www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 11 November 2024 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

é%ﬁ INTERNATIONAL JOURNAL OF CREATIVE
@a RESEARCH THOUGHTS (1JCRT)

* An International Open Access, Peer-reviewed, Refereed Journal
Development Of Biodegradable Batteries

Advancing Sustainability Through Eco-Friendly Energy Storage

!Anushka Gargelwar, 2Pranjal Bhangare, 3Isha Haval, *Amit Bhande, *Manisha Mali

IStudent, Student, 3Student, “Student, SProfessor,
!B.tech,Computer Science Engineering
Vishwakarma Institute of Information technology, Pune, India

Abstract: This study has been undertaken to investigate the determinants of the increasing use of electronic
devices has led to a rise in electronic waste (e-waste), which poses significant environmental concerns due to
the presence of harmful materials that take centuries to degrade. The use of electronic devices follows a
tremendous upward curve. In the consequence, a great deal of electronic waste in the environment is being
faced. Such materials pose critical environmental concerns because some materials take thousands of years to
degrade. This is added by conventional energy storage devices such as lithium-ion batteries that are created
from non-biodegradable materials. Based on the research done, this paper introduces the development of
biodegradable energy storage devices from plant-based materials like nanocellulose and biodegradable metals
such as magnesium (Mg) and zinc (Zn). High performance, breakable under regulated environmental
conditions, these biodegradable devices constitute less e-waste for green electronics. The main concern of the
study is the design and testing of such devices to enable efficient as well as sustainable storage of energy, in
lieu of offering an ecofriendly alternative in comparison to conventional technologies. Recent issues
worldwide are related to environmental concerns due to e-waste because it is produced by the massive scale
of production and disposal of electronic devices.
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I. Introduction
I1. E-waste is something from which there are millions of tons every year, bearing heavy metals, plastics, and

toxic chemicals that create serious environmental challenges because these materials take hundreds of years
to disintegrate. They contaminate the soil and water, posing grave risks in health in both man and the animal
kingdom. Although there have been advancements in recycling technologies, still only a very small part of e-
waste is handled properly. This makes it highly crucial to develop sustainable solutions immediately.
Scientists could then explore this possibility as an alternative that minimizes the adverse environmental
impacts: biodegradable electronics. Biodegradable electronics are naturally decomposed in such a manner
that very small amounts of toxic residue are produced upon disposal.

I11. Although some progress has been achieved in terms of biodegradable sensors and circuits, energy storage
remains a considerable issue. Traditionally, an energy store, such as a lithium-ion battery, is made of
nonbiodegradable material that contributes to the creation of e-waste. Thus, finding biodegradable alternatives
that are high in electrical performance but degrade in a safe manner remains the epicenter for most research.
Biodegradable energy storage devices may be produced by using biodegradable metals and plant-based
materials. Nanocellulose, which comes from wood and agricultural waste, is becoming acceptable due to its
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mechanical strength and ductility. It can then be processed into thin films or gels, which can be used as
electrolytes in both batteries and capacitors with fewer synthetic inputs.

IV. Other biodegradable metals, magnesium and zinc , offer good electrical conductivity and, together with
this, the capacity to degrade safely with nontoxic byproducts. For illustration, magnesium is already being
used in implants for medical applications due to its compatibility and dissolvability, whereas zinc has
electrochemical properties that make it an excellent candidate for energy storage. It focuses on the detailed
performance differences between energy storage devices with plant-based and biodegradable metal
components and those without. The objective is to determine the potential and efficiency of configurations of
nanocellulose with magnesium and zinc, among others, in terms of determining the most optimum
composition for biodegradable energy storage. Based on electrochemical performance, degradation rates, and
overall efficiency, nanocellulose-based batteries and capacitors will draw attention to how biodegradable
materials impact storage performance, environmental sustainability, and device lifetime. With ever-increasing
electronic demand across the globe, so does the battle with electronic waste, or e-waste.
Biodegradable electronics, made of materials that are meant to break down naturally, may have less impact
on the environment.

