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$UWLFOH ,QIR $EVWUDFW

,Q UHVSRQVH WR ULVLQJ JOREDO GHPDQG IRU FULWL
@YLURQPHQWDOO\ UHVSRQVLEOH UHVRXUFH XWLOL]DWI
UHFRYHU\ PHWKRED/GHBP DR GHSRVLWV LQ WKH :DGL 5l
$FFHSWHMIXVW 6RXWKHUQWEKRDYMGRAHD RI (J\SW 7KH IRFXV LV RQ WKH EH
3XEOLVKHG$R DO H DQG WLWDQLWH DV SULPDUNLIXOWK N BE® B PH\Q HILIFWK GrILZHIQ DV
WHFKQRORJ\ VDPSOH ZHUH DQD M\@E E5X WIORK,GL T &V
SHVXOWYV LQ®LF KWHYWRDYHWRE® 7+0 FRQWHQW UDQJIHV I

5HFHL Y&
S5HFHLYHG LQ 5HYAQHG

DYHUDJLQJ DSSUR[LPDWHO\ ZLWK LQ WKH FRPSRVLW
2, MPH PLQHUDOV LQFOXGH WLWDQLWH LOPHQLWH OHXFR[HQH
.H\ZRUGV KLJK FRQFHQW UMWLIRIMLWF DRVHKIRDQHUDOV VXFK DV HSLGR

DPSKLEROHV (VWLPDWHG FRQWHQWYVY DUH ZW WLWDC
OPHQLWH DPRXQWYV RI JLUFRQ ZW VSHVVDUWLQH ZW DQ
7LWDQLWH HQKDQFH UHFRYHU\ JNFRPELYBWDREQRWRIRQ :LOIOH\ VKDN

“UDYLW\ FROFHOWUDWPERI QHWLF VHSDUDWLRQ WHFKQLTXHV /,06 DQG +,06 ZH

00s0HwWLE visoupwirh THFWLYHO\ FRQFHQWUDWHG WLWDQLWH DQG LOPHQLWH

UHVSHFWLYHO\ 7KH ILGBWQIQWKDIKORUKWFRERPLFDO

5DKED H[WUDFWLRQIUD@HA ®RXUFHV XVLQJ HQYLURQPHQWDOO\
XSJUDGLQJ

,QWURGXFWLRQ

/JRZJUDGH SODFHU GHSRVLWV EHQHI LFEDMRIR@WHFKQLTXHYV OLNH Jl
LQFUHDVLQJO\ LPSRUWDQW GXH MSDOWRDWLRD GKPDVIYPGLPRRWRYHG PLQF
YDOXDEOH PLQHUDOV OLNH JRIOHOSLQP HROHMWWWH JQIREEFDRD VXSSOV QHH(
WLWDQLWH DQG UXWLOH 7KHVISUWPH\QHUIH R QD W HE/ MM IQRA@ DA ALQD L Q J
KLMHFK LQGXVWULHV LQFOXGWDQLWBHPWGRQDPHQLWH DUH FERF
DHURVSDFH [HQ G QHUQMZINEMGIHIKEHSRVLWY GXH WR WKHLU UHVLVWD
GHSRVLWV DUH GHSOHWHG DWWHQWDRRY KV ¥BILWILZY) WR@RZHQV WL
JUDGH RQHV ZKLFK RIWHQ PRWMWBUWRFHOUWPEHQW\DQRDNLQJ LW YDOXE
HFRQRPLFDOO\ YLDEOH GXH WWLWOYQDRFHPHRIMOH SQIJPHQWYV XVHG |
HIWUDFWLRQ WHFf@QRORIMVFD@MG SDSHRHOLEA H,O0)HVLD® SULPDU\

E&RUUHVSRQGLQJ DXWKRU PPOB)DZ]\#\DKRR FRP 0
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VRXUFH RI WLWDQLXP FUXFLD@QHIRG KRDKXJBFRXHULQYLBMBOYWH DQIR
WLWDQLXP PHWDO DQG WLWDQLXP GRR[LORHRKWAK ZHGH@\IURP PDUJI
XVHG LQ DHURVSDFH DQG DXWRRRWRXM FLH\G X VKW LHDQR Y@ WLRQ OLHV
,Q (J\SW SODFHU GHSRVLWV D USUIRKQ\G/ DORJBOWERHGQH OPLQHUDORJLF
5LYHU WKH OHGLWHUUDQHDQ FRRFSO H]Q B DWHIH L5HG SHDURXJK WDLO
FRDVW @ 7KHVH GHSRVLWV RULSDQDMHWHIRP MMKMDEOLVKLQJ D VFDC
ZHDWKHULQJ DQG WUDEKSBDWHEW WMDLIMDE@RLWDWLRQ Rl XQGHU
URFNV FRQWDLQLQJ LOPHQLWHVHGUPRQ WDXW GGI$ R WILW\D Q L W H
PDJQMMVL JDUQHW DQG OHXFR[HQH ([WUDFWLQJ

WLWDQLWH DQG LOPHQLWH IURP EIR8WODQGSOHW K B GERHSRIN L W V

KDV VLJQLILFDQW HFRQRPLF SRWBO®QBRHADVEMWRYYV
VWUDWHILF ORFDWLRQ DQG ULFKyJHRPR \%P N kM BRoWAHPPD P SO LO -
PLQLQJ VLWH 7KH JURZLQJ JORE oW 5 HPLGGOH RI DGL
WLWWBSUR"V'HQ’VOHﬁg\’QR EU\L\E}O(?%}* RBWHOGLQI LQ \DRXQRUHDR/ZH V@L UH F W
D HO W FRDVW
IXUWKHU KLJKOLJKWV WKH LPSR % E/,E EJ Vy)%ﬁﬁ:\/%)yGHV f
> @ 'HYHORSLQJ WKHVH GHS i W DJQ )yLJIXUH
VXVWDLQDEOH UHVRXUFH XVH H S VRV B lK%‘{JDng_'HUL]HG E\ D
7R VHSBDUDWH WLWD RE VSPOOIRRJURP WKH 3UI
QLWH DQ b \A@/H L%)E H H[SRVHG
EHQHILFLDWLRQ WHFKQLTXHV V A o) J \ H g DKED DUH
HOHFWURVWDWLF DQG IORW Q D’ 'Q\%\b H SUDELDC
FRPPRQO\ XVHG *UDYLW\ VHSDU B éFH W UREN W\S
WDEOHV RU VSLUDOV H[SORL rg? H QHEEWLRO RI WKF
EHWZHHQ KHXIIDW PQGHOLJKWHU v F UHH PDLQ Y
@ DQG > @ ODJQHWLF VHSD BV JQHLVVHV
LOPHQLWHPIDRPHYRE® PLQHUDOV AN NI VVHY SURYLGLQJ
XWLOL]JHV FRQGXFWLYLW\ GLII Q R p FQ HDOLFV ROGH
PLQHUDO VHSDUDWLR@W¥R @LGE U\%v vV JUDQLWHV D
HPSOR\HG LQ PLQHUDO EHQHIL % iL RUGHG LQ W
GLIIHUHQFHV LQ VXUIDFH FKHPL VD \ U\ GHSR)
VHSDUDWH WLWDQLWH DQG LOP b v RYBDWLR
DQG UHDJHQW UHJLPHV 7KLV w€D Y iUl ¥y GEHOH WR
HIIHFWLYH IRU WKH SURFBVMLQ | {7% % \ LO WKLFNQ
OLEHUDWHG DW ILQH SDUWLFOH, gH ! \HI-P R 0J WR
JUDYLW\ RU PDJQHWLF PHWKRG }i LR ULPDULO\ RI
>+ @ 7KHVH SK\WLFDO WHFKQ v/ DQ\QRU% A WKH 4XDWHUQD
UHFRYHU\ UDWBXUDWSG SKIRGXFWIE o DJPHQWYV GHULY
LQGXVWULDO XVH ZKLOH EHL;QgG BEE%Q,\&%),Q W URENV 7KL
IULHQGO\ WBHQFER QRW UHTXLYE 'QF\;?%J \ OV KLJIKOLJIK
FKHPLFDOV WKH\ PLQLPL]H SRO R gnf Q,\x; % WKDW SOD\
FRQWDPLQDWLRQ $GGLWLRQDO R Ky RSPEMVLDO IRU
RQ ZDWHU DQG VRLO FRPSDUKGy %UEE LR 3 10 MW M/ D DILWHAL G
K\GURPHWDOOXUJEF@O SURFHVV, X/ ODFHY @HSRMLEDW SOHYV ZHUF
7KLV VWXG\ SUHVHQWO DWQRMSGU :\/,g%/ IURP HIEDYDWHG SLWV C
JUDGH VWUHDP VHGLPHQW GHSR \YP G% :L[>\9 PSOHU HDEK D
5DKED DUHD E\ LQWHJUDWLQJ ¢ CELE N @W‘%} W R FP GHI
EHQHILFLDWLRQUWYI[FWQLD’Q(GVPI%JW l}% W R NLORPHWUHYV
VHSDUDWRLRYHOHFWLYHO\ UHF MU VRBY S o
PLQHUDOV VSHFLILFDOO\ LOPHQLW#sBRE WML WRRLWER SIRRLRY pHWKR
FRQYHQWLR/Q MCKDWW X8 EMWDRGH KLJIK
VRXUFHV RU UHO\ RQ FKHPLFDOXHNFROWHQY VWRH ) EHWKRGWKHUH LV D (
WKLV UHVHDUFK GHPRQVWUDW MNP RgRHWS RIQYW Y RFFPHIM O S INKH VW X
VXVWDLQDHMHFWERWWSK\VLFDO NMEWWRBY FOPWHUSRODWLRQ PHWKRGV
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GHWDLOHG DQG FRQWLQXRXV BGKNWWFEFEXWER RIPWEMVHE\PHWKRGV ZLC
HVWLPDWLQJ SUHGLFWLQJ WKHRPSDUQDY POONX EMG DHHIRQ SUHGLFW
WKH JLYHQ GDWD SRLQWV 7KLUHDWXGYUWRAHGO02UGMR DAHDVXUH SUHG
,ULJLQJ 2. DQG ,QYHUVH 'LVWORVHWLWHKWRQIHY LQGLFDWH RYH
' PHWKRGV WR HVWLPDWH PLQHUD® LIPRDFBOWKHDWQRQFVDWH XQGHU!I
DW XQVDPSROG\G |0RPOMIKIHKIER X UIOBIDQ 6 TXDUH (UBRWY BOBOWWH SUHFLV
GDWD SRLQWV DQG FUHDWH GLVDWGLEXWVR®Y LAMLSWM 2Q LVGGBLWLRQ WR
JHRVWDWLVWLFDO LQWHUSRODWUR® W\HEH QW RE WDHRD \W RAGIHNOH \& L Q WaR
FRQVLGHUDWLRQ WKH GLVWDQFHPBQR YHRG SHQDRWARIMQEHWIZHHAQRVHU
SRLQWDNDRBHY D FRQVWDQW EXBWQEQN QRZGI WP HEDE LOQGLFDWHY EHWW F
WKURXJKRXW WKHKVHRX@EKLMUHWKH SRLQW

ZKLOH ,': GHWBIUPLQLVWLF LQV\&-KLDSMW\W—IHRQDWLRQ PHWKRGYV
WHFKQLTXH WKDW FDOFXODWHYV Qg ﬁi \E 5XED zDV LQ
DVVLJQLQJ ZHLJKWV VXFK WKD S&)@@ \%, &VSOLW LOWR

DWPRUH KHDYLO\ ZHLJKWHG EDVU HUL]DWLRQ W H

>+ @

2. LV VXLWDEOH IRU FRPSOH] é/# HQ V\LL %D %DFOR\g/gI%/VI?_S\/C;V
GHFUHDVHV WKH LQWHUSRODW S? SSURJ[LP
VSDWLDO FRUUHODWLRQ EHWZH If%/f RXJKO\ F

