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Introduction

Energy harvesting technologies for wearable electronics have gained
significant attention in recent years due to their potential to enable self-
sustaining, power-efficient devices. Wearable electronics, such as fitness
trackers, smartwatches, and medical devices, are becoming increasingly
ubiquitous. However, their widespread adoption is limited by the need for
constant battery recharging or replacement. This challenge has spurred interest
in alternative power sources that can harvest energy from the surrounding
environment, offering an effective solution for extending the operational life
of wearables.

The field of energy harvesting encompasses a range of methods that can
capture energy from various ambient sources, including light, motion, heat,
and electromagnetic waves. Photovoltaic cells, which convert light energy
into electrical power, are commonly employed in wearables that are exposed
to sufficient light sources. These energy harvesters are typically integrated
into devices with flexible and lightweight designs, making them ideal for
incorporation into wearable applications. However, their efficiency is often
limited by environmental conditions, such as low light intensity, making them
less reliable in indoor or low-light environments.

Another prominent energy harvesting method for wearables is based
on piezoelectric materials, which generate electricity when subjected to
mechanical stress or vibration. These materials can be incorporated into the
wearables to capture energy from motion, such as walking or body movements.
Piezoelectric energy harvesting is highly suited for applications such as
fitness trackers and medical monitoring devices, where the wearer's natural
movements can be converted into usable electrical power. While piezoelectric
materials have shown great promise, their energy output is often small, limiting
their ability to provide sufficient power for more energy-intensive applications
[1-3].

Description

Thermoelectric energy harvesting is another technique that has garnered
interest for wearable devices, particularly those that can harness body heat.
This method involves the conversion of temperature differences into electrical
power, utilizing materials that exhibit the Seebeck effect. Body heat, which
can reach temperatures of around 37°C, can be used as a constant energy
source to power low-energy devices. Thermoelectric generators have been
successfully integrated into wearable applications such as smart clothing and
health-monitoring systems. However, the efficiency of thermoelectric materials
remains a significant challenge, as the temperature gradients between the
body and the environment are often insufficient to generate high levels of
power.
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Electromagnetic energy harvesting, which captures energy from
electromagnetic waves such as radiofrequency signals, has also been explored
for wearable devices. This technology is based on the concept of rectifying
antennas, or rectennas, which convert incoming RF signals into direct current
power. Wearables could potentially harvest energy from Wi-Fi, Bluetooth, or
cellular signals, enabling devices to operate without the need for batteries.
While electromagnetic energy harvesting is promising, its main limitation lies
in the relatively low power densities of ambient RF signals, making it more
suitable for low-power devices and applications that require intermittent energy
consumption.

Hybrid energy harvesting systems, which combine multiple energy
sources, offer an attractive solution to address the limitations of individual
methods. By integrating photovoltaic, piezoelectric, thermoelectric, and
electromagnetic harvesting technologies, wearables can benefit from a
more consistent and reliable energy supply. Hybrid systems can balance the
fluctuating energy outputs of each source, ensuring that power is available
under different environmental conditions. For instance, a hybrid system that
combines photovoltaic and piezoelectric harvesters can generate power from
both light and movement, making it more versatile and effective for wearables
that operate in varying conditions.

Despite the advances in energy harvesting technologies, several
challenges remain in making these systems practical for widespread use in
wearable electronics. One major challenge is improving the efficiency of energy
conversion, as many of the current methods are limited by low conversion
efficiencies [4,5]. Enhancing the materials used in energy harvesters, such
as developing more efficient piezoelectric and thermoelectric materials, is an
area of active research. Another challenge is miniaturizing energy harvesting
components to fit within the small form factor of wearable devices without
compromising comfort or usability. Additionally, integrating energy harvesters
into wearable designs in a way that does not interfere with the device's
aesthetics or functionality is crucial for consumer acceptance.

Furthermore, energy storage remains an important consideration for
wearable electronics powered by energy harvesting systems. Since energy
harvesting devices typically generate small amounts of power over extended
periods, efficient energy storage solutions, such as supercapacitors and
miniature batteries, are needed to store harvested energy for later use.
Advances in energy storage technologies will be key to the success of energy
harvesting in wearable applications, ensuring that harvested energy can be
reliably stored and accessed when needed.

Conclusion

In conclusion, energy harvesting technologies offer significant potential for
powering wearable electronics, providing a sustainable alternative to traditional
battery-based systems. By capturing energy from ambient sources such as
light, motion, heat, and electromagnetic waves, wearables can become more
autonomous and reduce the need for frequent recharging or replacement
of batteries. However, challenges related to efficiency, miniaturization,
and integration remain, and further research is needed to optimize energy
harvesting systems for practical use. As technology continues to advance,
energy harvesting is likely to play an increasingly important role in the future
of wearable electronics, enabling devices to operate more sustainably and
efficiently.


mailto:johan@gmail.com

Svensson J.

J Electr Electron Syst, Volume 13:06, 2024

Acknowledgment

None.

Conflict of Interest

None.

References

1. Kim, Dongwook, M. Kim, J. Yoo and H-H. Park, et al. "Magnetic resonant wireless
power transfer for propulsion of implantable micro-robot." J Appl Phys 117 (2015).

2. Zhang, Zhen, Hongliang Pang, Apostolos Georgiadis and Carlo Cecati. "Wireless
power transfer-An overview." IEEE Transac Indus Electron 66 (2018): 1044-1058.

Page 2 of 2

3.

Kim, Dongwook, Karam Hwang, Jaehyoung Park and Hyun Ho Park, et al.
"Miniaturization of implantable micro-robot propulsion using a wireless power
transfer system." Micromachine 8 (2017): 269.

Babic, Slobodan I. and Cevdet Akyel. "Magnetic force calculation between thin
coaxial circular coils in air." IEEE Transac Magnetic 44 (2008): 445-452.

Xu, Fei, Siu-Chung Wong and K. Tse Chi. "Overall loss compensation and
optimization control in single-stage inductive power transfer converter delivering
constant power." IEEE Trans on Power Electronic 37 (2021): 1146-1158.

How to cite this article: Svensson, Johan. “Energy Harvesting
Technologies for Wearable Electronics: A Comprehensive Survey.” J Electr
Electron Syst 13 (2024): 151.



https://pubs.aip.org/aip/jap/article-abstract/117/17/17E712/138470/Magnetic-resonant-wireless-power-transfer-for?redirectedFrom=fulltext
https://pubs.aip.org/aip/jap/article-abstract/117/17/17E712/138470/Magnetic-resonant-wireless-power-transfer-for?redirectedFrom=fulltext
https://ieeexplore.ieee.org/abstract/document/8357386
https://ieeexplore.ieee.org/abstract/document/8357386
https://www.mdpi.com/2072-666X/8/9/269
https://www.mdpi.com/2072-666X/8/9/269
https://ieeexplore.ieee.org/abstract/document/4475321
https://ieeexplore.ieee.org/abstract/document/4475321
https://ieeexplore.ieee.org/abstract/document/9495274
https://ieeexplore.ieee.org/abstract/document/9495274
https://ieeexplore.ieee.org/abstract/document/9495274

