the LPSP model ensures that
the system is designed to meet the load demand with a high degree of reliability.

The PSO algorithm is implemented with a population size of 50 particles and a maximum of 100 iterations. The
optimal HRES configuration obtained is as follows: The total cost of the system is \$23,000, and the LPSP is
calculated to be 4.8%, which is within the acceptable limit

Table 5: Breakdown compared results.
Number of PV Panels | Number of Wind Turbines | ESS Capacity | Converter Power Rating | LPSP

20 5 50 kWh 10 kW 4.8%

the performance of a Hybrid Renewable Energy System (HRES) over a 24-hour period for the PV and WT is
presented in Figure 5.
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Figure 5: Output power from PV and WT.
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Figure 6: Utility Grid output.

Conclusion

This manuscript presents a detailed methodology for sizing a hybrid renewable energy system using a nature-
inspired search method and an LPSP model. The proposed approach effectively optimizes the system configuration
to minimize costs while ensuring a reliable power supply. The case study demonstrates the practical applicability
of the methodology, and the sensitivity analysis provides insights into the impact of key parameters on the optimal
configuration. Future work could explore the integration of additional renewable energy sources and the
consideration of environmental factors in the optimization process.

References

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

A. Alsharif, C. W. Tan, R. Ayop, A. Ali Ahmed, M. Mohamed Khaleel, and A. K. Abobaker, “Power
Management and Sizing Optimization for Hybrid Grid-Dependent System Considering Photovoltaic Wind
Battery Electric Vehicle,” in 2022 IEEE 2nd International Maghreb Meeting of the Conference on
Sciences and Techniques of Automatic Control and Computer Engineering (MI-STA), IEEE, May 2022,
pp. 645-649. doi: 10.1109/MI-STA54861.2022.9837749.

A. O. M. Maka, S. Salem, and M. Mehmood, “Solar photovoltaic (PV) applications in Libya: Challenges,
potential, opportunities and future perspectives,” Clean. Eng. Technol., vol. 5, p. 100267, 2021, doi:
10.1016/j.clet.2021.100267.

M. N. Muftah, A. A. M. Faudzi, S. Sahlan, and M. Shouran, “Modeling and Fuzzy FOPID Controller
Tuned by PSO for Pneumatic Positioning System,” Energies, vol. 15, no. 10, p. 3757, May 2022, doi:
10.3390/en15103757.

A. A. Teyabeen, N. B. Elhatmi, A. A. Essnid, and F. Mohamed, “Estimation of monthly global solar
radiation over twelve major cities of Libya,” Energy Built Environ., vol. 5, no. 1, pp. 4657, Feb. 2024,
doi: 10.1016/j.enbenv.2022.07.006.

S. Guo, Y. He, H. Pei, and S. Wu, “The multi-objective capacity optimization of wind-photovoltaic-
thermal energy storage hybrid power system with electric heater,” Sol. Energy, vol. 195, pp. 138-149,
2020, doi: https://doi.org/10.1016/j.solener.2019.11.063.

M. Khaleel et al., “Effect of Fuel Cells on Voltage Sag Mitigation in Power Grids Using Advanced
Equilibrium Optimizer and Particle Swarm Optimization,” Jordan J. Electr. Eng., vol. 9, no. 2, p. 175,
2023, doi: 10.5455/jjee.204-1669996684.

A. Alsharif, C. W. Tan, R. Ayop, K. Y. Lau, and A. M. Dobi, “A rule-based power management strategy
for Vehicle-to-Grid system using antlion sizing optimization,” J. Energy Storage, vol. 41, no. July, p.
102913, Sep. 2021, doi: 10.1016/j.est.2021.102913.

R. Eberhart and James Kennedy, “A New Optimizer Using Particle Swarm Theory,” Sixth Int. Symp. Micro
Mach. Hum. Sci., vol. 0-7803-267, pp. 39-43, 1995, doi: 10.1.1.470.3577.

N. M. Isa, A. L. Bukar, T. C. Wei, and A. Marwanto, “Optimal Sizing of Hybrid Fuel Cell and PV

Ll — (A g RS alaiih) g antail) Gilad dpadll Lnand) — 3 jualaal) dagalst) bl jall 4l Adaal)
2025 :Adad) (] :amd) (3 salaall - E-ISSN:3005-5970



(Libyan Journal of Contemporary Academic Studies) 3_wabaall 41aaSY) il all 4l sl

Employing Hybrid PSO-GA,” in 2019 IEEE Conference on Energy Conversion (CENCON), IEEE, Oct.
2019, pp. 159-164. doi: 10.1109/CENCON47160.2019.8974742.

