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2SWLPL]DWLRQ RI D FRPSUHVVHG JDVHR
UHFRYHU\ GU\ LFH SHOOHWL]HU
$QDWREPIRURORG $UWRDGHHY
,5%,67(&+ /&

5XvvLDQ )HGHUDWLRQ ORVFRZ WKH WHUULWRU\ RI '
&HQWHU 1REHO\D GWUR#LUFRRRVHFK FRP
*LPDGHHY DUWXU#JPDLO FRP

$%675%&7

7KH GLVDGYDQWDJHV RI WKH H[LVWLQJ GU\ LFH HOHFWURF
UHYHDOHG $ VFKHPDWLF IORZ GLDJUDP RI WKH QHZ GU\ LI
DQG D FDUERQ GLR[LGH 76 GLDJUDP ZLWK WKH SURFHVVHYV
SUHVHQWHG 7KH IXQFWLRQV RI WKH GLDPHWHU RI WKH SL
SHOOHWL]HU DQG GU\ LFH SUHVVLQJ SUHVVXUH GHSHQGLC
JDVHRXV &2 KDYH EHHQ GHULYHG 7KH RSWLPDO GLDPHWH!
GU\ LFH SHOOHWL]HU KDYH EHHQ GHWHUPLQHG

.H\ZRUGQGWUDQXODWLQJ FDUERQ GLR[LGH GU\ LFH SLVWRQ

,1752'8&7,21

$V LV NQRZQ GU\ LFH JRHV IURP D VROLG DJJUHJDWH VWD
OLTXLG SKDVH DW D WHPSHUDWXUH RI . f& XQGH
'XH WR WKHVH SURSHUWLHV GU\ LFH LV ZLGHO\ XVHG DV
EODVWLQJ DQG DV FRROLQJ PDWHULDO IRU WHPSHUDWXL
DSSOLFDWLRQV > @ 7KH JOREDO GU\ LFH VDOHYV PDUNH\
HTXDO WR RYHU WKH QH[W \HDUV 7KH GU\ LFH PDUNH
WKH ILHOG RI PDQXIDFWXULQJ GU\ LFH PDNLQJ PDFKLQHYV
SHOOHWL]HUV > @ 7KH ILUVW SDWHQWHG GU\ LFH JUDQX:
ZKLFK DOO SHOOHWL]JHUV LQ WKH ZRUOG DUH QRZ PDQXIDF
DQG zZzDV EDVHG RQ WKH XVH RI HOHFWURPHFKDQLFDO SUI
FKDQJHG FRQFHSWXDOO\ VLQFH WKHQ %XW HYHQ QRZ D
UHYROXWLRQV SHOOHWL]JHUV FRQVXPH D ORW RI HQHUJ\
GLPHQVLRQV WKH\ DUH GLIILFXOW WR PDQXIDFWXUH DQG
WROHUDQFH ZKLFK DOWRJHWKHU OHDGV WR DQ LQFUHDV
SHOOHWL]HU

7KH QHZ SHOOHWL]HU LQYHQWHG E\ ,5%,67(&+ //& LQ >
DQERDORJ\ ZLWK WKH H[LVWLQJ SHOOHWL]HUV EXW LW UHFR®

7KH QRYHOW\ OLHV LQ WKH WUDQVIRUPDWLRQ RI FRPSUHVYV
DIWHU OLTXLG &2 H[SDQVLRQ LQ D JDV SLVWRQ H[SDQGHU
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WKH VROLG FDUERQ GLR[LGH SDUWLFOHV IRUPHG DOVR GX
QR HIWHUQDO VRXUFH RI HOHFWURPHFKDQLFDO HQHUJ\ LV

%HLQJ FDSDEOH RI XWLOL]JLQJ FRPSUHVVHG JDVHRXV &2 }
SUHGLFWHG WR KDYH WKH IROORZLQJ DGYDQWDJHV RYHU W
SHUIRUPDQFH WKH SRZHU FRQVXPSWLRQ LV XS WR WLP
LV XS WR WLPHV KLIJIKHU WKH ZHLJKW LV WLPHYV ORZ
SRVVLEOH OHDNDJH WKHUHRI 2QH RI WKH PDLQ LVVXHV L
SHOOHWL]HU LV WR GHWHUPLQH WKH RSWLPDO GU\ LFH SU
WKH RSWLPDO GLDPHWHU RI D SLVWRQ H[SDQGHU

