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Introduction

As the demand for efficient and sustainable energy
storage solutions grows, conventional lithium-ion
batteries are nearing their technological limits.
Despite their widespread use in electric vehicles
(EVs), portable electronics, and grid storage, they
pose safety risks due to their flammable liquid
electrolytes and issues like thermal runaway and
dendrite formation. In response, researchers are
turning toward solid-state batteries (SSBs)—an
emerging technology that promises enhanced
safety, higher energy density, and longer cycle life.
At the heart of this revolution is a novel concept:
bio-inspired electrolytes, which mimic natural
transport mechanisms to create safe and highly
efficient ionic conductors [1].

Unlike traditional lithium-ion batteries that use
liquid electrolytes, solid-state batteries employ
solid materials to conduct ions between the anode
and cathode. This fundamental shift eliminates the
risk of leakage, reduces flammability, and allows
for the use of high-capacity lithium metal anodes,
which significantly boosts energy density.
However, solid-state batteries face several technical
hurdles, particularly in identifying solid electrolytes
that combine high ionic conductivity, mechanical
stability, and interfacial compatibility [2].

Solid electrolytes are generally classified into
ceramic, polymeric, or composite types. Ceramics
like lithium garnets and sulfide-based conductors
offer high conductivity but are brittle and difficult
to process. Polymers, while flexible and easy to
fabricate, often suffer from low conductivity and
poor thermal stability. Moreover, both types can
struggle  with  interfacial  resistance  and
electrochemical degradation during long-term
cycling. To overcome these challenges, scientists
are exploring new design paradigms inspired by
nature [3].

Nature offers numerous examples of efficient ion
transport systems, such as proton channels in cell
membranes,  ion-selective  proteins,  and
biopolymer networks like those found in plant
cell walls or jellyfish collagen. These systems
rely on dynamic, self-organized structures that
facilitate selective and rapid ion movement under
mild conditions. By mimicking these biological
architectures, researchers are engineering bio-
inspired solid electrolytes that exhibit enhanced
ionic mobility, self-healing properties, and
structural adaptability [4].

One approach involves incorporating bio-
mimetic functional groups—such as carboxyl,
amine, or hydroxyl moieties—into polymer
backbones to create proton or lithium-ion
channels similar to those in biological systems.
For example, gelatin-based and chitosan-based
electrolytes have shown promise due to their
hydrogen bonding networks and hydrophilic
character, which support ion transport. Other
designs use supramolecular assemblies that
emulate protein folding to create tunable
pathways for ion conduction [5].

Conclusion

The integration of bio-inspired electrolytes into
solid-state  battery architectures represents a
promising frontier in the quest for safe, efficient,
and sustainable energy storage. By mimicking
nature’s elegant solutions for ion transport,
researchers are developing materials that overcome
the limitations of conventional electrolytes while
opening new avenues for innovation. As the field
progresses, bio-inspired solid-state batteries could
play a transformative role in powering the
technologies of the future—from electric vehicles
to smart, sustainable cities.
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