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3XN\RQJ 1DWLRQDO 8QLYHUVLW\� %XVDQ �������� .RUHD

$EVWUDFW−$V RUH JUDGHV GURS DW WRGD\¶V ODUJH PLQHV� DQG HQYLURQPHQWDO UHJXODWLRQV IRU ZDVWH GLVFKDUJHV LQFUHDVH�
HFRQRPLFV GULYHV QHZ UHFRYHU\ LQQRYDWLRQV� 7KLV SDSHU GHVFULEHV VRPH WHFKQRORJLFDO DGYDQFHV LQ WKH UHFRYHU\ SUR�

FHVVHV IRU FRSSHU� JROG� VLOYHU� OHDG DQG ]LQF� ,W GRHV QRW GLVFXVV S\URPHWDOOXUJ\� .RUHD� OLNH PDQ\ QDWLRQV ZLWK LQ�

GXVWULDO HFRQRPLHV� FRQVXPHV ODUJH DPRXQWV RI WKHVH PHWDOV� DQG LV GHSHQGHQW RQ RYHUVHDV VXSSOLHUV IRU QHDUO\ LWV HQWLUH

VXSSO\� 7KLV SDSHU DOVR GLVFXVVHV KRZ WHFKQRORJ\ IRU UHFRYHU\ RI PHWDO QRZ LQ .RUHD� IRU H[DPSOH IURP H[LVWLQJ

ZDVWHV� LV LPSRUWDQW� ,PSURYHG UHDJHQWV IRU ERWK OHDFKLQJ DQG IURWK IORWDWLRQ RI FRSSHU PLQHUDOV� SOXV ELR�R[LGDWLRQ

DQG SUHVVXUH DXWRFODYLQJ IRU JROG KDYH LPSURYHG PHWDO UHFRYHU\� &RSSHU UHFRYHU\ E\ 6;�(: LV H[SDQGLQJ UDSLGO\�

DQG WKH PHWKRG LV DOVR FRPPHUFLDO IRU ]LQF� %LRR[LGDWLRQ RI HQFDSVXODWLQJ ZDVWH PDWHULDOV DQG� LQ VRPH LQVWDQFHV� RI

WKH GHVLUHG PHWDO KDV UHDFKHG FRPPHUFLDO VFDOH� 3UHVVXUH OHDFKLQJ RQ D ODUJH VFDOH VROYHV VSHFLILF SUREOHPV IRU VHYHUDO

PHWDOV� ,PSURYHPHQWV LQ JROG DQG VLOYHU F\DQLGDWLRQ LQFOXGH YDULDQWV RI DFWLYDWHG FDUERQ DGVRUSWLRQ IURP VROXWLRQ�

=LQF DQG OHDG VWLOO ODUJHO\ GHSHQG RQ IORWDWLRQ IRU WKH WUHDWPHQW RI RUHV� +RZHYHU� LQQRYDWLRQ LQ K\GURPHWDOOXUJLFDO

H[WUDFWLRQ KDV EHHQ VSXUUHG E\ HQYLURQPHQWDO FRQFHUQV� &RPSXWHU PRGHOLQJ DQG SURFHVV FRQWURO ZRUOGZLGH KDYH OLNHO\

OHG WR WKH ODUJHVW LPSURYHPHQWV LQ UHFRYHU\� 7KH OLPLWHG DYDLODELOLW\ RI ODQG� FOHDQ ZDWHU DQG VLWHV IRU ZDVWH GLVSRVDO

LQ PDQ\ FRXQWULHV DIIHFWV WKH HFRQRPLFV RI UH�WUHDWPHQW RI H[LVWLQJ ZDVWHV� 6RPH RI WKH QHZ WHFKQRORJLHV FRXOG EH

FRPELQHG� IRU H[DPSOH LQ PRGXODU SODQWV WKDW FDQ EH PRYHG EHWZHHQ UHFODPDWLRQ VLWHV WR HFRQRPLF DGYDQWDJH RQ WKH

.RUHDQ 3HQLQVXOD�

.H\ ZRUGV� 1RQIHUURXV 0HWDOOXUJ\� .RUHD� 3UHFLRXV 0HWDOV� :DVWH 'XPSV� 7DLOLQJV� ,PSRUWV� (FRQRPLFV� *ULQGLQJ� %LR�

OHDFKLQJ� )ORWDWLRQ� 6ROYHQW ([WUDFWLRQ� 3UHVVXUH $XWRFODYLQJ� &KORULGH /HDFKLQJ� &\DQLGH� $UVHQLF� ,QGXVWULDO

1DWLRQV
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7RGD\ QRQIHUURXV PHWDOV W\SLFDOO\ DUH REWDLQHG IURP ZRUOG�FODVV