Il. RESEARCH METHODOLOGY

The global rise in e-waste shows significant environmental challenges, which indicates a sharp increase in
discarded electronic devices in the coming years. Despite growing efforts to recycle e-waste, the current
recycling processes are not sufficient to handle, leading to greater environmental degradation. This approach
would not only minimize environmental impact but also offer a long-term solution to the increasing e-waste
problem. Sustainable alternatives like biodegradable energy storage devices are therefore critical, asthey offer
a path toward minimizing toxic waste while promoting greener technologies.

As mentioned above, a biodegradable energy storage device can be designed using materials like Zinc-
Magnesium and also synthetic polymers as these materials are highly biodegradable as.well as recyclable. By
integrating biodegradable packaging materials like polylactic acid (PLA), the device can maintain
performance while also ensuring degradation post use. This not only reduces the environmental footprint but
also promotes safety of us as well as ecosystem, as the device materials return to ecosystem without causing
them harm.

2.1 Hardware Model:

» Electrodes: Select a biodegradable metal electrode from either magnesium (Mg) or zinc (Zn) to
be used for an anode or cathode in the device. They are both suitable for electrochemical energy
storage and have a tendency to deface in water.

» Electrolyte: Nanocellulose is used to create an electrolyte matrix. It is a polymer root which is
able to discharge ions thanks to the gel it forms which is a polymer through the electrolyte.

« Separator: An expired polymer layer made of polylactide, or polylactic acid (PLA) or cellulose
acetate, is used between the anode and the cathode. It serves to inhibit short-circuit and provides
passage for ionic migrations.

« Encapsulation Layer: Exposed parts of the device can be coated by a very thin layer of silk fibroin
or without it, with a more effective, biodegradable polymer. This is done to restrict moisture
exposure and to control the rate of degradation.

Biodegradable electronic devices employ a variety of multidisciplinary strategies such materials
science, electronics, chemistry and biomedical engineering. These electronics are commonly designed
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to minimize waste generation to the environment These electronics are seen in short-lived electronic
devices medical implants. The principal approaches are the following:

2.1.1 Design and Material Selection:The selection of appropriate materials that can safely decompose in
particular environments—such as biological fluids, water,  or soil—is the cornerstone of biodegradable
electronics. These materials have to fulfill the following requirements:

i. Biocompatibility: Materials used in medical equipment must not be harmful to living systems.

ii. Biodegradability: Within a predetermined amount of time (weeks to months), materials should
decompose into non-toxic byproducts.

iii. Electrical Functionality: Materials must retain good electrical qualities (conductivity, insulation)
during the device's operation phase, even though they are degradable.

2.1.2 Typical Resources: As further the above section continues here we can see some useful resources for
the material:

i. Substrates: polylactic acid (PLA), cellulose, or silk fibroin. Iron, magnesium, zinc, and their alloys are
conductors.

Semiconductors include diketopyrrolepyrrole (DPP) and thin layers of silicon.
ii. Dielectrics: These are degradable polymers such as silk or silicon dioxide.
2.2 Architecture and Design of Devices:

Biodegradable Electronics: Functional preservation takes priority over controlled degradation while
designing  devices.  Several critical  parameters are also  considered such as:
2.2.1 Relative timelines for self-degradation: The device is engineered to degrade within a set timeline in
the environment.

2.2.2 Modularity: Electronics are designed such that parts like the conductor and sensors, for example,
can be designed so that they degrade differently in relation to the functionality that would be needed.

2.2.3 Powering management: If the device contains or employs energy harvesting mechanisms, which
include piezoelectric and/or thermoelectric systems, or biodegradable batteries, it would be able to
power itself.

2.2.4 Encapsulation Methods: The most significant methodology for controlling the degradation rate in
biodegradable electronics is encapsulation, whereby the parts are protected throughout their lifetime.
Multiple encapsulations prevent the devices from being exposed to moisture and biological fluids early
but keep it in service until the life expectancy is met. Examples include:

i. Hydrophobic Coatings: Extremely thin degradable polymer coatings applied to encapsulate
electronics to resist degradation until some stimulus can be applied to initiate the degradation process .

ii. Multilayered Constructs: Alternation of layers of different materials with different degradation rates
in order to have exact control over when the electronics degrade.
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Fig 1: Crab Shell Biodegradable Battery

Fig 1, It explains about the biodegradable and recyclable battery which mainly uses lithium and zinc which
are the most widely used technology for grid energy storage. These batteries are safe, eco-friendly and can be
recharged at least 1,000 times.