' LV UHODWLYHO\ IDVW VWUD
' LGXDO VDPS
WR LPSOHPHQW ORUHRYHU WLJDWLRQ 9DULR

HY D OXDW L QY DW KR U B '?a'igRKGDHQoG VHME R
Q % OR® MUK/ IVAHFEH ZKLOH SK)
QJ

DQG ~FKRRVIIAIS URBKIHDWH URFHVVHV ZHUH LPSOHI
DFKLBIFFXUDWH UHVXOWYV ZK\;V KQROR!T\VDPSOH RQO\

RYHUVHQVLWLYH WR RXWOLHUYV
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J)LXUH *HRORJLFDO PDS RI WKH :DGL 5DKED DUHD VRXWKHDVWHUQ 'HVHUW

*UDLQ VL]H GLVWULEXWLRQVBAB®WRFHWHU HPSOR\LQJ SRODUL

JOLWLDO DQDO\WLV IRFXVHG ROMUARFYERFEXHPE exwLrO
XWLOL]LQJ  J IURP HDFK VDPSOL \Z

WR VLHYLQJ WKURXJK D VHULHYV %ﬁ @%@%@Oﬁ@éb%ﬁm“@

VLHYHYV DQG :HWEPYWR VHSDUDWLRQ ZDV XVHG
GLVWULEXWH SDUWLFOHV LQWRKHDYY HOL QHHWD\ONR VHOM VIDG® WKH 51
FRDWDIG PHGLXP VDQG ILQH GBORYLWAM\HREMHR\LQJ :LOIOH\ 6KDNL
VDQG DQG PXG VL]HV 7R DVVHVKHWEBRFHV¥REHVBQWZLWK DQ LQLWL

KHD@LTXLG VHSDUDWLRQ WHVWVRDHORZ H#& G YWEARHGFRYPHR ILQJ VWD JIH)Y
VHSDUDWH J VDPSOH XVLQJ7EORPERQQUEeHRRWHK VLOLFDWH PLQHU

KDV D VSHFLILF JUDYLW\ RI LgRg(gé‘g EHVYWROSPREEGUDWHE XOGHU
IRU WKH VXBYBOXWIQW RI JUDLé‘ LWLRQY ZIMKC B IHHG sown &)

GLVWULEXWLRQ DPRQJ WKH KHDY\ Hb@kltﬂqlpov/ M H® DMPUENG OHQJIWK R
LQFOLQDWLRQ RI f
OLQALDORILEDO DQG FKHPLED D ¢ hvhQiLQs ewbDiHv  svHG PRUH
X
FKDUDFWHUL]DWLRQ VHWWLQJIWLQ IHHG UDWH / PLQ Z

7KH PLQHUDORJLFDO FKDUDFWHUL]DWRZR Q FRI VWK IR NRHE OWDQLIQWKG DQ G D Q
740V ZDV FRQGXFWHG XVLQJ D FR¥PEH O/BWIKHRODKRIKHU SURSRUWLRQ RI
WHFKQLTXHVY LQFOXGLQJ DQ 20\PSWL\/\W\FWJEHJRI ELQRFXODU

PLFURVFRI®N GLIIUDFWLRQ F}\)V'QUHJLQJ@YLW\ VHSDUDWLRQ D JV
3DQDO\WLFDO (PSU\DQ GHYLFH HB#W?LF@@ ARG WH DQG wDL
SKDVHV DFFRUCGADQIGWRIBOHDVH K HDAHIKXL G VHSDUDWLRQ ZLWK EURPF
HQYLURQPHQWDO VFDQQLQJ HEOHMRFWADRRFRIWHBIW BS'G PDWHULDO E
(6(0 HTXLSSHG ZLWK HQHUJ\L&LWWI(H WIRWIDO KHDY\ PLQHUDO FR

VSHFWURPHWU\ (‘6 &KHPLFDO W@WR'FRW\ER@’K(\W'@% PDJQHWLF VHS
UDZ VDPSOHV WHFKQRORJ\ VDPSOH DQG YDULRX

G
PDJQHWLF IUDFWLRQV ZHUH SHU|R<U/FR#bQZVLW@|¥LEY\% H\?HQN\V\’LF VHSDUDW
GLNSVLYI\; IOXRUHVBNQEHI DN X UHPRYHG PDJQHWLWH
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x +LJKQWHQVLW\ PDJQHWLF VHSDUDMDLRQHG,068+9LD/D]JH GLVWULEXWLRQ
&DUSFR PRGHO XVHG WR VHSDIBWHRWKHGUHROLMHIEK VDPSOLQJ SR
PLQHUDOV WHFKQRORJ\ VDPSOH 7DEOH 7TKH L

R $ FXUUHQW VHSDUDWHG LOWHK®WH WR RI 7+0V ZHUH FRQFH(
WKH FRDUVH VDQG WR YHU\ ILQH VDC

R $ FXUUHQW HPDURHWHE WRYYQLWH ypFWLRQ WRQWDLRHBG+0V
)LQDOO\ D FOHDQLQJ VWHS RORWRHBOVKWKHQH W DFRDHWVH VDQG IUD
UHPRYHG DQ\ UHPDLQLQJ VLGUHIDWH LQRSPOVWLHYV
\LHOGLQSPUKMIKPLQHUDO FRQFHQWWMHWH RPSDUHYV WKH JUDLQ VL]H G

WHFKQRORJ\ VDPSOH ZLWK LWV 7+0 G
5HVXOWVY DQG 'LVEXVVLRQ DQDO\WLV FRQILUPHG WKDW RYHU
5DKED VDPSOH FKDUDFWHULJRWOQRQLQ VDQG IUDFWLRQV VPDOOHU

*UDLQ VL]H GLVWULEXWLRQ D?fED %1 L%
SDUDPHWHU ZDV DQDO\]HG IRU QR qu%

DQG WKH WHFKQRORJ\ ) Y

\

ROU:

W LQFUHDVFE
gé@%% VLOW IUDF
VDPS \ PLQHUDOV 7I

WLDO IRU |

VXPPDUL]HG LQ 7DEOH VKRZH FRBMA booL JUDLC

VDQG IUDFWLRQ ZDV WKH PRVW Q ’f@@HU\ AP
WR WELDQ DYHUDJH RI

WHFKQRORJ\ VDPSOH WKLV I1UDFPWRES BB xs 7KH

VLOW IUDFWLRQ KDG WKH ORZHVW Y C% HV QJ IUR
W R ZLWK DQ DYHUDJH R +E?—| \L(%BHQLJJIO éK[SJUISJFWHUL]DWI

WKH WHFKQRORJ\ VDPSOH PHDVXWHGKHDY\ PLQHUDO JUDLQV ZHUH
7R GHWHUPLQH WKH 7+0 FRQWISEW LBDIOHBKD UWDLAWHG EVWRFXORYLQJ
VHSDUDWLRQ WHVW ZDV FRQGXFIWHRVARSH ERGE FIRHEER ES U BL V H
&+%Ux VSHFLILF JUDYLW\ FRIMGRY MWHISBO QDAY LERWD DQG ;5" IRU
WKH KHDY\ DQG OLJKW PLQHUDOVWWDXFMALRQY ZHOGH Q@QWVKHGWLRQ 7K
ZLWK DFHWRQH GULHG DQG ZWMHFKIKDGETXHW WHWEKDAHNWEGQ RPGEYB OV H
VKRZQ LQ T7DHEYHDOHG WKDW 7-+A0LFRQWADW JURXS RI KHDY\ PLQHUD
UDQJHG IURP WR DYHUDORYUDGHZKDPHOH 7KH LGHQWLILHG P
WKH WHFKQRORJ\ VDPSOH FRQWDRMWDPHGE W SDR[VRBWR QQ )LIXUHV D
JLIXUH E DQG E VSHVVDUWLQH JDLU
$ VSDWLDO GLVWULEXWLRQ PDRIQHMWLARQWH® WHPDWY LWHXYH XUH
JHQHUDWHG XVLQJ $UF*,6 VRIWDWHLGRWHWH)LIXUHY G DQG H @
, QWHUSRODWLRQ PHWKRGV ERPIRHUDROWMVIORWO.GW SRMWOH @MWQIAD O HFRQR
GHWHUPLQLVWLF ZHUH DSSOLHQGWWRWHVW2PBMWMWHHEPHMWD/O RU DV VR
FROQFHQWUDWLRQV DW XQVDPS$SHWDOVRFDWLRQV 7KLV
DSSURDFK KHOSV UDLY X6 DVYWHJ LEX@H R Q
DFURVV WKH UHJLRQ

J)LIXUH 7KH VSDWLDO GLVWUL JLIXUH *UDLQ VL]H GLVWULEXWLRQ
VWUHDP VHGLPHQWY VDPSOHYV DORQJWDIRIS G KRP PLBIWG WR KHDY\ PLQHUDO GL



)DZ]HW DO -RXUQDO RI OLQLQJI9RQYLURRPHQW

7TDEOH 6LIH GLVWULEXWLRQ DQDO\WVHV SHUFHQWDJH IRU 5DKED

*UDLQ VL]JH GLVWULEXWLRQ DQDO\VHV
U\ FRDUVH V&RDUVH VDQGHGLXP VDQG )LQH VDQG 9HU\ ILQH VDQG 6LOW

6DPSOH FRGI'

a|a|a|alala|oa|ala|a|a|ala|ala|oa|alala|glololalololololo

0LQ
0D][
$YHU
7HFK VDPSOH
&KHPLFDO DVVD\ WKH WUDFH HOHPHQWYV ]JLUFRQLXP
6SDWLDO GLVWULEXWLRQ PD;SRVW %?8 2Ny NHO\VfﬁHL\I’VLFf:gVKFF
FRQFHQWUDWLRQV Rl PDMRU R] A %LFNHS
7L2w LQ SHUFHQWDJHV DORQ oH TXDQWL
LQFOXGLQJ &U 9 &R 1L DQG = SURF
FUHDWHG XVLQJ $UF*,6 VRIWZDU \ \P%i AR
GLVSOD\HG LQ DQGXUHWKH DY v e 929G
FRPSRVLWLRQ Rl WKHVH HOHPH %5 %U SR BILRHY WUDE
UDQJHV EHWZHHQ DQG éJ'p Q
WUDWLRQV PDNLQ
RI 7L2w YDULHV IURP
PLFD YLDEOH V,QP\SORP DU\ Z
DYHUDJLQJ DQG &D2 UDQJH
XDEOH WUDFH HOHPH(
ZLWK DQ DYHUDJH RI FH - WKH ORz OF
HOHPHQWV &U FRQFHQWUDWLR %%B%WH WLDO IR\
SSP ZLWK DQ DYHUDJH RI Pt Q
(,5 VL'V UHVXOWY TRU PDMR
IURP  SSP WR  SSP DYHUDJ 6
V LQ GLIIHUHQW PDJG
UDQJHV EHWZHHQ SSP DQG 5 33’
Hy W& Vopson 1URP 5DK
DYHUDJH RI SSP 1L UDQJHYV |
o UH SUHVHQWHG LQ 7DEOH
SSP DYHUDSSRJDQG =U UDQJHV
w pRYHUVLIHG IUDFWLRQ P
SSP WR  SSP ZLWK DQ DYHUD | CKLOH WKH VoLpt
7DEOH SUHVFQWWWKIGIWY IRU W - e OSE
WHFKQRORJLFDO VDPSOH UHYH \f \%@% pv TRH PD?QI-
JHW2x DQG 7L2w LQGLF LP

