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Abstract 

In the pursuit of sustainable energy solutions, sodium-ion batteries stand as 

a promising alternative to conventional lithium-ion counterparts. This paper 

explores the transformative potential of sodium-ion technology, driven by 

innovative advancements in battery design. 

 

Through a comprehensive feasibility study, we aim to enhance sodium-ion 

batteries by integrating a novel non-conductive material into their 

separators. This breakthrough approach addresses critical challenges in 

energy density and lifespan, propelling sodium-ion batteries to the forefront 

of sustainable energy solutions. 

 

Drawing from the versatility of advanced polymers and phase change 

materials, we envision a future where sodium-ion batteries rival the 

performance of lithium-ion counterparts. With precision engineering and 

technological innovation, we pave the way for a greener, more sustainable 

tomorrow. 

 

This paper embodies the spirit of progress and innovation, offering a 

glimpse into a future powered by sodium-ion technology. Join us in 

shaping a world where sustainable energy is within reach. 

 

 

 

 



4 
 

 

 

Introduction 

2.1 Definition 

Sodium-ion batteries represent 

a pivotal advancement in the 

realm of rechargeable battery 

technology, offering a 

promising alternative to 

conventional lithium-ion counterparts. At their core, sodium-ion batteries 

operate on a similar principle to lithium-ion batteries. However, what sets 

sodium-ion batteries apart is their utilization of sodium ions as the primary 

charge carriers, as opposed to lithium ions. 

 

This distinction is significant for several reasons. Firstly, sodium, unlike 

lithium, is abundantly available in the Earth's crust, making it a more 

accessible and sustainable resource for battery production. This abundance 

translates to potentially lower material costs, a crucial factor in scaling up 

battery manufacturing for large-scale applications such as grid storage and 

electric vehicles. Additionally, sodium extraction processes are generally 

less environmentally invasive compared to lithium mining, aligning with 

global efforts towards environmental sustainability and resource 

conservation. 

 

The rise of sodium-ion batteries is propelled by their inherent advantages 

over traditional lithium-ion batteries. Beyond their environmental benefits, 
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sodium-ion batteries offer a compelling blend of sustainability and cost-

effectiveness, making them increasingly attractive for various energy 

storage applications. Their potential to rival or even surpass the 

performance of lithium-ion batteries, particularly in terms of energy density 

and cycle life, underscores their significance in shaping the future of 

energy storage solutions. 

 

Furthermore, ongoing research and development initiatives continue to 

drive innovation in sodium-ion battery technology, addressing existing 

limitations and unlocking new opportunities for improvement. From 

advancements in electrode materials and electrolyte compositions to novel 

manufacturing techniques, the evolution of sodium-ion batteries is 

characterized by a relentless pursuit of efficiency, reliability, and 

scalability. 

 

As sodium-ion batteries mature and become more commercially viable, 

they hold the promise of revolutionizing the energy landscape, ushering in 

a new era of sustainable and cost-effective energy storage solutions. With 

each breakthrough in sodium-ion battery technology, we move closer to 

realizing a future where clean, renewable energy is accessible to all, driving 

positive environmental and socioeconomic change on a global scale. 
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2.2 Comparison between Sodium-Ion Battery and Lithium-Ion Battery 

 Sodium-Ion Battery Lithium-Ion Battery 

Energy Density (165-200) Wh/kg (200-260) Wh/kg 

Maximum Discharge 

Current 

0.5C-1C 1C-3C 

Maximum Charge 

Current 

0.5C-1C 1C-3C 

Number of Cycles 

(Cycle Life) 

(2000-5000+) cycles (500-1000) cycles 

Self-Discharge Rate 2-3%/Month 1-2%/Month 

DOD 40%-80% 80-90% 

Stability In current 

and voltage 

less stable More stable 

Price $40-$77/(kWh) $100-$150/(kWh) 

Temperature range -20°C to 60°C Charging: 0°C to 45°C 

Discharging: -20°C to 60°C 
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2.3 Price of Sodium-Ion battery over the years 

 

From 2015 to now, sodium-ion batteries have become more wallet-friendly, 

and it's pretty fascinating why. First, there's been a tech revolution in how 

these batteries are made. Also, as more people and companies started using 

them, production ramped up, which usually makes things cheaper. Then, 

there's been a lot of competition heating up among manufacturers. Plus, 

sodium's a lot easier to get than lithium, keeping raw material costs down. 