35,0$5< 3%$57,7,21
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J)LIXUWDVLF WHFKQRORJLFDO VFKHPH RI D VLQJOH OLQ
DSSOLDQFH > @

JLIXUH VKRZV D VFKHPDWLF IORZ GLDJUDP RI D VLC
H[SDQGHU DSSOLDQFH 7KH GHYLFH KDV RQH SLVWRQ W\SH
XQLW EDVHG RQ JDV SLVWRQ H[SDQGHU &RPSDFWLRQ X
F\OLQGULF LQQHU FKDPEHU VKXWWHU DWWDFKHG WR K
SOXQJHU GLVSRVHG LQVLGH FKDPEHU ERXQGV FKDPEH!
HOHPHQW PRXQWHG LQWR KRXVLQJ FRQQHFWV WKH LC
FROOHFWLQJ GHYLFH 9DOYH LV GHVLJQHG WR VXSSO\ O

3RZHU XQLW KDV JDV SLVWRQ H[SDQGHU RSHUDWLQJ Y
WKH IORZ Rl ZKLFK LV FRQWUROOHG E\ FRQWURO XQLW
VXSSOLHG WR H[SDQGHU DQG LV UHOHDVHG WKHUHIURF
&RQWURO XQLW LV VXSSOLHG ZLWK FDUERQ GLR[LGH JD\
OHDNLQJ IURP FRPSDFWLRQ XQLW WKURXJK FROOHFWLQJ
H[SDQGHU DUH VWUXFWXUDOO\ GHVLJQHG VR WKDW WKH
SUHVVXUH 3 RI JDVHRXV FDUERQ GLR[LGH * ZLWKLQ WKEF
D 3/& VI\VWHP D JDV YDOYH FRQWURO V\VWHP DQG D JDV
VWRUDJH RI JDVHRXV FDUERQ GLR[LGH * ,QQHU GLVSODFI
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HI[SDQGHU KHUPHWLFDOO\ GLYLGHV WKH LQQHU FDYLW\ R
YROXPH RI ZKLFK FDQ YDU\ GHSHQGLQJ RQ WKH GLVSRVLWL
7KH OLQHDU IRUFH LV WUDQVIHUUHG IURP SRZHU XQLW WHF
Rl WKH FDYLW\ RI H[SDQGHU ZLWK JDVHRXV FDUERQ GLR][
WKH RWKHU VLGH RI WKH FRPSDFWLRQ XQLW UHODWLYH W
LOWHUPHGLDWH SUHVVXUH 3 RI WKH JDVHRXV FDUERQ Gl
LQQHU PRYDEOH SLVWRQ DQRQG WKXV FUHDWHYV D IRUFH

SOXQJHU "KHQ SOXQJHU UHDFKHV DSSUR[LPDWHO\ WK
FKDPEHU VKXWWHU RSHQV DQG WKH SHOOHW OHDYHV WK
EHIJLQV WR JR EDFN

7KH GHYLFH LV FDSDEOH RI SURGXFLQJ FRPSDFWHG VRO
GLVFUHWHO\ VLQFH LW WDNHV WLPH IRU SOXQJHU WR JR
FKDPEHU ZLWK VROLG FDUERQ GLR[LGH SDUWLFOHYV

,W LV REYLRXV IURP )LIJXUH WKDW WKH KLJKHU WKH GLDPF
RI JIDVHRXV &2 WKH KLJKHU WKH SUHVVLQJ IRUFH RQ SOX(
OLPLW IRU WKH SURGXFHG JDVHRXV FDUERQ GLR[LGH LQ Sl
RI FKDPEHU LV MXVW WKH WKLQJ WKDW GHILQHYVY WKH ZHLJ
LV D SK\VLFDO UHODWLRQVKLS EHWZHHQ WKH GLDPHWHU RI

