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s sensornode > forest e detection

R

2. 71A x| ol AL

8 s, G A 59 o2} S5 oA FolA, 71 ofvRls A48 1A, 2% AlAE, 7PIARE

T80 SO S 7HAL Qi o2fRt ol SREEEAY AR A M E S8 WAAN STTEREE
S84 6k A thiFEe] tig 62 HFH R 714 oUAZRE A71E Biks . 714
ofA] stHAE2 ejFAR e}t D] A9 $4 Ao IA FIFE UA] Fon, AdE ot Alel9
AL AA7E B 7183t SolM e F A S 4 Qlk E3F FH o A] sp|Agf wis] Adt @R
FFS vwA AA o, o] #gk aa HlwA Atk 714 UAE A7 ovA|z Mgk o=
AA(Piezoelectric), TFEA7|(Triboelectric), AA}7] 4= (Electromagnetic induction), ZZ(Electrostatic)
59 o 7HA oA ¥gk miAYZo] glom, ouA] sPHIAT Rt 3-8 Rl wheb ARt oA
g HAYSS ARESH Hok
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Breathing 2% Implantable Devices

v Ly
Blood Flow &| F\ Wireless Sensors
Heart Beating
F o o
@"0\6\ | % Nanorobots
E .

@°
Mechanical Energy

Wind

echnolo

pefense T
' Nanosensors
Harvesting
Mechanical

Energy Electrical Energy —_—

W

Air Flow —-

. Outdoor oo 100mW/cm?

Light Indoor 10-24% 100W/cm?

Thermal Human ~0.1% 60uW/cm?
Industrial ~3% ~1~10mW/cm?

. . ~Hz(Human) o ~4u\W/em?
Motion and vibration ~kHz(Machines) 25~60% -800UW/cm?
. GSM 900 MHz o 0.1uW/em?
Radio frequency WiFi 50% 0.001LW/cm?
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[T 21717471 ojux] e

1. &% 7IA-17| oiUX] et

A G Piezoelectric effect)= 0] Q= FAHAE FE2AY FoldAA 71412 HELS 7 =4
A3} ofe M717F A E AL, W2 FAA | AAE 7Feld 71414 ¥go] ok /S SJuleit
A WA 9] 714 WgS 713 oUAZ viTE= @A FUA BHDirect piezoelectric effect)l
StH, 7141 AuAlE AA R 7] oUAR vhE 4= Q7] whzol] ouA| sHlAEE BIRESte] AllA,
oto]=, Fd 2k3l7] 5ol @el -8t FU avfet AuitE 714 oUAE 7144 ouAZ viF=
A U G Converse piezoelectric effect)2fal ok, o] EIk= Aoflo]E|(Actuator, FA] ATHAE
ol &3l 7IAH &AL sh= 7171), 23A, 220} 7], & Sonar, 223} HA7]) S0 ARSETH

A adE olgsto] FHY 7|A oUAE A7) AuA R HEste] o]&sk= U ofuA] sl ATY
(Piezoelectric energy harvesting) 7|&-2 T AUA| g HHUSE o83t oUA] sH|AT 7]&0
Hg) Adidor w2 7714 B 88, &2 ouA Bk, 25k P B &4 F29 g
7HA17] wiol 483} 7k de] 7FE wo, A7 7P B2 AFE AL et T ¥ oA
SHIAEE S At 24 2 ARgSE7] dizol, A% -50f Qe vk 7ks/go] leug 4]

VgL AT Bast g
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Direct
—
THAYN = FAYA
Converse
o D=dT+¢cE
S=sT+dE e
PN 2 oiors 2
(Direct piezoelectric effect) (Converse piezoelectric effect)
¢ © I ®
*) é" R
+
{ HI } 4
v - CH = » ® | )
O] SHHAE], MIA, Of°|3, AFOICIE, 23T} BE, ALH,
OFF AIB1| 5 23T AH, ALY, XS0 Y F
2. OFEH7] 7[A-F7] ofiX] Hat
A7) WL Qo AR The Bo] FESIHA HEW A o502 WS sul, 1A

4T 7oAt obyet AeE HA| Th WA AT 2F, AL 7)A) Thol| = ARk A7) @4 ol
et 718 aef] 1240 oAl @l A(Thales)7t 28K Jujoll Hiakel 841715 WEAIRI o] Alz%ioH,
o3t 7| I 42 A FHolA HIMS] WA Bk ohyE} A FAME Eol & & Sl
71 A<l a7t 5ol SJgt ®floloh. SHAIeF A 7] A4 AAgelu AdErgol Ed T SpA9
F2 AL YOoTAY, FAAIES T7HERE & FA4Q 848 AAAA olF Al HFoR

7} AgYElofict. 18, 20124 ul= ZAJof ksl (Georgia Institute of Technology)?] Zhong
Lin Wang W< 15o°] tp2bd7] 83KTriboelectric effect)s o]-&sto] npaA7| Y47 |(Triboelectric
nanogenerator, TENG)E 7I'&sto] Hrgh o9, npad7|E o3t o A] shlA”lo] Higt A7t &ds]
o]FofA|aL Q.

b2
(o
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Az T TR B4E THE 5 20] BRS AR tHAA HE ol 9%
242 5Pl B3, o] s BUL A7 (1) i (-) WIS WA ek o A4S IAY P
7] wet Aze] 2912 AA0R g 5 9lom, olF vehl Aol (1 4] " Triboelectric

series)'o|tt. WEHA, o] LR F FEZ A 1] o|= Zo] (+)7} B, ol Zo] (-)7} 24|

oj2] g < Qi 29 7S] Hid oA

B39 WAt e

Ao AR B 0 T R} AR, ol
A2} Bk (Electron affinit)2 3|52 4= 9lom, F 240) A4 ASE o7t 29 248 nh
A mke AL

Polyformaldehyde 1.3-1.4 (continued)
Etylcellulose Polyester (Dacron)
Polyamide 11 Polyisobutylene