RUH GHSRVLWV WKDW IHHG KXJH SURFHVVLQJ SODQWV� $V IHHG JUDGHV GURS�

H[LVWLQJ PLQHV WHQG WR LQFUHDVH PLOO WKURXJKSXW� $W WKH VDPH WLPH�

HQYLURQPHQWDO FRQFHUQ DERXW ³QDVW\´ FRPSRQHQWV RI ZDVWH VWUHDPV

KDV LQFUHDVHG� 'LVSRVDO RI XQGHVLUDEOH FRPSRQHQWVPL[HG LQWR GLOXWH�

ODUJH�YROXPHZDVWH GLVFKDUJHV KDV EHFRPH D VLJQLILFDQW DGGHG FRVW�

:KLOH WKHUH KDYH EHHQ IHZ IXQGDPHQWDO FKDQJHV LQ QRQIHUURXV PHW�

DOOXUJ\� UHFHQW \HDUV KDYH VHHQPDQ\ LQQRYDWLRQV DQG GLUHFWLRQV EDVHG

LQ FKHPLVWU\� 7KH QHHG IRU LQFUHDVHG UHFRYHU\ RI FRQWDLQHG PHWDOV

DQG PRUH WKRURXJK VHTXHVWHULQJ RI GHOHWHULRXV PDWWHU� DOO DW ORZHU

FRVW DQG ORZHU FRQVXPSWLRQ RI ODQG DQG ZDWHU� ZLOO GULYH FRPPHU�

FLDO�VFDOH LQQRYDWLRQ�

7KLV SDSHU ILUVW UHYLHZV VRPH UHFHQW GHYHORSPHQWV LQ WKH UHFRY�

HU\ DQG XSJUDGLQJ RI ILYH PHWDOV FRQVXPHG KHDYLO\ E\ .RUHDQ LQ�

GXVWU\� 7DEOH � VKRZV H[DPSOHV RI WKH ODUJH�VFDOH PLOO WKURXJKSXW

DW VRPH ODUJH�VFDOH PHWDO PLQHV� 7ZR PHWKRGRORJLHV FKDUDFWHUL]H

WKH SURFHVVLQJ� K\GURPHWDOOXUJ\ �GLVVROXWLRQ� FRQFHQWUDWLRQ DQG UH�

GXFWLRQ WR PHWDO�� DQG IORWDWLRQ �SK\VLFDO VHSDUDWLRQ RI RUH PLQHUDOV

IURP DFFRPSDQ\LQJ ZDVWH�� 7KLV SDSHU GRHV QRW GHDO ZLWK S\UR�

PHWDOOXUJ\ �VPHOWLQJ� DQG UHILQLQJ SURFHVVHV� ZKLFK FRPPRQO\ IRO�

ORZ IORWDWLRQ DQG UHGXFH RUHV WR PHWDOV� ,W DOVR GRHV QRW GHDO ZLWK

LQQRYDWLRQV LQ RUH SUHSDUDWLRQ� ZKLFK LQFOXGHV ILQH JULQGLQJ� VL]�

LQJ� DQG LQ VRPH LQVWDQFHV URDVWLQJ RI RUH�

7KH FRQVXPSWLRQ RI PHWDOV LQ .RUHD IDU H[FHHGV WKH OLPLWHG� GH�

FOLQLQJ GRPHVWLF PLQH SURGXFWLRQ �7DEOH ��� 7KH SRVVLELOLW\ RI SUR�

GXFLQJ DGGLWLRQDO PHWDO GRPHVWLFDOO\ ZKLOH FDUU\LQJ RXW DOUHDG\ �

PDQGDWHG HQYLURQPHQWDO UHPHGLDWLRQ DQG GLVSRVDO RI H[LVWLQJZDVWHV

PD\ DOVR EH D SRWHQWLDO DSSOLFDWLRQ IRU QHZ WHFKQRORJ\� 7KH YDOXH

�DQG VFDUFLW\� RI QRQ�PRXQWDLQVLGH ODQG� DQG WKH QHHG IRU FOHDQZDWHU

VXSSOLHV� LV JUHDWHU LQ .RUHD WKDQ LQ PDQ\ FRXQWULHV� 7KHVH IDFWRUV

PDNH D GLIIHUHQFH LQ WKH GHFLVLRQ ZKHWKHU WRPHUHO\ LVRODWH RUPRYH

PLQLQJ ZDVWH� RU WR UHFRYHU PHWDOV IURP LW ZKLOH UHPRYLQJ LW�

3HU 7DEOH �� .RUHDQ LQGXVWU\ FRQVXPHV HYHU�LQFUHDVLQJ TXDQWL�

WLHV RI FRSSHU� 2YHUVHDV� D YDULHW\ RI SDUWLDOO\ R[LGL]HG FRSSHU RUHV

DUH FRQYHUWHG WR PHWDO WKURXJK VROYHQW H[WUDFWLRQ�HOHFWURZLQQLQJ

�6;(:�� 7KLV PHWKRG SURGXFHV ���RI ZRUOG FRSSHU �$FRUJD /WG��

������ DQG PDQ\ ZDVWH GXPSV DUH WUHDWHG E\ XVLQJ FRQYHQWLRQDO

VXOIXULF DFLG OHDFK WUHDWHG� +RZHYHU WKH PDMRULW\ RI FRSSHU FRPHV

IURP WKHPLQHUDO FKDOFRS\ULWH� &X)H6��ZKLFK LV VHSDUDWHG IURP ILQHO\

JURXQG ZDVWH URFN E\ IURWK IORWDWLRQ� 7KHVH FRQFHQWUDWHV DUH WUHDWHG

E\ S\URPHWDOOXUJ\ DW GLVWDQW VPHOWHUV� %HFDXVH RI WKH VFDOH RI SUR�

GXFWLRQ� EHFDXVH ���� RI WKH IHHG LV UHWXUQHG WR ZDVWH VWUHDPV� DQG



(FRQRPLF DQG (QYLURQPHQWDO $SSOLFDWLRQV IRU 5HFHQW ,QQRYDWLRQV RI 1RQIHUURXV 0HWDOOXUJ\ LQ 6RPH ,QGXVWULDO 1DWLRQV ���
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EHFDXVH E\SURGXFWV DUH RIWHQ LPSRUWDQW� VPDOO LQQRYDWLRQV KDYH EHHQ

YHU\ VLJQLILFDQW IRU ERWK SURFHVVHV�
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%UHDNLQJ RUH LQWR VPDOO SDUWLFOHV DOORZV SK\VLFDO VHSDUDWLRQ RI

GLIIHUHQW PLQHUDOV� RU H[SRVXUH WR FKHPLFDO RU ELRORJLFDO UHDFWLRQV�

)RU D W\SLFDO RSHQ SLW PLQLQJ DQG PHWDO UHFRYHU\ RSHUDWLRQ� WKLV

VWHS FRQVXPHV ���RI WKH HOHFWULFDO HQHUJ\ XVHG >GH OD9HUJQH� ����@�

6RPH RI WKH LQQRYDWLRQV GLVFXVVHG KHUH PD\ DOORZ SURFHVVLQJ RI

FRDUVHU SDUWLFOHV� ZKLFK UHGXFHV SRZHU FRVW VXEVWDQWLDOO\� ,QWULQVLF

SURSHUWLHV RI D JLYHQ RUH� VXFK DV WKH KDUGQHVV RU ZRUN LQGH[ ZLWK

UHVSHFW WR ILQH JULQGLQJ� DQG WKH VL]H DW ZKLFK WKH GHVLUHG PHWDOOLF

PLQHUDOV DUH OLEHUDWHG IURP HQFDSVXODWLRQ� KDYH JUHDW HFRQRPLF VLJ�

QLILFDQFH�

7KH VPDOOHU WKH VL]H RI D SDUWLFOH� WKH JUHDWHU LWV SURSRUWLRQDO VXU�

IDFH DUHD� &KHPLFDO UHDFWLYLW\� DQG WKH WHQGHQF\ RI WKH SDUWLFOH WR

IORDW RQ ZDWHU RU IRUP VOLPHV �GLVFXVVHG EHORZ� DUH LQFUHDVHG E\

ILQH JULQGLQJ�
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6ROYHQW H[WUDFWLRQ�HOHFWURZLQQLQJ WHFKQRORJ\ IRU PHWDO H[WUDFWLRQ

KDV OLNHO\ VHHQ WKH JUHDWHVW GHJUHH RI WHFKQRORJLFDO DGYDQFH LQ UHFHQW

\HDUV� 6;�(:XWLOL]HV WKH VHOHFWLYH WUDQVIHU DQG FRQFHQWUDWLRQ RIPHWDO

LRQV IURP DQ LPSXUH DTXHRXV SKDVH YLD DQ RUJDQLF SKDVH WR D VHFRQG

SXUH DTXHRXV SKDVH IURPZKLFK WKH GHVLUHGPHWDO FDQ EH UHFRYHUHG�

,Q WKH UHFRYHU\ RI FRSSHU IURP VXOSKXULF DFLG OHDFK VROXWLRQV�

IRU LQVWDQFH� GLYDOHQW FRSSHU LRQV DUH VHOHFWLYHO\ FDSWXUHG DW WKH LQ�

WHUIDFH RI WKH RUJDQLF DQG DTXHRXV SKDVHV E\ D VSHFLDOO\ GHVLJQHG

RUJDQLF PROHFXOH WR IRUP D FRSSHU�RUJDQLF FRPSOH[� 7KLV FRPSOH[

LV LQVROXEOH LQ WKH OHDFK VROXWLRQ EXW VROXEOH LQ RUJDQLF VROYHQWV� ,I

WKH RUJDQLF FRPSRXQG �OLJDQG�� KDV EHHQ GLOXWHG ZLWK� IRU LQVWDQFH�

D K\GURPHWDOOXUJLFDO JUDGH RI ³NHURVHQH´ SULRU WR FRQWDFW ZLWK WKH

OHDFK VROXWLRQ� WKHQ WKH FRSSHU FRPSOH[ ZLOO WUDQVIHU LQWR WKH EXON

RUJDQLF SKDVH� ,I� LQ DGGLWLRQ� WKH RUJDQLF DQG DTXHRXV DUH WRWDOO\

LPPLVFLEOH DQG WKH OLJDQG LV GHVLJQHG WR IRUP DQ RUJDQLF FRPSOH[

RQO\ ZLWK WKH VSHFLHV WR EH H[WUDFWHG� WKHQ D YHU\ HIIHFWLYH ORZ�HQ�

HUJ\�FRQVXPSWLYH PHWDOV VHSDUDWLRQ SURFHVV UHVXOWV� 3URSULHWDU\ HTXL�

OLEULXP PRGLILHUV� ZKLFK LPSURYH WKH HIILFLHQF\ RI FKHODWLQJ FRP�

SRXQGV� DUH DOVR DGGHG DW FRPPHUFLDO SODQWV >$FRUJD 7HFKQLFDO /L�

EUDU\� ����@� 0RUH HIIHFWLYH UHDJHQWV FDQ PHDQ IHZHU VWDJHV RI LRQ

H[FKDQJH�

,Q UHFHQW \HDUV� DFLG OHDFKLQJ RI R[LGL]HG �QRQ�VXOILGH� DQG FKDO�

FRFLWH �&X�6� RUHV IROORZHG E\ 6;�(:KDV VHHQ WKH JUHDWHVW JURZWK

DQG LQQRYDWLRQ� ,RQ�VSHFLILF RUJDQLF OLJDQGV DUH DYDLODEOH DW ODUJH

FRPPHUFLDO VFDOH� DQG FRQWLQXH WR LPSURYH SURGXFWLYLW\� /RZHU FRVWV

DUH RIWHQ DFKLHYHG E\ RXWGRRU KHDS OHDFKLQJ� UDWKHU WKDQ OHDFKLQJ

7DEOH �� ([DPSOH RI PDMRU QRQIHUURXV PHWDOOXUJLFDO RSHUDWLRQV
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LQ WDQNV LQ D SODQW� 5HODWLYHO\ FRDUVH RU DJJORPHUDWHG RUH LV VWDFNHG