LURQ FRQWHQW DQG ORZ WLWD (ﬂH H%}UUHQDV(\SGC
OLPLWHG SRWHQWLDO IRU WLW\q_ U(S)FF@% Llﬁi FWLRO DW
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PDNHV XS DERXW $V VKRZQY LIR ZDIEHFDHW WKRSRUWLRQ@ RI KHDY\ \
HVYWLPDWHG FRQWHQW RI KHDYASRGCRMUIDOB\URDNG B RWRE DDPERUER
VWRLFKLRPHWULF FDOFXODWLROQSSURF®OGHYOWLWDQ@WWH 7KHVH KHD’
ZW LOPHQLWH ZW JLUBPROH DFFER¥YSDQLHG E\ PDMRU JDQJ
VSHVVDUWLQH JDUQHW ZW SUWU@E® PIDAQ AMDVWH] D Q GQ DHVOKE WSDHJ Z K
ZW Q,DGGLWLRQ WKH VDPSOHIJIKMRHDWPILQNUMDO I UDFWLRQ RI WKH

7TDEOH KAPWDRDQHUDOV SY4BPMQWDJIH E\ ZHLJKW LQ 5HODWLRQ WR WKHLU

7+0V VL]JH GLVWULEXWLRQ LQ ZHLJKW

9HU\ FRDUVERDUVH OHGLXP YLQH 9HUVILQH ¢ oW
VDQG VDQG VDQG VDQG VDQG

6DPSOH FRGATOV

a|a|o|ala|a|oa|a|alaloa|oa|a|a|a|a|a|alalalololalololololo

0LQ
0D
$YHU

7HFK VDPSOH

6SDWLDO 'LVWULEXWLRQ PDSWLRHHEBBPHQWWWZHHQ SUHGLFWHG DQ
'LVWULEXWLRQ PDSV RIIHU VLJQL?UE;bZ?SWHgH L SUEBR Il PIWULFEY
YLVXDOL]LQJ VSDWLDO SDWWH B K L EK LY VE
LGHQWLILFDWLRQ RI WUHQGV DQ ’%L 3 DQG D PLC
VFLHQWLILF UHVHDUFK WKURXJIK QWK R B Y RV E R D SRLOW v
UHODWLRQVKLSV HF +RZHYH VWEWRU W\SH
7KH LQWHUSRODWLRQ PHWKRGV % i gJ [EY 'g‘)w)&\%igé KW S bUDPH
* 0 y .
HRVWDWLVWLFDO $QDO\VW H[WH \ FL\)O’ H\&VN H%]KERXUKRRG
(LB R R } G ER XUV DOG D
R 6\)57 S V LQ HDFK
i 9k JHNW EDVHG
YDOXH ZLWK WKH DFWXDO PHDVX igﬁg\& K Wk
LV FRPPRQO\ XVHG WR VHOHEW Q v% v

VRIWZDUH 7R DVVHVV WKH
YDULRJUDP PRGHO IRU 2. DQG WR %%856 ENP 'g';WKH LQWHL

v

PHWKRGY VHTXHQWLDOO\ UHPRY
SDUDPHWHUYV IRU ,': WR DFKLHYH @Y EHWWH !

WLPH HVWLPDWH WKH YDOXH R&L
SBGHFWHG YDVOKHHY FBR®SDUH WKHH' (’?__"
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7TDEOH ;5§'DQDO\VHV RI 5DKED WHFKQRORJ\ VDPSOH DQG WKHLU UHODWH (

(OHPHQWDOHFKQRORJ\WOPHQUWHK *DUQUWWK (SLGRWHK 7LWDQLRMKH
DQDO\VHV VDPSOH IUDFWLRQ IUDFWLRQ IUDFWLRQ IUDFWLRQ

ODMRU HOHPHQWDO R[LGHV LQ

&D
7L
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0Q
7UDFH HOHPHQWY LQ SSP
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1
&
9
P
3E
&
7DEOH OLQHUDORJLFDO FRPSRVLWLRQ RI WKH 5DKED WHFKQR
OLQHUDO W OLQHUDO W
7LW 0DJQI
+HDY\ VLOLFDWH
,OPHQLWH PLOF
=LU *DQJXH PLQHUDOV
TXDUW] DQG
*DUQHW IHOG

7DEOH 3 H U PRHOPDIGFRH
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6HSDUDWLRQ 3URFHVVHV  VWDJH WR DIWHU WKH VFDYHQ
*UDYLWDWLYH FRQFHQWUD\MQF@@{UVFRULQJ WKH HIIHFWLYHQHVV
8SRQ FRPSOHWLRQ RI WKH JU lBD ﬁggE\D\F/’VLL%HQUC[
SURFHVVHYV LQFOXGLQJ ERWK &!W oben LoFUND
VEDYHQJHU VWDJHYV GHWD'E' YIFKQRORIN VDPS
SHUIRUPHG 7KH UHVXOWV DUH Y P QDWH A
7KH ILOGLQJV GHPRQVWUDWHG L\Q vw JHV gﬁ%@PLPSURYHPHQ

SURFHVV SOD\H® D FSIXKY DQJ
UDWHV 6SHFLILEFDOO\ WKH UH @@fgﬂ\ gDMﬁRéJ 7+0\gHDPQRG(
HIIH W

VLIJQLILFDQWO\ ULVLQJ IURP KH VHSDUDWLRQ
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JLXUH 7KH VSDWLDO GLVWULEXBEVLRORIFFLDQG =U G LQ WKH VWUHDP VHGL
DORQJ WKH 5DKED DUHD

7TDEOH ODWHULDO EDODQFH RI JUDYLW\ FROQFHOWUDWLRDRBFHHVVHYV YLL

BURGXFWYV <LHO( +0V $VVD +0V 5HFRY}
5RXJKLQ
iy GRPYHQJILC
&RQFHQW"G“F“b'\'(HQJLQ
7RWDO &F
7C 7R’
YHI 7R’

ODIJQHWLF 6HSDUDWLRQ FRQILUPHG WKDWDJOQBWILW\VBQ@G UMD WL

7KLV VWHS DLPV WR SURGXFEH K[ Igag Y\)Q/\O?: SEHHRD PKHHQ%:VI\Q’HFE:
RI LOPHQLWH DQG WLWDQLWH | \7;&9 QW AV \QLH
REWDLQHG YLD WKH VKDNLQJ W YO ORI DR
LOPHQLWH DQG WLWDQLWH FRQEH QWHPHHL APFMY BVDEWLRO 78)

