H[SRVHG OLJQLQ XQLWV 7KXV LW LV O
PROHFXOHV WKDW GHWHUPLQH WKH SUR
OHFKDQLVWLFDOO\ WKLV JUDIWLQJ FDQ
UHDFWLRQ RU D QXFOHRSKLOLF DGGLWL
FRQGXFWHG ERWK LQ WKH SUHVHQFH RL
VPDOO PROHFXOH WKDW ZKHQ R[LGL]HC
RWKHU VXEVWUDWHYV

ODOXH $GGHG %LRPDWHULDOV YLD /DFFDVH 0OHC

ODUN ' &DQQIDQEOHUWK XU - 5DIDXVNDV
6FKRRO RI &KHPLVWU\ %LRFKHPLVWU\ 5HQHZDEOH %LRSURGXFWV ,QVWLWXWH *HRUJLD ,QVWLWXWH RI 7H
'"HSDUWPHQW RI &KHPLFDO %LRPROHFXODU (QJLQHHULQJ 'HSDUWPHQW RI )RUHVWU\ :LOGOLIH )LVKHULH'

&RUUHVSRQGLQJ DXWKRU $UWKXU - 5DIJDXVNDV 'HSDUWPHQW RI &KHPLFDO %LRPROHFXODU (QJLQHHUL
7THQQHVVHH .QR[YLOOH 71 86% ( PDLO $UW 5DJIJDXVNDV#UEL JDWHFK HGX
5HFHLYHG -DQXDU\ $FFHSW3IXE ISP LO

&RS\ULJKW 5DJDXVNDV $- HW DO 7KLV LV DQ RSHQ DFFHVV DUWLFOH GLVWULEXWHG XQGHU WKH WHUPYV
XQUHVWULFWHG XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLGHG WKH RULJLQDO DXWK

6KRUW &RPPXQLFDWLRQ

$V ZH GHOYH GHHSHU LQWR WKH VW FHQWXU\ FRQFHUQV UHJDUGLQJ WKH
FXUUHQW VWDWH RI WKH HQYLURQPHQW DQG WKH IXWXUH RI WKH SODQHW FRQWLQ.
WR ULVH ,Q UHVSRQVH FRPSDQLHV DQG RUJDQL]DWLRQV IURP D EURDG
VSHFWUXP RI LQGXVWULHY DUH LQFUHDVLQJ WKHLU LQYROYHPHQW LQ MRLQLQJ WK
ZRUOGZLGH HIIRUW WR LQFRUSRUDWH VXVWDLQDELOLW\ LQWR H[LVWLQJ RSHUDWLR:

ZRRG\ DQG SODQW ELRPDVV ZKLFK FRPSULVH RI WKUHH PDLQ ELRSRO\PHUV
FHOOXORVH KHPLFHOOXORVH DQG OLJQLQ :KLOVW FHOOXORVH KDV PDQ\ XVH
SDSHU SURGXFWV DQG FRQYHUVLRQ WR HWKDQRO WR QDPH D FRXSOH WKH
H

H

DTXHRXV VI\VWHP

/IDFFDVHV EHQ]JHQHGLRO R[\JHQ R[LGRUHGXFWDVH (& DUH D

FODVV RI PXOWLFRSSHU R[LGDVHV WKDW DUH IRXQG LQ D YDULHW\ RI IXQJL
EDFWHULD SODQWV DOJDH DQG LQVHFWV > @ 7KH\ FDWDO\]H WKH IRXU HOHFV
UHGXFWLRQ RI 2 WR WZR + 2 FRXSOHG WR WKH R[LGDWLRQ RI IRXU VXEVWUDWH
PROHFXOHV PDNLQJ WKHP D fJUHHQg FDWDO\VW RI FKRLFH IRU D YDULHW\ RI
R[LGDWLYH SURFHVVHV UDQJLQJ IURP SXOS GHOLJQLILFDWLRQ WR WKH V\QWKH\
RI ILQH FKHPLFDOV *LYHQ WKDW OLJQLQ LV D QDWXUDO ODFFDVH VXEVWUDWH
ORJLFDO WKDW WKHVH HQJ\PHV KDYH EHHQ LQFUHDVLQJO\ HPSOR\HG LQ WKH SD\
WZR GHFDGHV WR IXQFWLRQDOL]JH OLJQRFHOOXORVLF ILEHUV > @ 7KH QRYH!
ELRPDWHULDOV FUHDWHG H[KLELW LPSURYHG DQWLPLFURELDO K\GURSKRELF
DQG VWUHQJWK SURSHUWLHYV