[10]  D. Santhakumar and S. Logeswari, “Efficient attribute selection technique for leukaemia prediction using
microarray gene data,” Soft Comput., vol. 24, no. 18, pp. 14265-14274, 2020, doi: 10.1007/s00500-020-
04793-z.

[11]  A. Elbaz and M. T. Giineser, “Optimal Sizing of a Renewable Energy Hybrid System in Libya Using
Integrated Crow and Particle Swarm Algorithms,” Adv. Sci. Technol. Eng. Syst. J., vol. 6, no. 1, pp. 264—
268, Jan. 2020, doi: 10.25046/aj060130.

[12]  P.O.M. A. Data-, “Renewable Energy Integration for Power Outage Mitigation : A Data-Driven Approach
in Advancing Grid Resilience Strategies,” 2023, doi: 10.20944/preprints202308.2119.v1.

[13]  A. Alsharifand A. A. Ahmed, “Whale Optimization Algorithm for Renewable Energy Sources Integration
Considering Solar-to- Vehicle Technology”.

[14] M. M. Samy, S. Barakat, and H. S. Ramadan, “A flower pollination optimization algorithm for an off-grid
PV-Fuel cell hybrid renewable system,” Int. J. Hydrogen Energy, vol. 44, no. 4, pp. 2141-2152, 2019,
doi: 10.1016/j.ijhydene.2018.05.127.

[15] Ahmed Moh A Al Smin, Alkbir Munir Faraj Almabrouk, Sairul Izwan Safie, Mohd Al Fatihhi Mohd Szali
Januddi, Mohd Fahmi Hussin, and Abdulgader Alsharif, “Enhancing solar hybrid system efficiency in
Libya through PSO &amp; flower pollination optimization,” Prog. Energy Environ., vol. 27, no. 1, pp.
23-31, Jan. 2024, doi: 10.37934/progee.27.1.2331.

[16] A. Alsharif, A. Salem, D. Alarga, and A. A. Ahmed, “Stochastic Method and Sensitivity Analysis
Assessments for Vehicle-to-Home Integration based on Renewable Energy Sources,” 2023 IEEE 3rd Int.
Maghreb Meet. Conf. Sci. Tech. Autom. Control Comput. Eng., no. May, pp. 783-787, 2023, doi:
10.1109/MI-STA57575.2023.10169210.

[17] J. Ahmad et al., “Techno economic analysis of a wind-photovoltaic-biomass hybrid renewable energy
system for rural electrification: A case study of Kallar Kahar,” Energy, vol. 148, pp. 208234, Apr. 2018,
doi: 10.1016/j.energy.2018.01.133.

[18]  A. Rahil, R. Gammon, N. Brown, J. Udie, and M. U. Mazhar, “Potential economic benefits of carbon
dioxide (CO2) reduction due to renewable energy and electrolytic hydrogen fuel deployment under current
and long term forecasting of the Social Carbon Cost (SCC),” Energy Reports, vol. 5, pp. 602—618, Nov.
2019, doi: 10.1016/j.egyr.2019.05.003.

[19] H. A.Zurqani, E. A. Mikhailova, C. J. Post, M. A. Schlautman, and A. R. Elhawej, “A Review of Libyan
Soil Databases for Use within an Ecosystem Services Framework,” Land, vol. 8, no. 5, p. 82, May 2019,
doi: 10.3390/1and8050082.

[20] N. A. Fadhil, M. Elmnifi, O. D. . Abdulrazig, and L. J. Habeeb, “Design and modeling of hybrid
photovoltaic micro-hydro power for Al-Bakur road lighting: A case study,” in Materials Today:
Proceedings, Elsevier Ltd, Nov. 2021, pp. 2851-2857. doi: 10.1016/j.matpr.2021.10.072.

[21]  H. Shamatah, S. Azouz, A. Khalil, and Z. Rajab, “The potential of the rooftop grid-connected PV systems
in Benghazi,” in 2017 IEEE Jordan Conference on Applied Electrical Engineering and Computing
Technologies (AEECT), IEEE, Oct. 2017, pp. 1-6. doi: 10.1109/AEECT.2017.8257778.

[22] poonam singh, M. Pandit, and L. Srivastava, “Multi-Objective Optimal Sizing of Hybrid Micro-Grid
System Using Pso-De-Fuzzy Technique,” SSRN Electron. J., vol. 269, no. November 2022, p. 126756,
2022, doi: 10.2139/ssrn.4041004.

Ll — (A g RS alaiih) g antail) Gilad dpadll Lnand) — 3 jualaal) dagalst) bl jall 4l Adaal)
2025 4l (] ;a3 ;aladdl - E-ISSN:3005-5970




