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( GHI\ \WDQU HUZ W @V
( 11 AHOAMMDQMHUR  UHQHZ CEG HHUILHY HSHADD
RH QY GAWEQHH WX \WKCGRBILHY \WDW
HIE®! OGW QW DG KUK \BHG -XWDV 1Q
UHQHZ CE® HOHU\  SURGXPARQ RSWEV S@ V D YLMID
URG! DOR 1Q WDQUHUQ) WH SURGXRHG HZHU\
| DWHJEDHS M\WWPV IRU HDP S® EHP  HQHU\
Z WHBMO R | DU GFDARQY HWHU RQ WH HDUM RU
HYHQ WHP RRQ 2 QH SRIMADODSSATEDARQ LV\SDHH
EDHG \ROU SRZHJ 7KH FRA-BWR 6ROU 3RZ HJ
6DMDM 636 ZDV LOARGXAG IIUIAVE\ * OVU LQ
DVD YMRQR D \XWELCDE®! DEXQEDQMRXUH
R HHI\ VR P HIAWH Z RS GHP DQGV I RUHHI
$ \SDFH \RDU SRZHJ N MMP FDQ X\H ERW. OVHU
QKWRUP L[FURZ DYH SIRGXAHG B\ \RDUHHI\ RQD
\DMDM REMIQ) WH HDUM 7KH  \WDQWP MWWWH
HOHI\ VR WH JUIRXQG ZKHH IWFDQ EH X\HG DV
SRZHJ &RPSDHG R PIARZDH HHI
WOQWP IWRQ DV WH P RIWZ IGHD WYAHG HHI\
WDQWP IMRQWHKQRERI\  OVFUHHI\ WDQWP MIRQ
\ENH/ DGYDQMIH R W ZDYHBIW  \WDWLY WH

DR RVSKHIFWDQSDIHR [QWHYIME® RUQHU

LQUDUHG I UTXHOR \SHAAKP  WIRXIK IMNAQHHEY
W RHARPH WH AYHJHH R WH EHDP  DQG
WEXGQFHADXNHG  IOMMW  IOPXDARYY  $

WK IFOAQ) ERK WHRMAED DG
H SHIP HQED WXG \KRZHG WDWD \WUEXGBOHH
UREXWARDQP WRQ M QRARQD LHTXLLHY @V
ZDMHRWP V WDAFDQ EH XQIRP ® LWDADMS HHD
XQGHU DR RSKHIF \WUEX®QFRH/ EXWDOR D GW
DI HAMG @KWUHHYLQ) SDQHOE\  YDUDARQY 1Q WH
DPRXQVN R WDEADARY 0 RURYHU HP HILQ]
WKQRBILLY Z KIEK GHRUDH WH VREOP DV FRW
DG FRPSO[IW R WH HOAMH \(MMP  DH WH
SRMADD\ROMRQY [RUWH UDT DARQ R KDAQ) D
SUDPAFDCDAAHXAVR D QRQ GHBBMEEGIHCHI\ \RXUAH

3HMJ( * OVHUBAHFH
/ HRSRG6XP P HHJ 2 MQ3XUR-O( 6$
1 DAXKD2 FKIDL HADD 177 7HKQEDCS HHLZ



) [ BHUBWY WIRP SZHJ W GW WD QR

7 KH LQ UDIAXAMUH WDAHIDEGY WH HHI\ JHHDRU  ,QWMG R KDYIQ) D AHQADO CDERHOMJ QHERWN
W MP VAKFK DVZ LQG WILELQHVRUNROURHIYWR SHIRPP ZKIFK WDQMHJ SRZHU D GMMEXWMG CHEZRWN R
RSWPD® ZIMW KUK HIHHR DG PIQPIHS — COEFHMYFDQWDQM HUGDW XMQ) RSWADO LEHY
GRZ QAP H UHTXILHY SUHERWYH P DLQMDQAH ( \SHADD