Positive | Polyamide 6-6 Polyuretane flexible sponge
Melanime formol Polyethylene Terephthalate
Wool, knitted Polyvinyl butyral
Silk, woven Polychlorobutadiene
Aluminum Natural rubber
paper Polyacrilonitrile
Cotton, woven Acrylonitrile-vinyl chloride
Steel Polybisphenol carbonate
Wood Polychloroether
Hard rubber Palyvinylidine chloride (Saran)
Nickel, copper Polystyrene
Sulfur Polyethylene
Brass, silver Polypropylene
Acetate, Rayon . Polylmlde (Kapton) Negetse
Polymethyl methacrylate (Lucite) | Polyvinyl Chloride (PVC)
Polyvinyl alcohol Palydimethylsiloxane (PDMS)
(continued) Polytetrafluoroethylene (Teflon)
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oleft VR0 EA4S olg3lH, 717 oA 7] AR Wslshe Ao e, ol o}8
SF7] ofulA] SHIAE] A Y (T1F 5ol et Uk WA T 710 AR T Bao] H&ste

o2 ojo] ofsf Telo] sl Bao] Utk £ 7o) BlsA He 7] §% WA 2
9lolef el 24 AP SAHL, o] Q8 Ast o] B WA 9 IS B AR 527
Hik. 5 o] thi] FWIIAE SASSIR BA Hsbh AfRb 02 A STk vty o] ARt o
A3 o) S2A e, Eds 5 W e Bge Bo) o 43 7ol A4How wE A5 A

ot

(b) Pressed (©) Releasing

mﬁi

@) Initial state g w—l

P |

V.4 \

Q (e) Pressing N / (d) Released

@Metal (Electrode) m—l

[ Diclectric Materials w
——

Separation 10 Separation

W i —

.
Contact -10 Contact

2
H

=

Voltage (V)
Current (1A)

o
2
H

-400 20
0 2 4 6 8 97 9.8 99 100 0 2 4 6 8 97 9.8 9.9 100

Time (s) Time (s)

(18 6yollA2} 2ol nRakA7] o vA] sH|AB = B2 Aol webk] 2A| 4714]9] 52 HE(mode)-2]
HE-E2] HS(Vertical contact-separation mode), A% &etold 2 E(Linear sliding mode), Y=
2 =(Single electrode mode), Z=&] ABHY 2 T(Free standing mode)Z T2 4= 210, oy x| SHIAE Q]

&A1 9 oAU FFol whet At AN REF ANESHA o uREY] ofj|A] Sh|lAEE B4

A7} ZPASIaL ARG 7Rs St &3 0] Fo] Yo 7HAo] AJHet HolH, H|wA & Ale]2& A|&sl] 4tk
g3o] Sleth. 1y A7 5ol YF= IA 7] whzell ofEelle EEo] BolAH, E2AYe] Hld]

FaR7} e o] gk
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J8 6. DOREXY| O|LX] SHHIAES] SEEEN M2 S8R0

Vertical contact-separation Linear sliding mode

I
1
1
I
I
1
I
I
I
I
I
1
I
\

’\

o e e e e e e e

\\FQ

A7 1= & IHElectromagnetic induction effecth= A7 0] Hok= 37tolA 7]5=e] Wsl= d4S
T, sf2fe]o|(Faraday)’t A&C=& sl et 07 FHsISIrt. o] Ak 23 S|2oA Baeh=
A7) A&9] ek 2 329 fk 7| A8y Zrh= iEro] HAE wEr thao] AoE vehd £
At

__GF__ i/f
E=T T T SB da
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ee 7 7149, Fe A7) Al&Magnetic flux)e WeHE (" 7)3 2ol 271 ol dide
SRATIAY A E¥eolE Y o= Aoz VWS WYL 4 Sk tiREe] ae
w2 AFE AV AsM, #5712 S7IERE E2AY $89 2t #2E E2 AR 71A AuAE
e @3 o183l A71E iRt digdddoids AA71HE akE ol8sis Zlo] ag&olAet
9] F27h EHs1] 2Fokeket of2zol o, ARt Kol niEe] 1A JuAl=RE Witk
Hl= ofuA] ¥k g&o] A Holdith. I8y w2 ARE AGAE 5 AL 7] Aol on=
49 FHTWY £ HE7Ie Zo] At g o= E 7] ouzlE Adsietle f&5H
2§ 7t Zos ddH.

Cross section of loop

Direction of
movement

- of the loop
through the
magnetic field

. side of loop 0 side of loop @Current flow is toward the reader o Curt flow is away from reader

Direction of Movement

Coil or Loop

Galvanometer
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loT X&T2E oUX] SHIAY Ji&E

1. AREQIE(loT)0IN OILX] SHHIAS! V=9 HaY

2, odA sHilAg 71e2 WA 71 W AR e EE o] HAI7IEY || ARl
ZO1SHA 2% FA7IEY Ao dYoZN IA FEIT Qi 59, 43} AJET AldiE Holsto],
e AFESOl EYC R A8%= ARERIEY(Internet of Things, [0T) 71&0] thFEHA, o] SHAT
70| 8% F4HAL Qi 1oT 71ed] A S 712%= 7F 2 BolER, [oTE 7dohke 3l 8471
AA gl 74 S44l ARE] iAol HieR] 25 E ARR-EA] Fdlths Aotk HiE e ALAR1 A2
oA S8 SHAY wASH= Afdo] sk, HUA AFS oA BT v A}lo] Hasi.

AN +2EE ZYETYSR= AlA(Health monitoring sensor) = A& 0g HIol7] ofH<-
2ol A 25% A9 HiEZIE SHsAY wAlsk: A B AUAlS Adske 4 AR HlEo]
o] 11, ol wetAE ol AQjo] B7Rsd ke AUtk Al 2 3, W AN A, gAE U,
B2 =9 o, SAM 53 Zo] HstAY g7go] dofsial AA] Aol Fasto] Alge] Ho] 9=
XA HiEEE AlsIAY MEAE Adste ¥ A E7Fsl 7T T3 H, 4 A1) A7t

AR)E BA Al YEYI(Wireless Sensor Network, WSN) 849] T4 A FoAE A7k} H[8-S 1#FHS
o, oj#fet APE2 JHS| HlE&Holct IEE diti Al YEYA SFolut Al o] =
Fo|lA QAR HYS FFoH| HoliAls, it HAolA ARE 7FsdE e FEY ouxYES A1

ouzz Hee 4= Q= A7F E371(On-site generators)®] 7i¥o] HR3[t.

