S AT 2RQIEHS| %] A17E 4% http://dx.doi.org/10.18652/2017.17.4.2
Journal of Fashion Design
Vol.17 No4 (2017) pp.19-38
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kel QlolA F o AT} nldE AAEkL Sl & AelM= oluA] shlAag 7]eS A8 s
Ao S AR Ak sgivk AT Sl 2ol A8 7t oluA] shHlAE VlEe] vl
e 94, A, vi7), 3, AA1ske] s7HA R st o5 7= violw gl w iAo EoflA
g 71 =2 AMste] 14009702] 83k Al ARIE BE, 19 9 58S At @A Ve

ezt il 7P B2 A8EE ol FolXl olix] shl AT Ve BjFIA R o AARke] vhekdt ofo]
glofl g7 L vk S Vs HIE S-S AAJsto] aelupgel 2%t X, AlA| 3.%‘011*1 Eia)
© 4 oo AR Mgshs AlE, 9de TR /‘}3‘«1 Al W3S FAAse] uA|Z Wdo] 7hsdt 5
AA =GN Hd, A 5, 7= RS e 7S Akisko] ARre] EarA e AlA) &
oM FERE AUAE THsh= Al FH= %‘“ | 7] L Sl A ok s aAE st ulas] shot
TR HEA = A |9 oAUAE BB QFEvh S5 5o AR o gste] ARgsh
AEo R yehdar glek ofuA] shlagell tigh 7]E2] B SujelelA wile- AA FrkekaLl 9lo,
obd EAH L3 LS vFE] wlitel, siAotelsl oz o] Vet A8, Held, el Foln
U ERE s 2k Avde A Sl 71 A ARAE T4 2 ARl il T asklty s
AfruAlel e oz A HAmRA G HE-E Aol st FHoR WWhes AvE Hs
22 BRI, 4] A7 ARS Sk o7bdEel tidh w2 vl o' R olEdlA EdlE, e
R34 a7 9 T-IUARLEE F8ks A47Fs ERIE 5 AlU%] vZkE-l =] F-ashs A3

LEE oo & Zlojth

FAO] ¢ ofuA] sHIATE 2, U A] sHHIAE Yl oUA] shHlAE s Al

E

B ATE B RTAT 2 JRFAVENTAE S qSHCTATAE S94 A1) AFd7AzE S35,
(IITP-2017-2015-0-00390)

+W A1 A AL =44, jungsimroh@smu.ac.kr

A4 20179 99 20, FAH=EASTY: 2017 11€ 219, AAZAHY: 2017d 128 7Y
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I.A

A olFEAS o] 1EskERA TR Y
7162 ARIAHA 29 L ol AHET,
AL kst g0l ARHI Qe ARRE 9
O] 2] E-(smart wearable) Aldef] o2t} HAE717]
= 4% 7<1 01”01 =k O?LQ-_’L, Froh

A SIS, AR Al 28
g0l FE3A BT, ol AR AFe

=8 55} 7lsel st ApAsios Sa), 2t
WS Fo oA o A, A 2 9
BAE el QoiA] Foe Wt WS A
S QIek W, 9, A71AUAE B8 oA A
B8 AR AREUT, ARAT 7154
WA Plofe AvkE tujol i o8
ol47k ML ek 43k AISYAT] 2w} 3]
HAE e U4 53, A%, Agolehs o

A8 AN A8 A FH UAS FT

ﬂl

¢

ot

StaL itk oluA] shlAgel st 9 71 g
HE S8 83k Ald 29 gAlelH dofE

AR717] 5-& BIEst olvA| sH~" 7]se &
&-GiE E9 Al st A et
(Kang & Jung, 2014).
oL %] S|~ % (energy harvesting)©| &t /42
oA WA ALY LR e oUAE Kol deow
Aoz Ve, v, &=, 25, B 5o A
ANUAE A7]eIA = W ghah= 2Rk o2} A
Holul Wk 2, Ay 293, AhsAtke] #d, W
& Aupsa} o] FHe) B A= U= A7]e]
UAZ Hgeh= 7]eolth ouA] shil s AL
FA= Fafstell ] AlA 10th 87 EE A
a1, m=r2] e "Popular Sciences ollA= 457}

