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ABSTRACT 
 The rapid growth of photovoltaic (PV) power 
generation has led to an increasing need for effective 
battery energy storage systems to address the 
intermittency and variability of PV output. This 
comprehensive review focuses on the optimization 
models used for battery sizing in photovoltaic power 
stations. It presents an in-depth analysis of various 
approaches, including mathematical programming, 
heuristic algorithms, and hybrid methods. The review 
examines the objective functions, constraints, and key 
parameters considered in these models. Additionally, it 
discusses the performance evaluation metrics and the 
impact of different factors such as load profiles, PV 
generation patterns, and cost structures on battery sizing 
decisions. The findings of this review provide valuable 
insights for researchers and practitioners aiming to 
optimize battery sizing in PV power stations to enhance 
system reliability and economic viability. 

Keywords: Photovoltaic (PV) Power Generation, Battery 
Sizing, Optimization Models, PV Generation Patterns, 
Economic Viability  

NONMENCLATURE 
Abbreviations 
 PV Photovoltaic 
BESS Battery energy storage system 
SOC State of charge 

DC/AC ratio Direct Current/Alternating Current 
ratio 

n The number of Year 
INV Inverter 

1. INTRODUCTION
The rapid growth of photovoltaic (PV) power

generation has led to an increasing need for effective 
battery energy storage systems to address the 

intermittency and variability of PV output. This 
comprehensive review focuses on the optimization 
models used for battery sizing in photovoltaic power 
stations. It presents an in-depth analysis of various 
approaches, including mathematical programming, 
heuristic algorithms, and hybrid methods. The review 
examines the objective functions, constraints, and key 
parameters considered in these models. Additionally, it 
discusses the performance evaluation metrics and the 
impact of different factors such as load profiles, PV 
generation patterns, and cost structures on battery sizing 
decisions.  

Based on Fig.1 and Fig.2, it can be inferred that the 
photovoltaic (PV) storage optimization model is primarily 
applied in significant areas of research within regions 
such as China, India, and Australia, focusing on fields like 
energy, engineering, and mathematics. Additionally, 
mathematical modeling and simulation are highlighted 
as crucial in energy conversion and energy storage 
processes, indicating the model's relevance in 
mathematical applications within the energy sector. 

Fig. 1 Research areas in recent years 
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Fig. 2 Fields of study in recent years 
The growing adoption of photovoltaic (PV) power 

stations as a sustainable source of energy has brought 
significant attention to efficient energy storage systems, 
particularly batteries, which play a critical role in 
balancing supply and demand. Battery sizing 
optimization is essential to enhance the economic 
viability, operational efficiency, and reliability of PV 
systems. This paper provides a comprehensive review of 
optimization models and methodologies for battery 
sizing in photovoltaic power stations. The review 
categorizes existing approaches into techno-economic 
optimization, reliability-focused models, and hybrid 
methodologies, and highlights key factors such as load 
demand, solar irradiance variability, battery 
characteristics, and market conditions. Furthermore, 
emerging trends, including machine learning techniques, 
multi-objective optimization, and the integration of 
hybrid energy systems, are discussed. This review aims 
to serve as a reference for researchers and practitioners 
seeking to develop advanced optimization models to 
improve battery sizing in PV power stations, ultimately 
contributing to the advancement of renewable energy 
systems. 

2. CONFIGURATION OF BATTERY ENERGY STORAGE
SYSTEM

2.1 Selection of energy storage technologies 

Among the various types of energy storage 
technologies available, lithium-ion batteries, lead-acid 
batteries, and emerging technologies such as redox flow 
batteries, sodium-sulfur batteries, and zinc-hybrid 
cathode batteries have been extensively studied. The 
economic feasibility of ba1ery energy storage 
systems, including lithium-ion and lead-acid 
ba1eries, has been evaluated for commercial 
consumers looking to replace peak power plants under 
energy time-of-use tariffs 1,2. Hybrid energy storage 
systems combining lithium-ion and lithium-sulfur battery 
modules have been proposed to enhance specific energy 
and power capabilities. These systems utilize Gallium 

Nitride-based DC-DC converters to link the battery 
modules efficiently 3. Research efforts continue to focus 
on improving the performance, cost-effectiveness, and 
safety of various energy storage technologies to facilitate 
their widespread adoption in different applications4 . 

