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Abstract

The growth of global population and technological advancements in different countries have evolved the energy supply
and demand models. The increase in energy demands and limitations in fossil fuels and their shortage have enforced
human beings to modify energy models with the exploitation of unlimited natural resources such as wind, water and
human body. With innovations in technology, the use of renewable resources has been the center of interest for the
replacement of fossil fuels. However, the current methods of exploiting these resources have many shortcomings. Low
efficiency, high cost, dependence on atmospheric conditions and the requirement of complex technical knowledge are
some of the limitations. Among these resources, triboelectric nano generators however, have opened new avenues to
energy supply with their exceptional perspectives. With the capacity to turn mechanical energy into electrical energy,
these generators can be very useful in daily basis requirements. Herein, the mechanisms of energy generation by
triboelectric nanogenerators are discussed. The energy intake from human body movements, wearable devices, water
droplets, ocean waves, wind, acoustic waves and magnetic fields are categorized and presented. Finally, the benefits and
challenges in applying triboelectric nanogenerators in real life and commercialization have been discussed.

Keywords: Renewable resources, Triboelectric nanogenerators, contact power generation, wearable triboelectric
nanogenerators.

189

©@®Authors retain the copyright and full publishing rights. This article is an open access article licensed under the Creative Commons
Attribution 4.0 International (CC BY 4.0)



https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.22034/jrenew.2025.225525
mailto:asiehsada_kazemi@iust.ac.ir
mailto:asiehsadat_kazemi@iust.ac.ir

Sl e (o BlS Dol as ¢ 15 po Cppni sl

3l B A5 WS o Sl lay gl (SG S o oSG STl g oole yiodad
ooty Jlasl b g wlcalisee sl o basg 2SIl .ol JS So Sl o
121 sgi o slom) (ST i8Il L y>

Atom of
material A

Atom of
material B

51d alols |5 1ayl 45 En 5 Ba slasi,il LB 5 A asle 95 (gl ol Jow ) JSCi

122 ses o £, Wl s 5l JUil e olod 5l s 5 95 o

sl X o (8 lecun) Gezmen ilse Lo 4 e TENG
Sg Sl ladad 5 5,Sal iU (oledo 1 (5580 0505 mlis o 5 Las>
G5l s b e plgie ap ilos ;S 095 a1 (90l 4z g5 6,5l
S92 90 S5 b g LIS )5 (egs ol Bl ailys) (235 o) )3 39250 (Sl
51 5 ool b 5 (S S (5351 4 (AT 5 5,1 ) Jolio (9
- oo [13] iblisng iUl 2lsel 3 bl o zlgel {221 SS90 Zlgal )3 S92 90
Obej 5 43 (S Sro b bygliiel (nl by 1) 5ls 9550 Gr Ol
g ;0 L TENG ;| cogdhay .o,5] o0l,8 55 oS oy Soolidlyen jo o>
o2 Oy ol ild g Sl S LI Lawdly Lame ,o YU 5Ly adis
oS 53 byl iiel al p 655l 0SS Sl S9d oo ooliiul
gy o Clola> ((g5lug)lo cylojs 5 Cublogy Jolds Lo )57 51 (gxamsg
0550 4y wdmy sl isn 10 [21] Wil az g5 590 2lBs polio ( egimn ien
ol 35 1 Uy 3lle o1 e o055 5 TENG o Slee
D35 o0 Sngex 5 Eou (53l (nl dxws ;0 9290 sla Al

.L:a;%agq;m g odes dLdeb 9 l TENG 5).3)15 039> 1 J,.\.’?

Llje 5 lacysgaze do (L ElS oje>
e Sl )0 Saz aBabl e colie e ,giliseil
Ol Sogy 5 oy Laome b (5,500 by
lale 4 5l stagh) g (ae Ll 4 dlge (Sinly (SO o5 >
G JiS Casi 9 kb (sl (Siig 2SI ol

aile) (ledie 555 05 50 Sl IS 5 iglicie ()b 4y 5L L s
ol 39 Sz 5 Sy &y (29,5 (Simaly (50l )50 T
59 b aly g Dby ale g Of Lulyd (g e slesks
ok Sy & (25,5 (Sily w5 S
5 Lo obd Judo 4 ol jes Jsb g onemn b S

