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Abstract

Triboelectric nanogenerators (TENGs) have emerged as a highly promising energy harvesting technology capable of harnessing

mechanical energy from various environmental vibrations. Their versatility in material selection and efficient conversion of mechanical

energy into electric energy make them particularly attractive. TENGs can serve as a valuable technology for self-powered sensor oper-

ation in preparation for the IoT era. Additionally, they demonstrate potential for diverse applications, including energy sources for

implanted medical devices (IMDs), neural therapy, and wound healing. In this review, we summarize the potential use of this universally

applicable triboelectric energy harvesting technology in the disinfection and blocking of pathogens. By integrating triboelectric energy

harvesting technology into human clothing, masks, and other accessories, we propose the possibility of blocking pathogens, along with

technologies for removing airborne or waterborne infectious agents. Through this, we suggest that triboelectric energy harvesting tech-

nology could be an efficient alternative to existing pathogen removal technologies in the future.
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1. INTRODUCTION 

With the rapid advancement of wearable smart devices and the

emergence of the Internet of Things (IoT) era, power consumption

of these devices has significantly increased. This leads to several

challenges in relying solely on conventional batteries to sustain

prolonged operation times for wearable devices. To overcome

these energy limitations, the integration of energy harvesting

technology as a power source has become crucial. Energy

harvesting technology offers the ability to capture and utilize

ambient energy from the surrounding environment [1-4]. By

harnessing various forms of energy such as light, heat, vibration,

or motion, it enables real-time charging of batteries and extends

the overall usage time of wearable devices. In some cases, energy

harvesting can even eliminate the need for batteries entirely by

providing a sufficient level of power to sustain the device's

operation, resulting in self-powered systems.

First reported in 2012, triboelectric energy harvesting operates

based on the triboelectric effect generated by the friction between

two different materials, coupled with electrostatic induction

induced through an external circuit, to convert mechanical energy

into electrical energy [5]. The advantage of triboelectric energy

harvesting lies in the various material combinations that can

facilitate the transfer of charges between them. This allows for a

diverse selection of materials for the triboelectric device.

Furthermore, the versatility of material choices enables low-cost

device fabrication, and unlike other energy harvesting

technologies, triboelectric energy harvesting can be easily scaled

up for large-scale applications [6].

Triboelectric energy harvesting technology is highly suitable for

powering self-sustaining sensors, and substantial research has

focused on developing wearable sensors that can be self-powered

by utilizing flexible materials or fabric-based approaches. This

research demonstrates the active pursuit of harnessing the

potential of triboelectric energy harvesting for enabling wearable

sensors [7-10]. Furthermore, research focuses on applying

triboelectric energy harvesting as an energy source for low-power

devices or battery charging. This research involves the

development of high-electrical output materials, optimization of

TENG structures, and modification of circuit configurations [11-

13]. Recently, significant research investigated the potential of

triboelectric energy harvesting as an energy source for implantable

medical devices (IMDs). Studies have explored various

approaches, including ultrasound- and inertial-based triboelectric
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energy harvesting, to effectively charge the batteries within these

devices. In addition, ongoing research focuses on harnessing

energy generated within the human body for applications such as

nerve stimulation and therapy. Furthermore, several research

studies have focused on the development of transient electronics

using biodegradable materials that dissolve after completing their

therapeutic function [14-16].

Recently, the outbreak of COVID-19 pandemic has

considerably affected global economic and public health.

Consequently, research studies using triboelectric energy

harvesting technology to inactivate pathogen has been widely

conducted [17]. This review provides a comprehensive overview

of the recent advancements in self-powered systems based on

TENGs for disinfection applications in various environments.

Specifically, we highlight the notable outcomes and practical

implementations of TENGs in various antibacterial applications,

focusing on two key areas: airborne/waterborne disinfection and

human healthcare applications.

2. TRIBOELECTRIC ENERGY HARVESTING 

FOR MICROBIAL DISINFECTION 

APPLICATIONS

2.1 Triboelectric energy harvesting for airborne

and waterborne disinfection

Fig. 1 presents the potential of triboelectric energy harvesting

technology for the removal of pathogens in airborne

environments. Fig. 1(a) demonstrates the airborne disinfection

system using triboelectric energy harvesting technology to

inactivate the pathogens floating in the air. The disinfection

system operates as follows: the triboelectric charges generated by

the TENG is applied to the (-) electrode and the (+) electrode. The

(-) electrode induces a negative charge on the pathogen surfaces,

leading to their electrostatic attraction on the (+) electrode.