FE AAY 219 E FA3]2(Very-Large Scale Integration) 7]&9] &3t Ao & Qg 244Y
HAg)= 9 AlA 9 HLdo] 715sHA EgloH, ol AR B 10~1004We] Mo g J50] 7155,
ojgfgt MR} £2}52] AHYSR= oy A] sHIAH 7|&S o83t 2 HE HY(On-board power source)]
Al 715782 =oiFaloH, B33t uijAolu viE 27t Fa gl AR A4 (Standalone sensor) %
HEYA AARS] EYE wsklta & 4= Qo
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@ Trillion Sensor Visions
OWOND 100,000,000,000,000

Iy
GED [ G e o 1
he 0 /

™ 1,000,000,000,000 "

g
g
g
g

oy
$

10,000,000,000 / 2 " .
N ' "Abundance’

2 A QCOM Swarm Lab, UCB

3

H

B
—
e
——
V)
2

+ Bosch
1,000,000000 3 B Hewlett-Packard
N & Intel
N W Tlinternet devices
100,000,000 ~Yole MEMS Forecast, 2012
===TSensors Bryzek's Vision
10 year slope
10,000,000 = Mobile Sensors Explosion
2007 2012 2017 2022 2027 2032 2037
Smart home Smart building Smart factory
Smoke detector » Light sensor » Hazardous gas sensor
Wall switch *  Occupancy sensor * Qilleak sensor
Waterleakage sensor *  CO,sensor »  Temperature sensor
Heating valve »  Security sensor *  Smoke detector

2. loT HMIMQ| OfiqX] A2E

FT MM A £EFo] = nW E0= A&H 07 ZAshal AT, [oT AlAoA 12 AuFe]
RS T4 BA A7 ZAskaL 7] ghizoll, ToT AAE 55171 918t oflufA] 52 of&1s] o|A]
SHIAEC] &8 Fgor A83lal ot (I8 Aah< Ll EFFL AoHA|(Bluetooth Low Energy,
BLE) 40 AlAe] AL 3ol mE A9 4vE Hojgrt, 74 e tiige] AR EHREA &
vtol=z QFEQ] ARt AHJSLAL, A2 E Shaldhe A A SURE B2 oUAIE AWt g
S8 E HolHE A&Hos A5 B8 w2o] gt A Lvle APo] B o Atk (Y
Aoy H= 71 BFE 0= ARGERE Al 7K A B4l ZREEE, = Wik, ZigBee 5 EFF4 AoAA]<]
A AW vt Hojert Bt ofufA] avle B4l A2o] w2t B2, HlolE S4lo] sk
10710 =Rt ARtevtd, A4 -S4l ¥l AJglo] Hak Y ARl 500uW et vtofl 7] gt 74

—_

g7

—_—
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glojg A5 4v] A Qo AlA 9 A3 Z(Integrated Circuit, 10)2] A AHIE ZFA|7|EZHe
T aH| A2 o WollA 1mW rRte] E7Fsict. Wbk of|A] sRIAEIE o]8slo] FLES] 1mW o13e]
oAt S5 & AUrHd, ERR AQA Aoy 27141 viEg] w47 Y= AR [oT AlA

a b
Power . .
Receive & Transmit —
A Communication o Zieb Bluetooth
l protocols Wi-Fi 1gbe€€ | owEnergy
285 MW fammememaeeee
Sleep mode 10 pw 4 uw 8 uw

Receive power 90 mW 84 mW  28.5mW

Stand by / sleep Transmit power 350 mW 72mW  26.5mW

Ave. power for
10 messagesa day

500 pw 414 pW 50 uw

Time

Energy
Harvester

Battery l i

g
>

Power management circuit

Wireless module

EX: Wiley X<

3. TISY YT O|AX| SHH[AE(S| 3THA OfLX| tHat

[oT AllMe] 2oz AeE T3] felide FARTE 2&520]al F24Q] &2 ol8sie Aol
Has}o, o=t FAZQl AEo =R E oUzIE stelet| 7P EEAR) 2 W o] sElAEol
A ofulA] spE|AElE At 27} Zhdst A2 Ao|Zo Mk 52 ouA] WE aeg UER7] T
IoT AlM 2298 ofulA] sHAB =N 7P B2 A7H7F olFofAIL A
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A ouA] s AEOAE (TE 1009 oUA] SEE0A = Bt o], ZA Al7ie] DAl 24
oAz Hgto] ety 24zt o A] M GAeME 7oA oluA] &do] EAgsiH, £ Aghd
AP =RE o] 27] AuAlE &7] A=, 2 DA oluiA] ¥ 58S S7HAIA0F 2t
A WA o|A] Hek DA 71A AN 71A iR =e] HgholH, ofufA] SHEAE7E FH| 71A
RS Gt B0z 58 4 luuel #Rio] Qlrt. of PAIA ouA] e aad o] Hshie,
o] SHIAE 9] Al ErE 28] F11E RE=she 52 shHIAE F25 FH 0l 9 Hslie
Zfo] dasitt. F WA= 714371 oldA] ek AR ofuA] Hek Al A=t WHI HHo]
om, of gA Q| oz WE a&S FIATI7] HdliAe AR AuA] sHAgY HHE 24
PIAAC et )AL vpAER2 A7]-317] oA WE dA|g, AR E A 1F FH A7
AR HiEf=e]] SAsHAY 249 o] 8sl7] sl AF7 FHQ] 7] ouA= Hgshk= Zolt. ol&
Felir AFel=y DC-DC AHEERE ARz Heshe AA) 59 71827 ARE, o714 ofv4]
EAlo] WASHA k. o] GAIOA oAl M 882 #ol7] flsiAE AouAl &4 A7138]z29] 7dol
L a3ty ojeh o] Aaeo] P oA SHIAEE TSP flshis Tt 714 o] 24} oA
Yoy 714, A=, gz teAld HIE 9 s4d7E B skt

Mechanical — Mechanical Mechanical - Electrical Electrical — Electrical
Energy Conversion Energy Conversion Energy Conversion

Motion and vibration

I\/WV\/\/Vibration I ‘ U U U UGeneration | ‘Rectifying | Charging

[ Mechanical Energy ] [Structure Modlﬁcatlon.] [Piezoelectricl\/latenals] [ Electric Rectifying ] [ Electrical Impedance ]

— Battery or
— Load

Resonance Tuning Circuit Matching

EX: Wiley X
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4. loT MM HEHE OLIX| SHHIAE]
4.1, YT-HX| of0[H2|E ol AH

AFIRP & AT AKIST)MN = (I8 11)0flK2t 2ol Oval FES] 4 of|A] shlAEe} 217] o 7]
SHIAEIS ZRIRE slo]He|E oux] SHIAEE 7dsIGH: 0.5 $87K5%9] 60Hz 2FsollM ¥ o]
SHIAETES: of8510] 20mWolde] HEHE QFgAoR T &= 9lom, 77| oyA] SHIAEQ} slo|HE|=

SIS 749 ol 25.45mW9] A2 BHRIAIA 4= Q1QJtt Linear technology®] 1459B A&z 3]=(AC-DC
HAHENE AZsto] 3.3V A&2Rl At S 4 9dglon, 3V <l AAE thAlsto] EFFA [oT
AAE 34 or FAAZ EF5F2 [oT Alde 20mWol o o= 39 2 9.5mWe| B+t Hes
Zaw siglon, slolHz|t ofiz] SHIAEE o83l 2%, 5, 3, 9Al 52 WA 4 Sle tsAE
oA o7 AT, EREEAE o]8slo] /-8 YR |(Personal Digital Assistants, PDA)Z 74
AHE YA 0T £2AI3t 2 9Jolrh

Oval-shaped PEG Solenoid coil array for EMG

) r ZIPEG power
304 EMG power

25.45 mW

23.80 mW
31 nasaw

2 I mW
0{ £07miv

1203 mwW ,

Average power (mW)
3

Bamw | | muew
s ' ,
PEG alone  EMG alone Hybrid Hybrid
O kQ) (6 kQ) PEG (9 kQ) PEG (9 kQ)
EMG (6kQ) EMG (13 kQ)
14598-A Circuit (2650 Bluctooth Sensor Tag. Harvester types

Temperature & humidity sensing

[l
SR Iy S

Light sensing

EX: Elsevier X<
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4.2. Perpetuum| Of|L4X| SHHIAE

F=9] Perpetuum (1 12)°] HeRd vt Zo] of2] 714] Mgl AME- 7Fs3t 2] Fej] [oT
Al oifA] SHIAEE 7ol AEslstRitt. Perpetuum®] oHA] SHIAERE 2t 27.5mW7HA]
HHAE 4= 9lom, -40T~+85T0 9] ARE 7Fset 2= HYolA g3 %5 F14(25, 30, 50, 60, 100,
120H7) ¥ HE2E 72 Qick. T3k deE AH<RIZAT Ao|Aag Eefsto] 1A= HARIE 71
Q71w A Ao AgS 4= IEE ATEX, IECEx, FM, ofM 5 939 od WUE 935S
gttt £3], Perpetuum A =9 EAF 2GARI o 14713p0] AehE FA0E BUEHs}o]
&S ABske 109 AlCkS AARIFT. oUA] SHIAE [oT Xl AINE ol8oto] B A1, Hjofd,
2 8t opjet MR Jeis FA 0= AXRE el fAEST} Aufo]l ool 4= JEE Sk AHIAE
ABgtet. Perpetuume S53F Azbcjutulol 3ollA 80719] 713} o] tigt 1870Y /A1 HIAES
38402 BIRE Fojof Aok AAT 4= Ao, 109 AHIA AlRS AEH HAtHs A2 oA

SHIAE7F [oT AlM 9] Agddo=y P43 AF4S 8oz Itee niet

EX: Perpetuum
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4.3. 8Power?| OjL4X| SHHIAE

8Power= B FB2IX] tfst 7]9te] AREQ] 7o, oiA] SHIAEIE o8l 8(FIt)2] S
ABsHITH= ol'd o= AIfIAITE 8Powers AE 715E] o v7] sHIAEE & /sl glow, s ES

3 Z(Parametric Resonance}&s ol&sto] 245 T3 t92 W O2H HISRE 2719] Ao H]s]
3~5H19] 2 oS B & kL Ptk ol B3f ThE v A shIAH vl & B A& ANE
TEoAY B B2 59| FloElE TS HIHGHA =418 &= Sltk. 8Power?] P67 HH2 [oT AlA&
oA SHIAER 21F o] SHIAEE 7|20 & ok AAwg AeZos A 4= Slrk Track
100 GPS EdiA= EE, 713 Bz 7[eF AfollA WAoke XeS oldol] Fakn Fol= Ato=
el glo] YIRS 4T 4= AUk % A9 FES E8ohe A Yol= 8Power 7|2 LKW,
A, S34) L 7APR (2] e 9 3 Agu)e] 2hsolk FEks A 4 glom, o] 7ed ATEIE
thejo]l AAjste] [oT AAE JBH0R 1a3oay, APH A5 4 It HAEE ofu] urh

[o
o

e
L power

Powering the Sensor Revolution

Energy Harvester Performance

28Hz device 120Hz device

05
035

0.125 i
10 15 20 Ed '] 3 40 105 110 15 120 125 130

Frequency/Hz
~#—0,025 —#—0.05 —5—0.1 —8—0.2 —8— 0.3 ~8—0.4 —8=0.5

EX: 8Power
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4.4. Kinergizer2| Of|L{X| GHH|AE

Kinergizer= HIEHE 7|9k9] AR 2012E%0] M¥FoH, HEHES] dxE Fatfstu(Delft
University of Technology)$} 214st 71&4 @2 IAE @1 it} 71&29] AE oA shAHE= 54
A5 Fak HYoAut & AE51=t] H]5] Kinergizer?] oA SHIAE E35] 7|&L 9 U2 Fos
2ot} A o B2 Fulgr HRoA B&o] 7Rs3t Zlo] EXJo|t}. Bt ofyg}, Kinergizer?] oA

shlele AFBAR 713} Q9] AEATY Fuisvt ASH0R Wale 1 BRIME Bl 7R3

2o ZyFoz AR toft Yo H-8o] 7hsottt. ERE Kinergizer?] sHIAHE E82Q1 A

o Aladle ZASIL 9low, ofF B3 BA ARl E¥E ATE = AUtk

Vibrations at low speed Vibrations at high speed

|
* |11 |
J,"i"(‘f"i |\|\);w‘\“,|\;\‘w“‘€‘g‘w‘l\("\M |
/ 91313\:‘.Mw’\n‘;:\}tc‘}\ﬁHJ‘.JHH\/\”Hs‘
TV VT vy vy,
N (Ui

yyry | |
|4

I I
\/

HIPER-D SILVERSTONE

rounder high performer Ideal for railway applications

EX: Kinergizer

36 Convergence Research Review



4.5, Star Micronics2| H|Z(beacon) OfIL4X| SHIAE]

Ax 1 E FJARRI Star Micronics= [oT 8-S Qal Al9] &30 7 HE HAS 4= 9= A=

oft

oA spAY HE(beacon)& /LS. AE oHA] sHAT vlEg2 27] sAe=RH quAE

FeBies 55| dAENCH, Aol 22 1 74 $4 olgo® IE sz RE IYU F9
s AAE FAd, A e @CR 7S A (™ 15°14AF ID B FEi vl
shAg vES Jidsielor, Bi1E A Mo ¢l ARS ERlsAY AE0A Al fAE
FA3kE Zlo] 7hssi, B As o A5E AU TX7IE T Aol 7Rssit o] RE Zo]
Higl] 4 glo] Ae AR HiZo| 3] WY 35T o Utk oA sHAT HIEY] E TE
SE&LRE & 7IE | Yshs Aot vi|9] 72 4 o83l Bl dge sHTC=A
7IE §A HE SRISHAY ABRLIA] YR mE ofF 7HA] 2AE ARIAE AEE 5 At

Facility access
management Automatic
- air-conditioning

%
L

&X: Star Micronics

2020 September vol.6 no.? 37

7t
4
o
2
=3]
o
il
j
oF
bt
o
o
o |
X
o
e
2




02 OlL{X| SHHIAE 71E

[V E2 OfJLiX| SHYIAE

1. £2 OfX] s AE!