L OPHJIRQFHQWUDWH JUDFWLRQ 7ELV UHIHUV RDR QMKH FQRODFWLRQ D\

F W, VL WA W FRPSULV}

SW WKLY IUDEWLRQ WKH IRFXV 2 R OB Y V\fg\L/J@URH 5 UHYHL

Q PLQHUDO RI LQWHUHVW é A WY LOFOXOL
FXUUHQW LOQWHQVLW\ RIWKH Tk %5 QB ng e Y o

DV D PDJQHWLF (BDEFQRAQY L& (0VH ;) @0)

WKH GRPLQEC

LQ )LJXUH D UHYHDOHG WKDW A, E '!E %3%413(7\,}%\% LV ORI TLGE
ZHUH LUWQQLWP DQG VLOLFR \';F ] v SEOH ]VKR
LOPHQLWH DV WKH SULPDU\ PL L}E E§ y/\ﬁp ow L

WUDFHV Rl VSHVVDUWLQH JDUQ R/H%D\H'E%D% VD(?

Ll
'5) DODO\VLV UHVXOWV SUHVHQW Wﬁg‘ RWLRQ WKH WLWDQI

LOPHQLWH JUDLQV LV VKRZQ LQ°\Y



)DZ]HW DO

-RXUQDO RI OLQLQJI9RQYLURRPHQW

WR LQ WKH FRQFHQWUDWH 7KdH UHMRE@IEW @\ WEHWRHI JUDFWLRQ

WLWDQLWH ITURP WKH RULJLQDXOQFRDHUEUIODNYD POMVKHU SXULILFDWLRC
G IWPKROONWMVQU DWRD DO HWWR UHPRYH VLOLFED\

VHSDUHDWHL RQU HIBMUHRFWM VD VLQLPSXULWLHYV

ZLWK D PDVV \LHOG RI
HIITHFWLYHQHVV RI WKH
FRQFHQWUDWLQJ WLWDQLWH

GHSRVLW

F

INRPFAWKWHXOGDKEDU B@OFH® D PRUH U

FRQFHQWUDWH UHWSOWRQJ LQ D \LHC
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JLXUH 7KH VSDWLDO GLVWULEXWLRQ RI 1L D &U E
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J)LXUH %6( LPDJH DQG FRUUHVSRQGLQJ YLFKSHPWWDR®UD L OLFHRHQULAVH E

JLXUH %6( LPDJH DQG FRUUHVSRQGLQJUL 6K SHFRWUILR (R UD. WARNIDWLWH E

&RQFOXVLRQV $WZ/FWDJH EHQHILFIFIRWERQVIWDQRFAHAW JUDYLV

| @@Z% &\bSU?IE)\JQEWLF VH
7KLV VWXG\ SUHVHQWYV D FRPSUHKH %\: IBI-(P IDWL \ VHSDUDWLRQ
D'é

KHDY\ PLQHUDO SRWHEHW SDO® FRHIUORHK
:DGL 5DKED ORFDWHG DORQJ (J\SWT Jshe %gﬁ g@g;umlj_J%;lthgv
MWRRY G WKH WDUJHW PL¢
WKIYHFRYHUL  DQG

(PSKDVLV ZDV SODFHG RQ WKH UHF
UHFRYHU

VLJQLILFD QWS [PUW HEFGMUDN (DG WL
HIU?%:?} YWDWLRQ RI WKH\
L5 WV WKHLU YDOXH L

ZKLFK DUH FULWLFDO IRU WLWDQL Q %QG
LQGXVWULDO DSSOLFDWLRQV 7KH \}<

FRPSOH[ JHRORJLFDO IUDPHZRUN F

EDVHPHQW URFNV DQG 4XDWRMXULIMU (g

KHDY\ PLQHUDO HOULFKPHOW MVSH L}/[RGH os:(ZDFHU UHVRXUFHV 7K

$ VIVWHPDWLF VDPSOLQJ SURJUDPI Ql_’(-; tg? DWXUH (EFI;;LSODLW\GRV;
PLQHUDORJLFDO FKDUDFWHUL]DWLR XSSRUWV U
FRPSRVLWH VDPSOHV ZDV SHUIRUPH H|5/|_lr 7KLV SRVLWLRQ L

DEDO\WLY KHDY\ PLQHUDO('"$H ®DGD W

(" ;5) 7KH UHVXOWYV UHYHDOHG D Y IyE DREOH D?_svaVQLTleURQPI
KHDY\ PLQHUDOV LQFOXGLQJ WLW \é{ D HEFRPPHQ:(
PDIJQHWLWH VSHVVDUWLQH JDUQHWE % ij(b.]

OHYHOV Rl KHDY\ VLOLFDWH JDQJXH UHDWHU
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HFRQRPLF YLDEEDDW\SRIRIGOPOWLRQ DQG@DYDEMVIBKHO *KDUDDI®U (00
HQYLURQPHQWDO DQG VRFLDO LPSEKIFIIWLR®UE RI0 LX/X\HW QL D§O: E
GHYHORSPHQW LQ WKH DUHD 2YHUBDHRRY WKL R IVWXGXDELRHY IKHDW\ PLQHUDOV
FULWLFDO LQVLJKWYV LQWR WKH EH@®HILEGHWWERQHSRWBHYWRQ ORBHUDMWLRQV IUR
5DKED VHGLPHQWQWKRIGFOIRXQI MVWILROWBRKWDW KHLELPHQWY VRXWKHUQ FRDVW RI
VXVWDLQDEOH XWLOL]DWLRQ DV D VRRUEID RO RULIKLFDFV PEGOUDWDHQFH 6HULHV