A Ve 5 s A AT (Kim, 2016). 3,

=7REEA VIO JEARE = (NCS)<- 2015 10TH
EFSA B F Sz Aelel A s
28 7Es Al dlofeE olvA shHlAd
PeE QA FAeNA ek E, A9, 4,
npEE 5] ol|AE AR 7hedt A7 ]elluA = ¥
A= VISR 715 o, AvtEAR e 22 4
o]#]& A7) 7](wearable electronics)2] =Y =2
nzAfow $8d 4 ok wah, vz
(pacemaken) 2} o] 2] 7HA] A A5 AT
% 9l 4318, 23 ol erltd A mEl
o) o)E A8 5o Ao R A5t
CHI = E oflu]#] SHIA~E 7]% [Wearable energy
harvesting], 2015). V]| 2JE E-NToA] <AdE
o] o= AFE b= ARl e FFEol 7
07 H7hE a1 Q) O v (Bae & Ha, 2017), 3
$345)3 Qe ZHEGR, A, RA, by, Fe),

£ 5 ekt Anke AAEAN tehiEo] o)
d 7aS oA 29 A3 v kA A,
wbA) ol G Al BeaA Agst
7] Aok AnRREe] Qo] F-gehs HARIoR
Hhdska 9lokSuh & Roh, 2015).

B ATelME tAY JRgAV] sl B o w
QRN & 229 Hol gt mHke Akl
o SR oA Sl F1ee] 383t B
A2k, o5 A8 AR st
b B 12} 31T WA B A 1 skea)
ek w2S v o' oy shlAage) sl
el oA Sl 2 BAse] 87
AeAZ =25t 7, o5l 28 7hsd 7l
¢4 (piezoelectric), PFE7]

N

o
oX o&
mlo

m)

2

o & o fU wo
=

12

%l (thermoelectric),
(triboelectric), 3 (photovoltaic), A7 |9Kelectromagnetic)
o] s7HA] frox BRsiGich Al A4 7=
vlolH oA <z} 7] WA} ol A] SPIARD, <A
HlE Yoje] ), < AntE sjdAE olzhs 8t 719
T2 12} AL, REE AlEY B8 ol E
= 71 At F 14009702 A-gske S AAlE
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AR %, 58 D 542 B ol gfow
g 7Hsske ke dofel S AlgelA, Al
) Edeg Awsi] A47Psd 297 oA}
AR TRAIE B S G AR 3
of TR et el 43 7122wt w2}
NEEIE
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1. oiAX] SHIAE JHE H AIE MY

oq#] shElA~golgh el mEAl= l, &, &
&, AEelUA] 55 Fot Agslo] ofeiE x|
7] B AN UESI A9} 22 -85k Mgl
2 H8lehs 7]solt) A, Aizrdgyt 7
71, B, wEe] A, AR A}, ARt
gk A, T2 B Jduje]] o] 2717k vkt
Al eE &8 = AriEgure 1). T2 35
AL A 59 oA el thst Hhist 40 v
o] A= whd, ofuA] spHlAE 7= 7 ol
U el et nlgo] A8 Qlar, o8 R vk
ARA R AN 7hs R 51 A9 e 3 VleR
gkt 58 2okl 71 50l 7Fs stk Kang &
Jung, 2014). <+ o J A= riLel whet 244,
Aef=tE 7171, A=871V71, 287170, AksAk, 2 5
TRt e 585 L itk sl AY Thsd ol

P

Ej7} EAetH, A X7l 85 Thsst oy &
2 4, &, 25, RFRadio Frequency) =°]ThMoon
et al., 2016).