2.3. Testing and Characterization: Biodegradable electronics undergo rigorous testing to establish its
functionality under normal conditions and degradation under real environmental conditions. Important testing
methods are of:

2.3.1 Electrical testing: It is the process of assessing an electrical system's performance over time, like
conductivity and signal integrity.

2.3.2 Degradation studies: The rate of degradation, and environmental factors under which materials degrade
including simulated bodily fluids. Biocompatibility is used in the medical applications. This means immune
reactions and tissue interactions. It is an environmental impact assessment if breakdown products are analyzed
to ensure no dangerous byproducts are released to the environment. Biodegradable electronics are synthesized
to function under specific application conditions and, at the same time, to be conductive only temporarily as
required. Synthesized so that they function well for only a short period of time before degradation sets in,
biodegradable electronics are put to important use in the following:

i. Medical implants: These can be drug delivery systems and biodegradable sensors amongst other devices;
it is possible that they can monitor parameters of health. They then dissolve on their own after serving their
purpose in the body and thus do not require surgical removal, and the long-term effect is very much reduced.
ii. Environmental Sensors: These biodegradable sensors are used to measure environmental factors, such as
air quality, soil health, or water pollution. After recording and sending the data, they degrade instead of
wasting their environmental dead weight.

iii. Consume Electronics: Biodegradable electronics can be used in short-life consumer products like
wearables or disposable sensors that break down at the end of its lifecycle to avoid electronic waste.
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2.4. Thoughts on Sustainability and Recycling

Although they reduce waste, biodegradable materials still should be recycled for some parts of the
equipment due to their nature. Moreover, closure may be necessary for some materials in order to
decompose. Closed-loop recycling cycles are being actively created, in which materials will first be reused
before breaking down. This method should give maximum sustainability and a small ecological footprint for
biodegradable electronics.

2.5. Hybrid Power Sources

Biodegradable Energy Sources: For fully biodegradable systems, the next component is energy sources,
such as:

Biodegradable Power Sources: This includes organic solar cells and other biodegradable batteries made
from zinc or magnesium that will biodegrade with minimal harmful residues.

Energy Harvesting Devices: They collect the energy available in their surroundings - such as those
generated with thermoelectric energy from heat capture or mechanical motion that captures physical
movement.

I11. RELATED WORK

Biodegradable electronics offer a promising solution by utilizing materials that can naturally decompose, thus
reducing their environmental impact.

The present discourse of researchers on the integration of biodegradable solutions with a circular economy
approach has emphasized the involvement of reuse and recycling of materials to minimize the generation of
wastes. New approaches to designing and recycling biodegradable electronics in closed-loop systems that will
effectively address e-waste are advanced. The study tells about developing new materials and technologies
that take in these principles to ensure the long-term sustainability of the electronics industry. One of the most
important areas of research that may attempt to find a significant response to the massive environmental
challenges digital devices pose is the development of (1) biodegradable electronics. Researchers will curtail
electronic waste and, more importantly, make the electronics industry shift towards sustainability by using
materials that can naturally break down. For instance, there is research studying the formulation of soft and
flexible materials meant to decay upon use

This review discusses recent advances in degradable material sciences and technologies with a focus on
developing sustainable electronic equipment. Here, in (2), material science research is reported to explore the
possibility of using plant-based materials and biodegradable metals such as magnesium and zinc for the
development of energy storage devices.
What makes these materials special, they say, is the fact that they are suited to biodegradable electronics.
They argue for a holistic approach, not only about what these materials can do in terms of their functionality
but also forward toward their after-life impact on the environment. The authors stress the importance of
creating materials that can be efficiently and safely decomposed, thus aiding the reduction of e-waste, as part
of a comprehensive strategy that allows for a more sustainable electronic ecosystem. The authors describe
transient electronics, the ability of using polymeric materials in applications.

The authors discuss various biodegradable polymers along with their mechanical and electrical properties and
decomposition rates, which can act as guides to their capabilities. The study can further be helpful for the
researchers who are seeking how to optimize these materials for transient electronic applications, so that the
requirements of functional performance are simultaneously matched with biodegradability. They discuss
various approaches to designing polymer composition and structure for improving the longevity as well as
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functional properties of the material. This work provides a overall outline for future developments in the
design of polymerics to meet the challenges of degradable electronic devices.