> @ )DZ]%WMRXPL6KDKLQPBG @®
SHIHUHQFHYV 6KDIH\ $EGHMHP OVPDLQOBRJIKD]\

> @ 6KHQORQUDODPPEZH ODWDQGD 3 $ 'LDE O D (FRQRPLF KHDY\ PLQHUD!
/JLQNLQJ RUHV IORWDWLRQ UHVXOWYWUWR DR KWHH GLEWIQOYDRERBSH BLKDJE VRXWKI
GHSRVLW PLQHUDORJLFDO IHDWXUHVWHPQKIHSVWQI WKBUDHEMRMHUDWLRQ DQG >
FRSSHU UHWDLQHG LQ &D@QRWDIVQRYYHWDHLIDWPURQ RI1 WK% XD CGHRWLH W L DACK KU |
OHWDOOXUJLFRO 4XDUWHUO\ OLQHUDO 5HVHDUFK DQG ([SORUDWLRQ

> @ :DQL.KD®%6KRDLEDN&RVWD *RQoDOYHV)DZ]%WMRXPLEKDKLQPBG @O
& &KHQ = =H®RELFNL ( 5 SURKHV KL QYEGBIBIHP OVPDLO '§DE 0

Rl ORZDGH XOWUDPDILF QLFNHO RUHV E$ FRKDWIFDWHUHNIWEZRQ DQG EHQHILFLD
OLQHUDOV (QJLQHHULQJ YDOXDEOH KHDY\ PLQHUDOV IURP :DGL ,ELE

> @ %XOD\DIMIKXSDWWOPYXED 7 \Fg'féXVQKLHQUJQD'(:Q?gH\LVRiFEJ'LQQ\A’fHUWMR@D(O\SFW(UQ
'DQKD  * ([SORUD@H /RFRQ 2UH

%HQHILFLDWLRQ 7HFKQLTXHV $ &RPS@HRHYDIQLIP5IREEDB ORGXEDWHILF %XV L
OLQHUDOV SHSRUW *OREDO ,QGXVWU\ $QDO\VWV ,QF

> @ %UXFNBRGQFEHE\ 6BLWK /. KWW S
QJ

—T

. KDQGPDUNHWY FRP UH{
6SDUURZ - 5HYLHZ RI SURFHVVL U

DQG ([ WUDFWLYH OHWDOOXUJ\ %

FKDU
>@ O0XGG *-RZLWW 6 0 5D U pER
HOHPHQWYVY IURP KHDY\ PLQHUDO VDO My Y
RI D IRUJRWWS$SE OHWVR XDEWVK 6FLHQF

HILFLDWLRQ VWXGGHBWKQ UHFRY
UL]DWLRQ RI LOPHQLWH IURP UHG
*DOQMDP 'L VWULFW 2G|

Yk%bWKﬁ WILBOOLQJ 6FLHC

§<U)I

> @ .OHLBK&OSRWWYV (BUWK 0DWHUf UDORJLFDO FKDUDFWHUL]JRWLRQ DQG
QWURGXFWLRQ WR OLQH&""DERULGDQQD TWYRWRYH DQG UDUH PHMDDUR ®GQHUDOV
8QLYHUVLW\ 3UHVV JUDQLWLF SHIJPDWLWH DW RVKH\&WQWUDO (|

> @ .KHGtJDﬂ)KnORXIZDND]DZ(EDlIDKDV + $UDELDQ -RXUQDO RI *HRVFLHQFHV

$JHU 0 . (OBKDIHL 6 $ *HQHWLYV DPD BGDOHK *

HYDOXDWLRQ RI KHDY\ PLOHUDOV L 0ok SRR gRaRin bR AR p uwoooL

IURP WKH VRXWKHUQ (D VHMRHRKQH PHVMULY \R{Y &S P\ORQLWLF URFNV 6RXWK (DVWHL
QWHUQDWLRQDO SHYLHZ RI $SSOLHG 6FLHG

%DZ]\ OODKG\ 1 ODEURXN 6

> @ S$EBH® $DLG ERXVWDID 0,
%DUDNDW 0 * OLQHUDORJ\ k@;mj_,y PXR <R x
0

UDGLRDFWLYLW\ RI WKH KHDY\ PLQHU LQ W ULEFQBﬁIbMDQp\i;Dﬁ)Bg\%?L {URP F
WKH QRUWKHUQ FHR)DU"WD‘R'R(”\*SW'-FDQ\URHM@(RUH RUNWODRRLED OROPRYIHG E\ JUD

6FLHQFHV: VHSDUDWLRWQDWLRQDO -RXUQDO RI 0LQLQ.
> @ 6DP\ (&RKDU\ $ +HDY\ OLQHUBIKKQRORIJ\ +

3DWWHUQ DQG ,QGLFHV DV D *XLGH U_RWRYHQDQFH D@
7UDQVSRUWDWLRQ RI %HDFK 6DQGV@—F§ QUp W KR 1BPVUTD'THL¢Q_\%|L|QBhP 9DQDGLXP
&RDVW -RX&WDO RI $SSOLHG 6FLHQFH\RpRYHPY E’%DJQHWLF 6HSDUDWLRQ DQG )O

6HSDUDWLRQV

> @ .DOPDU $HBJDE $ SRXVWDID 0 . LP -HROJ 6HSDUDWLRQ RI OR
*HREKHPLVWU\ RI (FRQRPLF +HDQY hIQLéBﬂ’FDrFEJ lhlé'??R/Lw E\ ODJBBIVQ¥ 6HSDUL

5RVHWWD %ODFNS$B Q@ BVHQ BR

+

X > @ 'LDEO 0*KDU *D®IDU (O06KDIH\
> @ )DzZ]\ ¥EX (O *KDUDDI®U (po $ + #XVVHLQ $)DZ]\ 00
6KDIH\ $LOE 0 +XVVHLQ $: 3R WLDO W\ RI 3K\VLFDO 8SJUDGLQJ IF

4XDWHUQDU\ 6WUHDP 6HGLPHQWV 6Fg) QV&Wﬁ’VGR{I VikiBB BoHpI qLEV0

6HD (J\SW 3RWHQWLDO 6RXUFH RIj ROy g#{LLvM CWH

=LUFRQ DQG 2WKHU (FRQRFIFLQHDY DO\?