oy SRR 7|eo] o &A% A
271719] ALdFF EAE #MAE T S dijle
2 FEREEA, AA s vlEste] sd v
b Aol A s A7 HdE Qi
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7HIA 7)) Whegrio] @ E(LED) AT-E A
1E2 GAE AP FYel e 1L ol %
3 ojYE AFEE FEITHAY A Alh
A2l 129 (graphene) 0. & 7] UAE 225
F83sh= 7o) e AAFHo] Thse BA
AFol 2he uigo|| . FHEE tAZgo]o]
= = T WA H3d Tk Woo, 2015). 18k A4
Yol g wel A AaAeEt
= &% Axp)7)e] F HEd
HIAE 7o) AHE 5 s A
of & EAshk= ouxdE o] &3t
OAE Ao HAAPI71E AR
= A7t sk AL olE E9, o9l
Yol Ak E8 A7|euRE HES]
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Figure 1. Diverse energy sources all around us.
From Battery-less embedded devices with Power
Harvesting. (2010).
http://www.cnx-software.com

-
NIER

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Figure 2. Energy harvesting market.
From Das. (2013).
http://www.idtechex.com

Figure 3. Market share on 2022 by
energy harvesting technology.
From Das. (2013).
http://www.idtechex.com
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2 Aolekal ekl thWoo, 2015).
AT7HA] oyA] sk A"l gk A 4%
71l gk A7 s WhE, AAgEA Ede|
Mz sk SIE 719 A54Ql FAE 55
3k 7ol WA gk ¥ o7 A gt} gt
o] ob FAdshEA FEskal Stk Idel:
ET78ka 2 ollUA shA" AA Ve BHe
2 FYoUA= 7 ol Srkstar Qi Azt
718 293}, JAs), Taea viEee] Alel=
G AR Qe 5 oA skl AEe
st o= 758 AR ddEthKang & Jung,
2014). olUA] SHIAE 7]&2 2017dE 7|2
vl 1,000%F 7 o] de] Al AgEA, A
A2l AT Mgkago] Sl et
E2R1 A 7} o7 THNCS, 2016). G
2 A|FAF 7] F(IDtechEx)ol A 2012300 2
b HA, ARZ7E SE odA] ekt A
J(Energy Harvesting and Storage for Electronic
Devices 2012-2022)’c]] W= ofi=] s AE Al
A2 201295 739 ellA] 20221 532 AL
2 /ﬂ;g-z‘ﬂ- Zoxg ;(‘]n]—g]_ir_ O]D]'(Figure 2). OﬂLﬂX]
SHIAE A T

)

iis _W _!E

o kel
rot

7} (consumer electronics)®] 7}

At B AoE odshe, 2022
2% 6319 R A o|A s A

oF 50%5 AAE Zlow dgstal Qlvh HEdH
2022'd ofyA] shlAE ZEd A AlA A A

&S <Figure 3> o] BlFAA] 7]40] 46.6%
2 7P A o|A shag Al AkgE A
o odEm, A7), obd, G oluA] shu|
g 7]=o] & Aol Qo] oF 23%°l4 14% B=
AA oy spag Ve 28E Aol
(Kang & Jung, 2014).

2. OlAX| SH[AT &K}

U= sHIAE Aafel] kstoli= F <t thefst A
TAE 9Jste] FH o7 BFEo] gk Kim et
al.2013)2 UALES FA B, o, W%, A=)
(radio frequency)® -3t 72t oUX|H 54E
Ao, QUA, AR, 71A] TR At 3ISAT Lee
and Kim(2014) -¢-2] FRlel| EAsk= 4, 71414

S5, s, 29, AR B, G4, A7) Hel
U, T2 g7)eF 2 theket Fee] v
& FERP| Q1% Abse] oA o= AAlE T,
| 7]sEE0] l‘mﬂl AUkl 3F3ATk Kang and
Jung(2014)>- LRFAR] ofiqA] S| AR 2] oA
= 71AA, 4, 4, *XP] AR, 227, B 5,
AZre] &, 11 & 38t A=A ouA = el
Tl Yu2015)%= SKollUA| EZ 104 U] s~
B FRE TR EREelE, Aol 24Y
o 2HEs AAlUA, XE B TAUA, =
ALl FAZ e 7HE W BAshs TR,
o] oA o= "ojA]m] sk 9oy
A, Azpatel g =], Felu =], el & ekt
= 71=R Aslgle mh ofjuA] sl Ag At
#H}ﬂ,g, 25, B 5] AAeUA] B opet
JANIA], T3 wEFe] g, A 284, 2bs
212l #4, WAt 5 el MR gl



ol PR s dAlE TR

Table 1. Energy harvesting sources.