2.2 Control strategy of BESS 

The control strategy of battery energy storage 
systems plays a crucial role in various applications such 
as peak shaving, load shifting, frequency regulation, and 
voltage support. Reddy et al. (2020) utilized an Adaptive 
Neuro-Fuzzy Inference System (ANFIS) to prioritize and 
manage load flattening and voltage regulation in 
residential distribution networks, enhancing grid 
stability5. Li et al. (2021) proposed a virtual 
synchronization control strategy for integrating optical 
storage with BESS6. This approach is effective in 
mitigating output fluctuations and providing the 
necessary synchronous support for grid stability. Recent 
studies have made significant strides in enhancing BESS 
control and operation within distribution networks 
abundant with renewable energy. A multi-objective 
control strategy optimizes BESS for both benefit 
maximization and safe operation7. A composite BESS, 
combining hydrogen/bromine redox flow batteries and 
supercapacitors, addresses pulse power regulation in 
grid-tied PV systems. State-space modeling has been 
utilized to develop load frequency control strategies, 
coordinating wind turbines, HVDC, ESS, and synchronous 
generators for improved frequency regulation8. These 
advancements collectively bolster BESS role in 
renewable energy integration and grid stability. 

2.3 Optimization constraints 

The energy storage optimization model's constraints 
are categorized into internal and external factors (Fig.3). 
Internal constraints include energy balance to prevent 
loss, energy capacity which is the maximum energy the 
battery can store, state of charge indicating current 
battery charge level, and battery lifetime concerning its 
operational lifespan. External constraints encompass 
power constraints affecting rapid charge/discharge 
capabilities, grid load demand aligning battery operation 
with electricity needs, economic constraints considering 
operational costs and benefits, and emission constraints 
to limit environmental impact, particularly greenhouse 
gas emissions. These constraints ensure the battery 
operates efficiently, meets performance needs, and 
aligns with economic and environmental sustainability 
goals. 
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Fig. 3 Battery optimization constraints 

3. OPTIMIZATION METHODS 

3.1 Mathematical Programming Methods 

Mathematical programming methods play a crucial 
role in optimizing battery sizing in PV stations. 
(Mirhoseini et. al., 2020) utilized convex methods for 
economic battery sizing and power dispatch in a grid-
connected charging station9. (Sayfutdinov et. al., 2020) 
employed the Alternating Direction Method of 
Multipliers for optimal siting, sizing, and technology 
selection of Li-ion battery storage10. (Achiluzzi et. al., 
2020) proposed a stochastic mixed integer linear 
programming formulation for optimal asset planning for 
prosumers with energy storage and PV units11. (Chen et. 
al., 2021) introduced a two-layer model for optimal 
scheduling of FTPSS with PV and HESS, considering the 
online degradation of battery capacity12. (Taslimi et. al., 
2021) optimized an off-grid solar-based energy system 
for a Conex using mixed-integer linear programming 
techniques13. These studies highlight the importance of 
mathematical programming methods in determining the 
optimal battery sizing for PV stations, considering various 
factors such as economic feasibility, energy indicators, 
and profit maximization. 

3.2 Heuristic and Metaheuristic Algorithms 

The optimization of battery sizing in photovoltaic 
(PV) systems has been a topic of interest in recent 
literature. (Maleki et. al., 2020) utilized the Harmony 
Search Optimization algorithm for the optimum sizing of 
hybrid solar schemes with battery storage units14. 
(Ashtiani et. al., 2020) conducted a techno-economic 
analysis of a grid-connected PV/battery system using the 
Teaching-learning-based Optimization Algorithm15. 
(Arfeen et. al., 2021) provided a comprehensive review 
of modern trends in optimization techniques applied to 

hybrid microgrid systems, categorizing metaheuristic 
algorithms into evolutionary, swarm intelligence, 
physics, and human intelligence-based algorithms16. 
(Kharrich et. al., 2021) proposed a new IWO/BSA 
algorithm for the economic and ecological design of 
hybrid renewable energy systems, focusing on 
minimizing the net present cost and considering various 
operating constraints17. (Ridha et. al., 2020) proposed a 
multi-objective particle swarm optimization (MOPSO) 
method for sizing standalone photovoltaic systems, 
optimizing the number of PV modules and storage 
batteries18. (Gerlach et. al., 2021) developed an energy 
management system for autonomous PV hybrid systems 
using a fuzzy logic approach combined with 
metaheuristic particle swarm optimization19. (Abdel-
Mawgoud et. al., 2021) applied the Archimedes 
optimization algorithm to determine the optimal size of 
PVs and battery energy storage systems in distribution 
networks, reducing energy losses significantly20. 
(Eltamaly, 2021) introduced a Musical Chairs Algorithm 
for maximum power point tracking (MPPT) in PV 
systems21. (Diab et. al., 2022) optimized the sizing of 
stand-alone microgrids with PV plants, fuel cells, and 
battery storage systems, considering a real case study in 
Egypt22. Overall, the literature highlights the use of 
various heuristic and metaheuristic algorithms for 
battery sizing in PV systems, aiming to optimize system 
performance, reduce costs, and enhance reliability. 