The possibility of engineering (6) polymeric materials into devices that are not only flexible but also
degradable in a controlled way. They discuss how such materials can be implemented in wearable electronics
and disposable monitoring devices, where flexibility and biodegradability are critical. Material formulation
challenges as well as processing techniques are also advanced to maintain stability and functionality before
the materials begin degrading. The authors end with a need for further research in pursuit of newer approaches
that would enhance the performance and versatility of these biodegradable polymers for a range of electronic
applications.

The review (3) provides insight into depth, going into the environmental implications and benefits of
biodegradable electronics in terms of advancements made in biodegradable polymers and transient materials
developed to solve the growing problem of e-waste.

These materials can be used to create electronic devices that perform required functions before breaking down
into non-toxic components with a significant reduction in environmental impact. The authors also mentioned
the necessity of further research findings that would target the betterment of the performance and lifespan of
these devices for a widened scope of application. They are advocating for biodegradable technology
integration as one of the most vital approaches towards sustainable electronic waste management. In this
paper, the researcher shares a broader perspective on how sustainability in solutions for electronic waste can
be brought about. The paper goes on to describe several renewable materials and how they are integrated into
biodegradable electronics in a bid to limit the ecological footprint that discarded electronic devices bring
along.

Such functionality emphasizes the balancing of stability of a device and biodegradable materials. This
functionality is important to

ensure that devices are reliable and sustainable, especially if used in applications such as medical implants
that dissolve without causing harm to the body or temporary sensors monitoring environmental conditions
without leaving residues behind.

The chart [figure 1] displays global e-waste generation and recycling rates over time. Here’s a quick
breakdown of what it shows:

E-waste Generation (Million Tonnes): Represented by the blue bars, e-waste has generally been increasing
over time, indicating a growing concern.

Recycling Rate (%): The orange dashed line shows the recycling rates. Although e-waste generation is rising,
the recycling rate appears to fluctuate and slightly decline by 2030.

Globa! E-waste Generation and Recycling Rates

Figure2. Displays Global E-waste Generation and it’s Recycling Rate
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IV. RESULTS AND DISCUSSION

The study on biodegradable electronics shows that it is possible to complement both the materials and the
architectural design of the devices structure, in order to fabricate temporary electronics that perform the
required tasks and biodegrade over time. On the basis of the findings, it is stated that the most important
feature of polymers to be used for future devices would be their ability to be electroactive, biocompatible and
biodegradable, allowing devices to be broken down in biological fluids, water or soil. Key materials used
include polylactic acid (PLA), cellulose, and silk fibroin for substrates, as well as biodegradable metals such
as magnesium and zinc for the conductors. Such materials make sure that all devices are fully functional and
become bio-safe within a specified period and are completely occluded during use. Eco-friendly material and
innovative device architecture in the research on biodegradable electronics have managed to realize temporary
electronics that properly balance functionality with controlled degradation. Results obtained from the study
indicate the following material selections:. Materials used include PLA, cellulose, or silk fibroin as substrates
and biodegradable conductors made of magnesium and zinc. This allows the device to have the expected
functionality and at the same time achieve degradation within a required duration with toxic species. A
particularly interesting aspect of device architecture is how encapsulation is used to uniquely tailor the
degradation rates of different materials. Such polymer coatings coupled with multi-layered structures are used
to shield electronic parts until they are needed at a certain location or time. Strategically encapsulated in this
manner, such devices could then be made in such a way that degradation timelines are so imprecisely
controlled, making these devices applicable for short-term functionalities. Biodegradable electronics
generally involve zinc or magnesium-based biodegradable batteries or energy-harvesting solutions, so devices
could function on their own and in an environmentally friendly manner until they organically "degrade.
Applications of biodegradable electronics by the research cut across medical, environmental, and consumer
domains. In medical applications, implants or sensors might monitor physiological parameters and be
disposed of by decomposition rather than requiring costly removal procedures.However, environmental
sensors can also be formulated to have a time usage without degrading upon data collection for the purpose
of not causing any damage in the environment. Consumer electronics are seen either in wearables or
disposable sensors that also will only function for a certain period before they break down, thereby
significantly reducing electronic waste.
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