RQ D VROXWLRQ�LPSHUYLRXV SDG DQG WKH FKRVHQ OHDFK VROXWLRQ LV DS�

SOLHG� %HFDXVH WKH OHDFK VROXWLRQ LV PRUH GLOXWH� DQG GRHV QRW UH�

DGLO\ UHDFK HYHU\ SDUWLFOH RI RUH RQ WKH SDG� UHFRYHU\ RI WKH GHVLUHG

PHWDO LV RIWHQ ORZHU E\ WKLV PHWKRG�

0HWDO UHFRYHU\ LV W\SLFDOO\ E\ HOHFWURZLQQLQJ �(:�� 3XULILHG FRS�

SHU PHWDO LV UHFRYHUHG DW WKH FDWKRGH RI D VHULHV RI ODUJH FHOOV IHG

E\ D VROXWLRQ SURGXFHG LQ WKH VHFRQG VWDJH RI WKH 6; SURFHVV� 7KLV

SURFHVV LV NQRZQ DV VWULSSLQJ DQG LV FDUULHG RXW XVLQJ ³VSHQẂ RU

³OHDQ´ HOHFWURO\WH ZKLFK KDV EHHQ SDUWLDOO\ GHSOHWHG RI FRSSHU LQ

WKH (: FHOOV� &RSSHU LV GHSRVLWHG DW WKH FDWKRGH DQG R[\JHQ LV OL�

EHUDWHG DW WKH DQRGH� 7KLV LV GLIIHUHQW IURP ³HOHFWURUHILQLQJ´ ZKHUH

WKH DQRGH UHDFWLRQ LV PHUHO\ WKH GLVVROXWLRQ RI D FRSSHU HOHFWURGH�

ZLWK WKH HOHFWURO\WH VROXWLRQ UHPDLQLQJ HVVHQWLDOO\ XQFKDQJHG�(OHFWUR�

ZLQQLQJ XVHV DQ LQVROXEOH DQRGH VR WKDW WKH GHSRVLWHG FRSSHU FRPHV

IURP WKH VROXWLRQ�HOHFWURO\WH� ,Q WKH (: UHDFWLRQ� VXOIXULF DFLG LV

JHQHUDWHG ZKLFK FDQ EH UHF\FOHG EDFN WR WKH OHDFKLQJ SURFHVV� 7KLV

LV HVSHFLDOO\ LPSRUWDQW LQ FRXQWULHV ZKHUH VXOIXULF DFLGPXVW EHPDQ�

XIDFWXUHG IURP LPSRUWHG UDZ PDWHULDO�

8QWLO UHFHQWO\� LQGXVWU\ KDV XVHG VLPSOH PL[HU�VHWWOHU HTXLSPHQW

LQ WKH 6; FRQWDFWLQJ SURFHVV� 7KLV W\SLFDOO\ FRQVLVWV RI VLPSOHPL[HU

ER[HV� VRPHWLPHV DUUDQJHG LQ VHULHV� GLVFKDUJLQJ WKH RUJDQLF�DTXH�

RXV GLVSHUVLRQ LQWR D VKDOORZ VHWWOHU W\SLFDOO\ �PHWHU GHHS� 7KHPRY�

LQJ GLVSHUVLRQ LV DOORZHG WR VHSDUDWH E\ JUDYLW\ DV LW SDVVHV GRZQ

WKH OHQJWK RI WKH VHWWOHU� )LQDO SKDVH VHSDUDWLRQ LV DIIHFWHG E\ D VLP�

SOH ZHLU V\VWHP ZLWK WKH RUJDQLF SKDVH IORZLQJ RYHU WKH XSSHU ZHLU

DQG LQWR D FROOHFWLRQ ODXQGHU DQG WKH DTXHRXV SKDVH SDVVLQJ XQGHU

WKH XSSHU ZHLU� RYHU D ORZHU ZHLU DQG LQWR D VLPLODU ODXQGHU� 7KH

PRVW UHFHQW LQQRYDWLYH WHFKQRORJ\ LQ WKH FRSSHU LQGXVWU\ PD\ EH

WKH ³SXOVHG FROXPQ�́ ZKLFK UHSODFHV WKH ODUJH PL[HU�VHWWOHUV LQ WKH

VROYHQW H[WUDFWLRQ SODQW� 7KHVH FHOOV WDNH XS OHVV IORRU VSDFH� OHVV

RUJDQLF LV UHTXLUHG DQG WKH FRVW LV VLJQLILFDQWO\ OHVV WKDQ WKH FRQ�

YHQWLRQDO XQLWV >1HVV� ����@�

7UDGLWLRQDOO\� R[LGH DQG VLOLFDWH ]LQF RUHV KDYH EHHQ WUHDWHG E\

IXPLQJ �S\URPHWDOOXUJ\�� VRPHWLPHV OHDGLQJ WR HQYLURQPHQWDO GH�

JUDGDWLRQ� 6;�(: ]LQF WHFKQRORJ\ UHFHQWO\ KDV EHFRPH FRPPHU�

FLDO� IRU H[DPSOH DW WKH QHZ 6NRUSLRQ0LQH ��������7�\U RI PHWDO�

LQ 1DPLELD >6$(3� ����@� +HUH OHDFKLQJ LV SHUIRUPHG XQGHU DWPR�

VSKHULF FRQGLWLRQV� DQG WKH OLTXRUV DUH SXULILHG DQG FRQFHQWUDWHG E\

XVLQJ VWDQGDUG RUJDQLF FRPSRXQGV SULRU WR HOHFWURZLQQLQJ� &XU�

UHQW WHFKQRORJ\ DOVR H[LVWV IRU 3G� 0R� *H DQG *D SURGXFWLRQ� DQG

WKH UHPRYDO RI $V IURP ZDVWH VWUHDPV�

%,2/2*,&$/ 352&(66(6 ,1 /($&+,1*

2SWLPL]DWLRQ RI ELROHDFKLQJ� RU ELRGHVWUXFWLRQ RI PHWDOOLF PLQ�

HUDOV >H�J� .DZDWUD DQG 1DWDUDMDQ� ����� )UHH DQG RWKHUV� ����@� LV

QRZ XQGHU LQWHQVH VWXG\� $OWKRXJK EDFWHULD KDYH DOZD\V H[LVWHG LQ

WKH FRSSHU KHDS OHDFK SURFHVV� WKHLU LPSRUWDQFH� HVSHFLDOO\ LQ LURQ

FRQYHUVLRQ DQG FRSSHU UHFRYHU\� LV EHFRPLQJPRUH YDOXHG� 'LIIHUHQW

W\SHV RI EDFWHULD DUH EHLQJ JDWKHUHG IURP KRW VSULQJV� RFHDQ IORRUV

DQG QDWXUDOO\ RFFXUULQJ DFLG URFN GUDLQDJH� 6RPH DUH SURYLQJ XVHIXO

DGGLWLRQV WR OHDFK VROXWLRQV WR DFKLHYH RSWLPXP R[LGDWLRQ LQ OHDFK

SDGV XQGHU YDULRXV GLIIHUHQW WHPSHUDWXUH DQG R[\JHQ DQG VXOILGH

FRQFHQWUDWLRQV� 1LQH FRSSHU ELRR[LGDWLRQ KHDS OHDFK IDFLOLWLHV KDYH

EHHQ FRPPLVVLRQHG �DOO LQ WKH 6RXWKHUQ +HPLVSKHUH� ZLWK SURGXF�

WLRQV UDQJLQJ EHWZHHQ �����7�G WR ������7�G� &RPPHUFLDO DSSOL�

FDWLRQ WR JROG SURFHVVLQJ LV GLVFXVVHG EHORZ�

5(&29(5< %< )/27$7,21�
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7KH IORWDWLRQ SURFHVV XWLOL]HV V\QWKHWLF �W\SLFDOO\ SURSULHWDU\� ELSR�

ODU RUJDQLF PROHFXOHV NQRZQ DV SURPRWHUV DQG FROOHFWRUV� 2QH HQG

RI WKH PROHFXOH KDV DQ DIILQLW\ IRU VSHFLILF NLQGV RI PLQHUDO JUDLQ

VXUIDFH SURSHUWLHV� 7KH RWKHU DWWDFKHV UHDGLO\ WR D IURWK RU VRDS EXE�

EOH� JHQHUDWHG E\ LQWURGXFLQJ D IURWKLQJ DJHQW DQG FRPSUHVVHG DLU�

)LQHO\ JURXQG RUH LV DJLWDWHG DQG WKH IORDWHG PLQHUDO LV VNLPPHG

FRQWLQXRXVO\ IURP WKH VXUIDFH RI WKH IORWDWLRQ FHOO� 7KLV WHFKQRORJ\�

ILUVW GHYHORSHG DW WKH WXUQ RI WKH ��WK FHQWXU\� UHPDLQV YHU\ LPSRU�

WDQW� DQG WKH FRSSHU LQGXVWU\ XVHV LW RQ WKH ODUJHVW VFDOH� &KHPLFDO

HQJLQHHUV FRQWLQXH WR WHVW DQG LPSURYH D VWLOO�JURZLQJ YDULHW\ RI

PLQHUDO�VSHFLILF IORWDWLRQ FROOHFWRUV� ,PSURYHPHQW RI WKHVH WHFK�

QRORJLHV PD\ SUHVHQWO\ EH QHDU D SODWHDX� ZLWK UHVHDUFK LPSHGHG

E\ ORZ PHWDO SULFHV� &RSSHU SURGXFWLRQ FRVWV� PRVW QRWDEO\ LQ $VLD�

DUH DOVR YHU\ VHQVLWLYH WR IXHO FRVWV� &ROXPQ FHOOV� ZKLFK XVH OHVV

HQHUJ\� DUH QRZ LPSRUWDQW� 7KXV DW WKH VFDOH RI D W\SLFDO ODUJH RS�

HUDWLRQ �7DEOH��� HYHU\ VPDOO LPSURYHPHQW \LHOGV VLJQLILFDQW UHZDUGV�

/DUJH DPRXQWV RI ZDVWH� FRQWDLQLQJ VLJQLILFDQW FRSSHU� DUH VWRFN�

SLOHG DQQXDOO\� 7KHVH DOVR WHQG WR EUHDN GRZQ LQ WLPH DQG FDQ WKHQ

\LHOG DFLGLF� LURQ R[LGH ULFK GUDLQDJH >H�J� $OSHUV DQG %ORZHV� �����

&KRQ DQG RWKHUV� ����@� 0LQH DQG PLOO ZDVWHV DUH ERWK D OLDELOLW\

DQG D UHVRXUFH IRU IXWXUH PHWDO H[WUDFWLRQ� &KHPLVWU\ DQG VHSDUD�

WLRQ GHYLFHV WR KHOS WDPH WKHP ZKLOH WKH SXOYHUL]HG URFN LV VWLOO LQ

WKH SURFHVV VWUHDP GHVHUYH DWWHQWLRQ�

6HOHFWLYH IORWDWLRQ UHIHUV WR IORDWLQJ RQH PLQHUDO ZKLOH GHSUHVV�

LQJ� RU OHDYLQJ EHKLQG� RWKHUV� $GGLWLRQ RI D VHFRQG UHDJHQW RU FKDQJ�

LQJ S+ FDQ ODWHU IORDW D VHFRQGPLQHUDO� )ORWDWLRQ WRGD\ DOVR UHPRYHV

DQG WKXV QHXWUDOL]HV XQGHVLUDEOH FRPSRQHQWV RI RUHV� H�J� FDUERQ�

ZKLFK LQKLELWV OHDFK UHFRYHU\ >GH OD 9HUJQH� ����@� RU RWKHU JDQJXH

PLQHUDOV ZKLFK SROOXWH ZDVWH VWUHDPV RU GRZQVWUHDP S\URPHWDO�

OXUJ\� &RSSHU 6;�(: SODQWV KDYH UHFHQWO\ LPSURYHG WKH UHPRYDO

RI XQZDQWHG RUJDQLF VROXWLRQ IURP WKH FRSSHU UDIILQDWH DQG ULFK HOHF�

WURO\WH VROXWLRQ E\ XVLQJ IORWDWLRQ FHOOV� 7KLV \LHOGV VLJQLILFDQW FRVW

VDYLQJV LQ UHFRYHUHG RUJDQLF�

*LYHQ WKH YDULHW\ RI FRSSHU RUHV DQG WKDW VRPH RI WKHP DUH QRW

DPHQDEOH WR IORWDWLRQ� H[WHQVLYH UHVHDUFK KDV OHG WR QHZ PHWKRGV

IRU OHDFKLQJ RI RUHV DQG ZDVWH GXPSV� 7KH ORZ FRVW ODUJH�VFDOH HQ�

YLURQPHQW RI D GXPS� OLNH LWV FORVH UHODWLYH WKH JROG KHDS OHDFK� LV

PRUH GLIILFXOW WR VWXG\ RQ D PLFUR�VFDOH WKDQ D VWUHDP RI SXOS LQ D

PLOO� 6XOILGH�EHDULQJ ZDVWH DQG WDLOLQJV GXPSV HYROYH GUDVWLFDOO\

ZLWK WLPH >H�J� *DUFLD HW DO�� ����� &DWKOHV� ����� 3DUN DQG RWKHUV�

����� -DPHV� ����@� 7KHLU RQJRLQJ FKHPLFDO GLVFKDUJHV DUH QRZ

GHPDQGLQJ PRQLWRULQJ DQG UHPHGLDWLRQ� 1HZ PHWDOOXUJLFDO FKHP�

LVWU\ LV EHLQJ HQJLQHHUHG WKURXJK DTXHRXV VROXWLRQ PRGHOLQJ SUR�

JUDPV� VRPH RI WKHP DYDLODEOH RYHU WKH:RUOG:LGH:HE >H�J� /DQJ�

PXLU� ����� S� �������@� 7KHVH DSSURDFKHV FDQ LGHQWLI\ QHZ SDWKV

IRU FKHPLFDO UHDFWLRQV� )RU H[DPSOH� UHVHDUFKHUV DW 0RQWDQD 7HFK

LQ WKH 86$ KDYH SURSRVHG UHGXFWLYH GLVVROXWLRQ RI FRSSHU VXOILGH

PLQHUDOV E\ FUHDWLQJ FXSUR�WKLR FRPSOH[HV XQGHU DQDHURELF FRQGL�

WLRQV� /HDFKLQJ RI FRPPRQ EXW IRUPHUO\ XQWRXFKDEOH PLQHUDOV VXFK

DV FKDOFRS\ULWH LV EHFRPLQJ D UHDOLW\ >3UDVDG DQG 3DQGH\� ����@�

$SSOLFDWLRQV RI EHWWHU WRROV WR VWXG\ JUDLQ UHDFWLRQV RYHU WLPH� LQ�

FOXGLQJ LQQRYDWLYH W\SHV RI PLFURVFRS\� KHOS WRPRGHO FRPSOH[ GLV�
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0DQ\ VLJQLILFDQW JROG PLQHV DQG WKH IHZ ODUJH SULPDU\ VLOYHU