3.3 Multi-Objective Optimization 

The optimization of battery sizing in PV power 
stations is a crucial aspect of ensuring efficient energy 
storage and utilization. Various optimization methods 
have been explored in recent research to address this 
issue. (Hussain et. al., 2020) proposed a two-step 
approach involving optimality analysis and performance 
evaluation using cost and power indices23. (Wu et. al., 
2020) proposed a double-layer optimization method for 
BESS sizing analysis in fast-charge stations, utilizing 
genetic algorithms for optimal solutions24. Consider a 
variety of renewable energy sources, energy storage 
systems, and demand-side management to find the best 
solution for energy storage configuration under 
uncertain conditions25. (Oton et. al., 2020) focused on 
optimal sizing of a DC microgrid for a rural base 
transceiver station, emphasizing sustainability and 
environmental impact mitigation26. Similarly, (Bukar et. 
al., 2020) developed a methodology to optimize the size 
of ESS, PV, and diesel generator in a ship power system 
to minimize CO2 emissions and costs.27 In addition, the 
flexibility and anti-risk ability of the system can be 



4 

effectively balanced by designing a two-stage 
optimization method, that is, the optimal size of the 
system is determined in the first stage, and the optimal 
operation strategy is determined in the second stage28. 
These methods offer valuable insights into improving 
energy efficiency and storage capacity in renewable 
energy systems. 

4. EVALUATION METHODS 
The optimal configuration of batteries in a 

photovoltaic (PV) station is crucial for maximizing energy 
efficiency and ensuring reliable power supply. Various 
studies have focused on evaluating different methods for 
determining the optimal battery configuration in PV 
systems. (Masih et. al., 2020) also presented an 
optimization and reliability analysis of hybrid solar-wind 
energy systems using a grasshopper optimization 
algorithm (GOA) for selecting the optimal energy system 
configuration29. Furthermore, (Ryu et. al., 2020) 
investigated the evaluation of business continuity for a 
grid-connected microgrid with a photovoltaic system and 
Battery Energy Storage System (BESS), emphasizing the 
importance of BESS operation planning during power 
outages30. (Hou et. al., 2020) focused on the optimal 
capacity configuration of a wind-photovoltaic-storage 
hybrid power system, highlighting the significance of 
gravity energy storage systems31. Additionally, (Peng et. 
al., 2021) conducted research on optimal configuration 
with capacity analysis of PV-plus-BESS for behind-the-
meter applications, demonstrating the importance of 
considering load demand and electricity prices in 
determining PV system and BESS capacities32. (Pei et. al., 
2021) also emphasized the importance of considering 
battery characteristics when configuring energy storage 
for photovoltaic power stations33. Overall, these studies 
underscore the importance of evaluating different 
methods for determining the optimal battery 
configuration in PV stations to enhance energy 
efficiency, reliability, and cost-effectiveness in 
renewable energy systems. 

5. DISCUSSION  

This review has underscored the critical role of 
battery energy storage systems in mitigating the 
intermittency and variability inherent in photovoltaic 
(PV) power generation. The exploration of optimization 
models for battery sizing in large PV power stations has 
revealed a diverse landscape of methodologies, each 
with its strengths and applications. Techno-economic 
optimization models have been instrumental in ensuring 
that battery systems are not only technically feasible but 

also economically viable. Reliability-focused models have 
highlighted the importance of battery systems in 
maintaining grid stability and power quality. Hybrid 
methodologies, which combine the precision of 
mathematical programming with the flexibility of 
heuristic algorithms, have emerged as a powerful tool for 
addressing complex, multi-objective optimization 
challenges. 

The review has also brought to light the significance 
of performance evaluation metrics in assessing the 
effectiveness of battery sizing. Factors such as load 
profiles, PV generation patterns, and cost structures 
have been identified as pivotal in influencing battery 
sizing decisions. The impact of these factors has been 
analyzed across various models, demonstrating their 
crucial role in the optimization process. Emerging trends, 
including the integration of machine learning techniques 
and multi-objective optimization, have shown promise in 
further enhancing the accuracy and efficiency of battery 
sizing. The integration of hybrid energy systems, which 
combine PV with other renewable sources, presents new 
opportunities and challenges for optimization models. 

6. CONCLUSIONS 

The optimization of battery sizing in photovoltaic 
power stations is a multifaceted challenge that requires 
a nuanced approach. This review has provided a 
comprehensive overview of the current state of the art 
in optimization models, emphasizing the need for a 
holistic consideration of technical, economic, and 
reliability factors. The categorization of existing 
approaches into techno-economic, reliability-focused, 
and hybrid methodologies offers a structured framework 
for understanding and advancing the field. 

The review has also highlighted the potential of 
emerging trends to further refine battery sizing 
optimization. Machine learning techniques offer new 
avenues for predicting PV output and load demand with 
greater accuracy, while multi-objective optimization 
frameworks allow for a more balanced consideration of 
competing objectives. The integration of hybrid energy 
systems will likely become increasingly important as the 
renewable energy sector continues to evolve. As the 
renewable energy sector continues to grow, the insights 
and methodologies discussed in this review will play a 
critical role in shaping the future of sustainable energy 
storage solutions. 
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