Lastly, governments are throwing their weight behind cleaner energy. 
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4.1 Charge and discharge of Sodium-Ion battery 

 

2.4 Method of operation 

A sodium-ion battery stores and releases energy by moving sodium atoms 

back and forth between two electrodes. The electrodes are the parts that 

connect to the circuit and allow the electricity to flow. The sodium atoms 

loose or gain electrons when they move between the electrodes, creating an 

electric current. The electrolyte is the liquid or solid substance that fills the 

space between the electrodes and helps the sodium atoms move. 

 

When you charge a sodium-ion battery, you use an external power source 

to push the sodium atoms from cathode to anode. The sodium atoms leave 

behind some of their electrons at the cathode, making it more positive. The 

electrons travel through the external circuit to the anode, where they join 

the sodium atoms, making it more negative. The battery stores energy by 

accumulating sodium atoms and electrons at the anode. 
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When you discharge a sodium-ion battery, you use the stored energy to 

power a device. The sodium atoms at the anode release some of their 

electrons, making it less negative. The electrons travel through the external 

circuit to the cathode, where they join the sodium atoms, making it less 

positive. The sodium atoms move from the anode to the cathode through 

the electrolyte, completing the circuit. The battery releases energy by 

reducing the amount of sodium atoms and electrons at the anode. 

 

2.5 Sodium-Ion Battery components: 

1.Anode (Negative Electrode): The anode is often made of materials that 

can reversibly store sodium ions, Common materials include carbon-based 

materials (like hard carbons), alloys, and various metal oxides. 

2. Cathode (Positive Electrode): The cathode is crucial for the battery's 

energy capacity and determines the voltage. Cathode materials for sodium-

ion batteries include layered oxides (such as NaxMO2, where M can be 

cobalt, manganese, nickel), polyanionic compounds (like phosphates and 

sulfates), and Prussian blue analogs. 

3. Electrolyte: The electrolyte facilitates the movement of sodium ions 

between the anode and cathode during charging and discharging, Common 

electrolytes are liquid and comprise sodium salts (such as NaPF6 or 

NaClO4) dissolved in organic solvents like ethylene carbonate or diethyl 

carbonate. 
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4. Separator: The separator is a porous membrane that physically separates 

the anode and cathode while allowing sodium ions to pass through. It must 

be chemically stable and resist degradation in the battery environment. 

5. Current Collectors: These are conductive materials that collect 

electrons generated at the anode and cathode. Aluminium is commonly 

used for the cathode side, while copper is used for the anode. 

6. Battery Casing and Additional Components: The casing is usually 

made of metal or plastic, designed to be lightweight yet strong enough to 

protect the internal components. 

 

Problem Statement 

Despite the growing popularity and efficiency of lithium-ion batteries, their 

reliance on lithium, a relatively scarce resource, raises concerns about long-

term sustainability and cost. Moreover, the environmental impact of lithium 

mining and processing cannot be overlooked. Sodium-ion batteries, with 

their use of abundant and environmentally benign sodium, offer a solution. 

However, challenges in energy density, lifespan, and performance stability 

under varying temperatures pose significant hurdles in their development 

and widespread adoption. 
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Feasibility Study 

4.1 Technical Feasibility: 

This project embarks on a thorough technical feasibility study aimed at 

enhancing the energy density and reducing the time of no-load discharge of 

sodium-ion batteries. Our goal is to bring sodium-ion batteries to a level 

comparable to current lithium-ion batteries in terms of performance. By 

delving into the intricacies of battery design and composition, we seek to 

unlock innovative solutions that optimize the efficiency and reliability of 

sodium-ion technology. Through rigorous experimentation and analysis, we 

aim to address key technical challenges, paving the way for the widespread 

adoption of sodium-ion batteries in various applications. 

 

4.2 Economic Feasibility: 

In addition to technical considerations, this project examines the economic 

feasibility of sodium-ion battery technology. Despite the abundance of 

sodium, ensuring cost-competitiveness remains a critical challenge. We 

recognize the potential cost benefits stemming from the availability of 

sodium as a raw material. However, realizing these benefits requires 

strategic optimization of manufacturing processes. By streamlining 

production methods and minimizing overhead costs, we aim to make 

sodium-ion battery technology economically viable on a large scale. This 

entails a holistic approach that balances material costs with production 

efficiency to drive down overall technology costs. 
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4.3 Cultural Feasibility: 

Beyond technical and economic aspects, this project acknowledges the 

importance of cultural feasibility in the adoption of sodium-ion technology. 

We recognize that market resistance may exist, particularly in regions 

heavily reliant on lithium-ion batteries. Thus, cultural feasibility entails 

understanding and addressing socio-cultural factors that influence 

technology adoption. Through market research and stakeholder 

engagement, we aim to identify potential barriers to adoption and devise 

strategies to overcome them. By promoting awareness and acceptance of 

sodium-ion technology, especially in regions where cultural norms may 

favour alternative technologies, we strive to foster a cultural shift towards 

sustainable energy solutions. 

 

Plan 

The innovative step of integrating a non-conductive material into the 

separator of sodium-ion batteries is a forward-thinking strategy. This 

design adjustment aims to tackle the issue of no-load discharge time, a 

common challenge in battery technology. By enhancing the separator's 

properties, the battery is expected to retain its charge more efficiently when 

not in use, thus improving its overall reliability and lifespan. This 

advancement could mark a substantial improvement in sodium-ion battery 

technology, potentially expanding its applicability in various fields where 

energy efficiency and durability are paramount. 
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   5.1 work Breakdown Structure: 

Impact of Adding a Non-Conductor Material in the Separator: 

1. Reduced Self-Discharge Rate: Self-discharge in batteries occurs 

due to unwanted chemical reactions within the battery, even when 

not in use. By integrating a non-conductive layer within the separator 

when the battery is inactive, it may help further isolate the electrodes 

from each other. This could potentially reduce the likelihood of 

parasitic reactions between the anode and cathode. 

2. Improved Safety: This addition could also enhance the safety of the 

battery. In case of any internal short-circuit risk, the non-conductive 

layer would act as an additional barrier. 

 

Non-Conductor Material: 

For the role of a removable, non-conductive layer in a sodium-ion battery, 

two promising materials are advanced polymers and phase change 

materials (PCMs). Here's why these two stand out: 

1. Advanced Polymers:  

   - Removability and Flexibility: Advanced polymers, especially those that 

are electro-responsive or temperature-responsive, can be engineered to 

change their properties under certain conditions. For instance, a polymer 

that's non-conductive at room temperature but becomes conductive when 

the battery is in use (i.e., when a certain voltage is applied or a specific 

temperature is reached) would be ideal. This feature makes them 

effectively "removable" without the need for physical extraction. 

   - Compatibility and Safety: Polymers like polyethylene (PE) or 

polypropylene (PP) are already widely used in battery separators, implying 
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good chemical compatibility with battery components. They are also 

relatively safe and stable, reducing the risk of unwanted chemical reactions. 

   - Manufacturability: The production process of such polymers can often 

be integrated into existing manufacturing processes for batteries, making 

them a practical choice from an industrial perspective. 

 

2. Phase Change Materials (PCMs): 

   - Thermally Activated Removability: PCMs can change their state (from 

solid to liquid or vice versa) at specific temperatures. In a battery, a PCM 

could be solid (and non-conductive) at room temperature, effectively 

serving as a barrier. When the battery is operational and its temperature 

increases slightly, the PCM could become liquid (or soft enough to allow 

ion flow), effectively "removing" the barrier. 

   - Additional Benefits: Beyond their role as a removable barrier, PCMs 

can aid in thermal management of the battery. They can absorb and release 

heat during their phase change, potentially improving battery performance 

and safety under varying operational conditions. 

   - Customization: PCMs can be engineered to change phase at precisely 

the temperatures relevant to battery operation, allowing for customization 

to specific battery designs and use-cases. 
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The process of incorporating advanced polymers into the separators of 

sodium-ion batteries is a nuanced procedure aimed at enhancing the 

battery's safety and efficiency. Typically, this involves applying a thin layer 

of the non-conductive polymer onto the separator material. This coating 

acts as an additional barrier to prevent electrical shorts, while still allowing 

sodium ions to pass through during the battery's charge and discharge 

cycles. The polymers are chosen for their chemical stability, mechanical 

strength, and thermal resistance, ensuring they can withstand the 

operational conditions inside the battery. The application process must be 

precise to ensure uniform coverage without compromising the separator's 

ion conductivity. This advancement in separator technology is pivotal for 

improving battery life and performance. 

In the manufacturing of sodium-ion batteries, the non-conductive material 

is usually applied as a coating on the surface of the separator. This coating 

enhances the separator's ability to prevent direct electrical contact between 

the electrodes while still allowing ion transfer. The goal is to improve the 

overall safety and efficiency of the battery, particularly in preventing short 

circuits and improving thermal stability. 
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   5.2 Gant Chart 
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5.3 Risk analysis: 

1.Technical challenges: Potential complications in integrating the non-

conductive material into the battery separator may affect battery 

performance. 

2.Economic risks: Unexpected increases in manufacturing costs or supply 

chain disruptions could impact cost-effectiveness. 

3.Market resistance: Overcoming consumer preferences for lithium-ion 

batteries and fostering acceptance of sodium-ion technology may prove 

challenging. 

4.Stakeholder engagement: Active involvement of policymakers, industry 

experts, and end-users is crucial for addressing concerns and building trust. 

5.Testing and monitoring: Rigorous testing and continuous monitoring of 

manufacturing processes are essential to mitigate risks effectively. 

6.Proactive approach: By staying vigilant and responsive to emerging 

challenges, we can enhance the likelihood of success in developing 

sodium-ion battery technology. 
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Objectives 

The project is guided by two primary objectives: 

1. Enhance sodium-ion batteries by adding a special non-conductive 

material to separators, aiming to boost their charge retention and 

durability. 

2. To develop a sodium-ion battery with an energy density that rivals 

current lithium-ion batteries, ensuring a balance between performance and 

sustainability. 

Literature review  

The concept of using sodium ions in batteries has been explored by 

scientists for decades. In the 1980s, Dr. Michael M. Thackeray and his 

team at the Argonne National Laboratory in the United States made 

significant strides in developing sodium-ion battery technology. Their 

pioneering work laid the foundation for further research and advancements 

in this field, shaping the trajectory of sustainable energy solutions. 

 

Studies conducted by researchers at the Massachusetts Institute of 

Technology (MIT) and the University of Cambridge delve into the 

challenges facing sodium-ion battery technology, including energy density, 

cycle life, and performance stability. Recent innovations, such as novel 

electrode materials and electrolyte compositions, as evidenced in research 

from 2018 to 2020, showcase the dynamism of sodium-ion battery research 

in addressing these hurdles. 
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Researchers at the University of California, Berkeley, and the Technical 

University of Munich explore advancements in manufacturing processes 

and battery design to enhance the commercial viability of sodium-ion 

batteries. From scalable production methods to innovative electrode 

configurations, studies spanning from 2017 to 2021 demonstrate efforts to 

bridge the gap between laboratory innovation and real-world application. 

 

Studies by policy researchers and economists highlight the importance of 

socio-economic factors in shaping the trajectory of sodium-ion battery 

technology. Government initiatives, market dynamics, and public 

perception, as discussed in literature from 2016 to 2022, play pivotal roles 

in driving innovation and fostering widespread adoption. 

 

In recent years, Tesla, known for its innovative approach to electric 

vehicles and energy storage systems, has shown interest in sodium-ion 

batteries as part of its broader strategy to diversify battery chemistries and 

improve energy storage performance. Similarly, Panasonic, a key supplier 

of lithium-ion batteries for electric vehicles and consumer electronics, has 

initiated research projects exploring sodium-ion battery technology as a 

potential alternative to lithium-ion. 

 

Chinese electric vehicle manufacturer BYD (Build Your Dreams) has also 

made significant investments in sodium-ion battery research and 

production. With a focus on sustainable transportation solutions, BYD aims 

to leverage sodium-ion batteries to enhance the affordability and 

accessibility of electric vehicles, particularly in emerging markets where 

lithium resources may be limited or expensive. 
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Methodology 

Rising Costs of Lithium-Ion Batteries: Lithium-ion batteries, while 

widely used, are becoming increasingly expensive over time. This trend 

raises concerns about their long-term affordability and sustainability. 

 

Quest for a Sustainable Alternative: To address the rising costs and 

environmental impact of lithium-ion batteries, there's a pressing need to 

explore alternatives that are both cost-effective and environmentally 

friendly. 

 

Enter Sodium-Ion Batteries: Sodium-ion batteries emerge as a promising 

candidate due to the abundance of sodium and its environmentally benign 

nature. However, these batteries require enhancements to match the 

performance of lithium-ion counterparts. 

 

Focus on Improvement: This paper focuses on addressing the limitations 

of sodium-ion batteries, particularly in reducing their time of no-load 

discharge. By introducing a Non-Conductive Material into the separator, 

we aim to mitigate this issue while enhancing the overall properties of 

sodium-ion batteries. 

 

Efficiency and Effectiveness: The proposed method aims to make sodium-

ion batteries more efficient and reliable, ensuring they meet the demanding 

requirements of various applications. Through this approach, we strive to 

accelerate the adoption of sodium-ion battery technology, contributing to a 

more sustainable future. 
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Implementation 

Our ongoing endeavors to incorporate a non-conductive material into the 

separators of sodium-ion batteries represent a pivotal step towards 

revolutionizing sustainable energy storage. By tackling the challenges 

associated with no-load discharge and enhancing the overall performance 

of these batteries, we are poised to make significant strides in sodium-ion 

battery technology. This innovative approach not only promises to 

overcome critical obstacles in energy storage but also offers a pathway 

towards a more eco-friendly and economically viable alternative to 

conventional lithium-ion batteries. 

 

Envisioning a future where sodium-ion batteries serve as a cornerstone of 

energy solutions, powering electric vehicles, grid-scale storage systems, 

and beyond, our research underscores the importance of collaborative 

efforts and relentless exploration. By leveraging the collective expertise of 

researchers, industry partners, and policymakers, we are driving forward 

the transition towards a cleaner and more sustainable energy landscape. 

This journey towards innovation holds profound implications for both 

current and future generations, paving the way for a brighter and more 

resilient future. 

 

Our commitment to advancing sodium-ion battery technology epitomizes 

our dedication to sustainability and progress. Through our endeavors, we 

seek to not only address the pressing challenges of today but also to lay the 

groundwork for a more sustainable tomorrow. With each breakthrough and 

discovery, we edge closer to realizing a world where energy storage is 

efficient, affordable, and environmentally conscious. Together, we are 
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shaping a future where sodium-ion batteries stand as a beacon of hope, 

heralding a new era of clean energy innovation and global prosperity. 
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