= A ARRIE skl Aoy &80l ol schetl S8 98 ok, 8 = dxE &
Sfolt. e o=, ke Aol Algo] Aubd ¢ Qle TR EFo =R /140 it Ty
el olz2Me 7i=S, &A1t SA0IE 53 o] 3 At Wast XPX]—OI o] dA|=of
o, njEo] ANE kros 2k, 5k, Y, $4, 2Y ANE vIEsia As 3 9 Ea A
5 o7 7H B4R AR Ee] QA re "adt A7) ouA7t @el S 7/4\_& o=
At =20 B2 5FF FU HE| eEH o HYF AUAIE ot 2k FHE TAATIAY, ARsAE
A ottt 71414 s ouAE EA ot B2 Y E, AEEo] oF 7HA] ouAEe] A&HoR
EEHo] AR, B oA = ARSEIA] Skl Tt MPAIAL Qlct. wEbA of2fel oA HERl=
UAES ssto] 7] ofuA|= Hed < Qlohd, thefet ez ARSE 4= e Zolth (Id 1602
2o A& = Ae, A 7HeT BE oUAe] Higt o|A] sHAY Ve HojE.

7 m

Roadway lighting Traffic signal

Solar radiation
Photovoltaic effect

ffic loading (stress/strain)

Energy management

V| Pump
Energy storage

Geothermal energy
Energy usage

Z=X: Rutgers University

38 Convergence Research Review



(& D= E2 7] spilag 71 o] Bl8 D7 Klevelized Cost Of Electricity, LCOEYE a4
BRI gl A o] W ©@r} wlgo] 7P W, TRL #Mdo] 9= 7 2 A & &
ot et A A4 AR AEAE Alte] A|&H o Ak B9 el 47 £A7H 42
% olom], HHC] M A0 QJsjA F&o| IA Wold 754l Ark. EF AL A|4HQl
or iyt Wasky, gl s Bzt 37 gakd 7RsAdo] Q7] wiRo] kx| abAo|] Haich,

ARt AgHe] 27 o]550] Ofgt 714 o) shlATe ofulA] ulg Bt i TRL #le] 42 v

HlHE E9lal, 28 7hsgel ¥7] weel 2 w2

FE9 W itk ol AelAl A5

3 BEEsof dAsks 71A1H ouAIE ol8%t Al o|A] sHAT 7]&d] dis] okEt.

Technology

System configuration

Technology
readiness
level(TRL)

Photovoltaic Pavement system supported 1781 MW h @4.4m||||.on 0.45 9
by solar panels /lane-mile | /lane-mile
SERSO system in swiss with 588.634kW | 9.812million

Solar collectors - ) . 4.2 4
piping under pavement /lane-mile /lane-mile

Thermoelectric | Two-TEG prototype(64mm x 64mm) 0.748kW 12.781m||.||on 95.74 3
/lane-mile | /lane-mile

Geothemal Heat pipes with geothermal. water and 4447.270kW $15.2m|||.|on 0.1561 9
steam of Class Ill(maximum) /lane-mile | /lane-mile

Electromagnetic Vibration basgd system installed on 35.67mW $3000~5Q00 278.95 4

bridge cables per system per unit

Piezoelectric | Cymbal shape under typical truck loading 188kWh $7.5m||||9n 106.387 4

[lane-mile | /lane-mile

2020 September vol.6 no.9 39

2t
U
o]
o
H
o
H
ot
o
ut
o
o
A
x
o
B
=




02 OlL{X| SHHIAE 71E

2. Xtk 2 0fqX] sHIAE
2.1, g E2ii &2 O] ot AH

el E AT AKIST)NAE o]4B3skd(Poly Vinyldienfluoride, PVDF) ¥4 Z2WE 0|83t
28 WA ofuA] SHIAEES AL} Yubd oz kA Alzhee b Eajvof H]s) EAgto] A,
Fgo] ot 22 FAE & A= E/do] Sltt. olof =l [EAT oA T2E oflux] SHIAEC]
HTgE FAI7171 S1al 4 Alekel B4l PVDF 4 E2jwE ARgste] =28 YA oiA] sHIAEE
stk 3 A Zemo] WL obd EAL BAS] Y, (IF 17)0149t Zo] ¢ ZeHE
o] A HAA A1 HAE S/ 5 YE 7175 EUete] 71E A Altelo] vl &8 5 o4
013, 149 3] o9 FF0E 7150l AsteA] etes: WSStk 293 AT AU W $42
LA s WS A HIE A FEQ 2.5mmz At A, 30x30em? 719 HAE A
ABARRE 4= Qlie Ao AL 620.2mWEth E3E 27 ouxiE 83l FAlol 71421 4] glo] ALt
S A7AS Ao RRE Lk A 4= Ql9ich

Initial State Pressed State

— P substrate
n loving plate Linear guide Sm— Conchcive pes
J Ay=25mm >
T )
=Y Joint
¢ o structure
P ﬁ i B - 8 s

(Ax = 13 mm)

‘3 rm

Prototype module Size up Module installation in the housing
(15 x 15 cm?) (30 x 30 cm?) (40 x 34 cm?)

S

1 17 18

00 <1
S B[ Frontwhee
= el B2
-~ ) 0~ 2
S — 5‘ 210
Eal A \a— o> 2 8 Rear wheel
E Sa ./\" 29 g
Sa - s § =
> | w3z 54
6 g
. 2 22 A
y . \ 31 5 8 J J
- - t—a fofo 5 &~
(A} -

1 2 4 6 8 10 50 100 500 10005000 S " 1.6
N Time (s)
Load resistance (kQ)

=X KIST
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2.2. Innowattech?| =2 Of|L{X| SHH|AE]

0|22k 7| Innowattech= AA| =2 5l A Woj oFd wd Feje] x| SHIAEE 23 Aze=

T2g oy sHIAEE AFoIlth 4 o83t 714 ovA] sPHARREYE ofgt L&) FolvAE
A7|2 W3kl BEFRE ke WA 5§82 =9th 1kmE 500kWe] oUx|E dbAst 4= 9lom,

Hr 22K =2 1kmoll A= 60097 t7F AuZbd 250714 35 4 e A71E A & Sl

Innowattech — 500 kW per km

* Piezoelectric panels for roadways and train tracks
* Generates electricity from passing vehicles

« Game changing invention ready for installation
 Should be developed in this country as well

« Advocated by IRI in Future Energy Annual 2012

INRUWATTECH

{5

e 2600

[ RS [

50

ZX: Innowattech
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2.3. Of|4X| SHH|AEl nf BIX|E

Underground Power SRL= 20114 Welte Fathetal(Politecnico di Milano)2} 71&@E 02 A7l
ojgZ]o} E& ofA] sHIAY HE 7|geltt. 5o, FET vt 2 LYBRAZR: ARLE “Z4:7|(Speed
Absorber)"& 7ILet ZloJc}. EA0|E0lU AYE Yt Zo] A1k o] WA 9| ofARE o]
AAJste] I WABAE AT &2 Frotal 11 W Eols 50UAE A7) ovA = wekiith
B 7] oA Ale5olu 7lesE sAkeHt 2t HRddos AMS 4= Qlrt ®2F Underground
Powere (19 19)0142 Zo] TRYGEN®|Zh= H f=5s 7HEsigt ole A= AA k& ¥
AAJste] AlES] WA Zold AAAZE Aud o] FAE olsto], HigZu MY A4 glo] A+E
HBslo] 71250 gle 29 ol fE50= AT 4 9t

EX: Underground Power
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3. B =3 Of|LX] SiHAE
3.1. Pavegen? E-S2 0f|LX| oHHAE]

G 719 Pavegen 7} @o| &7l oz sHAY 7|Po=, Algo] wol i Qo] B Ed
Feo] WAWEE Aok AFYS Holi Qlrk. T ofekEs} 20129 ARSHY 5 A= di3]oA
ZTHAES AZ o]F F=9] 1274 T, vl= 789 YR ghu, Holg A Foll HHHEE Aot
718 YAk Qlrt. T3, Pavegen Hebd 2 9epilo] 9] RINIZlofl S48 24, AREES] S74s
Holoh o] B¥skE X oUAE 4 AXE o]83] 2715 WYAIA 67]9] g o] @ =(Light Emitting
Diode, LED) 29 Ao g AH3ls) A3l QIth. Pavegend] WATEE 270 AL 0|83 FHS
ARgSIR O, F ol (O™ 20000419k Zo] A4 EEFEHS] MA|HE WHV|E WAt Al

ARt gk

SAMPLE CLIENT DATA

1793,

EX: Pavegen

2020 September vol.6 no.? 43



02 OlL{X| SHHIAE 71E

3.2. X[oF=9 O|AX| SH|AE

AU SA7H] AP 2 SRl ARt o] AlEel Autide. of2fet a7t B AlsFE |
o] SHIAERE A1, AREC] AU A7k 71A] oUAIE o83t V] ouiA] el Bt A7t
o] Zg=L SIct. 229] Sound power SRR= 2008 29 i JR AJoFE L FE] "W IEEA) 2=
A oIS EAIS] 317l 6,000W F=2] Zd2E BAtelal it 9=yt 20119 ik Aol obd
oA SHAE AJARIR] oA £5& 200 ouA] 52 (AR (F)E 4] =AM e
A AR ] HeEEo 2 ol 22z A8t A ofuz] siag AlFelr). At #ERlrt
7P B Q1 AR ofdSt M A Aes 39 Sl EF dielelle Aot Bieg =] o]

EE29 M8 A0 A7|S YAkt Qiok

EX: M=, Sound Power
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3.3. QHX| E2H

gt 2259 ofvz] ZE0](Energy Floors) &= AUA| SHIAT AR88} AlFo s FEH= ARth
AAZR O] v ouA] WH71E AX|e] AFEEC] FjollA £ 9, 1 ZE oflvA7t A7) ovA=
el S99 SHgt 23S A=t A% W78 Fgoks A4l o] YElE o] 8o WASHET

ofje} v, MEUA A8, A/, FBAY 5 Rt Hopl H=s) Wk gk

P
=1
o]
=
=3]
o
H
Iof
o
=13
=]
o}
=
bS|
S
ZH
Al

EX: Energy Floors
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02 OflAX| SHHIAE 7k=

V fl°leiE 7P| S8

1. QiZb S OX] 2H7|

2141710]l HoleA, FHiES BIsst AlEe] Fdiske folgie dAI7lee] o= As solui
e, gssll mE A 719] 48] Z08 E3 2% SHEL Sl J12u ofo] Kl FHE AP 171
HielE] 85 71 A 7Ied AR HuA QY=L ok FHE A9 AR Al EE17] Al
&M AgE Fao7le 5 B2 Vel kS 7I2olal AT Ao sjdo] 7] ¢t 22 0|9
it sfio® oA sPiAT 7ol AAELL itk ARFe] Aol ALl =iy HA7|E TYAA,
O flolElE Ax1719] ARG AREE EE17] ARt EEAdolu S4do] Ua gl Aedde® ARgske
Zo|et.

(I9 23)2 A2 olgsto] A7) ofuAE THD ¢ e o9 7HA] $EES HolFl Stk 22
0 FEA SHCRRE 2WE Y = Jlow, FEHEoly EuA A2 RE 242 TW, 1.5W,
o] foff APozRE 15We] A7) ouAE THT 4 Q. Be vES o A3 o A
Igos o 151We] A71E AT 4= Qlrt. 53] o=t I EY oA A Va2 HH HdslE o]
7k vl HARAC] 8ol 882 AR AFEHI o Aol 77, ofAE, ARFA],
FHAHEAZ] 53 2ol A BAPE ARgshe A7 A, o€ FHsoh] gt HiE e F
FAE Al Fshe Aol =l oz FiE < Qe HiE RS ool Algtael7] el 2 ARt E3t
iEfE] ol HlIshA AlRt=lo} ot oA sHlAY 7ie ol ZAIE a3 € & US A=
7IHskaL Qlom, uls gt A4 HIRSt] vl=e] ofE] tisfaE SR W A7 AR Ak
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SOLAR-PANEL “UMBRELLA"
(BOWATTS The “Sun-brella,
"\ currently in beta taps the sun-

lightit’ via

SUSPENDED-LOAD BACKPACK photovoltaic cells.

(15 WATTS) University of Penn-

sylvania biologist Lawrence Rome's

“Lightning Pack” generates electric-

ity from the up-and-down bounce of a

50-pound load while the user walks.

THE W =
HUMAN _
GENERATOR

How far would you be willing breath pressure.
to go to get off the grid?