Energy harvesting sources Ambient energy Human body energy
Light - Sunlight, room light -
Thermal - Industrial waste heat, temperature difference |- Body heat
- Vibration, alternating strain - Breathing, exhalation, blood pressure
. . - Wind(onshore, offshore) - Motion(arm, finger), eating
Kinetic(mechanical) - Fluid flow(water flow, ocean currents, tide) |- Walking, exercising
- Acoustic waves - Talking
RF - Portable electronics, radio, frequency -
Biological - Plant, bacteria -
=¥ t'é}f"}EP(Moon et al., 2016). o olde] ollvA] spAg s wigow @
o] Ay oz B oM A 7 wol 4¥ 3 Q= oy SMAd 7]
<Table 1>%} Eol ]Lﬂxl sHlAE 2AE 24 =2 day, ddad, ey, A 1das,
oA g} QAR = F-EskSiTh 7ol A7) freast 5o vl 7] B @S o&
A= AAA, JIFA AUAE B 23sid, T sh= 210 % eI THJung, 2016b).
AR AUA LS AA W, &, 71AH &F, AR
719}, e UAZ ERsith HeuA= 3. HloiglE oilX| sHiAE 7=
ek, Az Fol tisEa ey ot doll
U] SHAEL e 22 Qe do| o]Es u) A splzE 71so] dlofelE 71715l A
HEIEHE oA 2 A7|oUA] 2 HEA 7= e 7] SlaiM= shlA" Ak dofelE 717
2 ggdlt}y Aoy AEaS n)Es Ak W Aol Zhsdllof strE H uS st
A, A, AE, AA, 2zE, A 59 (flexible) A, 8RS 7135, Hegjolo] 29|

i rﬂ>:

S, 9, VD), kR olg e B

(solar cell) B 072 Ay dto] FsY Fo|THNCS,

AAe] ATE, AR AL o Lwx
Zgo] vl oA dolc. w5t 71 $5

UAe A%, ote, 274 9 ggsl= Aoz 1} 2016). & Ao AYATE niEg oz goj
2 B4 vr 25 A 5 Ay g}, x}z E AEL 7Fss B2 oA shAE 7)e
At wge] A, el fAuA] S & GH, &, v, B, AP e SRt
A7l A 2 Wgket &= ok w3k ,_21]01]1,1;(] 2 Z}yzve] dejeh 548 Aunsith

A 8, by, 259 5 9 ol =9 &

BQ) FollAl sk %%OﬂLiX]E F23 of D <4

A dolet. bt i A= ¢-27t & AAshs & A7 A & IKSeebeck effect), HVE] ol & IKPeltier
npEE O g HE] in}?]}x] 7] o FoA effect) 55 HIFOE GoUx| g A7leuAZ, A
Ao FeRs AATES Bot &8sk A Z1UAE HellUAZ 25 MSA7]E 71ER
olt}, o] WAIZF Eok AMEE 4= gl AR A U257k A Al vk 100 el 7)ol A
271719 et Y oluxdo® &8 7t AE Gk AWM EIR= 1821 d 5U9 Evpa AW
Thdung, 2016a). PHAI=FC 2 A&, vtee]o} 52 (Thomas Johann Seebeck)©] A= L7311, &5 A
AETA oUAE H7]UAE wigto] shset 7d 25 Al A7)E A 5= Qi) 183 T
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o] Fskrf, x g ofEuh2 HE]of(Jean Charles
Athanase Peltier)”} "#71gh e ol G 7= A9 &}l
N2 AR5 S859 AR ool &% Apolrt
Wgshs @ o, 7P oA A s
FY43 Foll 2~0]a YItHWoo, 2015). AW & 7=

WS AP Ao R AR wighEE @2o]
Tk o] 2 5ol whet AR ke efux
22U A AR U] #33E, 5 B
7bE 7] |qA7} B £ o2 ofgslo]
= A7) wie] gt 4 S 27t
v B Gfo] WAL 2L Lo Tkl
A 2% dielX 715 AR qlom, 44
£ )42 W} 2

(Moon et al., 2016).