6XUIDFH IXQFWLRQDOL]DWLRQ FDQ EH DFKLHYHG LQ D QXPEHU RI ZD\V
RQH RI ZKLFK LV E\ FRYDOHQWO\ OLQNLQJ VPDOO PROHFXOHVY RQWR WKH VXUIDF



&LWDWISBRDR®RQDWHOOL 0' 5DJDXVNDV $- 9DOXH $GGHG %LRPDWHULDOV YLD /DFFDVH OHGLDV
%LRPDWHUGRL ;

3DJH R

H[WHQGHG WLPH SHULRG )RU H[DPSOH HPyDRGND¥WY FMKDPL'GF®HHOFHO-WKHDQGUD 5
K\GURSKRELFLW\ Rl EHHFK YHQHHUV ODFFEDRHY YPURYHPYORAHGPSWRYI®H IWLIQLQ
IOXRURSKHQROV RQWR WKH VXUIDFH RI WHKHHQEHHHUV > @ 7KH LQFUHDVHG
K\GURSKRELFLW\ LV LPSRUWDQW IRU SURWHAFWEd JCERYVIPRREIRS zRRBYIBRp 6W
ZHDWKHULQJ DQG ELRGHJUDGDWLRQ $ FRF“FH’§§ FURSRRERR G FF WP Py 1 XQJIDO L
ODXU\O JDOODWH 'XH WR LWV ORQJ DON\ LGH FKDL LW, KDV EHHQ, XVHG L
FRQMXQFWLRQ ZLWK ODFFDVHV WR |XQFW\|/_\)'§< %gﬁv\%ggﬁ?&mﬁ@F EEE L &EW?&%%&
ILEHUV *DUFLD 8EDVDUW HW DO GHPRQV \; o K WHEKR oR RXOG
EH XVHG RQ KDUGZRRG NUDIW SXOS WR u_ﬁgggw(‘g WHU SEQHWURWLRQ4DQG | pre
ZHWWDELOLW\ RI WKH UHVXOWLQJ KDQGVKWHWY R Q@0 L4 KDl IRQ BWHIRE HOW % &k Vi ¥ i C
WKH SURFHVV RQ MXWH ILEHUV WR GHYHQRSt P  BRWHULDQRWKDW ZD¥pB&UH
FRPSDWLEOH ZLWK K\GURSKRELF UHVLQV Q& LR KO (WK HAHbDIGWIR VEH sH¥NGI IR WK L
UHLQIRUFHPHQW LQ FRPSRVLWHV > @ 7KHKBUYRWHFKEBRX®RSVZREGP HD 0 DAUREW, HFK QR
PLFURELDO DQG IXQJDO DFWLYLW\ KDV DO Ve¥ KRG HUG Y DRFKBUBL HR S ORAEQN] DQ RN
LQQRYDWLYH ODFFDVH FDWDO\]HG LRGLQDWRR@QLRJ WK IDILZRRBHS O @0 RWLFS KK QG HF VZL
> @ /DFFDVH FDWDO\JHG JHQHUDWLRQ RI LRGR SKHQROLFV VXFK DV
LRGRYDQLOOLQ DQG LRGR HWK\O YDQLOOAMWHRDNLUDPHRAQ7WUXRZA® WROXKIRYKE &RVH\

VXEVWDQWLDO JURZWK LQKLELWRU\ H||HFW$/QW1—%YVH1|D(Q-|UU®FWNRQG RPI 6 PEARPY 1 e YH O
VSHELHYV DQG ILOWHUV - 9LURO OHWKRGYV

