
$FWD�&KLP��6ORY���������������������

9� 0DUWLQþLþ� -� *RORE� 6HSDUDWLRQ SURFHVVHV LQ RLO UHILQLQJ WHFKQRORJ\

����

6(3$5$7,21�352&(66(6�,1�2,/�5(),1,1*�7(&+12/2*<
�
�

�

9LWR�0DUWLQþLþ�
7RYDUQD ROMD *($� G�G�� 7UJ VYRERGH ��� ���� 6ORYHQVND %LVWULFD� 6ORYHQLD

-DQYLW�*RORE�
8QLYHUVLW\ RI /MXEOMDQD� )DFXOW\ RI &KHPLVWU\ DQG &KHPLFDO 7HFKQRORJ\� $ãNHUþHYD �� 6,����� /MXEOMDQD�

6ORYHQLD

�
7KLV SDSHU LV GHGLFDWHG WR 3URIHVVRU 5RPDQ 0RGLF DW KLV ��

WK
%LUWKGD\

5HFHLYHG������������

$EVWUDFW�
2LOV DUH WKH PRVW LPSRUWDQW VRXUFH RI HQHUJ\ LQ IRRG SURGXFWV� PRUH WKDQ RQH WKLUG� LQ

6ORYHQLD PRUH WKDQ ���� RI WKH HQHUJHWLF YDOXH RI DQ DYHUDJH GDLO\ IRRG LQWDNH FRPHV IURP

WKH RLOV DQG IDWV SUHVHQW LQ WKH GLIIHUHQW IRRG SURGXFWV� %HVLGHV WKHLU KLJK HQHUJL]LQJ HIIHFW�

RLOV DOVR SURYLGH VHYHUDO HVVHQWLDO FRPSRQHQWV OLNH YLWDPLQV� HVVHQWLDO IDWW\ DFLGV DQG RWKHU

PLQRU FRPSRQHQWV� 7KH\ HQODUJH IRRG HQHUJHWLF GHQVLW\ DQG LW LV DOVR JHQHUDOO\ NQRZQ WKDW

SUHSDUHG PHDOV ZLWK OHVV WKDQ ��� RI IDWV DUH WDVWHOHVV �

7R EHFRPH VXLWDEOH IRU KXPDQ FRQVXPSWLRQ� PRVW RLOV PXVW EH SXULILHG� 7KH PDUNHW

JHQHUDOO\ UHTXLUHV D OLJKW FRORXU� D EODQG WDVWH DQG D JRRG FROG DQG R[LGDWLYH VWDELOLW\� 7KHVH

REMHFWLYHV FDQ EH UHDFKHG E\ VXEPLWWLQJ WKH RLOV WR VHYHUDO UHILQLQJ DQG PRGLILFDWLRQ VWDJHV�

LQ RUGHU WR DGDSW WKHLU RUJDQROHSWLF TXDOLWLHV DQG SK\VLFDO SURSHUWLHV WR WKH UHTXLUHG

VWDQGDUGV�

5HILQLQJ�

$OO� FUXGH� RLOV� DQG� IDWV� REWDLQHG� DIWHU� UHQGHULQJ�� FUXVKLQJ� RU� VROYHQW� H[WUDFWLRQ��

LQHYLWDEO\� FRQWDLQ� YDULDEOH� DPRXQWV� RI� QRQ�JO\FHULGLF� FR�FRQVWLWXHQWV� OLNH� IDWW\� DFLGV��

SDUWLDO� JO\FHULGHV� �PRQR�� DQG� GLJO\FHULGHV��� SKRVSKDWLGHV�� VWHUROV�� WRFRSKHUROV��

K\GURFDUERQV�� SLJPHQWV� �JRVV\SRO�� FKORURSK\OO��� YLWDPLQV� �FDURWHQH��� VWHURO� JOXFRVLGHV��

SURWHLQ� IUDJPHQWV� DV�ZHOO� DV� UHVLQRXV� DQG�PXFLODJLQRXV�PDWHULDOV�� WUDFHV� RI� SHVWLFLGHV�

DQG��KHDY\��PHWDOV�
�
�

6RPH� RI� WKHVH� FR�FRQVWLWXHQWV� KDYH� D� SRVLWLYH� LPSDFW� RQ� WKH� RLO� TXDOLW\��

7RFRSKHUROV��IRU�H[DPSOH��SURWHFW�WKH�RLO�IURP�R[LGDWLRQ��ZKLFK�LV�D�YLWDO�QHFHVVLW\��7KH\�

PD\�WKXV�EH�FRQVLGHUHG�DV�KLJKO\�XVHIXO�FRQVWLWXHQWV��

1RZ�� LI� ZH� WDNH� VWHUROV�� WKH\� DUH� FRORXUOHVV�� KHDW� VWDEOH� DQG� IRU� DOO� SUDFWLFDO�

SXUSRVHV�� LQHUW�� KHQFH� WKH\� SDVV� XQQRWLFHG�� XQOHVV� SUHVHQW� LQ�XQXVXDOO\� ODUJH� DPRXQWV��
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3KRVSKDWLGHV� LQ� WKH� FUXGH� RLO� SURYLGH� SURWHFWLRQ� IURP� R[LGDWLRQ�� EXW� WKH\� QHHG� WR� EH�

UHPRYHG�EHFDXVH�WKH\�LQWHUIHUH�ZLWK�IXUWKHU�SURFHVVLQJ�
�
�

�
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'HRGRUL]DWLRQ�

5HILQHG��%OHDFKHG��

:LQWHULVHG��'HRGRUL]HG�2LO�

'HJXPPLQJ�



$FWD�&KLP��6ORY���������������������

9� 0DUWLQþLþ� -� *RORE� 6HSDUDWLRQ SURFHVVHV LQ RLO UHILQLQJ WHFKQRORJ\

����

0RVW� RI� RWKHU� FRPSRQHQWV� DUH� REMHFWLRQDEOH� DV� WKH\� GDUNHQ� WKH� RLO�� FDXVH� WKH�

IRDPLQJ��VPRNLQJ�RU�SUHFLSLWDWH�IURP�WKH�RLO��7KH�REMHFWLYH�RI�UHILQLQJ�LV�WR�UHPRYH�WKH�

REMHFWLRQDEOH�FR�FRQVWLWXHQWV�LQ�WKH�RLO�ZLWK�WKH�OHDVW�SRVVLEOH�GDPDJH�WR�WKH�JO\FHULGHV�

DQG�PLQLPDO�ORVV�RI�GHVLUDEOH�FRQVWLWXHQWV��

)LJXUH���VKRZV�WKH�GLIIHUHQW�VWDJHV�LQ�D�FODVVLFDO�FKHPLFDO�UHILQLQJ�OLQH��*HQHUDOO\��

EHIRUH� RLO� LV� VXLWDEOH� IRU� KXPDQ� FRQVXPSWLRQ�� LW� PXVW� EH� GHJXPPPHG�� QHXWUDOLVHG��

EOHDFKHG�� GHRGRULVHG� DQG� VRPHWLPHV� ZLQWHUL]HG�� 1HXWUDOLVDWLRQ� FDQ� DOVR� EH� GRQH� E\�

GLVWLOODWLYH�UHPRYDO�RI�WKH�IUHH�IDWW\�DFLGV�LQ�WKH�GHRGRUL]HU��7KH�ODWWHU�VHTXHQFH�LV�EHWWHU�

NQRZQ�DV�SK\VLFDO�UHILQLQJ��

�

'HJXPPLQJ�

'HJXPPLQJ� LV� WKH� ILUVW� VWHS� LQ� UHILQLQJ�� 7KH� SURFHVV� LV� GHVLJQHG� WR� UHPRYH� WKH�

SKRVSKDWLGHV� DQG� FHUWDLQ� LOO�GHILQHG� VOLPHV� RU� PXFLODJLQRXV� PDWHULDOV� IURP� WKH� RLO��

3KRVSKDWLGHV�KDYH�WKH�VDPH�EDVLF�VWUXFWXUH�DV�WULJO\FHULGHV�ZLWK�WKLV�GLIIHUHQFH�WKDW�RQO\�

WZR�IDWW\�DFLGV�DUH�ERXQG�RQ�D�JO\FHURO�JURXS�ZLWK�D�SKRVSKRUXV�FRQWDLQLQJ�JURXS�RQ�WKH�

WKLUG�SRVLWLRQ��

'HJXPPLQJ� PRVW� JHQHUDOO\� FRQVLVWV� LQ� K\GUDWLQJ� WKH� SKRVSKROLSLGV� DQG�

PXFLODJHQRXV�JXPV� LQ�RUGHU� WR� UHGXFH� WKHLU�VROXELOLW\� LQ� WKH�RLO�DQG�KHQFH� WR� IDFLOLWDWH�

WKHLU�UHPRYDO�ZLWK�ZDWHU��

7KH� QRQ�FKHODWHG� SKRVSKROLSLGV� �+3�� DUH� HDVLO\� K\GUDWDEOH� DQG� WKHUHIRUH� HDV\� WR�

UHPRYH� E\�PL[LQJ�ZLWK� KRW�ZDWHU� LQ� FUXGH� RLO� SKDVH�� IROORZHG� E\� FHQWULIXJDWLRQ�� 7KH�

FRPSOH[DWHG�SKRVSKROLSLGV��1+3���RQ�WKH�RWKHU�KDQG��DUH�PRUH�GLIILFXOW�WR�K\GUDWH�DQG�

XQGHUJR� ILUVW� DQ� DFLG� WUHDWPHQW� LQ� RUGHU� WR� UHPRYH� WKH� FDWLRQV� �&D
��
�� 0J

��
� RI� )H

��
��

ZKLFK� DUH� SULQFLSDOO\� UHVSRQVLEOH� IRU� WKH� QRQ�K\GUDWDELOLW\� RI� WKHVH� SKRVSKDWLGHV��

8VXDOO\��WKLV�LV�GRQH�E\�WUHDWLQJ�WKH�RLO�ZLWK�SKRVSKRULF�DFLG�RU�ZLWK�FLWULF�DFLG�
�
�

�

1HXWUDOL]DWLRQ�

,Q�FKHPLFDO�UHILQLQJ��WKH�FRPSOH[DWHG�SKRVSKROLSLGV��1+3��ZKLFK�UHPDLQ�EHKLQG�

LQ� WKH�RLO�DIWHU�DFLG�WUHDWPHQW��DUH�IXUWKHU�UHPRYHG�LQ�QHXWUDOLVLQJ��$W�WKLV�VWDJH�FDXVWLF�

VRGD� FRQYHUWV� WKH�1+3� LQWR� VRGLXP� VDOWV�ZKLFK� DUH� HDVLHU� WR� UHPRYH� DV� WKH\� DUH� OHVV�
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VROXEOH� LQ� RLO� DQG�PRUH� K\GUDWDEOH�� $� KLJK� VRDS� FRQWHQW� LQ� FRPELQDWLRQ� ZLWK� LQWHQVH�

ZDWHU�ZDVKLQJ�LPSURYHV�WKH�UHPRYDO�RI�WKH�SKRVSKDWLGHV��9DOXHV�RI�OHVV�WKDQ����SSP�RI�

SKRVSKRUXV��HYHQ�IRU�ORZ�TXDOLW\�RLOV��FDQ�EH�REWDLQHG��

8QOLNH� PRVW� GHJXPPLQJ� SURFHVVHV�� FKHPLFDO� UHILQLQJ� LV� PXFK� OHVV� VHQVLWLYH�� D�

VPDOO�H[FHVV�RI�FDXVWLF�VRGD�XVXDOO\�SURGXFHV�D�SHUIHFWO\�QHXWUDOLVHG�RLO�XQGHU�PXFK�OHVV�

VHYHUH�RSHUDWLQJ�FRQGLWLRQV���

,Q� FKHPLFDO� UHILQLQJ�� WKH� IUHH� IDWW\� DFLGV� DUH� WUDQVIRUPHG� LQWR� VRDSV�� XVXDOO\� E\�

DGGLQJ�VXIILFLHQW�DPRXQWV�RI�FDXVWLF�VRGD��7KHVH�VRDSV�DUH�QR�ORQJHU�VROXEOH� LQ� WKH�RLO�

DQG�FDQ�WKHUHIRUH�EH�UHPRYHG�HDVLO\�E\�GHFDQWDWLRQ�RU�FHQWULIXJDO�IRUFH��

�

)UHH�IDWW\�DFLGV���1D2+��l��1D�VRDSV���+�2�

�

$V�LW�LV�QHFHVVDU\�WR�XVH�DQ�H[FHVV�RI�FDXVWLF�VRGD�WR�SXVK�WKH�UHDFWLRQ�WR�WKH�ULJKW��

WKHUH� LV� D� ULVN� RI� DQ� H[FHVVLYH� VDSRQLILFDWLRQ� EHFDXVH� FHUWDLQ� DPRXQW� RI� FDXVWLF� VRGD�

UHDFWV�ZLWK�WULJO\FHULGHV�DQG�FDXVHV�DQ�RLO�ORVV��

7KH� FKHPLFDO� UHILQLQJ� VWHS� DOVR� UHGXFHV� WKH� DPRXQW� RI� PHWDO� WUDFHV� DV� ZHOO� DV�

FHUWDLQ� SKHQROLF� FRQVWLWXHQWV� �VXFK� DV� JRVV\SRO� LQ� FRWWRQVHHG� RLO��� 6RPH� SLJPHQWV� DUH�

DOVR�UHPRYHG��PRUH�VSHFLILFDOO\�WKRVH�RI�R[LGDWLYH�RULJLQ��

,W�LV�REYLRXV�WKDW�WKH�VRDSV�IRUPHG�GXULQJ�WKH�UHDFWLRQ�PXVW�EH�UHPRYHG�EHIRUH�WKH�

QH[W�UHILQLQJ�VHTXHQFH��7KLV�RSHUDWLRQ�LV�FDUULHG�RXW�LQ�D�FHQWULIXJH��IROORZHG�E\�RQH�RU�

WZR�ZDWHU�ZDVKLQJ�VWDJHV�
�
�

�

%OHDFKLQJ�

%OHDFKLQJ� LV� EDVLFDOO\� DQ� DGVRUSWLRQ� SURFHVV� FDUULHG� RXW� EHIRUH� ZLQWHULVDWLRQ� RU�

GHRGRULVDWLRQ�� 7KH� SXUSRVH� RI� EOHDFKLQJ� LV� WR� UHPRYH� FRORXULQJ� SLJPHQWV� �FDURWHQH��

FKORURSK\OO�� DQG� PLQRU� LPSXULWLHV� OLNH� UHVLGXDO� SKRVSKDWLGHV�� VRDSV�� PHWDOV� DQG�

R[LGDWLRQ�SURGXFWV��$OWKRXJK�FRORXU� UHGXFWLRQ� LV� WKH�PRVW�REYLRXV�HIIHFW�RI�EOHDFKLQJ��

WKH�UHPRYDO�RI�WKHVH�PLQRU�LPSXULWLHV�LV�IDU�PRUH�LPSRUWDQW�DV�WKH\�KDYH�D�GLUHFW�HIIHFW�

RQ�WKH�RUJDQROHSWLF�TXDOLW\�DQG�R[LGDWLYH�VWDELOLW\�RI�WKH�GHRGRULVHG�SURGXFW��
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7KH� UHPRYDO� RI� PLQRU� FRPSRQHQWV� WKURXJK� DGVRUSWLYH� EOHDFKLQJ� LV� EDVHG� RQ�

VHYHUDO�DGVRUSWLRQ�PHFKDQLVPV��

0RVW� RI� WKH� FRORXULQJ� SLJPHQWV� DUH� SK\VLFDOO\� DGVRUEHG� RQ� EOHDFKLQJ� FOD\V��

WKURXJK�WKH�H[HUFLVH�RI�YDQ�GHU�:DDOV¶�VXUIDFH�DWWUDFWLRQ�IRUFHV��2WKHU�FRPSRQHQWV�DUH�

FKHPLFDOO\�ERXQG�WR�WKH�EOHDFKLQJ�FOD\�VXUIDFH�YLD�FRYDOHQW�RU�LRQLF�ERQGV��3DUW�RI�WKH�

LPSXULWLHV� DUH� UHPRYHG�� WKHLU�PROHFXOHV� EHLQJ� WUDSSHG� LQWR� WKH�SRURXV� VWUXFWXUH�RI� WKH�

FOD\V�� 'XULQJ� EOHDFKLQJ�� VRPH� PLQRU� FRPSRQHQWV� DUH� FKHPLFDOO\� DOWHUHG� GXH� WR� WKH�

FDWDO\WLF�DFWLYLW\�RI�WKH�FOD\V��$�W\SLFDO�H[DPSOH�LV�WKH�GHFRPSRVLWLRQ�RI�K\GURSHUR[LGHV��

1DWXUDO� EOHDFKLQJ� FOD\V� DUH� DOXPLQLXP� VLOLFDWHV� �%HQWRQLWH�� $WWDSXOJLWH��

0RQWPRULOORQLWH��� FRQWDLQLQJ� UHODWLYHO\� KLJK� DPRXQWV� RI�0J�� &D� RU� )H�� 7KH� FOD\V� DUH�

JHQHUDOO\�DFWLYDWHG�E\�KHDW�WUHDWPHQW���

,Q� VRPH� FDVHV�� DFWLYH� FDUERQ� LV� DGGHG� LQ� WKH� FRXUVH�RI�EOHDFKLQJ� WR� LPSURYH� WKH�

UHPRYDO�RI�EOXH�DQG�JUHHQ�SLJPHQWV�DV�ZHOO�DV�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV�
�
�

�

:LQWHUL]DWLRQ�'HZD[LQJ�

:LQWHUL]DWLRQ� DQG� GHZD[LQJ� DUH� ERWK� SURFHVVHV�� EDVHG� RQ� D� WKHUPR�PHFKDQLFDO�

VHSDUDWLRQ� RI� VROLGLILHG� PDWHULDO� IURP� WKH� EXON� OLTXLG� RLO�� EXW� WKH\� KDYH� D� GLIIHUHQW�

SXUSRVH��

7KH�GHZD[LQJ�SURFHVV�LV�XVHG�WR�UHPRYH�WKH�EXON�ZD[�FRQWHQW�RI�DQ�RLO�WR�D�OHYHO�

RI�DURXQG���������SSP��'XH� WR� WKH�UHODWLYHO\�KLJK�UHVLGXDO�ZD[�FRQWHQW��GHZD[HG�RLOV�

UHYHDO� D� UDWKHU� SRRU� FROG� VWDELOLW\�� DW� WKH� EHVW� D� IHZ� KRXUV� DW� ��&��ZKLFK� LV� QRW� JRRG�

HQRXJK�LQ�PRVW�FDVHV��

:LQWHUL]DWLRQ�VHUYHV�IRU�DQRWKHU�SXUSRVH��,W�LV�XVHG�WR�UHPRYH�VPDOO�TXDQWLWLHV�RI�

VROLGV� ZKLFK� ZRXOG� QRUPDOO\� FDXVH� FORXGLQHVV� RI� WKH� RLO� ZKHQ� NHSW� DW� UHIULJHUDWLRQ�

WHPSHUDWXUH�� 7KHVH� VXEVWDQFHV� DUH� XVXDOO\� ZD[HV�� VDWXUDWHG� JO\FHULGHV�� RU� HYHQ�

SRO\PHULVHG� RLO� IRUPHG� GXULQJ� UHILQLQJ�� 'XH� WR� WKH� UHODWLYHO\� VPDOO� DPRXQW� RI� VROLGV�

SUHVHQW� �XVXDOO\� OHVV� WKDQ� ������� PRVW� ZLQWHUL]DWLRQ� SURFHVVHV� DUH� FRQWLQXRXV��

:LQWHUL]DWLRQ� XVXDOO\� WDNHV� SODFH� DIWHU� EOHDFKLQJ� RU� DIWHU� GHRGRULVDWLRQ�� $� SURSHUO\�

ZLQWHUL]HG�RLO�VKRXOG�KDYH�D�FROG�VWDELOLW\�RI�DW�OHDVW����KRXUV�DW���&�
�
�
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'XULQJ� WKH� ZLQWHULVDWLRQ�� RLO� LV� FRROHG� VORZO\� LQ� JHQWO\� DJLWDWHG� KROGLQJ� WDQNV��

IROORZLQJ�D�FHUWDLQ�WHPSHUDWXUH�SURILOH��LQ�RUGHU�WR�DOORZ�WKH�KLJK�PHOWLQJ�FRPSRQHQWV�WR�

FU\VWDOOLVH��)LOWHU�DLG�LV�DGGHG�WR�WKH�RLO�SULRU�WR�FU\VWDOOLVDWLRQ�RU�MXVW�EHIRUH�ILOWUDWLRQ�WR�

LPSURYH� ILOWUDWLRQ��$IWHU�PDWXUDWLRQ�� WKH�RLO� LV� VHQW� WR� D� ILOWHU��+RUL]RQWDO� SUHVVXUH� OHDI�

ILOWHUV� DUH� FRPPRQO\� XVHG�� 7KH� RLO� WHPSHUDWXUH� LV� RIWHQ� UDLVHG� MXVW� EHIRUH� ILOWUDWLRQ� WR�

UHGXFH�YLVFRVLW\�DQG�KHQFH�IDFLOLWDWH�ILOWUDWLRQ���

6XQIORZHU�� FRUQ� RU� JUDSHVHHG� RLO� ZLQWHUL]DWLRQ� UHPRYHV� SULPDULO\� ZD[HV�� ,Q� WKH�

FDVH� RI� FRWWRQVHHG� RLO� RU� VOLJKWO\� K\GURJHQDWHG� VR\EHDQ� RLO�� WKH� VROLGV� SUHGRPLQDQWO\�

FRQVLVW�RI�KLJK�PHOWLQJ�WULJO\FHULGHV��ZKLFK�KDYH�D�PDUNHWDEOH�YDOXH���

�

'HRGRULVDWLRQ�

'HRGRULVDWLRQ� LV� XVXDOO\� WKH� ODVW� VWHS� LQ� RLO� UHILQLQJ�� 'HRGRULVDWLRQ� LV� D� VWHDP�

GLVWLOODWLRQ�SURFHVV� LQ�ZKLFK� WKH�YRODWLOH�RGRULIHURXV�FRPSRQHQWV�DUH� VWULSSHG�RXW��7KH�

FRQFHQWUDWLRQ� RI� WKHVH� XQGHVLUDEOH� VXEVWDQFHV�� IRXQG� LQ� PRVW� RLOV�� LV� JHQHUDOO\� ORZ��

EHWZHHQ� ���� DQG� ������ 7KH\� LQFOXGH� DOGHK\GHV�� NHWRQHV�� SHUR[LGHV� DQG� UHVLGXDO� IUHH�

IDWW\�DFLGV��3URFHVVHV�SULRU�WR�GHRGRULVDWLRQ��OLNH�QHXWUDOLVDWLRQ�DQG�EOHDFKLQJ�PD\�OHDYH�

VRPH�RGRXU�LQ�WKH�RLO��DV�RQH�RI�HDUWK�DIWHU�EOHDFKLQJ��

D��3ULQFLSOH�RI�GHRGRULVDWLRQ�

'HRGRULVLQJ�FRQVLVWV�LQ�LQMHFWLQJ�GU\�VWHDP�LQWR�WKH�RLO��ZKLFK�LV�PDLQWDLQHG�XQGHU�

YDFXXP�DQG�DW� D�KLJK� WHPSHUDWXUH�� ,W� LV� WKXV�D�SURFHVV� LQYROYLQJ�VWHDP�HQWUDLQPHQW�RI�

WKH�VDSLG�DQG�RGRULIHURXV�VXEVWDQFHV�WKDW�DUH�PRUH�YRODWLOH�WKDQ�RLO��

7KH�SXUSRVH�RI�GHRGRULVDWLRQ�LV�D��WR�UHPRYH�XQGHVLUDEOH�RGRXUV�DQG�IODYRXUV��LQ�

RUGHU� WR�SURGXFH�EODQG�DQG�RGRXUOHVV�RLOV��E�� WR� UHGXFH� WKH� IUHH� IDWW\�DFLG�FRQWHQW� WR�D�

PLQLPXP��F��WR�GHVWUR\�WKH�SHUR[LGHV��LQ�RUGHU�WR�LPSURYH�RLO�VWDELOLW\�DQG�G��WR�LPSURYH�

WKH�FRORXU�E\�EUHDNLQJ�GRZQ�FHUWDLQ�FDURWHQRLG�SLJPHQWV�E\�D�KHDW�EOHDFKLQJ�HIIHFW��

7KH�HIILFLHQW�UHPRYDO�RI�XQGHVLUDEOH�VXEVWDQFHV�GHSHQGV�RQ�D��WKH�YDSRXU�SUHVVXUH�

RI�WKH�GLIIHUHQW�PLQRU�FRPSRQHQWV��E��WKH�GHRGRULVLQJ�FRQGLWLRQV��WHPSHUDWXUH��SUHVVXUH��

UHVLGHQFH�WLPH���F��WKH�DPRXQW�RI�VWULSSLQJ�VWHDP��DQG�G��WKH�JHRPHWU\�RI�WKH�YHVVHO��H�J��

VSDUJH�VWHDP�GLVWULEXWLRQ��RLO�GHSWK������
�
�
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�

)LJXUH����([DPSOH�RI�D�IDWW\�DFLG�GLVWLOODWLRQ�GLDJUDP����6WHDP� ��NJ�VWHDP���NJ�RLO��[�

�����GHRGRUL]HU�SUHVVXUH���PEDU��VSDUJH�VWHDP������

�

2QH� RI� WKH� NH\� IDFWRUV� LQ� VXFFHVVIXO� GHRGRULVLQJ� LV� WR� SURYLGH� WKLQ�ILOP� PDVV�

WUDQVIHU�RI�WKH�YRODWLOHV�WR�WKH�YDSRXU�VWDWH�
�
�7KH�GLIIHUHQW�GHRGRULVHU�GHVLJQV�DWWHPSW�WR�

SURYLGH� WKH� EHVW� FRQWDFW� EHWZHHQ� WKH� JDV� SKDVH� DQG� WKH� RLO� SKDVH�� E\� FUHDWLQJ� ODUJH�

FRQWDFW�VXUIDFHV�DQG�RU�WKLQ�RLO�ILOPV��WRJHWKHU�ZLWK�DQ�RSWLPDO�VSDUJH�VWHDP�GLVWULEXWLRQ�

�)LJXUH�����

E��'HWHUPLQDWLRQ�RI�UHILQHG�RLO�TXDOLW\�

,Q�WKH�GHWHUPLQDWLRQ�RI�WKH�TXDOLW\�RI�D�UHILQHG�RLO��PRUH�DQG�PRUH�HPSKDVLV�LV�SXW�

RQ�WKH�UHDO�QXWULWLRQDO�SURSHUWLHV��:KHUHDV�LQ�WKH�SDVW�WKH�VWUHVV�ZDV�RQ�WKH�RUJDQROHSWLF�

SURSHUWLHV��WDVWH��RGRXU��FRORXU��UHVLGXDO�IUHH�IDWW\�DFLG�FRQWHQW��R[LGDWLRQ�GHJUHH���WUDQV�

LVRPHULVDWLRQ�DQG�WRFRSKHURO�ORVVHV�KDYH�QRZ�EHFRPH�SUHGRPLQDQW�LVVXHV���

7UDQV�LVRPHULVDWLRQ�

+LJK�SRO\�XQVDWXUDWHG�RLOV�DUH�SDUWLFXODUO\�VHQVLWLYH� WR� WUDQV�LVRPHULVDWLRQ�GXULQJ�

GHRGRULVDWLRQ��7KH�LVRPHULVDWLRQ�UDWH�LV�WKH�KLJKHVW�IRU�OLQROHQLF�DFLG�DQG�WKH�ORZHVW�IRU�

ROHLF�DFLG��

�

UHODWLYH�LVRPHULVDWLRQ�UDWH�

������ ������������ ������

&�������!!���&�������!!���&�����

7KH� IDFWRUV� IDYRULQJ� WUDQV�LVRPHU� SURGXFWLRQ� DUH� GHRGRULVDWLRQ� WHPSHUDWXUH� DQG�

WLPH��*HQHUDOO\��WUDQV�IRUPDWLRQ�LV�QHJOLJLEOH�EHORZ�����&��VLJQLILFDQW�EHWZHHQ�����DQG�

����&��DQG�QHDUO\�H[SRQHQWLDO�DERYH�����&��
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7RFRSKHURO�ORVVHV�

7KH�PDLQ�FRPSRQHQWV�RI�QRQ�VDSRQLILDEOHV� LQ�YHJHWDEOH�RLOV�DUH� WRFRSKHUROV�DQG�

VWHUROV�� DOWKRXJK� WKH� DPRXQWV� YDU\� LQ� GLIIHUHQW� RLOV�� 7RFRSKHUROV� DUH� QDWXUDO� DQWL�

R[LGDQWV�� SUHVHQW� LQ�GLIIHUHQW� KRPRORJXHV�� DOSKD���EHWD���JDPPD��DQG�GHOWD�WRFRSKHURO��

7KH� DOSKD�LVRPHU� LV� WKH� PRVW� DFWLYH� ELRORJLFDOO\� ZKLOH� WKH� JDPPD�WRFRSKHURO� LV�

SHUFHLYHG�DV�WKH�EHVW�DQWLR[LGDQW��

'XULQJ� GHRGRULVDWLRQ�� SDUW� RI� WKH� WRFRSKHUROV� DUH� ORVW� � DV� D� UHVXOW� RI� GLVWLOODWLYH�

UHPRYDO�� RU� DV� D� FRQVHTXHQFH� RI� WKHUPDO� GHJUDGDWLRQ�� 7KH� PDMRU� IDFWRUV� DIIHFWLQJ�

GLVWLOODWLYH�ORVVHV�DUH�GHRGRULVLQJ�WHPSHUDWXUH��SUHVVXUH�DQG�VWULSSLQJ�VWHDP��)LJXUH����
�

�

��

��

��

��

��

��

��

��

��

� � � � �

6WULSSLQJ VWHDP ���
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)LJXUH����(IIHFW�RI�WHPSHUDWXUH�DQG�VWULSSLQJ�VWHDP�RQ�WRWDO�WRFRSKHURO�ORVVHV�RI�D�JLYHQ�

FRUQ� RLO� ZLWK� DOID� ±� WRFRSKHURO� ����� EHWD�JDPPD� ±� WRFRSKHURO� ���� DQG� GHOWD� ±�

WRFRSKHURO�����ZRUNLQJ�SUHVVXUH���PEDU�DEVROXWH�

�

F��'HRGRULVHU�GLVWLOODWHV�

2YHU�WKH�SDVW�IHZ�\HDUV�� WKH�GHRGRULVHU�GLVWLOODWHV�IURP�FKHPLFDO�UHILQLQJ�KDYH�EHFRPH�

DQ�DWWUDFWLYH�IHHGVWRFN�IRU�WRFRSKHURO�SURGXFWLRQ��YLWDPLQ�(��WKDQNV�WR�WKHLU�KLJK�VWHURO�

FRQWHQW��7DEOH�����7RGD\��WKHVH�GLVWLOODWHV�IHWFK�D�EHWWHU�SULFH�WKDQ�FRQYHQWLRQDO�DFLG�RLOV��

7KH� GLVWLOODWHV� IURP� D� SK\VLFDO� UHILQLQJ� OLQH�� RQ� WKH� RWKHU� KDQG�� KDYH� D� PXFK� ORZHU�

XQVDSRQLILDEOH�FRQWHQW��ZKLFK�PDNHV�WKHP�OHVV�DWWUDFWLYH�

7DEOH����7\SLFDO�FRPSRVLWLRQ�RI�D�GHRGRULVHU�GLVWLOODWH�IURP�D�SK\VLFDO�DQG�FKHPLFDO�

UHILQLQJ�SODQW�
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&RPSRVLWLRQ� &KHPLFDO�UHILQLQJ� � 3K\VLFDO�UHILQLQJ�

1HXWUDO�RLO�

)DWW\�DFLGV�

8QVDSRQLILDEOH�PDWWHU�

� ���±������ � ��±������

� ���±������ � ���±������

� ���±������ � ��±������

1RWH��XQVDSRQLILDEOH�PDWWHU�LQFOXGHV�VWHUROV�DQG�WRFRSKHUROV

6ROLG�DQG�+D]DUGRXV�ZDVWHV�

*HQHUDWLRQ� DQG� KDQGOLQJ� RI� VROLG� DQG�KD]DUGRXV�ZDVWH� LQ�RLO�UHILQLQJ� LQGXVWU\� LV�

OHVV�SUREOHPDWLF�WKDQ�ZDVWH�ZDWHU��+RZHYHU�WKHUH�DUH�D�QXPEHU�RI�VLJQLILFDQW�VRXUFHV��

6RDSVWRFN�� 2QH� RI� WKH� PDMRU� GUDZEDFNV� RI� FKHPLFDO� QHXWUDOLVDWLRQ� LV� WKH�

SURGXFWLRQ�RI�D�VRIW�QHXWUDOLVDWLRQ�PL[WXUH�FDOOHG�³VRDSVWRFN´���

,Q� VRPH�FRXQWULHV�� LW� LV� VWLOO�SRVVLEOH� WR�PL[� WKH�VRDSVWRFN�ZLWK�RWKHU� LQJUHGLHQWV�

IRU�WKH�SURGXFWLRQ�RI�VRDSV�RU�DQLPDO�IHHG��

,Q� WKH� RWKHU� FDVH�� WKH� VRDSVWRFN� LV� WUHDWHG� ZLWK� VXOSKXULF� DFLG� WR� WUDQVIRUP� WKH�

VRDSV�EDFN�LQWR�IUHH�IDWW\�DFLGV��,Q�WKLV�ZD\��WZR�SKDVHV�DUH�REWDLQHG��DQ�DFLG�RLO�ZLWK�D�

FHUWDLQ� FRPPHUFLDO� YDOXH� DQG� DQ� DTXHRXV� SKDVH� ZKLFK� GHILQLWHO\� UHTXLUHV� D� IXUWKHU�

WUHDWPHQW�SULRU�WR�GLVSRVDO��

6SHQW� EOHDFKLQJ� HDUWK�� 6SHQW� EOHDFKLQJ� FOD\� IURP� RLO� UHILQLQJ� FRQWDLQV� D�

VXEVWDQWLDO�DPRXQW�RI�DGVRUEHG�RLO�����±������Z�Z���7KLV�SURGXFW�LV�ERWK�D�SUREOHP�DQG�

D�SRWHQWLDO� VRXUFH�RI� UHFRYHUDEOH�RLO��7KH�SUREOHPV�RI�VSHQW�FOD\�DUH�ZHOO�NQRZQ��)DW�

FRQWDLQLQJ� FOD\V� DUH� SURQH� WR� VSRQWDQHRXV� FRPEXVWLRQ� ZKHQ� LQ� FRQWDFW� ZLWK� DLU��

SDUWLFXODUO\� LI� WKH� EOHDFKLQJ� HDUWK� FRQWDLQV� KLJKO\� XQVDWXUDWHG� RLOV�� 6SHQW� FOD\� DOVR�

UHSUHVHQWV� DQ� HQYLURQPHQWDO� FRQFHUQ�� ERWK� DV� D� ILUH� KD]DUG� DQG� DV� D� WKUHDW� WR� JURXQG�

ZDWHUV�WKURXJK�IDW�FRQWDLQLQJ�UXQRII�ZKHQ�GLVFDUGHG�LQ�ODQGILOOV��

6SHQW� ILOWHU� DLG�� 7KH� ILOWHU� FDNHV� IURP�ZLQWHULVLQJ� SODQWV� DUH� OHVV� SROOXWLQJ� WKDQ�

WKRVH� IURP� EOHDFKLQJ� SODQWV�� 7KH� ZD[\� FDNHV�� ZKLFK� FRQWDLQ� XS� WR� ��� �� RI� RLO�� DUH�

GLVFKDUJHG�HLWKHU�WR�D�ODQGILOO�RU�DUH�VRPHWLPHV�WUDQVIHUUHG�WR�WKH�PHDO�VWUHDP�WR�SURYLGH�

DQ�H[WUD�VRXUFH�RI�IDW�IRU�DQLPDO�IHHG�
�
�

&RQFOXVLRQV�
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,Q�WKH�SDVW��VFLHQWLVWV�IRFXVHG�HVSHFLDOO\�RQ�D�UHGXFWLRQ�RI�WKH�VDWXUDWHG�IDWV�OHYHO�LQ�

IRRG�SURGXFWV��DV�WKHVH�ZHUH�FRQVLGHUHG�EDG�IRU�KHDOWK��7KLV�UHVXOWHG�LQ�D�VKDUS�GHFUHDVH�

LQ�DQLPDO�IDW�FRQVXPSWLRQ��7RGD\��KRZHYHU��PRUH�DQG�PRUH�DWWHQWLRQ�LV�SDLG�WR�WKH�WUDQV�

IDWW\� DFLG� FRQWHQW�� QDWXUDO� YLWDPLQ� FRQWHQW� DQG� VWHURO� FRQWHQW� LQ� RLOV� DQG� IDWV�� 7KH�

SRO\PHULF� WULJO\FHULGHV� DQG� VHFRQGDU\� R[LGDWLRQ� SURGXFWV�� JHQHUDWHG� GXULQJ� WKH�

VXFFHVVLYH� UHILQLQJ� DQG� PRGLILFDWLRQ� VWDJHV�� DV� ZHOO� DV� WKH� E\�SURGXFWV� OLNH�

GHRGRUL]DWLRQ�GLVWLOODWH��DUH�JDLQLQJ�LQFUHDVLQJ�LQWHUHVW��

7KH�SXUSRVH�RI�WKLV�WHFKQLFDO�SDSHU�LV�WR�JLYH�DQ�RYHUYLHZ�RI�WKH�YDULRXV�UHILQLQJ�

SURFHVVHV�ZLWK�VSHFLDO�HPSKDVLV�RQ�SUHVHQW�RLO�TXDOLW\�UHTXLUHPHQWV�

5HIHUHQFHV�DQG�1RWHV�
�� +XL� <�+� 2LOV DQG 2LO 6HHGV� LQ %DLOH\V ,QGXVWULDO 2LOV DQG )DWV 3URGXFWV� (GLEOH 2LO DQG )DW

3URGXFWV� 9RO��� -RKQ :LOH\ DQG 6RQV� ,QF�� �����

�� .HOOHQV� 0� &XUUHQW 'HYHORSPHQWV LQ 2LO 5HILQLQJ 7HFKQRORJ\� /LSLGH[ ����� $QWZHUS� %HOJLXP�

�����

�� +XL� <�+� %\ ± 3URGXFWV 8WLOL]DWLRQ� LQ %DLOH\V ,QGXVWULDO 2LOV DQG )DWV 3URGXFWV� (GLEOH 2LO DQG )DW

3URGXFWV� 9RO��� -RKQ :LOH\ DQG 6RQV� ,QF�� �����

�� *XQVWRQH� )�'� 7KH /LSLG +DQGERRN� &KDSPDQ DQG +DOO� �����

�� .HOOHQV� 0�� 'H *UH\W� :� 1HZ &RQFHSWV LQ (GLEOH 2LO 5HILQLQJ� $SSOLFDWLRQ RI 'XDO 7HPSHUDWXUH

'HRGRUL]DWLRQ IRU WKH 3URGXFWLRQ RI +LJK 4XDOLW\ 2LOV� 3RULP ,QWHUQDWLRQDO 3DOP 2LO &RQJUHVV� .XDOD

/XPSXU� 0DOD\VLD� �����

�� +XL� <�+� 3URFHVVLQJ 7HFKQRORJ\� %DLOH\V ,QGXVWULDO 2LOV DQG )DWV 3URGXFWV� (GLEOH 2LO DQG )DW

3URGXFWV� 9RO��� -RKQ :LOH\ DQG 6RQV� ,QF�� �����

�

�

3RY]HWHN�
0DãþREH VR QDMSRPHPEQHMãL YLU HQHUJLMH Y SUHKUDPEHQLK SURL]YRGLK� 9 UD]OLþQLK

SUHKUDPEHQLK L]GHONLK SULVRWQH PDVWL LQ ROMD ]DY]HPDMR YHþ NRW HQR WUHWMLQR� Y 6ORYHQLML FHOR

YHþ NRW ���� SRYSUHþQH HQHUJHWVNH YUHGQRVWL GQHYQLK REURNRY� 3ROHJ YLVRNH HQHUJHWVNH

YUHGQRVWL PDãþREH GREDYOMDMR WXGL PQRJH åLYOMHQVNR SRPHPEQH VHVWDYLQH� NRW VR� YLWDPLQL�

HVHQFLDOQH PDãþREQH NLVOLQH LQ GUXJH VSUHPOMDMRþH NRPSRQHQWH� SRYHþXMHMR HQHUJLMVNR

JRVWRWR KUDQH� LQ QH QD]DGQMH MH VSORãQR ]QDQR� GD MH KUDQD� NL YVHEXMH PDQM NRW ���

PDãþRE� QHRNXVQD�

9HþLQR UDVWOLQVNLK ROM MH SRWUHEQR SUHG XSRUDER Y SUHKUDPEHQH QDPHQH RþLVWLWL� 7UåLãþH

]DKWHYD QD SROLFDK ROMD� NL VR VYHWOD� QHYWUDOQHJD RNXVD ] YLVRNR WHUPLþQR VWDELOQRVWMR LQ

ELVWULQR ROMD WXGL SUL QLåMLK WHPSHUDWXUDK� 1DYHGHQH ]DKWHYH MH PRþ GRVHþL ] REGHODYR LQ

YRGHQMHP ROMD SUHNR YHþ VWRSHQM UDILQDFLMVNLK SURFHVRY� GD EL VH SULODJRGLOH IL]LNDOQR

NHPLMVNH LQ RUJDQROHSWLþQH ODVQRVWL ROMD ]DKWHYDQLP VWDQGDUGRP�

�


