
 

Review Article Bhaina A H et al: Sustainable Future of Solid-State Electrolytes: A Review 

 

Journal of Condensed Matter. 2025. Vol. 03. No. 01        7 

Sustainable Future of Solid-State Electrolytes: A Review 

A H Bhaina1,a, S S Talwatkar2, A L Sunatkari3 

1 Department of Physics, Government of Maharashtra’s Ismail Yusuf College of Arts, Science and Commerce, Mumbai, India. 
2 Department of Physics, N. G. Acharya and D. K. Marathe College of Arts, Science and Commerce, Chembur, Mumbai, India. 

3 Department of Physics, Siddharth College of Arts Science and Commerce, Mumbai, India. 

a ashish.bhaina@gmail.com 

Abstract 

Sustainable solid-state electrolytes (SSEs) are becoming more widely acknowledged as an essential part of the development of next-

generation energy storage systems, especially for integration of renewable energy sources and electric vehicle applications. SSEs 

provide improved performance, stability, and safety over traditional liquid electrolytes. But as the demand for green technologies 

increases, there is rising concern about the sustainability of these materials, both economically and environmentally. This paper 

examines the state of sustainable SSEs today, with a focus on the utilization of plentiful, recyclable, and ecologically friendly 

materials in polymer, ceramic, and composite electrolytes. It talks about trade-offs between material sustainability and 

electrochemical efficiency, as well as the difficulties in scaling these technologies while keeping high performance. Furthermore, the 

analysis highlights significant developments and trends that will probably influence the direction of sustainable SSEs in the future. 
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Introduction 

Because of their efficiency and safety in next-generation 

batteries, sustainable solid-state electrolyte (SSEs) 

development has drawn attention. According to Bhaina et 

al. (2023), Na+ ion conductors are more affordable than 

lithium [1]. For improved conductivity, Chen et al. (2020) 

examined nanostructured composite electrolytes [2]. 

Sodium- and potassium-ion SSEs were investigated for 

sustainability by Dahbi et al. (2014) and Ellis et al. (2017) 

[3-4]. For energy-efficient production, Fair et al. (2024) 

introduced cold sintering [5], whereas Chellappan et al. 

(2023] emphasized 3D printing [6]. SSE integration was 

covered by Dunn et al. (2011) about renewable energy 

storage [7]. 

Current Sustainable Approaches 

Sustainable Material Selection  

Sustainable solid-state electrolytes (SSEs) use available, 

non-toxic minerals like sodium, potassium, and magnesium 

to lessen the environmental impact of energy storage 

devices [3,8]. 

Table 1: Comparison between Li, Na and K [9].  

Property Sodium (Na) Potassium 

(K) 

Lithium (Li) 

Abundance Highly 

abundant 

abundant Limited 

availability 

Cost Low-cost 

alternative 

More 

affordable 

than lithium 

Relatively 

expensive 

Environmental 

Impact 

Low 

environmental 

footprint 

Eco-friendly 

and non-toxic 

High impact 

from mining 

Performance Moderate 

energy density 

Promising, 

comparable 

to lithium 

High energy 

density 

Applications Grid storage, 

renewable 

systems 

EVs, 

sustainable 

solutions 

EVs, portable 

electronics 

Compared to lithium-based systems, sodium-ion SSEs are a 

more affordable, accessible, and environmentally friendly 

option. Similar to this, potassium-ion SSEs take advantage 

of potassium's plentiful supply and environmentally 

beneficial qualities to offer a cost-effective and sustainable 
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energy storage solution for uses such as renewable energy 

systems and electric cars, with promising results and a 

smaller environmental impact [4,10-11]. 

Recycling and Lifecycle Management 

The circular economy in energy storage technologies is 

promoted by recyclable battery designs that make use of 

closed-loop systems, which drastically cut waste, conserve 

resources, and lessen their negative effects on the 

environment [12]. To lessen reliance on fresh resources and 

improve manufacturing and recycling sustainability, 

researchers are creating techniques to recover solid 

electrolytes and electrode components from spent batteries. 

Furthermore, dangerous fluorine-based compounds are 

eliminated by using non-toxic alternatives in solid-state 

batteries, improving recycling efficiency and providing 

long-term, eco-friendly solutions for renewable energy 

systems and electric vehicles [9]. 

Energy-efficient Manufacturing Processes 

Low-temperature synthesis methods are the main focus of 

efforts to improve sustainability in the manufacturing of 

solid-state electrolytes (SSEs) in order to lower energy 

consumption and facilitate wider usage in energy storage 

systems. A breakthrough in environmentally friendly 

battery production, cold sintering makes it possible to 

fabricate ceramic electrolytes at lower temperatures while 

maintaining performance and drastically reducing energy 

use [5]. Furthermore, SSEs are more feasible for next-

generation energy storage systems since additive 

manufacturing, like 3D printing, reduces energy 

consumption and material waste while enhancing 

scalability and efficiency [6]. 

Safety and Longevity 

By increasing battery longevity and lowering hazards, 

solid-state electrolytes (SSEs) provide a secure and 

sustainable energy storage option for electric cars and grid 

systems. They increase safety and dependability by 

preventing dendritic growth, which lowers the risk of fire 

and short circuits [13]. They are perfect for large-scale 

energy storage and electric car applications because of their 

exceptional thermal stability, which also guarantees 

dependable operation under demanding circumstances [14]. 

The longevity and safety of energy storage technologies are 

combined to improve their sustainability and effectiveness. 

Integration with Renewable Energy Systems 

Because of their high energy density and improved safety, 

solid-state electrolytes (SSEs) are essential for renewable 

energy systems that store intermittent solar and wind energy 

effectively [1]. Utilizing renewable energy, SSEs contribute 

to electrical system stabilization by facilitating grid-scale 

storage [7]. Decentralized energy storage is another benefit 

they provide, which promotes regional energy generation 

and lessens dependency on centralized power networks 

[15]. Through increasing the effective use of renewable 

resources in both localized and large-scale applications, this 

integration improves sustainable energy infrastructure and 

guarantees dependable energy access. 

Conclusion  

Solid-state electrolytes (SSEs) are essential for tackling 

environmental issues, promoting sustainable energy 

storage, and facilitating the integration of renewable energy 

sources. SSEs promise safer, more durable, and scalable 

solutions by emphasizing environmentally friendly 

materials, effective recycling, and creative production. 

Their acceptance will be fuelled by ongoing research and 

development, helping to shape a more sustainable and 

environmentally friendly energy future. 
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