A 7es &8 ¢ s R cuA
& AFEAE WIS Adu A, A, ARE, Al
A, 27, A T AEEY] e, A
o] A3t o 2XaE &8 Fo] Atk KAIST

i=]
A7) 9 Aot

~
o

X
&

i

&

OoIL
oz
=

&
o,
4

>

St 23wl AT £
Y AAaAR B FE 5 Y WEC)
ExAIE ZF 10em)E AFEHE - ol 7o) G
20°C & o, F A3} of 17 Ao/} vz A
A WA JE TES 7 Y oF 4omwl
A AR i 2712 e of awel A
B A FlE AR 7hsslthal @tk (Woo,
2015).

2) 3

P Eah= 1880 Zgao) ekl AQ) wof| 2
7] (Pierre Curie)2} A= F]2](Jacques Curie)”} %+
WA ofH BEAL VAA o R FEE 1A
Ast Wit WakdA A7)7F S2A Hed), ol
Frske} SRS} Wl it ddolthWoo,
2015). 01218 A 7% FAA ] 7144 wFo)
A7bEH A7 A 7} sk &3kE o838t

S
=2
v
~
fu
s
ol
s
BN
39,
O
e
r>~1
=2
avH
N
_O'h
=
I
oft
rlo

W3 Ggo] I3 4%, AP} 7hssiths o
2 25 A, A Eakd 2% Axp7)7)ed A gt
oA oA e 2 8- 7Fs3HHMoon et al., 2016).
B g o] 8ah= HlFAA7E AleH] At
of whe} 77] Aatel] B JFE vk Wb, obd
71s G835t olluA] sl el S8hA] A1
Skl MEA= g, W, vhE ouA S 7o
A7) A E A7) witell EuE Alggke] Aok
o] F1a AZF HpAoleh= SHeA o
W1 QA tk(Park, 2016).

P glojelE tjute] Ao A tig), AgtAe
A BHHOR 7n0, PZT, W2, tieglo]o],
LheslolH] 5 5918 AA1E FA0R 7|y
o] o]FolA gkom, o] YA &E-S Sl ol
YA sHlAg 7)ol ATE A ol ok
Alebe] stolw o} EejmE A 3t A AL
& B s 4 AT 71Nk A, el
El(actuator) 7ide] 7hssfizlom, odA] spHlA
Ho® 8-S fe ATk n=e] tg 7Yl
Z18 5] 31 9lth(Jung, 2015). B]=re] Ao} o]
A ZnO thieolololE 572 widEt gloj & ol
S AY s Tste] u] gl 9)4-e] 5]
UE A= A9} Brpd 7)o S48 Al
7F Stk BEgE vhieglo]olE 43 vpedsto] 317
Ak, Folg- 7)17)e] Agehs shlA" aAte
W Foll Sdek. o] ofgjzvbisl g o]
ok kgl wAshs Ws-s A7l
2 SR 7 o oluA] SAEE s
KIST9} KAISToX &= ZEheh bz 4|

A 7]9-e gkl glofEE 717]el
g3k A5 st ArkelelHE oA st
W AE] 7]% [Wearable energy harvesting technology],
2015).
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3) w7

7] oyA] shAE 71 TR F
T7F AR EokRA, A7 ohE vk dEE
T =24 AfolE AE-wE T A &l
S AU 417 2 Alele] A &
ARg3te] ZIAIA AUAE A7olUA = RISk
2012+ ZAo} FrjellA= nkE7|e] 549
vl 7] 487 (triboelectric nanogenerator: TENG)S
H %2 A|XSISITHIung et al,, 2016). 7S o]&
3t dlofets ouA] spIAE 7R vle] Ao}
el Mz T F2] daks 7 fast AlsE
o] g3k A9} o] Ayt TstelA 1HES
o] &35t npH 7] oUX] SHIAEIE NS AlEl7)
ATt (ol E oluA] SHIAE 71 [Wearable energy
harvesting technology], 2015). “3%17] &4k A=Ak
o] Az el glojA ZAAR 1ol L, 49
el AR $13 QA7 AR ddo] 9IX
o AR T A4 BAE He oY =4
Atololl A doju= A7 (electrostatic) =3 A+3}
npEY] s AERE] A71E A= Al
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# 24h7}817]49(Ulsan National Institute of
Science and Technology: UNIST)olA= whak 7|
LA E o] &A1Y A4 54E v &9
= 204 pol= WS PSSl o= wkEol
U RAE, &, HES oA e sk
7l A TAANZA F Qivk wpEAr) E
= 7 BA7E 23 o wEolAe ds
o] &3l 71E whETh olgst Bty wlEol
A7} o] F s H=t, o]zio] stk =t
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=
7] )= o] ARE FEshe

