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SUpVHQWpPH SRXU REWHQLU OH WLWUH GH
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OPH 1XWKDWKDL 6877+,:21*

,PSOLFDWLRQ GHV EPBWHKUREDGWKIBD GRIDR U I
GH VXUIDFH GHV IURPDJHV j SKkWH PR|OO

6RXWHQDQFH OH VHSWHPEUH GHYDQW OH MXL

3U /IDXUHQW 'XIRVVp 8QLYHUVLWp GH /D 5pXQLRQ G
'U <DQLV &DUR 8QLYHUVLW® EBIG/DDIPW GLHR @ KPR H

'U OLUHLOOH )RXLOODXG 8QLYHUVLWp GH /D 5pXQLI

3U ,YDQ /HIXpULQHO B8QLYHUVLWp GH %UHWDJQH 2FF
'U+'5 &KULVWRSKH ORQQ-HWLJ,QRSQ3DDB\$RUWHL;§:§\

3U (ULF 6SLQQOHU $JUR 3DULV 7HFK>'_J:|H[\BTEEQDV
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7TRXW G DERUG MH VRXKDLWH UHPHUFLHU OH *RXYHUQHPHQW
SRXU OD SUpSDUDWLRQ GH PRQ 3K " j O XQLYHUVLWp GH /D
ODQJXH IUDQoDLVH j 9LFK\ )J)UDQFH

-H VHUDL WRXMRXUV UHFRQQDLVVDQWH DX 3URIHVVHXU /DXUL
OH PRQGH PDJQLILTXH GHV SLIJPHQWY PLFURELHQV HW GHV Il
DLOH HW JXLGpH j WUDYHUV FH ORQJ HW LQFUR\DEOH YR\DJH
TX LO D UHQGXHV SRVVLEOH SRXU PRL SHQGDQW FH WHPSV H

-H WLHQV j UHPHUFLHU GHHHQFDEDRDQW &BRRU OYHVRRQVHLOV HQ
FURELRORJLTXH DLQVL TXH GDQV O DQDO\VH +3/& OHV JUDWI
SRXU PIfDYRLU WRXMRXUV DSSRUWp VRQ DLGH HW SRXU VRQ D

-H VXLV WUqV UHFRQQDLVVDQWH HQYHUV OHV UDSSRUWHXUV
OHXU OHFWXUH DWWHQWLYH HW DSSURIRQGLH GX PDQXVFULYV
FRPPHQWDLUHYV SUpFLHX[ -H WLHQV pJDOHPHQW j H[SULPHU
FHSWp G rWUH OH SUpVLGHQW GX MXU\ GH WKgVH DLQVL TXH ¢

-H UHPHUFLH ELHQ pYLGHPPHQW WRXWH OfpTXLSH GH Of(6,5
PLV j PD GLVSRVLWLRQ OH PDWpULHO QpFHVVDLUH j FH WUDYL

-H VXLV UHFRQQDLVVDQW j PHV DPLV SRXU OHRU DPGWVY pDRWV(
OD IDPLOOH (W SXLV LO \ D OHV2DBXMRXUWGHKXLHMAHDDW\NOBAJQ
DYHF HX[ OHUFL EHDXFRXS GfYfrWUH PHV ERQV DPLV 6LULSR
$UL\DVDS .KRQIJWKRQJ 6XZDW 3DLURW /\QGD *R\HU ,YDQQ $C
EDVWLHQ -DFTXRW HW WRXWHYVY OHV SHUVRQQHYV GDQV VD IDPI

*UbDQG PHUFL j PD IDPLOOH PHV SDUHQWY %RRQOHUW HW 6RF
F{WpVv ,0 Q\ D SDV GH PRW SRXU YRXV UHPHUFLHU DVVH] SR
WRXW DX ORQJ GH PD YLH -H YRXV UHPHUFLH GH P DYRLU GR
HW SRXU WRXMRXUVYWHHQVHU j PRQ ELHQ

(QILQ PHV UHPHUFLHPHQWY GRX[ DSSDUWLHGQB&QMOj GHI)'W HP D
7X PH IDLV IRUWH HW ULHQ QH SRXUUDLW PYDWWHLQGUH DXM

SDWKXPWKDQL /D 7KDwODQGH 2FWREUH

IXWKDWKDL 6 XWWKLZRQJ
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6 XWWKLZRQJ 1 ,PSOLFDWLRWOWNVEH R EHDPFWHIDL HR CRU DMQ R I
IURPDJHYVY j SKkWH PROOH HW FUR€WH ODYpH 'LVVHUWDWLRQ C
6FLHQFHYV HW 7THFKQRORJLHV

5(680¢

/HV TURPDJHV j] SKkWH PROOH HW j FUR€WH ORUY PR RKDH OHQV W X U\
VRQW GHV SURGXLWV ODLWLHUV GH JUDQGH FRQVRPPDWLR
HVVHQWLHOOHPHQW GXH j OD SUpVHQFH GH FDURWpPQRWGHYV
LOQFRQQXH SURGXLWYV SDU OD PLFURIORUWKGIR FBRWHIM 6 XC
SULQFLSDRUPLDOBURPHY TXL VH GpYHORSSHQW VXU OD VXUIDF!
IURPDJHYVY j] FUREWH ODYpH HW VD SLIPHQWDWLRQ MDXQH HV
SURGXLWY ODLWLHUYV

/IHV PLRURDQLVPHV SURGXLVDQW GHV SLIJPHQWY VRQW DLVpPH
FL VXVFLWHQW XQ JUDQG LQWpUrwW GDQV GH QRPEUHXVHV G
pODUJLHYVY GDQV O LQGXVWULH HQ UDLVRQ GH OHXUV DYDQWI
PRQGLDOH SRLQWH YHUV O XWLOLVDWLRQ GH SURGXLWYV EL
QDWXUHOV HQ SDUWLFXOLHU OHV FRORUDQWY QDWXUHOV D’
PHW HQ pYLGHQFH OH URQHDRUWXPHIWO FRIFPY HP VRXRJFHVY SRWHQ
SLIPHQWYVY QDWXUHOV HQ VIDSSX\DQW VXU XQ JUDQG QRPE
ELRVI\QWKpWLVpPpWVRIGDWQ CGHRHFLAUBRDYD X[ SXEOLpV DX FRXUV G
HOQOWUHSULVHYV SULYpHV RX GHV ODERUDWRLUHYV XQLYHUVLWD
DSSOLFDWLRQ DOLPHQWDLUH

&HUWDLQHVY SDUWLHV GH FHWWH WKgVH FRPSUHQQHQW O H]J
SLIPHQWHPHWVK GRBMSF WHRIPPH QRXYHOOHVY VRXUFHV GH FROR
SUWKURBWPWMU XQ JURXSH GH EDFWpULHV PpWDEROLTXHPHQ
QDWXUH 3DU DLOOHXUV OHV DUWS K EFRED E@MQIV TXX HQ GaXV W UH\HS
ODUJH VRQW pJDOHPHQW DERUGDPV

&RPSWH WHQX GH O LPBWRKWDEIFHSVBGQAVIBEVHURPDJIHY j FUREW|
OHV SURGXLWYV ODLWLHUV pFRQRPLTXHPHQW LPSRUWDQWYV C
G pWXGLHU O LPSOLFDWLRQ GH FHV $EMMNFRNRAMHRAW HUG DEEMODIC
FRORUDWLRQ GH FHV IURPDJHVY VHORQ SOXVLHXUV DVSHFWYV |
V SDUPL OHV VRXFKHV LL OD FLQpWLTXH GH OD V\QWKqg\
FDUDFWpULVWLTXHYV FKLPLTXHV GHV SLIJPHQWYV LY oD



LLL

OHYXUHV GH GpVDFLGLILFDWLRQ VXU OD SURGXFWLRQ GH SL.

3DUPL OHV $MRXKFKREDFW HIWXGLEeEVWBBXLVURXSHY SHXYHQV
GH OHXU FDSDFLWp GH SURGXFWLRQ GH FDURWpPQRWGHV OH
SLIJPHQWpPHV GDQV OHV FRQGLWLRQV GH OfpWXGH /D FLQpW
LQGLTXH XQH SLIJPHQWDWLRQ DVVRFLpH j OD FURLVVDQFH /C
OHV VRXFKHV SURGXFWULFHVY GH FDURWpPQRWGHY HVW IDLEO
GpWHUPLQpPHYV SDU VSHEWURFROR ULBpSWSBLEH 6 XGIHQ WLV DIV WWH H
GH GHX[ VRXFKHV UHSUpVHQWDWLYHV D UpY p®pF B UWQRDD@W
SULQFLSDO FDURWpPQRWGH DFEXPXOp

'HV FKDQJHPHQWY GDQV OH GpYHORS SsH ADH.Q\@ DELRXS/Q OR R IGDHOHU
IDFWHXUV SK\VLTXHV FKLPLTXHV HW ELRORJLTXHV RQW pW
TXDQWLWDWLYH 7URLV JURXSHV RQW pWp IRUPpV HQ IRQFW
OXPLSRVLWLYHPHQW VHQVLEOH QpJDWLYHPHQW VHQVLEOH |
IRUWH FRQFHQWUDWLRQ GH VHO RQW PRQWUp XQ HIIHW C
UHSUpVHGW DWL OB @HFRAFLQDLVRQ DYHF OH S+ HW OD WHC
GpVDFLGLILFDWLRQ GX FDLOOp IURPDJH RQW DXVVL HX XOQ
DULODLMWHQINOWMXU PR\HQQH OD SOXV pOHYpH GH VDWXUDWLRC
GpVDFLGLHEDWSDRIFHV jKP*QVH@PRQWUDQW XQ MDXQH LQWHQVH

$ OfLVVXH GH FHV UHFKHUFKHY OHV UpVXOWDWY REWHQXV I
IURPDJHVY HW GH SURGXLWV ODLWLHUW ORWMO USADERY/V \ORYIGRHE RV
GIRSWLPLVHU OD FRORUDWLRQ GH VXUIDFH VDQV XVDJH GH FI



LY

6 XWWKLZRQJ 1 ,PSOLFDWLRQ RI EDFWHULD RI WKH JHQX
VPHDUSHQHG VRIW FKHHVHV $FDGHPLF GLVVHUWDWLRQ 8QL"
DQG 7THFKQRORJLHV

$%675$&7

6PHODUSHQHG VRIW FKHHVHV FKDUGFARHQURUHEBQE U MWXGILDURUG Q
FRQVXPHG LQ (XURSH 7KH VXUIDFH FRORU LV GXH HVVHQWL
SLIPHQWYV SURGXFHG E\ WKH FKHH¥WHWKIURESPWRHY DR QX URIQ W K
PLFURRUJDQLVPV RFFXUUHG RQ WKH VXUULBSH RH G KHKKHWNWV S [
DVVXPHG WR EH UHVSRQVLEOH IRU \HOORZ SLIJPHQWDWLRQ

RYHUDOO FRORU DQG LWV LQYROYHPHQW DW WKH GLITHUHQW

BLIPHSQUWRGXFLQJ PLFURRUJDQLVPV DUH FRPPRQO\ IBXYXRG XKL QV
PLFURRUJDQLVPV KDYH EHHQ LQFUHDVLQJ RI LQWHUHVW LQ
EURDGHQHG LQ WKH LQGXVWU\ EHFDXVH RI WKHLU ELRWHFKQI
ZRUOG LV VKLIWLQJ WRZDUG WKH XVH RI HFR DQG ELRGHJI
LQJUHGLHQWY HVSHFLDOO\ QDWXUDO FRORUDQWY LV LQFUH
WKH FUXFLDO UROH RI PLFURRUJDQLVPV DV SRWHQWLDO VRX
ODUJH QXPEHU RI UHVHDUFK ZRUNV UHODWHG WR SLJPHQWYV
SXEOLVKHG RYHU WKH SDVW \HDUV E\ SULYDWH FRPSDQLH)
SLIPHQWY SURYLGLQJ IRU WKH DSSOLFDWLRQ LQ IRRGV

6LQFH WKHUWHKOREDY DVNHLURXS RI PHWDEROLFDOO\ YHUVDWLOH
QDWXUH VRPH SDUWV RI WKLV WKHVLV LQFOXGH WKH UHYLF
SUWKUREBFWHRPDVVHY DV QRYHO VRXUFHV RI IRRG FRORUDC
SUWKURED FWMHIJ WKHLU SURPLVLQJ VLIQLILFDQFHV LQ WKH GDI

&RQVLGHULQJ WKH VLJQLILFDQFH LFSIHRUHWE KIKRHEHD\ERWH UVKS B DR
GDLU\ SURGXFWV WKH DLP Rl UHVHDUFK GHVFULEHG LQ WKI
EDFWHULXP $DWWUREOBWGE L @ UWNIOWD IPRIOGVIDWLRQ RI WKHVH |
FRYHULQJ L GLYHUVLW\ RI SLIJPHQW SURGXFWLRQ DPRQJ V
LGHQWLILFDWLRQ RI FKHPLFDO FKDUDFWHULVWLE RI SLIPHQW
DQG Y LQIOXHQFHV RI HQYLURQPHQW L H OLJKW S+ 1D&O O
FRORU GHYHORSPHQW RI SLIPHQWYV



$PRQJ VW BDIWVORU RE D FW H ¥ WDXUGLLAHIEL WM DR LVUR XSV GHSHQGL
FDURWHQRLG SURGXFWLRQ FBMXRGXEHQGSE DGHGR @6 UNRMUHIDR)L\
DVVRFLDWHG SLIPHQWDWLRQ SUREDEO\ DSSOLHG WR LQGLFD\
7KH GLYHUVLW\ RI SLIPHQW FRQF+SQ\RGXWILRD \DPRDLIQW K2D ¥ D
FKDUDFWHULVWLFV RI SLJPHQWDWLRQ GHWHUPLQH® £3&TXDQ\
06 DQDO\VLYV Rl H{\WUDFWHG SLJPHQWV Rl D UHSUHVHQWDWLY
& GHFDSUHQR[DQWKLQ DV WKH PDMRU DFFXPXODWHG FDURW

&KDQJHV LQ WKH FROIRDUG B DPHWEBRAYW REHU WKH LQIOXHQF!
DQG ELRORJLFDO IDFWRUV ZHUH REWDLQHG WKURXJK VSHF
FRORUDWLRQ EHKDYLRU DIIHFWHG E\ OLJKW ZHUH LOOXVWUD
QRW VHQVLWLYH WR OLJKW 7KH DFLGLF S+ DQG KLJK FRQFHQ
RQ SLIJIPHQWDWLRQ RI D UH S U HYBRGWFWIY HODW B QW B QFIDW IRRA
DQG 1D&0 GHDFLGLI\LQJ \HDVWV ZHUH REYLRXVOVU UG DDWHIEV
KLJKHVW DYHUDJH YDOXH RI FRORU VDWXUDWLRQ ZHUH RE
'HEDU\RP\FHVDRKMD S¥HQLIGLVSOD\LQJ LQWHQVH \HOORZ

JROORZLQJ WKLV UHVHDUFK WKH UHVXOWV SURYLGH XVHIXO
SURGXFWV LQ WKHWKNHE®EBDWWRQWRIDLOQNL WHYKLWKH DLP RI RS
FRORU ZLWKRXW XVLQJ DGGLWLRQDO FRORUDQWYV



,PSOLFDWLRQ GHV EOWWpPBEDZ\GRD HFRORUDWLRQ
GH VXUIDFH GHV IURPDJHV j SKWH PROOH HW FUREWH ODYpH

&+%$3,75(

S3LIJPHQWY PLFURELHQV

/JHV FRORUDQWY VRQW XWLOLVpV SRXU GH QRPEUHX[ SURGXLW
GpWHUPLQHQW O DWWUDLW GX SURGXLW PDLV DXVVL O DFEF#
DQQpHVY OD SULVH GH FRQVFLHQFH H[SULPpH SRXU OD V]
O HQYLURQQHPHQW D pYHLOOp XQ QRXYHO HQWKRXVLDVPH
FLUFRQVWDQFH HVW IRUWHPHQWL G&H QBPEU HMILFRQR UD\VQW
RQW ODUJHPHQW pWp XWLOLVpVY GDQV OD IDEULFDWLRQ GHV
LLOD WHQGDQFH DFWXHOOH R WRXW OH PRQGH VFR®S®OLEHD
HW ELRGpJUDGIMEOBY 'SHRVYDp 3DU FHV PRWLIV OD QpFt
QH FHVVH G DXJPHQWHU /HV FRORUDQWY QDWXUHOV SHXYHQ
SULQFLSDOHV OHV-BODMWNPHW OHRVURLFYR OHV SLIPHQWYV [
RQW SOXVLHXUV GLIILEXGWPSRBQEIDUW pFW R K WUDXROGRQ LG/HP
VHPEOHQW rWUH GHV VRXUFHV SOXV DYDQWDJHXVHV 30XV
PLFURELHQV SDU H[HPSOH OD YLWRUVYBQIGH HAWU RLW VDQ F HC
GPYHORSSHPHQW GH ELRSURFpPGpPV TXL FUPHQW XQH SURGXFW
HW GHV FRQGLWLRQV JpRJUDSKLTXHV DLQVL TXH OH®H®Y RSU
OfDVSHFW FRXOHXU H HWDIAVLRRBMEDW 3DQGH\

JHV PLFURRUJDQLVPHV SURGXFWHXUV GH SLIJPHQWV \ FRPSUL
DOJXHV VRQW WUQV UpSDQGXV GDQV GRUQDQYXWAHVHR QRVpWR:
VXFFqV FRPPH VRXUFHV SRXU OD SURGXFWLRIR GDIV BEYPIHRMW
SLIPHQW 3WHRM.FALOOLXPSRXDOOFX P R XD WKRSILIQWORP\FHBREHQC
O DVWD[BQWKWDQHRYRXILLOD ULERGODVNGMOHBRWWEESEBRD q Q|
6XWWKHWRDO 'XIRVVp &HSHQGDQW DYHF OD SUpIpUHQ
UpVXOWDQW GH OD GHPDQGH VXU OH PDUFKp GHV LQJUpPGLHQ!
PLFURELHQV SDUPL OHV FRORUDQWY QDWXUHOV RQW pWp FRQ



. &KDSLWUH 3LIPHQWY PLFURELHQV

GH VFLHQWLILTXHV /D WKFKH GH GpFRXYULU GHV SLJPHQWYV F
SDUFH TXH GHV SLJPHQWV QH GRLYHQW SDV VHXOHPHQW IR
GDQJHU SRXU OD FRQVRPPDWLR® UJP FIRGPH SURTHH VR Q W LGH)
GRLW VDWLVIDLUH j FHUWDLQV FULWQUHV L OD SRVVLELOL
WROpPUDQFH DX[ FRQGLWLRQV GH FURLVVDQFH SDU H[HPSO
QXWULPHQWY LLL IRXUQLU OD FRXOHXU DWWHQGWRI[DVXH M
PLFURRUJDGEDMWKRQRQH HW Y H[WUDFWLRQ VLPSOH GHV SLJ
V LO Q HVW SDVHMW[FUP W p+ DHIRD O 30XVLHXUV QRXNMHDLXMPM
SURGXLVDQW OHV SLIJPHQWY WHOV TXH FHUWDLQV JURXSHV ¢
BWUHSWRB\FIOW SURGXFWULAHI GRESDROLSURGIXFMULFH GH Sl
3DQWWRSID HW GH FKDPSLJQRQV ILODPH Q%W H UASD STQER G XIRG KX &
IODYRJODKFRQSFRUXMRQW DFWXHOOHPHQW pPHUJHQWY GDQV
HQ WDQW TXJXVLQHV FHOOXODLUHV PLFURELHQQHV SRXU
DSSOLFDWLRQV LQGXVWULHOOHV HQ SDUVAMF DL H UK S R PIEBD M
DO

$XMRXUGJKXL OD ELRWHFKQRORJLH MRXH SUREDEOHPHQW >
FRORUDQWY QDWXUHOV HQ UDLVRQ GHV UHFKHUFKHV DSSU
ELRSURFpGpV SRXU SURGXLUH GHVWFILQPVPOMW BHSBQSGBQW
WHFKQRORJLTXHV VRQW HQFRUH OH SULQFLSDO REVWDFOH |
OHV PpFDQLVPHV PpWDEROLTXHV JUKFH j XQH DSSURFKH PX
PLFURELRORJLH OD ELRFKLPLH OD FKLPLH HW GH O LQJpQL
SLIJIPHQWYV PLFURELHQV SRXUUDLW rWUH DWWHLQWH GDQV >
RUJDQLVPHV SRXUUDLHQW rWUH FUppV SRXU SURGXLUH GHV
FRGDQW SRXU OH SLJPRIQM QRAMAHOHWXIPIQHJBURGXLVHQW SDV (

S5HIHUHQFHYV

'KDUPDUDM 6 $VKRNNXPDU % 'KBYBQEBWORHQWYV |URRREN
LVRODWHG IURP WKH PDULQH VSRQH &DOO\VSRQJILD GLIIXV

'XIRVVp [ OLFURELDO SURGXFWLRQ RI IRRG JUDGH SLJP



‘ &KDSLWUH SLIPHQWY PLFURELHQV

'XIRVVp / )RXLOODXG O &DUR < O0ODSDUL 6 $ 6 6 X W WKL
ODWHRDOH SURGXFHUV RI SLIPHQWV DQG FRORUDQWYV IR
%LRWHFKQRORJ\

+DLOHL : 3LQJ / <XIHQJ / =KLIDQJ 5 *DQJ 2Y
SLJPHQW E\ VERFRBLFOVHONLRQVEURPHP DUDRHG FXOWXUH R
-]JHHODQGLDH %LRSURFHVV DQG %LRV\VWHPV (QJLQHHULQ.

ORMLE 1 3KLOSRWW 3 1LHGHUZHLV -3 +0 %HM $ .

RI SLJPHQWV LVRODWHG IURP $QWDUWLF EDFWHULD $QWR
3DQGH\ 5 &KDQGHU 5 6DLQLV . % BURGLJLRVLQV $
ZLWK DQWLFDQFHU DFWLYLW\ ,QGLDQ -RXUQDO RI %LRFKH
6XWWKLZRQJ 1 &DUR < /DXUHQW 3 )RXLOODXG 0 9DO
ELRFRORXU ,Q %LRWHFKQRORJ\ LQ $JULFXOWXUH DQG )RF

SS - (GLWHG E\ 3 6 3DQHVDU 6 6 ODUZDKD %RFD )OR
3UHVYV

9HQLO & . =DNDULD = $% $KPDG : $ %DFWHULDO SLJ
%LRFKHPLVWU\

=KRX % :DQJ - 3X < =KX 0 /XL 6 /ILDQJ 6 2S W

SLIPHQWYV SURGXFWLRQ ZLWK ORQDFXV DQND PXWDQW XV
JRRG 5HVHDUFK DQG 7HFKQRORJ\



&KDSLWUH 3LIPHQWY PLFURELHQV

$UWLFOH

SURGXFWLRQ RI ELRFRORXUV 6XWWKLZRQJ 1 &DUR < /]
/ &KDSWHU ,Q 2%LRWHKFQRORJ\ LQ $JULFXOWXUH D
&KDOOHQJHV’ VW HGLWLRQ 3DQHVDU 3 6 DQG ODUZDKD
%RFD 5DWRQ )ORULGD 86% ,6%1

(Q UDLVRQ GH O DXJPHQWDWLRQ PRQGLDOH GH OD IDEULFDV
FRQVRPPDWMXKVU\GMNVVLQIJUPGLHQWY DOLPHQWDLUHY QDWXUHO
j O DOLPHQWDWLRQ HVW HQ SURJUHVVLRQ FRQVWDQWH $FWX
QDWXUHOV DXWRULVpV GDQV @ @IOL /& QX UGRSILHD @ HG HWO DHH[WV (
SDUWLU GH PDWLQUHV SUHPLqQUHV REWHQXHV j SDUWLU GH
SURGXFWLRQ GH QRPEUHX[ FRORUDQWY QDWXUHOV G RULJL
GpSHQGDQFH GH O DSSURYLVLRQQHPHQW HQ PDWLQUHV-SUHP
FOLPDWLTXHV = GH SOXV OHXU SURILO FKLPLTXH SHXW YD
SLJPHQWY SURYHQDQW GHV VRXUFHV FRQWHPSRUDLQHV VRQV
HW FHUWDLQV SHXYHQW PrPH FKDQJHU OHXU FRXOHXU HQ Up
SHXYHQW rWUH VXUPRQWpPV SDU OD PLVH DX SRLQW HW OH
DOLPHQWDLUH TXL VRQW VXVFHSWLEOHV GH UpGXLUH OH FR
FRORUDQWY DOLPHQWDLUHY QDWXUHOV PRLQV FKHU /D SUR
PLFURELHQQH D XQ FHUWDLQ QRPEUH G DYDQWDJHV SDU UDS
UHQGHPHQWY SOXV pOHYpV GDQV XQH SpULRGH GH WHPSV SO.