HAND-CRANK
‘GENERATOR SPRING-LOADED GESTURE
HARVESTER (1SWATTS)
Spawn ofan early # Could harness the arm ges-
human-powered tures made once every two
electrical device— seconds throughout the day.

the hand-crank
STATIONARY BICYCLE telephone—pro-
(SWATTS) i NECK CUFF (01 WATT)
atthe Green Microgymin Port- DCelectci Afair amount of heat comes.

offabodyat rest.Full-body
y to help suits are impractical, buta
the place: Celling fans, HEELSTRIKE neoprene neck cuff could
LCDTVs and stereos ‘GENERATOR skimalittle off the top.
areall people- QWATTY

powered. Insertsin the

land, Oregon, supply

boot sole made BIOMECHANICAL
of special poly- ENERGY HARVESTER
mers create an ATTS)

electrical charge
when the mate-
tialisstressed or
stretched.

‘This gadget, devel-
oped by kinesiologist
Max Don

nesses the power of
the human gait by
tapping the natural
braking motion at the
end of every stride.

EX: Pinterest

™ oEpRoY @

o8

T oH

=]
o}
=
bS|
S
ZH
Al

Solar Panel

Backpack EH
Knee Joint EH

Shoe Insole EH
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02 OflAX| SHHIAE 7k=

2. H02i= oI X| SHIAE
2.1. RS YUHY|

ARl FollA 71 2 wflet T E & Q= 32 FERdol): Ayt Alo]H Zeflo]A ths(Simon Fraser
University, SFU)OA= Algo] A& wjo] REIHE 258 o]gsio], F534 WH7|E 7l 20084
Scienceo] WISIATE. A7 |= (IH 25)9F Zo] Z 7§29 7]ojEx} o]e} dAH HApr] W72 499

et 25 7HAAL Sk 3G FEY SW A BT 4 glon, os AEY ouA] shHAE

o

o] 104 o4 2ol sherich. AL v ogie] 271 o et WIS AT 4 9] o] A9l
Fol wast gzl /8 Frhs AR VS Sk ol e 8 AoE o,

B Generator

Bushings

\ /Potenliumeter
Bearing
' —'/ / o
ft
/ Input sha

Chassi >

ey g “

Gear train Sha‘t/
Connector

angle eedbd\.k compute’
control

} \ swmh
i
RL wtpul
pclenu trans-

ometar Missicn

“‘ cIchn

generator

&% Science X<

I Of|LAX| S| AE
Aol 22 1 A 42 SRR olsshiA ASAQ AREES sl Frt. ol A 49
olFdE olgate] HF ejo] o ofufA| st AEFC] HTHIS. (O 26)9] A% TH2 2
A 252 o83t ofluA] SHIABE HojFil 9lor, of sPAEE 9kgd] FAFE Wil ofed o
oF 0.22W2] e IS 4= Qlrt. (O™ 2609 LEF 92 AJokeas o8t Wi ofux] s EZA],
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Aol 2& o A7l oF 5em F=e] st A $4 oleE ol&sto] WA . 20~38kg A
WS olgste] AdmAlolM HAERS wf 2 7.4W2 S AL 4 A o] o] M
FEANA GPS A 4719} slEging B o' AFA7)7]o FE]E ofv Aol 717 FEEA
o= Aol 22 7hsAdel e ERloly FRHEeIA +88 Zos difdn He ourle BY
HiElo] Agd o Jlous, FAZ FT v A oA 3L GPS A :47] = B2 A5
- Ut

load carriage device
load cell
backpack frame

rectifying circuit

| AN : J

EX: Royal Society Open Science % Science X<

2.3. A1er O|AX| S| AH

Aol 24 o FEA 7IsiRls S4E 7] cuA= #gsie] olgsiee de olvA] shAd
A7t AR BotE7] AR A57HA] gol AE] o1 glnk. A 27]dle 2e o Euee]
7lRRE $4E 2Ee® Al 7Y, S0 ofs A71e |AE Al 9ElE o83 sieEeR
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02 Of|4X| SHAIAE! 7=

HSlSTL oS AP 7|2 RdsiE WiAjo] o] S8R TR of2fRt RS A ofuRIE &o)]
Plelire LS 71¥cksl7] wizol Z2-2ole] BHeks Zefisto] AAE Agsk=r] A} YAt Foll=
AL M= 2 HE de 4 AW, 22 1 Psks EEE FHY] FEAE oSt} Eshe

HA] S o] AZAolol AY AEZ FA Y= Rk Adehs WMo E A5t wol AREH it

s 2BFEY] Sole Powere 22 W TA6k= U=l 71018 83 SRe 0= HAAA gR FAPIA®=

Z 282 92 7 e AT Z2AY oluA sHIAEE AR, o] Z23Y sHAEE ol8shd 8kt
doj: AntEEG 5] AT 4= glon, A9 Fio] Adgle] 24e wchs Ave e HHE

oL = He 7k T 9t

o=k 2AJob FaHfstal(Georgia Institute of Technology)2] Zhong lin Wang7} A502 A|Qkgt
A7) 83} Yl BA7|(Triboelectric Nanogenerator, TENG)E &85t Al ofuA] SHAHE To]
HHES TENG= Mz H9E F g5 miEads o835t wheol a4 27 9t fgt
AmE AR 4 Qo] ASZold EHgke 25K o= A 7RIt I8y 2 S382 V] fsiie

T tiF2 Az|7h HolAok &7 whzZo] &5 S710l AP 1oH, A&AR1 niE] ofs) uiedel A7t
A4 5 o

2T MITO] = = Ao 25 ) Eeie ot FhaA] Afole]l e Alol7h disl= o] Aijlstod
A 279 olUA] SHIAEIE isiict. TP o FEol 242 3715 HUE Fal T Afelof 371 559
of3f oS ¢ Q= vlol2E BRIZ ARSI 2 W A7]= ek o9 =R os) 37 1FHUS

Aololl B7] 5:50] 4711, o] 37| £HORTH to|a HYIE Seld WIS AR A, oled
U B4 7] oUXIZ o §3te] GPS 94X 4718 AAREOE 7KEAIZ 4 Sk Aol 2
W) 79 BHFS L7 LORHE SR oUAS LAAZ 4 Agichs 2] 2 2Ju)st giek. el

o117 SHIAE T GPS 917 2471 AL Saeke gelolut, T, i 5414, ofdloli} Au]
1wQle] $X8 Fashey] folsh] B8 % 9IS Ao diEr
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P
o
N\ =
H
o
H
Iof
Y Liactate oxidase oF
D PdAu NPs Ht
Il Carbon fiver 8
Chitosan =1
bS|
o
ZH
., c =
M celatin
B Poms
W Atayer
N PET
J/
( o0 Optimal Air Bulb Placement 1.0cm \
500 /\
$ a0 | NN
= / Heel
2a00f 2.4cm
< c \ Ball
3 20 2
// . Toe
100 -
& N
o e / ) 3.5cm
6 10 20 30 40 5 6 70 8 9 100
Percentage of Length along Shoe Sole Walking at 3.0mph
5
4
=3
°
>
=
S 2
1
- 0.5 1 15 2 25 3 35 RS 45
\ Time (s) )

&% Sole power, MDPI X<

2.4, Fabric/Textile O|L4X| SHH|AE

Fabric/Textile BE|S] AR SHIAEE 7idslo] oFo] 218 o= UHHH, dofzie AA717]9t dgsp|
71} golgh Ao}, L, ul=t 2|0t FIfska(Georgia Institute of Technology)®] Zhong lin Wang
SHOE  Fiber FE9  Triboelectric
Nanogenerator(PENG)|| gt -7} @o] APl et T3yt Fabric/textile 716w es TA =,
2ol AAZ AgsP] P57 el FEIAlE B2 AlRte] 28 o= o

=0
Ha

Nanogenerator(TENG)2}  Piezoelectric
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Manufacturing process of traditional fabric/textiles " Wearable electronics
a an

[Py P

Fiber-TENG Yam-TENG Textile-TENG

Common Electrode Human Skin 58 Flex Circuits

3. UA & OIX] SHIAH

olg7|ét HA7160] 43 o] Flo] ABekS, g, At 287 (Pacemaker) 5] Q147
9 QU] 494E AAP171Se] S197t e A sk itk e oleiet QA Y AAplvle) B
Feoke 74 2 QofBe AoRRE A9 Tl Aol AAIVlel S48 BErash Wil
2o Aol B WasiH, &M EXS Yo 27Ho wEelE TelAY 24E sof alk

552 B8 Qo] 49IE 71719 SHA §-FA0R $HE SHe 2] 414 gFou, el B A
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F714%1 &2 she A= SAAlE A Lol ot 2AIES st flsi Ao Hieeld,
dHe| 55, 25| A Y Zo] A ol EAsk= 71A] oUAZRE oA SHIAT 71es BES
AUA AT AAP1719] FEUS o= ko] Wo| M= Qirt.
3.1 Mgt Z87|(Pacemaken& Of|L{X| SHH|AE]
oF U= AR oRE WSAS 71 A7 Hiso] Aldlz. Hes wole= o=wr)7]
8] o8 = A AUF ARI7lelct. Iy H do] 3 Wi wiEE] Wk )
F713Q &2 dioF ke 2A7E A 2712 4 S4(Near Field Communication, NFC) 71&<&
o] gsto] MAlmtzE FA 4L shEle Alesel AR LEAAGoR QAsiA AWizzo] &S U<
7Fs7d0] 7] wizoll 4-80] 9= A7gelnt. oo et sfa o= AXE Zo] At 28710 oA shHAY
71EE AEst, AR HE Al Psks 714l oluAzRE AAFos AHS BYAA wiE] 2
glo] Ao ARESHA She Zlofth

294 HE digtuet o] A FHHSA(ETH Zurich) F5dT+HES (TH 29004 BoF:=
ZAE QEME AA Self-winding AIATRRE: -3-8310], A2l Z2 Yol wiet 371 Sdske H2lE ol8s)
AZ7| A7|2RE AES 4T & U= A 28718 AW AUF ovA] sHIAEE 7RdsHitt
BHEZ olgsto] AR In-vitro AHL2RE= 309 Hs A2 o AUCH, FY A 1A
ol AA| AstaL AiolM 27g3t In-vivo ARolAl= 16.7412] HE ¥2 4 AT In-vivo A oA
YE deutogt A A 28715 55kt SE% olUAE 35 o AT

u]=+ Northwestern University(leAHAE ti8kr)9] John Rogers L&A« 4140 Halsio] G-<
WA 2ARE ol §3f A s Alofl 'Wgsh= HAE B8t e WHskE Al 28718 ofUA| sPAEE
WSt 7 WA ouA] s AEe} BlEe] ARolzet nolaz HIEZIE S| 7l aAF AlAdleR
HAAFT. 2 gl AA| F2sto] 531%e W 7 Wl 24 o o 2R e = 0.180/ard] HES
BZ o A%NoH, FA 4 a4 Al e BRS e 1.200/ ] AES AL 4= USith FAl A

£8719) -5 Ao] 0.3WUS LT 1, olufA] SHAERIC R 20 SEet Age 35T + U=

>,
T
T
Sop
O
ﬁj,
rr
i
A
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.

EX: Springer X2, National Academy of Sciences X2
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VI WS U WY

HFHAE AlQf3t “ofulA] spElAgol2ke 7Ie 7Hgo] 2o]7] AR A] of2] A 2010] HA] 9ttt
2010H] o= 20w W2 A7t AP Ao, sl AlFeR SAIE B9k
OpAl2 oz Al 4 Q12 A wuet £l Erisitt. I8 ofuiR] A 7]ee] 8ol F2
AEEY 7Y FHoR AFERE AP Qe o] ARlolt. Iy o|z] sHAY Vles E8w
Ste S8AE 255 Sol7ial e, wAEE ulEe] 71T s AAr1719] A8 Aol My
Zo1EA =9 oflvA sHIAE] 8= 2UH0R SolubA o] LAl 7ieR 2] A E Zolth
drdzd, A vlFele ofd FHRE EEe] 71717F 959 ouiA] sa §lo] A Ao AEd
ZolH, AA9] v spHAY 7]l IW 7|&2] Weige] E Zol2t ARt

ENERGY HARVESTING SYSTEM MARKET FOR VIBRATION ENERGY HARVESTING
TECHNOLOGY, BY APPLICATION, 2017-2025 (USD MILLION)

2 CAGR
Application 2017 2018 2019 2020 2021 2023 2025 (2020-2025)

Building & Home
Raon 94.07 106.17 119.26 13359 149.00 183.10 22157 10.6%
Industrial 2592 28.82 3179 34.80 38.04 4525 53.54 9.0%
Transportation 1416 1554 1701 1858 20.26 2401 28.28 8.8%
Consumer
Electronics 360 390 420 451 483 5.53 6.29 6.9%
Security 149 158 167 176 183 2.00 217 43%
Total 139.24 156.01 17393 193.24 21396 259.89 31185 10.0%

EX: Market and markets
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