IRU RQJ AWEQFH HHI\ WDQWP IWRQ  DQ HILAHOW

FRP P XQFDARQ EHE HD YDURXV FRP SRQHOV R WH

WHHZDE®I HHI\ UMM HOXUW DQ RSWP [ HG

SHIRPDQFH : KLB Z WHBW SRZ HJ WDQWP DRQ LV

IDAOMMG B\ XMQ) @Y RSWDO ILEHY HIE®

HI LAHOADQG KLIK \SHHG GD WDQWP DRQ VR P DQDIH

UHQHZ DE®! HHI\ \XMMP V7 KH UDOWP H P RQWRUQ]

DQG FROARO R SRZHJ JHHDARQ KDV EHD P DCH

SRWIE®! XMQJ |LEHJ RSWEY FCEGV $ VD LHK@R U0

WP H RSWEDO P RQWVRUQ) FRQARO DG GDIQRME R

UHHZ DE®! HHU\  LQ UDWAKPMH \WH RSHDRY FDQ

FRHD P RQWUHHI\ SIRGXPARY (GO SRMADD

SUREGP VDQG WP HY VENHFRUHAARQ DRARQ
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https://effectphotonics.com/insights/photonics-for-the-energy-transition/
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| XP IGHAHMROU FRHOADRY / 6&V DH GVIFH
AIQG R FROFAVDG FRGHIADM \XQIKWRQR
\P DIBU DQG P RIH HIIAHIMRDU FHY / 6&V RIHJ D
SIRPIMQ)  FRWAHIHARYH DOMCDAYH VR \WDEMRCDO
\ROU SDCHY SDUMAFXOWD IRU EXL@Q) IOMWDMS

\ROMRQY $ V\KRZQ 1O WH ILIXUY/ WH FROMAR D
WDQSDUHV @KW IXICH WSIFD® JOW RU SOWAF

HP EHOGHG Z W OP LQRAHOWCQDQRSDUAFGBY NQRZ Q DV
OP LQRSKRW/ 7KH\KQDIKW  WDAKIW D / 6& FDQ
KDYHQUIHHQADMY , WFDQ EH DEVRUEHG DQG H HP IWHG
DARQIHJZ DYHBIWVE\. WHOP IQRSKRIW ~ ZKIFK
IV WHD JXIGHG R WH HEJHV R WH GHVEH Z W \RED
IOMOOWHOAMRQ ~ ZKHH SKRRYROUIE 39 FHOY
FROMHAMIR HBRAMAW WP LIKWEH DOR GRWMMURXIK
HABHARH  LQ ZKIFK SKRRQV HP IWHG RXWMGH WH
FUMFDODQ) ®f HADSH WH GHVEH ®DAQ) VR SRZ HUBRW
$ CRMHUWSHR GWILQ/ 6&VDUMIRP UDE\RIBURQ
R HP WG IKVE\ RMHUOP LCRSKRUA/EH RIHUHDRKLQY
39 FHDY ( 11RUVVR RSWP L] H/ 6&VKDYHI RPXVHE RQWH
SIRSHI R OP LQRSKRWH/ LFOXAQ) WHU HP MIRQ
SDAM.OVDQG CEVRUSWRQ FKDLDP M IMAEY

5 HHQAVDGYDQRHY LQ QDCRMAKQRBI\  KDYH LQARGXAHG
QOQRAY WO R\WD FOBG TXOQMP GRW 4' V. ZIW
QROVSKHIFDOWKDSHY\KAK DV QDQRURGVZ KLFK HP IM@IKW
DQURARSIFDD 7 KDALY WHUHP DMRQ LOMMW YDUH/
ZIW AUARQ 7KLY QLHAARQDO HP IWIRQ SRMIADTD
UHBEXRHY \VFDSH FRQH GAWHY Z KHD QDQRURGY DLH SURSH.O
DIQHG , QUDDV D KLIK GARKP DARQ R R
DODEVRUEHG HHU\ \KRX@ EH FRQUGHHG | RUWH QW
WURXJIK \FDSH FRQH I RUD OP LQRSKRUHWDAHP LW QIKW
DRARSIFD®  6RP HURHIUK JWRXSVIQ 1 HMHOQG DWH
ZRNQJ RQ WHRIMAFDO DQG H SHIP HQEO GALIQ R
YDURXVCDQRAY WY RULP SLRYLQJ / 6&VH I LAHR

6P XDAR)

,Q D WHRUHAFDODQOOMY FRQGXPWG B\ 0 RQM &DUR
WD WIAQ) P XOARQ  GlIHHWV QDQRSDUAFBY DV
OP LQRSKRUWV Z HH FRP SDUHG UHIDLWEQ) WH HIHAWR
WHU DQMRWRSIF HP IWIRQ DQG DIQP HOWRQ / 6&
SHIRWP DQFH , Q WHVP XOWRQ WHDQLRWRS\ GHIQHS
F\ QROSKHIFDOKESHR WH1 5 VDQGWHHIHWR

KWV AR RJ

15V DDJQPHQN EDHG RQ WH H SHIP HQED
GP ROWDARQ R WHU DRIQP HQARQ WH HILAHR R
/ 6&VZ DVIQMAIDAMG ( [ SHIP HOBD 1 5 VAHI MARQ
D \)XUDFH D \WUNRYHQARYDSRIDARQ 9 HIWFDODI QP HQWY
LVDOR SRWEGIRQD LQ VROMRQ DG XQGHUKLIK HPRME
IIHG ' UIHHOAFP IWRQ SDMOQVR MQ FRV DR
ZIW DRWRSIF DQG UDDWME 15 HPLOAMY HXK
FRIWGRQAQ) VR D SDUAEXQU DDIQP HQN ZHH
H DP .QHGE\ WHMP XOWRQ &RP SDUQJ R \WH
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FROWVEQAHP IMRQR DQ DMRWRSLE HP KU WHHP MIRQ
IRUWH URG \KDSHG HP WU SHSHXAFX@U VR WH SDM

KDVDMQ SDAMQ Z I WH GSRBIWDQUMRQ SDIDBOR
WH ®&Q) OV DQG D FRV SDAMO ZKH) WH QSR
WDQUMRQ LV SHEHQAFXQUWR WHERQ) D[ IV $ UHDOL 5

HP WM Z LODHP IWZ WK D FRP ELQDARQ R MQ DQG FRV

SDAMQY 7 KH HADSH | LLRARY GHILQHS DV WH | LDPARQ
R HP G LOMMW B\ WH OP LORSKRUH \WDAHFADSH
IURP  WH \RVEO LOMLDO IH BGPARQ DQG WHHRWH QRW
FOSCE®I R ULAKIQ) VR WH HIW/ R/ 6& ZDV
FOBXOWG IRU GLIHHQV DDGPHOV R WH 15V
e&RP SOUHG VR WH DRARSIE HP WU FDH WH HACSH
I LDARQ | RUURGY DI QHG SHSHIAFX@UVR WH SOW LY
GZ HJ EXWMY KLIKHU WDQ IRUWH MQ  HP WK FDH

) RUURGY DQJCHG SOUDTBOVR WH SOCH WL LY UYHIHG

EXWZ W &Z HJUHDAYH QLTHHH  \KRZ HG WH UKV
R WHFDBXDARQ

7KUH WSH/ R CDQRAU B ZHH H CP IQHG 1Q WL
WHRHADO WG W FRPSDIH WH HIHFW R

UDE\RLSMRQ DQG DMRARS.  &RIHRQ® &GBH 4' V
Z W KK UDEVRSWRQ DG GHOUD DRWRSIE HP IWIRQ
&@BH&® ' RANQS5 RG1 5 VZIW DQMRWRSIE HP WIRQ
DQG \P DDUDE\RSMRQ DQG0 Q GRSHE=QBH4' V
Z W QR UDE\RSMRQ 7 KHILQAQ) LQAFDWY \WDWZ LB
SURSHUQDCRURG DI QP HONHKDGRHY SKRIRQ LHMARQ
UDE\RSWRQ U-P DIQV D RUMFDOTP IMQ) IDRRY ;KLY
DIQQ) QDQRURGY FDQ UHEXFH HADSH FRQH QWA \WH
P DLQ FKDIIH LV UDEVRSMRQ Z KIFK FDQ GLDIMFDID
BZ HUXVHXODIKWP DMRQ  \RP HAP H/E\ RYHU
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7KH WG HPSKDMJH/ WDW [P SURVIQI P DMIDD
SURSHIARY \XFK DV LQRUHDMQI \WWH 6VRNAY \KLL W WH J0S
EHE HHQ CEVRUSWRQ DQG HP IWRQZ DHHBRQIWY VP RWH
HIHARYHWIOQ P HHD RSWP [ LQ) DIQP HQW( P S LQJ
FROMY) \MAKQTXHY DQG Z DHBQIW WQE®! P DMIDY
IXUMHUP LQIP [} HUCE\RUBWMRQ

YDOAQ) DRRARS. DG UDER SARD

$ QMRARSIF HP IWRQ ILRP QDQRURGY RITHY SURP MQY
DHOH IRU IGFUDMQ] HIIAHR  EXW IW P X\WW EH
FRP ELGHG Z W VADMILEV\R P LQIP [] HULE\RISWRQ $
KROME CSSURCFK ZL@P O [P [JH/ 6& SHIRWP DFH $
FRP ELCDARQ R QDCRAY WEOWKDSHFRQURCDQG P DMIDD
HILGHHIQ) Z W GZ ULE\RSWRQ FKDLDPMIMARY KRGV
WHNH R GYHBSIQ) KLIK HILEHR / 6&V 2 SWP J1Q)
OP LOHA-INCDQRSOUARBY |RUVRDU FHDFRGAHOADRY/
UTXW EDDQAQ) UHE\RBWRQ DQG  DQVRWRSIE
HPIMRQ : KIBi PLQP [ LQ) ULE\RBWRQ RIHY WH
JUDMIV SRMOADD IRU HIIAHA JOQV GYHIDILQ)
DQRARSIE HP DMIRQ SDAMMQY FDQ | XUMHJ HIKDQAH
G¥FH SHJIRPDQH 7KH SDM IRZDG @V IQ D
FRP SUKHMYH DSSUIRDFK  WDW [QMUWDM/ DOYDGRG
PDMIDD GAMJIQ ZIW VADMIE QDQRSDHAFRGI
RUHQAMRQ 0 RURYHU 1Q D UDOMH QO \FHDUR
PDQ RWHJ ICRRY DQG FRQAMRQY \KRX@ EH VENHD
LQR DAFRXQMRU DQ HI LAHWRXVERRU SHIRP DQFH R
/ 6&V
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) LEHJRSWF VHQRUGHRAQ) WHWH.P DOXQZ D R D
EDAMY 1URP UHYHMEGIVR LUAYHMEGIEIHY

$ FRPSDMRQ R WH HWQIO DG 1QMIOO
WP SHDXUV R D EDAMY  Z RX@ WHD UH GRAMW WKH
FROGMRQ R RSHDARQ %RW ) % V DQG 5D GLIK
\FDAMIQ) EDHG GMMEXWG | LEEHJRSWE VHQIRY ZHH
XVHG R DFKLYH DFRXUDM WP SHDMUH GMMEXWRQ
SIREIQ) DG HROMRQ POSSIQ)  ZIWRXW
FRP SURP IMQJ  WH HBPARFKHP LFDD SHIRWP DQFH R
Y

6WHNV6WDIQ0 RRIQ

0 RMRUQJ R WH ADIQ [Q EDMAIN/ UHDBG WH
USHDMG H SDURQ DQG FROAMCFARQ R WH EDAMLY
RYHURKDULQ)  GMVAKDULQ) R FIQ) %RM WHH WLLDD
DG 1OMLD0 WWOIQ DG FRUASRQAQ) WAHW RU
SUHKKUHZ HH GAMARE®I XMQ) RSWHDO! LEHUVHQRWY $
K EUG VHQRU FROIMAQ) R ) % DQG ) CEUW 3HRW
) 3 FDW ZDVHP EH3G-G IQR D OMXP LRQ FHIQ D
QRO LQYDUYH P DQQHU HIDE@Q) 1Q VX P HDWKU-P HOW
R LQMOOOVADQY DQG WP SHDMWH | OFRXDARQ/ DV
QLIHHINRDARQ/R WHEDAY

0 RQVRUIQ ' UITHHNG\ WPV

VDML W \WMPV RWHU WDQ / ,%/ KDH DOR EHD
SUREHS Z W RSWFDOI LEHUVHRWRLY 7 KH URXOV YDICDM
WHLP SRUBQFHR  RSWEDO LEEHUVHRIRWYLQ P RQVRUQY)
WH XRMUDO FKDQIH/ DQG ZRINQ) P HKDQWP R
QLI HHNAHDIAKRMUH/

2 X\BRN

2 SWHDD | LEHU VHQRWY RIHJ XQTXH DGYDQAIH/ RYHU
WDAMRID %0 6 1Q WH IIHG R EDAMMY \DOHN
PROMRUQ ,Q DEAMWRQ R FOSWUQ  WH
FKOULRAMIMAE LQIRWP DARQ DVWH H WAGQDD EDAMLY
\XUDFH RSWHDOVHQIRY FDQ DR EH QRQ GHIAXPRYHD
HP EHEGHG LQUGH WH EDAMY |RUU-DOWP HP RQWRUQY
R HBPARKHP LFDD UDPARQ SURAHAHY 7 KH URHDUK
UHKOV GP ROMWDM WH P SRUBQNRG! ST H5 B\
RSWHDOVHQRWY/LQ WH I LHTE R EDAMY P RQVRUQ) DG
SURYLGHD YOOCE®I RO RUWHLQ G-BW H SRIDARQR
WH HBPARAKHP LFDD HYROMRQ P HKDQWP V  LQUCH
EDMWUILY W WH XWON R RSWEDDI LEHJ VR 1Q
GAMAAY) EDMAY WP SHDMH DQG  \HVVADLQ
SDUDP HMY HFRP SDMQ) ERW LOMQDODQG H \WLCDD
PHMEV [LEHJ VHQRY EUQ) Q¥ RSSRUMQWA/ 1Q
RSWP ] 1Q) EDMY RSHDARQ DQG \DIHNV GHMAARQ R
QLIHHIAHHI WX \WMP V
KAMBY GRLRU HIHU\ P DEGY
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$®] ZDV D FXURXV DQG WMARXY WFDV WWGONIQ 6 BLFH 7HKQR®I\ ( GXFADARQ $UVD G
0 DNHP DAEV ) URP KLV I LLIXAK DL LQ \FK IROZ DV HDM® CFK BY @ MR SIUDG WDQG ZDVZHONQRZQ B\ KLY
SHHY DQG WORKHY IRUKLY RAAR WH ER| W Q NOLJ + HZ DV HD D DFRFEWG VR WYG. KLV P D RU DAMKH
XQYHMW EXWDIWU GDAQ) KLIK VAKRR OKH \BZ® WD WG @ M) JIQMIIVIQ WH \KEMPW 7 KH FDWHY
KRZ HHU Z HHP DQEDRY R JHAKY K HNK 18 G BUHH \R 1Q &G K HK BB R P DNH DQ HIRWADQG NRGHS WH
FOWHK @ 6RP HAP H/KHWRXIKWK HEGOWKDHWR JRW BX K W P D EHWHHZ D \D GWDSHIRAM\R

GR\RP HMLQJ GlLIHHOW

2 GHQIKVWKHFRX@QWIBHS $ @MHWRX K WZ HHEX] ] 1Q JQ MHK VKHD G+ HGHAGHS R J RRAWRUD AR®
R KLV | DYRUM S@FH WHEHDAK + HZD \Z DN Q JDQ GIEN Q MR 6V1Q\WHZ DMJ Z KIGIW 1QJ R JHAMUG R
WHHEBRG KHDA WRXIKW 6XGEHD DI KR @K \IS SDUGIQIR @R IKIP 7 KH@ RAZD WR LOMMH
KHFRX@QWHHSDWAKLY| HHA7 KHQD YREHWR WG DR J $®f $® WHS BRQADMGD GDID RADUID A
DSSHOUHG

,NGRZ \RX $® \OG <RXBRN@HP H B WRXUK IUJ I ZK\M

) RIBZ PH WHSHIRQ\OG , KDHWR\KRZ \R X

7 KHSHIRQWRN KIP EDANVR\FKRRO+ H Y& KP \HD RQ JR WHFD V

$ O] DNGKIP  : KDADP , CRQJ WHH

7KHSHIRQ\OIG 7 KHH\ HDL WH WG & WHY DIHVRP HR WH E MAP RP HOQWV L1Q\ RXU@H 7KH ZHH
\KUHD \RP HR WHERW HDWR P\ @H , KD GNHRSS RMQW \R ®D Q\R FIMQ) Q¥ \R GHEFDM\RP H
\HOWR P\ @HIQRHWXEQ P\ XQ WD QQJ B\ G &1QJ IQRD\S ADY H3 I IHG R \AHJH : KDAZD V
P RIHIXQZ DVWDN ZDVQRADRQH , FRX GG RR Z I \WYHIDORWHU@HP .QGHG SHRSGBIR P\ DIH: HKD G
JRRG IXQ WG Q) ZIW WHH [UHG \D G ZH D M VMDIQ R XKE , ZD \GHIQWD SUY ®J I& Z W WLV
RSSRUMQW ZKIBIP DQ SHHYTXMWHDUD DQ G5 GQR WDHW HK @ AR JHMQ) RUGG QRARKRRVHWR VENH
WLV HEXFDARQWDLQ

. ZDV\D LQ) R P\ \HD KRZ FDQ, P IWWIVR SR QN + RZ FD Q ZD WP\ WP HDQG CRAP DNHWHP RWY
RAWWR IWWR PONHWHP RWWR P\ WP HIQ W HFDW LQ HD R DWLIQ D \RUH P D GRSSRUMQW IRU
WRXIKWLQ HOFK FRITHHP HHAQ) Z W FR@DIX M ( YHY MQJ BFDH HHY MQ HSIHHR ZRW D G SIHHR
IQMIPARQZ DVDGAQ) VR P\ WINQ) D GQ MRP\ 1X WHSIR BMR QOEXWP DQD P DXMHWHD + RZ D Q
, CRALYHVR P DNHWHP RIWRAR IWAT ¥H LQ) WHY  OMBI PRP HOAR YHH \HD Wf

+ HSDXVHGIRUDP RP HQADVLL KHZ DVZ DK Q JMR M\ HOLY IWD PRY H R DU G €H

e7 KW 1V UDID Z KDADQ LOYHWR HFOMRUW HX YWH IV \ R XGHEFDM\RP HR \WH \ RXQJ \ HDLY LOWMDG R
Z DX WR HOGBW LOXEQA DALEDAR Q, \D. HJG X EXVWIKDAP HDQ W HH\KRX@ EHWP HIQ WHH\ HD U
R HQR \ RXUHD DV ZHD \R \SHXG WP HZ W 1D RO RUMWMWENH D EUHN IURP IRFXVHG DAWDARQ D G
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