&HW DUWLFOH PHW O DFFHQW VXU OHV WUDYDX[ GH UHFKH
PLFURELHQQH SXEOLpV DX FRXUV GHV GHUQLQUHV DQQpHYV
DFDGpPLTXHV HQ PHWWDQW O DFFHQW VXU OHV SLIJPHQWYV SF
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&KDSLWUH 3LIPHQWY PLFURELHQV



&KDSLWUH SLIPHQWY PLFURELHQV



&KDSLWUH 3LIPHQWY PLFURELHQV

$UWLFOH

JLODPHQWRXV [WEFDOBUSURGXYBHUV RI SLIPHQWYV DQG FR
'XIRVVp / )RXLOODXG O &DUR < ODSDUL 6 %$6 6XW
%LRWHFKQRORJ\

/Lp j OD PRQGLDOLVDWLRQ GHV WHQGDQFHV GH OD UHFKHUFI
PDUFKp SRXU OHV FRORUDQWY DOLPHQWDLUHY QDWXUHOV GD
OH PRQGH HQWLHU GHV FKDPSLJQRQV ILODPHQWHX[ VRQW j C
GH GLYHUVHV IDPLOOHV GH FRORUDQWY /D SpQpWUDWLRQ G
LQGXVWULHY DOLPHQWDLUHY HVW HQ DXJPHQWDWLRQ DQQpH
OHV GRPDLQHV VXLYDQWY OHV DJHQWV pSDLVVLVVDQWV RX
HWF 'HV HIIRUWV RQW pWp IDLWV DILQ GH UpGXLUH OH FR¢
IHUPHQWDWLRQ PLFURELHQQH SDU UDSSRUW j FHOOHV GHV S
VRXUFHV QDWXUHOOHV /D FRPPHUFLDOLVDWLRQ UpXVVLH Gt
VRXUFHV QRQ FRQYHQWLRQQHOOHV RX H[WUDLWV GH SODQW
FRORUDQWY DOLPHQWDLUHY HW VXSSOpPHQWY QXWULWLRQQF
OHV FRQVRPPDWHXUV VRQW SUrwV j SD\HU XQH SULPH SRXU G
VRXUFHV QRQ FRQYHQWLRQQHOOHV GHV FKDPSLJQRQV ILOD
H[WUDRUGLQDLUH GH SLIPHQWYV TXL FRPSUHQQHQW SOXVLHXL

$LQVL OH SUpVHQW DUWLFOH VRXOLJQH OH U{OH FUXFLDO M
VXVFHSWLEOHV GH FRQWLQXHU j MRXHU j O DYHQLU HQ W]
SURGXFWLRQ GH SLIPHQWYVY GH TXDOLWp DOLPHQWDLUH HQ UD
OH SURILO FKLPLTXH OD IDFLOLWp GH OD FXOWXUH j JUDQC
SURGXFWULFHYVY pWXGLpHV



&KDSLWUH 3LIPHQWY PLFURELHQV



&KDSLWUH 3LIPHQWY PLFURELHQV



&KDSLWUH 3LIPHQWY PLFURELHQV



&KDSLWUH 3LIPHQWY PLFURELHQV



&KDSLWUH 3LIPHQWY PLFURELHQV



&KDSLWUH 3LIPHQWY PLFURELHQV



,PSOLFDWLRQ GHV EOWWpPBEDZ\GRD HFRORUDWLRQ
GH VXUIDFH GHV IURPDJHV j SKWH PROOH HW FUREWH C._ . ...

&+%$3,75(

SBURGXFWLRQ GHV SLJPHQW
SUWKUREDFWHU

/JHV SLIJPHQWV MRXHQW XQ U{OH LPSRUWDQW GDQV OHV SUR
RUJDQLVPHVY SDU H[HPSOH-j-OYHVUEXH UDUR QYOIFWHHXW VRODLULI
HQYLURQQHPHQW H[WUrPH HW OD SKRWRV\QWKgVH 'HSXLV S
FRPPH XQ RXWLO WD[RQRPLTXH SRXU O LGHQWLILFDWLRQ HW
GX U{OH GDQV O pWXGH VRIJFOXRFIPTHKH SGRE XRVOUWRN GHV SLJ
PWXGLpV SDU OD IHUPHQWDWLRQ HW OH JpQLH ELRORJLTXH H(

$YHF O LQWpUrwW FURLVVDQW SRXU OHV SLIJPHQWV PLFURELLI
LQGpSHQGDQWH GH OD VDRVRBDRQIGH QR X YD IRLFEHRY TXHOV C
HIWUDLWYV IDFLOHPHQW VRQW HQ FRXUV G pYDOXDWLRQ &
DOLPHQWDLUH VRQW GLVSRQLEOHYV GDQV OH FRPPHUFH

'DQV OD QDWXUH XQ JUPWQI® QIRPEHM SIHRBXEVRQW GHV SLIJPHQ
GHV FKDPSLJQRQV GHV DOJXHV HW GHV EDFWpULHV /H JHQL
RUJDQLVPHV TXL RQW pWp GpFULWV FRPPH SURGXFWHXUV G
SURGXLVHQW XQH JUDQGH YDULpWp GH WHLQWHY HW GH VWU >



&KDSLWUH BURGXFWLRQ GHYVVBKUREBQWWHIDUPL OH JH

$UWLFOH

%DFWHULD EHORQJLQJ WR WKH H[WUHPHO\ YHUVDWLOH .
SLIPHQWYVY ZLWK H[WHQGHG KXH UDQJH 6XWWKLZRQJ 1
JRRG 5HVHDUFK ,QWHUQDWLRQDO

/H JHOUWKURERBWWUWXH XQ JURXS HRSAD®RRFNPHNQGH GH. P BV R
FRPPH OD WHUUH O DLU OHV DOLPHQWYVY SDU H[HPSOH OHV S
GH WDEDF OD SHDX K>X$RDWQURBIN/POHMU PP GDH &RQQ HW 'LPPL
FODWW¥MWLQREDOWHBRBWV¥MW LQREDF® HRUSEVIHQ R P\ F HO/HY DRIRHGY H
OLFURFRF AW MDRAGRARFFDFHDH

/D SOXSDUW GHV EPFWKUREREGHIEWHN j SURGXLUH XQH JDPP
TXHOTXHV HVSQFHV VRLHQW QRQ SWIW KQRED FW FIRIS ERW UHRIR
SUWKUREDFWSHWRVEXAWOXVLHXUV pWXGHV H[SpULPHQWDOHV S
SURGXLWYV SDU OHV EDFWpPULHV GH FH JHQ US$IURXW RELD FWSH @ W
QRYUWKUREDFWH Y HEIXWHWREDFWHU V8 \\Q R CSR SRMHBREDF W H U F
$UWKUREDFWHUHRDMUSRESBR QR KD FWH UBRRVKIXREDFWHU DJLOLV

'"HSXLV ORQIJWH®HSW KO REEENQNRIKYp GDQV GLYHUVHYV VRXUFHV D
VRXFKHVY UDSSRUWpHVY RQW GHV FRORQLHV FRORUpHV /D SXU
SDV pWp VA\VWpPDWLTXHPHQW HIIHFWXpHV SRXU DFTXpULU GH
U{OHV GHV SLIJPHQWYV GDQV FHV VRXFKHV &HSHQGDQW VXII
SUpVHODWBUYWISRXU OHV PROpFXOHV MDXQHV EOHXHV YHUWH
EDFWpULHVY &HWWH UHYXH YLVH j PHWWUH HQ OXPUWWH BDHD B!
HW G DXWUHV pWXGHYVY GHYURQW r'WUH PHQpHVY SRXU PHWWUH



&KDSLWUH BURGXFWLRQ GHYVVWVKUREBQWWHIDUPL OH JH



&KDSLWUH BURGXFWLRQ GHVVWKURHEQWWHSDUPL OH JF



&KDSLWUH BURGXFWLRQ GHYVVWKURHEBEQWWHDUPL OH JH



&KDSLWUH BURGXFWLRQ GHVVWKURHEQWWHSDUPL OH JF



&KDSLWUH BURGXFWLRQ GHYVVWKURHBHQWWHDUPL OH JF}



&KDSLWUH BURGXFWLRQ GHYVVWKURHBHQWWHDUPL OH JF}



&KDSLWUH BURGXFWLRQ GHVVWKURHEQWWHSDUPL OH JF



,PSOLFDWLRQ GHV EOWWpPBEDZ\GRD HFRORUDWLRQ
GH VXUIDFH GHV IURPDJHV j SKWH PROOH HW FUREWH C. . ...

&+%$3,75(

SUWKURBDRWHY LQGXVWULH

/H ODLW HVW XQ DOLPHQW WUqV QXWULWLI FDU LO FRQWLHQW
j OD FURLVVDQFH \ FRPSULVY OHV OLSLGHV OHV SURWpPLQHYV

DPLQpYVY HVVHQWLHOV (Q UDLVRQ GH OD FURLVVDQFH GpPRJU
HW OHV FKDQJHPHQWY GDQV OHV KDELWXGHV GHV FRQVRPP
SURGXLWYV ODLWLHUV QH FHVVH GH FURVWUH *UKFH j GHV SU
LQJUpGLHQWY GH QRPEUHX[ SURGXLWY GpULYpV GX ODLW SH:

(Q SOXV GH O HIFHOOHQWH VRXUFH SRXU O DOLPHQWDWLRQ K
LGpDO SRXU OD VXUYLH HW OD FURLWVRDQBRLEPHMW IJUND FE&DB
G DFWLYLWpV ELRFKLPLTXHVY GDQV OHV FRPPXQDXWpV PLFUR
FRQGXLVHQW DX[ GLIIpUHQWHY FDUDFWpPULVWLTXHV GX ODLW
RUJDQLVPHV VRQW ODUJHPHQW XWLOLVpYV GDQV O LQGXVWUL
UpJLPHY DOLPHQWDLUHY HQ UDLVRQ GH OHXUV SURSULpWpPV V

$UWKUREDFWHU HVW XQ JHQUH GH EDFWpULHYV ODUJHPHQW U
O KHXUH DFWXHOOH HQYLURQ HVSgFHV GH FH JHQUH RQW
HVSqFHV GI$UWKUREDFWHU VRQW UHQFRQWUpHY GDQV OH OD
ORUV GH OD WUDQVIRUPDWLRQ GH SURGXLWY ODLWLHUYV



&KDSLWUWKUREDGWBULQGXVWULH ODLWLQgUH

$UWLFOH

&RPPHUFLDO DSSOLFDWLRQV RI YHUVDWMDKUR B RWRYHIIND O
GDLU\ SURGXFWV 6XWWKLZRQJ 1 'XIRVVp / 6RXPLVVLR

$UWKURBURWXQ® JHQUH GH EDFWpULHV ODUJHPHQW UpSDQGX
&RPPH SRXU SOXVLHXUMW WBEWREBEMME XP VIDEROLTXHPHQW SF
HQJ\PHV GLIIpUHQWHY SHUPHWWDQW VD FURLVVDQFH GDQV
SOXVLHXU\S BIW & yREB BWHQUW FRQQDVWUH GHV DSSOLFDWLRQV

(Q FH TXL FRQFHUQH O LD ISSRPHW VIXG HV LRAGEXNWRWULH ODL\
O DFFHQW VXU OHV EDFWpULHV $ROAK D REHERAGHRUD\S B39 W HERMW)L
HW OHV SURGXLWY ODLWLHUV FRPPHUFLDX[ IURPDJHV SDU H]

(Q SDUWLFXOLHU GD W W KLLRES HANH VARXIWHIQW HDVVRFLPp G T X«
DYHF OD SURGXFWLRQ GH IURPDJH FDU LR BN IPRAHM Gl
UHVSRQVDEOHV GHV SURSULpWpV RUJDQROHSWLTXHV GHV |U
RXWUH OD FDSDALKMPRERKWBURGXLUH GHV HQ]J\PHV DFWLYHV
IDEULFDWLRQ GH SURGXLWYV ODLWLHUV GDQV GHV FRQGLWLF
SURSULpWpV RUIDQROHSWLTXHV HW OD SHUWH GH YDOHXU QX

/JHV GRQQpHV UDSSRUWpPHY GDQV OD SUPpVHQWH pWXGH PRQW.L
S$UWKUREBFWHQVL TXH OHXUV VLJQLILFDWLRQV GDQV O LQG:
UHFKHUFKHV $XWKURBBPWHIWRQ GH OD GHPDQGH PRQGLDOH
SURGXLWY ODLWLHUV



‘ &KDSLWUWKUREDGWBULQGXVWULH ODLWLQgUH

&RPPHUFLDO DSSOLFDWLRQV RI YHUVDWLOH

SUWKUREQMFABY DQG GDLU\ SURGXFWYV

6KRUW WLWOH

$SSOLFDWURKW REDFWHWLD LQ WKH GDLU\ LQGXVWU\

1 X W KDW K D L "6°DKW K IQARTOXII RV V p

P $JULFXOWXUDMHIBIBWRRQRI\7KDLODQG ,QVWLWXWH RI 6FLH:

THFKQRSROLYV 0X .ORQJ .ORQJ /XDQJ 3DWKXP 7KDQL

f /I DERUDWRLUH GH &KLPLH GHV 6XEVWDQFHV 1DWXUHOOHV H
SpXQLRQ (6,52, 3DUF 7THFKQRORJLTXH 6 B HOORWWH . SSKH - H O/ HH

5pXQLRQ )UDQFH

&RUUHVSRQGLQJ DXWKRU 7HYD [ (-PDLO DGGUH

IDXUHQW 'XIRWNXE@KRQYIU / 'XIRVVp



‘ &KDSLWUWKUREDGWBULQGXVWULH ODLWLQgUH

$SEVWUDFW

SUWKURED AW BHWQXV RI EDFWHULD ZLGHO\ GLVWULEXWHG
PDQ\ VRLO EDWWHREBFWWWHWDEROLFDOO\ YHUVDWLOH OHDC
SURYLGLQJ LWV JURZWK LQ D ZLGH YDULHWW R URKESMOLLHVH!
OLNHO\ EHHQ WDNHQ WKLV DGYDQWDJH IRU DSSO\LQJ LQ PDQ\
SUWKUREBSFRWRIQVLVWHQWO\ DVVRFLDWHV ZLWK WKH SURGXFW
PLFURRUJDQLVP UHVSRQVLEOH IRU WKH RUJDQROHSWLF SURS
DELOLWUWKURBISFWWE SURDBKWHYWRBG]\PHVY LPSRUWDQW IR
PDQXIDFWXULQJ XQGHU PLOG FRQGLWLRQV LQ RUGHU WR DYF
ORVV RI QXWULWLRQDO YDOXH DW DPELHQW WHPSHUDWXUH
EHQHILFLDO$D WKWRED FREIG WKHLU VLIJQLILFDQFHV LQ WKH Gl
QHZ LQYHVWLIDWS$BOYYX IRREBDEGBWRXWKH JURZLQJ GHPDQG IRU

H\ZRUBMWVKUR¥® FWHWVDWLOH EDFWHULD GDLU\ SURGXFWYV



‘ &KDSLWUWKUREDGWBULQGXVWULH ODLWLQgUH

 QWURGXFWLRQ

OLON LV D KLIKO\ QXWULWLRXV IRRG VLQFH LW QDWXUDOC
JURZWK LQFOXGLQJ IDWV SURWHLQV FDUERK\GUDWHYV YLWD
REWDLQHG IURP D YDULHW\ RI DQLPDO VRXUFHV KDV D QHDUC
YWHWWRQL %XUOLQJDPH %\ UHDVRQ RI SRSXODWLRQ JUF
LQ FRQVXPSWLRQ KDELW JOREDO GHPDQG IRU PLON DQG
PDQXIDFWXULQJ SURFHVVHV FRPPRGLW\ DQG LQJUHGLHQWYV
RUGHU WR IXOILOO WKLV UHTXLUHPHQW

%HVLGHV WKH H[FHOOHQW VRXUFH IRU KXPDQ QXWULWLR
IRU WKH VXUYLYDO DQG JURZWK RI D ODUJH YDULHW\ RI PLEU
GLUHFWO\ E\ DOO PLFURRUJDQLVPV ZKLOH RWKHUV DUH SU
SUHVHQWHG VXFK DV ODFWRVH ZKLFK LV QRW XWLOL]JHG E\ P
OLSLGV ZKLFK PXVW EH EURNHQ GRZQ E\ HQJ\PHV IRU DOOR?
ODUVKDOO &KDQJHV RI ELRFKHPLEFDO DFWLYLWLHV LQ
XWLOL]DWLRQ OHDG WR WKH GLIIHUHQW FKDUDFWHULVWLFV
WKHUHIRUH PLFUREHV DGYDQWDJHRXVO\ DVVRFLDWH ZLWK
DFEXPXODWLQJ NQRZOHGJH DERXW WKH IXQFWLRQDOLW)\ RI PL
WKHP IRU ELRWHFKQRORJLFDO SURFHVVHV 1RZDGD\V PLFURF
SURGXFH YDULRXV W\SHV Rl GLHWV GXH WR WKHLU GHVLUDEC
PLFURRUJDQLVPV KDV EHHQ LQFUHDVLQJO\ LQWHUHVWHG VLQ
ZHOO DV IRU TXDOLW\ GHYHORSLQJ

$UWKUREWPWHRQXV RI EDFWHULD ZLGHO\ GLVWULEXWHG L
JHQEVWKURBEDFHWRBWLWLYHS FRDIMWVLOYBIVIREOLIJDWHG DHURELF D
GLVSOD\HG D FRU\QHIRUP PRUSKRORGJLF @R ERK FEFMRER AR HVK
.HGGLH &ROOLQV -RQHV $W WKH SUHVHQW WLPH DSSLU
KDYH EHHQ GHVFULEHG LQ WKH WHURKRREBRPEY HQFORWNH
GHVLUDEOH PHPEHUV RI WHFKQRORJLF D& UWHKIUHREDFMHH IVEEELIX
$UWKUREDFWZHKL EK WHMBRQVH IRU FRORUSGHHEO RSAHQMA L QU
'"HOHWWUH /HIgYUH *ULPRQW

5HJDUGLQJ WKH SRVLWLYH LPSDFW RI PLFURRUJDQLVPV R
RQ WKH DVVRFLDWLRQ RI YHUVDW LUV E D R B\EWDPWKHQ B QUILIQIL
WKH DSSOLFDWLRQV WR FRPPHUFLDO PLON DQG GDLU\ SURGXF



‘ &KDSLWUWKUREDGWBULQGXVWULH ODLWLQgUH

2FFXUUHMQYMHK B RERRWMHIZ PLON

7KH RULJLQ RI PLFURRUJDQLVP RFFXUUHQFH LQ PLON DQG
DQG WKH PRGH RI SURGXFWLRQ DQG SURFHVVLQJ $IWHU V\Q
DQLPDOV PLON LV YLUWXDOO\ VWHULOH %HVLGHV WKLV VWD
RFFXU IURP WKUHH SULQFLSDO VRXUFHV L H LQWHULRU RI
HTXLSPHQW XVHG IRU PLON KDQGOLQJOPWE $WHELLHD ORDQUWD

4XLIJOH\ HW DO TRXFK "HHWK 7KH SUHVHQFH
EH\RQG WKH FRQWDPLQDWLRQ RI UDZ PLON ZKLFK LV XVHG D\
DQG -SRRWHVVLQJ OLQHV 'RIJDQ %RRU /[*FNLQJ O6WRHEFN

6DPHOLV .DNRXUL 5RJJD 6DYYDLGLV .RQWR BUNMNKW R BLFWH
FRPPRQO\ SUHVHQW LQ UDZ PLON DV D SULPDU\ PLFURIORUD
HTXLSPHQW DV ZHOO DV WKH WHDW VXUIDFH &KBRMYDDQHRKHE
'HOEqV ORQWHO 2XWGRRU HQYLURQPHQWYV VXFK DV DLU
DOVR LGHQWLILHG $WRVKHN REGH WBBKFNYRX 1RUPDQG *X\RW &

'HVSLWH PLFURELDO FRPSRVLWLRQ RI PLON KDYH EHHQ L
PLFURRUJDQLVPV WKHUH DUH IHZ VW %GWKWURBBRMQUWLDZ "
IXUWKHUPRUH GHWDLO RI VSHFLHV GLYHUVLW\ Rl WKHVH EDF
WR WKH GLYHUVLW\ RI WKH PLFURELDO IORUD RI UDZ PLON
FKDUDFWHULVWLFV VXFK DV IODYRU DQG FRORU DPRQJ UD:
SUWKUREBFWHW LGHQWLILHG DV RQH RI PLFURRUJDQLVPV DSS

8VLQJ -FXQBWMBHBGHQW PHW K R® W KWRHEFDLFHAH [ QERBIAOR D R W/ i )

SV\IFKURODEWRIS LIGHOQWLILHG 4XLJOH\ HW DO 7R RXU N
OHYHOWWKUREBFW@UWLON JRDW WDNHQ IURP WKH VDPH KHU
ODFWDWLRQ \HDU RQO\ &DOORQ HW DO GHWDLOHG WKL

GLITHUHQW VSHFLHV

6LIJQLILADQFKUREB FWVRHWWKH GDLUN LQGXVWU\

SOWKRBRMWKURED FIMHU JHQHUDOO\ GHILQHG DV VRLO PLFUR
DOVR LVRODWHG IURP YDULRXV VRXUFHV IRU H[DPSOH VHD Z
&KHQ HW DO 'LQJ +LURVH <RNRWD *XSWD B5HGG\
+XWVRQ &ROOAKMWR VHYHUDSUWERHRIEHBFVRHIBM SVI\FKURSKLOLF
UHVLVWDQFH WR GU\QHVV DQG VWDUYDWLRQ HOXFLGDWH WKF
HIKLELW WKH QXWULWLRQDO YHUVDWLOLW\ WR GHJUDGH GLIIT



‘ &KDSLWUWKUREDGWBULQGXVWULH ODLWLQgUH

HW DO $V WKH UHVXOW RIUWKHRESPHMHIERH.G & DWHHOV T
WKLV DELOLW\ WR XVH LQ YDULRXV EUDQFKHV RI LQGXVWU\
)LJ

$VVRFLDWLRQ RI $SUWKUREDFWHU VS ZLWK FKHHVH SURGXF

&KHHVHY FDQ EH FRQVLGHUHG DV D FRPSOH[ PLFURELDO
PLFURRUJDQLVPV LQFOXGLQJ \HDVWV DQG EDFWHULBPBNLQUQI
HQYLURQPHQWY ,Q FRQVHTXHQFH RI WKH PLFURELDO LQWHULI
SURGXFWLRQ SURFHVVHV RUJDQROHSWLF DQG WH[WXUDO SU

,UOLQJHU ORXQLHU 7KHVH ELRFKHRUEB B QFK® @ KHIW \Z
WR WKH GLYHUVLW\ DQG DEXQGDQFH RI PLFURRUJDQLVPV RQ
JURZWK RI \HDVWV ZKLFK PHWDEROL]H ODFWLF DFLG DQG ¢
XWLOL]DWLRQ Rl ODFWLF DFLG E\ \HDVWV SURJUHVVLYHO\ OH!
S+ LQFUHDVHY WR QHDWROGNOWWDDFY B OBOHF WHMD EHJILQ WR
HQWLUH FKHHVH VXUIDFH %HVLGHV \HDVWV %WHKLV EFOLFWRE LR
DQG RWKHU FRU\QH IR WR MSRIEDR PXSHIRLR O KNG DF W HIQWR URES FW I
%RFNHOPDQGM\@REISHUXVFK +RIIPDQQ +HOOHU LUOLQJHU

