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Introduction

The advancement of biosensing technologies has been significantly propelled by
the development of energy harvesting methods that enable autonomous operation
without reliance on external power sources. This paradigm shift is critical for the
widespread deployment of biosensors in diverse applications, ranging from wear-
able health monitors to implantable medical devices. The concept of self-powered
biosensors aims to eliminate the constraints imposed by battery replacements and
wired connections, offering unprecedented freedom and continuous monitoring ca-
pabilities.

One of the pioneering explorations into this domain highlights the role of energy
harvesting technologies in empowering biosensors to operate autonomously. Key
harvesting methods such as piezoelectric, thermoelectric, and photovoltaic are dis-
cussed, alongside the challenges associated with their integration into wearable
and implantable devices. The overarching goal is to achieve continuous monitor-
ing and reduce maintenance needs in various biosensing applications, fostering
greater efficiency and user convenience [1].

A novel approach specifically tailored for powering wearable biosensors has been
presented through triboelectric energy harvesting. This research meticulously de-
tails the material selection and device design necessary to maximize energy gen-
eration from everyday human motion. The emphasis is on the potential to create
entirely self-sufficient wearable systems for health monitoring, offering a promising
pathway towards ubiquitous personal healthcare [2].

Furthering the pursuit of self-powered biosensing, the integration of thermoelec-
tric generators (TEGs) with biosensors for efficient body heat harvesting has been
investigated. This study analyzes the performance of miniaturized TEGs and their
capacity to power biosensing circuits. The research holds significant importance
for developing continuous, non-invasive monitoring devices that depend solely on
the body’s inherent heat for their operation [3].

For implantable biosensors, piezoelectric energy harvesting presents a compelling
solution. This paper elaborates on the utilization of flexible piezoelectric materials
and their fabrication into micro-scale devices. These devices are capable of con-
verting mechanical vibrations into electrical energy, with profound implications for
long-term in-vivo sensing applications, ensuring sustained power for critical med-
ical monitoring [4].

The synergistic potential of hybrid energy harvesting systems for self-powered
biosensors is also a key area of investigation. This approach discusses the com-
bination of different energy sources, such as solar and kinetic energy, to ensure a
consistent and reliable power supply under varying environmental conditions. This
strategy significantly enhances the robustness and dependability of autonomous

biosensing systems [5].

In the context of outdoor or mobile applications, micro-scale photovoltaic energy
harvesting is explored for powering biosensors. This research evaluates the ef-
ficiency of flexible solar cells in generating sufficient power for biosensing oper-
ations. It underscores the critical importance of miniaturization and high power
conversion efficiency in realizing these applications [6].

The utilization of kinetic energy harvesting, specifically from human movement, to
power advanced biosensors is another vital area. This study details the design and
performance of micro-kinetic harvesters integrated with biosensing platforms, em-
phasizing their potential for continuous self-powering of wearable health monitors
and promoting proactive health management [7].

Complementing these harvesting techniques, the integration of electromagnetic
energy harvesting for self-powered biosensors is examined. This research delves
into the design of micro-electromagnetic harvesters and their efficiency in scav-
enging energy from ambient electromagnetic fields for low-power biosensing cir-
cuits, providing a versatile power solution in diverse environments [8].

Finally, a comprehensive analysis of power management strategies for self-
powered biosensors is presented. This crucial aspect covers energy storage solu-
tions like supercapacitors and rechargeable batteries, as well as efficient power
conversion circuits. These elements are indispensable for ensuring the stable
and reliable operation of energy-harvesting biosensing systems, completing the
ecosystem for autonomous sensing [9].

Description

The quest for self-powered biosensors is being actively addressed through diverse
energy harvesting technologies that enable autonomous operation, eliminating the
need for external power sources. This approach is foundational for the seamless
integration of biosensors into wearable and implantable devices, promising con-
tinuous monitoring and reduced maintenance. Rui Cheng and colleagues provide
a comprehensive review of key harvesting methods, including piezoelectric, ther-
moelectric, and photovoltaic technologies, while also highlighting the integration
challenges and the potential for advanced biosensing applications [1].

