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, GHFODUH WKDW WKLV SURMHFW UHSRUW HQWLWOHG ³'HYHORSPHQW 2I $ /LJKWLQJ 2SWLPL]DWLRQ

6LPXODWLRQ $SS 8VLQJ $OSKD 6RIWZDUH )RU 5HVLGHQWLDO +RXVHV´ LV WKH UHVXOW RI P\ RZQ

UHVHDUFK H[FHSW DV FLWHG LQ WKH UHIHUHQFHV� 7KH SURMHFW UHSRUW KDV QRW EHHQ DFFHSWHG IRU DQ\

GHJUHH DQG LV QRW FRQFXUUHQWO\ VXEPLWWHG LQ FDQGLGDWXUH RI DQ\ RWKHU GHJUHH�
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7R P\ LQFUHGLEOH SDUHQWV� 6X]ULWD ELQ 6XODLPDQ DQG +DPEDOL ELQ 2PDU� ZKRVH XQZDYHULQJ

VXSSRUW DQG ORYH KDYH EHHQ P\ SLOODUV RI VWUHQJWK WKURXJKRXW WKLV MRXUQH\� <RXU VDFULILFHV

DQG HQFRXUDJHPHQW KDYH VKDSHG PH LQWR WKH SHUVRQ , DP WRGD\�

, H[WHQG P\ GHHSHVW JUDWLWXGH WR P\ GHGLFDWHG OHFWXUHUV� ZKRVH JXLGDQFH DQG ZLVGRP KDYH

EHHQ LQVWUXPHQWDO LQ H[SDQGLQJ P\ NQRZOHGJH DQG IRVWHULQJ P\ DFDGHPLF JURZWK� <RXU

SDVVLRQ IRU WHDFKLQJ KDV OHIW D ODVWLQJ LPSDFW RQ P\ LQWHOOHFWXDO MRXUQH\�

$ VSHFLDO DSSUHFLDWLRQ JRHV WR P\ HVWHHPHG 6XSHUYLVRU� $UPDQ +DGL ELQ $]DKDU� ZKRVH

H[SHUWLVH DQG PHQWRUVKLS KDYH EHHQ LQYDOXDEOH� <RXU FRQVWUXFWLYH IHHGEDFN� SDWLHQFH� DQG

FRPPLWPHQW WR H[FHOOHQFH KDYH EHHQ WKH GULYLQJ IRUFH EHKLQG WKH VXFFHVV RI WKLV SURMHFW�

, ZRXOG DOVR OLNH WR H[SUHVV P\ JUDWLWXGH WR P\ IULHQGV IRU WKHLU FDPDUDGHULH DQG

HQFRXUDJHPHQW� <RXU VKDUHG ODXJKWHU DQG FROODERUDWLYH VSLULW KDYH PDGH WKLV DFDGHPLF

MRXUQH\ PHPRUDEOH�

7KLV SURMHFW LV GHGLFDWHG WR HDFK RI \RX� DV \RX KDYH SOD\HG DQ LQWHJUDO UROH LQ P\

DFKLHYHPHQWV DQG KDYH EHHQ P\ VRXUFH RI VWUHQJWK DQG LQVSLUDWLRQ�
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,Q UHVLGHQWLDO KRXVHV� WKH RSWLPL]DWLRQ RI OLJKWLQJ RIWHQ UHPDLQHG XQNQRZQ WR QRUPDO

UHVLGHQWV� 7KH DGHTXDF\ RI OX[ OHYHOV IRU YDULRXV DFWLYLWLHV ZLWKLQ HDFK DUHD RI WKH KRXVH

DQG WKH SRWHQWLDO ZDVWDJH RI HQHUJ\ GXH WR H[FHVVLYH OLJKWLQJ XVDJH ZHUH W\SLFDOO\ QRW

GLVFHUQLEOH� 7KLV SURMHFW DLPHG WR DGGUHVV WKLV LVVXH E\ GHYHORSLQJ DQ DSSOLFDWLRQ WKDW ZDV

ZLGHO\ DYDLODEOH DQG DFFHVVLEOH WR DOO UHVLGHQWV IRU GRZQORDG RQ WKHLU VPDUWSKRQHV�

$OWKRXJK VLPLODU DSSOLFDWLRQV H[LVWHG� WKH\ KDG OLPLWDWLRQV� VXFK DV EHLQJ H[FOXVLYHO\

DYDLODEOH RQOLQH� ODFNLQJ HQHUJ\ FDOFXODWRUV� DQG SURYLGLQJ QR OLJKWLQJ UHFRPPHQGDWLRQV�

,Q FRQWUDVW� WKLV DSSOLFDWLRQ KDG WKH FDSDELOLW\ WR FDOFXODWH DQG RSWLPL]H OLJKWLQJ E\

UHFRPPHQGLQJ WKH DSSURSULDWH DPRXQW RI OLJKW EXOEV QHHGHG IRU HDFK URRP� $GGLWLRQDOO\�

LW FRXOG FDOFXODWH WKH PRQWKO\ ELOO EDVHG RQ 0DOD\VLD
V 71% UHVLGHQWLDO WDULII UDWHV� 7KH

OLJKWLQJ VWDQGDUGV DGKHUHG WR LQ WKLV SURMHFW UHIHUUHG WR 06���������� ZKHUHLQ WKH

UHFRPPHQGHG OX[ OHYHOV IRU YDULRXV DUHDV� VXFK DV WKH OLYLQJ URRP� GLQLQJ URRP� EDWKURRP�

HWF�� ZHUH OLVWHG� 8QOLNH WUDGLWLRQDO FDOFXODWLRQV WKDW FRQVLGHUHG IDFWRUV OLNH URRP DUHD

�:LGWK [ /HQJWK�� WKLV SURMHFW LQFRUSRUDWHG ERWK URRP DUHD DQG KHLJKW �/HQJWK [ :LGWK [

+HLJKW� XVLQJ D FRPSUHKHQVLYH DSSURDFK� 7R DFKLHYH WKLV� WKH DSSOLFDWLRQ XWLOL]HG

FDOFXODWLRQV LQWHJUDWLQJ DOO WKHVH IDFWRUV� ,Q FRQFOXVLRQ� WKLV SURMHFW SURYLGHG UHVLGHQWV ZLWK

WKH PHDQV WR RSWLPL]H OLJKWLQJ ZLWKLQ WKHLU KRPHV WKURXJK D XVHU�IULHQGO\ DSSOLFDWLRQ

DFFHVVLEOH DW WKHLU ILQJHUWLSV�
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'DODP UXPDK NHGLDPDQ� RSWLPDVL SHQFDKD\DDQ VHULQJ NDOL WLGDN GLNHWDKXL ROHK SHQGXGXN

ELDVD� .HFXNXSDQ WDKDS OX[ XQWXN SHOEDJDL DNWLYLWL GL VHWLDS NDZDVDQ UXPDK GDQ

SHPED]LUDQ WHQDJD DNLEDW SHQJJXQDDQ SHQFDKD\DDQ \DQJ EHUOHELKDQ WLGDN GDSDW GLNHQDO

SDVWL� 3URMHN LQL EHUWXMXDQ XQWXN PHQDQJDQL LVX LQL GHQJDQ PHPEDQJXQNDQ VDWX DSOLNDVL

\DQJ WHUVHGLD VHFDUD PHOXDV GDQ EROHK GLDNVHV ROHK VHPXD SHQGXGXN XQWXN GLPXDW WXUXQ NH

GDODP WHOHIRQ SLQWDU PHUHND� :DODXSXQ WHUGDSDW DSOLNDVL VHUXSD� DSOLNDVL�DSOLNDVL WHUVHEXW

PHPSXQ\DL NHOHPDKDQ VHSHUWL KDQ\D WHUVHGLD GDODP WDOLDQ� WLGDN PHPSXQ\DL SHQJLUD

WHQDJD� GDQ WLGDN PHQ\HGLDNDQ FDGDQJDQ SHQFDKD\DDQ� 6HEDOLNQ\D� DSOLNDVL LQL EHUXSD\D

PHQJLUD GDQ PHQJRSWLPXPNDQ SHQFDKD\DDQ GHQJDQ PHQFDGDQJNDQ MXPODK PHQWRO ODPSX

\DQJ GLSHUOXNDQ XQWXN VHWLDS ELOLN� 7DPEDKDQ SXOD� LD EROHK PHQJLUD ELO EXODQDQ

EHUGDVDUNDQ NDGDU WDULI NHGLDPDQ 71% 0DOD\VLD� 6WDQGDUG SHQFDKD\DDQ \DQJ GLJXQDNDQ

GDODP SURMHN LQL PHUXMXN NHSDGD 06���������� GL PDQD WDKDS OX[ \DQJ GLV\RUNDQ XQWXN

SHOEDJDL NDZDVDQ VHSHUWL UXDQJ WDPX� UXDQJ PDNDQ� ELOLN PDQGL� GDQ VHEDJDLQ\D

GLVHQDUDLNDQ� %HUEH]D GHQJDQ SHQJLUDDQ WUDGLVLRQDO \DQJ KDQ\D PHQJDPELO NLUD IDNWRU OXDV

ELOLN �/HEDU [ 3DQMDQJ�� SURMHN LQL PHPDVXNNDQ NHGXD�GXD IDNWRU OXDV ELOLN GDQ NHWLQJJLDQ

�/HEDU [ 3DQMDQJ [ 7LQJJL� GHQJDQ SHQGHNDWDQ \DQJ PHQ\HOXUXK� 8QWXN PHQFDSDL LQL�

DSOLNDVL PHQJJXQDNDQ SHQJLUDDQ \DQJ PHQJJDEXQJNDQ VHPXD IDNWRU LQL� 6HFDUD

NHVLPSXODQQ\D� SURMHN LQL PHPEHUL SHQGXGXN FDUD XQWXN PHQJRSWLPDONDQ SHQFDKD\DDQ GL

GDODP UXPDK PHUHND PHODOXL DSOLNDVL \DQJ PXGDK GLJXQDNDQ GDQ EROHK GLDNVHV GHQJDQ

PXGDK�
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)LUVW DQG IRUHPRVW� , ZRXOG OLNH WR H[SUHVV P\ JUDWLWXGH WR P\ VXSHUYLVRU� $UPDQ

+DGL ELQ $]DKDU IRU WKHLU SUHFLRXV JXLGDQFH� ZRUGV RI ZLVGRP DQG SDWLHQW WKURXJKRXW WKLV

SURMHFW�

, DP DOVR LQGHEWHG WR 8QLYHUVLWL 7HNQLNDO 0DOD\VLD 0HODND �87H0� IRU WKH

ILQDQFLDO VXSSRUW ZKLFK HQDEOHV PH WR DFFRPSOLVK WKH SURMHFW� 1RW IRUJHWWLQJ P\ IHOORZ

FROOHDJXHV IRU WKH ZLOOLQJQHVV RI VKDULQJ WKHLU WKRXJKWV DQG LGHDV UHJDUGLQJ WKH SURMHFW�

0\ KLJKHVW DSSUHFLDWLRQ JRHV WR P\ SDUHQWV� SDUHQWV LQ�ODZ� DQG IDPLO\ PHPEHUV

IRU WKHLU ORYH DQG SUD\HU GXULQJ WKH SHULRG RI P\ VWXG\� 7KHLU XQZDYHULQJ VXSSRUW KDV EHHQ

D VRXUFH RI VWUHQJWK� SURSHOOLQJ PH IRUZDUG LQ P\ HGXFDWLRQDO MRXUQH\�

)LQDOO\� , ZRXOG OLNH WR WKDQN DOO WKH VWDIIV DW 87H0� IHOORZ FROOHDJXHV DQG

FODVVPDWHV� WKH )DFXOW\ PHPEHUV� DV ZHOO DV RWKHU LQGLYLGXDOV ZKR DUH QRW OLVWHG KHUH IRU

EHLQJ FR�RSHUDWLYH DQG KHOSIXO�
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��� %DFNJURXQG

/LJKWLQJ PDNHV XS TXLWH D ELW RI WKH HQHUJ\ XVHG LQ FRPPHUFLDO EXLOGLQJV� ZKLFK LV

SUHWW\ VLJQLILFDQW� 7UDGLWLRQDO OLJKWLQJ V\VWHPV FDQ ZDVWH D KXJH DPRXQW RI HQHUJ\�

LQFUHDVLQJ HOHFWULFLW\ FRVWV DQG KDYLQJ D QHJDWLYH LPSDFW RQ WKH HQYLURQPHQW ZKHQ XVHG LQ

UHVLGHQWLDO EXLOGLQJV� 6PDUW OLJKWLQJ VROXWLRQV WKDW FDQ RSWLPL]H HQHUJ\ XVH DQG LQFUHDVH

WKH HIILFLHQF\ RI WKH EXLOGLQJ DUH QRZ EHFRPLQJ PRUH LPSRUWDQW�

%XLOGLQJ DXWRPDWLRQ V\VWHPV KDYH EHHQ UHFHLYLQJ PRUH DWWHQWLRQ LQ UHFHQW \HDUV IRU

WKHLU DELOLW\ IRU KHOSLQJ WR LQFUHDVH WKH FRPIRUW RI UHVLGHQWV� UHGXFH HQHUJ\ FRQVXPSWLRQ�

DQG LPSURYH EXLOGLQJ HIILFLHQF\� %XLOGLQJ DXWRPDWLRQ V\VWHPV RU DUH NQRZQ DV VPDUW

EXLOGLQJ V\VWHPV� DXWRPDWH D YDULHW\ RI EXLOGLQJ IXQFWLRQV� VXFK DV OLJKWLQJ� +9$&� DQG

VHFXULW\ V\VWHPV E\ XVLQJ DGYDQFHG WHFKQRORJLHV LQFOXGLQJ VHQVRUV� FRQWUROOHUV� DQG

VRIWZDUH�

$Q LPSRUWDQW FRPSRQHQW RI EXLOGLQJ DXWRPDWLRQ ZKLFK LV OLJKWLQJ RSWLPL]DWLRQ FDQ

LQFUHDVH LQGRRU OLJKWLQJ TXDOLW\� VDYH HQHUJ\ FRVWV DQG LQFUHDVH WKH FRPIRUW RI WKH UHVLGHQWV�

%XLOGLQJ RZQHUV DQG IDFLOLW\ PDQDJHUV FDQ XVH VLPXODWLRQ SURJUDPPH WR PDNH VPDUW

FKRLFHV DERXW WKHLU OLJKWLQJ V\VWHPV� OHDGLQJ WR DQ LQFUHDVH LQ HQHUJ\ HIILFLHQF\� D GHFUHDVH

LQ RSHUDWLQJ FRVWV DQG D JUHDWHU FRPIRUW RI WKH UHVLGHQWV�

$QRWKHU LPSRUWDQW IDFWRU RI OLJKWLQJ LQ LWVHOI LV WKH HIIHFW LW FDQ KDYH RQ WKH KXPDQ

KHDOWK� /LJKW LV WKDW SDUW RI WKH HOHFWURPDJQHWLF VSHFWUXP WKDW LV SHUFHLYHG E\ RXU H\HV� 7KH
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ZDYHOHQJWK UDQJH LV EHWZHHQ ��� DQG ���QP� 7KH FRQHV FRPH RQ GXULQJ WKH GD\ DQG ZH

VHH FRORUV� ZKHUHDV DW QLJKW WKH URGV WDNH RYHU DQG ZH RQO\ VHH VKDGHV RI JUH\>�@�

2XU YLVLRQ GHSHQGV KHDYLO\ RQ OLJKW� ,Q RUGHU WR UHDFK WKH UHWLQD DW WKH EDFN RI WKH

H\H� OLJKW PXVW ILUVW WUDYHO WKURXJK WKH FRUQHD DQG OHQV RI RXU H\HV� ,Q RUGHU IRU XV WR VHH

DQG XQGHUVWDQG RXU HQYLURQPHQW� SKRWRUHFHSWRU FHOOV LQ WKH UHWLQD NQRZQ DV URGV DQG FRQHV

WUDQVIRUP OLJKW LQWR HOHFWULFDO VLJQDOV WKDW DUH VXEVHTXHQWO\ WUDQVIHUUHG WR WKH EUDLQ�

7KHUH LV DOVR VRPHWKLQJ FDOOHG FLUFDGLDQ UK\WKP ZKHUH OLJKW DFWV DV D SRZHUIXO

UHJXODWRU RI RXU ELRORJLFDO FORFN� 7KLV FLUFDGLDQ UK\WKP KHOSV WR UHJXODWH FHUWDLQ ERGLO\

IXQFWLRQV LQFOXGLQJ VOHHS�ZDNH F\FOHV� KRUPRQH VHFUHWLRQ� ERG\ WHPSHUDWXUH DQG

PHWDEROLVP� 2XU LQWHUQDO FORFNV DUH V\QFKURQL]HG E\ H[SRVXUH WR QDWXUDO OLJKW GXULQJ WKH

GD\� ZKLFK HQFRXUDJHV DOHUWQHVV DQG ZDNHIXOQHVV� $W QLJKW� OHVV H[SRVXUH WR OLJKW WHOOV WKH

ERG\ WR JHW UHDG\ IRU VOHHS�

��� 3UREOHP 6WDWHPHQW

:KLOH WKHUH DUH DOO WKHVH GLIIHUHQW DSSOLFDWLRQV DYDLODEOH RQOLQH RU RQ WKH SKRQH

WKDW FDQ RSWLPL]H OLJKWLQJ DQG FDOFXODWH FRVW� WKH\ DOO KDYH WKHLU SURV DQG FRQV� 7KH WDEOH

EHORZ ZLOO FRPSDUH WKH GLIIHUHQW IHDWXUHV EHWZHHQ � GLIIHUHQW DSSOLFDWLRQV�
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7DEOH � &RPSDULVRQ RI IHDWXUHV EHWZHHQ � DSSOLFDWLRQ

)HDWXUHV
2PQL

&DOFXODWRU

H�FRQROLJKW

�/LJKLWQJ /D\RXW

7RRO�

/LJKW %XOE

6DYHU
3KLOLSV +XH

&RPSDWLELOLW\

�$QGURLG�
� �

1R �2OGHU

9HUVLRQ�

<HV �/DWHVW

9HUVLRQ�

$YDLODELOLW\ :HEVLWH :HEVLWH 3OD\ 6WRUH 3OD\ 6WRUH

(QHUJ\

&DOFXODWRUV
<HV 1R <HV <HV

/LJKWLQJ

5HFRPPHQGDWLRQV
1R 1R 1R <HV

/LJKWLQJ 'HVLJQ

DQG /D\RXW
1R <HV 1R <HV

$XWRPDWLRQ DQG

&RQWURO
1R 1R 1R <HV

7\SH RI /LJKWLQJ

7HFKQRORJ\
�

*HQHUDO /LJKLWQJ

6\VWHP

*HQHUDO /LJKWLQJ

6\VWHP

%OXHWRRWK �

:LUHOHVV %XOEV

7KH 2PQL &DOFXODWRU ZHEVLWH DUH XVHG RQO\ IRU FDOFXODWLQJ WKH DPRXQW RI

OLJKWEXOEV QHHGHG WR PHHW WKH UHTXLUHG OXPHQ WKH XVHU GHVLUHV� 7KH XVHU QHHGV WR LQSXW WKH

OLJKWLQJ W\SH �GHVN OLJKWLQJ� NLWFKHQ� OLYLQJ URRP HWF�� DQG LW ZLOO JLYH WKH WKH

UHFRPPHQGHG OX[ QHHGHG� 7KH XVHU ZLOO WKHQ LQSXW WKH VL]H RI WKH DUHD E\ ZLGWK� OHQJWK

DQG WKH DPRXQW RI OXPHQ IRU HDFK EXOE� ,W GRHV QRW FDOFXODWH WKH FRVW RI WKH EXOE DQG

HOHFWULFLW\ XVDJH� ,W DOVR GRHV QRW KDYH DQ\ OD\RXW GHVLJQ WKDW LQFOXGHV IDFWRU VXFK DV

OLJKWLQJ SRVLWLRQLQJ�

7KH H�FRQROLJKW ZHEVLWH RQ WKH RWKHU KDQG RQO\ IRFXVHV RQ WKH OLJKWLQJ DQG OD\RXW

GHVLJQ� 7KH XVHU FDQ LQSXW WKH DUHD VL]H DQG FKRRVH WKH W\SH RI OLJKW EXOE WR XVH IURP D

VHULHV RI RSWLRQ IURP D YHU\ GLVRUJDQL]H OLVW� ,W ZLOO WKHQ DXWRPDWLFDOO\ SRVLWLRQ WKH OLJKW
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EXOE WR LW¶V RSWLPDO SRVLWLRQV RQ WKH FHLOLQJ� :KLOH LW KDV D �' PRGHO RI WKH VSDFH WR

YLVXDOL]H WKH OD\RXW� LW FDQ QRW GR DQ\WKLQJ HOVH RWKHU WKDQ OD\RXW GHVLJQ�

7KH /LJKW %XOE 6DYHU DSSOLFDWLRQ KDYH WKH VDPH IHDWXUHV DV WKH 2PQL &DOFXODWRU

ZHEVLWH EXW LW KDYH D YHU\ ELJ IODZ LQ ZKLFK LW LV RQO\ FRPSDWLEOH ZLWK WKH ROGHU YHUVLRQ RI

DQGURLG� 7KXV� PDNLQJ LW FRPSOHWHO\ XQXVDEOH WR PRVW XVHUV DV PRVW XVHU KDYH WKH ODWHVW

YHUVLRQ RI DQGURLG�

7KH 3KLOLS +XH DSSOLFDWLRQ VHHPV WR EH WKH PRVW SURPLVLQJ RXW RI DOO WKH RWKHU

RSWLRQV� ,W LV FRPSDWLEOH ZLWK WKH ODWHVW YHUVLRQ RI DQGURLG DQG KDYH DOO WKH RWKHU IHDWXUHV

DYDLODEOH� 7KH RQH DQG RQO\ IODZ LV WKDW WKLV DSSOLFDWLRQ LV VSHFLILFDOO\ IRU %OXHWRRWK RU

ZLUHOHVV EXOEV� 7KH PHDQV WKH DSSOLFDWLRQV FDQ QRW RSWLPL]H OLJKWLQJ IRU WKH JHQHUDO

OLJKWLQJ V\VWHP� 7KXV� PDNLQJ WKH RSWLRQV YHU\ OLPLWHG WR WKH XVHU DQG XVHOHVV IRU PRVW

XVHUV�

��� 3URMHFW 2EMHFWLYH

7KH REMHFWLYHV DUH DV IROORZV�

D� 7R FDOFXODWH WKH PLQLPXP OX[ UHTXLUHG EDVHG RQ URRP VL]H�

E� 7R RSWLPL]H WKH OLJKWLQJ UHTXLUHG EDVHG RQ PLQLPXP OX[ UHTXLUHG�

F� 7R LQFOXGH WKH FRVW� OLJKW FRORU DQG OXPLQDQFH IRU HDFK DUHD RI WKH KRXVH�

G� 7R DQDO\]H WKH SHUIRUPDQFH DQG SRZHU HIILFLHQF\ RI WKH IRUPXODWHG OX[�
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��� 6FRSH RI 3URMHFW

)LJXUH � 6FRSH RI 3URMHFW
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��� ,QWURGXFWLRQ

7KH LQFUHDVH LQ WKH QXPEHU RI WLPH SHRSOH VSHQG LQVLGH EXLOGLQJV LV VLJQLILFDQW�

%RWK DUFKLWHFWV DQG HQJLQHHUV PXVW WKLQN RI ZD\V WR LPSURYH HQYLURQPHQWDO FRPIRUW IRU

XVHUV DQG� DW WKH VDPH WLPH� LPSURYH HQHUJ\ SHUIRUPDQFH LQ EXLOGLQJV� &RPIRUW LV� LQ IDFW�

LPSRUWDQW VLQFH SHRSOH VSHQG DURXQG ��� WR ��� RI WKHLU GD\V LQVLGH EXLOGLQJV�

%XLOGLQJV DIIHFW SHRSOH¶V KHDOWK� 7KHUH KDYH EHHQ UHSRUWV RI GLVHDVHV UHODWHG WR

EXLOGLQJ XVH� WKH PRVW UHOHYDQW RI ZKLFK LV VLFN EXLOGLQJ V\QGURPH� 6LFN EXLOGLQJ

V\QGURPH LV D WHUP DSSOLHG WR EXLOGLQJV ZKRVH RFFXSDQWV H[SHULHQFH SK\VLFDO GLVFRPIRUW

MXVW E\ EHLQJ LQ WKHP� ,W DOVR GHVFULEHV WKH V\PSWRPV WKDW VKRZ XS DIWHU VSHQGLQJ D FHUWDLQ

QXPEHU RI KRXUV LQ DQ HQFORVHG VSDFH� 7KHVH V\PSWRPV LQFOXGH H\H� QRVH� DQG WKURDW

LUULWDWLRQ� KHDGDFKHV� VNLQ UDVKHV� DQG UHVSLUDWRU\ SUREOHPV�

0RUHRYHU� ORZ�TXDOLW\ OLJKWLQJ FDQ FDXVH H\H LUULWDWLRQ DQG KHDGDFKHV� QRLVH

OHYHOV RYHU �� G%$ FDQ LQFUHDVH KHDGDFKHV DQG UHGXFH FRQFHQWUDWLRQ RQ WDVNV� 7KXV� LW LV

LPSRUWDQW WKDW ZH WDNH LQWR DFFRXQW WKH OLJKWLQJ FRQGLWLRQV LQ KRXVHV WKDW DUH WKH OLYLQJ

VSDFHV RI PRVW SHRSOH� 7KH PDLQ JRDO LV WR FRPSDUH ZLWK WKH H[LVWLQJ UHVHDUFK WR LPSURYH

OLJKWLQJ FRQGLWLRQV DQG UHGXFH KHDWK ULVNV >�@�
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��� 7KH 3UHVHQW DQG )XWXUH RI /LJKWLQJ 5HVHDUFK

3URIHVVRU 5REHUW %R\FH KDV VXPPDUL]HG WKH NH\ SRLQWV LQ /LJKWLQJ 5HVHDUFK

ZKLFK FRYHUV WKH FXUUHQW DQG IXWXUH WHFKQRORJ\� PHDVXUHPHQW� GHVLJQ� SHUIRUPDQFH� DQG

KHDOWK�

7KHUH LV DOVR D ORW RI QHZ NQRZOHGJH RQ WKH HIIHFWV RI OLJKWLQJ EHLQJ SURGXFHG�

7KH HIIHFWV RI LOOXPLQDWLRQ RQ WKH QRQ LPDJH�IRUPLQJ V\VWHP DQG WKH LPSOLFDWLRQV IRU

KHDOWK SOD\ D VLJQLILFDQW UROH LQ WKLV� $GGLWLRQDOO\� VRPH HIIRUWV KDYH EHHQ PDGH WR

LQYHVWLJDWH KRZ LOOXPLQDWLRQ DIIHFWV GLVWDQW LPSDFWV EH\RQG YLVLRQ� VXFK DV PRRG�

EHKDYLRXU� DQG FRJQLWLYH WDVN SHUIRUPDQFH� 6LQFH QXPHURXV IDFWRUV RWKHU WKDQ LOOXPLQDWLRQ

DIIHFW WKHVH UHPRWH HIIHFWV� PRVW RI WKLV KDV TXHVWLRQDEOH YDOLGLW\� )RFXVLQJ RQ WKH IHDWXUHV

RI WKH LQWHQGHG UHVXOW WKDW FDQ EH GLUHFWO\ UHODWHG WR OLJKW H[SRVXUH LV YLWDO LI WKH JRDO LV WR

VKRZ OLJKWLQJ
V DGYDQWDJHV EH\RQG YLVLELOLW\�

1HZ FRORXU PHWULFV ZLOO XQGRXEWHGO\ EH DGRSWHG VRRQ� EXW FRPSOHWHO\ VKLIWLQJ WKH

IRFXV RI OLJKWLQJ IURP WDVN YLVLELOLW\ WR VSDFH LOOXPLQDWLRQ VHHPV XQOLNHO\ WR EH VXFFHVVIXO

XQOHVV LW FDQ EH VKRZQ WKDW GRLQJ VR ZRXOG VLJQLILFDQWO\ LPSURYH SHRSOH
V VDWLVIDFWLRQ ZLWK

OLJKWLQJ ZLWKRXW LPSRVLQJ DGGLWLRQDO FRVWV� 7KH HIIHFW RI OLJKW H[SRVXUH RQ KXPDQ KHDOWK LV

RQH DUHD RI UHVHDUFK ZKHUH WKLV LVQ
W WKH FDVH� /LJKWLQJ SUDFWLFHV DQG UHJXODWLRQV ZLOO QHHG

WR DOWHU UHJDUGOHVV RI FRVW LI LW FDQ EH GHPRQVWUDWHG WKDW OLJKWLQJ PD\ KDYH D PDMRU

LQIOXHQFH RQ KXPDQ KHDOWK� 7KH PRVW SUREDEOH ILHOG RI VWXG\ WR VLJQLILFDQWO\ DOWHU OLJKWLQJ

SUDFWLFHV LV WKLV RQH >�@�

��� %XLOGLQJ¶V 6XVWDLQDELOLW\ DQG (QHUJ\ (IILFLHQF\ XVLQJ 'D\OLJKW

/D\RXW GHVLJQ DUH YHU\ LPSRUWDQW ZKHQ LW FRPHV WR OLJKWLQJ DV LW FDQ GHWHUPLQH LI

WKH VSDFH LV RSWLPDOO\ LOOXPLQDWHG GXULQJ WKH GD\� $ EDG OD\RXW GHVLJQ GRHV QRW IXOO\ XWLOL]H

WKH GD\OLJKW ZKLFK FDXVHV D VSDFH WR EH GLPO\ OLW DQG ZLOO EH GHSHQGDEOH WRZDUGV DUWLILFLDO
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OLJKWLQJ� (YHQ WKHQ� WKH OLJKWLQJ SRVLWLRQ� W\SHV DQG EULJKWQHVV ZLOO SOD\ D ELJ IDFWRU LQ