7KH SUHVBOWH KREDFVWDHQV-UQSMRIHDFKHHVHY DV ZHOO |
ULSHQHG FKHHVHV KDV UHFHQW O$ URHHIR BDHSARHSNHDEKPURRRAIDIH
DULOD LDAMQWKWREDFWHUOELKQUHUUHW DOGWDXEHOD BEHEWUHU 61
JURP VHYHUDO YDULHWLHV RI $XVWULDQ FKHHVHV QXPHUF
$UWKREDFWHWKBBHEDSRBRMYREWEWHQY FRXOG QRW EH LGHQWL
(OLVNB¥KHQHU *LQJLQJHU 6 LRUFM KW KBS IR Q DMAH QR |1 U R
FRPPRQO\ GLVSOD\ \HOORZ FRORUV DQG WKHVH EDFWHULD KD
WKHQ DVV>X$RMGK WREBF WHMURQH RI WKH PDMRU PLFURRUJDQLYV
WH[WXUH IODYRU DQG FRORU SURSHUWLHV RI WKH ILQDO S
*DODXS HW DO-/DERUGMH SHLW DO

,PSOLFDWLRQ RI $SUWKUREDFWHU VS RQ FKHHVH FRORU

6LPLODUO\ D ODUJH QXPEHU RI RWKHU SURGXFWV WKH |
FRQVXPHU V SXUFKDVLQJ GHFLVLRQ GXH WR LW DSSHDUV DV
WKLY UHVSHFW WKH FRORU LV D WUDFH DVVRFLDWHG ZLWK P



&KDSLWUWKUREDGWBULQGXVWULH ODLWLQgUH



‘ &KDSLWUWKUREDGWBULQGXVWULH ODLWLQgUH

PDWXULW\ 'XIRVVp *DODXS &DUOHW )ODPLQ 9I®EDU ULSH(I
FKHHVHV ZKLFK DUH FKDUDFWHWH GH3. \FK BRORWD R I LW B RRELLI(
ULQGY 7KH FRORU LV GXH HVVHQWLDOO\ WR FDURWHQRLGYV
FKHHVH PLFURIORUD GXULQJ ULSHQLQJ *X\FOHWDW BKOHW 9
6SLQQOHU &RUULHX 0 R X Q EAHUH HIME MOV H ZIXFRHNQHE@KH S |
FRQVLGHUHG WR EH D VROH PLFURRUJDQLVP UHVSRQVLEOH
GLVFRYHUHG WR EH SUHVHQW LQ WKHFRORIDIFE DHIBHR /FE
FRU\QHIRUP %UHQQDQ HWHF&QHU HWODWNDVHV )RQWDQD
&RFFRQFHOOL ORXQLHU HW DO 5HD HW DO $F
GHYHORSPHQW -EIURYSL FREHVH KWY DWWULEXWHG VBRIWKE W B §
SUWKUREBFWKG RWKHU PLFURRUJDQLVPW Z&LQ@HQMKIR RU® QI
LPSRUWDQW FRQILUPLQJ -¥WHKEH QY XOAMBY * RQ J(@MUHNDVHY  RWK
ZKLOH WKH RUDRJELRHEPM QRXQG OHVVHU LPSRUWDQW FRQIL
JHFKQHU DQG *LQ]JLQJHU

$OWKRXJK WKISWIRFEKEXREBPOPWBUWKH VXUIDFH ULSHQLQJ RI
VWDWHG RQO\ D IHZ VWXGLHV KDYH EHHQ W D BRIG\RFLADWDY H.E
ZHUH SUHYLRXVO\ IRXQG RQ WKH VXUIDFIWWKUREIDRWHQWD
$UWKUREDFWHW KRUREDHFWHILU WERRIEIRPWW U SW\R WURFSKIRFM H D HX U
DQGEUWKUREDFWHUUOYDYWBRBEHRBUVHW DO ORUH UHFHQWO
$UWKUR KB HWHHYV $SQMPKHIR E D F WHQSSUKRWPEE D F W HUH UHK QNKRIGIXW H
JLPEXUJHU FKHMYBMQW®RDAMPEKHHVHVY ZLGHO\ SURGXFHG LQ
IHWKHUODQGY %RFNHOPDQQ :L$UHKPWR ELHFWHAHLLY HIMG\RRY V/ B @ P @
SUHGRPLQDQW EDFWHULD IRXQG IURP GLIIHUHQW FKHHVHV V)
FKHHVHV %RFNHOPDQQ S8VLQJEPRWGE P X0\ R GNWNIUE DDA
DULODKWNG@VENHQ UHSRUWHG WR EH RQH RI WKH PDMRU- EDFW
VPHDU FKHHVHV HJ )JUHQFK /LYDURW O0OXQVWHU DQG 5HEORF

,JUOLQJHU HW DG DULO BOMNEIG & W MV HEHFUHIDRWWHR. H[KLELWHG
JUHQFK FKHHVHV ,UOLQJHU HW DO

'HVSLWH DYDLODEOH LQIRUPDWLRQ UHJDUGV WRWKKER EDLFY
VS LVRODWHG IURP D YDULHW\ RI VPHDU FKHHVHV YHU\ OLW\
EDFWHULD &RQVHTXHQWO\ IRU D SXUSRPOHQR I DFWRVLIBUL ) Z K B
SUWKUREDFIMMHD SDUW RI ULSHQLQJ IORUD GLIIHUHQW DVSHF
LQYHVWLIJDWHG HJ WKH YDULDWLRQ RI SLJPHQW SURGXF)
SLJPHQWDWLRQ LQFOXGLQJ SK\WLFDO DQG FKHPLFDO IDFW



‘ &KDSLWUWKUREDGWBULQGXVWULH ODLWLQgUH

SUWKUREBFWRG RWKHU PLFURRUJDQLVPV IRXQG BQWKUREBN)
VS WR SURGXFH SLIJPHQWYV LV SUREDEO\ UHVXOWLQJ LQ WK
SURGXFWLRQ RI IRRG FRORUDQWYV

,PSOLFDWLRQ RI $UWKUREDFWHU VS RQ FKHHVH IODYRU

7KH ELRFKHPLFDO FKDQJHV DPRQJ GLYHUVH FRPSOH[ F
HVSHFLDOO\ GXULQJ ULSHQLQJ LQYROYH WKH FRQYHUVLRQ R
UDQJH RI IODYRU FRPSRXQGV E\ WKUHH SULQFLSDO PHWDE
SURWHRO\VLY 7KHVH SDWKZD\V UHTXLUH VHYHUDO GLIIHUH
HQJ]\PHV FORWWLQJ HQJ]\PHV PDQXIDFWXULQJ DQG ULSHQL¢
6SLQQOHU +HOLQFN 7KH GHJUDGDWLRQ RI DPLQR DFLC
GHDPLQDVH WUDQVDPLQDVH GHFDUER[\ODVH O\DVH DQG C
DOFRKROV DQG VXOSKXU FRPSRXQGV ZKLOH WKH EUHDNGRZ
VHFRQGDU\ DOFRKROV DQG HVWHUV $UGR ODULOOH\
PLFURIORUD SUHVHQWHG GXULQJ WKH ULSHQLQJ SURFHVV W
SDWKZD\V WR QXPHURXV FRPSRXQGV F R QDMDLYIREXW LOFBD AR QFH\H

$PRQJ WKH PLFURRUJDQLVPV IRXQG IURP WKH VXUIDFH RI
DELOLW\ RI EDEFWHULD WR SURGXFH IODYRU FRPSRXQGV HVSH
$UWKUR BBRLESsMUK UREDBFWBYH EHHQ UHFHQWO\ UHYHDOHG DV R
UHODWHG WR WKH SURSHUWLHV RI FKHHVHV WR W K U REBREZA0HH
LQYHVWLIJDWHG WKHLU DVVRFLDWLR® ZQMFHR WIKMQIEDHRDROU Pl RFPI
*HUPDQ 7LOVLW FKHHVH ZHUH IRXQG WR EH WKH PRVW VLJQL!
FRPELQDW®%R @ IZEZMRENHOPDQQ 'LWKRXW RWKHU PLFURRU
RGRU ZDV DOVR GHYHORSHG LQ OLTXLG PRGHO V\VWHP- ZLW}
6H\OHU 6HYHUDO WWDDLQBMLRROPW.NG IURRIIBHQAK FRHBIY HV
WR LQYHVWLIJDWH WKHLU DELOLW\ WR SURGXFH % RDUMDLBOLHW B
0 X D@G DULODERVHQWDNH EHHQ VKRZQ WR EH FDSDEOH RI
FRPSRXQGV HJ DOGHK\GHV HVWHUV NHWRQHV DOFRKROV D

8S WR QRZ D QXWEHB¥BIFWWHRIODWHG IURP VPHDU FKHHVHV
RQO\ WKHSLUPH@EWEURNBFWHWDUJH SURSZRUWH R RUFRFQURUDIHAG
$UWKUREDE@DBWHY ZHUH DOVR IRXQG RQ WKH VXKWODGH RI FI
7KHVH-FROORUHG LVRODWHY DUH DVVXPHG WR QRW UHVSRQV
GHYHORSPHQW RI IODYRU LQ DGGLWLRQ WKH\ SUREDEO\



‘ &KDSLWUWKUREDGWBULQGXVWULH ODLWLQgUH

$FFRUGLQJO\ WR DFKLHYH D EHWWHU NQRZOHGJH DVVRFLD
PHQWLRQHG EDFWHIM RUREDRKBHBWRIXXLUHG 7KH XWLOL]DWLR
EDFWHULD EHORQJLQJ WR WKIRUPH@XVDEILWKWLHFHHF ZILGOI EMBY |
SURPLVLQJ WRRO WR UHVSRQG WR WKH GHYHORSLQJ DQG FRQ
SURGXFWYV

$VVRFLDWLRQ RI $SUWKUREDFWHU VS SURGXFLQJ HQ]J\PHV Z

,Q WKH GDLU\ LQGXVWU\ HQ]J\PHV DUH ZLGHO\ XVHG IRU
SURGXFW TXDOLW\ DV ZHOO DV IRU WKH LQQRYDWLRQ IRU QF
VRXUFHV ZLWK GLIITHUHQW FKDUDFWHULVWLFV DQG ORZ FRVW
UHODWHG WR WKH LVRODWLRQ DQG VHOHFWLRQ RI QHZ PLFU
SVI\IFKURSKLOLF EDFWHULD DUH FXUUHQWO\ LOQWBRWLYHCIQ]QR
'LWK D KLJK SRVVLELOLW\ WR DSSO\ DW ORZ WHPSHUDWXUH |
RI PLON DQG GDLU\ SURGXFWV WKHVH HQ]J\PHV DUH LQFUHD
FROGWLYH HQ]J\PHV KDYH -BEBPOQF®RWHARKBODMHAIGFRPPRQO\ NQRZ
K\GURO\]HVY ODFWRVH WR JOXFRVH DQG JDOQGWWRWHL MG HHFRQ)/\W
RI LWV DELOLW\ WR GHJUDGH ODFWRVH IRU VHYHUDO SXUSR

X

-JDODFWRVLGDVH FDQ EH XVHG E\ UHPRYDO ODFWEBMH IU
PLON DQG RWKHU UHODWHG SURGXFWV HJ FKHHVHV \RJKXU
LOQWROHUDQW %LDONRZVND &LH OL VNL 1RZDNRZVND .XU
ROLJRVDFFKDULGHYV GHULYHG IURP -OA\DOFVDRWRH HD W 2 @ CECH BAX QOND
JDODFWRVLGDVH DV ELRFDWDO\WW $00 RI WKHP G LAVFPORUIXK
VZHHWHQHUYV "'HO]JHQQH /DQJ HW DO :DQDUVND .XU

7KH $QWPUWWIWUREWUDHY SOQWRHRFEBFWHU ZDV IRXQG WR
JDODFWRVLGDVH ZKLFK ZDV -RSWIBRIDQAOWHDIFQVLGH MDAV HX|\PH Z
ZHOO- O®% IRU WUHDWLQJ PLON WKH RSWLPDO DFWLYH WHPSH|
ZDV"& %LDONRZVND HW DO $ U WeKHUIYRHEUEDFOV MRIAUMDW 8 & RURP V|
SUWKUREDFWHU S\ GRUWROWHB\DREKHL @ X KOR HREBHKH Q FEALVAHRW HU H
-JDODFWRVLGDVH 1DNDJDZD HW DO :DQDUVN D DHW IDYCH
JDODFWRVLGDVH SVREXIROO/MBWHRSKL QXVV OLNHO\ D VXLWDEOF
WHPSHUDWXUH FRQGLWLRQ GXB&WR LLOAHV LIVFW R B MM P X B WV KILPISKHH!

R& DQG UHVSHFWLYHO\
$v WKH GHPDQG IRU PLON DQG GDLU\ SURGXFWV LV |



‘ &KDSLWUWKUREDGWBULQGXVWULH ODLWLQgUH

LQFRPHV XUEDQL]DWLRQ DQG FKDQJHV LQ FRQVXPSWLRQ KDE
EH LQFUHDVLQJO\ QHHGHG LQ RUGHU WR SURGXFH GLIIHUHQ
SURGXFW TXDOLWLHV $OWKRXJK $RUVOK UIRIZBESHFUX KW HRQJ WOK HU
SURGXFBFMRO® HQJ\PHV LPSRUWDQVS$UWRKUWR KB F BERNML EQ G XS\
DGYDQWDJHVY WR XVH DV SRWHQWLDO SURGXFHUV IRU WKHVH

&RQFOXVLRQV
OLON W\SLFDOO\ FRQWDLQV D YDULHW\ RI EDFWHULD R
SUHVHUYLQJ PLON WKURXJK SURGXFWV RI THUPHQWDWLRQ H
SUWKURBMNHWHBBRQJ WKH PDMRU JURXSV RI PLFURRUJDQLVP\
DSSUR[LPDWHO\ $UW8HYHRIEBFRHRIODWHG IURP YDULRXV HQYLUR
LGHQWLILHG RQO\ IHZ VSHFLHY KDYH EHHQ UHFR BQWHG RER M\
VS DVVRFLDWHG ZLWK WKH DSSOLFDWLRQ IRU GDLU\ SURGXF
IRU WKH FRORUDWLRQ DQG IODYRU IRUPDWLROVNRU REHE HXHHWH
LVRODWHG IURP VRLO ZKLFK DU-HDHPCSFONRRN GGDW HS KRG GF WIRV K
PLON OHDGLQJ WR JDLQ RWKHU UHODWHG SURGXFWYV 5HJ
SUWKURE¥®SFWRHBOXGLQJ SLIPHQWDWLRQ 10DYRUWRURBSVHIRE DL
SURPLVLQJ SRWHQWLDO EDFWHULDO JHQXV LPSRUWDQW IRU V
LQ LWV UROHY UHODWHG WR WKHVH DVSHFWY LV VWLOO UHT?
WKRVH IRU FKHHVH SURGXFWLRQ OHDQZKLOH WKH LVRODW
IODYRU FRPSRXQG DQG HQ]J\PH SURGXFHUV ZLOO SRVVLEO\ OF
RQO\ RI WKH GDLU\ LQGXVWU\ EXW DOVR RI RWKHU LQGXVWULI

$FNQRZOHGJHPHQWYV

IXWKDWKDL 6XWWKLZRQJ LV JUDWHIXO WR WKH 5R\DO 7KDL
SUHSDULQJ KHU 3K' DW WKH 8QLYHUVLW\ RI 5HXQLRQ ,vODQG

IDXUHQW 'XIRVVp ZRXOG OLNH WR WKDQN WR WKH &RQVHLO 5¢
ILQDQFLDO VXSSRUW RI UHVHDUFK DFWLYLWLHYV GHGLFDWHG V

SHIHUHQFHYV

$UGR < JODYRU IRUPDWLRQ E\ DPLQR DFLG FDWDEROLVP



‘ &KDSLWUWKUREDGWBULQGXVWULH ODLWLQgUH

%LDONRZVND $ 0 &LH OL VNL + 1RZDNRZVND .0 .XU -
JDODFWRVLGDVH ZLWK D ORZ WHPSHUDW XUW KRERVEISFWPHILV |
JHQH FORQLQJ SXULILFDWLRQ DQG FKDUDFWHUL]DWLRQ

%RFNHOPDQQ : 'HYHORSPHQW RI GHILQHG VXUIDFH VW
FKHHVHVY ,QWHUQDWLRQDO 'DLU\ -RXUQDO

%RFNHOPDQQ-6H\GIRISSH 7KH VXUIDFH - LOLRSWI REG EXFW M H LIT
DQG JRDW V PLON ,QWHUQDWLRQDO 'DLU\ -RXUQDO

%RFNHOPDQQ-6H\GRSSHA .UXVFK 8 +RIIPDQQ : +HOOHU
7LOVLW FKHHVH 3DUW 'HYHORSPHQW RI D VXUIDFH VPHI
5HVHUDFK

%RFNHOPDQQ : :LOOHPV .3 1HYH + +HOOHU . + :
FKHHVHY ,QWHUQDWLR®@DO 'DLU\ -RXUQDO

%UHQQDQ 1 :DUG $ & %HUIRUG 7 )R[ 3 *RRGIHOORZ ¢
EDFWHULD IORUD RQ WKH VXUIDFH RI D VPHDU FKHHVH

&DOORQ & 'XWKRLW ) 'HOEQV & )HUUDQG 0 -RBULOHX[ -
6WDELOLW\ RI PLFURELDO FRPPXQLWLHV LQ JRDW PLON G
6\WWHPDWLF DQG $SSOLHG OLFURELRORJ\

&KDPSDJQH & 3 /DLQJ 55 5R\ ' ODIX $ $ 3V\FKURWU
DQG WKHLU FRQWURO &ULWLFDO 5HYLHZV LQ )RRG 6FLHQ
&KHQ* < 7DQJ 6=KDQJ </L-<= <L-% :DQJ; </L -: &X4&/ ;

$UWKUREDFWHWSK M&RRG XD MHZ KDORWROHUDQW EDFWHUL X
YDQ /HHXZHQKRHN

'HHWDH 3 %RQQDUPH 3HG®BISQPMOHU + 3URGXFWLRQ RI YROL
EDFWHULDO VWUDLQV LVROD®MHGH GJ RBHLEIKHEKHAY HAX USS K
DQG %LRWHFKQRORJ\

'HOJHQQH 1 0 20LJRVDFFKDULGHY VWDWH RI WKH DUW

'LQJ / +LURVH 7 <RNRWBUWKURESRKMHDRYNMRODWHG IURP |
,(QWHUQDWLRQDO -RXUQDO RI 6\VWHPDWLF DQG (YROXWLR
'‘RIDQ % %WRRU . - *HQHWLF GLYHUYVBWHNXOGRPWSSR MO/ORIHD
IURP IOXLG PLON SURGXFWYV DQG GDLU\ SURFHVVLQJ SOD¢



‘ &KDSLWUWKUREDGWBULQGXVWULH ODLWLQgUH

((UDLQ $) 0 %DFWHULRORJLFDO VWXGLHV RQ /LPEXI
'DJHQLQJHQ

(OLVNBHEKQHU ) *LQJLQJHU : 7KH - BWE H GDPK H/R/BIY R
UHJDUG WR FRU\QIRUPV /DLW

(X]pE\ - 3 /JLVW Rl SURNDU\RWLF QDPHV *HIQMK W KUDREDLFQ
>2Q0LQH@ BFYDLODEOH DW KWWS__Z7ZZ EDFWHULR FLFW IL

JHXUHU & ,UOLQJHU ) 6SLQQOHU + ( *ODVHU 3 9DOOD}
GLYHUVLW\ LGSDROGXPKEXYW D SDVWHXUL]HG VIPGH®XNV WKH B
XVLQJ ERWK FXOWEDVYWGRRHIWER® WV1I$SRXUQDO RI $SSOLHG

JHXUHU & 9DOODH\V 7 &RUULHX * ,UOLQJHU ) 'RH\
FRPSRVLWLRQ RI WKH VPHDU DW WKH HQG-VRIHW YK HF KH Sk
$PHULFDQ 'DLU\ 6FLHQFH-$VVRFLDWLRQ

JRQWDQD & &DSSD ) 5HEHFFKL $ &RFFRQFHOOL 3 6
*RUJRQ]JROD &DVHUD B6FLPXGLQ DQG )RUPDJJLR GR )RVVIE
JRRG OLFURELRORJ\

*DODXS 3 *DXWLHU $ 3LULRX < O9LOOHEODQFKH $ G ¢
ILQJHUSULQWY IURP WKH-VPEB8BURUD)BHQAK ¥RIWHEBKHHVHV
DQG ODURLOOHV ,QQRYDWLYH )RRG 6FLHQFH DQG (PHUJLC

*XSWD 3 5HGG\ *61 'HOLOOKMUWK URKELNYBWMHU 8D QQRW U IDH
$UWKUREDFWHUVSHQRYHOMBPLYQWDUFWLED ,QWHUQDWLI
(YROXWLRQDU\ OLFURELRORJ\

*X\RPDUF K ) %LQHW $ 'XIRVVp |/ JWRHGYXLFEVD ERVH R X I
YDULDWLRQ DPRQJ VWUDLQV NLQHWLF DVSHFWV DQG +3/&
%LRWHFKQRORJ\

L,JUOLQJHU ) %LPHW ) 'HOHWWUH - $WMKXUREDFWWHL PRHRW |
DQEUWKUREDFWH WV SD ULROY L VOHRQYWIOV FRU\QHIRUP VSHFLHV L
FKHHVHVY ,QWHUQDWLRQDO -RXUQDO RI 6\VWHPDWLEF DQG

L,JUOLQJHU ) ORXQLHU . OLFURELDO LQWHUDFWLRQV LC
VDIHW\ &XUUHQW 2SLQLRQ-LQ %LRWHFKQRORJ\
.HGGLH 50 &ROOLQV 0' -RQHEVWKURERFNERMHQXY 0 )DO!I

5RVHQEHUJ ( -6FKOWDFRNHEUDQGW ( (GV  3URNDU\RW}
/IDUSDERUGH 6 ,PUDQ 0 %RQDwWWL & %RUD 1 *HOVR

*RRGIHOORZ 0 :DUG $ & O9DQFDQQH\W 0 6ZLQJV

'"HVPDVXUHV 1 6XUIDFH PLFURELDO FROQWRIHWOHGIBRA



‘ &KDSLWUWKUREDGWBULQGXVWULH ODLWLQgUH

/JHFOHBBRTOBW BPXPHU $ %HUBISUBQOHWRYULHX * % H K
%UHYLEDFWHUQ®EDWMRAPHYV KD QVBARLQJ IORUD LQ FRQW
VPHDU VRIW FKHHVH IURP UHFRQVWLWXWHG PLON JURZW
6FLHQFH -

JHGHQEDFK / + O0DUVKDOO 5 7 OLFURELRORJLFDO VSRL
'R\OH 0 3 (GV  &RPSHQGLXP RI WKH PLFURELRORJLFE
6SULQJHU 6FLHQFH

J*FNLQJ * B6WRHFNHO 0 $WDPHU = +LQULFKV - 6FKXO]
VSRIRWPLQJ EDFWHULD DVVRFLDWHG ZLWK LQGXVWULDO
VSRLODJH ,QWHUQDWLRQDO -RXUQDO RI )RRG OLFURELRO

ODULOOH\ / &DVH\ 0 * JODYRXUV RI FKHHVH SURGXFWYV
LGHQWLILFDWLRQ RI SURGXFLQJ VWUDLQV ,QW-HUQDWLRQ
OF6ZHHQH\ 3/ + B6RXVD O - %LRFKHPLFDO SDWKZD\V IRL

LQ FKHHVHV GXULQJ ULSHQLQJ D UHYLHZ /DLW

ORQVDOOLHUOWWPHUGSHIEULHO & OP&WLQ 90 UDRBIVOH®\ R
WHDW VNLQ IORUD LQ UHODWLRQ WR IDUPLQJ SUDFWLFH
6FLHQFH DQG 7HFKQRORJ\

ORXQLHU - *HOVRPLQR 5 *RHUJHV 6 9DQFDQQH\W 0 9D
6 6ZLQJV - )LW]JHUDOG *) &RJDQ 70 -UDSHIQ R B
FKHHVHV $SSOLHG DQG (QYLURQPHQWDO OLFURELRORJ)\

ORXQLHU - ORQQHW & 9DOODH® FpOil&LVEL ,3 ObOQ UAUK RX
LQWHUDFWLRQV ZLWKLQ D FKHHVH PLFURELDO FRPPXQLW)\

1DNDJDZD 7 ,NHKDWD 5 O0O\RGD 7 OL\DML 7 7RPL]XND 1
DQDO\VLVDRWERKED®D FW R V I$SGDMWKHI REPEWHU S W RMUDR@DF W RIS
([SUHVVLRQ DQG 3XULILFDWLRQ

2VRULR & 5 %DUMD -/ +XWVR®UWKUREREG WIBQNQRRRPENROD\
*UHHQODQG 5KDQKPXYWWLXV KLSHORIORYVELBEBO -RXUQL
%DFWHULRO-RJ\

AXLJOH\ / 2 6XOOLYDQ 2 6WDQWRQ & %HUHVIRUG 7 3 5
7KH FRPSOH[ PLFURELRWD Rl UDZ PLON ){06 OLFURELROR

5HD 0 &UHY 6 *HOVVRPLQR 5 %UHQQDQ 10 ORXQLHU
6ZLQJV - &RJDQ 7 0 6WDELOLW\ Rl WKH ELRGLYHUV
UMGPHDU FKHHVH -RXUQDO RI 'DLU\ 6FLHQFH



‘ &KDSLWUWKUREDGWBULQGXVWULH ODLWLQgUH

6DPHOLV - .DNRXUL $ G5RJJD .- 6DYYDLGLV ,1 .RQWR
FROQOWURWHULD PRQOREYWRBHQWNQJ FRQWDPLQDWLRQ RQ
*UHHN ZKH\ FKHHRRHL Y WBEX)XGPDSMW FNDJHV )RRG OLFURELRC

7DQJ / -DL =RQ-J :<DQ-M 5 =KDPIKQJ 0DRJ = IDFWXORVH ELRV\Q
JDODFWRVLGDVH [URSUW KQHZES FWHRXDWHG RI ,QGXVWULL
%LRWHFKQRORJ\

7TRXFK 9 "HHWK + & OLFURELRORJ\ RI UDZ DQG PDUNHYV
SURFHVVLQJ DQ TXDOLW\ PDQDJHPHQW %ODFNZHOO 3XEO
O9DFKHV\URX O IRUPDQRWS 3 &DVVDJQH & &XOWLYDEOL

UDZ FRZ PLON DQG SRWHQWLDO WUDQVIHUV IURP VWDEOF
RI )RRG OLFURELRORJ\

9IDO-GYMOXEHU 1 6FKHUHU 6 6HLOHU +  GHQWLILFDWLF
VXUIDFH PLFURIORUD RI EULFN FKHVVH ,QWHUQDWLRQDO

9HUGIHMW] , OLFKHO 9 'HORqV & 'RFPQWNGUDFWLFHV LQIOX
GLYHUVLW\ RI UDZ PLON" )RRG OLFURELRORJ\

'DQDUVND 0 .XU - $ PHWKRG WRURWKRN H XR/G K BWE RIBOFRR
SDVWRW.WDLQ VWVH-REDOWEYRYVLGUWKURRPFWHU F KXOQR3J RIS K
UHFRPELDDMEL QRVH LVRPMKDRESIFVRRU OLFURELDO &HOO )

LMHVAHRDWRQL 5 %XUOLQJDPH % OLON DQG GDLU\ SU
%HQQHWW $ OFODKRQ (GV  OLON DQG GDLU\ SUR
$JULFXOWXUH 2UJDQL]DWLRQ RFWKH 8QLWHG 1DWLRQV 5|



,PSOLFDWLRQ GHV EOWWpPBEDZ\GRD HFRORUDWLRQ
GH VXUIDFH GHV IURPDJHV j SKWH PROOH HW FUREWH C._ . ...