PLQHV DUH QHDUO\ VLPLODU LQ VFDOH DQG UDZ RUH YDOXH WR FRSSHU PLQHV�

+RZHYHU� LQ FRQWUDVW WR EDVH PHWDOV� WKH JROG DQG VLOYHU UHFRYHUHG

DUH PHUHO\ WUDFH HOHPHQWV LQ WKH IHHG� 9DULDQWV RI F\DQLGH OHDFKLQJ

DUH WKH W\SLFDO FKRLFH IRU UHFRYHU\� DQG WKH FKHPLVWU\ DQG HQYLURQ�

PHQWDO VDIHW\ RI WKH SURFHVV DUH ZHOO VWXGLHG >H�J� 'H9RWR DQG0F�

1XOW\� ����@ $ ORZ FDSLWDO DQG RSHUDWLQJ FRVW LV REWDLQHG ZLWK PDQ\

ORZ�JUDGH� R[LGL]HG RUHV WKURXJK KHDS OHDFKLQJ� /DUJH�VFDOH KHDS

OHDFKLQJ PHWKRGV KDYH XQGHUJRQH PXFK HQJLQHHULQJ� DQG VSHFLDO�

L]HG KDUGZDUH LV QRZ DYDLODEOH WR WKH PHWDOOXUJLVW� 7KHUH LV D WUHQG

WRZDUGV HPLWWHUV DQG GULS V\VWHPV LQVWHDG RI WKH JDUGHQ VSULQNOHUV

XVHG LQ WKH SDVW� 6SULQNOHUV DUH DOVR QRZ XVHG ZKHQ WKHUH LV D QHHG

WR UHPRYH H[FHVV VROXWLRQ WKURXJK HYDSRUDWLRQ� ,QQRYDWLRQ KDV DOVR

LPSURYHG WKH UHPRYDO RI JROG IURP OHDFK VROXWLRQ E\ DGVRUSWLRQ RQ

DFWLYDWHG FDUERQ� 6WXGLHV RI WKH DGVRUSWLRQ PHFKDQLVP KDYH SURYHG

XVHIXO� 7KH JROG F\DQLGH FRPSOH[ ILWV FOHDQO\ ZLWKLQ D SODQH RI JUDSK�

LWH DWRPV >-RQHV HW DO�� ����@� UHVXOWLQJ LQ HIILFLHQW DGVRUSWLRQ RI JROG

IURP VROXWLRQ� 5HILQHPHQWV KDYH DLPHG DW VHOHFWLYLW\� VXSSUHVVLRQ

RI DGVRUEHQW FRQWDPLQDWLRQ� DQG RSWLPL]HG JUDQXOH RU ILQH SDUWLFOH

IRUPV RI FDUERQ� 7RGD\V RUHV RIWHQ FRQWDLQ PLQHUDOV WKDW FDQ DOVR

DGVRUE �URE� JROG IURP SUHJQDQW F\DQLGH PLOO VROXWLRQV� 6\QWKHWLF

PDJQHWLF FDUERQ JUDLQV KDYH EHHQ SURSRVHG E\ UHVHDUFKHUV DW WKH

8QLYHUVLW\ RI 8WDK DV D PHDQV IRU TXLFN UHPRYDO RI WKH DFWLYDWHG

FDUERQ DQG LWV FRQWDLQHG JROG EHIRUH LQ�VLWX ³UREEHU\´ RI WKH SUHJ�

QDQW VROXWLRQ RFFXUV� 3ODFLQJ WKH DFWLYDWHG FDUERQ� RU DQ DGVRUEHQW

UHVLQ� LQ WKH VWUHDP RI SXOSHG RUH LV DQRWKHU� QRZ ZLGHO\ XWLOL]HG

LQQRYDWLRQ IRU RUHV WKDW UHVSRQG SRRUO\ WR FRQYHQWLRQDO OHDFKLQJ�

&DUERQ�LQ�OHDFK� RU &,/� KDV DOORZHG PXFK JUHDWHU DQG PRUH UDSLG

UHFRYHU\ RI JROG IURP VRPH PDMRU GHSRVLWV� $ IXUWKHU LQQRYDWLRQ

LV WKH 6RXWK $IULFDQ FDURXVHO XQLW XVHG IRU &,/� 7KH DFWLYDWHG FDU�

ERQ UHPDLQV LQ WKH VWLUUHG WDQNV DV RSSRVHG WR EHLQJ FRXQWHU�FXU�

UHQWO\ SXPSHG WR SURJUHVVLYH WDQNV� 7KLV UHVXOWV LQ D UHGXFHG FDUERQ

FRQWDFW WLPH ZLWK SXOYHUL]HG RUH� ORZHU FDUERQ� ORVVHV� DQG JUHDWHU

JROG UHFRYHU\�

&\DQLGH KHDS OHDFKLQJ LV QRZ D VDIH� FRVW�HIILFLHQW PHWKRG IRU

SURGXFWLRQ RI JROG DQG VLOYHU DW VFDOHV UDQJLQJ IURP VPDOO WR YHU\

ODUJH� VSXUUHG E\ WKH ULVH LQ SUHFLRXV PHWDOV SULFHV LQ ����� )LJV� �

WR � VKRZ D ODUJH JROG KHDS OHDFK ³PLOÓ DQG VPDOO� UHODWLYHO\ SRU�

WDEOH JROG DQG VLOYHU UHFRYHU\ XQLWV� 6LPLODU SODQWV FDQ EH DSSOLHG

WR UHPRYLQJ RWKHU VXEVWDQFHV IURP FUXVKHG ZDVWH URFN�

6XOILGH DQG VXOI�DUVHQLGH RUHV� LQ ZKLFK JROG DQG VLOYHU PD\ EH

ORFNHG LQ WKH VWUXFWXUH RI PHWDOOLF ZDVWH �JDQJXH� PLQHUDOV� SUHVHQW

RWKHU SUREOHPV� 7KH\ W\SLFDOO\ EHFRPH PRUH DEXQGDQW DV PLQHV

DUH H[WHQGHG IXUWKHU EHORZ WKH HDUWKV VXUIDFH� DQG EHORZ WKH ZDWHU

WDEOH� ,Q WKH SDVW� VPHOWLQJ DQG URDVWLQJ ZHUH XVHG WR H[WUDFW PHWDOV

IURP VXFK RUHV� 7KHVH SURGXFH VXOIXU� DQG DUVHQLF�ULFK KLJK WHP�

SHUDWXUH RII�JDVHV� ZKLFK WRGD\ PXVW RI FRXUVH EH WUHDWHG� 'HVWUXF�

WLRQ RI PLQHUDO JUDLQV� ZKLFK HQFDSVXODWH JROG� DQG VHTXHVWHULQJ RU

VXSSUHVVLRQ RI GHOHWHULRXV HOHPHQWV �VXFK DV DUVHQLF� ZKLFK DOVR

DIIHFW JROG UHFRYHU\ DUH QRZ DOVR DFFRPSOLVKHG E\ SUHVVXUH R[LGD�

WLRQ RU DXWRFODYLQJ� 7KLV LV D SRSXODU LQQRYDWLRQ� WKRXJK LWV FRP�

SOH[LW\ UHTXLUHV KLJK JUDGH IHHG DQG FKDQJHV LQ FODVVLFDO JULQGLQJ

WHFKQRORJ\ >+LVNH\ DQG 6DQFKH]� ����@� +XJH DQG LQFUHDVLQJO\

DXWRPDWHG DXWRFODYHV DUH QRZ SDUW RI KLJK�JUDGH RUH UHGXFWLRQ SODQWV

DW ODUJH PLQHV� IRU H[DPSOH LQ WKH VHGLPHQW�KRVWHG JROG GLVWULFWV RI

)LJ� �� $ ODUJH JROG OHDFKLQJ RSHUDWLRQ KLJK LQ WKH $QGHV 0RXQ�
WDLQV DW &KRTXHOLPSLH� &KLOH� 7KH SODVWLF�OLQHG SRQGV KDQ�

GOH SUHJQDQW DQG EDUUHQ OHDFK VROXWLRQV �$OO ILJXUHV FRXUWHV\
.DSSHV�&DVVLGD\ $VVRFLDWHV� 5HQR� 86$��

)LJ� �� $ FDUERQ DGVRUSWLRQ JROG UHFRYHU\ XQLW� GHVLJQHG IRU SRUWD�

ELOLW\�0DJLVWUDO JROG PLQH� UXUDO 0H[LFR�

)LJ� �� 7KH FRPSDFWQHVV RI D VPDOO PRGHUQ SODQW DW DQ ROG PLQH
VLWH LV LOOXVWUDWHG�
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QRUWKHUQ 1HYDGD� 86$� 7KH\ FRPSHWH ZLWK URDVWLQJ RI UHIUDFWRU\