il
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e
4l
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Aol A7k veket oAU ol gel Avt
E 7S Fddks 7R A VRS =

FAadhs 5% Fol aeluA] AxpssE
) xS R Ao ® glokR|e] Wol
ARG, THE S 7] PR NG HEEAlE
Al wHEth AHE ofISrERI(Albert Einstein)
o] o] S o] Aoz Args] 1921
FITHWoo, 2015). Bl =gollL]#] skl

L&t (solar cell)& ARE-3to] HiF Ws dAgo=r
A3 Mgt} S o|A] sp A" a8 %
o]7] flsto] HhdHF2] 7] (maximum power
point tracking: MPPT)©] A-8-#ITHJung et al., 2016).

HFgelvxs =, sfeaor A7]oyA
2 AT A oluA] Al Bk A =
A AR S FUIES 7IREe R Sk FUIH
Fax o} s Znke] FrEEA e 98
&R HFIAR v 5 vk kA A
A3t A 718 A 7k P kA9
o AAHL Qs A oR 2 0 o

Pk A @AE A3 ) FIAE %

O:

al, st Z1gely 23 &l A-EAl 48412
4= Qlo] AlFaL thFst Rolel 24 71Ed 9s
R, 7] HFAE & FEE von g
gk A 7F w3 AThPark, 2016). 71 %A
A HFguAg Frste] A71E A

o
FIF

At Az FEE WE ) e, b
Woluh AHlFe ERe] A gt Frnke)
ez AFsI1o] A gaichPark, 2016). 5,
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AXE 83 vekdt AlFEe] ARox

¥ & B N

o2 e
mHﬂ
[STRE
i,
32

5) A}t

ARt AR ShH|AEL 98] O] ke 7
Azt LA & Bot A&-g- sh= Zlolth 2] Aol
A 7L Sl ArpEZOG W AT 55 FEl
7] FollA HoAA o7 EHHUE AAES
Hob Fgohrh TARE Bt AREE 5 Al AR
AR717)9] 58 5 ouxdoer &) 7hs
3}THJung, 2016b). x|t &¥= 7o) 1nn~100
km 9, S W5 3Kk~30000714] ) DA S o)
2 BAIS S F7), o158, Tk &
A EA AlE, s B oA Bl
B 22 dlole] FAle] MAp|akE 3a A
v 4= Qltk AR ks o] 84 FAIVIES A
7] ol APk 25 W), o
EA 0% ARG JBEtal 371 Lol WA AL Q)
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Table 2. Thermoelectric energy harvesting fashion products.

Energy harvesting

Energy harvesting fashion product

Product features

technology
’\ i A flashlight powered by body heat by applying the
Figure 4. Body powered flashiight. Peltier effect
From Hornyak. (2013).
https: //www.cnet.com
The Power pocket woven into a sleeping bag, which
23 can be used to recharge a smart phone
Figure 5. Power pocket.
From ZHICHIAL (2016).
https://m.blog.naver.com
7 .
5 Power generating sole that converts heat generated
g Thermal from your feet
g energy Figure 6. Sound charge T-shirts.
g From Indvik. (2010).

http://mashable.com

18,

Figure 7. Power watch.
From Lee. (2016).
http://m.news.naver.com

Smart watch powered by body heat

o

Figure 8. The heat harvest table.

From Thermoelectric energy harvesters to reach over
$1 billion by 2026. (2016).
http://www.idtechex.com

The heat harvest table, organic & co-extruded
thermoelectric generators
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Table 3. Piezoelectric energy harvesting fashion products.