&+%$3,75(

SBURGXFWLRQ GHV S1URWKQWE
DULODLWHQVLYV

/JHV IURPDJHV j FURE€EWH ODYpH VRQW GHV SURGXLWYV ODLWLH
VXFFHVVLRQ GHRGIFAUVPRMFDR FRXUV GX SURFHVVXV GH SU
FRDIJXODWLRQ GX ODLW HW O DIILQDJH /D VXUIDFH GHV IUR
SUPVHQWH JpQpUDOHP HOQRWX XKW ERIX FIRRS$ RUPHQGHXQH JUDQGH
OHYXUHV /D FRXOHXU GH OD VXUIDFH GX IURPDJH j FUREWH ¢
DWWULEXWV TXL DIIHFWH XQH DFFHSWDWLRQ SDU OHV FRC(
UHSUpVHQWDQWLRQ SRWHQWLHOOH GH QRPEUHXVHV TXDOLWYy
HW OD SURSUHWp /D FRORUDWLRQ GHV IURPDJHV j FUREWH O
GHV LQWHUDFWLRQV IRQFRULIPDMQANBGBW W XQ\®DHF OR&FWPH. IBUHRIU R |

/JHV SLIJPHQWYV JpQpUpV SDU OHV EDFWpPULHV LVROpPHV GH IUF
H[FHSWLRQ IDLW% WBRWE FRWBEMQEEDQYHQRQIWHPSY FHWWH E
FRPPH OHRRUPWRVPH PDMHXU XQLTXH UHVSRQVDEOH SRXU OH
GHV IURPDJHVY HQ UDLVRQ GH VD FDSDFLWp j SURGXLUH GHV
GHUQLQUHVY DQQpHVY DYHE OHV PpWKRGHV SOXV SUpFLVHV S
RUJDQLVPHV RQW pWp VLIQDOp% FRIPPRIDIVXV N LP D WVSERIDMWL@WY T

/IHV EDFOVMPOIWKHREQDWWBAFHPPHQW pWp LVROpPpHV VXU GHV IURPD
FRPPH FHUWDLQV GHRWWIRMPDWLPEBURXpY GDQV OD SLIJPHC
HQ UDLVRQ GH VD FRXOHXU JOREDOH FDUDFWpPULVWLTXH HW \
O DIILQDJH GH¥ WHRPHBEBIFW HHVIW XQBL B/ QRS WOMR/U R B B WAMEIDHAW
GHV IURPDJHV j FUREWH ODYpH PDLV D pWp UDSSRUWPpPH FRPPF
VXUIDFH GX I[URPDJH PRQWUDQW OD FDSDFLWp GH SURGXFWL
SRUWp QRWUH $DWWHRBRDRWHYRBVLEDEWHRQIWVHY FDURWPQRJIQQC
IURPDJHYVY | FUR€WH ODYpH GHV SURGXLWY ODLWLHUV ODUJHP



&KDSLWUH SURGXFWLRQUWKVRHEDPWRAWWY FKGIDIGHNHQVL

$UWLFOH

3URGXFWLRQ RI RBMWRWHIRE R EGAMH VEWDLDLADA W MR @ DWLHSG QH &
FKHHEXWWKLZR'QIRYVp / )(06 OLFURELRORJ\ /HWWHUV

/JHV FDURWpPQRWGHY FRQVWLWXHQW XQ JURXBWD QBHSVYIQW & W
XQH ODUJH YDULpWp GRUSORQWRHHN HWO \G H gRILHFUR GHV IRQFWL
FRPPH OD SURWHFWLRQ FRRWGEBWLHY R PORDUHYHS& RWR OOHFW
HQ WDQW TXH VWDELOLVDQWY GH PHPEUDQH FHORXIDQIMPH
VHPEOHQW rWUH XQH DOWHUQDWLYH FRPPHUFLDOH LPSRUWD
SRWHQWLHO GHVY ELRWHFKQRORJLHV {RV JDIMURWH YRRV [SOF
DGGLWLIV DOLPHQWDLUHY \ FRPSULV FRPPH FRORUDQWV G
SLIJIPHQWYV FDURWPQRWGHY QDWXUHOV SHXW rWUH SUpYXH VI
RUJDQLVPHV &HSHQGDQW FHUWDLQHV EDFWpULHV RQW UHo.
SUpVHQWHY GDQV OHV DOLPHQWY FRQVRPPpV RUGLQDLUHPH
IURPDJH

$UWKUREDFWHHVIW I00O0QWEHQN BRUQFQESDRH W WFURXYpV j OD VX
UHPDUTXDEOHPHQW GDQV OHV IURPDJHV j FUREWH ODYpH R
MDXQH GH OD FUR€WH GH IURPDJH /D FDUDFWpURYD@RRWYH
IRXUQLUDLW GHV LQIRUPDWLRQV XWLOHV SRXU H[SOLTXHU ¢
SUpPpVHQW OD UHFKHUFKH VFLHQWLILT»H VXIUO OI/WH QW MY FHR G |
EDOEXWLHPHQWY HW XQ DUWLFOH DQDO\WDQW OD SURGXFWL
GH IRXUQLU GHV LQIRUPDWLRQV GpFULYDQW OB SUR®DRWILF
SOXVLHXUV DVSHFWV FRPSOpPHQWDLUHV RQW pWp pWXGLpV



&KDSLWUH SURGXFWLRQYWKYVRHEDPWAW WY FKGIDIGHNHQVL



&KDSLWUH SURGXFWLRQUWKVRHEDPWRAWWY FKGIDIGHNHQVL



&KDSLWUH SURGXFWLRQYUWKVRHEDPWRAWWY FKOIDIGHNHQV L



&KDSLWUH SURGXFWLRQUWKVRHEDPWRAWWY FKGIDIGHNHQVL



&KDSLWUH SURGXFWLRQYWKYVREDPWRAW WY FKGDIGHFHQVL



&KDSLWUH SURGXFWLRQUWKVRHEDPWRAWWY FKGIDIGHNHQVL



&KDSLWUH SURGXFWLRQYUWKVRHEDPWRAWWY FKOIDIGHNHQV L



&KDSLWUH SURGXFWLRQYWKYVREDPWRAW WY FKGDIGHFHQVL



&KDSLWUH SURGXFWLRQUWKVRHEDPWRAWWY FKGIDIGHNHQVL



&KDSLWUH SURGXFWLRQYUWKVRHEDPWRAWWY FKOIDIGHNHQV L

$UWLFOH

& FDURWHQRLGV-UWUR A NKQHS BRHMAMAE DB W HEX IVWLKOLZ IRWQHE QV |
*LXINULGD ' 'XIRVVp [/ (Q YXH GH VRXPHWWUH j OD UHYX

3HQGDQW ORQHWIHPBRW HD LXW pOERGDWG p U p- FRPIPGIL ORH PR.BM R X
XQLTXH UHVSRQVDEOH GX GpYHORSSHPHQW GH OD FRXOHXU |
SURGXLUH GHV FDURWpPQRWGHVY RUDQJH TXL KRG WRHR ) H G HHQUAD
HW-GK\GURMRUHQLHUDWHQH 7RXWHIRLY DX FRXURUGHIQLSPM
RQW pWp VLIQDOpPV FRPPH DDO\SRRIPG B PV DVXW I RERION H W O
UpFHPPHQW LVROp VXU GHV IURPDJHV j FUREWH ODYpH HW
SULQFLSDRUPDROURPHY LPSOLTXpV GDQV OD SLIPHQWDWLRQ M

1RXV DYRQV pWXGLp SUPpFpGHPPHQW OD SUPVHQFH GH SSLJPHC
DULODLMDHQN SO XVLHXUV DVSHFWV GRQW OHV VSHFWUHV G C
H[WUDLWV SLJPHQWDLUHVY 6XU OD EDVH GHV VSHEWUHV G
POPWKDQROLTXHV SUpSDUpPV j SDUWLU GHV VRXFKHV SLJPHQW,
UHSUpVHQWpPV SULQFLSDOHPHQW SDU GHV PROpPEXOHV SRC
GpFDSUpPQR[DQWK+ QHHWH WRWHYO\FRVLGHY VRQW DWWHQGXV F
JpQpUp¥% SDWLODGWHQYNVY OHV GRQQpPHV JpQRPLTXHV SXEOLpI
GpPRQWUp OD SUpPVHQFH GTXQ JURXSH GH JgQHV GH EL
GpFDSUPQR[DQWKLQH

/IH EXW GH FHWWH pWXGH HVW G LGHQWLILHU OHV SLIPHQWYV
DULODIDNH@QWH IRXUQLU GHV LQIRUPDWLRQV DXVVL FRPSOgqW
GHV IURPDJHV j FUR€WH ODYpH ORUV GH O XWLOLVDWLRQ GH |



‘ &KDSLWUH SURGXFWLRQUWKVRHEDPWRAWWY FKGIDIGHNHQVL

& FDURWHQRLGYV |URPLSW®&HQ JF KESRMAWKHILR DD |
DULODLWHQVLYV

PDQLHOH *EXNXWKDWKDL 6X3DWODZREFRROD 'RPWDMNQFHVFR '&DFFQRBO O BDANQRICHQQH
J& KULVWR SKBLURQQBOW YRXQIOW RXBRXDBAQ@W 'XIRVVp

PSQLYHUVLWj GHJOL 6WXGL GL OHVVLQD 'LSDUWLPHQWR GL 6FLHQ]H GHDIB®DEPEALHQ
OHVVLQD ,WDO\

F$JULFXOWXUD® SBBWPRQRI\7KDLODQG ,QVWLWXWH RI 6FLHQWLILF DQG 7THFKQROR.:
FSQLYHUVLWj GHJOL 6WXGL GL OHVVLQD 'LSDUWLPHQWR GL 6FLHQ]JH GHO )DUPDFR t
®SQLYHUVLW| -OBIBI¥R BLRSRPD &HQWUR ,QWHJUDWR GL 5LFHUFD 5RPD ,WDO\

"¢ KURPDOHRQWXS BIONKHVSW@DWLUYWUVLW\ RI OHVVLQD ,WDO\

"/ DERUDWRLUH GH &KLPLH GH\W 6k VeN DHQFHY GH/WSOWU HHODAVWY 8QLYHU VL
6FLHQFHV HW 7HF{@ORIMRIQENM BBXQWRIQ LVODQG )UDQFH

7,15% 805 *03% *pQLH HW OLFAURELRORSDLHHEGWNLUHY &HQWUHIQRQUHF
7KLYHUMDQRQ )UDQFH

“/DERUDWRLUH GH &KLPLH GHM 6GGHWN BED IQAFHHYV G BW XL O@WHW 8QLYHUV
$JURDOLPHQWIIRMWL BGHQ®WHIXQLRQ LVODQG )UDQFH

‘/DERUDWRLUH $17L2; 8QLYHUVLWp GH %UHWD-JQN R2JFFhGHIQW DIXHP SHWH BULQYHH VLV

&RUUHVSRQGHQFH

IDXUHQW 'XIRVVp /DERUDWRLUH GH &KLPLH GHV 6XEVWDQF}
(6,52, $JURDOLPHQWDLUH 8QLYHUYV LMt GHHWDL 05X QLR GH /
JUDQFRDLED XUHQW GXURXQHRRQIUY



‘ &KDSLWUH SURGXFWLRQYUWKVRHEDPWRAWWY FKOIDIGHNHQV L

$SEVWUDFW

$LP7R LGHQWLI\ WKH SLJPHQWV LSUHRG QRSIEVEKWWR B BBRA H B \DHU L O L

OHWKRGV DQSUWHWREDYWHWYWUDOQ LBRHQWIOG VWUDLQ 6WS

3LJPHQWY ZHUH H[WUDFWHG Z MWEXAMNOV K-KD/QKRHOY 3D &3 SPBHW K \ O
PHWKRGRORJ\ ZDV DSSOLHG WR FKDUDFWHULJH W KIS HFIW B B Q
VSHFWUD ERWKDQEG $3&,, LRQL]DWLRQ PRGHV DQG WKH
FDURWHQRLGV ZHUH LGHQWLILHG LQ ERWK VWUDLQV ,Q SD
VDUFLQD[Z@GWRDSUHQR[D QVWGHLRD DUHND R[DQWKLQ ZKLFK ZHUH
FDURWHQRLGY KDYH EHHQ FKBUWD MSHBW]WE EQ G P\W K/ S\HBHY®) D8

$38&, LRQL]DWLRQ PRGHV 7KH RWKHU PLQRU FDORKWRQRG
SHQWDDFHWDWH GHFISXARYR[®HWEHODBRERRRYD QW K IGH F®LS Ut
& GHFDSUH®ROPQWRIWH ZKLFK ZHUH SUHVHQW LQ YHU\ OR

$3&; LRQL]DWLRQ PRGH

&RQFOXVAR®K VWHUDDQNORLHQOMLUVIDWHG DSSHDU WR V\QWHE
FDURWHQRLG@HADSBHMRPD QWKLQ ZDV WKH PRVW DEXQGDQW R

6LIJQLILFDQFH DQG ,PSRKW BHWKHNVNVWSHLERYLGH WKH ILUVW FK
SLIPHQWYV SURGXFHWGL ENQULRRA $E RIAWMMDUPM HRRK/ LRDG QRW SUHY
UHSRUWHG

_H\ZRUGV
FDURWHQRLG GH$WD\SKHRRDFQM K PBUDIDHDQ MG GKHWVH ULSHQLQ



‘ &KDSLWUH SURGXFWLRQYWKYVREDPWRAW WY FKGDIGHFHQVL

 QWURGXFWLRQ

6PHDUSHQHG FKHHVHV D-QVBHDRZ G KCHPVIDW BEBHHEBH G F K
HFRQRPLFDOO\ LPSRUWDQW GDLU\ SURGXFWV PDQXIDFWXUHG
FKHW®PDMLQJ SURFHVV PDLQO\ LQ PLON FRDJXODWLR-Q LI5QI® HG
FKHHVHV LV D PLFURE LRODRIWE GZMKKFROROORRPSRVHG RI D Ol
DQG \HDVWV 6HIYSH@OGVPKIDWVHY DUH UHFRJQL]JHG E\ FRQVXF
FKDUDFWHULVWLFV IRU H[DPSOH /LYDURW DQG (SRLVVHV IU
DQG 7DOHJJLR IURP ,WDO\ )LJ 7KHUBHQHG W KHHYAH LVRGRI
RI WKH PDMRU DWWULEXWHV ZKLFK LPSDFWV WKH FRQVXPHL
UHODWHG WR PDQ\ FKHHVH TXDOLWLHVY HJ PDWXULW\ QDW
&RORUDWLBRSRQWBHPKHHVHY DSSHDUV WR EH D FRPSOH]
LQWHUDFWLRQV DPRQJ PLFURRUJDPIHWEVYW B@WKHHVH U LORX QL
ORXQLHU HW DO 3LJPHQWY JHQHUDWHG E\ WKH VPHDU ¢
VWXGLHG H[FHSWLRQ P DG Hbt LR MEORRWWHH B R MAD BQIRIDFYWA IURED W K
ZDV FRQVLGHUHG WR EH WKH VLQJOH PDMRU PLFURRUJDQLV
VXUIDFH RI FKHHVHV EHFDXVH RI LWV DELOLW\ WR SURGXFI
LVRUHQLHKDBMHRMRUHQLHUD WEHRWW URMRUH@LHUDWHQH .RKO
+RZHYHU GXULQJ WKH ODVW \HDUV ZLWK WKH PRUH DFFXUD\
GHQDWXULQJ JUDGLHQW JHO HOHFWURSKRUHVLV DQG 6 VH
PLFURRUJDQLVPV KDYH EHHQ ®H SRIUDRHGIWVEWY URSRQWOQD VR I DW
(OLVNBY¥KQHU DQG *LQJLQJHU ¥RIROHO P D Q @ PIWGI HR SBM D
$UWKUREDFWHULD KDYH ORQJ EHHGHYRGDAKHE VIWR D B8 H
EHHQ QRWLILHG DV RQH Rl WKH PDMRU PLFURRUJDQLVPV LQY
ULSHQHG FKHHVHV GXH WR WKH FKDUDFWHULVWLF RYHUDOC
GLIIHUHQW VWDJHV Rl WKH FKHHVH SURGXFWLRQ XQWLO WKH
DO ,UOLQJHU DQG ORRERWGH HW/ IWHKQYREDFWHUVDRQB L
VSHFLHV $SDPRQUREDFWHULD SUHVHSMQR®@ NRHIBWHY DQG ZDV
GRPLQDQW EDFWHULDO VSHFLHV RQ WKH FKHHVH VXUIDFH V
*DODXS HW DO ,JUOLQJHU HW DO *DODXS-3HNW @DW D
6SLQQOHU BXWWKLZRQJ HW 3@ W K U R BRIRMRISINQ FW K R SKHOQX Y
$UWKUREDFWZADW JODHYLIDROX WO\ UH SR UW H® WRWVHQ@RWGHA L1H VBKIF
ELVDQK\GUREDFWS$IULRUMEBULOQHNWI®W KUREBFWHEZDY DOVR IR
SURGXFH GHFDSUHQR[DQWKLQ DQG LWV JOXF R \FIDAHRW HEURSLLE,
VIQWKHVL]HG E\ EDFWHBEWLZERFREBFORGIXKWR MKABRZ RQO\



‘ &KDSLWUH SURGXFWLRQYUWKVRHEDPWRAWWY FKOIDIGHNHQV L

FDURWHQRLG ELRV\QWKHWLF SDWKBROLKEDR\EHDQ LE&H& B LB H
VS &4LIWKF\FOLFBURWHQRLG VDUFURB FOFFW & TRX WH OWQL® KH 0
F\FOLFFRURWHQRLG G H FORBUW\IQ®! E DFRUWHKULLOX RUOKEOW DR LHFW PD O
DO 1HW]HU HW DO +HLGHU HW DO $FFRUGLQJ
SXEOLVK$GWKRIREDFWHUORQ QO DL W MQ DIOV PO GMHF DSIUHRWR |
ELRVIQWKHWLF JHQH FOXVWHU LV SUHVHQW

7KH DLP RI WKLV VWXG\ ZDV WR IXOO\ LGHQWLI\-DD®HWK® J
EDFWHULWLODLY RQNGIWU WR SURYLGH QHZ LQIRUPDWLRQ XVHI
VPHDUSHQHG FKHHVHV FRORU DQG UHOHYDQW ZKHQ VHOHFWL

ODWHULDOV DQG PHWKRGYV

%DFWHULDO VWUDLQV PHGLXP DQG JURZWK FRQGLWLRQV
<HOGRJ2PH®WW KU R E D F W HWUWDRJWDLL@D/L WNVHRODMEHHE) HWGR P K\HRHH/DHWY/



‘ &KDSLWUH SURGXFWLRQYUWKVRHEDPWRAWWY FKOIDIGHNHQV L

$ DULODIRNVHQURYOIRGW XH D QGO DBLWEH Q VU\R BDBOALIQQV ZHUH XV H
VWXG\ 8VXDOOY& WMRKHGZBWH PDLQWDLQHG GXULCEDWHKGVDY DY
VWRUBSG DG VXEFXOWXUHG PRQWKO\ 7KH FKRLFH RI WKHVH
FRORU DPRQJ WKH Z&RW K URED® MWAHWWRIPLRI/L RIHRXWVODERUDWR
VKRZQ WKDW DOO WKH VWUDLQV SUHVHQWHG WKH VDPH +3/&
LQFOXGLQJ WKH 5H VWUDLQ XVHG E\ ORQQHW HW DO IR

6WDUWLQJ IURP D ORRS$ RD LBDOLN \WEBIIMMWEW ZB U W KSHU L PR UL O\
ROG SUHFXOWXUH VEDY HPG& GO\ TXQLI® HPGIGH QW 'LIFR FDVDPLQF
H[WUDFW JOXFRVH 321 DBE®MXVWHG S+ WR® ZEWK DWISH
DILWDWLRQ XVLQJ ,1)256 +7 LQFXEDWRU $IWHU K Y Y
PLON LQJEIMGHGI @WTXLG PHGLXP DQG WKHQ LQFXEDWHG LQ W
SUHFXOWXUH

3LJPHQW H[WUDFWLRQ
$ DULODLXMOHMDMLNY JURZQ XQGHU DHURELF FRQGLWLRQV ZLWH
GD\V E\ FHOQWULIXJRWLRQ@ IDQW $IWHU ZDVKLQJ WZLFH ZLWK GH
ZHUH IUR]H® IRW K DQG WKHQ O\RSKLOL]JHG WR FRPSOHWEF
O\RSKLOL]HG FHOOV ZDV H[WUDFWHG ZLWK PHWKDQRO &D
PLQ &HQWULIXJDRULRQPLQ ZDV FDUULHG RXW WR VHSDUDWH
FRQWDLQLQJ VXSHUQDW D-GI\W U R RAWH® O \& HER\. \Z 2\ K P W K D Q R
WHEXW\O HWKHU 07%( &DUOR (UED XQWLO FRPSOHWH EOHI
YROXPH Rl WKH FRPELQHG H[WUDFWV ZDV HYD%RUIL\QH D WRF
5RWDYDSRU 7KH UHVLGXH ZDV GLVVROYHG LQ PO RPHWKDQRC
-—P K\GURSKLOLF PHPEUDQH OLOGOILXRH DQ Q6 EWW RYIHIED XL
DQDO\VLV

+3/&3'$-$3&,06 DQDO\VLV

$QDO\WHV ZHUH FDUULHG RXW RQ D 1H[HUD OLTXLG FKURI
FRQVLVWLQJ RIFR@QWOROOHU GXBRX&JHU ISRUEZDDXAEY- D$'*8
GHIJDVVHU DF&RCXPQ RYH® DXWRVDPSOHU PP , ' VWDLQOI
GHDG YROXPH ZDV HPSOR\HG IRU FROXPQ FRQQHFWILRAQ) 7KH
PDVV VSHFWURPHWHU WKURXJK DQ $3&, VRXUFH RSHUDWLQJ
ARWR -DSDQ '‘DWD DFTXLVLWLRQ ZDV SHUIRUPHG E\ PHDQ\

6KLPDG]X



‘ &KDSLWUH SURGXFWLRQYWKYVREDPWRAW WY FKGDIGHFHQVL

&KURPDWRJUDSKLF VHSDUDWLRQ ZDV DFRRHMH& REORGXF
[ PP LGPP GS NLQGO\ GRQDWHSOEGUBKISHBFAR GHIRQ W H

PRELOH SKDVHV FRQVLVWHG RI PW WO R OH WIOKW QRO X H QR Q/G%P
FROXPQ ZDV LVRFUDWLFDOO\ FDUULHG RXW IURP $ IRU
QH[W PLQ ZLWK % WR D ILQDO UDWLR RI $ % IROORZ
$ % 7KH FROXPQ ZDV WKHQ UHWXUQHG WR WKH LQLWLDO F
UDWH ZDV PO PLQ DQG WKH LQMHFWWNVRQSHRQXIMHZHDH D F/T X
RI - QP ZKLOH WKH FKURPDWRJUDPV ZHUH H[WUDFWHG DW

/&06,772) 06 GHWHFWLRQ SDUDPHWHUV ZHUH DV IROORZV
WHPSHUDWXUH f& &'/ WHPSHUDWXUH f& EORFN KHDW
1 / PLQ LRQ DFFXPXODWLRQ WLPH PPVHFHQUD M VFIDQ
UHSHDW HRW 06 06 IXOO VFDP YUDRQHDFFXPXODWLRQ WLPF
HQHUJ\ 6DPSOHYV ZHUH DQDO\]HG LQ WULSOLFDWH

&DURWHQRLGY ZHUH WHQWDWLYH®\ LSHQWWILD L H® A X\W K €
VWUXFWXUH DQG 06 VSHFWUD UHFRUGHG LQ ERWK SRVLWLY
FRQVLGHULQJ WKHLU UHVSHEWLYH HOXWLRQ RUGHU

SHVXOWYV

7KH FDURWHQRLG H[WUDFWVYLBEEW®YDQ QHEGRW R P VKDV DW DI
DQG 6WS SUHVHQWHG VLPLODU FKURPDWRJUDSKLF SURILO
RI VWUDLQV 6XWWKLZRQJ 'XIRVVp $ W\SLFDO FKURP
GLVSOD\HG PDMRU JURXSV RI SHDNV DFFRUGLQJ WR WKH HC

PLQ IROORZHG URXJKO\ PLQ ODWHU E\ D VPDOO EXW PO
SHDN UHSUHVHQWLQJ WKH JURXS ,, ZHUH ODWHU HOXWHG E

7KH PDLQ FDURWHQRLGV ZHUH LGHQWLILHG DV &HFDSI
GHFDSUHQR[DQWGIFDSDIPGR[DQWKLQ 7KHVH PROHFXOHV
E\ ERWK WOHIWLVUSSOFWUD DQG 06 VSHPWGD EIRRQL IDQVER&, PRGH
VKRZV WKHYL'Y B HFWUD Rl WKH LGHQWLILHG SHDNV

7KH PDVV VSHFWUD RI WKH WZR SULQFLSDG W\$HWDIR W FHI)U
GHFDSUHQR[DQWKLQ DQG VD UFQGHDQWKLIORQL]DW R, PRG
)LJ

7KH PDVV VSHFWUD FOHDUO\ VKRZ WKR ]SV HXEG RFKRD QX
LRQL]JDWLRQ PRGH IRU GHFDSUHQR[DQWKLQ $ DQG VDU



&KDSLWUH SURGXFWLRQYWKYVREDPWRAW WY FKGDIGHFHQVL



&KDSLWUH SURGXFWLRQUWKVRHEDPWRAWWY FKGIDIGHNHQVL



‘ &KDSLWUH SURGXFWLRQYWKYVREDPWRAW WY FKGDIGHFHQVL

LRQL]DWLRQ PRGHV % DQG ' WKH IUDJPHQWYV LRQV SURGXFF
WROXHQH IURP GHFDSUHQR[DQWKLQ % DQG EP WKH IQRWPV
VDUFLQD[DQWKLQ '

7KH RWKHU PLQRU FDURWHQRLGY ZKLFK ZHUH SUHVHQW
$3&,- LRQL]DWLRQ PRGH 7KHVH FDURWHQRLGV ZBOXFRWGH®
SHQWDDFHWDWH 60*S -JOKFRYWIEOR [DQWHKHED SUOYRRD/QWKL QO
DQG GHFDSU&QR[BBHWRSQHQR[DQWKE Q+SDOPLWKEEAY "WRKH H[W
FKURPDWRRUDPV BW IRU "* PD)W IRU '0*PDW IRU-8HF DQG DV
P ] UHODWLYH WR FRPSRXQG DV UHSRBMMH G QG 0L
VSHFWUD LQIRUPDWLRQ IRU WKH LGHQWLILHG FRPSRXQGYV



‘ &KDSLWUH SURGXFWLRQYUWKVRHEDPWRAWWY FKOIDIGHNHQV L

7KH FKHPLFDO VWUXFWXUHV RI WKH WZR PRVW LPSRUWDUC
SURGXF$ GDE\L O D ILVGHHFWDISW H Q R DBQ BV 6L Q - % £ VK\G URPHWKAO© E X W
HQ\@O-FDURWHQK DNEGQD[D GWKI5Q -%+LVK\GURPHW K\ OHEQMWD-

FDURWHQH DUH VKRZQ LQ )LJ 7KH ZKROH SLFWXUH Rl WKH
SUHVHQWHG LQ WKLV IUDPHZRUN RI D ELRV\QWKHWLF SDWKZD



‘ &KDSLWUH SURGXFWLRQYUWKVRHEDPWRAWWY FKOIDIGHNHQV L

'LVFXVVLRQ

,Q WKLV VWXG\ WKH FDURWHQRILSH QLW UFEAAW. DUDR BY BINAD.
ZHUH FKDUDFWHULIHSS E&OBQPHWEKRGRORJ\ $FFRUGLQJIWR WK
VSHFWUD WKH PDVV VSHFQW B3RRWK LRQ$3RWLRQ PRGHIV DQ
DULODMWBHGNVHY GRHV LQGHH® SRWBRIRHAGM. JBRQYGLLQ SDUWLFXO
DQGHFDSUHQR[DQWKL QM URLMUR WHIR L® PULWR U IDIPRAHW AR ARK R
GHFDSUHQR[D GHHIRD DPUHD R[DQWKLQ 'HFDSUHQRPROWIQIE LG/L D
JOXFRVLGHWWRHAG ZLWK SDOPLWLF DFLG DV DFLG PRLHW\

-=GHFDSUHQR[DGWKIFQ DUHD R[DQWKLQ LVRPHUV DUH DOZ
ZLWKLQ WKHVH EDFWHULDO SLIJPHQWHG H[WUDFWV DQDO\]JH
EHIRUH WKH RIILFLDO GHYVRULBWICRDQQR WE®KLH OW B GVEBAEK IDHMVB. O\
RI WKH FKHPLFDO VWUXFWXUHY RI WKH SLIJIPHQWY LQ WKH SUF
DXWKRUV FRGHORFHEGE WRDWDURWHQRLGV-BPBYWUIL GHIWBWDQBR
DQJ

7KH VHFRQG LQWHUHVWLQJ SRLQW LQ RXU VWXG\ LV W
FDURWHQRUWIGQZLWRG D VDUFLQD[DQWKLQ GHULYDWLYH VDUF
7R RXU NQRZOHGJH WKLV LV WKH ILUVW WLPH WKDW WKH V
GHVFULEHGH@HW IQAFFD®@ O\ HQJLQHHUHG EDFWHULD 8S WR QRZ \
L@LFURFRFFXMHWWHXNW DO DQG GHFDSKRQR]HBE QWKW A L
JOXWDPLUFXPDVLN HW DO +HLGHU HW DO

*HQRPLF GDWD SUHYLRXY OD BLDCHBIWWHKBAKRD BRXWQRPH VHT!
GHVFULEHG &UMW( &UW% &UW, &EM{RWHDWIHOHVEKEFWXVWHU
Rl WKH GHFDSUHQR [(DRUONB HE DFWRHINXN P FYXEOW DR LHFW PD O OF

+HLGHU HW DO &\FODVHV DUH NH\ HQJ\PHV LQ WKH
LOQYHVWLIDWHG WKURXJK 0P RO VE b BN <REKQ FSHRBSIW LG KM FRRQ N WHL
VSHFLILFDOO\ FRQYHUWLQJ IODYX[DQWKLQ& LQUWRWDSUWK®R|LC
SRO\SHSWLGHV BR\FOW VHXNEDERMWEKFWLYLWLHY DQG FDQ FRQ)
GLIITHUHQW & FDURWHQRLGY GHFDSUHQR[D QWKL QD W/DOULFL\Q B
RQO\ WKH ILUVW WZR FDURWHQRLGY ZHUH GHWHFWHG

6LQFH RQO\ D IHZ VWXGLHVS$ K DYH OPHMKH QGHLGPFHEQMH/G RW RV K
KDG QHYHU EHHQ LQYHVWLJIJDWHG IXUW K H-AU MSKHIIH @&/ K- BRI IMH 1L W
DO 7R RXU NQRZOHGJH WKH SUHVHQW UHVXOWYV ZHUH V
FDURWHQRLG SLIPSHQMWULSDRWGKRBNGVE\



‘ &KDSLWUH SURGXFWLRQYWKYVRHEDPWAW WY FKGIDIGHNHQVL

&DURWHQRLGY DUH D JURXSGRWHNWGERR VGRSR UPKQIWY VIQWKH)
SODQWVY DOJDH DQG PLFURRUJDQLVPV 7KHVH SLIJPHQWYV KDY
IXQFWLRQDO SURSHUWLHVY SULQFLSDOO\ DQWLR[LGDQW DFW
FDQFHU FDUGLRYDVFXODU DQG $O]KHLPHUYTV SDWKRORJLHYV

HITHFWV RI QDWXUDO IXQFWLRQV Rl FDURWHQRLGYV WKH\ KDY
SURGXFWV SKDUPDFHXWLFV DQG FRVPHWLFV DV ZHOO DV HF

SRXOWU\ ILVK DQG FUXVWDFHDQV :DQJ HW DO <XDQ HW
HW DO 7DULTXH HW DO
ORUH WKDQ Rl DOO QDWXUDO FDURWHQRLGY DUH EDVH

RQO\ D VPDOO QXPEHU RI & DQG HYHQ IHZHU & FDURWHQTF
FDURWHQRLGY KDYH PXOWLSOH FRQMXJDWHG GRXEOH ERQGV
WKHVH IHDWXUHV FRQWULEXWH WR VWURQJ DQWLR[LGDWLYH -
E\ SODQWYV KDYH KLJK SRWHQWLDO IRU DSSOLFDWLRQ LQ QXV

%HVLGHY WKH FRQYHQWLRQDO XVH LQ FKHHVH PDQXIDFW
VIQWKHVL]HG BIL KB LFXI$EDHW 8 DD HIWHUZDUG SURPRWH WK
LQJUHGLHQWYV H[WIWDFRMH EDIFVMRIPUIFDR GKLFK ZRXOG OHDG WR
FDURWHQRLGY DYDLODEOH DV IRRG FRORUDQWYV DV ZHOO D
FDURWHQRLGY LQ OLJKW SURWHFWLQJ FRVPHWLFV DQG VXQVI
EH HIIHFWLYH 89 DQG YLVLEOH OLJKW ILOWHUYV

$FNQRZOHGJIJHPHQWYV

1 6XWWKLZRQJ LV JUDWHIXO WR WKH 5R\DO 7KDL *RYHUQPHC
3K' DW WKH 8QLYHUVLW\ RI 5SHXQLRQ ,VvVODQG )UDQFH 3K' GHI
&DUR DQG 0 )RXLOODXG ZRXOG OLNH WR WKDQN WKH &RQVHL:
IRU ILOQDQFLDO VXSSRUW Rl UHVHDUFK DFWLYLWLHYVY GHGLFDW

&RQIOLFW RI LQWHUHVW

7KH DXWKRUV GHFODUH WKDW WKH\ KDYH QR FRQIOLFWYV RI LC

SHIHUHQFHYV

$OXQFLDWR 7 3 DQG )LKR 3$ G5 &DURWHQRLGV I
QXWUDFHXWLFDOV -RQXG FRY FRH RRMWPLEHRADIORY ' HUPDWRORJ\



‘ &KDSLWUH SURGXFWLRQYUWKVRHEDPWRAWWY FKOIDIGHNHQV L

$USLQ 1 )DLVYRQJIJDUG 6 %RUFKHOVBQG6/LDDHQ%DFWHULL
/9, & &DURWHQRLGW®DURW KQR$:GW KIWARED FW I$ B WD BEAKIHPQ I
6FDQGL@DYLFD
$USLQ 1 --HODVH@ 6 DQG 7URXLOORXG 0 % D-RMD H B MOHD R
,VRODWLRQ R| GHFDBQE&QRKFRWKGE D $BFRER R {5 FNF MWD
&KHPLFD 6FDQGLQDYLFD

%RFNHOPDQQ :-6BIQEHYR ISH 7KH VXUIDFH -ILOLRSWI) RG EIXFHWM M
FRZ V DQG JROWHWE®DWNRQDO 'DLU\ -RXUQDO
'XIRVVp / ODKRQ 3 DQG %LQHW $ $VVHVVPHQW RI W

OLQHQV VWUDLQV VSHFWURFRORULPHWU\ YHURXW QDFONR
'DLU\ 6FLHQFH

(OLVN/BIEKQHU ) DQG *LQJLQJHU : 7 K HJ [EDHQWHHGU LFIK®! M O
VSHFLDO UHJDUGDWW FRU\QIRUPYV

JHXUHU & 9DOODH\V 7 &RUULHX * DQG ,UOLQJHU ) '
FRPSRVLWLRQ RI WKH VPHDU DW WKH H-QV® HRD UN K KR B IV SRHIDL
RI 'DLU\ 6FLHQFH

*DODXS 3 )ODPLQ & &DUOHW ( DQG 'XIRVVp / +3/& D
PLFURIORUD LVRODWHG IURP WKH p3URWHFMHIDG "HWR/IW QK
OXQWHU (SRLVVHV 5HBEBGRBKRMVEQGFKYRQWRWQDWLRQDO

*DODXS 3 *DXWLHU $ 3LULRX < 9LOOEODQFKH $ G 9DC
ILQJHUSULQWY IURP WKH-VPEBURUDBHQAK ¥RIWHBKHVVHYV
DQG 0DURIROMHMWLYH JRRG 6FLHQFH DQG «(PHUJLQJ 7HFKQF

*RHUJHV 6 ORXQLHU - B5HD 0 & *HOVRPLQR 5 +HLVH 9
0 DQG 6FKHUHU 6 &RPPHUFLDO ULSHQLQJ VWDUWH
PLON GR QRW VXFFHVVIXOO\ HYWDEOLVK WKHPVHOYHV LC
VRXWK *HUPDQ UHESSPHHEG PIQMHMHY LURQPHQWDO OLFUREL

+HLGHU 6 $-(HQGXHWHKY 3 1HW]JHU 5 6WDIQHV 0 DQG %UDX
JOXFRV\ODWLBRQGREDRUIRWHQRLGY E\ PHWDE&ROLFHOIRWH
JOXWDRISSXPLHG *HQHWLFVY DQG OROHRFXODU %LRWHFKQRO

+HLGHU 6 $ {HQ@EHWHKY 3 DQG :HQGLVFK 9) &DURW
RYHUSUR G&FEW DRRE LRW H U L% 0 ZOXKWF D RIERRR R J\
,UOLQJHU ) %LPHW ) '"HOHWWUH - /HI§YWKUREDRWBGWIU LHH

QRY PUEKUREDFWHWSD QRYDLYRODYVQWRU\QHIRUP VSHFLHYV
FKHHVHYHUQDWLRQDO -RXUQDO RI 6\VWHPDWLF DQG (YRO;



‘ &KDSLWUH SURGXFWLRQYUWKVRHEDPWRAWWY FKOIDIGHNHQV L

,JUOLQJHU ) DQG ORXQLHU . OLFURELDO LQWHUDFWLRQ\
VDIHWWUUHQW 2SLQLRQ LQ %YLRWHFKQRORJ\
.LUVK 9% OD\QH 6 7 3HWHUV 8 &KDWWHUMHH 1 /HLW

&UDZIRUG (' DQG +D\HV 5 % $ SURVSHFWLYH VWX
LOQWDNH DQG ULVN & (BRAHRWV WL H UFDLQRFHRUO % LRPBUNHUV
.RKO : $FKHQEDFK + DQG 5HLFKHQEDFUHH ¥LEDFWHKIH)EP DRI

FDURWHRRELBRFKHPLVWU\

.UXEDVLN 3 7DNDLFKL 6 ODRND 7 .RED\DVKL 0O ODVDPR\
ELRVIQWKHWLF SDWKZD\ WR GHF&BUWQHEDRDWHUW DX B QIEDXKV
LGHQWLILFDWLRQ RIS$QEXH®HM RIHUFFHUGRIEDL\R BR J\

/IDUSDERUGH 6 ,PUDQ 0 %RQDwWWL & %RUD 1 *HOVR
*RRGIHOORZ 0 :DUG $ & O9DQFDQQH\W 0 6ZLQJV -
'"HVPDVXUHV 1 6XUIDFH PLFURELDO FRQVVRUWHOQHIG
FKHRMHDGLDQ -RXUQDO RI OLFURELRORJ\

IHFO+BHRTOPW &RUULHX * DQG 6SLQQ®&HUFRORHY REDFWHULXF
GHSHQGV RQ WKH \HDVW XV HGER MU BIOHRIIVHD IGUHDFALAH.Q EFD W

/HF OHBBRJTO PW D@ G 6SL-PQOHU 74K H W\ASH RI FKHHVH FXUGV GHYV
FDSDFEAWHRLEDFW HDWQEXR OUR BERNWRNIUQBFRHYD LU\-5HVHD L

/L ) - 6KHQ / DQG -L +) 'LHWDU\ LQW-FDKHWR\RH @ HWDIFG
$O]KHLPHU V GLVYOIDOWXN BRI $O]KHLPHU V 'LVHDVH

ORQQHW & /RX[ -9 6SQEQDW®WDYEH 9 O9DFKHULH % *DYRI
6LIXLHU 3 &KDQGOHU 0 (OOHXFK 5 ,UOBQWKWUR)E DFQ
DULODIBWMHQVUHWRPH VHTXHQFH UHYHDOV LWV JHQBARBF D (

21( H
ORXQLHU - *HOVRPLQR 5 *RHUJHV 6 9DQFDQQH\W 0 9D
6 6ZLQJV - )LW]JHUDOG *) DQG &RJDQ 7 0 -ULSKHRHQE
FKHH¥$ISOLHG DQG (QYLURQPHQWDO OLFURELRORJ\
ORXQLHU - *RHUJHV 6 *HOVRPLQR 5 9DQFDQQH\W 0 9D
10 6FKHUHU 6 6ZLQJV - )LW]JHUDOG *) DQG &R

DGYHQWLWLRXV PLAURKIORHG- RKEDQVYBPHRU$SSSOLHG OLFURE

ORXQLHU - ORQQHW & 9DOODH\Ws 7+p®UBYWSE B QG DUWKR
OLFURELDO LQWHUDFWLRQV ZLWKLQ$BSOKHBVEHQBLRQREU
OLFURELRORJ\



‘ &KDSLWUH SURGXFWLRQYUWKVRHEDPWRAWWY FKOIDIGHNHQV L

IHW]JHU 5 6WDIVQHV 0 + $QGUHDVVHQ 7 *RNVj\U $ 9
%LRV\QWKHWLF S0 RKZD \ V DRIF L QL B QRWFKRFKF XV BWWHR U R J
H[SUHVVLRQ DQG HYLGHQFH IRU GLYHUVH FDQUR WKQW LS O
“-RXUQDO RI %DFWHULRORJ\

3LFNZRUWK & /RHUFK 6 & .RSHF 5 ( 6FKZDUW] 6 - PQG )
YLWDPLQ $ FDURWHQRLGV LQ FRRRRQDEHRI BRQWRDOH 6lFLHL

6XWWKLZRQJ 1 &DUR < OLOKDX & 9DOOD $$UWKUREDKL
DULODLMWHIDMLIQN LVRODWHG IURP ULSHQHG FKHHVHV FKD
VSHFWURFRRRG LPHWHD\UFK GRWHUQDWMRI@BG UHV

7DR /| <DR + DQG &KHQJ 4LHWYISPHEGH MMRWIBHVLV RF\& O DR C
FDURW HIQ®RH G \£

7DULTXH 7 0 <DQJ 6 ORKVLQD = 4LX - =KDR < *DQJ
FDURWHQRLGY LQ SRXOWU\ ERGXY W \RL Q R\K XQ D O D6 FIHYQ F

'DQJ -< &KLH®Q DXQG 3BQ & (IIHFWV RI GLHWDU\ VXSSOHPHQ
VXUYLYDO JURZWK SLJPHQWDWLRQ DQG +D®KHRRE D WI
FDOOSVXDXF/XOW X UH

<XDQ -3 3HQJ - <LQ . DQG :DQJ-SURPRWLBRWH QW WD/ORK I

KLJKDOXH FDURWHQRLG PRO/RMOHFMRIPUPLXWRDWIBR -)RRG



&KDSLWUH SURGXFWLRQYUWKVRHEDPWRAWWY FKOIDIGHNHQV L

$UWLFOH

$SUWKUREDFWHWWUWLIOPDM WNRWOIDWHG ITURP ULSHQHG FKHI
SLIPHQWDWLRQ XVLQJI6XSHWFRILZR&BOR KLPAMAMKDX & 9DOO
0 'XIRVVp/ )RRG 5HVHDUFK ,QWHUQDWLRQDO

/ID FRXOHXU HVW XQ pOpPHQW FOp GH OD GpFLVLRQ G DFKDW
FRPPH XQ VLJQH GH TXDOLWp \ FRPSULV XQ DVSHFW DWWL
IURPDJHV HQ SDUWLFXOLHU OHV IURPDJHV j SKWH PROOH FL
SOXVLHXUV TXDOLWpV SDU H[HPSOH OD PDWXULWp OH QDWXL
VRQW UHFRQQXV SDU XQ FRQVRPPDWHXU VHORQ OHXU FRXOH)

'HSXLV TXHOTXHV GpFHQQLHVY OD VSHFWURFRORULPpWULH I
WHFKQRORJLH DOLPHQWDLUH HQ SDUWLFXOLHU GDQV OHV VF
GH OD FRXOHXU GH GLIIpUHQWY W\SHV GH SURGXLW 'DQV OF
FRXOHXU j O DLGH GfXQ VSHFWURFRORULPpWULH D pWp DSSO
OD VXUIDFH GX IURPDJH HQ IRQFWLRQ GX WHPSV SRXU OH F
SRXU OD FDUDFWpULVDWLRQ GH OD SLIPHQWDWLRQ GH OD PLI

'DQV OH EXW GH IRXUQLU GHV LQIRUPDWLRQV D Xy WKERIETDFQ
DULODLFMRPPWLVKQH SDUWLH GH OD IORUH G DIILQDJH FHW
VSHFWURFRORULPpWULH TXDQWLWDWLYH SRXU OD GHVFULSW
GH FHWWH EDFWpULH



&KDSLWUH SURGXFWLRQYWKYVRHEDPWAW WY FKGIDIGHNHQVL



&KDSLWUH SURGXFWLRQYUWKVRHEDPWRAWWY FKOIDIGHNHQV L



&KDSLWUH SURGXFWLRQUWKVRHEDPWRAWWY FKGIDIGHNHQVL



&KDSLWUH SURGXFWLRQUWKVRHEDPWRAWWY FKGIDIGHNHQVL



&KDSLWUH SURGXFWLRQYWKYVREDPWRAW WY FKGDIGHFHQVL



&KDSLWUH SURGXFWLRQYUWKVRHEDPWRAWWY FKOIDIGHNHQV L



&KDSLWUH SURGXFWLRQYWKYVREDPWRAW WY FKGDIGHFHQVL



&KDSLWUH SURGXFWLRQUWKVRHEDPWRAWWY FKGIDIGHNHQVL



&KDSLWUH SURGXFWLRQUYUWKYVRHEDPWRAW WY FKGDIGNHQVL



,PSOLFDWLRQ GHV EOWWpPBEDZ\GRD HFRORUDWLRQ
GH VXUIDFH GHV IURPDJHV j SKWH PROOH HW FUREWH C_ . ...