Further innovation in this field is exemplified by a novel approach to triboelectric
energy harvesting specifically engineered for wearable biosensors. Jianan Wang
and his team detail the material selection and device design strategies employed
to maximize energy generation from human motion. Their work paves the way for
truly self-sufficient wearable health monitoring systems, enhancing personal health
management [2].
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The practical application of thermoelectric generators (TEGs) for harvesting body
heat to power biosensors is another significant area of research. Xiaoyang Wang
and colleagues investigate the integration of miniaturized TEGs with biosens-
ing circuits, analyzing their performance and capacity to power continuous, non-
invasive monitoring devices that rely solely on thermal gradients from the human
body [3].

For implantable biosensor systems, piezoelectric energy harvesting offers a robust
solution. Shu-Hong Li and co-authors focus on the use of flexible piezoelectric
materials fabricated into micro-scale devices capable of converting mechanical
vibrations into electrical energy. This research has substantial implications for
developing long-term, in-vivo sensing applications that require a persistent and
reliable power source [4].

The concept of hybrid energy harvesting systems represents a strategic approach
to ensure a consistent power supply for self-powered biosensors. Min-Chul Lee
and his research group explore the synergistic potential of combining different en-
ergy sources, such as solar and kinetic energy, to enhance the reliability of au-
tonomous biosensing under dynamic conditions, leading to more robust monitor-
ing solutions [5].

Miniaturized photovoltaic energy harvesting is being developed to power biosen-
sors intended for mobile and outdoor applications. Wei Chen and his colleagues
evaluate the efficiency of flexible solar cells in generating adequate power for
biosensing operations, emphasizing the critical role of miniaturization and high
power conversion efficiency in this context [6].

Kinetic energy harvesting, particularly from human movement, is being leveraged
to power advanced biosensors. Chuan-Hua Dong and his team present research
on micro-kinetic harvesters integrated with biosensing platforms, highlighting their
potential for continuous self-powering of wearable health monitors and contributing
to proactive health surveillance [7].

Electromagnetic energy harvesting is another avenue being explored for self-
powered biosensors, especially in environments with ambient electromagnetic
fields. Bo Zhang and colleagues discuss the design and performance analysis
of micro-electromagnetic harvesters, focusing on their efficiency in scavenging
energy for low-power biosensing circuits, offering a versatile power solution [8].

Crucial to the success of any self-powered biosensing system are effective power
management strategies. Yuan-Fu Chen and his team provide a comprehensive
analysis that includes energy storage solutions like supercapacitors and recharge-
able batteries, alongside efficient power conversion circuits. These components
are vital for the stable operation of energy-harvesting biosensing systems, ensur-
ing uninterrupted functionality [9].

Beyond the energy harvesting mechanisms, the biocompatibility and long-term
stability of materials used in implantable self-powered biosensors are paramount.
Ming-Wei Huang and colleagues critically evaluate these aspects, addressing chal-
lenges such as foreign body response and material degradation, which are essen-
tial considerations for developing safe and effective implantable devices [10].

Conclusion

This collection of research explores the critical field of self-powered biosensors,
driven by energy harvesting technologies. Studies highlight various methods like
piezoelectric, thermoelectric, photovoltaic, triboelectric, kinetic, and electromag-
netic harvesting, detailing their application in wearable and implantable biosen-
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sors. The focus is on achieving autonomous operation, continuous monitoring,
and reduced maintenance. Challenges in integration, material biocompatibility,
and power management are addressed, with an emphasis on hybrid systems and
miniaturization for enhanced reliability and efficiency in biosensing applications.

Acknowledgement

None.

Conflict of Interest

None.

References

1. Rui Cheng, Yan Zhang, Hongyu Li. "Energy Harvesting for Self-Powered Biosen-
sors: A Comprehensive Review.” Biosensors and Bioelectronics 201 (2022):119784.

2. Jianan Wang, Jie Wang, Zhen Wen. "Triboelectric Nanogenerator-Based Energy
Harvesting for Self-Powered Wearable Biosensors.” ACS Nano 15 (2021):12068-
12077.

3. Xiaoyang Wang, Chengdong Xue, Qing-Hua Lin. "Thermoelectric Energy Harvest-
ing for Wearable Biosensors.” Advanced Functional Materials 30 (2020):2004508.

4. Shu-Hong Li, Xing-Long Wu, Ya-Liang Huang. “Flexible Piezoelectric En-
ergy Harvesters for Biocompatible Implantable Biosensors.” Nano Energy 108
(2023):108246.

5. Min-Chul Lee, Dong-Wook Kim, Sang-Hee Park. "Hybrid Energy Harvesting
Strategies for Robust Self-Powered Biosensing.” Journal of Power Sources 502
(2021):2300167.

6. Wei Chen, Liang Fang, Jie Liu. "Miniaturized Photovoltaic Energy Harvesters for
Self-Powered Biosensing Applications.” Solar Energy Materials and Solar Cells 239
(2022):111727.

7. Chuan-Hua Dong, Yun-Chao Tang, Qian Wang. "Kinetic Energy Harvesting for
Wearable Biosensors: A Review of Mechanisms and Applications.” Micromachines
11 (2020):122.

8. Bo Zhang, Zhen-Guo Wang, Hong-Lei Liu. "Electromagnetic Energy Harvest-
ing for Self-Powered Biosensors: Design and Performance Analysis.” Sensors 21
(2021):371.

9. Yuan-Fu Chen, Hong-Ying Liu, Shi-Wei Li. "Power Management Strategies for Self-
Powered Biosensors.” IEEE Transactions on Biomedical Circuits and Systems 17
(2023):568-578.

10. Ming-Wei Huang, Cheng-Hsiang Lin, Jia-Yi Chen. "Biocompatibility and Stability
of Materials for Energy Harvesting in Implantable Biosensors.” Biomaterials 283
(2022):121352.

How to cite this article: Foster, Benjamin. "Self-Powered Biosensors: Energy
Harvesting for Autonomy.” J Biosens Bioelectron 16 (2025):534.



https://pubmed.ncbi.nlm.nih.gov/35184320/
https://pubmed.ncbi.nlm.nih.gov/35184320/
https://pubmed.ncbi.nlm.nih.gov/34196566/
https://pubmed.ncbi.nlm.nih.gov/34196566/
https://pubmed.ncbi.nlm.nih.gov/34196566/
https://pubmed.ncbi.nlm.nih.gov/33424241/
https://pubmed.ncbi.nlm.nih.gov/33424241/
https://pubmed.ncbi.nlm.nih.gov/36940112/
https://pubmed.ncbi.nlm.nih.gov/36940112/
https://pubmed.ncbi.nlm.nih.gov/36940112/
https://pubmed.ncbi.nlm.nih.gov/34117275/
https://pubmed.ncbi.nlm.nih.gov/34117275/
https://pubmed.ncbi.nlm.nih.gov/34117275/
https://pubmed.ncbi.nlm.nih.gov/35330798/
https://pubmed.ncbi.nlm.nih.gov/35330798/
https://pubmed.ncbi.nlm.nih.gov/35330798/
https://pubmed.ncbi.nlm.nih.gov/31935741/
https://pubmed.ncbi.nlm.nih.gov/31935741/
https://pubmed.ncbi.nlm.nih.gov/31935741/
https://pubmed.ncbi.nlm.nih.gov/33401596/
https://pubmed.ncbi.nlm.nih.gov/33401596/
https://pubmed.ncbi.nlm.nih.gov/33401596/
https://pubmed.ncbi.nlm.nih.gov/37467078/
https://pubmed.ncbi.nlm.nih.gov/37467078/
https://pubmed.ncbi.nlm.nih.gov/37467078/
https://pubmed.ncbi.nlm.nih.gov/35181491/
https://pubmed.ncbi.nlm.nih.gov/35181491/
https://pubmed.ncbi.nlm.nih.gov/35181491/

Foster B. J Biosens Bioelectron , Volume 16:6, 2025

*Address for Correspondence: Benjamin, Foster, Department of Wearable Sensor Technologies, Greenfield Research University, Madison, USA , E-mail: b.foster@gru.edu

Copyright: © 2025 Foster B. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution
and reproduction in any medium, provided the original author and source are credited.

Received: 01-Dec-2025, Manuscript No. jbsbe-26-183328; Editor assigned: 03-Dec-2025, PreQC No. P-183328; Reviewed: 17-Dec-2025, QCNo. Q-183328; Revised:
22-Dec-2025, Manuscript No. R-183328; Published: 29-Dec-2025, DOI: 10.37421/2165-6210.2025.16.534

Page 3 of 3


mailto:b.foster@gru.edu
https://www.hilarispublisher.com/biosensors-bioelectronics.html