Energy harvesting

Energy harvesting fashion product

Product features

technology
Sound charge T-shirts with embedded piezoelectric
. film
Figure 9. Sound charge T-shirts.
From Orange Demonstrates Sound Charge T-Shirts That
Power Your Phone. (2012).
http://www.envirogadget.com
Acoustic
waves/
Vibration Shoe-embedded ~ polymer energy  harvester
energy optimized for powering a transmitter module
Figure 10. Footwear with vibration energy harvester.
From Powering wearable electronics from walking. (2016).
http://www.ipms.fraunhofer.de
Mask equipped with tiny turbines that will turn
and produce electricity from breathing
Figure 11. Arie.
From Lammoglia. (2012).
http://www.coroflot.com
~
g
% Energy floors’ kinetic energy-generating dance
g floor
& Figure 12. Energy floor.
From Distasio. (2016).
https://www.engadget.com
Pressure
[
n Power-step shoes with detachable encapsulated
piezoelectric ceramic
Figure 13. Power-step shoes.
From Davis. (2010).
http://alexdodge.com
[ﬁﬁ,
91 : Y Use energy from movement to generate electricity
wl/ in the form of lights or sound
Figure 14. Human powered dresses.
From Meinhold. (2009).
Exerted http://www.ecouterre.com
force -
The force exerted on the straps, made of
polyvinylidene fluoride, a strong, flexible material,
gets converted into electricity
Figure 15. Piezoelectric backpack.
From Zaga. (2007).
https://phys.org
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Table 4. Triboelectric energy harvesting fashion products.

Energy harvesting

Energy harvesting fashion product

Product features

technology
a:l' 9
.& Triboelectric generator embedded shoes(harvest
Figure 16. Nano shoes. energy from irregular human motion)
From Efficient Triboelectric Generator Embedded in A
Shoe. (2016).
http://nanocomputer.com
Wind blowing-Triboelectric nanogenerators
generate energy from movement
Figure 17. Life tech ver.7
From Lee. (2014).
http://www.outdoornews.co.kr
Electrosatic Triboelectric nanogenerators generate energy

OHJOSROqHL

Figure 18. Wearable energy-generating fabric.
From Brown. (2016).
http://www.news.gatech.edu

from movement

o
)

- -—
Figure 19. Socket ball.

http://www.wipo.int

From Harnessing Energy and Lighting the Future. (n.d.).

Utilizes a generator and a spinning weight and
magnet combination to transform kinetic energy
into electricity

Figure 20. Wearable charger.
From Schwartz. (2015).
https://www.good.is

A Kkinetic charger inside stores the electricity
generated when moved in up and down

eFgeliAl= 7 71 4
< Aoy = BAL =, 4
AA, =20, A, 9AE, Bl =, 2, 7Fe] 7l (shade)

4. EHYZ0HX| S| A mfEXIF

Sob FErt
dEeks, 7Py, B,

0] 5 Sth= AlollA] ololtolE Aol /e ¥
ofct. & Qtolli= A7 U] olo] 75 & o)
HASHE SEolUAE 7|2 v, 30 5
QF 3-8 2P LED We-S A7 B2k AR 4= Qlth
SN E (Wankband)7}+ 78t YlolelE 471 &
25 FEE A ot ZAelA RE
AAIA Bk 5 veket AP 71E 248 5 e

A7) UA 2 HEAZ] AlEo] ChFigure 20).

& vRekeh diaAE] g} o2 ANdE I QtHTable
5). <Figure 21> 2C2] EjoF4 %—XdEx}i 2N
FHAET} B e UgE o], 7 vk BHlow 4

5ottt
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Table 5. Photovoltaic energy harvesting fashion products.

Energy harvesting

technology

Energy harvesting fashion product

Product features

OIB}[OA0)OYJ

Solar cell-
light energy

- -
Figure 21. Solar light cap.
From Benderoff. (2008).
http://featureshlogs.chicagotribune.com

Solar powered hat fully charged, the light lasts
up to four hours at its brightest

Figure 22. Solar powered head-set.
From Kim. (2013).
http://navercast.naver.com

Solar powerd head-set

L
Figure 23. Solar penal sunglasses.
From Burns. (2008).
http://www.yankodesign.com

Self-energy converting sunglasses

Figure 24. Solar bag.
From O£t Dht EQHE Tid
[Solar panel meets with art]. (2011).
http://www.nextdaily.co.kr

Eclipse is a solar cell bag that harvests solar
energy to supply power for your mobile devices

Figure 25. Solar powered fitness tracker.