&+%$3,75(

QIOXHQFH GH O HOYLURQOQH

SURGXFWLRQ GHS$SVUWRYRRD/F Y
DULODLWHQVLYV

/ID FRXOHXU GX IURPDJH j SKkWH PROOH HW FUR€WH ODYpH H
VXUIDFH JpQpUDOHPHQW FRPSRVpH GH OHYXUHV HW GH EDFV
GDQV FHWWH IDPLOOH HVW G DXWDQW SOXV FRRYCB[H VTRXHVTCE
OH ELRILOP SHXYHQW VH SURGXLUH SDU DLOOHXUV OHV IDF
FKLPLTXHV DIIHFWHQW pJDOHPHQW OD FRORUDWLRQ GH IURP

$X FRXUV GHV GH® QL gUa8 uDDMAWIPWHB/HQWLILp FRPPH XQH VRXFK
UHVSRQVDEOH GH OD FRORUDWLRQ GHV IURPDJHV j] FUR€WH
pWXGH VIHVW FRQVDFUpH j OD FDSDFLWp GH FRORUDWLRQ GH
GpDFLGLILpYVY ' DXWUH SDUW SOXVLHXUYV %WNYGHE\D W) ML FDOU
FRORUDWLRQ GX I[URPDJH VHORQ OfHIIHW GH GLYHUV IDFWHX
OD OXPLqUH OD WHPSpUDWXUH HW OHV OHYXUHV XWLOLVpHYV
G DXWUHRWPLDAOURPHY LVROpV j SDUWLU GH IURPDJHV DIILQpPV

&H FKDSLWUH FRPSUHQG GHV UpVXOWDWYV H[SpULPHQWDX[ GH
GH OD OXPLqUH VXU OD SURGXFWLRQUGHK SR EDH @ W Wb QDD OFXOW
GpYHORSSHPHQW GH OD FRXOHXU GH FHWWH EDFWpULH VRXV
XWLOLVpHY GDQV OD GpVDFLGLILFDWLRQ



PY &KDSLWUH ,QIOXHQFH GH O HQYLURQQHPHQW GDQV ( GXFW
SDYUWKUREDFWHU DULODLWHQVLV

,QIOXHQFH RI OLJKW RQ ELRPDVV DQG SLSBRGNFISQ
VWUDLQV 'DQV OfDUWLFOH

$IWHU WKH VLPXOWDQHRXV LQERFHWLRIQGLRP PXQ S HRUD M BNEM-
FRQGLWLRQV FXOWXVIHRGRFLGEIDVRWEDRYGAHUH FROOHFWHG
SURGXFWLRQV IXUWKHU GHWHUPLQHG :KHQ FXOWXUHG WKHV
IURP WR YHUVXYV WR XQGHU OLJKW FRQGLWLRQ
QRW D VWDWLVWLFDOO\ VLIJQLILFDQW GLIITHUH@FH EHWZHHQ W

,Q FRQWUDVW WR WKH ELRPDVV SURGXFW-LSRUR GKIFW R W H/MRLIBL
XQGHU OLJKW FRQGLWLRQ KDG KLJKHU SLIJPHQW FRQFHQWUDYV
'KHQ FXOWLYDWLQJ LQ WKH OLJKW FDURWHQRLG SZIRMKKFW L
DULODLYBHQWLWSOD\LQJ WKH ORZHVW FDURW B RIEEW ISUMRIGKH
$$ SUHVHQWHG WKH KLJKHVW FDURWHQRLUGVREFPWRQYWQRLG
GDUNQHVV ZDV EHWZHH@IWHWR WDWLVWLFDO DQDO\VLV FEDU
WKH VDPH VWUDLQV EXW JURZQ LQ WKH GLIIBUHQW FRQGLWLR

7KH UHVXOWY OHG WR FRQFOXGH WKDW OLJKW LQI-&FRIOGIHIEG W
DULOD MWWHIQWLIOW VWXGLHG EXW KDG QR LPSDFW RQ WKHLU ELI



P &KDSLWUH ,QIOXHQFH GH O HQYLURQQHPHQW GDQV ¢ GXFW,
SDWWKUREDFWHU DULODLWHQVLYV

7KH HITHFW RI1 OLJKV$ RQRKRHREREFDWWWLURQURIVBMV QYL D

6SHFWURFRORULPHWU\ ZDV DSSOLHG W R DRK.EDUDD: RINHEDUFLRP SVID KO
GDWD UHFRUGHG HLWKHU XQGHU GDUN RU GD\OLJKW FRQGL
UHPDUNHG )LUVW WKH D/E VWD RJ VH BIHVD PREEYVIIILAD HEXNCH/RIPYLD/W
GDUNQHVV KDG PRUH QDUURZ UDQJH WKDQ WKH VDPH GDWD
ORFDWHG QHDU WKH FHQWHU RI W KHYRKOMRP\D R/IL E SRLDQ 1§ X DD R
VDPH FRQGLWLRQ ZHUH OHVV GLVFULPLQDWLQJ ZKHQ FXOWLY
&RPSDULVRQ EHWZHHQ WKH /FRDEMIR QV FXHV X IQHWH GUWR K Q \
ZLGHU UDQJHG WKDQ WKH FXSWDOXMYRRI LFX G\W XN W \0W RZIQL &
KDG ZLGHU YDU\LQJ WKDQ WKH VWUDLQV FXOWLYDWHG XQGHU

7KH VHFRQG GLIIHUHQFH LPSOLFDWHG WKH LQGLYLGXDO UDC
GD\OLJKW DQG LQ GDUNQHVV 7KH UDQNLQJID RE WSO-D @M KD
DFFRUGLQJ WR WKH OLJKW FRQGLWLRQV 7KH FRORU RI WKH
FXOWLYDWHG LQ GDUNQHVV ZKHUHDV FHUWDLQ VWUDLQV ZHU
WKH FRORU Rl FXOWXUHV EHWZHHQ WKH FR& ¢ DWXRIYVZHHWHk
ZKHQ FXOWLYDWHG LQ GD\OLJKW $5OBDUKLROONKW Y DWWV DADIVR @ W
VLIJQLILFDQWO\ GLIIHUHQW DPRQJ WKH VDPH FXO WL YYODADHKG! |
GLIIHUHQFH IRU LQGLYLGXDO VWUDLQV FXOWLYDWHG LQ GDL
GD\OLJKW FRQGLWLRQ

7KUHH GLIIHUHQW W\SHV RI IF RD R B DLRWSRQWHH LY DWHWRVRF D O O
*URXS GLVSOD\HG D EULJKWHU SLIPHQWDWLRQ XQGHU GD\OL
WR EH SRVLWLYHO\ VHQVLWLYH WR WKH OLJKW *URXS KDG
FRQGLWLRQV DQG ZDWQHMUGH® PWRRQLIJKW IDFWRU *UR
XQGHU OLJKW WKDQ FXOWLYDWHG LQ GDUNQHVV ,W ZDV FF
7KHUHIRUH OLJKW FRXOG EH FRQVLGHUHG $D\D DL CDOFENKAHEDE LINK ¢
SRVLWLYH UHVSRQVH LQ WKLV H[SHULPHQWGKRXGGFBHRMSC
$OWKRXJK D UROH RI FD$RWHKQRE BRWSHURIDE BERBLE B QWILF X O D U (
RQH IXQFWLRQ Rl FDURWHQRLGVY LQ PLFURRUJDQLVPV LV W
SURWHFWLQJ FHOOV IURP R[LGDWLRQ VWUHVYV



&KDSLWUH ,QIOXHQFH GH O HQYLURQQHPHQW GDQV C GXFW
SDAWWKUREDFWHU DULODLWHQVLYV

&RORU GHYHORSPHSMQRQ FHEHMWHRE DF W HUQ B H UOW KW H.@M D\
S+ 1D&0O DQG GHDFLIGEDUXRP\FHDW KPEWKNQHURP\FHV PDU
6XWWKLZR@IRMVp / GB6RXPLVVLRQ SUpPYXH j XQH UHYXH LQ

/ID FRXOHXU GH OD VXUIDFH GHV IURPDJHV j FUR€WH ODYpH H
SURGXLWY (OOH HVW OH UpVXOWDW GH OD V\QWKgVH GH SL
GLYHUVHV HVSqFHV GH EDFWpULHV HW GH OHYXUHV 3HQGDC(
IURPDJHVY GHV FRPPXQDXWpV PLFURELHQQHYVY FRPSOH[HV VITH]

/1DIILQDJH GH VXUIDFH FRPPHQFH DYHF OD FURLVVDQFH GHV
SULQFLSDOHPUHRW\FHYV .RQXQMHIRAR\FHYV DU REZ QX VCHAS R O\ WLLADX |
FDQGLGE@XR FRORQLVHQW OD VXUIDFH GX IURPDJH HW DVVLPL
LQLWLDOH GH PDWXUDWLRQ &HWWH DVVLPLODWLRQ LQGXLW
FURLVVDQFH GH EDFWpULHV VHQVLEOHV DX[ DFLGHV 3DU FF
VXUIDFH GX I[URPDJH VHPEOH rWUH GpSHQGDQW GX PpWDERO|
OHV OHYXUHV XWLOLVpHV GDQV OD GpVDFLGLILFDWLRQ GX IU
WHPSpUDWXUH HW OH 1D&O SHXYHQW pJDOHPHQW LQIOXHQFHI

$UWKUREDFWHHVDW XQBIL MNHSOWFIHY EDFWpPULHQQH pPHUJHQWH UF
GHV IURPDJHV j SKWH PROOH HW FUREWH ODYpH SDU FRQVHT
VXU FHWWH HVSQFH HQ DVVRFLDWLRQ DYHF OD FRORUDWLRQ
G pWXGLHU OHV LQIOXHQFHV GX S+ GX 1D&0O HW GHV OHYX
SLJPHQWDWLRQ GH FHWWH EDFWpULH



P &KDSLWUH ,QIOXHQFH GH O HQYLURQQHPHQW GDQV ( GXFW]
SDYUWKUREDFWHU DULODLWHQVLYV

&RORU GHYHORSPWIQSM QRUQRK B B MKW R ED F W H X QEBUHLLD DL
LQIOXHQFHV RI S+ 1D&O DQG'HEIDARPLFH D JRQHIDAH

.OX\YHURP\FHV PDU[LDQXV

6KRUW WLWOH

&RORY MIULODLQMB®MD¥HY E\ S+ 1D&0 DQG GHDFLGLI\LQJ \HD\

1 XWKDWKD L "65XMQMBK LIZRUIDHQ W 'XIRVVp

P $IJULFXOWXUDESTHFWRRQWI\7TKDLODQG ,QVWLWXWH RI 6FLHQV

THFKQRSROLYV 0X .ORQJ .ORQJ /XDQJ 3DWKXP 7KDQL

f/DERUDWRLUH GH &KLPLH GHV 6XEVWDQFHY IDWXUHOOHV HW
5pXQLRQ (6,52, 3DUF THFKQRORJLTXH 6 D&GHOMRRWMHSK OW]EB 0

5pXQLRQ )UDQFH

&RUUHVSRQGLQJ DXWKRU 7HOQD] (-PDLO DGGUH

IDXUHQW 'XIRWNWX@XKRQYIU / 'XIRVVp



P &KDSLWUH ,QIOXHQFH GH O HQYLURQQHPHQW GDQV GXFW,
SDWWKUREDFWHU DULODLWHQVLYV

$SEVWUDFW

SUWKUREDFWHWVDDRQOBPWHRVQY EDFWHULDO VSHFLHV UH
VXUIDESIHQHG FKHHVHV WKHUHIRUH WKHUH LV VWLOO QRW P
ZLWK FKHHVH FRORUDWLRQ 7KH SUHVHQW VWXG\ ZDV SHUIR!
1D&0 DQG GHDFLGLI\LQJ \HD VWU WRKYU RE IDIFPVI I WVDRMULLRIZOV IRDH)
VSHFWURFRORULPHWU\ 7EDNHGWVRHO\W GRIPHF&HMVEHUH SUHS
GHDFLGLILFDWLRQ PHWKRG VWXGLHG L FKHPLFDODGBD ALG
ELRORJLFDO GHDFLGLILFDWLRQ E'HEQR FRP\FW Y QKD \GRH/QURWW U |
.OX\YHURP\FHV PD&GLD QW SHFWLQJ LQLWLDO S+ YDOXHV UHT
SDVWHXUL]LQJ DQG DGGLQJ 1D&0O $ DULODERGH QQIRF XODWHC
GHDFLGLILHG PHGLD TQQGHRXEBDIKWG ARPGLWLRQ IRU  GD\V

$ GLYHUVLW\ RI FRGR WW ISUIYASIHEDALEEG DPRQJ WKUHH W\
PHGLD DV ZHOO DV DPRQJ WKH VDPH W\SH EURDGHQLQJ IURI
ZY 1D&0O VKRZHG WKH HIILFLHQF\ LQKLELWHS BUHGDNLE®® Gl
WV\SHV RI GHDFLGLILHG PHGLD ,Q FRPELQDWLRQ ZLWK S+ DC
UHODWHG WR WKH SI$JPHIQVD [SENRIERHN MWL D@ @ | WKH FRPRU G
DULODBWHQROY&0ZDV KLIJKHU WKD/XIR IIKHVW DYHUDJH YDOX!
ZHUH REVHUYHOW @+ 0 VKRZLQJ LQWHQVH \HOORZ DOWKRX
SLIPHQW S UR CXUFIHGDEWH/GNIWH GDRW) K0 ZLWK ZY 1D&O

H\ZRUSUWKUREDFWHQ3 LB HQMDWHIIRG VXIGI FKHHVH 6SHFWURF



P &KDSLWUH ,QIOXHQFH GH O HQYLURQQHPHQW GDQV ¢ GXFW,
SDWWKUREDFWHU DULODLWHQVLYV

 QWURGXFWLRQ

6XUIDFH FRORUSRIQHEHBKHHVHY LV RQH RI WKH PDMRU DW
SXUFKDVLQJ GHFLVLRQ VLQFH LW LV D SRWHQWLDO UHSUHVH(
IODYRU $ ODUJH QXPEHIHA!| PKRHD/BY IRU H[DPSOH OXQWHU
JUDQFH /LPEHUJHU DQG 7LOVLW IURP *HUPDQ\ DQG *XEEHHQ
FRQVXPHU WKURXJK WKH SUHVHQFH RI FRORU RQ ULQG ZKLFK

7KH VXUIDFHURS WPH® FKHHVHY EHORQJV WR D UHVXOW F
VXUIDFH PLFURIORUD FRQVLVWLQJ RI GLYHUVH VSHFLHV RI E
RI VRHD®SHQHG FKHHVHV LV DOZD\V LQ WKH LQWHUHVW RI PLF
\HW 2NHRZQ WKHUHIRUH VHYHUDO QRYHO PLFURELDO VWUL
%UHYLEDFWHUKXFKOZOQMGBWHYLRXVO\ FRQVLGHUHG WR EH D V
IRU WKH FRORU GHYHORSPHQW IRU WKH ULSHQLQJ RI WKH F
SHEHFFKL &RFFRQFHM®ERUGH HIUBDQ ORXQLHU HW DO
PLFURRUJBQMWHKWRED FBWHJWR LW KDV EHHQ IRXQG DW GLIIHUH
%RFNHOPDQQ WKH FRORU G HEWROZRS PAHKQIW VRII 2D\5 LB &/ |
LQWHUDFWLRQV-SHHWHGWH RURPDRZWHOGEG RWKHU PLFURRUJDQLYV
SLIPHRWOLQ@HQW IRXQG OHVVHU LPSRUWDQW VLRERQHUWRQ
*LQ]LQJHU 0 R ($ H WUKHUFRHECDVE @A\H B DD/U E®1 B IQW HQI Q W-LUI L §1 16 Q HUF
FKHHVHV DV RQH RI LPSRUWDQW EDFWHULD DPRQJ D GLYHL
SDUWLFXODUO\ DW WKH PLGGOH DQG ODWH VWDJHV RI ULSH
L,JUOLQJHU L,JUOLQJHU %LPHW 'HOHWDVERU GHI W B O*ULPRQ

'XULQJ SURGXFWLRQ SURFHVV IURP UDZ PLON WR EHFRP
FRPPXQLWLHYV B6XUIDFH ULSHQLQJ EHJLQV ZLWK WKH JURZWK
PDLQB®EDU\RP\FHV KDXQVYHQRP\FHV PDUUIRYQYOV OLG&ORWUEBK X
FDQGL@KRFK FRORQL]JH WKH FKHHVH VXUIDFH DQG DVVLPLOTL
ULSHQLQJ &RUVHWWL 5RVVL *REEHWWL ORXQLHU HW D¢
RI WKH VXUIDFH S+ IDFLOEWHD@WMLQULWHK HE DBWHWKDR| ®RQEHT X
EDFWHULD RQ FKHHVH VXUIDFH DSSHDUV WR EH GHSHQGHQW |
3HUODW 2XPHU %HUJHUH 6SLOQOMXEHERBBKHXHU 619DOKYV
\HDVWV KDYH EHHQ UHSRUWHG WR DIIHFW ER WKL SWK®IL QU REZDVFF
$FFRUGLQJ W3R UMDMOM UERXUULHX DQG 6SLQQOHU WKH FR
% OLQ@BYVKLIKHU ZKHKD XVHRULGHDFLGLILFBWUR® QOXKID®G L W L
VLIJQLILFDQW GLIIHUHQFHV RI WKH FRORU LQWHQVLW\ SURYLG



P &KDSLWUH ,QIOXHQFH GH O HQYLURQQHPHQW GDQV GXFW,
SDWWKUREDFWHU DULODLWHQVLYV

VWUDLQWRVKIRDYH EHHQ GHPRQVWUDWHG ODVRXG -DNREVHQ
GHDFLGLILFDWLRQ RWKHU IDFWRUV VXFK DV OLJKW S+ V
SLIPHQWDW L-RQ SHQEIQHHEMHFWHULD ODVRXG DQG -DNREVHQ
RI S+ DQG 1D&0 RQ WKH LQWH Q %L W\L R BRI PHIHEND BW R G X¥F Bl GOH
WKH VDPH VWXG\ WKH VWURQJHVW FRORU LQWHQVLW\ SUHVF
PHDQZKLOH WKH DGGLWLRQ RI ZY 1D&O UHVXOMGIELYR MR
ZKHQ FRPSDUHG ZLWK DQG

7R GDWH DQ LQWHUHVWHG DVSHFW FRQFHUQLQJ ZLWK W
VWLPXODWHY WKH DXJPHQWDWLRQ Rl UHVHDUFK SURMHFWYV |
IDFWRUV HJ LQWHUDFWLRQV EHWZHHQ WKH PLFURRUJDQLVP)
IRU PLFURELDO JURZWK LQFOXGLQJ SK\WLFDO DQG FKHPLFLC
DULOD MWMH®VLYRW WR RIWHQ EH LQYHVWLIJDWHG HVSHFLDOO\
FRQWUDVW WR QIKHWRWDQYH 7KH SUHVHQW VWXG\ KDV EHHQ S|
HITHFWV RI WKUHH IDFWRUV LQ FRPELQDWLRQ L H LQLWLDO
SLIPHQWBWDRBE QO WLIQQ VIO QWLWDWLYH VSHFWURFRORULPHW

ODWHULDOV DQG PHWKRGYV
6WUDLQV DQG FXOWXUHYV
<HDVW DQG EDFWHULDO VWUDLQV

<HDVW VWUDLQV XVHEDRQ\RWEW W WRQY@XHMYIHURP\FHV PDU

ZHUH NLQGO\ SURYLGHG E\ WKH ,QVWLWXW 1DWLRQDO GH O
EDFWHULBOWRWREDFWHYRDULDDYWMRODWHG IURP FKHHVHV L
VWRUHG fBW WKH\ ZHUH PDLQWDLQHG GXULQJ WKLV VWXG\ R
UHTXLUHPHQWS DMVBERWHEF POW XUHG PRQWKO\

&EXOWXUHYV

SRWDWR '"HIWURVH %URWK %' 'LIFR ZDV XVHG DV D VXEI
LQJUHBDWIY® PHGLXP ZDV SUHSDUHG DQG XVHGEDIRRMH & DHFWGU
FRQWDLQLQJ J &DVDPLQR DFLGV %' 'LIFR J \HDVW H[WUD

J-"*OXFRVH )LVKHU 6FBREQWIKIHRJ 6FILHQWLILF DQG J bJDU
SHU OLWHU RI GLRQL]JHG ZDWHU ZDV"& URIE D UPIGQ %MK R USH VRV HPL
DGMXVWHG WR “
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7R SUHSDUH D PLFURELDOKDXQWSHID\QLGP® UHIDIFGXEY LQRFXO]
LQWR PO (UOHQPH\HU IODVN FRQWDLQLQJ -EPOHR I P3H®% LKL
XVHG LQVWHD& PIUR'ODIRMHQYKMVH IODVNV ZHR&HZLQKX B DMNEEW

USP IRU GD\V $IWHU FXOWLYDWLRQ SHULRG FHORW ZHU
PLQ DQ@EWBHIQGHG LQ SHSWRQH VDOLQH GLOXHQW > J FDVH
6FLHQWLILF DGMXVWH® &+ WRXVSHQVDRERKAQWPYQEQHSDUH
XVH LQ WKH QH[W VWHS

'"HDFLGLILEHEGWKE HPWHIELD DQG IDFWRUV FRQWUROOHG

7KH SURFHGXUH IRU SUHSDULQJ WKH H[SHULPHQWDO P}t
DFFRUGLQJ WRUBPWOHWBRUULHX DQG 6SLQQOHU 5HD HW LC
7KH FEBWNE PHGLD ZHUH SUHSDUBGMXQ/WRRQMVESVKHPL

GHDFLGLILFDWLRQ GHSHQGLQJ RQ WKH REVHUYRDWQR BXPIDMRA
EDFWHULDO VWUDLQV RQ WKH PHGLD VXUIDFH

7KH FKHHVH FXUG XVHG WKURXJKRXW WKH H[SHULPHQW
%RXUERQ 5HXQLRQ ,VODQG )UDQFH $IWHU REWDRQL®UH YWKN
HQJ]\PDWLF UHDFV&IXRYWDDWBDIMHPFLD S5S5HTXHQD 3HOIF]
:DUWKVHQ

%HIRUH SUHSEDNVMG FKHEGIVMIH URXJK O\ K WKH IURTRQ FKI
7KH GHIURVW FKHHVH FXUG ZDV PL[HG ZLWK GLVWLOOHG ZDW
XVLQJ D EOHQGHU DQG SORFHRULQ PLRQD \WIHNUH E DANGR OW & Bl ® R PAD)
ZDV EOHQGHG DJDLQ XQWLO WKH WH[WXUH ZDV KRPRJHQHRXV
YROXPH QHHGHG IRU HDFK WUHDWPHQW DQG DGGHG LQWR VW