RUHV� 7KH FKHPLVWU\ LQ D KHDWHG� SUHVVXUHG DXWRFODYH LV FRPSOH[�

YDU\LQJ ZLWK S+ DQG PLQHUDOV SUHVHQW� ,Q DQ DFLG PHGLXP WRWDO R[�

LGDWLRQ RI VXOILGH VXOIXU WR VXOIDWH� DQG DUVHQLF WR DUVHQDWHV RFFXUV�

$Q HVVHQWLDO IHDWXUH IRU PDQ\ VXFK RSHUDWLRQV LV WKDW DUVHQLF FRP�

SRXQGV ZKLFK SUHYHQW QRUPDO F\DQLGH OHDFKLQJ DUH QRW RQO\ EUR�

NHQ GRZQ� EXW DUVHQLF LV VHTXHVWHUHG DV LQVROXEOH FRPSRXQGV ZKLOH

VXOIXU LV GLVFKDUJHG DW D UHODWLYHO\ XQ�UHDFWLYH YDOHQFH VWDWH� 7KLV

WHFKQRORJ\ LV QRZ EHFRPLQJ XVHIXOZLWK RWKHUPHWDOV� &DQDGD¶V+XG�

VRQ %D\ 0LQLQJ DQG 6PHOWLQJ QRZ SUHVVXUH OHDFKHV ]LQF DQG DV�

VRFLDWHG PHWDOV� WKXV HOLPLQDWLQJ VXOIXU GLR[LGH RII�JDVHV >:HOOV�

����@�

%LROHDFKLQJ LV DQRWKHU JURZLQJ WHFKQRORJ\ IRU GHVWUXFWLRQ RI JROG�

HQFDSVXODWLQJ PLQHUDOV >H�J� %ULHUO\� ����@� :LWK WKH GHPDQG IRU

GHFUHDVLQJ GLVFKDUJH RI FKHPLFDOV LQWR WKH HQYLURQPHQW� DQG HYHQ

WKH SRVVLELOLW\ RI JHQHWLF HQJLQHHULQJ� WKLV VFLHQFH LV UDSLGO\ DGDSW�

LQJ WR ODUJH�VFDOH PHWDOV UHFRYHU\� HVSHFLDOO\ LQ JROG DQG FRSSHU�

(LJKW ELRR[LGDWLRQ SODQWV �DOO LQ WKH 6RXWKHUQ +HPLVSKHUH� KDYH

EHHQ FRPPLVVLRQHG WR KDQGOH JROG IORWDWLRQ FRQFHQWUDWHV� 7KHLU FD�

SDFLW\ UDQJHV EHWZHHQ �� DQG ����� WRQV SHU GD\ RI FRQFHQWUDWH�

2QH JROG ELRR[LGDWLRQ SODQW KDV DOVR EHHQ FRPPLVVLRQHG� +RZ�

HYHU� WKLV DSSOLFDWLRQ LV VHHLQJ VORZHU JURZWK GXH WR WKH QHHG WR QHX�

WUDOL]H WKH DFLG VROXWLRQ UHTXLUHG E\ WKH EDFWHULD SULRU WR UHDFWLRQ

ZLWK DONDOLQH F\DQLGH OHDFK VROXWLRQ�

:KLOH VLOYHU PD\ DOVR EH UHFRYHUHG E\ XVLQJ FRQFHQWUDWHG F\D�

QLGH� PRGHUQ PDWHULDOV KDYH DOORZHG UHFHQW FRPPHUFLDO VFDOH DFLG�

IHUULF FKORULGH OHDFKLQJ RI VLOYHU �IRU H[DPSOH� &RSH� ������ 7KLV

SURFHVV GLVVROYHV VSHFLILF PLQHUDOV UHIUDFWRU\ WR ERWK IORWDWLRQ DQG

F\DQLGH OHDFKLQJ� )LJV� � WR � VKRZ D SODQW IRU WKH UHFRYHU\ RI VLOYHU

DQG RWKHUPHWDOV IURP ROG WXQJVWHQ WDLOLQJV LQ %ROLYLD� 6RPH RI WKHVH

SURFHVVHV GR QRW GHVWUR\ LURQ S\ULWH� DQG WKXV KHOS SUHYHQW DFLGLF

ZDWHU GLVFKDUJHV� 6LPLODU OHDFKLQJ WHFKQRORJ\ FDQ DOVR DSSO\ WRPHW�

DOOXUJLFDOO\ GLIILFXOW OHDG�EHDULQJ RUHV� EXW IRU W\SLFDO OHDG VXOILGH

RUHV FRQYHQWLRQDO IORWDWLRQ IROORZHG E\ S\URPHWDOOXUJ\ LV SUHVHQWO\

PRUH FRVW HIIHFWLYH� 0XFK VLOYHU LV VWLOO D E\SURGXFW RI OHDG VPHOW�

LQJ DV ZHOO DV FRSSHU SUHFLSLWDWLRQ�

=LQF LV DOVR KHDYLO\ FRQVXPHG E\ .RUHDQ KHDY\ LQGXVWU\� 7KH

PHWDO LV SURGXFHG GRPHVWLFDOO\� WKRXJK ODUJHO\ IURP LPSRUWHG RUHV�

,Q PRVW PLQHV LW RFFXUV ZLWK OHDG� DQG WKH GLIIHUHQW RUH PLQHUDOV

PXVW EH VHSDUDWHG E\ VHOHFWLYH IORWDWLRQ SULRU WR UHGXFWLRQ LQ PRVW

VPHOWLQJ SURFHVVHV� 0RGHUQ ]LQF SODQWV W\SLFDOO\ SURGXFH PHWDO E\

HOHFWURO\WLF UHGXFWLRQ� RIWHQ GLUHFWO\ IURP R[LGL]HG�URDVWHG IHHG�

)RU H[DPSOH� WKH .RUHD =LQF &R�� /WG� RSHUDWHV ODUJH VWDWH�RI�WKH

DUW SODQWV IRU SURGXFLQJ WKLV PHWDO� ,Q WKH SDVW� UHODWLYHO\ KLJK IHHG

JUDGHV ZRUOG ZLGH DQG ORZ SULFHV IRU ERWK OHDG DQG ]LQF SHUKDSV

OLPLWHG LQQRYDWLRQ� %XW HQYLURQPHQWDO FRQFHUQV DERXW DFFRPSDQ\�

LQJ WUDFH PHWDOV PHDQ VRPH H[LVWLQJ WHFKQRORJLHV� VXFK DV WKH MDUR�

VLWH ZDVWH SUHFLSLWDWLRQ SURFHVV� DUH LQ QHHG RI LPSURYHPHQW� 7UHQGV

LQ HQYLURQPHQWDO UHJXODWLRQV SURYLGH DGGHG LPSHWXV IRU UHFRYHULQJ

WUDFH PHWDOV DFFRPSDQ\LQJ PDQ\ ]LQF RUHV� PHWDOV WKDW ZHUH IRU�

PHUO\ GLVSRVHG RI LQ ZDVWH�

$OO RI WKHVH SURFHVVHV UHTXLUHZDWHU� W\SLFDOO\ XS WR � WRQV IRU HDFK

WRQ RI RUH SURFHVVHG LQ D FRQFHQWUDWLRQ PLOO >GH OD 9HUJQH� ����@�

)LJ� �� +HDWHG DJLWDWHG OHDFKLQJ WDQNV IRU LURQ FKORULGH OHDFKLQJ

RI VLOYHU DQG OHDG� ,WRV� %ROLYLD� 7KLV IDFLOLW\ FDQ SURFHVV
WUHDWV ������ WRQV RI IRUPHU ZDVWH PDWHULDO SHU PRQWK�

3ODQW ZDV HUHFWHG WR WUHDW ��� PLOOLRQ WRQV RI WLQ�WXQJVWHQ
WDLOLQJV FRQWDLQLQJ DSSUR[LPDWHO\ ��� WRQV RI VLOYHU� DQG

ODUJH TXDQWLWLHV RI UHFRYHUDEOH DQWLPRQ\� DUVHQLF� OHDG DQG
FRSSHU�

)LJ� �� ,QWHULRU RI ,WRV SODQW� %ROLYLD� VKRZLQJ VWDLQOHVV VWHHO DQG

QRQPHWDOOLF SLSLQJ DQG YHVVHOV UHTXLUHG WR KDQGOH KRW FRU�
URVLYH OHDFKLQJ VROXWLRQV� 0RGHUQ PDWHULDOV PDNH SRVVLEOH

KDQGOLQJ RI IOXLGV WKDW IRUPHUO\ FRXOG QRW EH HFRQRPLFDOO\
FRQWDLQHG�

)LJ� �� (UHFWLRQ RI WKH ,WRV SODQW� XVLQJ ORFDO ODERU DQG HQJLQHHUV�

,QWHUQDWLRQDO WHFKQRORJ\ WUDQVIHU DQG IXQGLQJ DUH DQ LQ�
WHJUDO SDUW RI PHWDOOXUJ\ WRGD\�
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6RPH RI WKLV ZDWHU LV ORVW DW HDFK VWHS� DQG VRPH LV W\SLFDOO\ ORFNHG

LQ ³VOLPHV�́ YHU\ ILQH PDWHULDO ZLWK D ODUJH VXUIDFH DUHD� SURGXFHG

E\ ILQH JULQGLQJ� WKDW DUH GLVFKDUJHG DV WDLOLQJV� ,Q FRXQWULHV OLNH

.RUHD� ZDWHU FRQVHUYDWLRQ LV EHFRPLQJ D FHQWUDO LVVXH�
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7KH VROLGV LQ WKH ZDVWH VWUHDP IURP PRVW PLOOLQJ SODQWV W\SL�

FDOO\ DUH LPSRXQGHG� DQG VRPH SRQGV KDYH H[LVWHG IRU DV ORQJ DV D

FHQWXU\� ,Q SODFHV WKHVH WDLOLQJV RFFXS\ ODUJH ODQG DUHDV� 7\SLFDOO\

ILQHO\ JURXQG DQG RIWHQ UHDFWLYH ZKHQ H[SRVHG WR DLU RU PRLVWXUH�

WDLOLQJV KDYH WUDGLWLRQDOO\ EHHQ LVRODWHG RQ XQXVHG ODQG RU GLVFKDUJHG

LQWR GHHS VHDV� $V HQYLURQPHQWDO FRQFHUQV DQG WKH YDOXH RI IODW

ODQG LQFUHDVH� WKH EHVW SUDFWLFHV IRU GLVSRVLQJ RI WDLOLQJV DUH FKDQJ�

LQJ� .UDO >����@ GHWDLOV D UHFHQW ODUJH�VFDOH WDLOLQJV VLWH UHPHGLD�

WLRQ LQ D UHPRWH DUHD� 2YHU WLPH DW PDQ\ VLWHV� ROG WDLOLQJV KDYH DOVR

EHHQ UHSURFHVVHG DW D SURILW� 7KH FRVW RI FUXVKLQJ DQG JULQGLQJ WKH

PDWHULDO KDV DOUHDG\ EHHQ SDLG� 0DQ\ RI WKH SURFHVVHV GLVFXVVHG LQ

WKLV DUWLFOH� VXFK DV 6;�(:� FKORULGH OHDFKLQJ� DQG IORWDWLRQ� KDYH

EHHQ DSSOLHG VXFFHVVIXOO\ WR PHWDO UHFRYHU\ IURP ROG WDLOLQJV� 0R�

GHUQ LQQRYDWLRQ� SHUKDSV LQFRUSRUDWHG LQWR PRGXODU SODQWV WKDW FDQ

EH UHORFDWHG EHWZHHQ YDULRXV VPDOO VLWHV� PD\ KHOS LQ WKH GHVLJQ

RI FRPELQHG UHFRYHU\ DQG UHFODPDWLRQ SURJUDPV IRU FORVHG .RUHDQ

PLQLQJ VLWHV�

&20387(5,=$7,21 $1' (&2120,&6

)RU DOO RI WKHVH RUH W\SHV RYHU WKH SDVW GHFDGH� D ODUJH SURSRU�

WLRQ RI WKH LPSURYHPHQW LQ SURGXFW JUDGH DQG UHFRYHU\ FDQ EH DW�

WULEXWHG WR VWURQJ JURZWK LQ FRPSXWHU WHFKQRORJ\� 3ODQW FRQWURO V\V�

WHPV� DGYDQFHG PRGHOLQJ PHWKRGV� DQG LQWHUIDFLQJ ZLWK HFRQRPLF

DQDO\VLV >H�J� %ULWWDQ DQG$UWKXU� ����@ KDYH FRQWULEXWHG WR LPSURYHG

EHQHILFLDWLRQ DQG K\GURPHWDOOXUJ\ DW QHDUO\ DOO QRQIHUURXV UHFRY�

HU\ SODQWV� :LWK GHYHORSPHQW LQ ODUJH�VFDOH IDVW SURFHVVLQJ KDUG�

ZDUH� IX]]\ ORJLF� DQG DUWLILFLDO LQWHOOLJHQFH VRIWZDUH� WKHVH LPSURYH�

PHQWV ZLOO GRXEWOHVV FRQWLQXH�

)RU DOO RI WKHVH PHWDOV� VRPH ZHOO�GHILQHG GHSRVLWV DUH NQRZQ

WR KDYH VLJQLILFDQW UHVRXUFHV� EXW SRRU H[WUDFWDELOLW\� $QG WKHUH DUH

GHSRVLWV ZLWK JRRG RUH JUDGHV EXW XQXVXDOO\ KLJK RU VROXEOH FRQWHQWV

RI ³QDVW\´ XQGHVLUDEOH HOHPHQWV� 6XFK RUH GHSRVLWV DUH D FKDOOHQJH

IRU LQQRYDWRUV RI WHFKQRORJ\� DW ERWK PDFUR DQG PLFUR VFDOHV� 3UR�

FHVV PLQHUDORJ\� RU WKH VWXG\ RI WKH SK\VLFDO FRPSRQHQWV RI RUH DQG

ZDVWH SURGXFWV� EHFRPHV PRUH LPSRUWDQW� :KHUHYHU D PHWDO GHSRVLW

VLWV LGOH� LQ D QDWLRQ WKDW PXVW LQVWHDG LPSRUW WKH VDPH PHWDO� IRU�

HLJQ H[FKDQJH LV EHLQJ ORVW� 7KH WRWDOO\ LQWHUQDWLRQDO SULFLQJ RIPHWDOV

WKXV KDV LPSRUWDQW LPSOLFDWLRQV IRU FRXQWULHV ZKHUH FRVWV� SDLG LQ

ORFDO FXUUHQF\� DUH ORZ�

)RU DOO LQQRYDWLRQV D FULWLFDO TXHVWLRQ LV� FDQ ODERUDWRU\�VFDOH VXF�

FHVV EHFRPH HFRQRPLFDOO\ YLDEOH" 3LORW SODQWV� VPDOO�VFDOH YHUVLRQV

RI FRPPHUFLDO PLOOV� DUH D QHFHVVDU\ WHVWLQJ JURXQG� .RUHD ,QVWL�

WXWH RI *HRVFLHQFHV DQG 0LQHUDO 5HVRXUFHV �.,*$0� UHFHQWO\ LQ�

VWDOOHG D YHUVDWLOH �7�KU SLORW PLOO� LQLWLDOO\ IRU WKH VWXG\ RI JROG

UHFRYHU\ IURP .RUHDQ WDLOLQJV >&KDH� ����@� ([SHULHQFH DQG LQIRU�

PDWLRQ DUH DOVR VKDUHG ZRUOGZLGH DW HYHU�JUHDWHU UDWHV�

,Q WKH SDVW� QRQIHUURXV PHWDOOXUJLVWV W\SLFDOO\ ZHUH JHQHUDOLVWV�

,Q WKH ,QIRUPDWLRQ $JH WKHUH LV PRUH UHOLDQFH RQ FKHPLFDO HQJL�

QHHUV� 7KHUH LV QHZ GHSHQGHQFH RQ VSHFLDOLVWV DQG QHZ WHFKQRORJ\

IURP RWKHU GLVFLSOLQHV� VXFK DV ELROHDFKLQJ�PLFURELRORJ\� RSWLFDO

LPDJLQJ� VXUIDFH VFLHQFHV� DQG HYHU\ DVSHFW RI LQRUJDQLF FKHPLVWU\�

7KHUH LV RSSRUWXQLW\ LQ .RUHD WR FRQWULEXWH WR HFRQRPLF UHFRYHU\

SURFHVVHV IRU QRQ�IHUURXV PHWDOV ZRUOGZLGH� DQG WR DLG LQ UHFODLP�

LQJ ODQG DQG PHWDOV OHIW LQ XQXVDEOH FRQGLWLRQ E\ SDVW RSHUDWLRQV�

1HZ WHFKQRORJ\ FDQ EH DSSOLHG WR ³.RUHD�VSHFLILF´ VLWXDWLRQV� VXFK

DV LPSURYLQJ WKH HFRQRPLFV RI ODQG UHFODPDWLRQ�

$&.12:/('*(0(17

7KH VHQLRU DXWKRU ZLVKHV WR WKDQN YDULRXV LQGXVWU\ FROOHDJXHV

DQGPHPEHUV RI WKH PHWDOOXUJLFDO SURIHVVLRQ IRU FRPPHQWV DQG VXJ�

JHVWLRQV� 3URIHVVRUV <RQJ .DQJ DQG -HD .HXQ /HH RI WKH .RUHDQ

6RFLHW\ RI &KHPLFDO (QJLQHHUV XUJHG WKH SUHSDUDWLRQ RI WKLV SDSHU�

7KH .RUHDQ 6FLHQFH DQG (QJLQHHULQJ )RXQGDWLRQ SURYLGHG IXQG�

LQJ DQG 3XN\RQJ 1DWLRQDO 8QLYHUVLW\ SURYLGHG DFFHVV WR VXSHUE ODE�

RUDWRU\ HTXLSPHQW LQ %XVDQ� 'DQ .DSSHV RI .DSSHV� &DVVLGD\ DQG

$VVRFLDWHV� 5HQR DQG -RH 6WDQR RI:DVKLQJWRQ *URXS ,QWHUQDWLRQDO�

(QJOHZRRG� &RORUDGR SURYLGHG KHOSIXO FRPPHQWV�

5()(5(1&(6

$OSHUV�&� 1DQG%ORZHV�'�:�� ³7KH(QYLURQPHQWDO*HRFKHPLVWU\ RI

6XOILGH 2[LGDWLRQ�́ :DVKLQJWRQ� '&� $PHULFDQ &KHPLFDO 6RFLHW\

�������

$YHFLD� ,QF�� ³$FRUJD7HFKQLFDO/LEUDU\�́ &'520�:LOPLQJWRQ �������

%ULHUOH\� &�� ³&RPPHUFLDO 6WDWXV RI %LROHDFKLQJ�́ ,1 5DQGRO *ROG 	

6LOYHU )RUXP 
��� 'HQYHU��5DQGRO ,QWHUQDWLRQDO ,QF�� ��� �������

%ULWWDQ� 0� DQG $UWKXU� %�� ³8VLQJ 'LDJQRVWLF 3URFHVV $QDO\VLV WR ,P�

SURYH &DVK )ORZ$W1HZPRQWV &DUOLQ0LOO � ��́ 0LQLQJ (QJLQHHU�

LQJ� ��� �� �������

&DWKOHV� /�0�� ³3HUVRQDO 3HUVSHFWLYHV IURP$WWHPSWV WR0RGHO WKH ,Q�

GXVWULDO 6FDOH/HDFKLQJ RI&RSSHU�%HDULQJ0LQH:DVWH�́ ,Q7KH(Q�

YLURQPHQWDO *HRFKHPLVWU\ RI 6XOILGH 2[LGDWLRQ �HG� &�1� $OSHUV

DQG'�:�%ORZHV� SS� ��������:DVKLQJWRQ�'&�$PHULFDQ&KHP�

LFDO 6RFLHW\ �������

&KDH� <��%�� ³5HFRYHU\ RI $YDLODEOH 5HVRXUFHV IURP *ROG 0LQLQJ

:DVWH�́ -RXU� 2I .RUHDQ 5HF\FOLQJ� �� �� �������

&KRQ� +��7�� $KQ� -� 6� DQG -XQJ� 0�&�� ³+HDY\ 0HWDO &RQWDPLQDWLRQ

RI6RPH$EDQGRQHG%DVH0HWDO DQG$X�$J0LQHV LQ.RUHD�$5H�

YLHZ�́ 3URFHHGLQJ RI WKH .RUHDQ 6RFLHW\ RI*URXQGZDWHU DQG (QYL�

URQPHQW 
��� �� �������

&RSH� /�:�� ³&KORULGH 3URFHVV 6XFFHVVIXOO\ 5HFRYHUV 6LOYHU DW WKH ,WRV

3ODQW LQ %ROLYLD�́ (QJ� DQG 0LQ� -RXU�� ���� �� �������

'H OD9HUJQH� -� 5�� ³+DUG5RFN0LQHUV+DQGERRN �&'��́ 7HPSH�0F�

,QWRVK5HGSDWK (QJLQHHULQJ ,QF�� �QG HGLWLRQ �������

'H9RWR�5�+� DQG0F1XOW\� 7� 3�� ³%DQQLQJ&\DQLGH8VH DW0F'RQDOG

�8�6�$���́ 0LQLQJ (QJLQHHULQJ� ��� �� �������

)UHH� 0�/�� 2ROPDQ� 7�� 1DJSDO� 6� DQG 'DKOVWURP� '�$�� ³%LROHDFK�

LQJ RI 6XOILGH 2UHV � 'LVWLQJXLVKLQJ %HWZHHQ ,QGLUHFW DQG'LUHFW

0HFKDQLVPV�́ ,Q 5RVV:� 6PLWK DQG0DQRUDQMDQ0LVUD� HGV�� 0LQ�

HUDO %LRSURFHVVLQJ� 706�:DUUHQGDOH� 3$� ��� �������

*DUFLD� &�� %DOOHVWHU� $�� *RQ]DOH]� )�� %OD]TXH]�0�/� DQG$FRVWD� 0��

³&KHPLFDO DQG0LFURELRORJLFDO 7UDQVIRUPDWLRQV LQ D 3\ULWLF 7DLOLQJ

3RQG�́ 0LQHUDOV (QJLQHHULQJ��� ���� �������

+LVNH\� -�%� DQG6DQFKH]�9�0�� ³$ONDOLQH 3UHVVXUH2[LGDWLRQRI*ROG�



��� /� 3� -DPHV HW DO�

1RYHPEHU� ����

%HDULQJ $UVHQRS\ULWH &RQFHQWUDWHV�́ 0LQHUDO 3URFHVVLQJ DQG ([�

WUDFWLYH0HWDOOXUJ\ 5HYLHZ� ��� �� �������

-DPHV� /� 3�� ³0HWDOOLIHURXV5HFHQW 6HGLPHQWV"0LQHUDORJLFDO DQG+LV�

WRULFDO $SSURDFKHV WR WKH 6WXG\ RI 8WDK0LOO 7DLOLQJV�́ ,Q +� 'RHO�

OLQJ� HG� (QHUJ\ DQG 0LQHUDO 5HVRXUFHV RI 8WDK� 8WDK *HRORJLFDO

$VVRFLDWLRQ 3XEOLFDWLRQ� ��� �� �������

-RQHV� :�*�� &ODXEHU� &� DQG /LQJH� +�*�� ³)XQGDPHQWDO $VSHFWV RI

*ROG &\DQLGH $GVRUSWLRQ RQ $FWLYDWHG &DUERQ�́ ,Q 5� %KDSSX DQG

5� +DUGHQ� (GV�� *ROG )RUXP RQ 7HFKQRORJ\ DQG 3UDFWLFHV� /LWWOH�

WRQ� &RORUDGR� 6RFLHW\ IRU0LQLQJ�0HWDOOXUJ\ DQG([SORUDWLRQ� ,QF��

��� �������

.DZDWUD� 6� .� DQG 1DWDUDMDQ� .�$�� ³0LQHUDO %LRWHFKQRORJ\� 0LFUR�

ELDO $VSHFWV RI 0LQHUDO %HQHILFLDWLRQ� 0HWDO ([WUDFWLRQ DQG (QYL�

URQPHQWDO&RQWURO�́ 'HQYHU� 6RFLHW\ IRU0LQLQJ�0HWDOOXUJ\ DQG([�

SORUDWLRQ �������

.UDO� 6�� ³7DLOLQJV DQG 0LQH :DVWH ���́ 0LQLQJ (QJLQHHULQJ� ��� ��

�������

/DQJPXLU�'�� ³$TXHRXV(QYLURQPHQWDO&KHPLVWU\�́ 1HZ -HUVH\� 3UHQ�

WLFH�+DOO 6LPRQ DQG 6KXVWHU� ��� �������

1HVV� 9�� ³$OWHUQDWLYHV WR &RQYHQWLRQDO0L[HU 6HWWOHUV�́ ,Q 5DQGRO &RR�

SHU +\GURPHWDOOXUJ\ 5RXQGWDEOHV 
��� 'HQYHU� 5DQGRO ,QWHUQDWLRQDO

,QF�� �� �������

3DUN�0�(��6XQJ�.�<�DQG.RK�<�.�� ³)RUPDWLRQRI$FLG0LQH'UDLQ�

DJH DQG 3ROOXWLRQ RI *HRORJLFDO (QYLURQPHQW $FFRPSDQ\LQJ 6XO�

ILGDWLRQ =RQH RI 1RQPHWDOOLF 'HSRVLWV� 5HDFWLRQ 3DWK 0RGHOLQJ RI

WKH )RUPDWLRQ RI$0'DW 7RQJQDH 3\URSK\OOLWH0LQH�́ (FRQ� (QYL�

URQ� *HRO�� ��� ��� �������

3UDVDG� $� DQG 3DQGH\� %�'�� ³$OWHUQDWLYH 3URFHVVHV IRU 7UHDWPHQW RI

&KDOFRS\ULWH �� D 5HYLHZ�́ 0LQHUDOV (QJLQHHULQJ���� ��� �������

6KXH\� 6� $�� ³%LROHDFKLQJ� WKH 1H[W (UD LQ 5HIUDFWRU\ 0LQHUDO 3UR�

FHVVLQJ�́ (QJ� DQG0LQ� -RXU�� ���� ��%% �������

6SHQFH� -� 5� DQG6RGHUVWURP�0�'�� ³3UDFWLFDO$VSHFWV RI&RSSHU 6RO�

YHQW([WUDFWLRQ IURP$FLGLF /HDFK/LTXRUV�́ 60($QQXDO0HHWLQJ�

'HQYHU� �� �������

:HOOV� -�� ³1HZ'HYHORSPHQWV LQ ([WUDFWLYH0HWDOOXUJLFDO DQG0LQHUDO

3URFHVVLQJ� :KDW WKHVH PD\ PHDQ IRU WKH 'HILQLWLRQ RI ³2UH´ DQG

³2UH 5HVHUYHV�́ 3� DQG '�� $VVRF� RI &DQDGD 6KRUW &RXUVH 1RWHV�

7RURQWR� ��� �������


