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Abstract. Battery technologies play a crucial role in energy storage for a 

wide range of applications, including portable electronics, electric vehicles, 

and renewable energy systems. This comprehensive article examines and 

compares various types of batteries used for energy storage, such as lithium-

ion batteries, lead-acid batteries, flow batteries, and sodium-ion batteries. 

Detailed discussions on their characteristics, advantages, limitations, recent 

advancements, and key performance metrics provide valuable insights into 

the selection and implementation of these battery technologies for diverse 

energy storage needs. The article also includes a comparative analysis with 

concrete numbers and tables, showcasing energy density, cycle life, self-

discharge rates, temperature sensitivity, and cost. By exploring the latest 

literature and research in battery technologies, this article aims to provide 

stakeholders with up-to-date information for making informed decisions 

regarding the adoption of battery technologies in energy storage systems. 

1 Introduction 

In an age where the pursuit of sustainable energy solutions is paramount, the evolution of 

battery technology stands at the forefront of scientific and technological innovation. This 

article provides a thorough examination and comparison of four popular battery types used 

for energy storage: lithium-ion batteries (Li-ion) [1], lead-acid batteries [3], flow batteries 

[4], and sodium-ion batteries [5]. The purpose is to equip scientists, engineers, and industry 

stakeholders with a profound understanding of these cutting-edge technologies, enabling 

them to make informed decisions and contribute to the advancement of energy storage 

systems. 

Energy storage is a linchpin in our efforts to harness renewable energy, reduce greenhouse 

gas emissions, and ensure a resilient power infrastructure. As we face the ongoing global 

challenge of transitioning to sustainable energy sources, it is imperative to explore and 

scrutinize the intricacies of battery technologies that underpin this transformation. 

                                                 

* Corresponding author: diorbekxoshimov1757@mail.ru 

 
 

 

, 05034 (2024)BIO Web of Conferences

AQUACULTURE 2023
https://doi.org/10.1051/bioconf/20248405034 84

  © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative
Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/). 

RETRACTED

mailto:diorbekxoshimov1757@mail.ru


Lithium-ion batteries, renowned for their high energy density and ubiquitous presence in 

portable electronics and electric vehicles, have set the standard for energy storage solutions. 

However, to paint a comprehensive picture, we delve into the lesser-discussed but equally 

promising technologies that have earned their own niches in the field [1]. 

Lead-acid batteries, with their enduring legacy in automotive applications and grid 

storage, continue to offer robust and cost-effective solutions. Recent advancements have 

rejuvenated their potential, propelling them back into the limelight. 

Flow batteries, celebrated for their versatility and scalability in large-scale energy storage 

and grid applications, represent a paradigm shift in the way we think about energy storage 

systems. Their remarkable capacity to store and discharge energy efficiently, paired with 

their extended cycle life, makes them a captivating area of study. 

Lastly, sodium-ion batteries, the newcomers to the scene, bring the promise of sustainable 

and eco-friendly energy storage with their utilization of sodium-based materials. While still 

undergoing intensive research and development, they offer a glimpse into the potential future 

of energy storage solutions. 

In this scientific journey, we aim to dissect these technologies at the molecular and 

engineering levels, scrutinizing their electrochemical mechanisms, materials, and 

performance characteristics. By understanding these intricacies, we empower researchers and 

engineers to make strides in optimizing existing technologies and explore uncharted territory 

in the realm of energy storage. 

This scientific article stands as a testament to the importance of advancing energy storage 

technology, not only for the sake of scientific curiosity but for the betterment of our global 

energy landscape. Join us as we embark on a scientific exploration into the heart of these 

cutting-edge innovations and unveil the secrets to a more sustainable energy future. 

1. Lithium-Ion Batteries:  

Lithium-ion (Li-ion) batteries have transformed the portable electronics and electric car 

sectors. Lithium compounds are used as active components in both the cathode and anode of 

these batteries. Li-ion batteries have several benefits, including high energy density, long 

cycle life, and low self-discharge rates [1]. They provide quick charging speeds, strong power 

output, and good energy efficiency. Li-ion batteries, on the other hand, are temperature-

sensitive and require complex safety systems to prevent thermal runaway. Li-ion battery 

technological developments have resulted in energy densities reaching 250 Wh/kg and cycle 

lifetimes exceeding 10000 cycles [2]. 