S+ DGMXVWPHQW
&KHPLFDO GHDFLGLILFDWLRQ

$ IODVN FRQWDLQLQJ FKHHVH VOXUU\ ZDV DGMXVWHG S+
6FLHQWLILF IROORZHG E\ WKH DGGLWLRQ RI  J DJDU DQG 1D
ZDV SDVWHXUL]JHGEVRRUHDWALQY BWVHU FRROWQ IS RBRUE G WRWH W
ZDV DSSOLHG WR SB8BSBOGHVWBHGFRHEBVXKRGAR/GEWDLZHKHGFKQZBH
VROLGLI\ IRU K EHIR® HDLQRPAOWHRPNVQY ZLWK

%LRORJLFDO GHDFLGLILFDWLRQ
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'KHQ WKH WHPSHUDWXUH RI WKH FKHA&H VB NODMNU R IG WKWH Y
LQRFXODWHG KD GMAUXIHEWDU[LDWKVRXJIK WKH VXVSH@EWORIY ARQ
IROORZHG E\ KRPRJHQL]LQJ DZKLOH 7KHQ WKH IODVN ZDV ZI\
FRUN ZKLFK XVHG IRU FORVLQJ WKH 10DVR. DPIQUGKLDQFXNEDW HE]
XQWLO WKH S+ YDOXHV LQFUHDVHG WR RU

JRU VWRSSLQJ WKH DFWLYLW\ RI \HDVW WR DIIHERRWIBY YDC
PLQ WR HOLPLQDWH WKH \HDVW FHOOV $Q DPRXQW RI DJDU I
DGGHG WR WKH PL[WXUH $IWHUZDUG WKH SURFHGXUHV DV |
DGMXVWLQJ S+ E\ FKHPLFDO UHDJHQW ZHUH DSSOLHG

,QRFXODWLRQ Rl $UWKQYR EXPWHY DWILR® ARG ML R QV

$IWHU VROLGLINLQFHOQHWO/KRHDVLE MBRVHQYSYUNDG RYHU Wk
WKH GHDFLGLILHGGRNGHN ZHWH 3WWHIELRYEG & BDWHG KDW 7KUHH
UHSOLFDWHV IRU HDFK WUHDWPHQW ZHUH FROOHFWHG DQG |
FRORU FRRUGLQDWHY DW G G G DQG G

&RORU PHDVXUHPHQWYV

7KH FKEDBWHMG VROLG PHGLX¥ DQRBXDRNW ZHNK/IPHIDVXUHG X\

G VSHFWURFRORULPHWHU OLQROWD &R /W;G3URDSVDRIWGE
OLQROWD 7KH UHIHUHQFH LOOXPLQDQW ZDV VWDQGDL
,QWHUQDWLRQDOH GH Of(FODLUDJH &,( D E FRV&ERUG P M\ UZH UV
VLQSQOHFHG GLVN RI DJDU ODUJH HQRXJK WR FRYHU WKH HQW
DUHD RI KRPRJHQHRXV FRORQ\ GHYHORSPHGRZQ KHQ & DPB\GIM H
ERWWRP RI D PRIGLDIFODVNUIBWUL GLVK OLQROWD IRU LQFL
7R FKDUDFWHUL]H D PREECFRDORQ WIKWAVBP( FRORULPHWULF |
IURP WKH VSHFWURHRIOFRHM. PHWHKWQHVY UDQJHV IURRQGWRDW I
WKH UHG JUHHQ WIROXHJUURRP BB HHRBW HYQWKH EOXH \WMCRORZ Y
EOXH WR \HOORZ 7KH&DWWWUBEXWHIVER|VWRID FKURPD YLYLGQ
KXH DQJOH RU WRQH RI WKH FRORU & HWSH BPWL YWHK®\ FHQHN M D (
DFFRUGLQJ WR WKH GLVWDQFH LWR B8 HWVIKGH BH W NDW I HL CRAGDA
H[SUHVVHG FQRRHI®HEM HG ZRXOEEMHOORZ ZRXO® EBUHHQ DC
RZRXOE EBOXH +XH YDOXHV FRUUHVBERFRR WER. QXN HIEQ RO MV R
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&KUR&D

+XH D&JOH

6WDWLVWLFDO DQDO\VLYV

7KH GDWD ZHUH DQDO\]HG XVLQJ 6LJPD3ORW VRIWZDUH

WKH FRORU FRRUGLQDWH Y DO X$ VDR L QDOHMEERRM.® FEY 5Q R\E XF 6 ¢
1D&0O FRQFHQWUDWLRQ DQGZDBHDBIDGLMLEYJRVHDWHMD DEEH H ZFOWH
SHUIRUPHG IRU FRPSDULQJ PHDQ YDOXHV DPRQJ WKH ZKROH ¢
RI YDULDQFH 0$129$% ZDV DSSOLHG ZKHQ GHWHUPLQLQJ WKH
WKH FR$O RU RODEMRHRWRV 7KH GLIIHUHQFHV RI FRQVLGHUHG
DQG +RIOPDN WHVWV DRARWGRQJ WR®-ZDNRFLIRIBHDQG 0$129$%
UHVSHFWLYHO\

SHVXOWYV

'LYHUVLW\ RI FRORUDWLRQ E\ $UWKREDFWHU DULODLWHQVL

$IWHU GD\V RI VLPXOW D®HRXFHILQ B X ERW LAFREOEDMWLR @ R B
PHGLD LQRFX® DIVWICO MBRANKQAHWH PHDVXUHG FRORU DWWULE X
SUHSDUHG GHSHQGLQJ RQ WKH PHWKRG XVHG IRU G#PFLGLIL
KDQVHQLBQ DQGPDU[LDQXa&G WKH FRORUDWLRQ RhLpY.WUDI
VKRZHG DOLJQPHQVFK¥IDR\DHX MV R/ KAEKQH DV B V&D RX W KHUPR UH
QXPEHU RIYW&MHY ZHUH QHJDWLYHWR[WH QGHEIQOBIMRFHY DULHG E

DQG GDWD QRW VKRZQ 7KLV QHGGWKIOBRVA DRSDQFR
FRQWUDVYW DVMRG&D07 KB Y DO X$ VDRIL O DELIVRHIQVRW RQ R® & 0ZHUH
YDU\LQJ IURPR - DQWR EZYWBXHYV UDQJLQJ IURP W R

UHVSHFWLYHO\ GDWD QRW DKRZODLUKHXHUH[ ERIRXRIK QW
DOLJQPHQWY ZLWK WKH KXHV H@IDUJILQIWRRP « IRY&KRO0
UHVSHFWLYHO\ 7KH UHVXOWV LQGLFDWHG D GLYHUVLW\ RI |
EHWZHHR:RQG &O0ZKRVNKOXHYV ZHUH VWDWLVWLRBDOO\ VLIQLIL

7KH FRORU GHWDLO SRVLWLEBQDURODEHOYRHEEVEW, S URBGX F+
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&0, FRRUGLQDWLQJ ZLWK LQLWLDO S+ DQG FRQFHQWUDWLRG(
WKH FRORU SURMHFSOHIBQR QPR ®J WKH VDPH GHDFLBEDRDMH® WUE
ZLWK S+ ZDV VLJQLILFDQWO\ GLIIHUHQW IZJRP WHKH GRHV WK Y L
QRW D VLJQLILFDQW GLIIHUHQFA! EHWZRZAHY ISY W IKH 6RDHRU D
VHW RI WKH S+ ZHUH ZLD HU SQDOQH LVEX VG BV RRVW KRH S + D
GHDFLGLILHG PHGL® DIH@ PRX@®MEBIKMP HGLD H[FOXGLQJ LQ W
QDUURZ UDQJH RI FRORU FRRUGLQDWH YDOXHV ZDV GLVWLQF
S+ FRUUHVSRQGLQJ WR D VLPLODU SRVLWLRQ GHWHFWHG

7KH FRPELQHG HIIHFWV RI S+ 1D&O DQG GHDFLGLILFDWLR
DULODLWHQVLV

&KDQJHV LQ FRORU GHYHORSPHQW RI $SUWKUREDFWHU DU

7KH FRORU FKDUDFWHULVWLY¥ RQGWHKUPRP R | &KX W XBPHINDLHR/
LQIOXHQFHV RI S+ 1D&0 FRQFHQWUDWLRQ DQG GHDFLGLILI
UHVSHFWLYHO\ $IWHU WHVWLQJ WKH DQDO\VLV RI YDULDQF
YDULDEOHVY RQ WKH KXH DQG FKURSPIDRLGDRN HQRAKE PR/X B UIRE
HIWHQGHG IURP W R ZLWK D ODUJH QXPEHUYRD G
REWDLQHG IURP WKH EODQN DJDU ZKLFK FRUUHVSRQGHG WR
VDPH W\SH FRIYPHXHY &HFUHDVHG ZKHQ FXOWLYDWHG RQ DJD
WR GLVSOD\ PRUH FRORUHG ELRILOPV WKDMWWSGRVH ZKILEK SU
DQ LQWHQVH \HOORZ DW DOO OHYH® VDRIL O©DZAMVHQMNKHD\\WI B D!
IRUP FRORU ZKHQ WKH DPRXQW RI 1D&0O ZDV KXJHO\ DGGHG L
WV\SHV Rl PHGLD GLVSOD\HG D \HOORZ FRORU LQ WKH "DKOWH Q|
YDOXHV ;bRU&AO DQG &0 UHVSHFWLYHO\ ZKLFK VLJQLILFDQW:/¢
WKH EODRN DJDU

6LPLODUO\ WKH KXH WKH IDFWRUV LQFOXGLQJ S+ FRQF
DIIHFWHG WK& VR WDXW IDADERRHIQO/RY UHKMS RQVHY RlI WKHVH ELRI
IURP W R ZKHUHE\ D ODUJH GLYHUVLW\ RI GIBIIHUHQW
$OWKRX-3dK R S+ ZLWKRXW DGGLQX 1DRO XKD GV KH HR W K HKH
PHGLXP ZLWK KLJKHU 1D&0 FRQWHQW ZHUH YHU\ ORZ ZKLFK
1D&0 FRQFHQWUDWLRQ WKH KLJKHVW DYHUDMW S8BWXUDWLRQ
ZKLOH WKH ORZH\DW OH BUD SKR.\DI\VE 8 &0
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7KH FRORU DWWUUWEXDERNYHRORPY YHUVXV WLPH ZHUH PHDYV
SHULRG RQ G DQG $PRQJ WKH VDPH FDWHJRU\ L H
RYHUDOO FKDQJHV GXULQJ4 WHEBRGFZOWLISBWMILIR® WR EHBH GHSHC(
YDULDEOHY 7KH FKDQJHV RI FRORU FRRUGLQDWH YDOXHV RE
ZLWK 1D&O ZHUH YHU\ VOLJKWO\ WKURXJKRXW WKH FXOWL
HDFK WLPH RI WKK PHDWBOWHP HHRW VKRZQ 2Q WKH RWKHU

puLrobpmBtrOQWARNV RQ WKHVH GHDFLGLILHG PHGLD DW S+ LQ
\HOORZ FRORU EHWZHHQ G DQG WKH GHYHORBOBQRW RI F

ZHUH VLPLODU ZKLOH WKHUH ZDV VWURQJO\ ;GLINHUHQW 7EHH\
GLIIHUHQRHYDIOWKN EHWZDOI® W&EH RWKHUV ZDV REYLRXVO\ S
RFFXUUHQFH UHPDLQHG XQWLODQG G . & 0QWERIQ MUDR/@N MR IRI® L W H
ELRILOPV,;RQVRDIJKWO\ LQFUHDVHG IURP WKH EHJLQQLQJ XQV
VLIQLILFDQWO\ GLIIHUHQW IWRP WIGRWD R) RMWK M KIRZIQ N7 B HIU |

WKH FKDQJH LQ LWV VDWXUDWLRQ ZDV UDSLGO\ DXJPHQWH:
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+RZHYHU WKH FKDQJHV LQ WKHVH UHVSRQVHV ZHUH GLI
JUHDWHU WKDQ 7KH FRORU GHYHOR $P HQU OLDERBGHKBY RN FH
H[WHQVLYHO\ LQFUHDVHG ZLWKKQ DWDSY R| BDRGWLIDWISRQ RQ
FRQWDLQLQJ 1D&0O YDULHG EHWZHHQ -RUHDR WR RKHDQRIZQJDC
LQFUHDVH EHFDPH VORZ EHWZHHQ G DQG $OWKRX®IK DO
DULODIRMHQWIZHUH VLPLODU WR WKRVELRIHEHQW IRUPV RI FR
IRXQG DW S+ 7KH FK® SJHR/YR ($M DWEXO DR BRQVLY'G &0 LQ

WKH UHODWLRQ WR S+ DQG FRQFHQWUDWLRQ RI 1D&0O YHUVX\

/| YDOXHMV RULODEMRHRORYV RQ G YDULHG EHWZHHQ
REVHUYHG RQ WKH SUHVHQW VWXG\ GDWD QRW VKRZQ 5HJD
Rl WKH ELRILOPVY DPRQJ HDFK PHGLD ZDV IRXQG DW/ S¥DO XHM
DSSHDUHG WR EH UHO\ RQ WKH IDFWRUV FRQWUROOHG IXUW
ZDV VLPLODU WR WKRVH RI FKWRPDQEKE @ DHW XK M X VI+Q J &H
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$SDUW IURP WKH \HOORZ SLJPHQWYV SUHYH D WIL@D ILMH DAL
OLNHO\ WKDW WKLV VWUDLQ DOVR SURGXFHG RWKHU SLJPHQV
RI FKHEWWH G DIJDU SODWHV LQRFXODWHG ZLWK WKLV VWUDLQ
SLQN FRORU VOLJKWO\ DSSHDUHG RQ FHUWDLQ SODWHV GXU
EHFDPH PRUH 1EMWRHEQVFHRARAGHG DV ZHOO DV PRUH HPHUJHG
VWXGLHG DIWHU G ‘KHQ KDUYHVWHG RQ G VWK IDMWRSE F X U U
FRQWDLQLQJ # Z Y «1DERQ@GDROHIDWE &0 DQG FRQWDLQL(
1D&0 +RZHYHU WKH RWKHU FXOWXUHV.JURDE RODGA ISH U H QDD

ZLWK ZY 1D&0 DQG LL DOO W\SHVV RI GHDFLGLILHG P
WKHEWUWRZQ FRORU RQ G DQG UHVSHFWLYHO\

&KDQJHV LQ S+ RI $SUWKUREDFWHU DULODLWHQVLY FXOWX

6LQFH WKH FRORU GHYHORSPHQW DSSHDUHG QRW RQO\ R(
ZLWK DULODISWHQWKH FXOWXUHYVY ZDV PHDVXUHG LQVWHDG RI
WKH ZKROH H[SHULPHQWDO S+ GDWD RI WKH SUHVHQW VWXG\
WKH FKDQJHV LQ S+ RI WKH FXOWXUHYV 7KH GLIITHUHQFHV RI
PHGLD ZHUH DSSHDUHG HVSHFLDOO\ EHWZHHQ WKH PHGLD ¢
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LQJ \HDVWV LQ DGGLWLRQ D ODUJH GLIKH UHQFR-DENWS B BYKIRYJ
GLVSOD\HG EHWZHHQ S+ DQG WKH RWKHUV 7K HKPRPVSDQULLLY F
DQG PDU[LDQXXY GHDFLGLILFDWLRQ FRXOG FDWHJRUL]JHG WKH S
GHSHQGLQJ RQ WKH LQLWLDO S+ Rl PHGLD :KHQ WKH LQLWLE
ZHUH WZR PDMRU SDWW HUQN[WHOY IPKHDMJIBXJPHQWHG LABYLQJ
ZDV VWDEOH VOLJKWO\ LQFUHDVHG RU VOLJKWO\ GHFUHDVHG
RWKHU SDWWHUQV ZHUH REVHUS#H GQREQ HDK/H G ELHMLDHIHLSSHE
UHPDLQHG FRQVWDQWLEBY¥HWHFUWGHDVHBG QMKURXIKRXW WKH FXOV
'Q DVVRFLDWLRQ ZLWK D SLQN FRORG PKIEQRPHWYRGLRG W
GXULQJ JURZWK VKRZHG WR DIILOLDW H WKMHDRAFXXUNQ FBEHR D \
WKH 1D&0O FRQFHQWUDWLRQ DQG WKH P$ WKRICO BRMXNEOMRILMN \G HZI
GLVSOD\ D SLQN FRORU ZKHQ WKHLU S+ LQFUHDVHG WR JUHDMW

'LVFXVVLRQ

'XULQJ WKH OD¥WDLHD DKW FHWQ LGHQWLILHG DV RQH L
UHVSRQVLEOH IRU WKk H LERI@RWED AHRIQVRY VRRRYYHU WR RXU N
/JHFOHBHAUBWWO LQYHVWLIJDWHG WKH FRORULQJ FDSDFELW\ RI
PHGLD SUHSDULQJ IURP FKHHVH EFXUGV RI (SRLVVHV O0XQVWH
VHYHUDO SUHYLRXV VWXGL%VOKQRMB VEKH ¢ KHHBWKD FIRBGBUDW LR
YDULRXV IDFWRUV VXFK DV S+ VDOW FRQFHQWUDWLRQ KX
GHDFLGLILFDWLRQ DV ZHOO DV LWV LQWHUDFWLRQ ZLWK RWI
SUHVHQW VWXG\ LV WKH ILUVW LQYHVWLJD WL FDQ Z® DEQUGHHRIS KA
LQIOXHQFH RI LQLWLDO S+ FRQFHQWUDWLRQ RI 1D&0O DQG GH

$FFRUGLQJ WR WKH GDWD PHDVXUHG XVLIE FBERWL
VIVWHP GLYHUVH FRORU FKDDDE® BBRYVVIDWFER/QS WRKUBH GVES H V
PHGLD +RZHYHU DRRDOWERRHQVRV,R G LAB TDXBGXHY UDQNLEQJ R(
\HOORZ UDQJH ZKLOB XXKWZAHUE&O VHW WKHLU\FRORZ IWOWYR HU H
YDOXHV:iR@Q @OWKH SUHVHQW VWXG\ ZHUH VLPLODU WR D SUHY
YD ULHW \DRIL O DLWBHIIMRAY ZKLFK VKRZHG WKH BR OR U OFK DWIHIPL MR
ZLWK KXHV YDU\LQJ IURP WR 6XWWKLZRQJ HW DO
UHVHPEODQFH RI PHGLD XVHG IRU HDFK VWXG\ ZKLFK ERWK
1D2+ %HWL®HW\ ODAMHQVHBSRUWHG WR EH VHQVLWLYH WR D W
WR LWV FRORU DWWULEXWHV ZHUH GLVWLQFWO\ GLIIHUHQ
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FXUGV /H3FQIOWAT HW DO

$00 FRQWUROOHG IDFWRUV L H LQLWLDO S+ 1D&O FRC
DIIHFW WKH SLJPH®WW SORGMARSEEYYDOXH LQLWUD MG YE QYA
WR SURGXFH SLJPHQWYV RQO\ LQ WKH DEVHQFH RI 1D&0O ZKR
KLJKHU WKDQ WKRVH RI FXOWXUHV RQ WKH PHGLD DGGHG #
ZHUH QRW VLJQLILFDQWO\ GLIITHUHQW:«RIDQ® RO W HDIOL ¥ QBN H2
DGGHG WKH VDPH DPRXQW RI DQ&OO ®OXHXHO®HDAH WKREZB G WK F
WKH SLIJPHQW SsU RIBXLFONDDRYE @WWY YLDEOH FHOO LQWHQVLW\
LQGLFDWHG D VWURQJO\ GLUHEW $ | IHFIWD FAIRV IDQ WK D QJ KB\ X RV \
H[SHULPHQW DUH FRQVLVWHQW ZLWK W K H%S UHYZKRQRK SR UN
VLPLODU UHODWLRQ EHWZHHQ S+ YLDEOH FHGCO F®DWHKDW DD\
ODVRXG HW DO

$ FRPSDULVRQ Rl FRORU $ WDNWU IOEDRWHRAQ TUR BH+GHIBORKH YV R
DQG DSSDUHQWO\ VKRZHG WKH GLIIHUHQFHYV EHWZHHQ WKF
RQHV FRQWDLQLQJ % ZY PHDQZKLOH WKHUH ZHUH OHVV
Y 1D&O DV ZHOO DV WKH REMMHFB@WILAD WRIQH &BDWD REVHU
GLIIHUHQFHV SUREDEO\ GHSHQGHG RQ WKH YLDE®H DFLHLODD EW €
ZDV VLJQLILFDQWO\ KLJKO\ ORZHU ZKHQ LW JURZQ RQ PHGLD I
RWKHU FRQGLWLRQV GDWD QRW VKRZQ

'KHQ FRQVLGHUL®J DVUKH BERVRRIQORN RQ R® &LODW S+ DQG
FRQWDLQLQJ = ZY 1D&0 ZKRVH FRQGLWLRQV ZHWH SUF
DULODUVQHWKHVSUHVHQW VWXG\ W HEFRORB Q BIXW Wi LEXWLHNG L3
WKHVH PHGLD LQ DGGLWLRQ GXULQJ WKH LQFXEDWLRQ WLPHI
DV WKHLU S+ HYROXWLRQ 7KHVH UHVXOWV FRXOG UHIHU WR
DQG WKH SLIPHQW SURCGRERMHBYEEDULQJ WKH PHGLD GHDFLG
ZHUH HOLPLQDWHG E\ SDVWHXUL]DWLRQ ZKHQ S+ RI PHGLD U
LPSDFW RI GHDFLGLI\LQJ \HDVWV RQL Q/X&R\E\DMEE/Q \R B AXRDH G
GLIIHUHQFH LQ FRPRSRURWLERQQRW &0RP ELRORJLFD O3 H Q@MW D
DO UHSRURMHGE LMGDIW LUHG PRUH ODFW RVIHQ IV ERAL @ BVFAV DUNR
GXULQJ GHDFLGLILFDWLRQ WKHUHIRUH ULSHQLQJ EDFWHULI
LWV JURZWK UHVXOWLQJ LQ WKH FRQFHQWUDWLRQ RI ELRP
)XUWKHUPRUH WKH DELOLWS RI USLO)BOESEMEEULIRGE WHRWE R OHERA G RC
FDVHLQDWH FRPSRVLWLRQ RI PLON PHGLD %RFNHOPDQQ )XH
DQG )OHHW KDQVH®NL DEOH WR SURGXFH VHYHUDO IUHH DI



P &KDSLWUH ,QIOXHQFH GH O HQYLURQQHPHQW GDQV ¢ GXFW,
SDWWKUREDFWHU DULODLWHQVLYV

DODQLQH JO\FLQH DUJLQLQH DQG JOXWDPLF DFLG DQG IUHF
DIIHFWHG WKH SLJPH Q@W [SURIGKHFQMIRQ R

,Q WKH SUHVHQW VWXG\ W-KH BHY FARKRHIDW. RIEGWOQN
DULODIRMQHRODOVW\SHY Rl GHDFLGLILHG PHGENZRR FRORHWOIW R
FRQFHQWUDWLRQ RI 1D&0O DV ZHOO DY WKH LLPLWRZBYS ZD
REVHUYLQJ WKH FKDQJHV LQ S+ GXU$ QD WLLORARNK-OEWE B R & ® BHL \
EURZQ SLJPHQW V ZKHQ S+ YDOXHV ZHUH JUHDWHU WKDQ
QLFRW LD QIO RZHQWHG EDFWHULD LVRODWHG IURP *+HBUFRY® F |
SLIPHQWV-RZXGWLFR'W HKG QUBVXGLRWKHU EDFWHULD XQGHU DOU
VKDNH OLTXLG PLON PRGH®@LMARWBPRXDNH ZAHXAOOVEVH JURZQ LQ
FRQWDLQLQJ FDVHLQ K\GURO\WDWH 7KH VDPH DXWKRU GHPF
ULSHQLQJ FXOWXUHE URZ @ RHOW SN FFIK®I W\HHG +RZHYHU SLQN FR
DV SEQRZQ REHUREZQN KDV RIWHQ EHHQ UHSRUWHG DVUDRSHHIHE
FKHHVHYV UHVXOWLQJ LQ D UHGXFWLRQ RI FKHHVH TXDOLW\ C
6KHHKDQ 0DQ\ PLFURRUJDQLVPV DV SULPDU\ VWDUWHU |
WKH SLQN GLVFRORUDWLRQ LQ FKHHVHV KRZHYHU WR RXU
DULOD LKWDHAIVQRW \HW EHHQ LGHQWLILHG 7KXV D VKRUW H[S
SLJPHQWYV LQ RUGHU WR REWDLQ WKH ILUVW LQIRUPDWLR
SLJPHQW D3W IDRQ GEDILQV N-MBW QHG FKHHVHV 7KH UHVXOWV VKR
H[FUHWH® BELODAMUIHQVRYXEOH LQ ZDWHU DQG WKH H[WUDEFWYV
VSHFWUXP ZLWK DEVRUSWLRQ PD[LPD DW DQG
XQGHU 89 OLJKW GDWD QRZ VKRZQ® QHNRWEEDRK B MUKHH S0 \WHH
DQG WKHLU H[WUDFWV VKRZHG GLIIHUHQW DEVR W&D @R HCE
%RFNHOPDQQ HW DO %DVHG RQ D UHY LHZWKQ FSE/DIEMBHY
SLONEWHRZQ SLIJPHQW\S SDBGXBMBHEIVIREDEO\ SRUSK\ULQV 6X
9DOOD &DUR 'XIRVVp $UWEURGHFMWHE® ZHUH UHSRUWHG WF
SLIPHQWVS$VXXRR CIE\Q XORELRP® DX UHV.DHMQAZDUD 7RNLZD 7DND