From Stein. (2015).
https://www.cnet.com

Solar powered fitness tracker

Figure 26. GR-8900A-7ER watch.
From Keefe. (2011).
http://www.trendhunter.com

Casio G-Shock digital technology reduces battery
waste by implementing micro-solar panels

Figure 27. Solar power necklace.
From SOL: Comtemporary Jewelry That
Can Power Your Phone. (2015).
http://inhabitat.com

Jewellery piece has a designated slot for the solar
panel housing unit interchangeably
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Figure 28. Solar-powered T-shirt.

From Never run out of battery again! Fashion meets
function in this solar-powered T-shirt which can charge
your phone on the go. (2015).
http: //www.dailymail.co.uk

Solar-powered T-shirt, 120 thin-film solar cells
can then be connected to any USB compatible
device

From Randles. (2009).

Figure 29. Ecotech solar jacket.

http://www.trendhunter.com

Solar jacket with solar panels that are smoothly
incorporated into its collar

gwb:
%H
Figure 30. Solar shade.

From Leahy. (2015).
http://inhabitat.com

The eco-leaf is a solar shade concept that will
lower your carbon footprint and brighten your
living room

From Swan. (2016).

Figure 31. Mobile phone solar charger.

http://bestportablesolargenerators.com

Highly portable mobile phone solar charger
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Table 6. Electromagnetic energy harvesting fashion products.

Energy harvesting
technology

Energy harvesting fashion product

Product features

http://drexel.edu

Figure 32. Textile antennas.
From WI-FI POWER HARVESTING. (n.d.).

WI-FI power havesting textile antennas are tuned
to harvest or scavenge energy at 2.4 GHz from
the Wi-Fi frequency band

-

(Radio

Figure 33. Wrist band.
RF From The BEST ANSWER TO E-SMOG. (n.d.).
http://www.iewei.net

SQUID uses and recycles the energy derived
from the ambient electromagnetic radiation field
to work

Frequency)

ORUSBWIONOAT

>

Figure 34. Shoes.

From Lazarus. (2015).
https://uniquehunters.com

Swing harvester generates energy from the shoe
being swung through the air

Figure 35. Freevolt.

From Wood et al. (2015).
http://www.businesswire.com

The freevolt harvester comprises a multi-band
antenna and rectifier, absorbing energy from
multiple RF bands at almost any orientation
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Abstract

With the advancement of digital information and communication technologies, energy harvesting, storage, and
conversion have played a major role in presenting a direction and vision for the smart fashion product development.
This study investigated the development status of fashion products using energy harvesting technology. In previous
research, the representative types of energy harvesting technology applicable to clothing were classified into five
categories: thermoelectric, piezoelectric, triboelectric, photovoltaic, and electromagnetic. We have searched for more
than 140 commercialized cases in Google & Naver with both Korean and English keywords of energy harvesting
fashion product, and analyzed the types and characteristics. Solar-cell energy, which has the highest technology maturity
and commercialization, is being developed and applied to various items such as outdoor jackets, shoes, caps, headphones,
bags, watches and jewelry. Thermoelectricity using the body temperature difference is being developed as a variety
of products such as wrist band type, sleeping bags and shoes. Piezoelectricity is being applied to a product that installs
a piezoelectric film to convert vibrations caused by sound waves, and pressure generated by body movements into
electricity. Triboelectricity is being actively developed as a product type that charges energy harvested from human
irregular physical activities such as walking, running, and finger movements by inserting a contact nano generator.
Electromagnetic waves are relatively low in commercialization, but used in storage devices such as a textile antenna

or a wrist band by harvesting induced energy, which is abandoned in the vicinity.

Key words : energy harvesting source, energy harvesting technology, energy harvesting fashion product