WKH SUHVVXUH RI JDVHRXV &2 DQG WKH SUHVVLQJ IRUF
UHYHDOHG WR GHYHORS WKH RSWLPDO GHVLJQ RI D SHOOH

BURGXFLQJ SHOOHWY IURP VROLG FDUERQ GLR[LGH 6 SDU'
LQ LQGXVWU\ LV FKDUDFWHUL]HG E\ WKH IROORZLQJ SDUDP

e 7KH VWRUDJH SUHVVXUH RI OLUXMWKADPERQ \GLRYX®HD W
WDQNYV LV SVL > @ ZKLFK LV 03D

e 7KH FRHIILFLHQW RI FRQYHUVLRQ WIROLRAGLG FDUERQ G
GLR[LGH 6 DIWHU WKURWWOLQJ OLTXLG FDUERQ GLRJL
LV > @ E\ ZHLJKW

e 7KH SUHVVXUH RI WKH HPLWWHG IDVN HWRKXH FFOWERY RILF
WKH GHYLFH LV DSSUR[LPDWHO\ HTXDO WR DWPRVSKHL
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J)LIXUH6 GLDJUDP DQG WKH FRUUHVSRQGLQJ SURFHVVHYV I
EDVHG PHWKRG IRU SURGXFLQJ JUDQXODWHG VROLG FI

J)LIXUH VKRZV D 76 GLDJUDP DQG WKH FRUUHVSRQGLQJ SUI
EDVHG PHWKRG IRU SURGXFLQJ JUDQXODWHG VROLG FDUEI
RQ VDWXUDWLRQ OLQH D D FKDUDFWHUL]JHV WKH VWDWH R
VWDWH / ZKHQ VWRUHG LQ D WDQN DW D SUHVVXUH RI IR
FKDUDFWHUL]HV WKURWWOLQJ OLTXLG FDUERQ GLR[LGH /
GHVFULEHV WKH FRQYHUVLRQ RI OLTXLG FDUERQ GLR[LGF
FDUERQ GLR[LGH * DQG VROLG FDUERQ GLR[LGH 6 SDUWL

SRLQW % VKRZV WKH WKHUPRG\QDPLF HTXLOLEULXP RI D VF
DW D SUHVVXUH RI 03D SRLQW % DQG JDVHRXV FDUERC
03D SRLQW % RQ WKH EDVLY WKHUHRI LW LV SRVVLEOH
UHVXOWLQJ VROLG FDUERQ GLR[LGH ZKLFK LV HTXDO WR V
VHIPHQW % % C E\ WKH OHQJWK RI VHIPHQW % % DQG LV
ZKLFK LV FORVH WR WKH DERYH PHQWLRQHG YDOXHYV

7KH GDWD RQ WKH GHQVLW\ RI FDUERQ GLR[LGH RQ WKH
FROOHFWHG IURP IRXU GLIITHUHQW JUDSKYV
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7DEOMHQVLW\ Rl WKH FRPSUHVVHG JDVHRXV FDUERQ GLR[L
VDWXUDWLRQ OLQH GHSHQGLQJ RQ WKH SUHVVXUH RI WK
GLR[LGH DFFRUGLQJ WR GLIIHUHQW VRXUFHV

12r T y
o Pg(Fy) /

pr_r_(P} /

1x10° 1.82¢10° 2.64¢10° 3.46<10° 4.28¢10° 5.1x10°

k.

J)LIXUHDWD LQWHUSRODWLRQ JUDSK DFFRUGLQJ WR
$Q\ RSWLPLIDWLRQ SUREOHP PXVW KDYH VXFK SDUDPHWHU

7KH SUHVVXUH RI WKH JDKHRRWYPHDBUBRQHGMWRJL@OHWHL
WKURWWOLQJ OLTXLG &2

7KH SUHVVL@),sURNVROHG FDUERQ GLR[LGH DV D TXDQO
RI WKH SURGXFHG JUDQXOHYVY SURGXFWYV

7KH GLDPHWHU RI WKH SAKND\WQ HHDMGMWKH PDQXIDFV
WHFKQRORJ\ GLPHQVLRQV DQG FRVW RI HTXLSPHQW

S5HVWULFWLRQV

7KH SUHVVXUH RI FDUERQ GLR[LGH JDV FDQ UDQJH IUR
03D D &2 WULSOH SRLQW

7KH SUHVVLQJ SUHVVXUH RI VROLG FDUERQ GLR[LGH \

IURP DWP FRROLQJ SHOOHWV > @ WR DWP FU\I

> @

7KH GLDPHWHU RI WKH SLVWRQ H[SDQGHU PXVW EH ZL

RI WKH GLDPHWHUV RI WKH SQHXPDWLF F\OLQGHUV SU
LQWHUQDWLRQDO VWDQGDUG DQG PP

7KH SDFNLQJ GHQVLW\ RI WKH SDUWLFOHV LQ WKH FKDPEI
OLTXLG FDUERQ GLR[LGH H[SDQGV WKH YDOXHV RI ZKLFK L
NJ P @ 7R VROYH WKH RSWLPAD W LNRIQRESDNR BVAMHMH QD YD O XH
ZKLFK FRUUHVSRQGVY WR WKH H[SHULPHQWDO GDWD RI ,5%,

9ROXPH HTXDOLW\ HTXDWLRQ IRU WKH SURGXFHG FRPSUHVY\
RI WKH FDYLW\ RI WKH SLVWRQ H[SDQGHU IRU RlI WKH S
&2 VQRZ PXVW EH FRPSUHVVHG DSSUR[LPDWHO\ WLPHYV
GHQVLW\ RI GU\ LFH RP @ NJ P
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RI WKH JDVHRXV &2 SUR)QPQ:H:IG WHKH FXROGM/ LR RI GHQVLW\
VDWXUDWHG &2 YDSRUV RQ WKH VDWKXVY DIMKIRQLOP®NHQ )L.
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KHQ GHULYLQJ WKH GLDPHWHU IURP HTXDWLRQ ZH REWL
GLDPHWHU IRU WKH FRPSOHWH UHFHLW RI WKH SURGXFHG .

2ps
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$FFRUGLQJ WR )LIJXUH OHW XV GHULYH D EDODQFLQJ IRUF
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'KHUH LV WKH IULFWLRQ IRUFH,RILW KH | R JSFTHQ @ K D VB IWRWREV
UHWXUQ WKH SLVWRQPWR LW W RK ISILIQD\OX 8 R VW WRWQD FWV R
WKH SUHVVLQJ SOXQJHU

7KH IULFWERQLRWHAKDWLRQ LV HTXLYDOHQW WR 03D
H[SHULPHQWDO GDWD RI ,5%,67(&+ //& L H WKH SUHVVXUI
SLVWRQ PRYHPHQW FZKH QHWXDQURQFHLY FUHDWHG E\ PD
FRQVWDQW SUHVVXUH RQ WKH RWKHU VLGH RI WKH SLVW
SQHXPDWLF VSULQJ ZLWK D FRQVWDQW UHWXUQ IRUFH L(
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SUHVVXUH RQ WKH RWKHU VLGH LV 03D DFFRUGLQJ WR \
[1& 6XEVWLWXWLQJ WKHVH YDOXHV LQWR HTXDWLRQ ZH R
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'KHQ GHULYLQJ WKH SUHVVLQJ SUHVVXUH IURP HTXDWLRQ
SUHVVLQJ SUHVVXUH LQ WKH SUHVVLQJ FKDPEHU GHSHQGL!
DFFRXQW WKH RSWLPDO GLDPHWHU RI WKH SLVWRQ H[SDQG
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*DVHRXV &2 BUHVBEBMH
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&2 VQRZ SUHVVLQJ SUHVDXUH DWP DWP DWP DWP

P press

7TDEOHDOWD IURP WKH SDUWLFXODU H[DPSOHV DFFRUGLC
7KH KRUL]JRQWDO PDUNV FRUUHVSRQG WR WKH GLPHQVLR(

SQHXPDWLF F\OLQGHUV PDGH DFFRUGLQJ WR DQ ,62 L C
DQG PP +HUHZLWK LW VKRXOG EH QRWHG WKDW
WR WKH &2 WULSOH SRLQW 03D WKH KLJKHU WKH SUR

K\GUDXOLF UHVLVWDQFH LQ WKH OLTXLG SKDVH IRUPDWLR!
LQ WKH V\VWHP DV D ZKROH ZKLFK FDQ DGYHUVHO\ DIIHFW
7KH SUHVVXUH RI 03D LV WKH PRVW RSWLPDO IURP V
RI WKH SHOOHWL]HU DQG SUHVVLQJ SUHVVXUH

&21&/86,21

$V D UHVXOW RI WKH ZRUN WZR GHVLJQV RI D SHOOHW|

Rl SLVWRQ H[SDQGHU KDYH EHHQ GHYHORSHG )RU D SUHVYV

PP WKH RSWLPXP GLDPHWHU RI D SQHXPDWLF F\OLQGHU

DQG PP ZLWK WZR FDYLWLHYV 7KHVH UHVXOWY KDYH EHH

DQG WHVW WKH H[SHULPHQWDO VDPSOHV RI D GU\ LFH SHO
UHFRYHU\ RI ,5%,67(&+ //& LQ

$&.12:/("*(0(17
‘H H[SUHVV RXU JUDWLWXGH IRU ILQDQFLDO DVVLV\
$VVLVWDQFH )XQG ZZZ IDVLH UX WKH 6.2/.292 )XQG :

,QYHVWPHQW DQG 9HQWXUH )XQG RI WKH 5HSXEOLF RI 7L
.KD\UXOOLQ $ ) LQYHVWRU

[(*(1"

P SUHVVXUH 03D p GHQVLW\ NJIP
T WHPSHUDWXUH . d,DL OLQHDU VL]H PP
m  ZHLJKW NJ 7 WKH QXPEHU 3,
5()(5(1&(6
$ 9 6KDNXURY $ 9 3XVKNDUHY 9 $ 3XVKNDUHY ', 7
SUHUHTXLVLWHVY IRU GHYHORSLQJ QHZ JHQHUDWLRQ FL
BRYUHPHQQ\H 7THKQRORJLL Y OHGLFLQH Ss

6KDNXURY $ 9 %XUNRY ,$ =KHUGHY $$ 3XVKNDU!I
', BLPXODWLRQ RI IOXLG K\SRWKHUPLD IRU URERW D\
“RXUQDO RI (QKDQFHG +HDW 7UDQVIHU Ss
KWWSV ZZZ UHVHDUFKQHVWHU FRP
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86 3SIDWHQW 1R 86 $SSDUDWXV IRU WKH DJJORPH
FDUERQ GLR[LGH

*LPDGHHY $UWXU ,0\DVRYLFK 6SRVRE XVWUR\WWYR L
JUDQXOLURYDQQRJIJR WYHUGRJR GLRNVLGD XJOHURGD :
IRU WKH SURGXFWLRQ RI JUDQXODWHG VROLG FDUERQ

$SSOLFDWLRQ 1R 58 $

86 3SIDWHQWYV 1R 86 'U\ LFH SHOOHWL]HU DQG PHW
SURGXFWLRQ DQG 1R 86 S3HOOHW H[WUXGLQ.
DQG (32 3IDWHQW 1R (3 *DV UHFRYHU\ LQ WKH SU|
FKLOOLQJ PHGLXP VXFK DV FDUERQ GLR[LGH VQRZ

86 3SIDWHQW 1R 86 &2 VQRZ PDNLQJ DQG (32
1R (3 *DV UHFRYHU\ LQ WKH SURGXFWLRQ RI D Fk
DV FDUERQ GLR[LGH VQRZ

86 3SIDWHQW 1R 86 OHWKRG DQG DSSDUDWXV IRU ¢S

GLR[LGH SHOOHWV

3URIHVVRU 6WHSKHQ 3HQRQFHOOR &HQWHU IRU $SSOL
8QLYHUVLW\ RI ,GDKR ORVFRZ

%DVLF 3ULQFLSOHYV DQG &DOFXODWLRQV LQ &KHPLFDO
E\ -DPHV % 5LJJV 'DYLG 0 +LPPHOEODX
37KHUPRG\QDPLF )XQFWLRQ RI *DVHV" 9RO % XWWHUZF
'LDJUDPPD GLRNVLGD XJOHURGD >&DUERQ 'LR[LGH 'LDJ
JLEUDU\ ORVFRZ 6WDWH 7HFKQLFDO 8QLYHUVLW\ QDPH

86 SADWHQW 1R 86 3HOOHW H[WUXGLQJ PDFKLQH
5) 3DWHQW 1R 58 $SSDUDWXV IRU SURGXFWLRQ F
86 SADWHQWYV 1R 86 $ 'HYLFH IRU SURGXFLQJ D EOI
FDUERQ GLR[LGH DQG 86 'U\ LFH SHOOHWL]H!
SURGXFWLRQ
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