glyel £ 4 (2o ,5 (Sl 1ol Gl

4 Maxwell’s displacement current

2 o ledi €12 050 <1404 ¢ 555 una3 (gl i (ale 4,08

190

doddio —1
slipl b b slag,sld amwg D90 g ueal o595l sln
SRl G 0 b oandigy (oS gl dasie wlsh g oy
o3 e o ol caasd al33l ¢ o slocS g 0ail}d 5 gy
Fee 5 0l ppesisl Glasls 5 Do Cumex w5y Ab) (JB 5 Jo 50
Lo Ll a0 oolain] comw 4 a5 calizes Jaore oy sloayags o
L 5o 1) 056 Glapgian 5 bipwmwsS| oeldl ¢ od wlio
Sbsiyl 518 il Djsp8 g peil 0,5 353 1,0 Lis ke

1511 cslagylyg0 aen 5l o i slacsssl b S 5 piyapazs
DB 5l e sl wslasls aS™ obilie plos b o s 50 ol ailanlio
Sy (S35l 5 55 06551 s b (@3L «sr90 e A o3 Vb
siten [12-6] (592 5 (Ll Laalps 4 (Sinly 5 (5,900 ISt (g
ol Il iz o il 005 g)dn; (olaiadsaze b 1) Lol 5l eolitul o
So Sl (S pSlen 5 sleonsy (e slas sl céyan L
ol wedys 1655l el «Solilsgish 5 S Sllse S iUl
(o528 S8 uablisiag 1Sl zlgal clasme (slo )3 wolilss ) 5 blug
ot wal s s926 a4 [VF] Lo ugildl b b, zleel s N ¥] Slus! slaclas
o ysld 5l 6 rSosn b (rizmen Wil Jgone sla g, chnd bl w30 a5
5 8 Gt Giluaigy S 5o pogilsS Dlowlre aloz I (g
At JUl 5 a5 s 5o 56 ()53 L15] (6551 ¢ 150 51 sy el
G JUS! g 059> ol 0 bl 2o il 899 5 5 [16] (S 28U (5551
ol Alia s mals | By s lgiise VY] (caSomm & 5l 090
bl o5 3lop o0 TS Sl 5 sl $U by 55 o @
Sule; Coz ama ol )l 550 ol 4 oSl cex Sl
2sdge odlitul TENG I S ySllyn 5 slaysil 356l sl lans
g " Sesbwg S UM 5" ooles e iSUIM 51 g plésl b bs TENG
A TE 0 o Joe (Sl 551 4 S 55 Fse s
b e 59 o )k 10 (b 8 ol (ol a8 (58 S 2S5 5
(@ e 5 (S ole jlam a8 (o I8 52 (g Sl JUH pansle
b 1y ools 95 Sl ol Jae 1SS g oo Il (oSG SUl Ll 4
Syme ygise dlyie 4 @lulr ol 19T seSle bl ol wes
b g planel (Slse 65,50 Jos ;0 s TENG [18] wiS o Joe o5 >
TENG asksd S, aiid fga sl (S50 (6551 0 omly asals 5 uilS 3
7B o Jlesl b el 09 i8I Sy 5 SG STl oole I ISCiiie Ygone
WS (o0 Ty oled @2 b &5 (olaw (59, SoSlgn 5 slal (Sl
Sl a5 wboo Gl L (I g Jlesl JSom iz b 3gh oo Slon
Tobw 3, SIS sk @y a4 SupSlen i sla)l oo gl
Al cadle b g LS ol b dayly cpl gl oo auje8 gwles
WIS iSlgms 5 sla,b Jsl 45 53,13 3525 5L £95 90 TENG s [20¢19]
S S e alolsT s sed g g e g9 o iSls0 sole hans 0 aS
Hgdise gisd o Wl g xSl osle mhaws 1 45wt g0l slal pso £55
S (oo ol |, S Sl oobe 5 adsi (S Sl e ol cl asgeme
1 Magnetoelectric

2 Internet of things (I0T)
3 Triboelectric nanogenerator (TENG)
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1 Woven-structured triboelectric nanogenerator (WS-TENG)
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3 Fluorinated ethylene propylene (FEP)
4 Vortex Induced Vibration Triboelectric Nanogenerator (VIV-TENG)
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1 bionic stretchable nanogenerator (BSNG)
2 Triboelectric nanogenerator (TENG)-based micromotion sensor
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2 Woven triboelectric nanogenerator flag (WTENG-flag)
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