Subsequently, Cu3P nanowires on the (+) electrode localize a high

electric field at the tip of the nanowires. This localized electric

field causes surface damage to the pathogens through

electroporation, leading to their inactivation. This approach

demonstrated a high efficiency in removing pathogens even at

high air-flow rates [18]. Fig. 1(b) shows that the high-performance

triboelectric material generates substantial electrical power,

resulting in the production of ozone, which effectively eliminates

pathogens. However, this method has the drawback of being

highly time consuming (40 min) for ozone generation to attain an

effective sterilization rate [19]. Fig. 1(a)–(b) describes various

approaches for removing airborne pathogens, such as utilizing

antimicrobial substances, electroporation-based elimination, and

ozone generation. This airborne disinfection technology can be a

remarkable advancement from an industrial perspective since

there are no external power sources to operate this disinfection

system, enabling efficient removal of pathogens in the air. 

In Fig. 2(a), we focus on disinfecting the pathogens that inhabit

water environments. In Fig. 2(a), hand-powered TENG is

demonstrated to release copper (Cu), which has antibacterial effect

and damages the membrane and infiltrates the cell, inducing an

oxidative stress response involving endogenous reactive oxygen

species (ROS). The generation of Cu2+ ions from the internal Cu

wire of the TENG confirmed the pathogen disinfection resulting

from copper ionization. Furthermore, it was proven that the

amount of released copper ions was below the maximum

Fig. 1. Triboelectric energy harvesting for airborne disinfection

applications. (a) Airborne disinfection with the electropo-

ration of localized electric field driven by TENG. Reprinted

with permission from Ref. [18] Copyright (2021) Springer

Nature. (b) Airborne disinfection using ozone generated by

high-performance TENG. Reprinted with permission from

Ref. [19] Copyright (2023) IOP Publishing. 
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contaminant level goal (MCLG) of Cu for drinking water set by

the US Environmental Protection Agency [20]. In Fig. 2(b), the

high-rotating-speed TENGs is demonstrated using hand-powered

(~7,500 rpm), generating high voltage and current, to achieve

efficient pathogen removal and water disinfection by employing

electroporation and reactive oxygen species (ROS). This

technology exhibited a high level of pathogen disinfection

efficacy based on high voltage electroporation and water

disinfection capabilities [21]. 

In Fig. 2(c), a prototype cup was proposed to prove the

disinfection of waterborne pathogens through electroporation

using TENG. By passing the water through the filtration stages

thrice with the aid of TENG, most waterborne pathogens were

effectively eliminated [22]. Fig. 2(a)–(c) focus on the disinfection

of waterborne pathogens, employing antimicrobial substances and

electroporation-based elimination. These methods offer a novel

paradigm to enhance public health by effectively eliminating

waterborne pathogens, particularly in third-world countries with

inadequate water disinfection capabilities. 

2.2 Triboelectric energy harvesting for human

healthcare

In Fig. 3, we introduce the triboelectric energy harvesting

technologies for pathogen blocking and removal to enhance

human healthcare. In Fig. 3(a), the research study is presented that

utilizes human biomechanical energy to continuously apply a

negative charge (-) to masks, effectively blocking pathogens. The

study specifically validated the blocking efficiency of masks using

the prevalent SARS-CoV-2 virus at that time, and it measured the

charge on the surface of the virus, confirming its negative charge

[23]. In Fig. 3(b), the fabrication of a nanofiber membrane (NFM)

using electrospinning is demonstrated, incorporating antibacterial

properties into a polybutylene adipate terephthalate (PBAT)

matrix. By enhancing the friction characteristics, this approach not

only increased the blocking efficiency for pathogens but also for

fine particles [24]. Fig. 3(c) utilized textiles suitable for real-life

applications to analyze their frictional electrical properties. By

employing a fabric structure capable of exhibiting a large

frictional surface area, the verification of pathogen blocking was

conducted. Moreover, this paper proposed the direct application of

triboelectric charges, using the existing TENG technology, for

pathogen blocking instead of relying on traditional TENG-based

pathogen-blocking methods. This suggests the potential for

immediate real-life implementation [25]. Fig. 3(a)–(c) provide

evidence for efficient pathogen blocking using fabrics that can be

used for mask and clothing production, employing frictional

electricity. In Fig. 4(a), we focus on pathogen removal in patch-

type devices that can be attached to the human body. In Fig. 4(a),

a wound healing patch is shown, which was developed using

Fig. 2. Triboelectric energy harvesting for waterborne disinfection

applications. (a) Waterborne disinfection system using anti-

bacterial. Effect of Cu
2+

 ions. Reprinted with permission from

Ref. [20] Copyright (2019) John Wiley and Sons (b) Water-

borne disinfection system based on electroporation and ROS

through high-speed TENGs. Reprinted with permission from

Ref. [21] Copyright (2022) John Wiley and Sons (c) Water-

borne disinfection system using electroporation of PEDOT/

PPy-Cell TENG. Reprinted with permission form Ref. [22]