.RMLPD )XMLZDUD OL]XWDQL

&RQFOXVLROQ

3LJIPHQWBWDRQORADMWHQNQVLWLYH WR IDFWRUV DIIHFWLQJ
FRQFHQWUDWLRQ RI 1D&0O VKRZHG WKH HIILFLHQF\ LQKLELWI
DULODBWHQWVQVDOO W\SHV Rl GHDFLGLILHG PHGLD XVHG IRU F;



P &KDSLWUH ,QIOXHQFH GH O HQYLURQQHPHQW GDQV ¢ GXFW,
SDWWKUREDFWHU DULODLWHQVLYV

DQG 1D&O FRQFHQWUDWLRQ VWXGLHG GHDFLGLI\LQJ \HDVWYV

WKEVDULODLWHDRNVQV $W S+ DQG W K H.«F RDIRW IGLHXHO RW R
&0, $OWKRXJIJK WKH KLIJKHVW FRORU V3W BUD®DRWHRHMBW HG
&0y DW S+ ZLWK ZY 1D&0 WKH KLJKHVW DYHUDJH YDC
&0y DW S+ SUHVHQWLQJ LQWHQVH \HOORZ %HVLGHV \HO

VXUIDFH RI GHDFLGLILHG PHGLD WKH FKDQJHV LQ SEURAQQ
FRORU GHYH® RBPHOQMIRRHQYKYFK GLIIXVHG LQVLGH FXOWXUH (
VWXG\ KDYH GHPRQVWUDWHG D IHDVLELOLW\ RI$SFROQM.OROQY HQ.
RUGHU WR KDQGOH - LTS¥DCH AV F IRH AAXHUIMDIFWW ZHOO DV WR IRUP?
ZKLFK DSSURSULDWHYV IRU D W\SH RI FKHHVH

$FNQRZOHGJIJHPHQWYV

IXWKDWKDL 6XWWKLZRQJ LV JUDWHIXO WR WKH 5R\DO 7KDL
SUHSDULQJ KHU 3K' DW WKH 8QLYHUVLW\ RI 5HXQLRQ ,vVODQG

2XU WKDQNVIRER @D UBAOBDMT 8QEWp OL[WH GH 5HFKHUFKH *pQ
GHV 3URFpGpV $OLPHQWDLUHV &HQWXWWIH HELORAVHAKL.Q RBHRLIN.
JUDQFH IRU SURWIUDL@N\HRDXWWIUDWHIXOQHVY DOVR WR JURPEL
6DLRWUUH 5HXQLRQ ,VODQG )UDQFH IRU VXSSO\LQJ FKHHVH

IDXUHQW 'XIRVVp ZRXOG OLNH WR WKDQN WKH &RQVHLO 5pJLI
ILQDQFLDO VXSSRUW RI UHVHDUFK DFWLYLWLHYV GHGLFDWHG V

$XWKRU FRQWULEXWLRQV

1 6XWWKLZRQJ DQG / 'XIRVVp GHVLIJQHG WKH VWXG\ 1 6X
6 XWWKLZRQJ DQG / 'XIRVVp LQWHUSUHWHG WKH UHVXOWYV 1
UHYLVHV WKH DUWLFOH FULWLFDOO\

SHIHUHQFHYV

$UIL . /HFOWOEW OSLQOQOHWRO®QDUPH 3 , P-SRIXWRI@OH. \RL
\HDVWV RQ WKH D URRIHYLE SRWHEINEQ®FRIMHOIVH ULSHQLQJ
'DLU\ -RXUQDO



P &KDSLWUH ,QIOXHQFH GH O HQYLURQQHPHQW GDQV GXFW,
SDWWKUREDFWHU DULODLWHQVLYV

%RFNHOPDQQ : '"HYHORSPHQW RI GHILQHG VXUIDFH VWDU
FKHHVHV ,QWHUQDWLRQDO 'DLU\ -RXUQDO
%RFNHOPDQQ : )XHKU & ODUWLQ +HOOHWPHDU VXEROR

EDFWHULD .LHOHU OLOFKZLUWVFKDIWOLFKH )RUFKXQJVEH
%UHQQDQ 1 :DUG $ & %HUIRUG 7 )R[ 3 *RRGIHOORZ 0
EDFWHULD IORUD RQ WKH VXUIDFH RI D VPHDU FKHHVH $S

&RUVHWWL $ 5RVVL - *REEHWWL O  QWHUDFWLRQ EHV
ULSHQHG FKHHVHV ,QWHUQDWLRQDO -RXUQDO RI )RRG OLF

'DO\ ') 0 ODF6ZHHQH\ 3/ + B6KHHKDQ - - 3LQN GLVFRO
FKHHVH D UHYLHZ 'DLU\ 6FLHQFH DQG 7HFKQRORJ\

(OLVN/BIEKQHU ) *LQJLQJHU : 7KH-BEDFMHG FEHURHD RIL
UHJDUG WR FRU\QIRUPV /DLW

JHXUHU & 9DOODH\V 7 &RUULHX * ,UOLQJHU ) 'RHV

FRPSRVLWLRQ RI WKH VPHDU DW WKH HQG RI WKH ULSHQLC
'DLU\ 6FLHQFH $VVRFLDWLRQ

JRQWDQD & &DSSD ) B5HEHFFKL $ &RFFRQFHOOL 3 6
*RUJRQ]JROD &DVHUD 6FLPXGLQ DQG )RUPDJJLR GR )RVVD
JRRG OLFURELRORJ\

JUOLQJHU ) %LPHW * 'HOHWWUH - $HKWWRE DF WHBIL FERRQW H
DQ¥UWKUREDFWHWSD QIRYD LYRIDWAWRU\QIRUP VSHFLHV LVR(
FKHHVHVY ,QWHUQDWLRQDO -RXUQDO RI 6\VWHPDWLEF DQG

.DMLZDUD 0 7RNLZD 6 7DNDWRUL . .RMLPD , BURSH!
IURP LVRSURBBSWER® ED FWHRX KYDMDL@KYHUPHQWDWLRQ DQG

.RMLPD , )XMLZDUD < OL]XWDQL 0 3URHAHVY IRU SURG.
[ZZZ SDWHOWJHOLXV FRP|]SDWHQW KWPO & 3 HG
-DSDQ

/IDUSDERUGH 6 ,PUDQ 0O %RQDwWWL & %RUD 1 *HOVRPLQ
*RRGIHOORZ 0 :DUG $ & 9DQFDQQH\W 0 6ZLQJV - 6F
1 6XUIDFH PLFURELDO FRQVRUWUR SHRP GLNDHHRWH & DL
-RXUQDO RI OLFURELRORJ\

/HF OHBBIFUTO DIW &RUULHX * -(6SLQQTKHUF BRI IRE D F W HWH S IR QAEL\Q |
RQ WKH \HDVW XVHG IRU FKHHVH GHDFLGLILFDWLRQ -RXU(




P &KDSLWUH ,QIOXHQFH GH O HQYLURQQHPHQW GDQV ¢ GXFW,
SDWWKUREDFWHU DULODLWHQVLYV

/HFOHBHIJTODIW DXPHU $ %WHURISLLWODOHBRRWULHX * %HKDYL
%UHYLEDFW HW&PDWLRP\FWY XD QUSQOQLQJ IORUD LQ FRQWL
VPHDU VRIW FKHHVH IURP UHFRQVWLWXWHG PLON JURZWK
6FLHQFH -

/HF OHBHRUTODIW &OSLQQOHU +KH W\SH RI FKHHVH FXUGV GHWHUF
FDSDFROMHRLEDFW HDUWSXRV OURBRNMNWRY WSBHIG LRIV DLUA 5HVHDL

ODUWEBXHIVWD 0 & 3DOHQFLD 3 )G B5HTXHQD 7 3HOIiF] &
/IDFWREDFLOOKWBNHYHL IRU IODYRU GHYHORSPHQW LQ FKH
-RXUQDO

ODVRXG : -DNREVHQ 0 6XUIDFH UHEB QWP FiHH K Bl @ BHK®IL
DQG S+ RQ WKH LQWHQVLW)\ R% SH Y P B Q FWDMRIGEERR) SUREBDIRW 8 L
IODYHV,RHQNUQDWLRQDO “DLU\ -RXUQDO

ORXQLHU - ORQQHW & ODOODHBY #pOsDELWL ,¥ O IBQIUNNKR X
LQWHUDFWLRQV ZLWKLQ D FKHHVH PLFURELDO FRPPXQLW\

SRRVWLWD 5 )OHHW * + *URZWK RI \HDVWV LQ PLON DQ
,QWHUQDWLRQDO -RXUQDO RI )RRG OLFURELRORJ\

6XWWKLZRQJ 1 &DUR < OLOKDX & 9DO OD$WWKRKEDOWNG
DULODMMH@WLIQV LVRODWHG IURP ULSHQHG FKHHVHV FKDU
VSHFWURFRORULPHWU\ )RRG 5HVHDUFK ,QWHUQDWLRQDO

6XWWKLZRQJ 1 )RXLOODXG 0 9DOOD $ &DUR < 'XIRVVp
HIWUHPHO\ YHBYWWUREDIFAMRKXMO VRXUFH Rl QDWXUDO SLJP
UDQJH )RRG 5HVHDUFK ,QWHUQDWLRQDO GRL M IRR(
6ZHDULQJHQ 3 $ 2 6XOOLYDQ '- :DUWKVHQ - - ,VROD\
QDWLYH QRQVWDUWHU ODFWLF DFLG EDFWHULD RQ-&KHGC

IDO-GYWO XEHU 1 ©6FKHUHU 6 G6HLOHU + ,GHQWLILFDWLF
VXUIDFH PLFURIORUD RI EULFN FKHVVH ,QWHUQDWLRQDO



. ,PSOLFDWLRQ GHV EOWWpPBEDZ\GRD HFRORUDWLRQ
GH VXUIDFH GHV IURPDJHV j SKWH PROOH HW FUREWH C._ . ...

&21&/86,216

3RXU XQ VXFFQqV GD®WWK DBEDE WHRRERRM ML WFHWMXYW GH OD 10
GDQV OD IDEULFDWLRQ GH IURPDJHV j FUREWH ODYpH XQH FR
HVSgFH HVW QpFHVVDLUH 'DQV FHW REMHFWLI SOXVLHXUV D
GH IURPDJ3HVD SDODRQW QMUY pWXGLpY DX FRXUV GH FHWWH W
LQIRUPDWLRQV DXVVL FRPSOgQWHV TXH SRVVLEOH SRXU H[SOL
FHWWH EDFWpULH

/JHV FDURWpPQRWGHY RQW pWp FODLUHPHQW LB HQOEIMHQ KR WF
UHFKHUFKH HW OD WRWDOLWpP GHV VRXFKHV pW XBGH HWR 8 RK
SURGXFWULFHV GH FDURW pRIFVMHI/MH VR X¥REMV QRRX BKE P H QR H V
FRQGLWLRQV H[SPULPHQWDOHV VRLW VRXFKHV 7RXV OHV
FDURWPQRWGHY SUpVHQWHQW GHV FKURPDWRJUDPPHV +3/& L
GH OD FURLVVDQFH D pWp DSSOLTXp SRXU H[SOLTXH$ OD |
DULODLWRQWLWOHYV SLJPHQWY GH QDWXUH FDURWPQRWGH VR
SULPDLUHV TXL DJLUDLHQW FRPPR[\BDHLRY SRRW HFWRDADPN M UG
OHV GRPPDJHV GH OD OXPLgqUH RX GIDXWUHV VWUHVV R[\GDW
OD GLYHUVLWpP GHV QLYHDX[ GH SURGXFWLRQ GH SLJPHQWV
FDUDFWpULVDWLRQ GH OD FRORUDWLRQ j O DLGH G XQ VSHF
TXDQWLWDWLYH RQW SHUPLV G REWHQLU OHW FDU DG MW 8\@AW L
H[SULPDQW GDQV OH V\VWqPHB FE®RWLWVRWRKHWXHV&,U RQW S
SLIPHQWpPHYV MDXQH j MDXQH YHUGKWUH WDQGLV TXH OHV [
SRVLWLRQV GpWDLOOpPHV GH FH\D VREFKWWDLEQRMNW@pW\S VR IBK
REWHQXV j SDUWLU GH FHV H[SpULBR¥HE/& ARPODLWSE R W DRM
PWp IRUWHPHQW OLpHV OHV XQHV DX[ DXWUI$V D&H O BLRVARK BX
JURXSHV OHV VRXFKHV SURGXFWULFHY GH FDURWpPQRWGHV H\
GLIIpPUHQWY VXU OHV IURPDJHV SDU H[HPSOH OHV VRXFKHV
DFWLRQ FRQGXLVDQW j OD FRORUDWLRQ GHV IURPDJHV HW
SLIPHQWpPHV SHXYHQW rWUH UHVSRQVDEOHV XQLTXHPHQW GH
GpFULWAHUBRKBIDFWHULXP OLQHQV

+XLW FDURWPQRWGHYV GLIIpUHQ® % $B@W 6p WP DIUGH.QWE H. [G¥H 5D V |
DULODLWHGVUPYHQWDWLYHY MDXQH SLIJPHQWpPHV 4XDWUH



() &RQFOXVLRQV

FDUDFWpULVpV FRPPH OD GpFDSUpQREGPWREQHQ R[D QMMHIIFQ B L
GpFDSUPQR[DQWKLQH UHSUpVHQWDQW OHV SULQFLSDX[ FDUR
PWp pPYHQWXHOOHPHQW GpWHFWpPV HQ WUQV IDLEOH TXDQWIL
JOXFRVLGH SHQWDDFpWDWH-JOBRFRYVALIEHU p@QR [6 KRDSXIEH R)\R[B@RWH
GpFDSUpPpQRIDQWKLQH

6HXOHV TXHOTXHV pW X G $ VDRY_EDLOHIMM QWG Y HOH] FHW WH EL
MDPDLV pWp pWXGLpV KRUPLV OHXU SUpVHQFH VXU OD FU
FRQQDLVVDQFH OHV SUPpVHQWYV UpVXOWDWYVY FRQVWLWXHQW
FDURWpPQRWGHY BURGELWM@WOLY

/D OXPLQUH XQ IDFWHXU SK\VLTXH TXL D pWp SUpPFpGHPPHC
G DXWUHV EDFWpULH% GODRBERWND HVERGWSHXBXIHFWH DXVVL QI
O DEFFXPXODWLRQ GiH BULPQVIY TPHIYGXLW pJDOHPHQW GHYV

FDUDFWpPULVWLTXHV GH FRXOHXU REVHUYpHV SDU VSHFWUR
FDURWPQRWGHY VRQW FXOWLYpHV VRXV OD FRQGLWLRQ GH O
G HQYLURQ IRLV j FHOOH GH OD ELRV\QWKgVH REVHUYpH
&RQVLGPUDQW W R XW HDW LOHMWKRERFHEINY WP RLY JURXSHV RQW p
FRPSRUWHPHQW GH FRORUDWLRQ DIIHFWp SDU OD OXPLQqUH

HW LLL LQVHQVLEOH j OD OXPLgUH 7RXWHV OHV VRXEKHV S
SRVLWLYHPHQW j OD OXPLqUH FKDQJHDQW GX M®PKOHH HIR B X OGA
OTREVFXULWpP %LHQ TXH OH U{OH ®H\ C-DINRMEIIR/E B H W LFXROG
UpYpOp XQH IRQFWLRQ FRQQXH GRVJPMURWIHQ RN \G i D/GIN \C
LQWpJUpV DX[ PHPEUDQHV SURWpPJHDQW DLQVL OHV FHOOXOH

(Q FH TXL FRQFHUQH O K\SRWKqgVH TXH SOXVLHXUV IDFWHXUV
FRXOHXU GH EDFWpULHV G DIILQDJH SHQGDQW OD PDWXUDWL
1D&O HW OHV OHYXUHV GH GpVDFLGLILFDWLRQ RQW pWp HPSC

/JHV FKDQJHPHQWY GDQV OHV FDUDFWpPULVWLTXHV GH FRXOHX
FDURWpPQRWGHY RQW pWp UpYpOpV 8QIS YDULDEHREQPLWH G FF
GHV W\SHV GH PLOLHX GpVDFLGLILpY GX S+ HW GH OD FRQFF
MDXQH LQWHQVH /H S+ DFLGH HW XQH IRUWH FRQFHQWUDYV
SLJPHQWDWLRQ H®W DODLPWAMWHIPIEE UGV TXH QHXWUH OH GpYt
SDU OD VRXFKH pWXGLpH VXU GHWRP DO HHG \j DEFRAENQGpINEBIDN GBLO
POHYp TXH VXU OH PDU[HBAXWIODL GRPYWFLGLILFDWLRQ HQ R



() &RQFOXVLRQV

SOXV pOHYpH GH VDWXUDWLRQ GH FRXOHXU D pWp REVHUYpH
FHWWH WKqVH SUpVHQWHQW DLQVL XQH UpHOOH DPp®LRUD
DULODLWKXHQVRY DSSOLFDWLRQ GDQV OfDIILQDJH GHV IURPDJ
GpYHORSSHU XQH PHLOOHXUH FRPSUpPKHQVLRQ GH OD FRORUTL
DULODEWRRHY XQH SDUWLH GH OD PLFURIORUH GH PDWXUDWLR



&XUULFXOXP YLWDH

£855,88/80 9,7%(

1$0( 187+$7+$, 6877+,:21*

$''5(66 $JULFXOWXUDO 7THFKQRORJ\ '"HSDUWPHQW
7KDLODQG ,QVWLWXWH RI 6FLHQWLILF DQG 7HFKQ
7HFKQRSROLV ORR .ORQJ .ORQJ /XDQJ 3DW}!
7+$,/$1"

7(/1(3+21( H[W -

)$;

(-PDLO [OXWKDWKDIJ#WLVWU RU WK

('8&%7,21

3K 'LQ $JULFXOWXUDO )RRG 8QLYHUVLWp GH /D 5pXQL
7TKHVLPYSOLFDWLRQ RI EDFUWHHKIUW B ERIFWKKHY \OXWQIOFH FRO |
WKH VPHIHOQOHG VRIW FKHHVHV

0 6F 3XEOLF @XWQWWLRQ ODKLGRO 8QLYHUVLW\ 7KD
7TKHVL¥KH HIITHFW RI EUHZHG WHD RQ QRERMAB MWHVQVL
EALQ YPWWKRG

% 6EQLRFKHPLVWU\ &KXODORQJNRUQ 8QLYHUVLW\ 7Kk
6HQLRU 3URWHKIPWI&E&S5 7THFKQLTXH |RBS LG/HMORW LIQD ELSF R

6&+2/$56+,3

7KH 5R\DO 7KDL *RYHUQPHQW 6FKRODUVKLS IRU 3
7KH 5R\DO 7KDL *RYHUQPHQW 6FKRODUVKLS IRU S

7KHVLV *UDQW )DFXOW\ RI *UDGXDWH 6WXGLHV 0
7KDLODQG

352)(66,21%/ (;3(5,(1&(

I+

SUHVH@®WMVHDUFKHU $JULEXOWXUDO 7THEKQRORJ\ 'HS
7KDLODQG ,QVWLWXWH Rl 6FLHQWLILF DQG 7H

I+

SHVHDUFKHU 5HVHDUFK DQG 'HYHORSPHQW
&HQWHU 7KDLODQG ,QVWLWXWH RI 6FLHQW
7,675



() &XUULFXOXP YLWDH

I+

5HVHDUFK $VVLVWDQW 4XDOLW\ &RQWURO
&HQWHU 7KDLODQG ,QVWLWXWH RI 6FLHQW
7,675

I+

5HVHDUFK $VVLVWDQW 'HSDUWPHQW RI %LRW
7KDLODQG ,QVWLWXWH RI 6FLHQWLILF DQG 7H

I+

IHFWXUHU )DFXOW\ RI 6FLHQFH DQG 7THFKQRO
5DPEKDL %DUQL 5DMDEKDW 8QLYHUVLW\ &KD(

38%/,&%$7,216

6XWWKLZREIDIJUR < /DXUHQW 3 )RXLOODXG 0 9DOOD $ 'XIRV
ELRFRORUV ,Q 3DQHVDU 36 O0DUZDKD 66 HGLWRUV %
SURFHVVLQJ 2SSRUWXQLWLHY DQG &KDOOHQJHV 1HZ <RUW

'XIRVVp / )RXLOODXG 0 &BPXWRWKIODB@UL)A$BDPHQWRXVVIECQH L
SURGXFHUV RI SLIPHQWY DQG FRORUDQWY IRU WKH IRRG 1

6XWWKLZRO@UR < OLOKDX & 9DOOD $ )RXLOOWKGREDRKWHLY D U
vwubLQVY LVRODWHG IURP ULSHQLQJ FKHHVHV FKDUD
VSHFWURFRORULPHWU\ )RRG 5HVHDUFK ,QWHUQDWLRQDO

6XWWKLZRQ@UR < )RXLOODXG 0 9DOOD $ 'XIRVVp / % D F
YHUVDW LSQUMW EHWR®EWYF\RYIHO VRXUFHV RI QDWXUDO SLJPHQW
5HVHDUFK ,QWHU-QDWLRQDO

6XWWKLZRQIRVVp / 3URGXFWLRRURIKPRERWW QNG BN L MVHR@\D
VPHOUSHQHG FKHHVHV ,Q 3UHVV

3267(5 35(6(17$7,216

6XWWKLZRQDUR < )RXLOODXG 0 'XIRVVp $/UWSKKDREDFRMHHUL ] D \
SLIJIPHQWDWLRQ XVLQIWGWHWQRARERRDIOPEWQIUHVYV RQ 3LJ
JRRG + 1HZ WHFKQRORJLHV WRZDUGRY KHD QWBRO\WKUR XJ
BURFHHGEQXWORULR 0

6XWWKLZRQUR < )RXLOODXG 0 /DXUHQW 3 9DOOD $ 'XIRVVp
EHORQJLQJ W{RJWKURMOFWMMHWQODWLRQDO &RQJUHVV RQ 3LJF

JRRG + 1HZ WHFKQRGRDIHWK WRZDJIREKI K FRORXUV 1RYDL
BURFHHGGEQMWORULR 0

*XLIITULGXWWKLZRRIR1I3DROD &DFFLROD ) 'XIRVVp / & - FDUI
ULSHBDBWAHUINBUREDFWHUWYEH QMWO-DUQHMMVR DO &DURWHQRLG



() &XUULFXOXP YLWDH

6DVVDQDUDNNLW 6 5 .RVFKDNRVDL . $PSUDWXWWEKDREYDH
7HFKQRORJ\ 7UDQVIHU 3URMHFW 7KH 3LORW 30DQW 3URG
IRU 6XVWDLQDEOH 5XUPRUBGEHERIALIDQM U -DRIDWHVYV &KL
ODL 7KDLODQG

352)(66,21%$/ $)),/$7,21
OHPEHU RI 7KH $VVRFLDWLRQ RI 5GHVHDUFKHUV 7KDLODQG
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