. XGDQWD3UDVHW\R (1 :LGVWHQ 3 .DQGHOEDXI
BWUHQJIJWK SURSHUWLHYV VXFK DV ZHW D QISF G0UAHW HIW D @\HH & WRIRH@ DW & W W DS 0 DQIG
EXUVW DUH RI JUHDW LPSRUWDQFH LQ WK HO PIRQRX HIDFOW R BV ) YV RU | BDHS K\G SREKG K ERNL W \
7KHVH VWULQJHQW SURSHUW\ VWDQGDUGV *®XVAEDEE UMD L QARDRO H)G IR DNV& DWP B D SHHULQ
DQG SDFNDJLQJ SURGXFWV PHHW WKH TXDOWWNOQHHGS @®RHZWSKIREUY GIXE 8 O R DVKIHRKI G U F
BUHYLRXV UHVHDUFK ZLWKLQ RXU JURXS KBYW-QKRPHP MKW B KEEBRIK DEAFL YKAIRE OL
JUDIWLQJ RI DPLQR DFLGY RQWR WKH VXUIDFH RI KLJK OLJQLQ FRQWHQW
VRIWZRRG NUDIW SXOS FDQ \LHOG KDQGVKHRWY ZAXWK PPRUR YR 2HW%DOVG GUYIGURS
WHQVLOH VWUHQJWK DV ZHOO DV LPSURYH 'é/yl@ Jlbg%\lﬁuv E|I_I_—|Rg FEPSRVEVPEHBLY
WKDW WKH LQFUHDVH LQ VWUHQJWK SURS SEDJ H § RQ FUHD iRe
DQLRQLF FKDUJH RI WKH ILEHUV LQWURGXE @W \Fx&:l& (§|U SRR I\/ﬁﬁfﬁﬁ%éhgt) L
WKH DPLQR DFLGV JUDIWHG RQWR WKH ILEH &Y GlpRy RRYYH (élfgly,@@mh@f@@%vm? L

WKHVH VWUHQJWK SURSHUWLHV ZHUH DOVRREMPLERHEHEW XY LRI QDETRY HVY WRWYD
JDOOLF DFLG RQWR WKH VXUIDFH RI D VLPL’ptp\,wD\QsajHV@ZR\@@MQVWR@xQ@LQD@HG SKHQ]

7KH ILHOG Rl OLJQRFHOOXORVLF ILEHU PREVHEWW 3 \KIQQHFU‘:'IDWHRYDOIXFH DGRGQHI%SI
ELRPDWHULDOV KDV QRW RQO\ SURYLGHG D “Eﬁ\{% | SUR Ry
OLJQLQ ZKLOH IXUWKHU HVWDEOLVKLQJ O%Lk E%%H téﬁ%ﬁ@%@%ﬁ &@@%&gﬁ( pFlc
HQILQHHUHG VRPH WUXO\ UHPDUNDEOH PDWHULDOY %LWHKK%ILR%H}SS/L‘JH%QD>§\}J,\RDFVW FDC
DSSOLFDWLRQV &RPELQHG ZLWK WKH XVH BL&Q5FPF§/¢WH W WK HI WU BAWER 3y Dk OBV £
WKLV ELRWHFKQRORJLFDO DSSURDFK LV VXYMRLQREPH DEMF plHURHHHVRIH & WH WL
VFLHQWLILF HIIRUW > @ )XUWKHUPRUH 3WHKILY ELRWHFKQRORJ\ SODWIRUP LV
QRW RQO\ OLPLWHG WR OLJQRFHOOXORVLF. EbRP PNYNXVV. LW KDV $D QVIB EHHQ XV HiG: B
IXQFWLRQDOL]H FKLWRVDQ > @ 7KXV LW 2XQPWER QDDWHWH R RO O W &RE W QRN LKV V
\HDUV DKHDG QRW RQO\ WKH W\SHV RI QRY H@ EQFOPLDMOHKE QD R V* 6W KXDHE LD Q 0E Hb R DVBRIQ
IURP OLJQRFHOOXORVLF ELRPDVV EXW D O VIR ZXIWWLW&W UR W ODH ¥ DY H EPLHRES R O HBH B R X S

FDQ EH PRGLILHG DQG WKH FRUUHVSRQGUOYLRZH(QRPBPHWHEFLUBE VHWKQAR® DUH
JHQHUDWHG <X & 3HL - =KDQJ ) +HWHURJHQHRXV |
VIULQJDOGHK\GH RQWR FKLWRVDQ E\ ODFFD\

S5HIHUHQFHYV

5DIJDXWNDWOOLDPV &. 'DYLVRQ %+ %ULWRYVHN * &DLUQH\ - HW DO
7KH SDWK IRUZDUG IRU ELRIXHOV DQG ELRPDWHULDOV 6FLHQFH

- %LRWHFKQRO %LRPDWHU 9ROXPH k ,VVXH Kk
,661 ; -%7%0 DQ RSHQ DFFHVV MRXUQDO
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