Copyright (2021) Elsevier. 
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recombinant spider silk proteins (RSSP). To prevent infection at

the wound site, pathogens were eliminated using the electric field

of a TENG and converted into reactive oxygen species (ROS)

[26]. In Fig. 4(b), a breathable, biodegradable, and antibacterial e-

skin based on all-nanofiber TENGs was created. In this TENG,

silver nanowires (AgNWs) were placed between layers of

polylactic-co-glycolic acid (PLGA) and polyvinyl alcohol (PVA)

to allow the release of silver ions, thus providing antibacterial

properties through a porous structure [27]. Fig. 4(c) focused on

preventing surgical site infections (SSI) by producing a device

using biodegradable materials, which was inserted into the

surgical site. To eliminate infectious pathogens, high frequency

with no effect on human body such as ultrasound was proposed.

The mechanism involved the induction of charges on the

pathogen's surface due to the polarization caused by ultrasound,

leading to surface damage and subsequent self-elimination of the

pathogens. This approach effectively removed potentially

infectious pathogens within the surgical site [28]. Fig. 4(a)–(c)

provide a concise overview of research related to pathogen

Fig. 3. Triboelectric energy harvesting for wearable mask/clothes

healthcare applications. (a) Virus blocking textiles powered

by a human body’s triboelectric energy harvesting. Reprinted

with permission from Ref. [23] Copyright (2022) Cell Press.

(b) Pathogens trapped by nanofiber membrane using elec-

trospinning. Reprinted with permission from Ref. [24]. Copy-

right (2022) American Chemical Society. (c) Triboelectric

charge-induced electrostatic repulsion between fabric and

microbial aerosol. Reprinted with permission from Ref. [25]

Copyright (2023) Elsevier.

Fig. 4. Triboelectric energy harvesting for patchable healthcare appli-

cations. (a). Recombinant spider silk proteins induced ROS

through the TENG. Reprinted with permission from Ref. [26]

Copyright (2018) John Wiley and Sons. (b). Antibacterial

effect of silver ions released by AgNWs. Reprinted with per-

mission from Ref. [27] Copyright (2020) American Asso-

ciation for the Advancement of Science. (c) Ultrasound-

driven on-demand TENG to prevent surgical site infections.

Reprinted with permission from Ref. [28] Copyright (2023)

John Wiley and Sons.
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removal in patch-type devices that can be attached to the human

body, as well as efforts to prevent infection at surgical sites. 

3. CONCLUSION

Triboelectric energy harvesting technology possesses

advantages such as the versatility of material selection, low-cost

production feasibility, scalability, and high energy conversion

efficiency for converting various mechanical vibrational energies,

ranging from low to high frequencies, into electrical energy. It

shows potential for self-powered sensor operation and can be used

as energy sources for low-power electronic devices, as blue

energy in diverse environments such as vibrations and wind in

industrial settings or wave motion in the ocean, along with

applications in areas such as implanted medical devices, neural

therapy, and wound healing. In this review, we aim to summarize

the content related to pathogen removal and blocking, which is

another research area relevant to public health. By utilizing the

characteristic high electric field generated by TENG, various

studies have focused on removing airborne pathogens or

eliminating waterborne pathogens to enhance public health.

Additionally, we introduce studies on blocking and removing

pathogens in applications such as masks, textiles, and patch-type

devices attached to the human body, thereby demonstrating

another promising application area for the TENG technology.

However, despite the advancements in pathogen blocking and

removal technology based on triboelectric energy harvesting,

some challenges still need to be addressed. In waterborne

pathogen inactivation, the time required for disinfection is still

lengthy, and a separate sterilization process is necessary as the

current focus remains on pathogen deactivation. Increasing the

speed of water treatment along with high-efficiency pathogen

removal can be a way to address this problem. In airborne

pathogen removal and blocking technology, there is a need to

verify the blocking efficiency in high-humidity or high-

temperature environments that can decrease the triboelectric

energy harvesting. Once these issues are addressed, the

triboelectric energy harvesting-based pathogen removal and

blocking technology is expected to have high commercialization

potential in the future.
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