OHWDOOXUJ\ ([SORUDWLRQ @ 1]JHK 13®R SRROD 3 $ 3K\VLFDC
EHQHILFLDWLRQ RH3 DK DVY \ ARG ORIV
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OLWHUDWXUH UHYLHZ RQ PDJQHVEDKD D) G6R KWK FWDYRABKDWHHECKPEBR (J\SW
FRQFHQWUDW L4RI® MRBKELTXHV RI| 6F L HADRIW DY H U\ LSWY

> @ *DRDR =KX «X < 6XQ : > @ $EGHO ORQHLP $ % 2YHUYLHZ
6HOHFWLYH )ORWDWLRQ RI &DOFLWBHHRPRRSORGRLWH O$DDRBEY HKOGURJHRORJLFD
S5HDIJHQW 6AKHBMXIOH WKH (DVWHUQ "HY\FGUM JRIROQIRSW-RXUQDO

> @ )DZ]\ 00 6XUIDFH FKDUDFWHUL]DWLRQ DQG

IURWK IORWDWLRQ RI IHUJXVRQLWH>IU® P <REX 18 R BSHPH FPHWILMCH $ 00D Q

XVLQJ D FRPELQDWLRQ RI DQLRQLF PGB QRQLRTKH ER®SDAHFWRUIHRORILFDO VF

3K\WLFRFKHPLFDO 3UREOHPV Rl OLQHUIRX QGRBMAMML®FFXUUHQFHV iIEX VRPH ZDGL
+ 5DPDG BRMVDK (DVWH U Q (MWRSHD Q(JDSMH U

> @ )DZ]\ 00 YJORWDWLRQ VHSDUDWLRQ RI GUDYLWH

IURP SKORJRSLWH XVLQJ D FRPELQDWLRQ RIDZQERDEGF MEOVR/@ILF.RWS
VXUIDFVBBRQM¥RFKHPLFDO 3UREOHP\’ +R| $EH®HWDIRWWDOHE 0 6 $ 6 W X (
3URFHVVLQX FKHPLFDO FKDUDFWHULVWLFV RI JURXQGZEC
> @ +FDGJ*XR &KX $XDQJ €DQJ VXLWDEOH ORFDOLWLHVY GHVDOLQDWLRQ

0,
" SlonUILN HRKDRT pHOw nFAIIEEHR BOLNE A0PEYERA SOV, HoR s
RI JUDSKLWH RUH E\ URWDU\ WULE ¢ L'E %I'GF

VXUIDFH PRGRAGBWIZRRKQRORJ\

*
. @ <0QXHH- 1HZ LQVLIKWY DU (HRVWDWLYWLEDO
GHSUHVVLRQ PHFKDQLVP RI 7DPDULQ§ g) gHg)ﬁf%%?fé%)é’ ,_lé
IORWDWLRQ VHSDUDWLRQ 6RISBOXIRVID

DQG 3XULILFDWLRQ 7THFKQRORJ\ DUZDU—L\\DS%(KRJDO D@D 6

> @ S5XEBRXID 0 /6PLWK 6LQJK 6 . $ &RPSDUDWLYH 6WXG\ RI ,

2YHUYLHZ RI IORWDWLRQ DV D: ZDVWI—Eg‘Q/VYO(/KHR@d\Iygg)\)ngﬁéw \&t@%ﬁ%‘@b SKEng&LFDV

OLQHUDOV (QJLQHHEULQJ OLVKUD HGV B5HFHQW 7HFKQRORJL

> @ 7KHMD¥YRVVLQH\ 1 $ VKRL(DWQD—U\HIHHZQW DQG 5LVN 5HGXFWLRQ

RQ HQYLURQPHQWDO LPSDFWV DQG .D WL BQ,RI LURQ gRUIB UL VRO RI 65D
iNRp L S

WDLOLQJV LQ GHYHORSPHOW RO \WKY BRQ OHWKRGRXBWONEGRRO $U

ODWHULDOV 7RGD\ 3WRFHHGLQJV 3K\WLFV &RQIHUHQFH 6HULHYV
> @ 'H +DWYFD8/ 3+DHV 6 GH

(QYLURQPHQWDO LPSDFWV RI H[WUDFWL@QQSBBQLgﬁgﬁx{&%{a\,}N%I6@§§IID'V\\//LNDLO OWH

PDWHULDOV IRU W KH7 KQ HAUIAX W U BRY |, W .
LVWULEXWLRQ 8VLQJ &RN
IHWKHUODQGV (QYLURQPHQWDO $VV’§%‘(-%’£§WN§JQL@RF?DWHOOLWH 60(2?6 6RQLO OR

> @ 6DEHW $ + 2Q WKH VWHHRRW Y BHQV RQ IWK H

EDVHPHQW URBRRQ RIHROSVBXOUY, (J\SW, G o RxXPSRMXIDO BSRXBERXQWLY 1

> @ 6DOHWZREG B6KDKLQ .KBOHDO &RPSDULVRQ EHWZHHQ 'LITHUHQW
)0 (PDG % 0 *DEDO :p05)HUHQWHUSRODWLRQ OHWKRGV IRU WKH 'HYHO

5DKDED DUHD 6RXWK (DVWHUQ '"HVHUW WULEWWPRQH 0D SY | DN@LUSRDO VOFDBQBHHD V
DQG VSHFWURPHWQMHBSQRWSRRWIOQ JFNBQPDWRFY

OLQLQJ 6FLHQFH ,-06 > @ (*60%$ (J\SWLDQ JHRORJLFDO VX
> @ (0 %DUDJD 0 + *HROJLFDGLOLQHA UDHRARIDD 0% RI %DUDQLV 4XDG
JHRFKHPLFDO VWXGLHV RI WKH 3UHFBPDOBQ URFNV THROX X UYGEDLUR (J\SW
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