2. Lead-Acid Batteries: 

Lead-acid batteries have long been utilized in vehicle starting systems, uninterruptible 

power supply (UPS), and stationary energy storage. Lead and lead oxide electrodes are 

submerged in a sulfuric acid electrolyte solution in these batteries. Lead-acid batteries have 

several advantages, including low cost, dependability, and high surge current capability [3]. 

They do, however, have disadvantages like limited cycle life, poorer energy density when 

compared to other technologies, and the need for routine maintenance. Recent advancements 

in cycle life have resulted in lead-acid batteries with cycle lifetimes exceeding 500 cycles 

[7]. 

3. Flow Batteries:  

Flow batteries store energy in external tanks that hold electrolyte solutions. They are 

made up of two electrolyte fluxes that are separated by a membrane. During operation, 

electrolytes are pumped through electrochemical cells, which generate electricity via redox 

reactions. Flow batteries provide several advantages, including expandable capacity, high 

cycle life, and quick reaction times [4]. They are especially well-suited to large-scale energy 

storage and grid-level applications. Flow batteries, on the other hand, have poorer energy 

density than other technologies, need bigger footprints, and require complicated system 
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design. Recent advances in flow battery technology have resulted in energy densities of more 

than 30 Wh/L and cycle lifetimes of more than 5000 cycles [8]. 

4. Nickel-Cadmium (NiCd) Batteries: 

NiCd batteries have been widely employed in a variety of applications, including portable 

devices, cordless power tools, and emergency backup systems. NiCd batteries have a wide 

working temperature range, a strong performance in severe environments, a high tolerance 

to overcharging and deep draining, and a long cycle life [12]. 

However, NiCd batteries have limitations, including a "memory effect" that can degrade 

capacity with repeated partial discharges. They also contain poisonous cadmium, which is 

harmful to the environment and necessitates suitable recycling and disposal procedures 

[12][14]. 

5.Nickel-Metal Hydride (NiMH) Batteries: 

Nickel-metal hydride (NiMH) batteries are a better option than NiCd batteries in terms of 

energy density and environmental effect. NiMH batteries are more ecologically benign since 

they employ a hydrogen-absorbing alloy in the negative electrode rather than poisonous 

cadmium [12]. 

When compared to NiCd batteries, NiMH batteries have better energy density, longer 

cycle life, and a lower danger of memory effect. They do, however, exhibit faster self-

discharge rates and are more sensitive to high temperatures [12][15]. 

The following table provides a comprehensive comparison of the four battery 

technologies discussed, highlighting key characteristics and recent data: 

Table 1 shows a comparison of different types of Battery Technologies. 

Table 1. A comparison of different types of Battery Technologies. 

Specifications Li-ion   NaS Flow 

Batteries 

NiCd  Lead Acid NiMH 

Energy density 

(Wh/kg) 

150-250 

 

125-150 60-80 40-60 30-50 75-80 

Round trip 

efficiency (%) 

95 75-85 70-75 60-80 60-70 60-70 

Life span years 10-15 10-15 5-10 10-15 3-6 10-15 

Eco-

friendliness 

Yes  No No No No No 

Cycle life  80% 

DoD) 

10,000 3,000 1,000 300-500 1000-

10,000 

1000-5000 

Charge time 4-10 h 8-16h 1-2h 2-4h 2-3h 2-3h 

Overcharge 

tolerance 

High High Moderate Low High Low 

Self. discharge/ 

month (room-

temp) 

10-15% 5% 20% 30% <5% 30% 

Operating 

temperature 

-20 to 

60°C 

 -20 to 

50°C 

-40 to 

60°C 

-20 to 60°C -30 to 70°C 

In use since 1970 Late 

1800s 

1950 1990 1991 1970 

Coulombic 

efficiency  

95%-

99% 

-90% -70% slow charge 

-90% fast charge 

90-97%  
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2 Conclusion 

Battery technologies remain at the forefront of delivering efficient and enduring energy 

storage solutions across a diverse range of sectors. A profound understanding of the 

attributes, advantages, limitations, and recent advancements in various battery types is 

pivotal in selecting the most suitable technology for specific energy storage requirements. 

While lithium-ion batteries maintain a dominant presence in the market, lead-acid batteries 

continue to excel in certain applications. Flow batteries and sodium-ion batteries hold great 

promise for large-scale energy storage, with ongoing research and development efforts 

focused on enhancing their performance and addressing critical challenges. Staying abreast 

of the latest breakthroughs in battery technology enables stakeholders to contribute to the 

transition towards sustainable energy and the realization of effective energy storage 

solutions. 
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