IXOILOOLQJ WKDW UROH�

/LJKWLQJ XVXDOO\ GRHV QRW FRPSULVH PRUH WKDQ ��� RI WKH HQHUJ\ FRQVXPSWLRQ LQ

KRXVHKROGV EXW FRROLQJ DQG KHDWLQJ WDNHV XS PRVW RI LW� &RROLQJ OLNH DLU�FRQGLWLRQHU

HVSHFLDOO\ LV XVHG ZLGHO\ KHUH LQ 0DOD\VLD ZLWK D KRW DQG KXPLG ZHDWKHU� 6LQFH OLJKWLQJ�

KHDWLQJ DQG FRROLQJ WHFKQLTXHV DUH GHHSO\ LQWHU�UHOLDQW� LW LV QRZ NQRZQ WKDW D WRR EDVLF

PHWKRGRORJ\� DV ZHOO DV WRR PDQ\ OLPLWV� PD\ KLQGHU DQ HIILFLHQW GD\OLJKW HYDOXDWLRQ� ,I

QRW SURSHUO\ SODQQHG� WRR PXFK VXQVKLQH FDQ UHVXOW LQ XQZDQWHG KHDW JDLQV� $Q\ SODQQHG

HQHUJ\�VDYLQJ VWUDWHJ\ PXVW WDNH LQWR DFFRXQW HOHFWULF OLJKWLQJ� GD\OLJKWLQJ� DQG VKDGLQJ

V\VWHPV DOO DW RQFH�

,Q DGGLWLRQ WR WKH GLUHFW HQHUJ\ VDYLQJV� LW KDV EHHQ ZHOO HVWDEOLVKHG WKDW FRUUHFW

GD\OLJKW HYDOXDWLRQ FDQ GHFUHDVH OLJKWLQJ HQHUJ\ FRQVXPSWLRQ� ,Q DGGLWLRQ� LQGLUHFW HQHUJ\

VDYLQJV FDQ EH JDLQHG LQ PHGLXP FOLPDWHV GXH WR ORZHU KHDW JHQHUDWLRQ DQG DLU

FRQGLWLRQLQJ HQHUJ\ FRQVXPSWLRQ >�@�

��� &RORU 7HPSHUDWXUH¶V ,PSDFW RQ 7DVN 3HUIRUPDQFH

7KLV VWXG\ FRQGXFWHG E\ <XQKHH 3DUN LQYHVWLJDWHG WKH FKDQJHV LQ FRORU

WHPSHUDWXUH WKDW DUH FORVHO\ UHODWHG WR WKH YLVXDO HOHPHQWV WKDW LQIOXHQFH WKH SHUIRUPDQFH RI

WDVNV� WR SUHVHQW VFLHQWLILF HYLGHQFH EDVHG RQ D TXDQWLWDWLYH PHDVXUHPHQW PHWKRG XVLQJ

EUDLQZDYH DQDO\VLV�

7KH ORZ FRORXU WHPSHUDWXUH ������.� DQ RUDQJH FRORU EXOE� VHWWLQJ LV HIIHFWLYH DW

SURGXFLQJ VRRWKLQJ FRQGLWLRQV� VXFK DV IRU WKRVH JHQHUDWLQJ WLUHGQHVV� DFFRUGLQJ WR WKH

ILQGLQJV RI EUDLQZDYH VWXG\ SHUIRUPHG EHIRUH WKH DFWLYLWLHV� :KLOH WKH KLJK FRORU

WHPSHUDWXUH ������.� D ZKLWH FRORU EXOE� KDV VKRZQ WR KHOS ZLWK KLJK GHJUHH FRJQLWLYH
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IXQFWLRQV� VXFK DV GXULQJ ZDNLQJ DQG FRQFHQWUDWLRQ� DFFRUGLQJ WR WKH ILQGLQJV RI EUDLQZDYH

UHVXOW�

)LJXUH ��� :DUP &RORXU �����.�

)LJXUH ��� &RRO :KLWH �����.�

$FFRUGLQJ WR WKH UHVHDUFK� D ORZ FRORXU WHPSHUDWXUH GRHV QRW QHFHVVDULO\

JXDUDQWHH VWDELOLW\ RU UHOD[DWLRQ� ZKLOH D KLJK FRORXU WHPSHUDWXUH GRHV QRW QHFHVVDULO\

PDNH LW HDVLHU WR FRQFHQWUDWH RU WKLQN FOHDUO\� :KLOH LW GRHV DIIHFW WKH EUDLQZDYH WR D

FHUWDLQ GHJUHH� LW DSSHDUV WKDW HPRWLRQDO HOHPHQWV KDYH D JUHDWHU LPSDFW WKDQ ELRORJLFDO RU

FKDQJHV LQ EUDLQZDYHV�
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:KHQ LW FRPHV WR WKH SK\VLRORJLFDO UHVSRQVH� FRQFHQWUDWLRQ�UHODWHG ZDYHV ZHUH

PRUH VWURQJO\ VWLPXODWHG E\ WKH ZKLWH OLJKW� EXW ZKHQ LW FDPH WR WDVN H[HFXWLRQ� WKH RUDQJH

OLJKW� ZKLFK VWDQGV IRU VWDELOLW\ DQG UHOD[DWLRQ� SURGXFHG VXSHULRU UHVXOWV� ,W DSSHDUV WKDW WKH

RUDQJH ODPS
V DELOLW\ WR HYRNH D VWURQJHU HPRWLRQDO UHVSRQVH OHG WR KLJKHU WDVN

SHUIRUPDQFH� 7KXV� IURP WKLV VWXG\� ZH FDQ VD\ IRU FHUWDLQ WKDW WKH FRORU WHPSHUDWXUH GRHV

QRW KDYH DQ DEVROXWH LPSDFW WRZDUGV RQH DFWLRQ UDWKHU WKDQ D FHUWDLQ GHJUHH RI LQIOXHQFH >�@�

��� &DOFXODWLRQV

7KHUH DUH D IHZ LPSRUWDQW HTXDWLRQV DQG FRQFHSWV WKDW DUH IUHTXHQWO\ XVHG ZKHQ

SHUIRUPLQJ EDVLF OLJKWLQJ FDOFXODWLRQV� 7KHVH DUH VRPH RI WKH IXQGDPHQWDO IRUPXODV DQG

WHUPV WR EH IDPLOLDU ZLWK >�@�

,OOXPLQDQFH �(� LV WKH DPRXQW RI OLJKW IDOOLQJ RQ D VXUIDFH DQG LV PHDVXUHG LQ OX[

�O[� RU IRRWFDQGOHV �IF�� 7KH IRUPXOD LV�

(  )OX[ � $UHD ���

:KHUH )OX[ LV WKH WRWDO DPRXQW RI OLJKW HPLWWHG E\ WKH OLJKW VRXUFH�

)OX[� ĭ  /XPLQRXV ,QWHQVLW\ [ 6ROLG $QJOH ���

$QG $UHD LV WKH VXUIDFH DUHD RQ ZKLFK WKH OLJKW LV IDOOLQJ� )URP WKH )OX[ HTXDWLRQ� WKH

/XPLQRXV ,QWHQVLW\ �,� LV WKH DPRXQW RI OLJKW HPLWWHG LQ D SDUWLFXODU GLUHFWLRQ�

,  /XPLQRXV )OX[ � 6ROLG $QJOH ���

$QG WKH 6ROLG $QJOH LV WKH DQJXODU H[WHQW RI WKH OLJKW HPLWWHG E\ WKH VRXUFH� $QG WKH ODVW

IXQGDPHQWDO IRUPXOD LV WKH LQYHUVH VTXDUH ODZ IRUPXOD� 7KLV LQYHUVH VTXDUH ODZ GHVFULEHV

KRZ WKH LOOXPLQDQFH GHFUHDVHV DV WKH GLVWDQFH IURP WKH OLJKW VRXUFH LQFUHDVHV �

,OOXPLQDQFH�  ,OOXPLQDQFH� [ �'LVWDQFH� � 'LVWDQFH��ʹ ���

7KH ,OOXPLQDQFH� LV WKH LOOXPLQDQFH DW WKH QHZ GLVWDQFH �'LVWDQFH�� ZKLOH LOOXPLQDQFH� LV

WKH LOOXPLQDQFH DW WKH RULJLQDO GLVWDQFH �'LVWDQFH���



��

��� %XLOGLQJ /LJKWLQJ ,QVWDOODWLRQ

7DEOH � &RPSDULVRQ RI 'LIIHUHQW %XOE 7\SHV

7DEOH ��� VKRZV WKH FRPSDULVRQ RI GLIIHUHQW EXOE W\SHV ZKLFK LV LQFDQGHVFHQW�

IOXRUHVFHQW� DQG /('� $OO WKH EXOE W\SH KDV D ZDWWDJH RI ��: DQG ZDUP ZKLWH �����.� LQ

FRORU� ,W LV REYLRXV WKDW WKH /(' KDV WKH EHVW HIILFDF\ ZKLOH LQFDQGHVFHQW KDV WKH ZRUVW�

7DEOH ��� DOVR VKRZV WKDW WKH /(' UHTXLUHV WKH OHDVW DPRXQW RI EXOE WR PHHW WKH OXPHQ

UHTXLUHPHQW RI WKH URRP ZKLOH WKH LQFDQGHVFHQW UHTXLUHV WKH PRVW DPRXQW�

ZŽŽŵ ^ŝǌĞ
;ůĞŶŐƚŚ ǆ ǁŝĚƚŚ ǆ

ŚĞŝŐŚƚͿ

>ƵŵĞŶ
ZĞƋƵŝƌĞŵĞŶƚ

;ůŵͿ

�Ƶůď dǇƉĞ
/ŶĐĂŶĚĞƐĐĞŶƚ ;ϴϬ ůŵͿ &ůƵŽƌĞƐĐĞŶƚ ;ϴϬϬ ůŵͿ >�� ;ϭϬϱϱ ůŵͿ

'� >/',d/E'
ϭϬ^ϭϭͬϳϵ

/ŶĐĂŶĚĞƐĐĞŶƚ >ŝŐŚƚ
�Ƶůď ^ϭϭ ϭϬǁ

KƐƌĂŵ �ƵůƵǆͲ�
�ŽŵƉĂĐƚ &ůƵŽƌĞƐĐĞŶƚ
>ĂŵƉ Ͳ ϭϬt 'ϮϰĚͲϭ
Ϯ WŝŶ tĂƌŵtŚŝƚĞ

ϴϯϬ

W �>�^ � ϳϱ
&Z

ϭϬtͬϮϳϬϬ<
�Ϯϳ

EŽ͘ ŽĨ �Ƶůď EĞĞĚĞĚ
ϭǆϭǆϭ ϮϬ ϭ ϭ ϭ
ϮǆϮǆϮ ϭϲϬ Ϯ ϭ ϭ
ϯǆϯǆϯ ϱϰϬ ϳ ϭ ϭ
ϰǆϰǆϰ ϭϮϴϬ ϭϲ Ϯ Ϯ
ϱǆϱǆϱ ϮϱϬϬ ϯϮ ϰ ϯ
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��� ,QWURGXFWLRQ

7KLV FKDSWHU ZLOO EH IRFXVLQJ PRUH RQ WKH DSSURDFK WDNHQ WR FUHDWH D XVHU�IULHQGO\

LQWHUIDFH WKDW XVHUV DUH DEOH WR VLPXODWH DQG RSWLPL]H OLJKWLQJ IRU UHVLGHQWLDO KRXVHV� ,W ZLOO

FRYHU DQ RYHUYLHZ RI WKH LQWHUIDFH GHVLJQ� DOJRULWKPV� DQG FDOFXODWLRQV� KLJKOLJKWLQJ WKH

XQGHUO\LQJ SULQFLSOHV RI WKH VLPXODWLRQ DQG RSWLPL]DWLRQ SURFHVV�

��� 0HWKRGRORJ\

7KHUH DUH WKUHH VWDJHV WR WKLV PHWKRG� 6WDJH � LV WKH GDWD FROOHFWLRQ VWDJH ZKHUH

LQIRUPDWLRQ IRU WKH LQSXW DQG RXWSXW LV LPSRUWDQW� 7KH LQIRUPDWLRQ QHHGHG WR EH REWDLQHG LV

WKH URRP W\SH �OLYLQJ URRP� EHGURRP� NLWFKHQ� HWF��� URRP VL]H� WKH OX[ UHTXLUHPHQW IRU

HDFK URRP W\SH VLQFH WKH OXPHQ UHTXLUHPHQW LV EDVHG RQ WKH VL]H RI WKH URRP DQG WKH OXPHQ

HPLWWHG E\ WKH OLJKW VRXUFH FKRVHQ� 6R DOO LQ DOO� WKH LQIRUPDWLRQ QHHGHG IURP WKH XVHU DQG

WKH LQIRUPDWLRQ GLVSOD\HG ZLOO EH DV LQ ILJXUH ����



��

)LJXUH ��� )ORZFKDUW RI 6WDJH �

6WDJH � LV FDOFXODWLRQ DIWHU FROOHFWLQJ DOO WKH QHFHVVDU\ GDWD� $V OX[ DUH WKH XQLW RI

OLJKW SHU PHWHU VTXDUH� LW GRHV QRW IDFWRU LQ WKH URRP VL]H� 6R D IRUPXOD LV QHHGHG WR LQFOXGH

WKH URRP VL]H DQG JHW WKH OXPHQ UHTXLUHPHQW ZKLFK LV WKH WRWDO OLJKW QHHGHG LQ WKH URRP�

7KLV DOVR LQFOXGHV WKH IRUPXOD WR FDOFXODWH WKH QXPEHU RI OLJKW EXOEV QHHGHG IRU WKH URRP�

7KH SURFHVV RI WKH FDOFXODWLRQ LV VKRZQ LQ ILJXUH ����

)LJXUH ��� )ORZFKDUW RI 6WDJH �



��

6WDJH � LV $SS 'HYHORSPHQW� $IWHU FROOHFWLQJ GDWD DQG FDOFXODWLQJ WKH OXPHQ

UHTXLUHPHQW DQG QXPEHU RI OLJKW EXOEV QHHGHG IRU WKH URRP� DOO WKH QHFHVVDU\ GDWD DQG

IRUPXOD DUH DGHTXDWH WR VWDUW GHYHORSLQJ WKH DSS� 7KLV VWDJH ZLOO IRFXV RQ LQWHUIDFH GHVLJQ

DQG SURFHVV IORZ RI WKH ZKROH DSS DV VKRZQ LQ ILJXUH ��� DQG ILJXUH ����

)LJXUH ��� )ORZFKDUW RI 6WDJH �

����� 6HOHFWLQJ $SSOLFDWLRQ IRU 6RIWZDUH 'HYHORSPHQW

)LJXUH ��� $SS 'HYHORSPHQW 6RIWZDUH /RJR

$OSKD $Q\ZKHUH LV D 5DSLG 0RELOH $SSOLFDWLRQ 'HYHORSPHQW �50$'� SODWIRUP

GHYHORSHG E\ $OSKD 6RIWZDUH &RUSRUDWLRQ� 8VLQJ WKLV� GHYHORSHUV FDQ EXLOG PRELOH

DSSOLFDWLRQV XVLQJ YLVXDO GHYHORSPHQW WRROV DQG SUH�EXLOW FRPSRQHQWV ZLWKRXW OHDUQLQJ

DFWXDO FRGHV� 7KLV PDNHV LW WKH SHUIHFW IRU GHYHORSHUV RU HVSHFLDOO\ VWXGHQWV WKDW GRHV QRW



��

KDYH D FRGLQJ EDFNJURXQG DQG KDYH WR EXLOG DQG DSS IRU WKHLU ILQDO \HDU SURMHFW� 1RW RQO\ LV

LW HDV\ WR OHDUQ� LW LV DOVR IUHH WR XVH�

7KH RWKHU WKLQJ LV WKDW WKH PRELOH DSSOLFDWLRQ FUHDWHG FDQ UXQ RQ PDQ\ GLIIHUHQW

RSHUDWLRQ V\VWHP VXFK DV ,26� $QGURLG� DQG :LQGRZV� ,W DOVR RIIHUV IHDWXUHV OLNH GDWD

LQWHJUDWLRQ� RIIOLQH FDSDELOLW\� VHFXULW\ FRQWUROV� DQG GHYLFH�VSHFLILF IXQFWLRQDOLW\�

$OSKD $Q\ZKHUH LV VXLWDEOH IRU EXLOGLQJ GDWD�GULYHQ PRELOH DSSV VLQFH LW HQDEOHV

GHYHORSHUV WR FRQQHFW WR D YDULHW\ RI GDWD VRXUFHV� VXFK DV GDWDEDVHV� RQOLQH VHUYLFHV� DQG

FORXG VWRUDJH� $GGLWLRQDOO\� LW KDV EXLOW�LQ VXSSRUW IRU UHVSRQVLYH GHVLJQ� ZKLFK HQDEOHV

DSSV WR DGMXVW DQG RIIHU WKH EHVW XVHU H[SHULHQFH DFURVV D YDULHW\ RI GHYLFHV DQG VFUHHQ

VL]HV�

7KH SODWIRUP SURYLGHV D YDULHW\ RI YLVXDO GHYHORSPHQW WRROV WKDW VSHHG XS WKH

FUHDWLRQ RI DSSOLFDWLRQV� VXFK GUDJ�DQG�GURS LQWHUIDFH EXLOGHUV DQG FRGH HGLWRUV�

$GGLWLRQDOO\� LW SHUPLWV WKH XVDJH RI VFULSWLQJ DQG FXVWRP FRGH� JLYLQJ GHYHORSHUV ZKR

QHHG PRUH VRSKLVWLFDWHG IXQFWLRQDOLW\ IUHHGRP�

:LWK DQ HPSKDVLV RQ PLQLPL]LQJ GHYHORSPHQW WLPH DQG HIIRUW� $OSKD $Q\ZKHUH

SURPLVHV WR HTXLS GHYHORSHUV WR HDVLO\ EXLOG UREXVW� IHDWXUH�ULFK PRELOH DSSOLFDWLRQV� ,W LV

PDGH WR DFFRPPRGDWH D ZLGH UDQJH RI XVH FDVHV� IURP PRGHVW DSSOLFDWLRQV WR VRSKLVWLFDWHG

EXVLQHVV VROXWLRQV�
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������� 8VHU�,QWHUIDFH 'HVLJQ

)LJXUH ��� 5RXJK 6NHWFK 'HVLJQ RI 8VHU�,QWHUIDFH

7KH GHVLJQ VKRZQ LQ ILJXUH ��� LV D URXJK VNHWFK GHVLJQ ZKHUH LW LV WKH PRVW

VLPSOH DQG EDVLF GHVLJQ LQWHQGHG DV D EDVHOLQH IRU IXWXUH GHYHORSPHQW� ,W LV GUDZQ XVLQJ

WKH -XVWLQPLQG VRIWZDUH DQG LV QRW D ILQLVKHG SURGXFW� ,W LV RQO\ D VNHWFK DQG GRHV QRW KDYH

DQ\ IXQFWLRQDOLW\ DV LW LV VROHO\ IRU WKH SXUSRVH RI VNHWFKLQJ GHVLJQ� 7KH GHVLJQ DERYH LV

FUHDWHG ZLWK FRPSDFW LQ PLQG DV WR VKRZ WKH PDLQ QHFHVVDU\ LQSXW DQG RXWSXW GLVSOD\

ZKLFK LV WKH URRP W\SH� URRP VL]H DQG OLJKW VRXUFH DV WKH LQSXW DQG WKH DPRXQW RI EXOE

QHHGHG DV WKH RXWSXW�



��

��� /LPLWDWLRQ RI SURSRVHG PHWKRGRORJ\

7KLV SURMHFW RQO\ FRYHUV UHVLGHQWLDO EXLOGLQJV RQO\ ZKLFK FRYHUV WKH FRPPRQ DUHDV

VXFK DV OLYLQJ URRP� EHGURRP� WRLOHW HWF� $UHDV VXFK DV WKH JDUDJH ZKLFK DUH RQO\ SUHVHQW

LQ VRPH KRXVHV DQG QRW DSDUWPHQWV DUH QRW FRYHUHG LQ WKLV SURMHFW� 7KLV SURMHFW DOVR

FDOFXODWHV WKH EDVLF FDOFXODWLRQ RI DPRXQW RI EXOEV QHHGHG DV WKH PDLQ REMHFWLYH DQG

SULRULW\� 0RUH FRPSOLFDWHG FDOFXODWLRQ VXFK DV WKH OLJKWLQJ SRVLWLRQLQJ OD\RXW ZRXOG RQO\

EH FRQVLGHUHG DV D IXWXUH LPSURYHPHQW LI WKH SURMHFW LV D VXFFHVV�

��� 6XPPDU\

7KH �'HYHORSPHQW 2I $ /LJKWLQJ 2SWLPL]DWLRQ 6LPXODWLRQ $SS 8VLQJ $OSKD

6RIWZDUH )RU 5HVLGHQWLDO +RXVHV� LV D PHWKRGLFDO DSSURDFK WR FUHDWH D V\VWHP WKDW

RSWLPL]HV OLJKWLQJ GHVLJQ� 7KH SURFHVV VWDUWV E\ JDWKHULQJ WKH UHTXLUHG UHVHDUFK DQG WRROV�

VXFK DV $OSKD $Q\ZKHUH� 1H[W� WKH OLJKWLQJ FDOFXODWLRQ PHWKRG DUH LGHQWLILHG DQG DQDO\]HG

WR FDOFXODWH WKH QHFHVVDU\ OLJKWLQJ FRQGLWLRQV UHTXLUHG� $IWHU WKDW� WKH UHTXLUHG LQIRUPDWLRQ

QHHGHG WR FRPSOHWH WKH QHFHVVDU\ FDOFXODWLRQ DUH LGHQWLILHG IRU WKH LQSXW IURP XVHUV� )LQDOO\�

HYHU\WKLQJ LV SXW WRJHWKHU WKURXJK WKH $OSKD $Q\ZKHUH SODWIRUP�
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��� ,QWURGXFWLRQ

7KLV FKDSWHU SUHVHQWV WKH UHVXOWV DQG DQDO\VLV RI WKH VLPXODWLRQ RI WKH DSS RQ

OLJKWLQJ RSWLPL]DWLRQ� XWLOL]LQJ DQ H[DPSOH RI D KRXVH IORRU SODQ WR FDOFXODWH WKH H[SHFWHG

RXWFRPHV� $GGLWLRQDOO\� WKUHH FDVH VWXGLHV DUH FRQGXFWHG WR GHPRQVWUDWH WKH OXPHQ

UHTXLUHPHQW RI D URRP FRQFHUQLQJ LWV ZLGWK� OHQJWK� DQG KHLJKW�

:LWKLQ LOOXPLQDWHG VHWWLQJV� QXPHURXV IDFWRUV LQIOXHQFH RYHUDOO SHUFHSWLRQ DQG

IXQFWLRQDOLW\� 7KLV FKDSWHU GHOYHV LQWR WKH RXWFRPHV GHULYHG IURP WKH H[SHULPHQWDO

LQYHVWLJDWLRQ� IRFXVLQJ RQ YDU\LQJ OLJKW EXOE FRORUV DQG WKHLU FRUUHVSRQGLQJ HIIHFWV RQ OX[

UHDGLQJV� 7KH VWXG\ DLPV WR H[SORUH KRZ GLIIHUHQW OLJKW EXOE FRORUV FRQWULEXWH WR DPELHQW

OLJKWLQJ FRQGLWLRQV ZLWKLQ URRPV� $ FUXFLDO DVSHFW LQYROYHV D PHWLFXORXV FRPSDULVRQ

EHWZHHQ DFWXDO OX[ UHDGLQJV REWDLQHG IURP GLYHUVH VSDFHV DQG WKH FDOFXODWHG OX[ YDOXHV

GHULYHG IURP WKH DSSOLFDWLRQ VRIWZDUH GHYHORSHG LQ WKLV SURMHFW� 7KLV FRPSDUDWLYH DQDO\VLV

VHUYHV DV D EHQFKPDUN� VKHGGLQJ OLJKW RQ WKH DFFXUDF\ DQG UHOLDELOLW\ RI FRQWHPSRUDU\ OX[

FDOFXODWLRQ PHWKRGRORJLHV�

7KH H[SORUDWLRQ H[WHQGV WR D VSHFLILF FDVH VWXG\� ZKHUH WZR GLIIHUHQW URRPV DUH

VHOHFWHG IRU FRPSDULVRQ� 2QH URRP PHHWV WKH OX[ UHTXLUHPHQWV RI 06����� ZKLOH WKH RWKHU

IDOOV VKRUW� %\ FRPSDULQJ WKH DSS FDOFXODWLRQV ZLWK DFWXDO PHDVXUHPHQWV� WKLV FDVH VWXG\

DLPV WR YDOLGDWH WKH UHOLDELOLW\ RI WKH DSSOLFDWLRQ LQ RSWLPL]LQJ OLJKWLQJ FRQGLWLRQV ZLWKLQ

LQGRRU HQYLURQPHQWV�
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��� /XPHQ 5HTXLUHG YV /HQJWK� :LGWK DQG +HLJKW

7KLV FDVH VWXG\ LQWHQGV WR ILQG RXW WKH UHODWLRQ EHWZHHQ WKH PLQLPXP UHTXLUHG

OXPHQV DQG WKH OHQJWK� ZLGWK� DQG KHLJKW RI D URRP� 7KH URRP W\SH ZLOO EH WKH OLYLQJ URRP

ZLWK D IL[HG PLQLPXP OX[ UHTXLUHPHQW RI ��� O[� )LJXUH ��� LV DQ H[DPSOH RI D KRXVH IORRU

SODQ LV XVHG WR FDOFXODWH WKH H[SHFWHG UHVXOWV� 2QO\ WKH OLYLQJ DUHD DQG EHGURRP LV XVHG WR

SURGXFH WKH UHVXOW DV WR OLPLW WKH DQDO\VLV� 6LQFH WKH KHLJKW LV QRW PHQWLRQHG� LW LV DVVXPHG

WKDW WKH KHLJKW LV � PHWHUV WDOO�

)LJXUH ��� $Q H[DPSOH RI D KRXVH IORRU SODQ >�@
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����� &DOFXODWLRQV RI ([SHFWHG 5HVXOWV

D� 5RRP 6L]H �

� /LYLQJ 5RRP � / [ : [ +  ����P [ ����P [ �P  �����PA�

� %HGURRP � / [ : [ +  ����P [ ����P [ �P  �����PA�

E� /X[ 5HTXLUHPHQW�

� /LYLQJ 5RRP � ��� O[

� %HGURRP � �� O[

F� /XPHQ 5HTXLUHPHQW �

� /LYLQJ 5RRP � ��� O[ [ �����PA�  ���� OP

� %HGURRP � �� O[ [ �����PA�  ������ OP

G� /LJKW 6RXUFH �

� (66 /(' %XOE �: (�� ����. +9 �3)��� $5

� /XPHQ 2XWSXW � ��� OP

H� 1R� RI %XOE 1HHGHG �

� /LYLQJ 5RRP � ���� OP � ��� OP  a� EXOEV

� %HGURRP � ������ OP � ��� OP  a� EXOEV

7DEOH � 6LPSOLILHG ([SHFWHG 5HVXOW



��

����� 5HVXOWV

)LJXUH ��� /LQH *UDSK RI /XPHQ YV /HQJWK

)LJXUH ��� /LQH *UDSK RI /XPHQ YV :LGWK
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)LJXUH ��� /LQH *UDSK RI /XPHQ YV +HLJKW

)URP DOO � RI WKH OLQH JUDSK� LW LV HYLGHQW WKDW WKH PLQLPXP OXPHQ LV GLUHFWO\

SURSRUWLRQDO WR WKH OHQJWK� ZLGWK� DQG KHLJKW IDFWRU� 1RW RQO\ WKDW� WKH IRUPXODWLRQ UHVXOW

IURP DOO � RI WKH OLQH JUDSK LV WKH VDPH ZLWK ���� EHLQJ WKH FRQVWDQW YDOXH� 7KH YDOXH ����

LV WKH UHVXOW RI WKH PXOWLSOLFDWLRQ RI WKH RWKHU � FRQVWDQW IDFWRU EHLQJ WKH OHQJWK� ZLGWK� DQG

PLQLPXP OX[ LQ WKH FDVH RI ILJXUH ��� ZKHUH KHLJKW LV WKH YDU\LQJ IDFWRU� 7KH IRUPXOD XVHG

LQ WKH WKLUG FDVH LV�

/XPHQ  /HQJWK [ :LGWK [ +HLJKW [ /X[

:KHUH WKH OHQJWK DQG ZLGWK DUH D FRQVWDQW YDOXH RI � PHWHUV ZKLOH WKH OX[ LV D FRQVWDQW ���

O[ ZKLFK LV WKH PLQLPXP OX[ IRU D OLYLQJ URRP� 6R� WKH IRUPXOD ZRXOG EHFRPH�

/XPHQ  � [ � [ +HLJKW [ ���  ���� [ +HLJKW
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��� %XOE &RORU (IIHFWV RQ /X[ 5HDGLQJV

7R H[SORUH WKH LQIOXHQFH RI YDULRXV OLJKW EXOE FRORUV RQ OX[ UHDGLQJV� WZR LGHQWLFDO

IOXRUHVFHQW OLJKW EXOEV ZHUH XVHG ZLWK FRQVLVWHQW VSHFLILFDWLRQV� 'HWDLOHG LQIRUPDWLRQ DERXW

WKH VHOHFWHG OLJKWV FDQ EH IRXQG LQ 7DEOHV ��� DQG ���� /X[ PHDVXUHPHQW ZDV JDWKHUHG IURP

WZR GLVWLQFW VSDFHV� WKH GLQLQJ URRP DQG WKH OLYLQJ URRP� ,Q WKH GLQLQJ URRP� D �IW /('

7XEH ZDV XVHG ZLWK D OXPLQRXV RXWSXW RI ����OP DQG D SRZHU UDWLQJ RI ��:� 7KH FKRVHQ

OLJKW EXOE FRORUV IRU WKLV VHWWLQJ ZHUH &RRO :KLWH �����.� DQG :DUP :KLWH �����.�� )RU

WKH OLYLQJ URRP� D �IW /(' 7XEH ZDV XVHG ZLWK D OXPLQRXV RXWSXW RI ����OP DQG D SRZHU

UDWLQJ RI ��:� 7KH VHOHFWHG OLJKW FRORUV IRU WKLV URRP ZHUH &RRO 'D\OLJKW �����.� DQG

:DUP :KLWH �����.�� ,Q WKHRU\� WKH OLJKW EXOE FRORUV VKRXOG QRW KDYH DQ\ HIIHFW LQ WKH OX[

UHDGLQJ DV WKH OXPLQRXV RXWSXW LV WKH GHFLGLQJ IDFWRU UDWKHU WKDQ WKH FRORU�

����� 'DWD $FTXLVLWLRQ 2YHUYLHZ

6LQFH WKH DUHD RI HDFK URRP LV ZLGH DQG YDULHG� � RU � ORFDWLRQV ZLOO EH FKRVHQ WR

WDNH WKH OX[ PHDVXUHPHQW WR JHW DQ DYHUDJH UHDG RI WKH OX[ LQ WKH HQWLUH URRP� 'HWDLOHG

FRQILJXUDWLRQV RI WKH OLJKWLQJ VHWXSV IRU HDFK URRP� DORQJ ZLWK WKH VSHFLILF ORFDWLRQV IRU

OX[ PHDVXUHPHQWV� DUH LOOXVWUDWHG LQ )LJXUH ��� DQG ���� $Q DSS RQ PRELOH FDOOHG ³/X[

/LJKW 0HWHU 3UR´ ZDV XVHG PHDVXUH WKH OX[ LQ WKLV H[SHULPHQW�



��

)LJXUH ��� /LYLQJ URRP OX[ UHDGLQJ SRVLWLRQ

)LJXUH ��� 'LQLQJ URRP OX[ UHDGLQJ SRVLWLRQ

����� /LYLQJ 5RRP

7DEOH ��� VKRZV WKH GDWD FROOHFWHG IRU WKH OLYLQJ URRP� 7KH GDWD LV XVHG WR FUHDWH

WKH JUDSK LQ ILJXUH ���� %DVHG RQ WKH UHVXOW� LW VKRZV WKDW WKH PRUH LQWHQVH FRORUV �����.�

KDYH D KLJKHU DYHUDJH OX[ WKDQ WKH OHVV LQWHQVH FRORUV �����.��

7DEOH � /X[ 0HDVXUHPHQW YV &DOFXODWHG �/LYLQJ 5RRP�
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)LJXUH ��� &RRO :KLWH YV :DUP :KLWH

)LJXUH ��� /LYLQJ 5RRP $SSV &DOFXODWLRQV �:DUP :KLWH YV &RRO :KLWH�

����� 'LQLQJ 5RRP

7DEOH ��� VKRZV WKH GDWD FROOHFWHG IRU WKH GLQLQJ URRP� 7KH GDWD LV XVHG WR FUHDWH

WKH JUDSK LQ ILJXUH ���� %DVHG RQ WKH UHVXOW� LW VKRZV WKDW WKH PRUH LQWHQVH FRORUV �����.�

KDYH D ORZHU DYHUDJH OX[ WKDQ WKH OHVV LQWHQVH FRORUV �����.��
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7DEOH � /X[ 0HDVXUH YV FDOFXODWHG �'LQLQJ 5RRP�

)LJXUH ��� &RRO 'D\OLJKW YV :DUP:KLWH

)LJXUH ���� 'LQLQJ 5RRP $SSV &DOFXODWLRQV �:DUP :KLWH YV &RRO 'D\OLJKW�
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%DVHG RQ ERWK UHVXOWV LQ WKH GLQLQJ URRP DQG OLYLQJ URRP� LW LV FOHDU WKDW HYHQ

WKRXJK LQGLYLGXDOO\ WKH UHVXOW IRU HDFK URRP VKRZV D ELJ VLJQLILFDQW EHWZHHQ GLIIHUHQW

FRORUV EXW ZKHQ ERWK UHVXOW DUH FRPELQHG WKH UHVXOW VKRZV QR FRUUHODWLRQ EHWZHHQ WKH

LQWHQVLW\ RI WKH FRORU �����.� ����.� ����.� WR WKH DYHUDJH OX[ PHDVXUHG�

��� $SS YV $FWXDO � 5RRP /LJKWLQJ $VVHVVPHQW &RPSDULVRQ

7KH UHOLDELOLW\ RI WKH DSSOLFDWLRQ ZLOO EH GHPRQVWUDWHG WKURXJK D FRPSDULVRQ

EHWZHHQ WKH DSS
V FDOFXODWLRQV DQG DFWXDO PHDVXUHPHQWV LQ WZR GLIIHUHQW URRPV� QDPHO\ WKH

EDWKURRP DQG OLYLQJ URRP� 2QH URRP ZLOO UHSUHVHQW D VFHQDULR ZKHUH WKH OX[ UHDGLQJ PHHWV

WKH UHTXLUHPHQWV RI WKH 06���� MXGJPHQW� ZKLOH WKH RWKHU URRP ZLOO VLPXODWH D VLWXDWLRQ

ZKHUH WKH OX[ UHDGLQJ IDOOV VKRUW RI WKH VSHFLILHG UHTXLUHPHQWV� 6XEVHTXHQWO\� WKH UHVXOWV

IURP ERWK VFHQDULRV ZLOO EH FRPSDUHG ZLWK WKH DSS
V FDOFXODWLRQV WR DVVHVV WKHLU VLPLODULW\�

$ WRWDO RI � OX[ UHDGLQJV ZLOO EH WDNHQ IRU HDFK URRP� DQG WKH DYHUDJH OX[ ZLOO EH

GHWHUPLQHG�

)LJXUH ���� %DWKURRP OX[ UHDGLQJ SRVLWLRQV
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)LJXUH ���� /LYLQJ 5RRP OX[ UHDGLQJ SRVLWLRQV

����� %DWKURRP

5RRP 6L]H � ���P [ ����P [ ����P �/ [ : [ +�

%XOE 7\SH � /(' 6XUIDFH 'RZQOLJKW ��: ���/P ����.

7DEOH � $SS 5HVXOW YV $FWXDO �%DWKURRP�
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)LJXUH ���� %DWKURRP $SSV &DOFXODWLRQ

����� /LYLQJ 5RRP

5RRP 6L]H � ����P [ ����P [ ����P �/ [ : [ +�

%XOE 7\SH � �IW /(' 7XEH ��: ����OP ����.

7DEOH � $SS 5HVXOWV YV $FWXDO �/LYLQJ 5RRP�



��

)LJXUH ���� /LYLQJ 5RRP $SSV &DOFXODWLRQV

$V REVHUYHG� WKH DYHUDJH OX[ IURP WKH DFWXDO PHDVXUHPHQWV LQ WKH EDWKURRP PHHWV

WKH 06���� UHTXLUHPHQW RI DSSUR[LPDWHO\ ���O[� ZLWK D UHFRUGHG YDOXH RI ���O[� VOLJKWO\

H[FHHGLQJ WKH VSHFLILHG WKUHVKROG� 7KH DSS FDOFXODWLRQV DOVR LQGLFDWH WKH QHHG IRU RQH

VSHFLILF OLJKW EXOE LQ WKH EDWKURRP� DOLJQLQJ SUHFLVHO\ ZLWK WKH DFWXDO PHDVXUHPHQW UHVXOWV�

,Q FRQWUDVW� WKH OLYLQJ URRP
V DFWXDO PHDVXUHPHQW UHVXOWV UHYHDO DQ DYHUDJH OX[ RI

��O[� IDOOLQJ EHORZ WKH 06���� UHTXLUHPHQW RI DURXQG ���O[� 7KH DSS FDOFXODWLRQ VXJJHVWV

D UHTXLUHPHQW RI � EXOEV ZLWK D VSHFLILF OLJKW EXOE IRU WKH OLYLQJ URRP� LQ VWDUN FRQWUDVW WR

WKH DFWXDO VFHQDULR ZKHUH RQO\ � EXOEV DUH SUHVHQW�

7KLV GHPRQVWUDWLRQ HVWDEOLVKHV WKDW WKH DSS FDOFXODWLRQV DUH� DW WKH YHU\ OHDVW�

UHOLDEOH LQ DVVHVVLQJ ZKHWKHU WKH FXUUHQW EXOE LV VXIILFLHQW IRU LOOXPLQDWLQJ WKH URRP�
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��� 6XPPDU\

7KH DQDO\VLV RI WKUHH OLQH JUDSKV UHYHDOV D GLUHFW SURSRUWLRQDO UHODWLRQVKLS EHWZHHQ

WKH PLQLPXP OXPHQ DQG WKH IDFWRUV RI OHQJWK� ZLGWK� DQG KHLJKW� 1RWDEO\� WKH FRQVLVWHQW

IRUPXODWLRQ DFURVV DOO JUDSKV UHVXOWV LQ D FRQVWDQW YDOXH RI ����� REWDLQHG WKURXJK WKH

PXOWLSOLFDWLRQ RI OHQJWK� ZLGWK� DQG PLQLPXP OX[ IDFWRUV�

'HVSLWH VLJQLILFDQW GLIIHUHQFHV LQ OX[ UHDGLQJV IRU GLIIHUHQW FRORUV LQ LQGLYLGXDO

URRPV� WKH FRPELQHG UHVXOWV IRU WKH GLQLQJ DQG OLYLQJ URRPV VKRZ QR FRUUHODWLRQ EHWZHHQ

FRORU LQWHQVLW\ �����.� ����.� ����.� DQG DYHUDJH OX[ PHDVXUHG�

2EVHUYDWLRQV IURP WKH EDWKURRP DQG OLYLQJ URRP KLJKOLJKW QRWDEOH YDULDWLRQV� 7KH

EDWKURRP
V OX[ PHDVXUHPHQWV VXUSDVV WKH 06���� UHTXLUHPHQW� DOLJQLQJ FORVHO\ ZLWK DSS

FDOFXODWLRQV� &RQYHUVHO\� WKH OLYLQJ URRP IDOOV VKRUW RI WKH VSHFLILHG OX[ WKUHVKROG� ZLWK DSS

FDOFXODWLRQV LQGLFDWLQJ D QHHG IRU PRUH EXOEV WKDQ SUHVHQW LQ WKH DFWXDO VFHQDULR� 7KLV

GHPRQVWUDWHV WKH DSS
V UHOLDELOLW\ LQ DVVHVVLQJ ZKHWKHU WKH FXUUHQW OLJKWLQJ LV DGHTXDWH IRU D

URRP�
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��� &RQFOXVLRQ

,Q FRQFOXVLRQ� WKH OXPHQ UHTXLUHPHQW LV GLUHFWO\ DIIHFWHG E\ WKH OHQJWK� ZLGWK DQG

KHLJKW RI WKH URRP� WKH FRORU RI WKH OLJKWLQJ GRHV QRW DIIHFW WKH OXPHQ UHTXLUHPHQW RU OX[

DQG WKH DSSOLFDWLRQ KDYH SURYHG WR EH UHOLDEOH� 7KLV PHDQV WKDW WKH SURMHFW KDYH DFKLHYHG

LWV REMHFWLYHV DV D OLJKWLQJ RSWLPL]DWLRQ VLPXODWLRQ DSSOLFDWLRQ VLQFH LW LV DEOH WR FDOFXODWH

WKH PLQLPXP OX[ UHTXLUHG EDVHG RQ WKH URRP VL]H� RSWLPL]H WKH OLJKWLQJ UHTXLUHG EDVHG RQ

WKH PLQLPXP OX[ UHTXLUHG� LQFOXGH WKH FRVW� SRZHU HIILFLHQF\� OLJKW FRORU DQG OXPLQDQFH

IRU HDFK DUHD RI WKH KRXVH� DQG DQDO\]H WKH SHUIRUPDQFH RI WKH IRUPXODWHG OX[�

��� 3RWHQWLDO IRU &RPPHUFLDOL]DWLRQ

7KH /LJKWLQJ 2SWLPL]DWLRQ 6LPXODWLRQ $SS KDUERUV VLJQLILFDQW SRWHQWLDO DFURVV

GLYHUVH GRPDLQV� QRWDEO\ LQ WKH UHDOP RI FRQVWUXFWLRQ SODQQLQJ� $UFKLWHFWV DQG GHVLJQHUV

WDVNHG ZLWK IRUPXODWLQJ WKH EOXHSULQW RI D EXLOGLQJ FRQIURQW PXOWLIDFHWHG GHFLVLRQV�

LQFOXGLQJ WKH VWUDWHJLF SODFHPHQW RI OLJKWLQJ IL[WXUHV DQG WKH VHOHFWLRQ RI DSSURSULDWH

OLJKWLQJ W\SHV� ,Q WKLV FRQWH[W� WKH DSSOLFDWLRQ HPHUJHV DV D YDOXDEOH WRRO� SURYLGLQJ

LQGLVSHQVDEOH LQVLJKWV LQWR WKH RSWLPDO OD\RXW DQG FRQILJXUDWLRQ RI OLJKWLQJ HOHPHQWV�

7KURXJK WKH DSSOLFDWLRQ
V FDSDELOLWLHV� SURIHVVLRQDOV HQJDJHG LQ FRQVWUXFWLRQ

SODQQLQJ FDQ VHDPOHVVO\ DVFHUWDLQ DQG FDOFXODWH WKH UHTXLVLWH QXPEHU RI OLJKWLQJ IL[WXUHV

HVVHQWLDO IRU VSHFLILF DUHDV ZLWKLQ D VWUXFWXUH� 0RUHRYHU� WKH DSS IDFLOLWDWHV D

FRPSUHKHQVLYH HYDOXDWLRQ RI WKH VXIILFLHQF\ RI WKH FKRVHQ OLJKWLQJ VROXWLRQV� %\
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OHYHUDJLQJ WKH DSS
V IXQFWLRQDOLWLHV� GHVLJQHUV FDQ JDXJH WKH HIIHFWLYHQHVV RI WKH SURSRVHG

OLJKWLQJ OD\RXW� HQVXULQJ WKDW LW DOLJQV VHDPOHVVO\ ZLWK WKH LQWHQGHG SXUSRVH DQG DPELDQFH

RI HDFK VSDFH ZLWKLQ WKH EXLOGLQJ�

7KLV WHFKQRORJLFDO DGYDQFHPHQW QRW RQO\ H[SHGLWHV WKH GHFLVLRQ�PDNLQJ SURFHVV

EXW DOVR HQKDQFHV WKH SUHFLVLRQ DQG HIILFLHQF\ RI OLJKWLQJ GHVLJQ LQ FRQVWUXFWLRQ SURMHFWV�

$V WKH GHPDQG IRU VXVWDLQDEOH DQG HQHUJ\�HIILFLHQW VROXWLRQV FRQWLQXHV WR ULVH� WKH /LJKWLQJ

2SWLPL]DWLRQ 6LPXODWLRQ $SS HPHUJHV DV DQ LQYDOXDEOH DVVHW� FRQWULEXWLQJ WR WKH FUHDWLRQ

RI DHVWKHWLFDOO\ SOHDVLQJ DQG IXQFWLRQDOO\ RSWLPL]HG EXLOW HQYLURQPHQWV� ,WV LQWHJUDWLRQ LQWR

WKH FRQVWUXFWLRQ SODQQLQJ ZRUNIORZ VLJQLILHV D SDUDGLJP VKLIW WRZDUGV PRUH LQIRUPHG DQG

UHVRXUFH�FRQVFLRXV DUFKLWHFWXUDO SUDFWLFHV�

��� )XWXUH :RUNV

)RU IXWXUH LPSURYHPHQWV� WKH /LJKWLQJ 2SWLPL]DWLRQ 6LPXODWLRQ $SSOLFDWLRQ FRXOG

EH HQKDQFHG DV IROORZV�

L� ,QFRUSRUDWH DQ DOWHUQDWLYH PHWKRG IRU HQWHULQJ WKH DUHD GLPHQVLRQV� DOORZLQJ

XVHUV WR GHOLQHDWH WKH VSDFH ZLWKLQ D �' VLPXODWLRQ� 7KLV DFFRPPRGDWHV

LUUHJXODU�VKDSHG DUHDV� PRYLQJ EH\RQG FRQYHQWLRQDO ER[ RU UHFWDQJXODU

FRQILJXUDWLRQV�

LL� ,QWHJUDWH D �' YLVXDOL]DWLRQ IHDWXUH GHSLFWLQJ WKH XVHU�LQSXWWHG DUHD� FRXSOHG

ZLWK LQWHOOLJHQW UHFRPPHQGDWLRQV IRU RSWLPDO OLJKWLQJ IL[WXUH SODFHPHQW

ZLWKLQ WKH GHVLJQDWHG VSDFH�

LLL� 5HYLVH WKH IRUPXOD WR RSWLPL]H LW DFFRUGLQJ WR WKH VSHFLILF OLJKWLQJ W\SH XWLOL]HG�

UHFRJQL]LQJ WKDW GLIIHUHQW OLJKWLQJ VRXUFHV H[KLELW GLVWLQFW DUHDV RI

LOOXPLQDWLRQ� FRQVHTXHQWO\ \LHOGLQJ YDU\LQJ OX[ OHYHOV�
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>�@ '� /� 'L/DXUD� .� :� +RXVHU� 5� *� 0LVWULFN� DQG *� 5� 6WHII\� ³7KH /LJKWLQJ

+DQGERRN�´ /LJKW� +DQGE�� S� ����� ����� >2QOLQH@� $YDLODEOH�

KWWSV���ZZZ�]XPWREHO�FRP�3'%�WHDVHU�69�/LFKWKDQGEXFK�SGI

>�@ &� 9DOGHUUDPD�8OORD� /� 6LOYD�&DVWLOOR� &� 6DQGRYDO�*UDQGL� &� 5REOHV&DOGHURQ� DQG )�

5RXDXOW� ³,QGRRU HQYLURQPHQWDO TXDOLW\ LQ ODWLQ DPHULFDQ EXLOGLQJV� $ V\VWHPDWLF

OLWHUDWXUH UHYLHZ�´ 6XVWDLQ�� YRO� ��� QR� �� ����� GRL� ��������VX���������

>�@ 3� 5REHUW %R\FH� 3� 5REHUW� DQG 3� 3� %R\FH� ³7KH 3UHVHQW DQG )XWXUH RI /LJKWLQJ

5HVHDUFK�´ 6'$5 -� 6XVWDLQ� 'HV� $SSO� 6'$5 -� 6XVWDLQ� 'HV� $SSO� 5HV� 5HV�� YRO�

�� GRL� ���������'����-

>�@ %� *KHUUL� ³'D\OLJKWLQJ 6WUDWHJLHV � %XLOGLQJ ¶ V 6XVWDLQDELOLW\ DQG (QHUJ\ (IILFLHQF\�´

QR� -XO\ ����� ����� GRL�

>�@ 2� $UWLFOH� ³&RORU WHPSHUDWXUH ¶ V LPSDFW RQ WDVN SHUIRUPDQFH DQG EUDLQZDYHV RI

VFKRRO�DJH FKLOGUHQ�´ SS� �±�� �����

>�@ GH 2FD� 6� 0� ������ 0DUFK ��� /LJKW EXOE FRORU WHPSHUDWXUH� +RZ WR OLJKW D URRP�

6XSHUEULJKWOHGV�FRP� KWWSV���ZZZ�VXSHUEULJKWOHGV�FRP�EORJ�OLJKW�EXOEFRORU�

WHPSHUDWXUH�OLJKW�URRP�KWPO

>�@ �1�G��� 5SL�HGX� 5HWULHYHG -XQH �� ����� IURP

KWWSV���ZZZ�OUF�USL�HGX�UHVRXUFHV�SXEOLFDWLRQV�SGI�LOOXPLQDWLRQIXQG�SGI

>�@ &� &XWWOH� ³$ QHZ GLUHFWLRQ IRU JHQHUDO OLJKWLQJ SUDFWLFH�´ /LJKW� 5HV� 7HFKQRO�� YRO� ���

QR� �� SS� ��±��� ����� GRL� �������������������������

>�@ $SSOHJDWH� 6� ������ -DQXDU\ ��� �� H[DPSOHV RI IORRU SODQV ZLWK GLPHQVLRQV�

5RRP6NHWFKHU� KWWSV���ZZZ�URRPVNHWFKHU�FRP�EORJ�IORRU�SODQ�GLPHQVLRQV�

https://www.zumtobel.com/PDB/teaser/SV/Lichthandbuch.pdf
https://www.superbrightleds.com/blog/light-bulbcolor-temperature-light-room.html
https://www.superbrightleds.com/blog/light-bulbcolor-temperature-light-room.html
https://www.lrc.rpi.edu/resources/publications/pdf/illuminationfund.pdf
https://www.roomsketcher.com/blog/floor-plan-dimensions/
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