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$�1$785$/�*$6�,1)5$5('�5$',$7,21�'5<,1*�6<67(0�,6
$1�()),&,(17�62/87,21�

6,78$7,21

,Q� SDSHUPLOOV�� WKH� GU\LQJ� RSHUDWLRQ
LV� RIWHQ� WKH�ZHDN� OLQN� LQ� WKH� SDSHU
PDNLQJ� SURFHVV� E\� OLPLWLQJ
PDFKLQH�FDSDFLW\�

352%/(0

2QH� REVHUYHG� FDVH� LQYROYHV� DQ� DLU
GU\HU�LQVWDOOHG�EHWZHHQ�WKH�F\OLQGHU
GU\HU� DQG� ZLQGHUV� RQ� D� SXOS� SUHVV
GU\HU�� � +HUH�� LW� LV� GLIILFXOW� WR
PDLQWDLQ� D� FRQVWDQW� WHPSHUDWXUH
ZKHQ� SDSHU� SDVVHV� IURP� WKH
F\OLQGHU� GU\HU� WR� WKH� ZLQGHU�� � 7KH
SDSHU� WHPSHUDWXUH� GURSV� E\� ���&
EHWZHHQ� WKH� GU\HU� DQG� WKH� KRW� DLU
GU\HU�� WKHUHE\� GHFUHDVLQJ� PDFKLQH
SURGXFWLYLW\�

$QRWKHU� LQVWDQFH� FRQFHUQV� SDSHU
FRDWLQJ�� � 7KH� FRDWHU� RSHUDWHV� DW
UHGXFHG�OHYHOV�EHFDXVH�WKH�DLU�GU\HU
FDQQRW� VXSSO\� VXIILFLHQW� SRZHU� WR
LQFUHDVH�PDFKLQH�VSHHG���2QH�RI�WKH
GLIILFXOWLHV� VWHPV� IURP� LQVXIILFLHQW
FOHDUDQFH� VSDFH�ZKLFK�SUHYHQWV� WKH
LQVWDOODWLRQ� RI� D� VXSSOHPHQWDU\� DLU
GU\HU���0RUHRYHU��WKH�ORZ�SRZHU�RI
WKH� DLU� GU\HU� GRHVQ¶W� DOORZ� IRU� WKH
HOLPLQDWLRQ� RI� PRWWOLQJ� DIWHU� WKH
FRDWLQJ� SURFHVV�� HYHQ� DW� UHGXFHG
VSHHG�

7KH� 1DWXUDO� *DV� 7HFKQRORJLHV� &HQWUH
KDV� H[DPLQHG� WZR� VROXWLRQV� WR� WKHVH
SUREOHPV� XVLQJ� LQIUDUHG� QDWXUDO� JDV
GU\LQJ�WHFKQRORJ\�
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$�+,*+�3(5)250$1&(�1$785$/
*$6�,1)5$5('�6<67(0

6HYHUDO�VROXWLRQV�ZHUH�H[DPLQHG��LQFOXGLQJ�WKH�LQVWDOODWLRQ�RI�HOHFWULF�UDGLDQWV���7KLV�VROXWLRQ�ZDV�QRW
SXUVXHG�EHFDXVH�RI�YHU\�KLJK�RSHUDWLQJ�FRVWV���:KDW¶V�PRUH��LQ�SDSHU�FRDWLQJ��HOHFWULF�UDGLDQWV�ZRXOG�QRW
EH�DEOH�WR�ZLWKVWDQG�SURORQJHG�H[SRVXUH�WR�D�KRVWLOH�HQYLURQPHQW�FDXVHG�E\�FRQWLQXRXV�VSODVKLQJ�IURP�WKH
FRDWLQJ�VDXFH�

,Q�ERWK�DSSOLFDWLRQV��D�KLJK�HIILFLHQF\�QDWXUDO�JDV�LQIUDUHG�UDGLDWLRQ�GU\LQJ�V\VWHP�ZDV�FKRVHQ���,Q�WKH�FDVH
RI�WKH�SXOS�SUHVV��LW�ZDV�WKH�ILUVW�VXFK�DSSOLFDWLRQ�LQ�WKH�ZRUOG�

&219,1&,1*�5(68/76

/HW¶V�FRQVLGHU�WKH�LPPHGLDWH�LPSURYHPHQWV�DQG�EHQHILWV�RI�QDWXUDO
JDV�LQIUDUHG�GU\LQJ�WHFKQRORJ\�RQ�WKH�WZR�PDFKLQHV�

1DWXUDO� JDV� LQIUDUHG� GU\LQJ� RQ
SXOS�SUHVV

1DWXUDO�JDV�LQIUDUHG�GU\LQJ�RQ
WKH�FRDWHU

�� ��� WR� ��� LQFUHDVH� LQ
SURGXFWLYLW\�

�� 0RUH�WKDQ����&�LQFUHDVH� LQ
VKHHW�WHPSHUDWXUH�IROORZLQJ
WKH� SDVV� FORVH� E\� WKH
UDGLDQWV�

�� ���&� LQFUHDVH� LQ� VKHHW
WHPSHUDWXUH� EHWZHHQ� WKH
HQG�RI�WKH�GU\HU�DQG�WKH�KRW
DLU�GU\HU�

�� (YDSRUDWLRQ� RI� KXPLGLW\
EHWZHHQ�UDGLDQWV�DQG�GU\HU�

�� /RZHU� VWHDP� FRQVXPSWLRQ
LQ�WKH�KRW�DLU�GU\HU�

�� 7KHUPDO� SHUIRUPDQFH� RI
���

�� 0DLQWHQDQFH� RI� ZKLWHQHVV
RI�SURGXFW�

�� ���� LQFUHDVH� LQ
SURGXFWLYLW\�

�� ,PSURYHPHQW� RI� SURILOH�
FURVV� PDFKLQH�� ³�� VLJPD´
ORZHUHG�E\����

�� (QHUJ\� FRQVXPSWLRQ
UHGXFHG� E\� ���� DW� LQLWLDO
VSHHG� DQG� ���� DW� KLJKHU
VSHHGV�

�� ,PSURYHPHQW� LQ� SDSHU
TXDOLW\�� HOLPLQDWLRQ� RI
PRWWOLQJ�

�� (QHUJ\� SHUIRUPDQFH� RI
����

�� 3RVVLELOLW\� RI� IXUWKHU
LQFUHDVHV� LQ�PDFKLQH� VSHHG
E\� PRGLI\LQJ� WKH� GULYH
VHFWLRQ�DQG�WKH�FRPSRVLWLRQ
RI�WKH�FRDWLQJ�VDXFH�

�� $GGLWLRQDO� UHGXFWLRQ� LQ
HQHUJ\� FRQVXPSWLRQ� E\
EDODQFLQJ� DLU� EHWZHHQ� WKH
GLIIHUHQW� KRW� DLU� GU\HU
KRRGV�

�� 5HOLDEOH� HTXLSPHQW
IHDWXULQJ� VWURQJ� UHVLVWDQFH
WR�KRVWLOH�HQYLURQPHQW

�� 6DIH�RSHUDWLRQ�
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,QIUDUHG� GU\LQJ� LV� DFKLHYHG� E\
IRUFLQJ� DQ� DLU�JDV� PL[WXUH� RYHU
EXUQHUV� PDGH� RI� SHUIRUDWHG
FHUDPLF� SODWHV�� � :KHQ� WKLV
PL[WXUH� LJQLWHV�� WKH� FRPEXVWLRQ
VWDELOL]HV� RQ� WKH� RXWHU� VXUIDFHV
RI�WKH�SODWHV���7KH�PL[WXUH�EXUQV
ZLWKRXW� IODPLQJ� DQG� KHDWV� WKH
SODWHV� WR� WKH� ULJKW� WHPSHUDWXUH�
,Q� WKLV� ZD\�� HQHUJ\� LV
WUDQVIHUUHG� GLUHFWO\� WR� WKH
SURGXFW� EHLQJ� GULHG� WKURXJK
LQIUDUHG�UDGLDWLRQ�

$FFRUGLQJ� WR� WKH� :LHQ� ODZ�� D
FHUDPLF�W\SH� WUDQVPLWWHU
RSHUDWLQJ� DW� D� WHPSHUDWXUH� RI
�����&� WUDQVPLWV� PD[LPXP
HQHUJ\�DW�D�ZDYHOHQJWK�RI�����WR
��mP�

3$3(5�$%62537,21�63(&7580

3DSHU� HQWHULQJ� WKH� GU\HU� KDV� D
KLJK�ZDWHU�FRQWHQW���,WV�DEVRUSWLRQ
EDQG� IRU� LQIUDUHG� UDGLDQFH
EDVLFDOO\�IROORZV�WKDW�RI�ZDWHU�DQG
LV�DERXW���mP�

7KH�KHDW�HPLVVLRQ�WHPSHUDWXUHV�RI
LQIUDUHG� UDGLDWLRQ�� KLJKHU� DQG
ORZHU�� UHVXOW� LQ� ZDYHOHQJWKV� WKDW
DUH� RXWVLGH� WKH� PD[LPXP
DEVRUSWLRQ� EDQG� RI� SDSHU�� � $Q
HPLWWHU�RSHUDWLQJ�DW�D� WHPSHUDWXUH
RI� �����&� WKXV� WUDQVPLWV� DQ
LQIUDUHG� UDGLDQFH� DW� D� ZDYHOHQJWK
WKDW� LV� ZLWKLQ� WKH� PD[LPXP
DEVRUSWLRQ�UDQJH�RI�SDSHU�
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1$785$/�*$6�,1)5$5('�21�7+(�38/3�35(66

7KH� LQVWDOODWLRQ� FRQVLVWV� � RI
WZR� KRRGV�� HDFK� ZLWK� WKUHH
URZV���(DFK�URZ�FRPSULVHV���
UDGLDQWV�� VL[� RI� ZKLFK� FDQ� EH
WXUQHG�RII�DW�ZLOO�DFFRUGLQJ� WR
WKH�ZLGWK�RI�WKH�VKHHW�

7KH� SRZHU�RXWSXW� LV� �����
N:���,Q�DGGLWLRQ�WR�WKH�KRRGV�
WKH� V\VWHP� LQFOXGHV� D
FRPEXVWLRQ� DLU� EORZHU�� KRW
DQG� KXPLG� JDV� UHFLUFXODWLRQ
DQG� H[KDXVW� EORZHU�� QDWXUDO
JDV� SLSLQJ� DQG� D
SURJUDPPDEOH� DXWRPDWHG
FRQWURO� V\VWHP� WR� HQVXUH
VPRRWK�RSHUDWLRQ�DQG�VDIHW\�

7KH�IROORZLQJ�FKDUW�VKRZV�WKH
WHPSHUDWXUH� SURILOH�� PDFKLQH
OHQJWK�� � 5HVXOWV� REWDLQHG
GXULQJ�WULDOV�
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1$785$/�*$6�,1)5$5('�21�&2$7(5

&RDWLQJ� VDXFH� LV� DSSOLHG� WR
SDSHU� DW� WKH� FRDWHU�� ZKLOH� WKH
ZDWHU�� ZKLFK� SHQHWUDWHV� WKH
VXSSRUW�� FDUULHV� WKH� ELQGLQJ
DJHQWV�� � 7R� SURGXFH� JRRG
SULQWLQJ� TXDOLW\�� WKH� ELQGLQJ
DJHQWV�PXVW�EH�VSUHDG�XQLIRUPO\
WKURXJK� WKH� WKLFNQHVV� DQG� WKH
VXUIDFH� RI� WKH� FRDWLQJ� VDXFH�
ZKLFK� UHTXLUHV� TXLFN� DQG� GHHS
GU\LQJV�

+RW� DLU� GU\LQJ� � KDV� D� SUDFWLFDO
PD[LPXP� HYDSRUDWLRQ� FDSDFLW\
LQ� WKH� RUGHU� RI� ��� NJ�P��KRXU�
$ERYH�WKLV�UDWH��D�FUXVW�IRUPV�RQ
WKH�FRDWLQJ�VDXFH�RU�WKH�VXSSRUW�

+RZHYHU�� WKH� KHDWLQJ� SRZHU� RI
LQIUDUHG� QDWXUDO� JDV� GU\LQJ� ZLWK
FHUDPLF� HPLWWHUV� UHVSRQGV� SHUIHFWO\
WR�WKH�GHPDQGLQJ�QHHGV�RI�WKH�FRDWLQJ
RSHUDWLRQ�� HVSHFLDOO\� ZLWK� UHJDUGV� WR
SDSHU�TXDOLW\�

'HVFULSWLRQ�RI�LQVWDOODWLRQ

$Q� LQIUDUHG�KRRG� LV� LQVWDOOHG� DW� HDFK
RI� WZR� FRDWLQJ� VWDWLRQV�� � )ROORZLQJ
DUH�WKH�FKDUDFWHULVWLFV�

&KDUW� $� VKRZV� QDWXUDO� JDV
FRQVXPSWLRQ� SHU� NLORJUDP� RI
HYDSRUDWHG� ZDWHU� E\� FRPSDULQJ
WKH� VSHHGV� ZLWK� DQG� ZLWKRXW
LQIUDUHG�UDGLDQWV�� �6WULNLQJO\��WRWDO
QDWXUDO�JDV�FRQVXPSWLRQ�GHFUHDVHV
ZKHQ�WKH�UDGLDQWV�DUH�LQ�RSHUDWLRQ�
$QG� WKH� HQHUJ\� FRQVXPSWLRQ� RI
WKH� GU\HU�� FRQVLGHUHG� DORQH�
GHFOLQHV�VLJQLILFDQWO\�DW�LQLWLDO�DQG
DFFHOHUDWHG�VSHHGV�

7KH� FRQVXPSWLRQ� E\� WKH� UDGLDQWV
UHSUHVHQWV� RQO\� ���� RI� WKH� WRWDO
FRQVXPSWLRQ�� SURYLQJ� WKDW� WKH
QDWXUDO� JDV� LQIUDUHG� UDGLDQWV� DUH
PRUH�HIILFLHQW�WKDQ�KRW�DLU�GU\HU�
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&KDUW� %� VWXGLHV� WKH� HIIHFW� RI� WKH
VSHHG�RQ�QDWXUDO�JDV�FRQVXPSWLRQ�
LW� FRPSDUHV� D� VLWXDWLRQ� ZLWK� WKH
UDGLDQWV� WXUQHG� RII� DQG� RQH� ZLWK
WKH�UDGLDQWV�LQ�RSHUDWLRQ��DW� LQLWLDO
DQG� DFFHOHUDWHG� VSHHGV�� � 7KH
UHVXOWV� LQGLFDWH� FOHDUO\� WKDW� LW� LV
SRVVLEOH�WR�LQFUHDVH�VSHHG�ZKLOH�DW
WKH� VDPH� WLPH� UHGXFLQJ� HQHUJ\
FRQVXPSWLRQ�� � 7KH� SURGXFWLYLW\
JDLQ�ZLWK�WKH�UDGLDQWV��WKHUHIRUH��LV
DFKLHYHG�DW�WZR�OHYHOV�

&KDUW� &� DQDO\]HV� WKH� HIIHFW� RI
LQIUDUHG� UDGLDQWV� RQ� WKH� KXPLGLW\
SURILOH�� WKHLU� LPSDFW� LV� LPSRUWDQW
LQ� WKLV� UHVSHFW�� � $� ���
LPSURYHPHQW� LV� REVHUYHG� DW� WKH
ZLQWHU�

1DWXUDO� JDV� LQIUDUHG� GU\LQJ� LV� DQ
H[DPSOH� RI� DQ� LQQRYDWLYH
WHFKQRORJ\� WKDW¶V� ZRUWK
FRQVLGHULQJ�� � 7KLV� DGYDQFHG
WHFKQRORJ\�RIIHUV�VHYHUDO�EHQHILWV�
QRWDEO\� LQFUHDVHG� SDSHU� PDFKLQH
SURGXFWLRQ� FDSDFLW\�� ZKLOH
UHGXFLQJ� HQHUJ\� FRVWV�� � 7KH
DSSOLFDWLRQV� IRU� SXOS� SUHVV� GU\HUV
DQG� FRDWHUV�� DPRQJ� RWKHUV�� DUH
YHU\�FRQFOXVLYH�

%\� XVLQJ� LQIUDUHG� GU\LQJ� RQ� WKH
SXOS� SUHVV� GU\HU�� WKH� WHPSHUDWXUH
RI� WKH� SURGXFW� FDQ� EH� LQFUHDVHG
ZKLOH� PDLQWDLQLQJ� ZKLWHQHVV�� � ,WV
XVH� UHVXOWV� LQ� ORZHU� VWHDP
FRQVXPSWLRQ� LQ� WKH� KRW� DLU� GU\HU�
,Q� DGGLWLRQ�� WKH� SURFHVV� KHOSV
PDLQWDLQ� FRQVWDQW� WHPSHUDWXUH
EHWZHHQ�WKH�F\OLQGHU�GU\HU�DQG�WKH
KRW�DLU�GU\HU�� �7KH�SURGXFWLYLW\�RI
WKLV�PDQXIDFWXULQJ

6WDJH�� WKHUHIRUH�� LV� LPSURYHG� DW
VHYHUDO�OHYHOV�

1DWXUDO� JDV� LQIUDUHG� GU\LQJ� IRU
FRDWHUV� LPSURYHV� SDSHU� TXDOLW\
DQG�DOORZV�KLJKHU�PDFKLQH�VSHHGV�
(QHUJ\� VDYLQJV� DUH� DFKLHYHG�
YDU\LQJ� DFFRUGLQJ� WR� PDFKLQH
VSHHG���$�����SURGXFWLYLW\�JDLQ�LV
DFKLHYHG�LQ�WKH�SURFHVV�

)RU�PRUH�LQIRUPDWLRQ��FRQWDFW���7KH�1DWXUDO�*DV�WHFKQRORJ\�&HQWUH�������������7pO������������������

3XEOLVKHG�E\�WKH�$GYHUWLVLQJ�'HSDUWPHQW�RI�*D]�0pWURSROLWDLQ� �
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