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����� 6WHHO�FRQWDLQLQJ�OHDG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
����� =LQF�FRDWLQJV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�����$OXPLQLXP � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
�����&RSSHU�DOOR\�FRQWDLQLQJ�XS�WR����OHDG�E\�ZHLJKW � � � � � � � � � � � � � � � � � ��
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������(OHFWULFDO�RU�HOHFWURQLF�FRPSRQHQWV�ZKLFK�FRQWDLQ�OHDG�LQ�D�JODVV�RU�FHUDPLF
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� ,QWURGXFWLRQ

6WDUWLQJ�IURP�6HSWHPEHU�������®NRSRO�KDV�EHHQ�SHUIRUPLQJ�D�VWXG\�RQ�KHDY\�PHWDOV�LQ
YHKLFOHV�ZKLFK�ZDV�FRPPLVVLRQHG�E\�'*�(QYLURQPHQW�RI�WKH�(XURSHDQ�&RPPLVVLRQ�

7KH�REMHFWLYHV�RI�WKLV�VWXG\�LQFOXGH

q WKH�JHQHUDWLRQ�RI�D�UHOLDEOH�LQIRUPDWLRQ�EDVLV��FRQFHUQLQJ�WKH�SUHVHQFH�DQG�TXDQWLW\
�LQFOXGLQJ�PDUNHW�WUHQGV��RI�KHDY\�PHWDO�FRQWDLQLQJ�SDUWV�DQG�FRPSRQHQWV�LQ�YHKLFOH
FDWHJRULHV�0��DQG�1��

q WKH�DQDO\VLV�ZKHWKHU�WHFKQLFDO�DOWHUQDWLYHV�WR�WKH�XVH�RI�KHDY\�PHWDOV��OHDG��PHUFXU\�
FDGPLXP�DQG�KH[DYDOHQW�FKURPLXP��LQ�YHKLFOHV�H[LVW�

q WKH�H[DPLQDWLRQ�RI�WKH�WHFKQLFDO��HQYLURQPHQWDO�DQG�HFRQRPLF�LPSOLFDWLRQV�RI�WKHVH
DOWHUQDWLYHV�

q WKH�H[DPLQDWLRQ�RI�WHFKQLFDO�RSWLRQV�IRU�VHSDUDWLRQ�RI�KHDY\�PHWDO�FRQWDLQLQJ�SDUWV
EHIRUH�VKUHGGLQJ��GHVFULSWLRQ�RI�WHFKQLFDO�UHF\FOLQJ�RSWLRQV��DQG�WKH�DQDO\VLV�RI�WKHLU
HFRQRPLF�LPSOLFDWLRQV�

%DVHG�RQ�VRPH�SUHOLPLQDU\�UHVHDUFK�LQ�WKH�,QWHUQHW�DQG�LQ�UHFHQW�OLWHUDWXUH��ZH�HVWDE�
OLVKHG�FRQWDFWV�ZLWK�QXPHURXV�DXWRPRELOH�PDQXIDFWXUHUV�DQG�VXSSOLHUV�RI�SDUWV�DQG
FRPSRQHQWV�ZKR�DUH�UHOHYDQW�LQ�WKH�FRQWH[W�RI�KHDY\�PHWDO�DSSOLFDWLRQV�LQ�YHKLFOH�FDWH�
JRULHV�0��DQG�1��

&RQFHUQLQJ�WKH�VSHFLILF�DSSOLFDWLRQV�RI�KHDY\�PHWDOV�WR�EH�H[DPLQHG�LQ�GHWDLO��WKH�RULJL�
QDO�OLVW�RI�$QQH[���RI�WKH�'UDIW�'LUHFWLYH�RQ�(QG�RI�OLIH�9HKLFOHV�LQ�LWV�YHUVLRQ�RI����-XQH
�����>��������&2'�@�IRUPHG�WKH�EDVLV�RI�RXU�ZRUN�

:LWK�HYROYLQJ�GLVFXVVLRQV��D�QXPEHU�RI�PRGLILFDWLRQV�DQG�DGGLWLRQDO�DSSOLFDWLRQV�RI
KHDY\�PHWDOV�FDPH�LQWR�IRFXV�ZLWK�WKH�UHFRPPHQGDWLRQV��RI����1RY�������RI�WKH�(3
UDSSRUWHXU�DQG�WKH�GHURJDWLRQV�DGRSWHG�E\�WKH�(QYLURQPHQWDO�&RPPLWWHH�����-DQXDU\
������WR�EH�SURSRVHG�IRU�WKH�VHFRQG�3DUOLDPHQW�UHDGLQJ�

7KH�VWUXFWXUH�RI�WKLV�UHSRUW�LV�RULHQWHG�WRZDUGV�WKH�VWUXFWXUH�RI�$QQH[�,,�RI�WKH�GUDIW�(/9
GLUHFWLYH�
q /HDG�DV�DQ�DOOR\LQJ�HOHPHQW � � � � � � � � � � � � � � � � � � � � � � � � � � � � FKDSWHU�����SDJH����
q /HDG�DV�D�PHWDO�LQ�FRPSRQHQWV � � � � � � � � � � � � � � � � � � � � � � � � � FKDSWHU�����SDJH���
q +H[DYDOHQW�&KURPLXP � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � FKDSWHU�����SDJH���
q 0HUFXU\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � FKDSWHU�����SDJH���
q &DGPLXP � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � FKDSWHU�����SDJH���
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� 5HVXOWV

��� /HDG�DV�DQ�DOOR\

����� 6WHHO�FRQWDLQLQJ�OHDG

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

/HDG�LV�DGGHG�WR�VWHHO�WR�DFKLHYH�DQ�DSSURYHG�PDFKLQDELOLW\��7KH�GLVVLSLWDWHG�OHDG�OHDGV
WR�D�VLWXDWLRQ�ZKHUH�FKLSV�EUHDN�RII�HDVLHU�DQG�VKDYLQJV�VWD\�VKRUWHU��,Q�DGGLWLRQ�DQ
LPSURYHG�VXUIDFH�TXDOLW\�FDQ�EH�DFKLHYHG�

7KHUH�LV�D�ZLGH�UDQJH�RI�DSSOLFDWLRQV�LQ�DXWRPRELOHV��H�J��FUDQNVKDIWV��FRQQHFWLRQ�URGV�
ILWWLQJ�WXUQ�RIIV��KLJK�SUHVVXUH�IXHO�LQMHFWRU�SDUWV�

7KH�PDFKLQDELOLW\�RI�VWHHO�LV�RI�JUHDW�LPSRUWDQFH�QRW�DW�OHDVW�EHFDXVH�DURXQG�����RI
WKH�YDOXH�RI�D�PDFKLQHG�DXWRPRELOH�FRPSRQHQW�LV�GXH�WR�PDFKLQLQJ�FRVWV�

$OWHUQDWLYHV��VWUHQJWK���ZHDNQHVV�SURILOH��WHFKQLFDO�

,Q�WKH�ODVW�WZR�RU�WKUHH�GHFDGHV�VWHHO�FRQWDLQLQJ�RWKHU�HOHPHQWV��VRPHWLPHV�LQ�DGGLWLRQ
WR�OHDG��IRU�DQ�LPSURYHG�PDFKLQDELOLW\�KDV�EHHQ�GHYHORSHG��VXOSKXU��SKRVSKRUXV��VHOH�
QLXP��FDOFLXP��WHOOXULXP�RU�ELVPXWK���EXW�GLG�QRW�VXEVWLWXWH�OHDG�LQ�UHDO�SURGXFWLRQ�LQ�D
ZLGHU�UDQJH�

,Q�YLHZ�RI�WKH�SURGXFWLRQ�SURFHVV�D�SKDVH�RXW�RI�OHDGHG�VWHHO�LQ�WKLV�DUHD�ZRXOG�EH
WHFKQLFDOO\�SRVVLEOH��7KH�PDLQ�EDUULHUV�DUH�WKH�QHFHVVDU\�FKDQJHV�RI�WKH�SURGXFWLRQ
SURFHVVHV��PDFKLQHV��WRROV��VSHHG���,QFUHDVLQJ�HQHUJ\�FRQVXPSWLRQ�PD\�UHVXOW�LI�WKH
VXEVWLWXWLQJ�HOHPHQW�GRHV�QRW�DFKLHYH�WKH�VDPH�UHGXFWLRQ�LQ�PDFKLQLQJ�HIIRUWV�DV�OHDG�
:KLOH�LQ�PRVW�FDVHV�WKLV�LV�WHFKQLFDOO\�DOUHDG\�SRVVLEOH��WKH�KLJKHU�FRVWV�UHPDLQ�DV�D
SUREOHP�

2QH�FDU�PDQXIDFWXUHU�PHQWLRQHG�WKDW�WKHUH�PD\�EH�D�VLJQLILFDQW�SRWHQWLDO�IRU�IXWXUH
VXEVWLWXWLRQV�RI�OHDG�E\�FDOFLXP���3E�DQG�&D�DUH�QRW�XVHG�LQ�FRPELQDWLRQ��5DWKHU�WKH�3E
LV�HOLPLQDWHG�FRPSOHWHO\�ZKHUH�SRVVLEOH���2YHUDOO�FRVWV��PDWHULDO�DQG�SURGXFWLRQ��IRU
WKRVH�OHDG�IUHH�SDUWV�PD\�ULVH�E\�DQ�HVWLPDWHG����WR�������

$QRWKHU�DOWHUQDWLYH�FRXOG�EH�WKH�UHSODFHPHQW�RI�OHDG�E\�WLQ��$V�DQ�H[DPSOH�WKH�OHDGHG
VWHHO�W\SH�o��/����ZLWK�����ZHLJKW�SHU�FHQW�OHDG�FDQ�EH�VXEVWLWXWHG�E\�o��7����ZLWK
�����ZHLJKW�SHUFHQW�WLQ��3UHVHQWO\�D�UHODWLYHO\�VPDOO�TXDQWLW\�RI�WKLV�VWHHO�LV�SURGXFHG
�a�������W���7KH�FRVW�IRU�SURGXFWV�PDGH�E\�IUHH�FXWWLQJ�VWHHO�ZLWK�WLQ�ZLOO�EH�LQ�WKH�VDPH
UDQJH�DV�IURP�VWHHO�ZLWK�OHDG��
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5HSODFLQJ�OHDG�E\�ELVPXWK�LV�WHFKQLFDOO\�SRVVLEOH�LQ�D�ZLGH�UDQJH�RI�DSSOLFDWLRQV��DQG�D
VLPLODUO\�LPSURYHG�PDFKLQDELOLW\�FDQ�WKXV�EH�DFKLHYHG��:KLOH�WKH�FDU�LQGXVWU\�FODLPV�WKDW
WKHUH�LV�QR�VXIILFLHQW�PDUNHW�VXSSO\�RI�ELVPXWK�DQG�SULFHV�PD\�ULVH�UDSLGO\��WKH�%LVPXWK
,QVWLWXWH�EHOLHYHV�WKDW�WKHUH�ZLOO�EH�VXIILFLHQW�UHVRXUFHV�

$PRXQW

$FFRUGLQJ�WR�(1��������VWHHO�IRU�PDFKLQHU\�SXUSRVHV�XVXDOO\�FRQWDLQV�EHWZHHQ�����
DQG������ZHLJKW�SHUFHQW�OHDG�

,Q�GLVFXVVLRQV�ZLWK�FDU�SURGXFHUV�D�OHDG�FRQWHQW�RI������ZDV�PHQWLRQHG�DV�DQ�DFFHSW�
DEOH�FRPSURPLVH�EHWZHHQ�WKH�JRDO�RI�OHDG�UHGXFWLRQ�DQG�WKH�JRDO�RI�HDVLO\�ZRUNDEOH
VWHHO��,Q�FDVHV�ZKHUH�KLJKHU�3E�FRQFHQWUDWLRQV�ZRXOG�EH�QHHGHG��RQH�FRPSDQ\�XVHV
FDOFLXP�LQVWHDG�LQ�LWV�SURGXFWLRQ�

(QYLURQPHQWDO�UHOHYDQFH

&RQFHUQLQJ�KHDY\�PHWDOV�LQ�WKH�VWHHO�UHF\FOLQJ�SURFHVV�VHH�FKDSWHU���S�����

7KH�UHOHYDQFH�RI�WLQ�DV�D�SRWHQWLDO�LPSXULW\�RI�UHF\FOHG�VWHHO�LV�H[SHFWHG�WR�EH�VPDOO
EHFDXVH�VWHHO�ZLWK�D�UHTXLUHPHQW�IRU�H[WUHPHO\�ORZ�WUDPS�HOHPHQW�FRQFHQWUDWLRQV��H�J�
IRU�GHHS�GUDZLQJ�VKHHWV��LV�QRW�SURGXFHG�LQ�WKH�HOHFWULF�DUF�IXUQDFH��($)��EXW�IURP�RUH
YLD�WKH�EODVW�IXUQDFH�URXWH��ZKHUH�PDLQO\�KLJKHU�VFUDS�TXDOLWLHV�DUH�XVHG�LQ�WKH�R[\JHQ
IXUQDFHV�

2WKHU�SRWHQWLDO�VXEVWLWXWLRQ�HOHPHQWV�DUH�H[SHFWHG�WR�KDYH�YHU\�OLWWOH�LQIOXHQFH�RQ�VWHHO
TXDOLW\�

&RQFOXVLRQV

7HFKQLFDOO\�D�VXEVWLWXWLRQ�RI�OHDG�LQ�VWHHO�IRU�PDFKLQHU\�SXUSRVHV�LV�SRVVLEOH�HLWKHU�E\
UHDOLVLQJ�FKDQJHV�LQ�WKH�SURGXFWLRQ�SURFHVVHV��RU�E\�XVLQJ�RWKHU�oDOOR\LQJp�HOHPHQWV��

(FRQRPLFDOO\�WKH�PDWHULDO�FRVWV�IRU�SRWHQWLDO�VXEVWLWXWLQJ�HOHPHQWV�DUH�OHVV�LPSRUWDQW
WKDQ�SRVVLEOH�FKDQJHV�LQ�PDFKLQDELOLW\��

,I�DQ�LPSURYHG�PDFKLQDELOLW\�FDQQRW�EH�DFKLHYHG�E\�VXEVWLWXWLQJ�HOHPHQWV�WR�WKH�VDPH
H[WHQW�DV�LW�LV�UHDFKHG�E\�OHDG��VRPH�HQYLURQPHQWDO�EXUGHQV�FDQ�LQFUHDVH��KLJKHU�SRZHU
FRQVXPSWLRQ��VKRUWHU�OLIHWLPHV�RI�WRROV��

,Q�WKH�YHU\�EURDG�DSSOLFDWLRQ�ILHOG�RI�OHDGHG�VWHHO�LW�ZDV�QRW�SRVVLEOH�WR�H[DPLQH�HYHU\
DSSOLFDWLRQ�LQ�GHSWK��$�FDVH�VSHFLILF�H[DPLQDWLRQ�ZRXOG�EH�QHFHVVDU\�
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�
�)RU�H[DPSOH�%L�FRQWDLQLQJ�DOOR\V�FDUU\�WKH�WUDGHPDUN�QDPH�o*DOYDIORZp�

�

&RQFHUQLQJ�WKH�PD[LPXP�OHDG�FRQFHQWUDWLRQ�RI�������RU���������FDU�PDQXIDFWXUHUV
VWDWHG�WKDW�QRUPDOO\�������DUH�VXIILFLHQW��7KH�PDLQ�UHDVRQ�IRU�PDNLQJ�DPHQGPHQWV
FRQFHUQLQJ�WKH�FRQFHQWUDWLRQ�RI�OHDG�PD\�EH�WKDW�LQ�WKH�(XURSHDQ�VWDQGDUGV�IRU�VWHHO
�������DUH�PHQWLRQHG�

����� =LQF�FRDWLQJV

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

=LQF�FRDWLQJV�DUH�PDLQO\�XVHG�IRU�FRUURVLRQ�SURWHFWLRQ�RI�VWHHO��,Q�WKH�JDOYDQL]LQJ�SUR�
FHVV�VWHHO�UHDFWV�ZLWK�WKH�]LQF�WR�IRUP�DQ�DOOR\��$GGLWLRQDOO\�D�PHWDOOLF�]LQF�FRDWLQJ�LV
GHSRVLWHG�RQ�WKH�VXUIDFH�ZKHQ�WKH�VWHHO�LV��IRU�H[DPSOH��WDNHQ�RXW�RI�D�KRW�GLS�JDOYD�
QL]LQJ�EDWK�

/HDG�LV�XVHG�LQ�WKH�SURGXFWLRQ�SURFHVV�IRU�DQ�LPSURYHG�YLVFRVLW\�DQG�GUDLQDJH�RI�H[FHVV
]LQF�ZKHQ�WKH�SDUWV�DUH�ZLWKGUDZQ�IURP�WKH�EDWK��:LWK�SRRU�GUDLQDJH��]LQF�FDQ�DFFX�
PXODWH�LQ�FRUQHUV�DQG�DQJOHV�RQ�WKH�ZRUNSLHFH�DQG�EULGJH�RYHU�VPDOO�KROHV�DQG�FKDQ�
QHOV��%\�DGGLWLRQ�RI�OHDG�WKH�DSSHDUDQFH�RI�WKH�VXUIDFH��WKH�FRDWLQJ�PLFUR�VWUXFWXUH�
FRDWLQJ�IRUPDELOLW\�DQG�WKH�GULS�IRUPDWLRQ�DUH�LQIOXHQFHG�DV�ZHOO�

/HDG�KDV�D�SURWHFWLYH�IXQFWLRQ�IRU�WKH�]LQF�FRQWDLQLQJ�NHWWOH�LQ�WKH�SURFHVV�LQ�WKRVH
FDVHV�ZKHUH�WKH�NHWWOH�ZDOOV�DUH�PDGH�RI�VWHHO��ZKLFK�LV�PRVWO\�WKH�FDVH��

,W�KDV�QR�IXQFWLRQ�GXULQJ�WKH�XVH�RI�WKH�FRDWHG�VWHHO�

$OWHUQDWLYHV��VWUHQJWK���ZHDNQHVV�SURILOH��WHFKQLFDO�

,Q�WKH�ILHOG�RI�VWULS�FRDWLQJ��DURXQG�����RI�WKH�SURGXFWLRQ�LQ�*HUPDQ\�KDYH�DOUHDG\
EHHQ�FKDQJHG�WR�D�OHDG�IUHH�SURFHVV��7KLV�GHYHORSPHQW�LV�QRW�HDVLO\�WUDQVIHUDEOH�WR
EDWFK�SURFHVVHV��7KH�SURWHFWLYH�IXQFWLRQ�RI�OHDG�GXULQJ�WKH�SURFHVV�FDQ�EHFRPH�VXSHU�
IOXRXV�E\�XVLQJ�DQ�LQWHUQDO�FODG�WR�UHVLVW�]LQF�DWWDFN��7KLV�LV�WHFKQLFDOO\�IHDVLEOH��EXW�WKLV
W\SH�RI�NHWWOH�LV�VLJQLILFDQWO\�PRUH�H[SHQVLYH��/HDG�PD\�DOVR�EHFRPH�XQQHFHVVDU\�LI
VRPH�HPHUJLQJ�WHFKQLTXHV�DUH�LQWURGXFHG��LQYROYLQJ�KRZHYHU�D�UHGHVLJQ�RI�WKH�SURFHVV�

)URP�D�WHFKQLFDO�SRLQW�RI�YLHZ��DOWHUQDWLYHV�VXFK�DV�%LVPXWK�KDYH�DQ�DOPRVW�LGHQWLFDO
LQIOXHQFH�RQ�WKH�SK\VLFDO�SURSHUWLHV�RI�]LQF��ERWK�ZHW�RU�GU\�EDWFK�JDOYDQL]LQJ���%LVPXWK
FRQWDLQLQJ�=LQF�LV�DOUHDG\�XVHG�LQ�PDVV�SURGXFWLRQ���7KH�GURVV�DQG�DVK�SURGXFWLRQ�DQG
WKH�]LQF�FRQVXPSWLRQ�PD\�EH�LQIOXHQFHG�E\�WKH�VXEVWLWXWLRQ�RI�OHDG�E\�ELVPXWK��EXW
H[SHUWV�DUH�VWLOO�GLYLGHG�RQ�WKH�VXEMHFW�DV�LV�UHIOHFWHG�LQ�UHFHQW�OLWHUDWXUH�
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&RVWV�RI�%LVPXWK�DUH�KLJKHU�WKDQ�RI�OHDG��%XW�GXH�WR�WKH�UHODWLYHO\�VPDOO�DPRXQW�RI
%LVPXWK�LQ�WKH�ILQDO�SURGXFW��WKHUH�ZLOO�EH�QR�VLJQLILFDQW�ULVH�RI�WKH�ILQDO�SURGXFW
V�FRVWV
DV�ORQJ�DV�WKH�SULFH�RI�%LVPXWK�GRHV�QRW�ULVH�H[WUHPHO\�

$PRXQWV

1R�GDWD�DUH�DYDLODEOH�DERXW�WKH�TXDQWLW\�RI�OHDG�FRQWDLQHG�LQ�]LQF�FRDWLQJV�RI�DQ�DYHU�
DJH�SDVVHQJHU�FDU��$�W\SLFDO�]LQF�EDWK�FRPSRVLWLRQ�RI�D�EDWFK�SURFHVV�FRQWDLQV����
OHDG��*LYHQ�WKH�IDFW�WKDW�OHDG�IUHH�VWULS�FRDWLQJ�LV�DOUHDG\�DSSOLHG�LQ�PDQ\�FDVHV��WKH
RYHUDOO�DPRXQW�ZLOO�EH�IDU�EHORZ�RQH�JUDP�RI�OHDG�SHU�FDU�

7KH�QHZ�IRUPXODWLRQ�LQ�WKH�GUDIW�(/9�'LUHFWLYH��o6WHHO��LQFOXGLQJ�JDOYDQLVHG�VWHHO��FRQ�
WDLQLQJ�XS�WR��������OHDG�E\�ZHLJKWp��LV�QRW�SUHFLVH�HQRXJK�EHFDXVH�WKH��������PLJKW
EH�XQGHUVWRRG�WR�UHIHU�WR�WKH�ZKROH�VWHHO�SDUWV��UDWKHU�WKDQ�MXVW�WR�WKH�]LQF�OD\HU�

(QYLURQPHQWDO�UHOHYDQFH

7KH�]LQF�FRDWLQJ�ZLOO�QRW�EH�UHPRYHG�IURP�WKH�VWHHO�LQ�WKH�VKUHGGLQJ�SURFHVV�WR�D�ODUJH
H[WHQW��6R�WKH�PDLQ�SDUW�RI�WKH�OHDGHG�]LQF�ZLOO�UXQ�LQWR�WKH�VWHHO�UHF\FOLQJ�SURFHVV��VHH
FKDSWHU���S������

&RQFOXVLRQV

)URP�D�WHFKQLFDO�SRLQW�RI�YLHZ��OHDG�LQ�]LQF�FRDWLQJV�FDQ�JHQHUDOO\�EH�UHSODFHG�E\�RWKHU
PHWDOV�OLNH�ELVPXWK�RU�E\�FKDQJHV�LQ�WKH�SURGXFWLRQ�SURFHVV��,Q�WKH�YHU\�EURDG�DSSOLFD�
WLRQ�ILHOG�LW�ZDV�QRW�SRVVLEOH�WR�H[DPLQH�HYHU\�DSSOLFDWLRQ�LQ�GHSWK��$�FDVH�VSHFLILF�H[�
DPLQDWLRQ�PD\�EH�QHFHVVDU\�

&RQFHUQLQJ�WKH�ILQDO�SURGXFW�RI�JDOYDQLVHG�VWHHO��WKH�LQFUHDVH�RI�FRVWV�E\�XVLQJ�DOWHUQD�
WLYHV�VXFK�DV�ELVPXWK�ZLOO�QRW�EH�VLJQLILFDQW�DV�ORQJ�DV�WKH�SULFH�RI�%L�GRHV�QRW�ULVH�H[�
WUHPHO\��)XQGDPHQWDO�FKDQJHV�RI�WKH�SURFHVV�WHFKQLTXHV��OLNH�LQWHUQDOO\�FODG�NHWWOHV�RU
IXOO\�UHGHVLJQHG�SURFHVVHV��ZLOO�EH�PRUH�FRVW�LQWHQVLYH�

2QO\�LQ�SURFHVVHV�ZKHUH�VWDWH�RI�WKH�DUW�GXVW�DEDWHPHQW�V\VWHPV�DUH�LQVWDOOHG�LW�FDQ�EH
H[SHFWHG�WKDW�OHDG�HPLVVLRQV�IURP�(/9�UHF\FOLQJ�ZLOO�QRW�EH�DIIHFWHG�E\�]LQF�FRDWLQJV
FRQWDLQLQJ�OHDG�

,Q�WKH�(/9�UHF\FOLQJ�FKDLQ��RQO\�D�ORZ�SHUFHQWDJH�RI�OHDG�FRQWDLQHG�LQ�]LQF�FRDWLQJV�ZLOO
EH�UHFRYHUHG�LQ�SXUH�IRUP��,Q�WKH�SUHVHQW�VLWXDWLRQ�WKH�UHFRYHU\�UDWH�RI�DOWHUQDWLYH�DOOR\V
ZLOO�EH�HYHQ�ORZHU�
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RULJLQDWLQJ�H�J��IURP�(/9�VFUDS�GXH�WR�OHDG�EDODQFH�ZHLJKWV�RQ�DOXPLQLXP�ZKHHO�ULPV�

�
(XURSHDQ�$OXPLQLXP�$VVRFLDWLRQ��OHWWHU�WR�'*�(QYLURQPHQW���1RY������

�

����� $OXPLQLXP

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

$OXPLQLXP�LV�LQFUHDVLQJO\�XVHG�LQ�YHKLFOHV�DV�SDUW�RI�WKH�RYHUDOO�HIIRUWV�WR�UHGXFH�ZHLJKW
DQG�WKXV�UHGXFH�IXHO�FRQVXPSWLRQ��7KH�PRVW�LPSRUWDQW�DSSOLFDWLRQ�RI�DOXPLQLXP�LQ
YHKLFOHV�LV�WKH�HQJLQH��EXW�WKHUH�DUH�QXPHURXV�RWKHU�SRWHQWLDO�DSSOLFDWLRQ�ILHOGV��LQFOXG�
LQJ��H�J��WKH�FDU�ERG\��WKH�UHDU�D[LV�DQG�WKH�ZKHHOV�

,Q�DOXPLQLXP�DOOR\V�FRPPRQO\�XVHG��OHDG�LV�EDVLFDOO\�DQ�LPSXULW\�HOHPHQW��,Q�VHFRQGDU\
DOXPLQLXP��D�FHUWDLQ�DPRXQW�RI�OHDG�FDQ�EH�FRQWDLQHG�LQYROXQWDULO\��DV�D�WROHUDWHG�LP�
SXULW\��EHFDXVH�LW�LV�QRW�SRVVLEOH�WR�VHSDUDWH�WKH�OHDG�FRPSOHWHO\�IURP�WKH�DOXPLQLXP�LQ
WKH�UHPHOWLQJ�SURFHVV�

,Q�WKH�PDMRULW\�RI�VWDQGDUGLVHG�FDVWLQJ�DOOR\V��WKH�OHDG�FRQWHQW�W\SLFDOO\�OLHV�DURXQG
������)RU�D�IHZ�DOXPLQLXP�FDVWLQJ�DOOR\V��WKH�(XURSHDQ�VWDQGDUGV��(1�������(1������
DOORZ�KLJKHU�OHDG�FRQWHQWV�RI�XS�WR��������1HLWKHU�LQ�FDVWLQJ�DOOR\V��QRU�LQ�WKH�PDMRULW\
RI�ZURXJKW�DOOR\V�WKHUH�LV�D�QHHG�IRU�XVLQJ�OHDG�DV�DQ�DOOR\LQJ�HOHPHQW�LQ�RUGHU�WR�UHDFK
VSHFLILF�SURSHUWLHV�RI�WKH�PHWDO�DOOR\�

)RU�VRPH�PLQRU�DSSOLFDWLRQV��KRZHYHU��DOXPLQLXP�DOOR\V�DUH�IRUPXODWHG�ZLWK�D�OHDG
DGGLWLRQ�RI�XS�WR����IRU�LPSURYHG�PDFKLQDELOLW\��7KH�(XURSHDQ�$OXPLQLXP�$VVRFLDWLRQ
KDV�HVWLPDWHG�WKH�PDUNHW�VKDUH�RI�WKHVH�SURGXFWV�DW�FLUFD������RI�DOO�DOXPLQLXP�XVHG
LQ�DXWRPRWLYH�DSSOLFDWLRQV��ZLWK�D�GHFUHDVLQJ�WUHQG�LQ�WLPH��

/HDG�FRQFHQWUDWLRQV�KLJKHU�WKDQ�����DQG�XS�WR�����ZKLFK�KDYH�UHFHQWO\�EHHQ�UDLVHG
IRU�EHLQJ�LPSRUWDQW�LQ�DXWRPRELOH�PDQXIDFWXULQJ�DSSHDU�WR�EH�IDLUO\�H[FHSWLRQDO��6XFK
DOOR\V�SRWHQWLDOO\�GR�RFFXU�LQ�VRPH�QLFKH�DSSOLFDWLRQV�DW�LQGLYLGXDO�FDU�PDQXIDFWXUHUV
ZKR�SUREDEO\�FRXOG�VZLWFK�WR�VXEVWLWXWH�PDWHULDOV�LI�QHFHVVDU\�

&RQFHUQLQJ�VSHFLILF�DSSOLFDWLRQV�RI�DOXPLQLXP�DOOR\V�ZKLFK�KDYH�EHHQ�PHQWLRQHG�GXU�
LQJ�WKH�GLVFXVVLRQV�RQ�$QQH[���RI�WKH�'UDIW�(/9�'LUHFWLYH�DQG�WKH�GHURJDWLRQV�SURSRVHG
E\�3DUOLDPHQW��WKH�VWDWXV�TXR�LV�FKDUDFWHULVHG�DV�IROORZV�
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�
7KLV�ZDV�FRQILUPHG�E\�QXPHURXV�H[SHUWV�ERWK�IURP�WKH�DOXPLQLXP�LQGXVWU\�DQG�IURP�WKH�FDU�PDQXIDFWXU�
LQJ�LQGXVWU\�

�
$FFRUGLQJ�WR�WKH�%LVPXWK�,QVWLWXWH��OHDG�LQ�IUHH�FXWWLQJ�DOXPLQLXPV�LV�VORZO\�EXW�LQFUHDVLQJO\�VXEVWLWXWHG�E\
ELVPXWK�LQ�6ZLW]HUODQG�DQG�WKH�8�6����<��3DOPLHUL��SHUV��FRPP��������������

�

C /LJKW�PHWDO�ZKHHOV�DUH�PDGH�RI�DOXPLQLXP�DQG�RU�PDJQHVLXP�DOOR\V�ZLWK�D�OHDG
FRQWHQW�IDU�EHORZ������DQG�QRUPDOO\�GR�QRW�FRQWDLQ�OHDG�ZKLFK�KDV�EHHQ�GHOLEHU�
DWHO\�DGGHG�WR�WKH�DOOR\��

C (YHQ�LI�WKHUH�PD\�KDYH�EHHQ�H[FHSWLRQV�PDQ\�\HDUV�DJR��QR�PDQXIDFWXUHU�FRXOG�EH
LGHQWLILHG�ZKR�XVHV�ZLQGRZ�OHYHUV�FRQWDLQLQJ�XS�WR����OHDG�LQ�WRGD\
V�DVVHPEO\�RI
FDUV�

C :LWK�UHVSHFW�WR�PDFKLQHG�DOXPLQLXP�SDUWV�ZKLFK�DUH�PDGH�RI�DOOR\V�FRQWDLQLQJ�PRUH
WKDQ������OHDG��D�YDULHW\�RI�VPDOO�DSSOLFDWLRQV��LQFOXGLQJ�VPDOO�HQJLQH�SDUWV�DQG
OHYHUV�XVHG�LQ�JHDUV��ZHUH�PHQWLRQHG�E\�LQGXVWU\�WR�XV�

$OWHUQDWLYHV��VWUHQJWK���ZHDNQHVV�SURILOH��WHFKQLFDO�

$V�DOUHDG\�VWDWHG��LQ�WKH�PDMRULW\�RI�DSSOLFDWLRQV�QR�OHDG�LV�DGGHG�WR�DOXPLQLXP�DOOR\V�LQ
RUGHU�WR�DFKLHYH�VSHFLILF�SURSHUWLHV��7KH�DOXPLQLXP�LQGXVWU\�KDV�DQ�LQWHUHVW�WR�NHHS�WKH
OHDG�LPSXULWLHV�LQ�WKH�VHFRQGDU\�DOXPLQLXP�F\FOH�DV�ORZ�DV�SRVVLEOH��$OXPLQLXP�VFUDS
FRQWDLQLQJ�HOHYDWHG�OHDG�FRQFHQWUDWLRQV�LV�WKHUHIRUH�HLWKHU�QRW�DFFHSWHG�DW�DOO�E\�VHF�
RQGDU\�VPHOWHUV��RU�RQO\�DW�D�UHGXFHG�SULFH�EHFDXVH�IXUWKHU�DGGLWLRQ�RI�FOHDQ�VFUDS�LV
QHFHVVDU\�

,Q�WKRVH�FDVHV�LQ�ZKLFK�OHDG�LV�GHOLEHUDWHO\�DGGHG�WR�WKH�DOXPLQLXP�DOOR\�LQ�RUGHU�WR
LQFUHDVH�WKH�ZRUNDELOLW\�RI�WKH�PDWHULDO��ELVPXWK�FRXOG�EH�D�SRWHQWLDO�DOWHUQDWLYH��

$PRXQWV

7\SLFDOO\��WKH�TXDQWLW\�RI�DOXPLQLXP�XVHG�LQ�D�PRGHUQ�FDU�OLHV�LQ�D�UDQJH�EHWZHHQ����NJ
�IRU�D�PLGGOH�FODVV�FDU��DQG�����NJ��IRU�DQ�XSSHU�FODVV�FDU���ZLWK�WKH�PDMRULW\�EHLQJ
VHFRQGDU\�FDVW�DOXPLQLXP�

,Q�DQ�H[DPSOH�FDU�ZKLFK�FRQWDLQV����NJ�RI�DOXPLQLXP�FDVW�DOOR\V�FRQWDLQLQJ������OHDG�
WKH�UHVXOWLQJ�TXDQWLW\�RI�OHDG�LQ�WKLV�FDVW�DOXPLQLXP�ZRXOG�EH�����JUDPV��0RUH�UHDOLVWL�
FDOO\��ZLWK�DQ�DYHUDJH�OHDG�FRQFHQWUDWLRQ�RI������LQ�FDVW�DOOR\V��DSSUR[LPDWHO\���
JUDPV�RI�OHDG�ZLOO�EH�FRQWDLQHG�LQ�WKH�DOXPLQLXP�SDUWV�RI�D�PLGGOH�FODVV�FDU�

2QO\�IHZ�SDUWV�FRQWDLQ�KLJKHU�OHDG�FRQFHQWUDWLRQV�RI�XS�WR���SHU�FHQW�EHFDXVH�WKH\
QHHG�WR�EH�PDFKLQHG��1R�TXDQWLWDWLYH�LQIRUPDWLRQ�DERXW�WKH�RYHUDOO�OHDG�FRQWULEXWLRQ
IURP�WKHVH�DSSOLFDWLRQV�FRXOG�EH�REWDLQHG��EXW�WKHLU�PDUNHW�VKDUH�LQ�DXWRPRWLYH�DSSOL�
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FDWLRQV�LV�HVWLPDWHG�WR�EH�ZHOO�EHORZ�����'HSHQGLQJ�RQ�WKH�SUHFLVH�PDWHULDO�TXDQWLW\
DQG�WKH�OHDG�FRQWDLQHG�LQ�WKHVH�DOOR\V��PDFKLQHG�DOXPLQLXP�ZLOO�FRQWULEXWH�EHWZHHQ
RQH�DQG�ILYH�JUDPV�RI�OHDG�LQ�D�PLGGOH�FODVV�FDU�

(QYLURQPHQWDO�UHOHYDQFH

8SRQ�VKUHGGLQJ��OHDG�FRQWDLQHG�LQ�DOXPLQLXP�ZLOO�PRVWO\�HQG�XS�LQ�WKH�QRQ�IHUURXV
KHDY\�IUDFWLRQ��$IWHU�VRUWLQJ��WKH�DOXPLQLXP�DOOR\V�ZLOO�HQWHU�LQWR�DOXPLQLXP�UHF\FOLQJ�
$V�WKH�VHSDUDWLRQ�SURFHVV�LV�QRW�SUHFLVH�HQRXJK�WR�HOLPLQDWH�OHDG�FRPSOHWHO\�IURP�WKH
DOXPLQLXP�IUDFWLRQ��WKH�OHDG�ZLOO�PRVWO\�UHPDLQ�LQ�WKH�DOXPLQLXP�F\FOH�

7KH�DOXPLQLXP�LQGXVWU\�KDV�D�VWURQJ�LQWHUHVW�WKDW�QR�HQULFKPHQW�RI�OHDG�LQ�VHFRQGDU\
DOXPLQLXP�WDNHV�SODFH��)URP�WKH�LQGXVWU\
V�SUDFWLFDO�H[SHULHQFH��D�PD[LPXP�FRQWHQW�RI
�����OHDG�LQ�DOXPLQLXP�VFUDS�SURYLGHV�D�VXIILFLHQW�VDIHW\�PDUJLQ�WR�HQVXUH�WKDW�WKH
WROHUDEOH�OHDG�FRQWHQWV�LQ�DOXPLQLXP�DOOR\V�IURP�VHFRQGDU\�VPHOWLQJ�DUH�QRW�H[FHHGHG�

&RQFOXVLRQV

7KHUH�DUH�VRXQG�UHDVRQV�WR�DOORZ�D�FHUWDLQ�FRQFHQWUDWLRQ�RI�OHDG�������DW�PD[LPXP��LQ
VHFRQGDU\�DOXPLQLXP�LQ�RUGHU�QRW�WR�LQWHUIHUH�ZLWK�WKH�HVWDEOLVKHG�UHF\FOLQJ�VWUXFWXUHV�
1R�QHFHVVLW\�FRXOG�EH�LGHQWLILHG�WR�WROHUDWH�KLJKHU�OHDG�FRQFHQWUDWLRQV�RI�XS�WR����LQ
ZKHHO�ULPV�RU�ZLQGRZ�OHYHUV�

)URP�D�TXDQWLWDWLYH�SRLQW�RI�YLHZ��DOXPLQLXP�DOOR\V�IRU�PDFKLQHU\�SXUSRVHV��H�J��IRU
HQJLQH�SDUWV��DUH�RI�PLQRU�LPSRUWDQFH�EHFDXVH�WKH\�PDNH�XS�IRU�OHVV�WKDQ�RQH�SHU�FHQW
RI�DOO�DOXPLQLXP�XVHG�LQ�YHKLFOHV��$�PD[LPXP�OHDG�FRQWHQW�RI����VKRXOG�EH�VXIILFLHQW
WR�DFKLHYH�WKH�UHTXLUHG�PDFKLQDELOLW\��2Q�D�PHGLXP�WHUP�SHUVSHFWLYH��DOWHUQDWLYH�DOOR\V
DUH�H[SHFWHG�WR�EH�DYDLODEOH�ZKLFK�ZLOO�DOORZ�IXOO�VXEVWLWXWLRQ�RI�OHDG�XVHG�DV�DQ�DOOR\LQJ
HOHPHQW�

����� &RSSHU�DOOR\�FRQWDLQLQJ�XS�WR����OHDG�E\�ZHLJKW

&RSSHU�DOOR\V�ZLWK�D�OHDG�FRQWHQW�RI�XS�WR�����DUH�XVHG�LQ�(XURSHDQ�FDUV�IRU�H[DPSOH
LQ�EHDULQJ�VKHOOV�DQG�EXVKHV��VHH�IROORZLQJ�VHFWLRQ���������%HVLGHV�WKHVH�WKHUH�LV�D�ELJ
YDULHW\�RI�RWKHU�DSSOLFDWLRQV�OLNH�H�J��QR]]OHV��FRQQHFWLRQ�SDUWV��IL[WXUHV�RU�ORFNV�PDGH
IURP�EUDVV�RU�RWKHU�DOOR\HG�FRSSHU��$�FDVH�VSHFLILF�H[DPLQDWLRQ�ZRXOG�EH�QHFHVVDU\�IRU
WKHVH�DSSOLFDWLRQV�
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)LJXUH����%HDULQJV�DQG�EXVKHV�LQ�D�PRWRU

����� /HDG�%URQ]H�EHDULQJ�VKHOOV�DQG�EXVKHV

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

%HDULQJ�VKHOOV�DQG�EXVKHV�DUH�XVHG
LQ�FDUV�LQ�D�ZLGH�UDQJH�RI�DSSOLFD�
WLRQV�H�J��EHDULQJ�RI�FUDQNVKDIWV�
KLQJHV�DQG�LQ�VKRFN�DEVRUEHUV��/HDG
KDV�WKH�IXQFWLRQ�RI�D�OXEULFDQW�HVSH�
FLDOO\�GXULQJ�WKH�VWDUW�RI�WKH�RSHUD�
WLRQ��H�J��VWDUW�XS�RI�WKH�PRWRU��
$GGLWLRQDOO\�WKHUH�PXVW�EH�D�VRIW
VXUIDFH�IRU�PDNLQJ�LW�SRVVLEOH�WKDW
VPDOO�IRUHLJQ�SDUWLFOHV�FDQ�EH�LQ�
FOXGHG�LQ�WKH�PDWHULDO�

$OWHUQDWLYHV��VWUHQJWK��
ZHDNQHVV�SURILOH��WHFKQLFDO�

$�EURDG�YDULHW\�RI�GLIIHUHQW�OHDG�IUHH�VROXWLRQV�LV�DOUHDG\�DSSOLHG�LQ�PDVV�SURGXFWLRQ��RU
LV�DW�OHDVW�XQGHU�GLVFXVVLRQ�SUHVHQWO\��([DPSOHV�DUH�WKH�PDLQ�EHDULQJ�VKHOOV�RI�FUDQN�
VKDIWV�DV�ZHOO�DV�PRVW�KLQJHV�LQ�FDUV�SUHVHQWO\�PDGH�RI�OHDG�IUHH�PDWHULDOV��:KHUH�OHDG
LV�VXEVWLWXWHG�E\�RWKHU�DOOR\LQJ�HOHPHQWV��WLQ�LV�WKH�PRVW�DSSURSULDWH�DOWHUQDWLYH�

2Q�WKH�RWKHU�KDQG�WKHUH�DUH�VWLOO�VRPH�DSSOLFDWLRQV�ZKHUH�WKH�HPHUJHQF\�OXEULFDWLQJ
SURSHUWLHV�RI�OHDG�FDQQRW�EH�VXEVWLWXWHG�\HW��6XFK�DSSOLFDWLRQV�DUH�H�J��DQWLIULFWLRQDO
SDUWV�RI�FRQQHFWLRQ�URGV�DQG�VRPHWLPHV�VKRFN�DEVRUEHUV��*UDSKLWH�ZLOO�EH�LQ�VRPH
DSSOLFDWLRQ�ILHOGV�D�SRVVLEOH�PDWHULDO�IRU�LPSURYHG�DQWLIULFWLRQDO�FKDUDFWHULVWLFV�H�J��LQ
KLJK�VWUHQJWK�PHWDO�PDWUL[�FRPSRVLWH�PDWHULDO�

$PRXQW

1R�GDWD�DUH�DYDLODEOH�WKDW�ZRXOG�DOORZ�D�UHOLDEOH�HVWLPDWH�RI�WKH�DPRXQW�RI�OHDG�IURP
EHDULQJ�VKHOOV�LQ�DQ�DYHUDJH�FDU�

(QYLURQPHQWDO�UHOHYDQFH

'XULQJ�WKH�XVH�RI�D�FDU��SDUW�RI�WKH�PDWHULDO�RI�WKH�EHDULQJ�VKHOOV�ZLOO�EH�ZRUQ�RXW�DQG
UHPRYHG��8SRQ�UHF\FOLQJ��GHSHQGLQJ�RQ�WKH�ZD\�RI�WUHDWPHQW�RI�WKH�(/9��WKH�OHDG�IURP
EHDULQJ�VKHOOV�ZLOO�HQG�XS�LQ�WKH�VWHHO��DOXPLQLXP��RU�FRSSHU�VPHOWLQJ�SURFHVVHV�
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&RQFHUQLQJ�WKH�VWHHO�UHF\FOLQJ�FKDLQ�VHH�FKDSWHU���S�����

,Q�WKH�VHFRQGDU\�DOXPLQLXP�SURFHVV�OHDG�PXVW�EH�FRQVLGHUHG�DV�D�GLVWXUELQJ�HOHPHQW
�VHH�FKDSWHU�RQ�o$OXPLQLXPp�S����

7KH�UHFRYHU\�RI�OHDG�LQ�WKH�FRSSHU�SURFHVV�LV�SRVVLEOH�RQO\�LQ�WKRVH�FDVHV�ZKHUH�DSSUR�
SULDWH�WHFKQLTXHV�DUH�XVHG�

&RQFOXVLRQV

7KH�DSSOLFDELOLW\�RI�OHDG�IUHH�VROXWLRQV�IRU�EHDULQJ�VKHOOV�DQG�VLPLODU�DQWLIULFWLRQDO�SDUWV
FDQ�RQO\�EH�SURYHQ�LQ�VRPH�DSSOLFDWLRQ�ILHOGV��:KHQ�VXEVWLWXWLRQ�RI�OHDG�E\�RWKHU�DOOR\�
LQJ�HOHPHQWV�LV�FRQVLGHUHG��WKH�PDLQ�FULWHULD�DUH�IXQFWLRQDO�UHTXLUHPHQWV�GXULQJ�WKH�XVH
RI�WKH�SURGXFW��HPHUJHQF\�OXEULFDWLRQ��UDWKHU�WKDQ�FRVWV�

����� /HDG�%URQ]H�SLVWRQV

,Q�VSLWH�RI�LQWHQVH�GLVFXVVLRQV�ZLWK�VXSSOLHUV��FDU�PDQXIDFWXUHUV�DQG�WKH�*HUPDQ�$VVRFL�
DWLRQ�RI�&DU�0DQXIDFWXUHUV��9'$���QR�FDVH�RI�XVLQJ�OHDG���EURQ]H�SLVWRQV�LQ�WRGD\nV�FDUV
FRXOG�EH�LGHQWLILHG�

��� /HDG�DQG�OHDG�FRPSRXQGV

����� %DWWHULHV

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

7RGD\nV�FDU�VWDUWHU�EDWWHULHV�DUH�OHDG���VXOIXULF�DFLG�EDWWHULHV�ZLWK�D�UHODWLYHO\�ORQJ�OLIH�
WLPH�RI�DURXQG���WR���\HDUV�

$PRXQWV

%DWWHULHV�DUH�WKH�PDLQ�DSSOLFDWLRQ�ILHOG�RI�OHDG�LQ�D�FDU��:LWK�DQ�DYHUDJH�ZHLJKW�RI
���NJ�SHU�FDU�LW�PDNHV�XS�PRUH�WKDQ������RU�HYHQ�!������RI�WKH�WRWDO�OHDG�DPRXQW�LQ
D�FDU�

$OWHUQDWLYHV��VWUHQJWK���ZHDNQHVV�SURILOH��WHFKQLFDO�

1R�SUDFWLFDEOH�DOWHUQDWLYHV�IRU�D�PDVV�SURGXFWLRQ�OHYHO�DUH�NQRZQ�IRU�OHDG�VWDUWHU�EDWWHU�
LHV�
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�
*DOYDQL]HG�VWHHO�ZLWK�D�IROORZLQJ�WKHUPDO�WUHDWPHQW�

��

(QYLURQPHQWDO�UHOHYDQFH

,Q�VRPH�(XURSHDQ�FRXQWULHV�DQG�DFFRUGLQJ�WR�WKH�GUDIW�(/9�'LUHFWLYH�WKH�GLVPDQWOLQJ�RI
OHDG�EDWWHULHV�IURP�(/9�LV�PDQGDWRU\��6KUHGGLQJ�FRPSDQLHV�KDYH�D�VWURQJ�LQWHUHVW�QRW
WR�SROOXWH�WKH�VKUHGGHU�SURGXFWV�DQG�UHVLGXHV�E\�WKRVH�ODUJH�DPRXQWV�RI�OHDG��3URILWV
IURP�VHOOLQJ�RI�OHDG�GHULYHG�IURP�EDWWHULHV�DUH�LQ�WKH�UDQJH�RI�����WR�����(XUR��$�UHF\�
FOLQJ�V\VWHP�IRU�OHDG���DFLG�EDWWHULHV�LV�HVWDEOLVKHG�LQ�VRPH�FRXQWULHV�VLQFH�VHYHUDO�\HDUV�
VRPHWLPHV�FRQQHFWHG�ZLWK�D�GHSRVLW�V\VWHP��5HF\FOLQJ�RU�QHXWUDOLVDWLRQ�RI�WKH�DFLG�LV
QRW�VXSSRUWHG�E\�PDUNHW�IRUFHV�

&RQFOXVLRQV

1R�SUDFWLFDEOH�DOWHUQDWLYHV�IRU�OHDG�VWDUWHU�EDWWHULHV�DUH�NQRZQ�WKDW�ZRXOG�EH�DYDLODEOH
DW�D�PDVV�SURGXFWLRQ�OHYHO�

����� )XHO�WDQNV

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

$XWRPRELOH�IXHO�WDQNV�FDQ�EH�PDGH�XVLQJ�WHUQH�PHWDO��ZKLFK�LV�VWHHO�VKHHW�WKDW�KDV
EHHQ�FRDWHG�ZLWK�D�OHDG�WLQ�DOOR\�LQ�KRW�GLS�SURFHVV�

$OWHUQDWLYHV��6WUHQJWK���ZHDNQHVV�SURILOH��WHFKQLFDO�

3UHVHQWO\�WKHUH�DUH�VRPH�OHDG�IUHH�DOWHUQDWLYHV�DYDLODEOH�DQG�ZLGHO\�XVHG�E\�FDU�SURGXF�
HUV�

C JDOYDQQHDOHG��VWHHO�VKHHWV�ZLWK�DQ�DGGLWLRQDO�RUJDQLF�FRDWLQJ

C JDOYDQL]HG�VWHHO�ZLWK�D�QLFNHO�IODVK�SODWLQJ

C WLQ�]LQF�DOOR\�FRDWHG�VWHHO�VKHHW

C DOXPLQLXP�SODWHG�VWHHO

C ]LQF�QLFNHO�DOOR\�ZLWK�D�FKURPLXP�R[LGH�ILOP

C ]LQF�SODWH�FRDWHG�ZLWK�HSR[\�UHVLQ

C SODVWLFV

6RPH�FRPSDQLHV�FKDQJHG�WR�OHDG�IUHH�VWHHO�WDQNV�DOUHDG\�VHYHUDO�\HDUV�DJR��2WKHU�FRP�
SDQLHV�RQO\�XVH�SODVWLF�WDQNV�RU�D�PL[WXUH�RI�SODVWLF�DQG�VWHHO�WDQNV�
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3ODVWLF�WDQNV�KDYH�WKH�DGYDQWDJH�WKDW�WKH\�FDQ�EH�ILWWHG�HYHQ�LQ�FRPSOLFDWHG�VKDSHV��2Q
WKH�RWKHU�KDQG��IXHO�SHUPHDELOLW\�FDQ�OHDG�WR�SUREOHPV�HVSHFLDOO\�RQ�WKH�1RUWK�$PHUL�
FDQ�PDUNHW�GXH�WR�WKH�LQWURGXFWLRQ�RI�VWULFWHU�SHUPHDELOLW\�VWDQGDUGV�

7KH�FRVWV�RI�QRQ�OHDGHG�VWHHO�WDQNV�DUH�LQ�WKH�VDPH�UDQJH�RU�ORZHU�WKDQ�IRU�OHDGHG
WDQNV��,Q�(XURSH��]LQF�FRDWLQJV�DUH�HDVLO\�DSSOLFDEOH��,Q�RWKHU�FRXQWULHV��D�KLJKHU�ZDWHU
FRQWHQW�RI�IXHO�RU�WKH�XVH�RI�HWKDQRO�JDVROLQH��DWWUDFWV�ZDWHU�IURP�DLU��PD\�FDXVH�SURE�
OHPV�EHFDXVH�WKH�]LQF�FRDWLQJ�ZLOO�EH�FRQVXPHG�XSRQ�FRQWDFW�ZLWK�ZDWHU��5HTXLULQJ
QRQ�OHDGHG�VWHHO�WDQNV�PD\�FDXVH�SUREOHPV�ZKHQ�FDUV�DUH�LPSRUWHG�WR�(XURSH�IURP
FRXQWULHV�OLNH�H�J��%UD]LO��2UJDQLF�FRDWLQJV�PD\�VRPHWLPHV�QRW�EH�VDWLVI\LQJ�DV�DQ�DOWHU�
QDWLYH�EHFDXVH�RI�WKHLU�VROXELOLW\�LQ�JDVROLQH�DQG�EHFDXVH�RI�LQFUHDVHG�PHFKDQLFDO�ZHDU�

$PRXQWV

1R�GDWD�DUH�DYDLODEOH�FRQFHUQLQJ�WKH�DPRXQW�RI�OHDG�XVHG�LQ�OHDG�FRDWHG�WDQNV�

(QYLURQPHQWDO�UHOHYDQFH�

/HDGHG�VWHHO�WDQNV�ZLOO�XVXDOO\�QRW�EH�GLVPDQWOHG��7KH�OHDG�FRQWHQW�UXQV�EDFN�WR�WKH
VWHHO�ZRUNV��VHH�FKDSWHU���S������

2UJDQLF�FRDWLQJV�ZLOO�EH�EXUQHG�RII�LQ�WKH�VWHHO�SURFHVV��3ODVWLF�WDQNV�ZLOO�HQG�XS�LQ�WKH
VKUHGGHU�OLJKW�IUDFWLRQ�

&RQFOXVLRQV

3UHVHQWO\�WKHUH�DUH�VHYHUDO�FDU�SURGXFHUV�ZKR�GR�QRW�XVH�OHDG�FRDWHG�WDQNV��7KHUH�DUH
VXIILFLHQW�DOWHUQDWLYHV�DYDLODEOH�ZKLFK�DUH�DOVR�HFRQRPLFDOO\�IHDVLEOH�

����� 9LEUDWLRQ�GDPSHUV

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

9LEUDWLRQ�GDPSHUV�PDGH�RI�OHDG�FDQ�EH�XVHG�LQ�YDULRXV�DSSOLFDWLRQV��LQFOXGLQJ�WKH�EDO�
DQFLQJ�GHYLFHV�RQ�WKH�D[OH�IURP�JHDUER[�WR�ZKHHO�DQG�WKH�VWHHULQJ�FROXPQ��,W�LV�JHQHU�
DOO\�XQGHUVWRRG�WKDW�ZKHHO�EDODQFLQJ�GHYLFHV�DUH�QRW�FRYHUHG�E\�WKLV�WHUP�

3ULQFLSDOO\��VXFK�YLEUDWLRQ�GDPSHUV�DUH�QRW�IDYRXUHG�E\�WKH�PDQXIDFWXUHUV�WKHPVHOYHV�
EHFDXVH�WKH\�FRQWULEXWH�VLJQLILFDQWO\�WR�WKH�RYHUDOO�ZHLJKW�RI�D�FDU�DQG�WKXV�DUH�LQ�FRQ�
IOLFW�ZLWK�WKH�WDUJHWV�RI�ZHLJKW�UHGXFWLRQ�DQG�IXHO�VDYLQJ��0DQXIDFWXUHUV�WKHUHIRUH�WU\
WR�LPSURYH�WKHLU�PDWKHPDWLFDO�YLEUDWLRQ�PRGHOOLQJ�GXULQJ�WKH�FRQFHSWXDO�SKDVH�RI�D
QHZ�PRGHO�LQ�RUGHU�WR�DYRLG�WKH�QHFHVVLW\�WR�XVH�YLEUDWLRQ�GDPSHUV�
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�
:KLOH�XVXDOO\�FDUV�XVH�WZR�VHSDUDWH�HOHFWULFDO�PDFKLQHV�r��RQH�IRU�VWDUWLQJ�XS�DQG�RQH�IRU�SRZHU�VXSSO\����
WKH�,6$'�V\VWHP�SURYLGHV�RQH�XQLW�WKDW�UHSODFHV�WKH�DXWRPRWLYH�YHKLFOH
V�VWDUWHU��JHQHUDWRU�DQG�IO\ZKHHO�
:RUNLQJ�DV�JHQHUDWRU��,6$'�FRQWUROV�WKH�HOHFWULF�HQHUJ\�VXSSO\��'ULYH�WUDLQ�YLEUDWLRQ�r�DQG�WKXV�YLEUDWLRQ�LQ
WKH�YHKLFOH�DV�ZHOO�r�DUH�UHGXFHG�HOHFWURPDJQHWLFDOO\�

��

1HYHUWKHOHVV��LQ�WKH�GHYHORSPHQW�RI�D�QHZ�PRGHO�WKH\�PD\�EHFRPH�QHFHVVDU\�DW�D
UDWKHU�ODWH�VWDJH��H�J��ZKHQ�FHUWDLQ�QRLVH�SUREOHPV�FDQQRW�EH�VROYHG�RWKHUZLVH��RU
ZKHQ�D�WHVW�GULYHU�RI�D�SURWRW\SH�UHSRUWV�DERXW�XQVWDEOH�EHKDYLRXU�DW�KLJK�YHORFLW\�

$OWHUQDWLYHV��VWUHQJWK���ZHDNQHVV�SURILOH��WHFKQLFDO�

9LEUDWLRQ�GDPSHUV�PDGH�RI�OHDG�DUH�D�IDLUO\�HDV\�VROXWLRQ�WR�YLEUDWLRQ�SUREOHPV��EXW�DW
WKH�VDPH�WLPH�WKH\�DUH�LQ�FRQIOLFW�ZLWK�WKH�DLP�RI�ZHLJKW�UHGXFWLRQ�

,Q�VRPH�QHZ�PRGHOV��OHDG�XVHG�IRU�EDODQFLQJ�GHYLFHV�RQ�WKH�D[OH�IURP�WKH�JHDUER[�KDV
EHHQ�VXFFHVVIXOO\�VXEVWLWXWHG�E\�FDVW�LURQ��3UHVHQWO\��WKLV�VXEVWLWXWLRQ�LV�QRW�SRVVLEOH�LQ
DOO�H[LVWLQJ�PRGHOV�IRU�VSDFH�UHDVRQV��)XUWKHUPRUH��FDVW�LURQ�GRHV�QRW�DEVRUE�YLEUDWLRQV
DV�HIIHFWLYHO\�DV�OHDG�DQG�FDQ�JLYH�ULVH�WR�VHFRQGDU\�YLEUDWLRQ�SUREOHPV�

,Q�VRPH�FDVHV�VXEVWLWXWLRQ�RI�YLEUDWLRQ�GDPSHUV�LV�SRVVLEOH�

C ,Q�VRPH�FDVHV��XVH�RI�WKH�DLUEDJ�PRGXOH�IRU�YLEUDWLRQ�FRPSHQVDWLRQ�KDV�WXUQHG�RXW
WR�EH�D�VXFFHVVIXO�FRQVWUXFWLRQ�DOWHUQDWLYH�IRU�WKH�XVH�RI�PRXQWHG�YLEUDWLRQ�GDPSHUV
LQ�WKH�VWHHULQJ�FROXPQ�

C :LWK�D�V\VWHP�FDOOHG�o,QWHJUDWHG�6WDUWHU�$OWHUQDWRU�'DPSHU��,6$'�p��LQ�VRPH�FDVHV
WKH�PDVV�GDPSHU�LQ�WKH�GULYH�WUDLQ�FDQ�EH�VXEVWLWXWHG�

$PRXQW

7KH�TXDQWLW\�RI�OHDG�XVHG�LQ�YLEUDWLRQ�GDPSHUV�FDQ�EH�VLJQLILFDQW��7\SLFDO�ZHLJKWV�DUH
����������JUDPV��EXW�KHDYLHU�ZHLJKWV�XS�WR�����NLORJUDPV�LQ�QHZ�FDU�PRGHOV��ZKHUH
WKH�LQFUHDVHG�XVH�RI�SODVWLFV�OHG�WR�VHULRXV�QRLVH�SUREOHPV��KDYH�EHHQ�UHSRUWHG�

(QYLURQPHQWDO�UHOHYDQFH

$OWKRXJK�PDVVLYH�OHDG�ZLOO�KDYH�D�WHQGHQF\�WR�DFFXPXODWH�LQ�WKH�QRQ�IHUURXV�KHDY\
IUDFWLRQ�DIWHU�VKUHGGLQJ��HYHQ�FDU�PDQXIDFWXUHUV�DGPLW�WKDW�YLEUDWLRQ�GDPSHUV�PD\
FRQWULEXWH�VLJQLILFDQWO\�WR�WKH�OHDG�FRQWDPLQDWLRQ�RI�WKH�VKUHGGHU�OLJKW�IUDFWLRQ�

7KHUHIRUH��LW�LV�SURSRVHG�E\�VRPH�PDQXIDFWXUHUV�WR�UHPRYH�WKHVH�PDVVLYH�OHDG�SDUWV
GXULQJ�GLVPDQWOLQJ�RI�HQG�RI�OLIH�YHKLFOHV��,W�LV�FODLPHG�WKDW�GLVPDQWOHUV�WKHPVHOYHV
VKRXOG�KDYH�DQ�LQWHUHVW�WR�FROOHFW�WKH�OHDG�EHFDXVH�RI�LWV�PDUNHW�YDOXH�
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+RZHYHU��WKLV�DUJXPHQW�QHJOHFWV�WKH�SUREOHPV�UHODWHG�WR�WKH�GLVPDQWOLQJ�RI�YLEUDWLRQ
GDPSHUV�FRQWDLQLQJ�OHDG��:KLOH�WKH�PDWHULDO�YDOXH�RI�D�OHDG�ZHLJKW�ZRXOG�EH
VXIILFLHQWO\�KLJK�WR�FRPSHQVDWH�IRU�FLUFD�������VHFRQGV�RI�ZRUNLQJ�WLPH�DW�WKH
GLVPDQWOHUV
��LQ�PDQ\�FDVHV�WKH�EDODQFLQJ�GHYLFHV�XVHG�DV�YLEUDWLRQ�GDPSHUV�DUH�QRW�DW
DOO�HDVLO\�DFFHVVLEOH��0RUHRYHU��QRUPDOO\�WKH�GLVPDQWOHU�KDV�QR�LQIRUPDWLRQ�DERXW�WKH
SUHVHQFH�RI�YLEUDWLRQ�GDPSHUV�LQ�DQ�ROG�FDU��DQG�WKH�SRVLWLRQ�ZKHUH�WKH\�DUH�ORFDWHG�

&RQFOXVLRQV

6XEVWLWXWLRQ�RI�OHDG�KDV�EHHQ�VXFFHVVIXOO\�SUDFWLVHG�LQ�VWDQGDUG�PRGHOV�DQG�VKRXOG�EH
SRVVLEOH�IRU�QHZ�PRGHOV�RI�DOO�PDQXIDFWXUHUV�ZLWKLQ�WZR�RU�WKUHH�\HDUV
�WLPH��&HUWDLQ
SUREOHPV�PD\�H[LVW�IRU�VSHFLDO�YHKLFOHV��H�J��RSHQ�VSRUWV�FDUV�ZKHUH�WKH�FDU�ERG\�JLYHV
OHVV�ULJLGLW\���EXW�DOVR�IRU�RWKHU�FDUV�ZKHUH�SODVWLFV�DUH�LQFUHDVLQJO\�XVHG�DV�FRQVWUXFWLRQ
PDWHULDOV�

%HFDXVH�RI�WKH�ODUJH�TXDQWLWLHV�RI�OHDG�FRQWDLQHG�LQ�WKHP��YLEUDWLRQ�GDPSHUV�DSSHDU�WR
EH�D�KLJK�SULRULW\�IRU�IXWXUH�HIIRUWV�WR�PLQLPLVH�WKH�SUHVHQFH�RI�WR[LF�KHDY\�PHWDOV�LQ
YHKLFOHV��$V�ORQJ�DV�WKH\�DUH�VWLOO�LQ�XVH��GLVPDQWOLQJ�RI�OHDG�FRQWDLQLQJ�YLEUDWLRQ�GDPS�
HUV�LV�YHU\�LPSRUWDQW�WR�DYRLG�OHDG�FRQWDPLQDWLRQ�RI�WKH�VKUHGGHU�OLJKW�IUDFWLRQ�

8QGHU�SUHVHQW�FLUFXPVWDQFHV��KRZHYHU��LW�FDQQRW�EH�H[SHFWHG�WKDW�YLEUDWLRQ�GDPSHUV
ZLOO�EH�GLVPDQWOHG�EHFDXVH�RI�LQVXIILFLHQW�LQIRUPDWLRQ�WR�GLVPDQWOHUV��DQG�EHFDXVH�PDU�
NHW�IRUFHV�VWDQG�DJDLQVW�GLVPDQWOLQJ�

&RQVHTXHQWO\�

C YLEUDWLRQ�GDPSHUV�PDGH�RI�OHDG�VKRXOG�EH�DYRLGHG�ZKHUHYHU�SRVVLEOH�

C �GHVLJQ�IRU�UHF\FOLQJ��PXVW�EH�LPSURYHG�IRU�OHDG�ZKLFK�FDQQRW�EH�DYRLGHG�

C LW�VKRXOG�EH�PDQGDWRU\�IRU�PDQXIDFWXUHUV�WR�RIIHU�LQIRUPDWLRQ�WR�FDU�GLVPDQWOHUV
DERXW�WKH�SUHVHQFH��DQG�ORFDWLRQ�RI�YLEUDWLRQ�GDPSHUV�FRQWDLQLQJ�OHDG�

C LQFHQWLYHV�DQG���RU�FRQWUROV�DUH�QHHGHG�WR�HQVXUH�WKDW�GLVPDQWOLQJ�LV�DFWXDOO\�GRQH�

����� 9XOFDQLVLQJ�DJHQW�IRU�KLJK�SUHVVXUH�RU�IXHO�KRVHV

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

/HDG�DV�D�YXOFDQLVLQJ�DJHQW�LV�XVHG�IRU�KLJK�SUHVVXUH�DQG�IXHO�KRVHV�ZLWK�KLJK�VHFXULW\
GHPDQGV��H�J��LQ�SRZHU�VWHHULQJ��IXHO�WXEHV�HWF���

7KHVH�KRVHV�SURYLGH�WKH�UHTXLUHG�IOH[LELOLW\�DQG�PHHW�VDIHW\�UHTXLUHPHQWV��7KHUHIRUH�
DOWKRXJK�WKH\�DUH�PRUH�H[SHQVLYH��WKH\�DUH�SUHIHUUHG�WR�H�J��VWHHO�WXEHV�
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$OWHUQDWLYHV��VWUHQJWK���ZHDNQHVV�SURILOH��WHFKQLFDO�

,UUHVSHFWLYH�RI�FRVWV��QR�WHFKQLFDO�DOWHUQDWLYHV�FRXOG�EH�LGHQWLILHG�IRU�WKLV�DSSOLFDWLRQ
ILHOG�

$PRXQW

7KH�OHDG�FRQWHQW�LQ�WKH�PDWHULDO�LV�ORZHU�WKDQ�������E\�ZHLJKW��7KH�WRWDO�TXDQWLW\�RI
OHDG�LQ�WKLV�DSSOLFDWLRQ�LQ�DQ�DYHUDJH�FDU�KDV�QRW�EHHQ�UHSRUWHG�

(QYLURQPHQWDO�UHOHYDQFH

+LJK�SUHVVXUH�KRVHV�DUH�OHDYLQJ�WKH�VKUHGGHU�SURFHVV�YLD�WKH�VKUHGGHU�OLJKW�IUDFWLRQ
�6/)��RU�VKUHGGHU�KHDY\�IUDFWLRQ��6+)��DQG�DUH�VXEVHTXHQWO\�GHSRVLWHG�RQ�ODQGILOOV�RU
LQFLQHUDWHG��)RU�D�GHWDLOHG�GLVFXVVLRQ�RI�WKH�HQYLURQPHQWDO�UHOHYDQFH�RI�OHDG�LQ�VKUHGGHU
OLJKW�IUDFWLRQ�WKH�UHDGHU�LV�UHIHUUHG�WR�VHFWLRQ��������SDJH����

&RQFOXVLRQV

,UUHVSHFWLYH�RI�FRVWV��QR�WHFKQLFDO�DOWHUQDWLYHV�IRU�VXEVWLWXWLRQ�RI�OHDG�DV�D�YXOFDQLVLQJ
DJHQW�IRU�KLJK�SUHVVXUH�DQG�IXHO�KRVHV�FRXOG�EH�LGHQWLILHG�GXULQJ�WKLV�VWXG\�

7KH�HQYLURQPHQWDO�UHOHYDQFH�LV�FRQVLGHUHG�WR�EH�UHODWLYHO\�VPDOO�GXH�WR�WKH�UDWKHU�VPDOO
DPRXQWV�RI�OHDG�LQ�WKLV�DSSOLFDWLRQ�

����� /HDG�DV�VWDELOLVHU�LQ�SURWHFWLYH�SDLQWV

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

7KH�ILUVW�RI�VHYHUDO�OD\HUV�RI�SURWHFWLYH�SDLQWV�RQ�WKH�FDU�ERG\�LV�WKH�HOHFWURGHSRVLWHG
FRDWLQJ��(�FRDW��ZKRVH�PDLQ�IXQFWLRQ�LV�WR�SURWHFW�WKH�PHWDO�DJDLQVW�FRUURVLRQ��,Q�D
FDWKRGLF�EDWK��ODTXHU�SDUWLFOHV�DUH�GHSRVLWHG�RQ�WKH�PHWDO�VXUIDFH�E\�DSSOLFDWLRQ�RI�DQ
HOHFWULFDO�ILHOG��$IWHU�UHPRYDO�RI�H[FHVV�SDLQW�PDWHULDO��WKH�ODTXHU�LV�IL[HG�E\�KHDWLQJ�
\LHOGLQJ�D�ODTXHU�WKLFNQHVV�RI�FLUFD����:P�
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��

$OWHUQDWLYHV��VWUHQJWK���ZHDNQHVV�SURILOH��WHFKQLFDO�

8QWLO�VRPH�\HDUV�DJR��OHDG�LQ�(�FRDW�ZDV�FRQVLGHUHG�QHFHVVDU\�WR�JLYH�FDU�ERGLHV�WKH
UHTXLUHG�FRUURVLRQ�SURWHFWLRQ��0RUH�UHFHQWO\��ODTXHU�VXSSOLHUV�VXFK�DV�33*�RU�%$6)�
KDYH�GHYHORSHG�QHZ��ZDWHU�EDVHG�FDWDSKRUHWLF�ODTXHUV�LQ�ZKLFK�WKH�XVH�RI�OHDG�LV�RE�
VROHWH��2QH�IXUWKHU�DGYDQWDJH�RI�WKH�QHZ�PHWKRG�LV�WKDW�SUH�WUHDWPHQW�RI�WKH�PHWDO
VXUIDFH�LV�SRVVLEOH�ZLWKRXW�XVLQJ�WR[LF�KHDY\�PHWDOV�

%HJLQQLQJ�LQ�WKH�����LHV��VHYHUDO�(XURSHDQ�DQG�$VLDQ�FDU�PDQXIDFWXUHUV�KDYH�WDNHQ�WKH
LQLWLDWLYH�WR�FKDQJH�WKHLU�SURGXFWLRQ�PHWKRGV��LQFUHDVLQJO\�XVLQJ�OHDG�IUHH�FDWDSKRUHWLFV
ZKLOH�WKH�OHDG�FRQWDLQLQJ�SURWHFWLYH�SDLQWV�DUH�JUDGXDOO\�EHLQJ�SKDVHG�RXW��$FFRUGLQJ
WR�PDQXIDFWXUHUV��WKH�PDLQ�LPSHWXV�IRU�WKLV�FKDQJH�ZDV�WR�UHGXFH�KD]DUGRXV�ZDVWH
SUREOHPV��ERWK�LQ�ZDVWH�ZDWHU�GLVFKDUJH�DQG�ILOWHU�GLVSRVDO��$Q�DGGLWLRQDO�DGYDQWDJH�LV
JLYHQ�E\�WKH�IDFW�WKDW�WKH�QHZ�IRUPXODWLRQV�KDYH�PXFK�ORZHU�FRQWHQWV�RI�YRODWLOH�RU�
JDQLF�FRPSRXQGV��92&��

7RGD\��WKHVH�QHZ�SDLQWV�VDIHO\�PHHW�WKH�KLJK�TXDOLW\�UHTXLUHPHQWV�RI�WKH�FDU�PDQXIDF�
WXULQJ�LQGXVWU\��7KH�FRVWV�DUH�FRPSHWLWLYH�ZLWK�WKH�ROG�OHDG�EDVHG�SDLQWV��WKH�VOLJKWO\
KLJKHU�SULFH�RI�WKH�SDLQW�LV�FRPSHQVDWHG�E\�WKH�JUHDWHU�\LHOG��SURYLGHG�WKDW�HLWKHU�WKH
SDLQW�VKRS�LV�QHZO\�FRQVWUXFWHG��RU�WKH�FRQYHUVLRQ�LV�FDUULHG�RXW�VLPXOWDQHRXVO\�ZLWK
VRPH�RWKHU�UHWURILWWLQJ�RU�UHSDLU�PHDVXUHV��&RQVHTXHQWO\��PRVW�FDU�PDQXIDFWXUHUV�DUH
QRZ�DSSO\LQJ�OHDG�IUHH�SURWHFWLYH�SDLQWV�LQ�IXOO�VFDOH�SURGXFWLRQ�LQ�DW�OHDVW�VRPH�RI�WKHLU
SDLQW�VKRSV�

6RPH�FDU�PDQXIDFWXUHUV�LGHQWLILHG�SUREOHPV�ZKHQ�DSSO\LQJ�OHDG�IUHH�FDWDSKRUHWLF
SDLQWV�LQ�VLWXDWLRQV�ZKHUH�GLIIHUHQW�PHWDOV�DUH�FRPELQHG�ZLWK�HDFK�RWKHU��7KHVH�SURE�
OHPV�DUH�H[SHFWHG�WR�EH�RYHUFRPH�ZLWKLQ�WKH�QH[W�WZR�\HDUV�

7KH�FRQYHUVLRQ�RI�H[LVWLQJ�SDLQW�VKRSV�LQ�ZKLFK�OHDG�FRQWDLQLQJ�SURWHFWLYHV�DUH�VWLOO
DSSOLHG�LV�SRVVLEOH�EXW�UDWKHU�H[SHQVLYH��,I�LW�LV�DFFHSWHG�WKDW�WKH�FRQYHUVLRQ�LV�HFRQRPL�
FDOO\�IHDVLEOH�RQO\�LQ�FRPELQDWLRQ�ZLWK�VRPH�RWKHU�UHWURILWWLQJ�RU�UHSDLU�PHDVXUHV��WKH
FRPSOHWH�SKDVH�RXW�RI�OHDG�FRQWDLQLQJ�(�FRDWV�VKRXOG�EH�SRVVLEOH�ZLWKLQ�D�FRXSOH�RI
\HDUV�

$�VLPLODU�SHULRG�PD\�EH�UHTXLUHG�IRU�QHFHVVDU\�FKDQJHV�DORQJ�WKH�VXSSO\�FKDLQ�XQWLO�DOO
VXSSOLHUV�ZLOO�KDYH�SKDVHG�RXW�WKH�XVH�RI�OHDG�FRQWDLQLQJ�SURWHFWLYH�SDLQWV�FRPSOHWHO\�

$PRXQW

7KH�WKLFNQHVV�RI�WKH�(�FRDW�OD\HU�LV�DSSUR[LPDWHO\���:P��1R�WRWDO�DPRXQW�RI�OHDG�SHU
DYHUDJH�FDU�LV�UHSRUWHG�
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�
6LQFH�RWKHU�SODVWLFV�DUH�LQKHUHQWO\�PRUH�VWDEOH�DJDLQVW�H[WHUQDO�LPSDFWV�VXFK�DV�89�UDGLDWLRQ�RU�KHDW��WKH\�
GR�QRW�QHHG�WR�EH�VWDELOL]HG�E\�OHDG�DGGLWLYHV�RU�WKHLU�VXEVWLWXWHV�

��
7KH�UHVWULFWLRQ�RQ�XVH�RI�FDGPLXP�VWDELOL]HUV�DIWHU�FRXQFLO�GLUHFWLYH��������((&��LQWHULRU��H[WHULRU��XQGHU�
ERG\�RI�YHKLFOHV�IRU�URDG�WUDQVSRUW�DQG�LQVXODWLRQ�IRU�HOHFWULFDO�ZLULQJ��KDV�OHG�WR�D�UHSODFHPHQW�RI
FDGPLXP�EDVHG�V\VWHPV�PDLQO\�E\�OHDG�VWDELOL]HUV��

��

(QYLURQPHQWDO�UHOHYDQFH

8SRQ�VKUHGGLQJ�RI�WKH�FDU�ERG\��VRPH�RI�WKH�OHDG�FRQWDLQLQJ�(�FRDW�PD\�UHPDLQ�LQ�WKH
VWHHO�IUDFWLRQ��IRU�IXUWKHU�IDWH�LQ�VWHHO�SODQWV�VHH�FKDSWHU���S������ZKLOH�WKH�PDMRULW\�ZLOO
HQG�XS�LQ�WKH�VKUHGGHU�OLJKW�IUDFWLRQ�

)RU�D�GHWDLOHG�GLVFXVVLRQ�RI�WKH�HQYLURQPHQWDO�UHOHYDQFH�RI�OHDG�LQ�VKUHGGHU�OLJKW�IUDF�
WLRQ�WKH�UHDGHU�LV�UHIHUUHG�WR�VHFWLRQ��������SDJH����

&RQFOXVLRQV

7KH�FRQYHUVLRQ�RI�H[LVWLQJ�SDLQW�VKRSV�LQ�ZKLFK�OHDG�FRQWDLQLQJ�SURWHFWLYHV�DUH�VWLOO
DSSOLHG�VKRXOG�EH�SRVVLEOH�ZLWKLQ�D�FRXSOH�RI�\HDUV��$�VLPLODU�SHULRG�PD\�EH�UHTXLUHG
IRU�QHFHVVDU\�FKDQJHV�DORQJ�WKH�VXSSO\�FKDLQ�XQWLO�DOO�VXSSOLHUV�ZLOO�IXOO\�PHHW�WKH�VSHFL�
ILFDWLRQV�UHTXLULQJ�WKH�XVH�RI�OHDG�IUHH�SURWHFWLYH�SDLQWV�

����� /HDG�DV�VWDELOL]HU�LQ�SODVWLFV

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

$OO�UHOHYDQW�DSSOLFDWLRQV�RI�OHDG�XVHG�DV�VWDELOL]HU�LQ�SODVWLFV�UHIHU�WR�WKH�XVH�RI�SRO\YLQ\O
FKORULGH��39&��LQ�FDU�PDQXIDFWXULQJ���

7KH�UHOHYDQW�ILHOGV�RI�DSSOLFDWLRQ�RI�39&�LQ�FDUV�DUH�XQGHUVHDO��FDEOHV�DQG�ZLUHV��DQG
XSKROVWHU\�RI�WKH�FDU
V�VHDWV��2WKHU�H[LVWLQJ�XVHV�LQFOXGH�WKH�FRYHULQJ�RI�GDVKERDUGV�
SDQHOOLQJ�RI�WKH�GRRUV�DQG�GRRUKDQGOHV��RU�FRDWLQJ�RI�KDW�UDFNV��6PDOOHU�TXDQWLWLHV�DUH
IRXQG�LQ�OHGJHV��IORRULQJV��DQG�VHDOLQJV�RI�VHDPV�

'HSHQGLQJ�RQ�WKH�VSHFLILF�UHTXLUHPHQWV��39&�FDQ�EH�HTXLSSHG�ZLWK�DGGLWLYHV�WR�REWDLQ
VSHFLDO�PHFKDQLFDO�RU�LQKHUHQW�SURSHUWLHV��:KLOH�WKH�XVH�RI�RWKHU�DGGLWLYHV�VXFK�DV
SODVWLFL]HUV��IODPH�UHWDUGDQWV�RU�ELRFLGHV�GHSHQGV�RQ�WKH�VSHFLILF�SXUSRVHV��WKH�DGGLWLRQ
RI�VWDELOL]HUV�LV�DOZD\V�UHTXLUHG�IRU�WZR�UHDVRQV��ILUVWO\��WKH\�JXDUDQWHH�KHDW�UHVLVWDQFH
GXULQJ�PDQXIDFWXULQJ��DQG�VHFRQGO\�WKH\�HOHYDWH�WKH�UHVLVWDQFH�RI�SURGXFWV�DJDLQVW
H[WHUQDO�LPSDFWV�OLNH�YLVLEOH�OLJKW��89�UD\V�DQG�KHDW�

6LQFH�WKH�FRQVXPSWLRQ�RI�FDGPLXP�EDVHG�VWDELOL]HUV�KDV�VWURQJO\�GHFUHDVHG�LQ�UHFHQW
\HDUV����WKH�PRVW�LPSRUWDQW�VWDELOL]HUV�DUH�EDVHG�RQ�OHDG�WRGD\��$FFRUGLQJ�WR�>8%$�
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��
�+DQGOXQJVIHOGHU�XQG�.ULWHULHQ�IÔU�HLQH�YRUVRUJHQGH�QDFKKDOWLJH�6WRIISROLWLN�DP�%HLVSLHO�39&��
8PZHOWEXQGHVDPW��%HUOLQ������

��

����@���DSSUR[LPDWHO\���������RI�DOO�VWDELOL]HUV�XVHG�IRU�39&�SURGXFWV�LQ�(XURSH�FRQ�
WDLQ�OHDG��/HDG�FRQFHQWUDWLRQV�LQ�39&�UDQJH�EHWZHHQ�������ZHLJKW����LELG���

$W�WKH�WHFKQLFDO�OHYHO��SRVVLEOH�DOWHUQDWLYHV�IRU�OHDG�VWDELOL]HUV�DUH�FDOFLXP�]LQF�VWDELOL]HUV�
EDULXP�]LQF�VWDELOL]HUV�DQG�RUJDQRWLQ�FRPSRXQGV��PRQR��RU�GLRUJDQR�FRPSRXQGV��

,W�LV�HVWLPDWHG�WKDW�EHWZHHQ���DQG�����RI�DOO�39&�RQ�WKH�PDUNHW�LV�VWDELOL]HG�ZLWK
RUJDQRWLQV��7LQ�FRQFHQWUDWLRQV�OLH�DURXQG�����ZHLJKW���RU�ORZHU�>8%$������@�

0RUH�UHFHQWO\��DOWHUQDWLYHV�ZKLFK�DUH�IUHH�RI�KHDY\�PHWDOV�DUH�EHLQJ�GHYHORSHG�RQ�WKH
EDVLV�RI�PDJQHVLXP�DOXPLQLXP�FDUERQDWH���+\GURWDOFLWH���

5HODWHG�WR�WKH�PDLQ�DSSOLFDWLRQ�ILHOGV�WKH�VWDWXV�TXR�LV�DV�IROORZV�

C &DU�XQGHUVHDO�PDGH�RI�39&�LV�DOUHDG\�IUHH�RI�OHDG�VWDELOL]HUV�WRGD\��DV�LV�FRQILUPHG
E\�VXSSOLHUV�RI�XQGHUVHDO�DV�ZHOO�DV�E\�FDU�PDQXIDFWXUHUV��

C 3UHVHQWO\������RI�DOO�FDEOH�DQG�ZLUH�FRDWLQJV�XVHG�LQ�WKH�DXWRPRWLYH�LQGXVWU\�DUH
PDGH�RI�39&��DOWHUQDWLYH�FRDWLQJ�PDWHULDOV�DUH�IOXRURSODVWLFV��SRO\SURS\OHQH�RU�SRO\�
DPLGHV���,Q�WKLV�DSSOLFDWLRQ��OHDG�FRPSRXQGV�DUH�IUHTXHQWO\�XVHG�DV�VWDELOL]HUV�

C 8SKROVWHU\�IRU�FDU�VHDWV�PDGH�RI�39&�KDV�ORVW�LWV�LPSRUWDQFH�LQ�FDUV�IRU�SULYDWH�XVH
DQG�LV�QRZ�PDLQO\�XVHG�LQ�FDUV�OLNH�WD[LV�ZKHUH�HDV\�FOHDQLQJ�RI�WKH�VHDWV�LV�LPSRU�
WDQW��,Q�WKHVH�UHPDLQLQJ�FDVHV��OHDG�VWDELOL]HUV�DUH�FRPPRQO\�XVHG�

C )RU�RWKHU�DSSOLFDWLRQV�OLNH�GDVKERDUGV��GRRU�SDQHOOLQJ��VHDOLQJ�RI�VHDPV�HWF���39&�
IUHH�DOWHUQDWLYH�PDWHULDOV�DUH�UHDGLO\�DYDLODEOH�DQG�ZHOO�LQWURGXFHG�RQ�WKH�PDUNHW�
7KHVH�PDWHULDOV�ZKLFK�FDQ�EH�XVHG�LQVWHDG�RI�39&�LQFOXGH�SRO\SURS\OHQH��33��
SRO\XUHWKDQHV��385��DQG�YDULRXV�RWKHU�SRO\PHUV�DQG�FR�SRO\PHUV��7KHLU�DGGLWLRQDO
FRVWV�UDQJH�IURP���������SHU�FHQW��GHSHQGLQJ�RQ�WKH�VSHFLILF�DSSOLFDWLRQ�

$OWHUQDWLYHV��6WUHQJWK���ZHDNQHVV�SURILOH��WHFKQLFDO�DQG�HFRQRPLF�

&DEOHV�DQG�ZLUHV�LQ�FDUV�PXVW�EH�KHDW�UHVLVWDQW�WR�WHPSHUDWXUHV�EHWZHHQ����DQG
����/&��:LWK�OHDG�VWDELOL]HUV��LW�FDQ�EH�HDVLO\�JXDUDQWHHG�WKDW�WKHVH�UHTXLUHPHQWV�DUH
PHW��:KHUH�KHDW�UHVLVWDQFH�XS�WR�����/&�LV�UHTXLUHG��H�J��LQ�PDQ\�FRQVXPHU�SURGXFWV��
WKH�XVH�RI�&D�=Q�VRDSV�LQVWHDG�RI�OHDG�VWDELOL]HUV�LV�VWDQGDUG�SUDFWLFH�WRGD\�

,I�H[SRVXUH�WR�KLJKHU�WHPSHUDWXUHV�PD\�RFFXU��VXEVWLWXWLRQ�RI�OHDG�E\�&D�=Q�V\VWHPV�LV
WHFKQLFDOO\�IHDVLEOH�LI�VSHFLDO�&D�=Q�FRPSRXQGV�DUH�DSSOLHG��2QH�SRWHQWLDO�VROXWLRQ�LV
&D�=Q�ZLWK�HSR[\GL]HG�VR\DEHDQ�RLO�DV�FR�VWDELOL]HU��6XFK�FRPSRXQGV�DUH�PRUH�VHQVL�
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�� �>0HWDO�%XOOHWLQ����-XO\�����@�
��

:LWK�D�OHDG�FRQFHQWUDWLRQ�RI����������WKLV�ZRXOG�PHDQ�WKDW�D�PDVV�IORZ�RI�EHWZHHQ����DQG�����PHWULF
WRQQHV�RI�OHDG�LV�FRQWDLQHG�MXVW�LQ�WKH�FDEOHV�RI�RQH�\HDUV
�*HUPDQ�FDU�PDQXIDFWXUH�

��

WLYH�WKDQ�3E�V\VWHPV�DQG�WKHUHIRUH�UHTXLUH�D�PRUH�SUHFLVH�GRVDJH�DQG�SURFHVVLQJ��6RPH
SURFHVVLQJ�SDUDPHWHUV�QHHG�WR�EH�DGMXVWHG�EHFDXVH�WKH�IORDWLQJ�SURSHUWLHV�RI�&D�=Q
GLIIHU�IURP�WKRVH�RI�3E�V\VWHPV��7KH�DGGLWLRQDO�FRVWV�RI�&D�=Q�EDVHG�VWDELOL]HUV�IRU�FD�
EOHV�DQG�ZLUHV�DUH�HVWLPDWHG�WR�EH��������SHU�FHQW�RI�WKH�FDEOH�SULFH��ZKLFK��LQ�D�FRP�
SOH[�LQVWDOODWLRQ��PD\EH�HTXLYDOHQW�WR�D�UHODWLYH�FRVW�LQFUHDVH�RI��������>8%$������@���
/HDG�IUHH�KDUQHVVHV�IRU�FDEOHV�VWDELOL]HG�E\�D�&D�=Q�V\VWHP�ZHUH�LQWURGXFHG�RQ�WKH
PDUNHW�LQ�7R\RWD�FDUV�LQ�����������

$OVR��QRQ�KDORJHQDWHG�LQVXODWLRQ�PDWHULDOV�IRU�DXWRPRWLYH�ZLUHV�EDVHG�RQ�SRO\ROHILQHV
ZKLFK�DUH�IUHH�RI�OHDG�RU�RWKHU�KHDY\�PHWDOV�DUH�FRPPHUFLDOO\�DYDLODEOH��7KH�FRVWV�RI
WKHVH�FDEOHV�DUH�VDLG�WR�EH��������KLJKHU�WKDQ�IRU�39&�FRDWHG�FDEOHV�

5HFHQWO\��*HUPDQ�FDU�PDQXIDFWXUHUV�KDYH�HPEDUNHG�RQ�D�MRLQW�LQLWLDWLYH�WR�SKDVH�RXW
OHDG�IURP�DSSOLFDWLRQ�LQ�FDEOHV�DQG�ZLUHV�

:LWK�EXW\OWLQ�RU�RFW\OWLQ��KHDW�UHVLVWDQFH�XS�WR�����/&�FDQ�EH�DFKLHYHG�DW�ORZ�GRVDJHV�
)RU�FDU�VHDW�XSKROVWHU\�PDGH�RI�39&��DSSOLFDWLRQ�RI�RUJDQRWLQV�LV�D�SRVVLEOH�DOWHUQDWLYH
WR�OHDG�EDVHG�FRPSRXQGV��0DLQO\�EXW\O��DQG�RFW\OWLQ�FRPSRXQGV�DUH�XVHG�LQ�*HUPDQ\�
ZKLOH�PHWK\OWLQ�FRPSRXQGV�DUH�OHVV�FRPPRQ�LQ�:HVWHUQ�(XURSH�

'DVKERDUGV�FDQ�DOVR�EH�VWDELOL]HG�ZLWK�%D�=Q�VWDELOL]HUV��UHTXLUHPHQWV�RI�KHDW�UHVLVWDQFH
XS�WR�����/&�GXH�WR�VRODU�UDGLDWLRQ�DUH�IXOILOOHG��

$PRXQWV

,Q�(XURSH��DERXW���������PHWULF�WRQQHV�RI�39&�DQQXDOO\�DUH�FRQVXPHG�E\�WKH�FDU�LQ�
GXVWU\�IRU�XVH�LQ�WKH�PDQXIDFWXULQJ�RI�FDUV��,Q�*HUPDQ\���������W�39&�ZHUH�XVHG�RQO\
IRU�FDEOHV�LQ�WKH�\HDU�RI�������7KHUHRI�FDEOHV�IRU�YHKLFOHV�KDG�D�VKDUH�RI�������W����SHU
FHQW����

(QYLURQPHQWDO�UHOHYDQFH

6LQFH�OHDG�LV�ERXQG�WR�WKH�39&�PDWUL[��HPLVVLRQV�GXULQJ�SURGXFW�XVH�DUH�QHJOLJLEOH�
0RUH�LPSRUWDQW�DUH�HPLVVLRQV�LQ�FDVHV�RI�DFFLGHQWDO�ILUH�>8%$������@�DQG�GXULQJ�GLV�
SRVDO�

%HFDXVH�WKH�PDUNHW�IRUFHV�VWDQG�DJDLQVW�WKLV��LW�LV�XQOLNHO\�WKDW�FDEOHV��GDVKERDUGV�RU
RWKHU�39&�FRQWDLQLQJ�SDUWV�ZLOO�EH�UHPRYHG�DW�WKH�FDU�GLVPDQWOHU
V��$IWHU�VKUHGGLQJ�
DSSUR[LPDWHO\�KDOI�RI�WKH�FDEOHV�DUH�IRXQG�LQ�WKH�VKUHGGHU�KHDY\�IUDFWLRQ��6+)��DQG�WKH
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��
�/LPLWLHUHQGH�,QSXWSDUDPHWHU�EHL�GHU�(QWVRUJXQJ�YRQ�6KUHGGHUOHLFKWIUDNWLRQ�LQ�=HPHQW��XQG�6WDKOZHUNHQ
XQG�GHUHQ�PHWKRGLVFKH�$EOHLWXQJ�����®NRSRO��������FRPPLVVLRQHG�E\�WKH�*HUPDQ�)HGHUDO�6WDWH�RI�/RZHU
6D[RQ\�

��
���5HJLHUXQJVNRPPLVVLRQ�GHU�1LHGHUV¼FKVLVFKHQ�/DQGHVUHJLHUXQJ�]XU�9HUPHLGXQJ�XQG�9HUZHUWXQJ�YRQ
$EI¼OOHQ��$UEHLWVNUHLV�����.I]�5HF\FOLQJ���)LQDO�5HSRUW��+DQQRYHU������

��
$V�IDU�DV�WKH\�DUH�WHFKQLFDOO\�DYDLODEOH��0J�$O�FDUERQDWHV�ZRXOG�UDQN�VLPLODU�WR�&D�=Q�V\VWHPV�

��

RWKHU�KDOI�LQ�WKH�VKUHGGHU�OLJKW�IUDFWLRQ��6/)���$IWHU�SDUWLWLRQLQJ�RI�WKH�6+)��VHSDUDWHG
FDEOHV�FDQ�EH�KDQGHG�RYHU�WR�FDEOH�UHF\FOHUV��6RUWHG�39&�ZLOO�SDUWO\�EH�UHF\FOHG�RU�RWK�
HUZLVH�GLVSRVHG�RI�

:LWK�UHVSHFW�WR�WKH�UHPDLQGHU��WKH�PDMRU�SDUW�RI�6/)�LV�SUHVHQWO\�EHLQJ�ODQGILOOHG�LQ
(XURSH��6SHFLDOLVHG�ZDVWH�LQFLQHUDWRUV�DUH�QRW�VHOHFWHG�DV�D�GLVSRVDO�URXWH�EHFDXVH�RI
WKHLU�KLJK�FRVWV�RI�LQFLQHUDWLRQ��&R�LQFLQHUDWLRQ�RI�6/)�LQ�WKH�FHPHQW�LQGXVWU\�KDV�EHHQ
WHVWHG�LQ�VRPH�0HPEHU�6WDWHV�

,Q�WKH�IXWXUH��FR�LQFLQHUDWLRQ�RI�6/)��RU�LWV�KLJK�FDORULF�IUDFWLRQV��LQ�ODUJH�LQGXVWULDO�LQ�
VWDOODWLRQV�LV�H[SHFWHG�WR�JDLQ�LQFUHDVLQJ�LPSRUWDQFH��+RZHYHU��WKH�SUHVHQWO\�KLJK�FRQ�
FHQWUDWLRQV�RI�KHDY\�PHWDOV�DQG�DOVR�KDORJHQV�LQ�6/)�FDXVH�VHULRXV�SUREOHPV�IRU�WKH
UHOHYDQW�LQGXVWULDO�VHFWRUV�EHFDXVH�WKH\�LQWHUIHUH�ZLWK�WKHLU�LQSXW�TXDOLW\�UHTXLUHPHQWV
UHODWHG�WR�SURFHVV�FRQWURO��SURGXFW�TXDOLW\��DQG�DOVR�HQYLURQPHQWDO�DQG�ZRUNHUV
�KHDOWK
DVSHFWV�>®NRSRO������@����7KH�/RZHU�6D[RQ\�H[SHUW�FRPPLVVLRQ�RQ�ZDVWHV�IURP�HQG�RI�
OLIH�YHKLFOHV�UHFRPPHQGHG�WR�UHGXFH�WKH�XVH�RI�GLVWXUELQJ�HOHPHQWV�OLNH�KHDY\�PHWDOV
DQG�KDORJHQV�LQ�SODVWLFV��DQG�LQ�SDUWLFXODU�FDEOH�FRDWLQJV��LQ�RUGHU�WR�IDFLOLWDWH�HQHUJ\
UHFRYHU\�RI�WKH�KLJK�FDORULF�IUDFWLRQ�RI�6/)���

:KLOH�LQ�D�PRGHUQ�LQFLQHUDWLRQ�SODQW��OHDG�ZRXOG�PRVWO\�EH�FROOHFWHG�LQ�LQFLQHUDWRU
DVKHV��IO\�DVK�DQG�QHXWUDOLVDWLRQ�UHVLGXHV��WKH�VLWXDWLRQ�IRU�FR�LQFLQHUDWLRQ�LV�PRUH�FRP�
SOH[��GXH�WR�GLOXWLRQ�HIIHFWV��LQ�VSLWH�RI�WKH�UHYLVHG�'LUHFWLYH�RQ�WKH�,QFLQHUDWLRQ�RI
:DVWHV�>���������&2'�@�LW�PXVW�EH�DVVXPHG�WKDW�WKH�DWPRVSKHULF�OHDG�HPLVVLRQV�IURP
FR�LQFLQHUDWLRQ�RU�RWKHU�UHF\FOLQJ�RI�6/)�DUH�PRUH�VLJQLILFDQW��,Q�DQ\�FDVH��XSRQ�LQFLQHUD�
WLRQ�RU�FR�LQFLQHUDWLRQ�RI�OHDG�VWDELOL]HG�SODVWLFV��WKH�OHDG�ZLOO�HLWKHU�HQG�XS�LQ�WKH�SURG�
XFW�RU�LQ�WKH�VROLG�UHVLGXHV�RI�WKH�SURFHVV�

,Q�FDVH�RI�ODQGILOO��HVSHFLDOO\�XQGHU�DFLGLF�FRQGLWLRQV��OHDFKLQJ�RI�OHDG�LV�SRVVLEOH�

$PRQJ�WKH�SRVVLEOH�DOWHUQDWLYHV�WR�OHDG�VWDELOL]HUV��&D�=Q�EDVHG�V\VWHPV�DUH�SUHIHUDEOH
EHFDXVH�RI�WKHLU�QRQ�WR[LFLW\�WR�KXPDQV�DQG�HFRV\VWHPV�>8%$������@����6\VWHPV�EDVHG
RQ�%D�=Q�DUH�OHVV�SUHIHUDEOH�EHFDXVH�RI�WKH�PRGHUDWH�WR[LFLW\�RI�EDULXP�WR�KXPDQV��8VH
RI�RUJDQRWLQ�FRPSRXQGV�FDQQRW�EH�UHFRPPHQGHG�DV�ORQJ�DV�QR�UHOLDEOH�HYLGHQFH
DERXW�WKHLU�EHKDYLRXU�LQ�WKH�HQYLURQPHQW�LV�DYDLODEOH�
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7DEOH����(QYLURQPHQWDO�SURILOHV�RI�YDULRXV�39&�VWDELOL]HU�V\VWHPV

9DULDQWV
&ULWHULD

3E &D�=Q %D�=Q 2UJDQRWLQV 0J�$O�
FDUERQDWHV

HPLVVLRQV�GXULQJ
ZLQQLQJ

OHDG�HPLV�
VLRQV�GXH�WR
VHSDUDWLRQ
DQG�H[WUDF�
WLRQ�IURP
WKH�RUHV�

&G�DFFRP�
SDQLHV�]LQF
RUHV
&G�HPLV�
VLRQV�GXU�
LQJ�ZLQQLQJ

&G�DFFRP�
SDQLHV�]LQF
RUHV
&G�HPLVVLRQV
GXULQJ�ZLQ�
QLQJ

WR[LFLW\ 3E�WR[LF�WR
KXPDQV�DQG
HFRV\VWHPV

QRQ�WR[LF
WR�KXPDQV
DQG�HFRV\V�
WHPV

%DULXP�LV
PRGHUDWHO\
WR[LF�WR�KX�
PDQV

QRW�ZHOO�H[DPLQHG
�EXW�VRPH�FRQFHUQV
UDLVHG�

QRW�ZHOO
H[DPLQHG
EXW�XQ�
OLNHO\

HPLVVLRQV�GXULQJ
SURGXFW�XVH

ERXQG�WR
PDWUL[

ERXQG�WR
PDWUL[

ERXQG�WR
PDWUL[

ERXQG�WR�PDWUL[�
EXW�HPLVVLRQV�IURP
QHZ�SURGXFWV��HVSH�
FLDOO\�VRIW�39&�

GLV�
SRVDO

UHF\FOLQJ GLVSHUVLRQ�
RI�OHDG�LQWR
UHF\FOLQJ
SURGXFWV

VXOIXU�FRQWDLQLQJ
RUJDQRWLQV�KDPSHU
UHF\FOLQJ��IRUPDWLRQ
RI�LQVROXEOH�VXOILGHV
ZLWK�&G��3E��=Q�

SURFHVV
RXWSXW
YLD�6/)��
6+)�ZLWK�
RXW�UHF\�
FOLQJ

HPLVVLRQV�RI
OHDG�IURP
WKHUPDO�SUR�
FHVVHV

SRWHQWLDO
HPLVVLRQV
IURP�ODQGILOO

WLQR[LGH�HPLVVLRQV
IURP�WKHUPDO�SUR�
FHVVHV�
HPLVVLRQ�IURP�ODQG�
ILOO�QRW�ZHOO�H[DP�
LQHG

&RQFOXVLRQV

39&�LV�WKH�RQO\�SODVWLF�PDWHULDO�LQ�ZKLFK�OHDG�LV�FRPPRQO\�XVHG�DV�D�VWDELOL]HU�

7R�SKDVH�RXW�WKH�OHDG�FRQWDLQHG�LQ�39&��WZR�SULQFLSDO�VWUDWHJLHV�DUH�SRVVLEOH��HLWKHU�
WKH�39&�LV�VXEVWLWXWHG�E\�VRPH�RWKHU�SODVWLF�PDWHULDO��RU�39&�LV�PDLQWDLQHG�DV�D�PDWHULDO
EXW�DQRWKHU�VWDELOL]HU�LV�XVHG�

7KH�TXDQWLWDWLYHO\�PRVW�UHOHYDQW�39&�DSSOLFDWLRQ�LQ�FDUV��WKH�XQGHUVHDO��LV�DOUHDG\�OHDG�
IUHH�WRGD\�

)RU�DOO�RWKHU�DSSOLFDWLRQV��D�FKDQJH�WR�&D�=Q�VWDELOL]HUV�LV�WHFKQLFDOO\�IHDVLEOH�DQG�FOHDUO\
SUHIHUDEOH�IURP�DQ�HQYLURQPHQWDO�SRLQW�RI�YLHZ��/HDG�IUHH�FDEOH�KDUQHVVHV�DUH�DOUHDG\
LQWURGXFHG�RQ�WKH�PDUNHW��DQG�D�MRLQW�LQLWLDWLYH�RI�FDU�PDQXIDFWXUHUV�WR�FKDQJH�WR�OHDG�
IUHH�FDEOH�LQVXODWLRQV�LV�SUHVHQWO\�XQGHU�ZD\�
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,QVWHDG�RI�FKDQJLQJ�WKH�VWDELOL]HU�V\VWHPV��LW�LV�DOVR�SRVVLEOH�DQG�RIWHQ�HYHQ�FKHDSHU�WR
FKDQJH�WR�OHDG�IUHH�SODVWLFV�RWKHU�WKDQ�39&�ZKLFK�DUH�DYDLODEOH�IRU�DOO�39&�DSSOLFDWLRQV
LQ�YHKLFOHV�

����� 6ROGHULQJ

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

6ROGHULQJ�LQ�WKH�DXWRPRWLYH�LQFOXGHV�D�QXPEHU�RI�LVVXHV�IURP�VROGHULQJ�RI�SULQWHG�FLU�
FXLW�ERDUGV��3&%��WR�EUD]LQJ�RI�FRPSRQHQWV�OLNH�SHWURO�WDQNV�

7HFKQLFDO�SURJUHVV�OHDGV�WR�DQ�LQFUHDVLQJ�XVH�RI�HOHFWURQLF�GHYLFHV�LQ�DXWRPRELOHV��VRPH
RI�WKHP�XQGHU�H[WUHPH�FRQGLWLRQV�VXFK�DV�VWURQJ�YLEUDWLRQV�DQG�KLJK�WHPSHUDWXUHV��H�J�
ZKHQ�DSSOLHG�GLUHFWO\�RQ�WKH�HQJLQH�EORFN��ZKLFK�UHTXLUH�VROGHUV�ZLWK�KLJKHU�PHOWLQJ
SRLQW�

%UD]LQJ�RI�FRPSRQHQWV�

%UD]LQJ�LV�XVHG�DV�D�FRQQHFWLRQ�PHWKRG�IRU�FDU�FRPSRQHQWV�OLNH�IXHO�QR]]OH�DQG�PHWDO
WDQNV�

3ULQWHG�FLUFXLW�ERDUGV

7KH�PRVW�LPSRUWDQW�VROGHULQJ�PHWKRGV�IRU�SULQWHG�FLUFXLW�ERDUGV�DUH�

7KURXJK�+ROH�0RXQW��7+0� 7KH�FRPSRQHQWV�DUH�LQVHUWHG�LQ�SUHIDEULFDWHG�KROHV
RQ�WKH�SULQWHG�FLUFXLW�ERDUGV��7KH�KLJK�UHOLDELOLW\�RI
WKLV�PHWKRG�PDNHV�LW�LPSRUWDQW�IRU�DXWRPRWLYH�HOHF�
WURQLFV�

6XUIDFH�0RXQW�7HFKQRORJ\��607� &RPSRQHQWV�DUH�IL[HG�RQ�WKH�ERDUGV�ZLWK�DQ�DGKH�
VLYH�RU�PRXQWHG�RQ�WKH�VROGHU�SDVWH��/RZHU�SURGXFW
FRVWV�ZKHQ�VROGHULQJ�ODUJH�YROXPHV�PDNH�WKLV�WHFK�
QLTXH�LPSRUWDQW�IRU�FRQVXPHU�HOHFWURQLFV��

6ROGHULQJ�FDQ�EH�GLYLGHG�LQWR�ZDYH�VROGHULQJ��ZKHUH�DIWHU�SUHKHDWLQJ�RI�WKH�FRPSR�
QHQWV�VROGHU�LV�DSSOLHG�ZLWK�D�ZDYH�PDFKLQH��DQG�UHIORZ�VROGHULQJ�ZKHUH�WKH�MRLQWV�DUH
SHUIRUPHG�LQ�D�IXUQDFH��FRQYHFWLRQ��LQIUDUHG���7KH�ODWWHU�LV�PRUH�FRPPRQ�IRU�607��
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$OWHUQDWLYHV��6WUHQJWK���ZHDNQHVV�SURILOH��WHFKQLFDO�

7KH�SURSRVHG�(XURSHDQ�:(((�'LUHFWLYH�ZKLFK�PHQWLRQV�D�SKDVH�RXW�RI�OHDG�EHIRUH
�����DQG�REMHFWLYHV�RI�PDMRU�-DSDQHVH�HOHFWURQLF�PDQXIDFWXUHV�WR�HOLPLQDWH�OHDG�ZLWKLQ
WKH�QH[W�\HDUV��JDYH�UHVHDUFK�D�QHZ�LPSXOVH��/DUJH�FRPSDQLHV�OLNH�0RWRUROD��3KLOLSV�
6LHPHQV��0DWVXVKLWD��)XMLWVX��HOLPLQDWLRQ�RI�OHDG�IURP�SURGXFWV�SODQQHG�IRU�������DQG
1RUWHO�DUH�DOUHDG\�LQYHVWLJDWLQJ�WKH�IHDVLELOLW\�RI�OHDG�IUHH�VROGHULQJ�WHFKQRORJLHV�

7KHUH�LV�QR�XQLYHUVDO�VROXWLRQ�IRU�UHSODFLQJ�OHDGHG�VROGHUV�WKDW�ZRXOG�ILW�IRU�HYHU\�DSSOL�
FDWLRQ�LQ�FDUV��$V�VRPH�VXEVWLWXWHV�PD\�FRQWDLQ�XS�WR�IRXU�RU�ILYH�GLIIHUHQW�HOHPHQWV�
WKH�OLVW�RI�SRWHQWLDO�DOWHUQDWLYHV�LV�YHU\�ORQJ��+RZHYHU��VXEVWLWXWH�DOOR\V�ZKLFK�DUH�VXLW�
DEOH�IRU�WKH�PDLQVWUHDP�HOHFWURQLFV�DVVHPEO\�LQGXVWU\�PXVW�IXOILOO�VRPH�NH\�UHTXLUH�
PHQWV��LQFOXGLQJ�

q ORZ�PHWDO�SULFH�
q DYDLODELOLW\�RI�WKH�PHWDO�
q QR�WR[LF�RU�HFRWR[LF�SURSHUWLHV�
q VXLWDEOH�PHOWLQJ�SRLQW�
q RWKHU�SK\VLFDO�SURSHUWLHV�
q VROGHUDELOLW\�

6RPH�DOOR\V�ZKLFK�DUH�QRW�DSSURSULDWH�IRU�WKH�PDVV�PDUNHW�PLJKW�VWLOO�UHPDLQ�LPSRUWDQW
WR�ILOO�QLFKH�PDUNHWV��6HYHUDO�FDU�PDQXIDFWXUHUV�DUH�SUHVHQWO\�VHDUFKLQJ�IRU�OHDG�IUHH
VROGHUV�RU�DUH�DOUHDG\�WHVWLQJ�DOWHUQDWLYHV�

7KUHH�GLIIHUHQW�DVSHFWV�RI�VROGHULQJ�PXVW�EH�FRQVLGHUHG�

q WKH�VROGHU�LWVHOI

q IOX[HV�DQG

q WKH�VXUIDFH�RI�SDUWV

6ROGHU 7LQ�LV�WKH�EDVH�PHWDO�XVHG�IRU�OHDG�IUHH�DOOR\V�DQG�LV�FRPPRQO\�DFFRPSDQLHG
ZLWK�VLOYHU��FRSSHU��]LQF��DQWLPRQ\��LQGLXP�RU�ELVPXWK�

$OO�OHDG�IUHH�DOWHUQDWLYHV�DUH�PRUH�H[SHQVLYH�WKDQ�WKH�VWDQGDUG�WLQ�OHDG�DOOR\
���6Q��3E���)RU�EDU�RU�ZLUH�VROGHULQJ�WKH�PHWDO�SULFH�������RI�WKH�SURGXFW
SULFH��LV�PXFK�PRUH�UHOHYDQW�WKDQ�IRU�VROGHU�SDVWHV��������RI�WKH�SURGXFW
SULFH��SURGXFWLRQ�FRVWV�RI�PL[LQJ�DQG�ILOOLQJ�KDYH�WKH�PDLQ�VKDUH���2QO\�D
VPDOO�QXPEHU�RI�OHDG�IUHH�DOOR\V�DUH�SDWHQWHG��&RVWV�IRU�SDWHQWHG�DOOR\V�ZLOO
EH�KLJKHU�WKDQ�IRU�WKRVH�ZKLFK�DUH�QRW�SDWHQWHG�
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*HQHUDOO\�FRVWV�FDQQRW�EH�IL[HG�DW�PHWDO�SULFHV�EHFDXVH�WKH�GHQVLW\�RI�WKH
PHWDOV�GHWHUPLQHV�WKH�PDVV�XVHG��,Q�DQ�H[HPSODU\�FRPSDULVRQ�RI�SURGXFW
FRVWV��SULQWHG�FLUFXLW�ERDUGV�VROGHUHG�ZLWK�6Q$J�DUH�RQO\�������PRUH�H[SHQ�
VLYH�WKDQ�WKRVH�VROGHUHG�ZLWK�VWDQGDUG�6Q3E�

$VSHFWV�OLNH�WKH�DSSOLHG�WHFKQLTXH�DQG�WKH�GHPDQGV�RQ�WKH�VROGHUHG�SURGXFW
LQIOXHQFH�WKH�VHOHFWLRQ�RI�WKH�VROGHU��1HYHUWKHOHVV��VRPH�JHQHUDO�UHPDUNV�RQ
VSHFLDO�PHWDOV�DUH�SRVVLEOH�

7KH�ZRUOGZLGH�DYDLODELOLW\�RI�LQGLXP�LV�UDUH��VR�D�VLJQLILFDQW�VKDUH�RI�LQGLXP
UDLVHV�WKH�FRVWV�RI�WKH�DOOR\��$OOR\V�ZLWK�LQGLXP�FDQ�RQO\�EH�XVHG�IRU�VROGHULQJ
LQ�VSHFLDO�DSSOLFDWLRQ�ILHOGV�DQG�DUH�GLVUHJDUGHG�LQ�IXUWKHU�FRQVLGHUDWLRQV�

$OOR\V�ZLWK�]LQF�DUH�SUREOHPDWLF�EHFDXVH�]LQF�LV�VXEMHFW�WR�UDSLG�R[LGDWLRQ�

)OX[HV ,Q�VROGHULQJ�SURFHVVHV�IOX[HV�DUH�XVHG�WR�FOHDQ�WKH�MRLQLQJ�VXUIDFHV�FKHPLFDOO\�
'HSHQGLQJ�RQ�WKH�FRQGLWLRQV�RI�WKH�VROGHULQJ�SURFHVV�WKH�IOX[�KDV�WR�PHHW
GLIIHUHQW�UHTXLUHPHQWV��)OX[HV�IRU�OHDG�IUHH�SURFHVVHV�KDYH�EHHQ�GHYHORSHG
DQG�DUH�DYDLODEOH�IRU�DOO�WHFKQLTXHV�

6XUIDFH /HDG�IUHH�SURWHFWLYH�FRDWLQJV�WR�SUHYHQW�FRUURVLRQ�RU�FRQWDPLQDWLRQ�RI�WKH
ERDUGV�DUH�DOUHDG\�LQ�XVH��0HWDOOLF�RU�RUJDQLF�FRDWLQJV�LQ�GLIIHUHQW�YDULDWLRQV
DUH�DYDLODEOH�RQ�WKH�PDUNHW�

&RPSRQHQWV�DUH�SURYLGHG�ZLWK�D�SODWHG�RU�GLSSHG�VROGHUDEOH�FRDWLQJ�XVXDOO\
D�WKLQ�OHDG�WLQ�OD\HU��7KH�ODFN�RI�FRPSRQHQWV�ZLWK�OHDG�IUHH�FRDWLQJV�FRXOG�EH
OLPLWLQJ�WKH�LPSOHPHQWDWLRQ�RI�OHDG�IUHH�SURFHVVHV��7KH�IXUWKHU�XVH�RI�FRPSR�
QHQWV�ZLWK�OHDG�FRQWDLQLQJ�FRDWLQJV�LV�SRVVLEOH�EXW�WKH�RFFXUUHQFH�RI�ORZ
PHOWLQJ�SKDVHV�LV�WR�EH�FRQVLGHUHG�HVSHFLDOO\�LI�%L�FRQWDLQLQJ�VROGHUV�DUH�XVHG�
/HDG�IUHH�FRDWLQJV�RI�FRPSRQHQWV�DUH�IRU�H[DPSOH�WLQ��QLFNHO�SDOODGLXP�
QLFNHO�JROG�RU�JROG�ZKLFK�DUH�DOUHDG\�XVHG�LQ�WKH�HOHFWURQLF�LQGXVWU\��3URE�
OHPV�DUH�WKHUHIRUH�QRW�DWWULEXWHG�WR�WKH�FRDWLQJ�EXW�WR�WHFKQLFDO�GLIILFXOWLHV�DV
FRPSRQHQWV�PXVW�UHVLVW���������.�KLJKHU�VROGHULQJ�WHPSHUDWXUHV��(VSHFLDOO\
PHFKDQLFDO�FRPSRQHQWV�PLJKW�ORVH�WKHLU�IXQFWLRQLQJ�
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.(0,��6RPH�XVHV�RI�OHDG�DQG�WKHLU�SRVVLEOH�VXEVWLWXWHV��+HGHPDOP��3���.(0,�5HSRUWV�����

��

$PRXQWV

7KH�WRWDO�OHDG�DPRXQW�LQ�SULQWHG�FLUFXLW�ERDUGV�LQ�-DSDQHVH�PLGGOH�FODVV�FDUV�LV�URXJKO\
HVWLPDWHG�DW����J��:LWK�7KURXJK�+ROH�0RXQW��7+0��WHFKQRORJ\��WKH�OHDG�DPRXQW�SHU
MRLQW�LV�DERXW���PJ��ZLWK�6XUIDFH�0RXQW�7HFKQRORJ\��607��DERXW�����PJ���

%UD]LQJ�DOOR\V�FRQWDLQ�DURXQG������OHDG��)RU�EUD]LQJ�RI�VWHHO�WDQNV�WKH�DPRXQW�SHU�FDU
LV����WR����J�

(QYLURQPHQWDO�UHOHYDQFH

/HDG�IURP�SULQWHG�FLUFXLW�ERDUG�VROGHULQJ�ZLOO�OHDYH�WKH�VKUHGGHU�SURFHVV�PDLQO\�YLD�WKH
VKUHGGHU�OLJKW�IUDFWLRQ��6/)���7KH�PDLQ�VKDUH�RI�EUD]LQJ�ZLOO�UHUXQ�WR�WKH�VWHHO�UHF\FOLQJ
FKDLQ��VHH�FKDSWHU���S������RU�ZLOO�EH�FDUULHG�RXW�RI�WKH�VKUHGGHU�ZLWK�WKH�VKUHGGHU
KHDY\�IUDFWLRQ��6+)��ZLWK�D�ORZ�SUREDELOLW\�RI�EHLQJ�UHFRYHUHG�

%LVPXWK�LV�D�E\�SURGXFW�RI�WKH�UHILQLQJ�SURFHVV�RI�OHDG��WKHUHIRUH�HPLVVLRQV�RI�WKH
HFRWR[LF�DQG�WR[LF�OHDG�PXVW�EH�WDNHQ�LQWR�DFFRXQW��'LUHFW�PLQLQJ�RI�ELVPXWK�LV�SRVVLEOH
EXW�ZLOO�FDXVH�LQFUHDVLQJ�FRVWV�

$QWLPRQ\�DQG�LQGLXP�DUH�FRQVLGHUHG�WR�EH�WR[LF�DQG�HFRWR[LF��$V�RQO\�VPDOO�DPRXQWV�RI
DQWLPRQ\�DUH�XVHG�LQ�WKH�DOOR\V��LPSDFWV�PLJKW�QRW�EH�WKDW�VHULRXV��1HYHUWKHOHVV��OHVV
KDUPIXO�DOWHUQDWLYHV��H��J��6Q$J��6Q$J&X��DUH�WR�EH�SUHIHUUHG�

,Q�D�OLIH�F\FOH�DSSURDFK�WKH�HQYLURQPHQWDO�EXUGHQV�RI�VROGHULQJ�ZLWK�OHDG�IUHH�VROGHUV
ZHUH�FRPSDUHG�WR�WKRVH�FDXVHG�E\���6Q��3E��5HVXOWV�VKRZHG�WKDW�OHDG�FDXVHV�WKH
KLJKHVW�LPSDFW��)URP�WKH�WHVWHG�DOOR\V������6Q���&X�DQG�����6Q���$J�ZHUH�WKH�HQYL�
URQPHQWDOO\�OHDVW�KDUPIXO�DOOR\V�

/HDG�IUHH�DOWHUQDWLYHV�ZLOO�UHTXLUH�KLJKHU�SURFHVV�WHPSHUDWXUHV��7KLV�PHDQV�WKDW�HPLV�
VLRQV�UHOHYDQW�WR�FOLPDWH��DV�ZHOO�DV�HQHUJ\�FRVWV��ZLOO�LQFUHDVH��$�VXPPDUL]LQJ�VWXG\�KDV
QRW�EHHQ�ZRUNHG�RXW�\HW��7KHUHIRUH��LW�LV�GLIILFXOW�WR�TXDQWLI\�WKH�HQYLURQPHQWDO�LPSDFW�

&RQFOXVLRQV

3UHVHQWO\�H[WHQVLYH�LQYHVWLJDWLRQV�WR�ILQG�OHDG�IUHH�DOWHUQDWLYHV�DUH�FDUULHG�RXW�E\�VHYHUDO
FDU�PDQXIDFWXUHUV�DQG�VXSSOLHUV��DQG�UHSODFHPHQW�RI�OHDG�LV�DOUHDG\�SRVVLEOH�LQ�VHYHUDO
DSSOLFDWLRQ�ILHOGV��%XW�LW�KDV�WR�EH�FRQVLGHUHG�WKDW�WKHUH�LV�QR�XQLYHUVDO�VROXWLRQ�WKDW
ZRXOG�EH�VXLWDEOH�IRU�DOO�FDVHV��8QOLNH�FRQVXPHU�HOHFWURQLFV�OLNH�79�RU�KLIL�V\VWHPV�
VDIHW\�UHTXLUHPHQWV�LQ�FDUV��LQ�FRPELQDWLRQ�ZLWK�WHPSHUDWXUH�DQG�PHFKDQLFDO�VWUHVV�DQG
FRUURVLYH�FRQGLWLRQV��PDNH�UHSODFHPHQW�PRUH�SUREOHPDWLF�
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/HDG�IUHH�VROGHULQJ�LQ�WKH�DXWRPRWLYH�LQGXVWU\�FDQ�RQO\�EH�LPSOHPHQWHG�VWHSZLVH��([SH�
ULHQFHV�IURP�DSSOLFDWLRQV�ZLWK�PRGHUDWH�VDIHW\�GHPDQGV�DQG�RQJRLQJ�UHVHDUFK�ZLOO�OHDG
WR�WUDQVIHU�RI�OHDG�IUHH�VROGHULQJ�WHFKQRORJ\�IURP�DXWRPRWLYH�SDUWV�ZLWK�OHVV�DGYHUVH
FRQGLWLRQV��H�J��LQWHULRU��WR�WKRVH�ZLWK�PRUH�GHPDQGLQJ�UHTXLUHPHQWV�

$�WRWDO�EDQ�RI�OHDG�FRQWDLQLQJ�VROGHULQJ�FDQQRW�\HW�EH�UHFRPPHQGHG�LQ�WKH�SUHVHQW
VLWXDWLRQ�

����� :KHHO�EDODQFLQJ�ZHLJKWV

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

:KHHO�EDODQFLQJ�ZHLJKWV�DUH�DSSOLHG�WR�ZKHHO�ULPV�WR�FRPSHQVDWH�XQEDODQFHV�DQG
JXDUDQWHH�WKHUHZLWK�WUXH�UXQQLQJ�RI�WKH�W\UHV��

8VXDOO\�WKHVH�ZHLJKWV�DUH�PDGH�RI�OHDG��7KH\�DUH�DYDLODEOH�RQ�WKH�PDUNHW�LQ�DOO�ZHLJKW
FODVVHV�DQG�IRU�DOO�ULP�W\SHV��7R�SUHYHQW�FRUURVLRQ�RI�DOXPLQLXP�RU�PDJQHVLXP�ULPV�
ZHLJKWV�DUH�SURYLGHG�ZLWK�D�FRDWLQJ��:HLJKWV�IRU�VWHHO�ULPV��ZKLFK�PDNH�XS�WKH�PDLQ
PDUNHW�VKDUH��GR�QRW�QHHG�WR�EH�FRDWHG�LQ�RUGHU�WR�HQVXUH�FRUURVLRQ�SURWHFWLRQ��1HYHU�
WKHOHVV��RIWHQ�HYHQ�ZHLJKWV�IRU�VWHHO�ULPV�DUH�VXSSOLHG�ZLWK�D�SRO\PHU�RU�]LQF�FRDWLQJ�WR
DYRLG�SLFN�XS�RI�OHDG�GXULQJ�KDQGOLQJ�

6WUHQJWK�ZHDNQHVV�SURILOH��WHFKQLFDO�

7LQ��VWHHO�DQG�SODVWLFV�DUH�WKH�PDLQ�VXEVWLWXWHV�IRU�OHDG�LQ�EDODQFH�ZHLJKWV��:KHHO�EDO�
DQFHV�PDGH�RI�WLQ�RU�VWHHO�DUH�DOUHDG\�RQ�WKH�PDUNHW��7LQ�ZHLJKWV�DUH�SUHVHQWO\�QRW
DSSOLHG�E\�FDU�PDQXIDFWXUHUV��QRW�HYHQ�LQ�QHZ�PRGHOV��+RZHYHU��-DSDQHVH�PDQXIDFWXU�
HUV�DQQRXQFHG�D�SKDVH�RXW�RI�OHDG�ZKHHO�ZHLJKWV�E\�WKH�\HDU�RI�������1LVVDQ��UHVSHF�
WLYHO\�������72<27$��E\�FKDQJLQJ�IURP�OHDG�ZHLJKWV�WR�VWHHO�ZHLJKWV�IRU�FDUV��1LVVDQ�LV
DOUHDG\�DSSO\LQJ�VWHHO�ZHLJKWV�XS�WR����JUDPV�

$V�WLQ�DQG�VWHHO�DUH�VSHFLILFDOO\�OLJKWHU�WKDQ�OHDG��WKH�YROXPHV�RI�WKRVH�ZHLJKWV�ZLOO
LQFUHDVH��$FFRUGLQJ�WR�WHVWV�FDUULHG�RXW�E\�D�PDQXIDFWXUHU�WKLV�PXVW�QRW�QHFHVVDULO\
FDXVH�D�ORVV�RI�EDODQFH�SHUIRUPDQFH�

6LPLODU�WR�OHDG�ZHLJKWV��DOVR�WLQ�ZHLJKWV�PXVW�EH�FRDWHG�ZKHQ�DWWDFKHG�WR�DOXPLQLXP
RU�PDJQHVLXP�ULPV�LQ�RUGHU�WR�SUHYHQW�D�GLUHFW�FRQWDFW�ZLWK�WKH�DOOR\��6WHHO�ZHLJKWV
PXVW�EH�FRDWHG�IRU�DOO�W\SHV�RI�ULPV�WR�SURWHFW�WKH�ZHLJKWV�WKHPVHOYHV�IURP�UXVWLQJ�
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��
7XQJVWHQ�DOOR\V�ZLWK�D�KLJK�VSHFLILF�ZHLJKW�IRU�KHDY\�ZHLJKWV�LQ�FRPELQDWLRQ�ZLWK�UHVWULFWHG�VSDFH�

��
$FFRUGLQJ�WR�VXSSOLHUV��GXFWLOLW\�LV�DV�JRRG�DV�IRU�OHDG�ZHLJKWV��1HYHUWKHOHVV�GXFWLOLW\�GHSHQGV�RQ�WKH�DOOR\
XVHG�

��
�(VWLPDWLRQ�EDVHG�RQ�SULFHV�IRU�SXUH�PHWDOV��&RVWV�IRU�SURFHVVLQJ�QRW�FRQVLGHUHG�

��

7DEOH����&RPSDULVRQ�RI�FKDUDFWHULVWLFV�RI�PHWDO�IRU�ZKHHO�EDODQFLQJ�GHYLFHV

9DULDQWV
FULWHULD

3E 6Q )H

0HOWLQJ�SRLQW
GXUDELOLW\�DW�KLJK�WHP�
SHUDWXUHV�FORVH�WR�WKH
EUHDNV

����/&
DOOR\V�FRQWDLQLQJ��������
��ZW����DQWLPRQ\
KDYH�D�PHOWLQJ�SRLQW�RI
DSS������/&

����/&
DOOR\V�FRQWDLQLQJ��������
��ZW����DQWLPRQ\
KDYH�D�PHOWLQJ�SRLQW
RI�DSS������/&

������/&

VSHFLILF�ZHLJKW
YROXPH�PXVW�ILW
UHVWULFWHG�VSDFH�DW�WKH
ULPV

�����NJ�GP�
KLJK�VSHFLILF�ZHLJKW
PDNHV�PDQXIDFWXULQJ
RI�ZHLJKWV�ZLWK�D�PLQL�
PDO�YROXPH�SRVVLEOH�

����NJ�GP�
IHDVLEOH�IRU�VWDQGDUG
VL]HV�
LI�VSDFH�LV�UHVWULFWHG
RWKHU�DOWHUQDWLYHV�PXVW
EH�FRQVLGHUHG��

����NJ�GP�
IHDVLEOH�IRU�VWDQGDUG
VL]HV
LI�VSDFH�LV�UHVWULFWHG
RWKHU�DOWHUQDWLYHV�PXVW�
EH�FRQVLGHUHG

GXFWLOLW\
DGMXVWLQJ�ZHLJKWV�WR�ULP
UDGLXV

�HDVLO\�DFKLHYHG HDVLO\�DFKLHYHG
��

YHU\�UHVWULFWHG�GXFWLOLW\
PLJKW�PDNH�EURDGHU
SURGXFW�VHULHV�QHFHV�
VDU\

FRUURVLRQ FRDWHG�SURGXFWV�IRU
DOXPLQLXP�DQG�PDJQH�
VLXP�ULPV�

FRDWHG�SURGXFWV�IRU
DOXPLQLXP�DQG�PDJ�
QHVLXP�ULPV

QR�FRUURVLRQ�SUHYHQ�
WLRQ�IRU�WKH�ULPV�QHFHV�
VDU\
EXW�FRDWLQJ�IRU�UXVW
SUHYHQWLRQ�RI�WKH
ZHLJKW�LWVHOI

FRVWV�YHKLFOH�� ������(XUR �����(XUR ��������(XUR

$PRXQWV

:HLJKWV�DUH�RIIHUHG�EHWZHHQ���DQG�����J��-$0$�JLYHV�OHDG�DPRXQWV�RI�����J�SHU
YHKLFOH�UHVXOWLQJ�IURP�ZKHHO�ZHLJKWV��)RU�QHZ�PRGHOV�D�FDOFXODWLRQ�RI�����J�SHU�FDU
PLJKW�EH�PRUH�UHDOLVWLF��7KH�DQQXDO�GHPDQG�IRU�WKH�SURGXFWLRQ�RI�ZKHHO�ZHLJKWV�LV
HVWLPDWHG�EHWZHHQ��������DQG��������W�
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,Q�WKH�o(XURSHDQ�3DUOLDPHQW�OHJLVODWLYH�UHVROXWLRQ�RQ�WKH�FRPPRQ�SRVLWLRQ�DGRSWHG�E\�WKH�&RXQFLO�ZLWK�D
YLHZ�WR�WKH�DGRSWLRQ�RI�D�(XURSHDQ�3DUOLDPHQW�DQG�&RXQFLO�'LUHFWLYH�RQ�HQG�RI�OLIH�YHKLFOHV�������������
��&���������������������������&2'��p�$PHQGPHQW����VD\V�WKDW�WKH�UHPRYDO�RI�W\UHV�LV�RQO\�PDQGDWRU\�LI
WKH\�DUH�QRW�VHJUHJDWHG�LQ�WKH�VKUHGGHU�SURFHVV��,Q�WKRVH�FDVHV�UHPRYDO�RI�ZKHHO�EDODQFLQJ�GHYLFHV�ZLOO
EHFRPH�PRUH�XQOLNHO\�

��
H�J��3HZWHU��6Q6E&X��VFUDS�\LHOGV�DURXQG������(XUR�W�

��

(QYLURQPHQWDO�UHOHYDQFH

,Q�WKH�IROORZLQJ��WKH�UHF\FOLQJ�DQG�GLVSRVDO�LV�DVVHVVHG�DORQJ�WZR�SDWKZD\V�

q HLWKHU�WKH�ZKHHO�ZHLJKWV�DUH�GLVPDQWOHG��IROORZHG�E\�UHF\FOLQJ

q RU�ZKHHO�ZHLJKWV�DUH�QRW�GLVPDQWOHG��EXW�GLVSRVHG�RI�ZLWKRXW�UHF\FOLQJ�

,Q�(XURSH�WKH�GLVPDQWOLQJ�RI�ZKHHO�EDODQFHV�EHIRUH�SDVVLQJ�WKH�FDU�WR�WKH�VKUHGGHU�LV
QRW�PDQGDWRU\����$OWKRXJK�WKH�ZHLJKWV�FDQ�EH�HDVLO\�UHPRYHG�IURP�WKH�ULPV�DV�WKH\�DUH
RQO\�DWWDFKHG�ZLWK�D�FOLS�RU�SRO\PHU�DGKHVLYHV��LW�LV�TXHVWLRQDEOH�ZKHWKHU�GLVPDQWOLQJ�LV
DFWXDOO\�GRQH�EHFDXVH�SURILWV�RI�������(XUR�SHU�FDU��WKLV�JLYHV�GLVPDQWOHUV�RQO\�D�WLPH�RI
��VHFRQGV�WR�UHPRYH�ZKHHO�ZHLJKWV�LI�WKH\�ZDQW�WR�ZRUN�HFRQRPLFDOO\��PDNH�GLVPDQW�
OLQJ�QRW�ZRUWKZKLOH��

7R�DYRLG�OHDG�HPLVVLRQV�GXULQJ�SURGXFW�XVH��PDQXIDFWXUHUV�SURSRVHG�WR�FRDW�DOO�ZKHHO
ZHLJKWV��LQFOXGLQJ�WKRVH�IRU�VWHHO�ULPV��6LQFH�QXPHURXV�ZHLJKWV�IDOO�RII�GXULQJ�XVH��WKLV
ZLOO�QRW�EH�VXIILFLHQW�WR�IXOO\�DYRLG�OHDG�HPLVVLRQV�WR�WKH�HQYLURQPHQW��&RDWLQJV�ZKLFK
KDYH�EHHQ�GDPDJHG�HLWKHU�PHFKDQLFDOO\�RU�GXH�WR�HQYLURQPHQWDO�LPSDFWV�ZLOO�QRW
VXIILFLHQWO\�SUHYHQW�OHDG�IURP�HQWHULQJ�WKH�HQYLURQPHQW�

$OWHUQDWLYHV�PDGH�RI�WLQ�RU�VWHHO�DUH�DWWDFKHG�LQ�WKH�VDPH�PDQQHU�WR�WKH�ULPV�DV�OHDG
ZHLJKWV�DQG�WKHUHIRUH�UHTXLUH�VLPLODU�HIIRUWV�WR�EH�UHPRYHG��6WHHO�ZHLJKWV�GR�QRW�QHHG
WR�EH�VHSDUDWHG�IURP�VWHHO�ULPV�EHIRUH�UHF\FOLQJ��$V�WLQ�DFKLHYHV�KLJKHU�SULFHV�WKDQ�OHDG
WKH�UHF\FOLQJ�UDWH�RI�VXFK�ZHLJKWV�PD\�HYHQ�LQFUHDVH���

,I�EDODQFH�ZHLJKWV��RU�WKH�FRPSOHWH�ZKHHO�ULPV��UHVSHFWLYHO\��DUH�QRW�UHPRYHG��OHDG�DQG
WLQ�ZLOO�HQWHU�WKH�VKUHGGHU�KHDY\�IUDFWLRQ�RU�PD\�EHFRPH�SDUW�RI�IHUURXV�VFUDS��VHH
FKDSWHU���S������

:KHQ�HQWHULQJ�WKHUPDO�SURFHVVHV��OHDG�RU�WLQ�DOOR\V�FRQWDLQLQJ�DQWLPRQ\�PD\�IRUP�WR[LF
DQWLPRQ\�R[LGHV��DQWLPRQ\�WULR[LGH�LV�FRQVLGHUHG�WR�EH�FDUFLQRJHQLF���

&RQFOXVLRQ

:KHHO�EDODQFLQJ�GHYLFHV�PDGH�RI�VWHHO�DUH�DSSURYHG�RQ�D�PDVV�SURGXFWLRQ�OHYHO�IRU
ZHLJKWV�XS�WR����J��)RU�ELJJHU�ZHLJKWV��PDMRU�FKDQJHV�LQ�EDODQFLQJ�WHFKQLTXH�ZRXOG
EH�QHFHVVDU\�ZKLFK�DUH�QRW�\HW�DSSURYHG�RQ�D�PDVV�SURGXFWLRQ�OHYHO�DQG�ZKLFK�ZLOO
KDYH�WR�EH�LPSOHPHQWHG�DOVR�LQ�VHUYLFH�VWDWLRQV�DQG�JDUDJHV�
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)LJXUH����OHDG�FRQWDLQLQJ�JODFH�RQ�D
VSDUN�SOXJ

7LQ�ZHLJKWV�DUH�DERXW���������WLPHV�PRUH�H[SHQVLYH�WKDQ�OHDG�ZHLJKWV�ZKHUHDV�SULFHV
IRU�VWHHO�ZHLJKWV�DUH�LQ�WKH�VDPH�UDQJH�DV�IRU�OHDG�ZHLJKWV�

������(OHFWULFDO�RU�HOHFWURQLF�FRPSRQHQWV�ZKLFK�FRQWDLQ�OHDG�LQ�D�JODVV
RU�FHUDPLF�PDWUL[

��������6SDUN�SOXJV

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

/HDG�LV�XVHG�LQ�WKH�JODFH�DURXQG�WKH�FHUDPLF
LQVXODWRU�DW�WKH�WRS�RI�WKH�VSDUN�SOXJ��VHH�ILJXUH����

7KH�PDLQ�IXQFWLRQV�RI�WKH�JODFH�DUH�WR�DFKLHYH�D
VXIILFLHQW�PHFKDQLFDO�VWUHQJWK��ZKLFK�LV�QHHGHG�LQ
WKLV�SDUW�RI�WKH�SOXJ�PDLQO\�GXULQJ�WKH�ILWWLQJ��DQG
WR�DFKLHYH�D�VHDOLQJ�RI�WKH�SOXJ�

����RI�WKH�SURGXFHG�VSDUN�SOXJV�DUH�VROG�IRU
VXSSO\LQJ�QHZ�FDUV��WKH�UHPDLQLQJ�����IRU�WKH�VSDUH�SDUWV�DQG�JDUDJH�PDUNHW�

$OWHUQDWLYHV��6WUHQJWK�ZHDNQHVV�SURILOH��WHFKQLFDO�

1R�OHDG�IUHH�DOWHUQDWLYHV�DUH�NQRZQ�DW�WKH�PRPHQW�RQ�D�SURGXFWLRQ�VFDOH�OHYHO��1R
VXSSOLHU�FRXOG�EH�IRXQG�ZKLFK�LV�SURGXFLQJ�D�OHDG�IUHH�JODFH�ZKLFK�LV�XVHG�RQ�D�PDVV
SURGXFWLRQ�OHYHO��3UHVHQWO\�UHVHDUFK�LV�XQGHU�ZD\��RQH�SRVVLEOH�DOWHUQDWLYH�EHLQJ�WKH
VXEVWLWXWLRQ�RI�OHDG�E\�ELVPXWK�

$PRXQWV

7KH�JODFH�FRQWDLQV�DURXQG����ZHLJKW�SHUFHQW�OHDG�LQ�IRUP�RI�D�OHDG���VLOLFDWH�JODVV��7KH
RYHUDOO�DPRXQW�LQ�RQH�VSDUN�SOXJ�LV�DURXQG������J�

$W�%RVFK�%DPEHUJ��RQH�RI�WKH�ODUJHVW�SURGXFWLRQ�VLWHV�LQ�(XURSH������PLOOLRQ�VSDUN
SOXJV�DUH�SURGXFHG�HYHU\�\HDU�

(QYLURQPHQWDO�UHOHYDQFH

7KH�VSDUN�SOXJV�ZLOO�XVXDOO\�QRW�EH�UHPRYHG�DW�WKH�GLVPDQWOLQJ�VLWH��%HFDXVH�RI�LWV�KLJK
VSHFLILF�JUDYLW\�RI�����WKH�SOXJ�ZLOO�UHPDLQ�LQ�WKH�KHDY\�IUDFWLRQ�IURP�VKUHGGLQJ�
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&RQFOXVLRQV

$W�WKH�PRPHQW��QR�DOWHUQDWLYHV�DUH�NQRZQ�IRU�D�SURGXFWLRQ�VFDOH�OHYHO��1HYHUWKHOHVV�LW�LV
UHPDUNDEOH��WKDW�LQ�WKH�OLJKW�RI�WKH�RQFRPLQJ�(/9�'LUHFWLYH�RQH�RI�WKH�ELJJHVW
(XURSHDQ�SURGXFHUV�WRRN�XS�DJDLQ�KLV�UHVHDUFK�IRU�D�OHDG�IUHH�JODFH�DW�WKH�EHJLQQLQJ�RI
�����ZKLFK�KH�KDG�VWRSSHG���\HDUV�DJR�

��������(OHFWURQLF�FRPSRQHQWV

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

,Q�WKH�ODVW�WZR�GHFDGHV�PRUH�DQG�PRUH�HOHFWURQLF�GHYLFHV�DUH�XVHG�LQ�FDUV�IRU�VHFXULW\
GHYLFHV��H�J��DLU�EDJ��$%6��DQG�IRU�PRWRU�PDQDJHPHQW��2QH�H[DPSOH�RI�OHDG�FRQWDLQLQJ
VHQVRUV�DUH�NQRFN�VHQVRUV��7KH\�XWLOLVH�WKH�FKDUDFWHULVWLFV�RI�SLH]RHOHFWULF�FHUDPLFV�ZKLFK
FRQWDLQ�OHDG�R[LGH�WR�GHWHFW�HQJLQH�NQRFNLQJ��$QRWKHU�HPHUJLQJ�DSSOLFDWLRQ�DUH
DFWXDWRUV�IRU�IXHO�LQMHFWLRQ�V\VWHPV�

,Q�VHYHUDO�RI�WKHVH�HOHFWURQLF�DSSOLFDWLRQV�OHDG�LV�XVHG�LQ�D�VSHFLDO�NLQG�RI�JODFH�VHUYLQJ
IRU�VWDELOLW\��LQVXODWLRQ�RU�HOHFWURQLF�SXUSRVHV��7KH�PDWHULDO�LV�DSSOLHG�LQ�IRUP�RI�WKLFN
ILOP�FRPSRVLWLRQV�ZKLFK�DUH�WKHQ�KHDWHG�XS�WR�WHPSHUDWXUHV�EHWZHHQ�����DQG����/&��

)XUWKHUPRUH��OHDG�LV�FRQWDLQHG�LQ�RWKHU�HOHFWURQLF�SDUWV�RI�HTXLSPHQW�VXFK�DV�QDYLJDWLRQ
V\VWHPV��FDU�UDGLRV��FDU�SKRQHV�HWF�

$OWHUQDWLYHV��6WUHQJWK�ZHDNQHVV�SURILOH��WHFKQLFDO�

2QO\�OLWWOH�LQIRUPDWLRQ�LV�DYDLODEOH�DERXW�WKLV�YHU\�G\QDPLF�ILHOG�ZKHUH�WKH�DUJXPHQW�RI
oWUDGH�VHFUHWp�SOD\V�DQ�LPSRUWDQW�UROH��7KHUHIRUH��D�JHQHUDO�DVVHVVPHQW�RU�SURSRVDO
FRQFHUQLQJ�WKH�ZKROH�ILHOG�FDQ�KDUGO\�EH�JLYHQ�

,Q�WKH�ILHOG�RI�WKLFN�ILOP�FRPSRVLWLRQV��RQH�ELJ�PDQXIDFWXUHU�IRXQG�WKDW�VXEVWLWXWLRQ�RI
OHDG�E\�ELVPXWK�ZLOO�RIWHQ�EH�SRVVLEOH�LQ�FDVHV�ZKHUH�WKH�OD\HU�KDV�QR�HOHFWULFDO
IXQFWLRQ��2QH�SURGXFHU�HVWLPDWHV�WKDW�LW�ZLOO�EH�SRVVLEOH�WR�UHGXFH�OHDG�LQ�WKLFN�ILOP
FRPSRVLWLRQV�E\������ZLWKLQ�WKH�QH[W�WKUHH�RU�ILYH�\HDUV�

$Q�RWKHU�SURGXFHU�PHQWLRQHG�WKDW�IRU�DLUEDJ�DQG�URWDWLRQ�UDWH�VHQVRUV�GHYHORSPHQW�RI
DOWHUQDWLYHV�LV�XQGHU�ZD\�
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$PRXQWV

$Q�RYHUDOO�HVWLPDWH�RQ�WKH�OHDG�TXDQWLWLHV�FRQWDLQHG�LQ�HOHFWURQLF�GHYLFHV�RI�DQ�DYHUDJH
FDU�LV�QRW�SRVVLEOH��)RU�VRPH�DSSOLFDWLRQV��WKH�IROORZLQJ�VWDWHPHQWV�FDQ�EH�PDGH�

q .QRFN�VHQVRUV�FDQ�FRQWDLQ�DURXQG���J�OHDG�SHU�VHQVRU��3UHVHQWO\�WKUHH�WR�IRXU�PLOOLRQ
VHQVRUV�DQQXDOO\�DUH�VROG�(8�ZLGH�MXVW�E\�RQH�SURGXFHU��

q $FWXDWRUV�IRU�IXHO�LQMHFWLRQ�V\VWHPV�SURGXFHG�E\�RQH�FRPSDQ\�FRQWDLQ���WR���J�OHDG�

q $V�PHQWLRQHG�DERYH��HOHFWURQLF�FRPSRQHQWV�ZLWK�WKLFN�ILOP�FRPSRVLWLRQV�DUH�XVHG�LQ
D�YDULHW\�RI�HOHFWURQLF�DSSOLFDWLRQV��7KH�RYHUDOO�DPRXQW�RI�OHDG�LV�URXJKO\�HVWLPDWHG�LQ
D�UDQJH�EHWZHHQ�����J�DQG���J�SHU�FDU�GHSHQGLQJ�RQ�WKHLU�QXPEHU�

&RQFHUQLQJ�WKH�SUHVHQW�VLWXDWLRQ�WKH�IROORZLQJ�HVWLPDWHV�ZHUH�VXEPLWWHG�E\�WZR
GLIIHUHQW�VXSSOLHUV�

7DEOH��� 4XDQWLWLHV�RI�OHDG�LQ�HOHFWULFDO�DQG�HOHFWURQLF�FRPSRQHQWV��HVWLPDWHG�E\�
WZR�VXSSOLHUV�

6XSSOLHU�$ $SSOLFDWLRQ QXPEHU
SHU�FDU

OHDG�FRQWHQW�LQ
WKH�FHUDPLF��LQ�J�

OHDG�DPRXQW
SHU�FDU��LQ�J�

NQRFN�VHQVRU� PRWRU�FRQWURO�V\VWHP � � �

VKRFN�VHQVRU DLUEDJ � ��� ���

DLUEDJ��VKRFN�VHQVRU� � ��� ���

XOWUD�VRXQG
VHQGHU��
UHFHLYHU

%DFN�6RQDU ����� ����� ����r�����

DLUEDJ ����� ���� ����r�����

ZDUQLQJ�GHYLFH ����� ���� �����r����

UHVRQDWRU JHQHUDO ������ ����� �����r����

WRWDO ��r����

6XSSOLHU�%

$SSOLFDWLRQ OHDG�FRQWHQW�LQ�WKH
FHUDPLF��LQ�J�

1XPEHU�SHU�FDU�ZLWK�����F\OLQGHUV

� � �

$LUEDJ ��� � � �

5RWDWLRQ�UDWH
VHQVRU

���� � � �

1RFN�VHQVRU ��� � � �

3LH]R�DFWRU ���� � � �

WRWDO�DPRXQW a����J a����J a����J a����J
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(QYLURQPHQWDO�UHOHYDQFH

'HSHQGLQJ�RQ�KRZ�WKH�VKUHGGHU�SURFHVV�LV�FDUULHG�RXW��OHDG�IURP�HOHFWURQLF�GHYLFHV�ZLOO
HQWHU�HLWKHU�WKH�VKUHGGHU�OLJKW�IUDFWLRQ��RU�WKH�VKUHGGHU�KHDY\�IUDFWLRQ�RU�WKH�VSHFLILF
PHWDO�IUDFWLRQ�DQG�ZLOO�WKXV�HQG�XS�LQ�LQFLQHUDWLRQ��ODQGILOOV��RU�LQ�VSHFLILF�PHWDOOXUJLFDO
SURFHVVHV��IRU�DOXPLQLXP�SURFHVV�VHH�FKDSWHU�������S�����IRU�VWHHO�SURFHVV�VHH�FKDSWHU��
S�������/HDFKDELOLW\�RI�OHDG�IURP�FHUDPLFV�DQG�JODVV�PDWULFHV�LV�YHU\�ORZ�EXW�VWLOO�SRVVLEOH
XQGHU�WKH�VSHFLILF�DFLGLF�FRQGLWLRQV�LQ�ODQGILOOV��,Q�WKHUPDO�SURFHVVHV��H�J��FHPHQW�NLOQV�
OHDG�ZLOO�PRVWO\�HQG�XS�LQ�WKH�SURGXFW��EXW�VRPH�SDUW�PD\�EH�PRELOL]HG�DQG�HPLWWHG�

&RQFOXVLRQV

$OWKRXJK�VXEVWLWXWLRQ�RI�OHDG�LQ�FHUWDLQ�HOHFWURQLF�FRPSRQHQWV�LV�SRVVLEOH��QR�RYHUDOO
UHFRPPHQGDWLRQ�FDQ�EH�JLYHQ��%HVLGHV�WHFKQLFDO�UHDVRQV��PDLQO\�HOHFWULFDO�SURSHUWLHV�RI
OHDG�LQ�FHUWDLQ�DSSOLFDWLRQV��WKH�ODFN�RI�LQIRUPDWLRQ�SOD\V�DQ�LPSRUWDQW�UROH�KHUH�

������ 3LVWRQV

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

/HDG�KDV�EHHQ�XVHG�IRU�PDQ\�\HDUV�IRU�VROLG�OXEULFDWLRQ��)RU�WKLV�SXUSRVH��D�YHU\�WKLQ
FRDWLQJ�KDV�EHHQ�DSSOLHG�RQ�WKH�VXUIDFH��H�J������:P���7KH�FRDWLQJ�RI�SLVWRQV�KDV�DQ
LQFUHDVLQJ�LPSRUWDQFH�EHFDXVH�RI�WKH�VWUHQJWKHQLQJ�RI�WKH�PRWRU�SRZHU�

$OWHUQDWLYHV��6WUHQJWK���ZHDNQHVV�SURILOH��WHFKQLFDO�

$OWHUQDWLYHV�IRU�WKH�XVH�RI�OHDG�DUH�WLQ�RU�JUDSKLWH�RU�D�FRPELQDWLRQ�RI�ERWK��GHVFULEHG
E\�D�SURGXFHU�DV��D�FRPELQDWLRQ�RI�EUDFHV�DQG�EHOW���

6LQFH�VRPH�\HDUV�WKH�UHOHYDQW�(XURSHDQ�SLVWRQ�SURGXFHUV�GR�QRW�SURGXFH�OHDG�FRDWHG
SLVWRQV�IRU�WKH�UHOHYDQW�FDU�W\SHV�DQ\PRUH��)LJXUH���VKRZV�DV�DQ�H[DPSOH�WKH
FRPSDQLHV�SURYLGHG�ZLWK�WKH�OHDG�IUHH�SLVWRQV�IURP�0$+/(�ZKLFK�LV�RQH�RI�WKH�ELJJHVW
SLVWRQ�SURGXFHUV�
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��

)LJXUH����9HKLFOH�DQG�PRWRU�PDQXIDFWXUHU�ZKLFK�XVH�0DKOH�SLVWRQV

7KH�ILUVW�OHDG�UHSODFHPHQW�DFWLYLWLHV�ZHUH�VWDUWHG�LQ�WKH�86$�\HDUV�DJR��IROORZHG�E\
VXEVWLWXWLRQ�DFWLYLWLHV�LQ�(XURSH��0RUH�UHFHQWO\��DOVR�$VLDQ�SURGXFHUV�DUH�FKDQJLQJ�WR
OHDG�IUHH�SLVWRQV�DW�OHDVW�IRU�WKHLU�FDUV�GHVWLQHG�IRU�WKH�(XURSHDQ�PDUNHW�

'LVFXVVLRQV�ZLWK�FDU�SURGXFHUV�FRQILUPHG�WKDW�QR�FDU�SURGXFHU�LV�NQRZQ�ZKR�LV�XVLQJ
OHDGHG�SLVWRQV�IRU�WKH�UHOHYDQW�FDU�W\SHV�DQ\�ORQJHU�

)URP�D�PDWHULDO�SRLQW�RI�YLHZ��OHDG�SLVWRQV�DUH�FKHDSHU��%XW�LQ�DQ�RYHUDOO�YLHZ��WKH
DGGLWLRQDO�FRVWV�UHODWHG�WR�RFFXSDWLRQDO�SURWHFWLRQ�GXULQJ�SURGXFWLRQ�PDNH�JUDSKLWH
FRDWHG�SLVWRQV�FKHDSHU�WKDQ�OHDG�FRDWHG�RQHV�

$PRXQWV

7KH�FRDWLQJ�KDV�D�WKLFNQHVV�RI�DSSUR[LPDWHO\�����:P�DW�WKH�PRPHQW�RI�SURGXFWLRQ�EXW
ZLOO�EH�JUDGXDOO\�ZRUQ�RII�ZLWK�DJLQJ�RI�WKH�HQJLQH�

(QYLURQPHQWDO�UHOHYDQFH�

$SDUW�IURP�WKH�OHDG�ZKLFK�LV�ORVW�GXULQJ�WKH�OLIHWLPH�RI�WKH�PRWRU��WKH�UHPDLQLQJ�OHDG
ZLOO�XVXDOO\�JR�WR�VHFRQGDU\�DOXPLQLXP�VPHOWHUV��VHH�FKDSWHU�$OXPLQLXP�S����

&RQFOXVLRQV

'LVFXVVLRQV�ZLWK�SLVWRQ�VXSSOLHUV�DQG�FDU�SURGXFHUV�H[KLELWHG�WKDW�OHDG�IUHH�DOWHUQDWLYHV
DUH�SUHVHQWO\�GRPLQDWLQJ�WKH�PDUNHW�
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��
*HUPDQ�7HFKQLFDO�5XOHV�IRU�+D]DUGRXV�6XEVWDQFHV��7HFKQLVFKH�5HJHOQ�IÔU�*HIDKUVWRIIH�75*6������
(LQVDW]VWRIIH�XQG�9HUZHQGXQJVEHVFKU¼QNXQJHQ���=LQNFKURPDWH�XQG�6WURQWLXPFKURPDW�DOV�3LJPHQWH�IÔU
.RUURVLRQVVFKXW]�%HVFKLFKWXQJVVWRIIH��6WDQG��0DL�������

��
,Q�FDU�PDQXIDFWXUH��LPPHGLDWHO\�WKHUH�LV�D�YHU\�VWURQJ�LQWHUQDO�SUHVVXUH�RQ�WKH�SURGXFWLRQ�UHVSRQVLEOHV�DV
VRRQ�DV�DQ\�FRUURVLRQ�SUREOHPV�RFFXU��ZKLFK�FDQ�OHDG�WR�D�VLWXDWLRQ�LQ�ZKLFK�WKH�ROG�DQG�HIIHFWLYH�PHWKRG
LV�UHLQWURGXFHG�DV�D�ODVW�UHVRUW�

��

��� &RUURVLRQ�SUHYHQWLYH�FRDWLQJ�FRQWDLQLQJ�KH[DYDOHQW�FKURPLXP

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

=LQF�FKURPDWH�DQG�FKURPLXP�FKURPDWH�DUH�XVHG�LQ�FDU�PDQXIDWXULQJ�DV�DQWL�FRUURVLRQ
SLJPHQWV�ZLWK�DFWLYH�FRUURVLRQ�SUHYHQWLYH�SURSHUWLHV��7KHLU�DSSOLFDWLRQ�DV�SULPLQJ�FRDW
VHUYHV�WKH�WZR�IROG�SXUSRVH�RI�SDVVLYDWLQJ�WKH�PHWDO�VXUIDFH�DQG�DV�D�IL[DWLRQ�JURXQG
EHIRUH�DGGLWLRQDO�OD\HUV�RI�SDLQW�DUH�DSSOLHG�

3URWHFWLYH�FRDWLQJV�EDVHG�RQ�KH[DYDOHQW�FKURPLXP�DUH�YHU\�HIIHFWLYH�EHFDXVH�RI�WKHLU
�VHOI�KHDOLQJ��SURSHUWLHV�DIWHU�VPDOO�LQMXULHV�RI�WKH�VXUIDFH�OD\HU�

,Q�SUHVHQW�FDU�PDQXIDFWXUH��FRUURVLRQ�SUHYHQWLYH�FRDWLQJV�FRQWDLQLQJ�KH[DYDOHQW
FKURPLXP�DUH�DSSOLHG�RQ�VPDOO�FRQQHFWLQJ�HOHPHQWV�OLNH�VFUHZV�DQG�FOLSV�ZKLFK�PXVW
EH�GLVFRQQHFWDEOH�HYHQ�DIWHU�VHYHUDO�\HDUV�RI�XVH��EXW�DOVR�RQ�RWKHU�DOXPLQLXP��]LQF�DQG
PDJQHVLXP�SDUWV��$OVR��LW�FDQQRW�EH�H[FOXGHG�WKDW�FHUWDLQ�SDUWV�DUH�FKURPDWHG�IRU
PHUHO\�GHFRUDWLYH�SXUSRVHV�WRGD\��H�J��WR�\LHOG�D�EOXH��EODFN�RU�\HOORZ�VXUIDFH�FRORXU��
7KLV��KRZHYHU��ZRXOG�QRW�IDOO�XQGHU�WKH�H[HPSWLRQ�OLVW�RI�$QQH[���

$OWHUQDWLYHV��VWUHQJWK���ZHDNQHVV�SURILOH��WHFKQLFDO�

'HSHQGLQJ�RQ�WKH�VSHFLILF�DSSOLFDWLRQ��DOWHUQDWLYH�SULPLQJ�FRDWV�KDYH�EHHQ�GHYHORSHG
RQ�WKH�EDVLV�RI�EDVLF�]LQF�SKRVSKDWH�K\GUDWH��]LQF�DOXPLQLXP�SKRVSKDWH�K\GUDWH��]LQF
GXVW��EDULXP�PHWDERUDWH�>75*6����@����WULYDOHQW�FKURPLXP��FREDOW�RU�QLFNHO�DQG�RWKHUV�

$FFRUGLQJ�WR�WKH�*HUPDQ�75*6������QR�DOWHUQDWLYH�IL[DWLRQ�JURXQG�ZLWK�SDVVLYDWLQJ
SURSHUWLHV�LV�DYDLODEOH�IRU�VXUIDFH�WUHDWPHQW�RI�DOXPLQLXP�DOOR\V�

$W�OHDVW�RQH�(XURSHDQ�PDQXIDFWXUHU�VWDWHV�WKDW�KH�KDV�FKDQJHG�WR�VFUHZV�ZKLFK�DUH
FRPSOHWHO\�IUHH�RI�KH[DYDOHQW�FKURPLXP��SDVVLYDWLRQ�LV�HIIHFWHG�E\�FKURPLXP�,,,��EXW
FDQQRW�JXDUDQWHH�\HW�IRU�DOO�RI�KLV�VXSSOLHUV�

6LPLODUO\��RWKHU�(XURSHDQ�FDU�PDQXIDFWXUHUV�KDYH�RIILFLDOO\�EDQQHG�WKH�XVH�RI
KH[DYDOHQW�FKURPLXP�IURP�WKHLU�SURGXFWLRQ��RQ�WKHLU�LQWHUQDO�OLVW�RI��XQZDQWHG�
VXEVWDQFHV��EXW�KDYH�GLIILFXOWLHV�WR�ILQG�RXW�ZKHWKHU�WKLV�UXOH�LV�FRPSOLHG�ZLWK�LQ�HYHU\
DSSOLFDWLRQ����$OVR��WKHUH�DUH�FDVHV�ZKHUH�VXEVWLWXWLRQ�LV�WHFKQLFDOO\�IHDVLEOH�EXW�WKH
RSWLFDO�DSSHDUDQFH�RI�WKH�DOWHUQDWLYH�PDWHULDO�ZLOO�QRW�EH�DFFHSWHG�E\�WKH�GHVLJQHU�
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��
6RPH�\HDUV�DJR��KH[DYDOHQW�FKURPLXP�ZDV�VWLOO�GHOLEHUDWHO\�DSSOLHG�RQ�WKH�VXUIDFH�RI�EUDNHV��WKXV�OHDGLQJ
WR�GLUHFW�ORVVHV�WR�WKH�HQYLURQPHQW�

��

7KH�FRVWV�RI�DOWHUQDWLYH�WUHDWPHQW�PHWKRGV�DUH�VDLG�WR�EH�EHWZHHQ����DQG����SHU�FHQW
KLJKHU�WKDQ�IRU�FKURPLXP�9,�FRDWLQJV��ZLWK�VFUHZV�DQG�FOLSV�EHLQJ�D�IDLUO\�ORZ�FRVW�LWHP
LQ�FDU�PDQXIDFWXUH���7ZR�OD\HU�V\VWHPV��H�J��)H�1L�FRDWLQJV��PD\�EH�PRUH�H[SHQVLYH�GXH
WR�KLJKHU�SURFHVVLQJ�HIIRUW�

$PRXQWV

$FFRUGLQJ�WR�RQH�(XURSHDQ�FDU�PDQXIDFWXUHU��FDOFXODWLRQV�EDVHG�RQ�W\SLFDO�XVH�SDWWHUQV
�QXPEHU�RI�VFUHZV�DQG�FOLSV�LQ�D�PRGHO�FDU��OHDG�WR�DQ�HVWLPDWHG���JUDPV�RI�KH[DYDOHQW
FKURPLXP�LQ�D�QHZ�FDU�

'XH�WR�RWKHU�VRXUFHV��WKH�ZRUVW�FDVH�HVWLPDWH�RI�D�(XURSHDQ�PDQXIDFWXUHU�\LHOGHG����
JUDPV�RI�&U�9,�SHU�FDU��2I�WKHVH��RQO\�����JUDPV�DUH�FRQWDLQHG�LQ�VFUHZV�DQG�FOLSV�
ZKLOH�����JUDPV�ZKHUH�ORFDWHG�LQ�RWKHU�]LQF��DOXPLQLXP�DQG�PDJQHVLXP�SDUWV�

&KURPDWHG�VXUIDFH�OD\HUV�FDQ�KDYH�D�WKLFNQHVV�EHWZHHQ�����DQG������:P�DQG�D�&U�9,
FRQWHQW�RI��������:J�FP���0RGHUQ�JDOYDQL]LQJ�FRPSDQLHV�DSSO\�ORZHU�TXDQWLWLHV�RI�OHVV
WKDQ�����:J�FP��&U�9,�VLQFH�WKLV�ZDV�LQWURGXFHG�DV�D�VWDQGDUG�E\�9ROYR�LQ������

(QYLURQPHQWDO�UHOHYDQFH

7KH�PDLQ�FRQFHUQV�DERXW�FKURPLXP�9,�DUH�UHODWHG�WR�RFFXSDWLRQDO�VDIHW\�DQG�KHDOWK
LVVXHV��DQG�WR�SURGXFWLRQ�ZDVWH�DQG�GLVFKDUJH�ZDWHUV��)RU�WKHVH�UHDVRQV��LWV�XVH�KDV
DOUHDG\�EHHQ�VLJQLILFDQWO\�UHGXFHG�E\�FDU�PDQXIDFWXUHUV�LQ�UHFHQW�\HDUV���

=LQF�FKURPDWH�DQG�FKURPLXP�FKURPDWH�DUH�FDQFHURJHQLF�VXEVWDQFHV�ZKLFK�XSRQ
LQKDODWLRQ�FDXVH�FDQFHU�WR�WKH�EURQFKLDO�WUDFW��6NLQ�FRQWDFW�PD\�FDXVH�VHQVLWL]DWLRQ
WRZDUGV�DOOHUJLFDO�UHDFWLRQV��+XPDQ�H[SRVXUH�FDQ�RFFXU�PDLQO\�GXULQJ�SURGXFWLRQ��LQ
UHSDLU�VKRSV�GXULQJ�JULQGLQJ��DQG�LQ�UHF\FOLQJ�SURFHVVHV�

&DU�PDQXIDFWXUHUV�FODLP�WKDW�RYHU�D�FDU
V�OLIHWLPH�SDUW�RI�WKH�&U�9,�ZLOO�EH�FKHPLFDOO\
WUDQVIRUPHG�LQWR�&U�,,,��VR�WKDW�DQ�HQG�RI�OLIH�YHKLFOH�ZRXOG�FRQWDLQ�OHVV�FKURPLXP�9,
WKDQ�D�QHZ�FDU��EXW�QR�TXDQWLWDWLYH�LQIRUPDWLRQ�DERXW�WKLV�LV�DYDLODEOH�

$IWHU�VKUHGGLQJ��WKH�SDUW�RI�WKH�FKURPLXP�9,�ZKLFK�UHPDLQV�LQ�WKH�PHWDO�IUDFWLRQV�ZLOO
HQWHU�PHWDOOXUJLFDO�SURFHVVHV�LQ�ZKLFK�&U�9,�ZLOO�EH�WUDQVIRUPHG�LQWR�FKURPLXP�,,,�

+DUGO\�DQ\�GDWD�DUH�DYDLODEOH�DERXW�WKH�FRQWHQW�RI�KH[DYDOHQW�FKURPLXP�LQ�VKUHGGHU
OLJKW�IUDFWLRQ��6/)���/HDFKLQJ�RI�&U�9,�IURP�6/)�KDV�QRW�EHHQ�REVHUYHG�\HW�
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��

&RQFOXVLRQV

,W�LV�SRVVLEOH�WR�SURGXFH�FDUV�ZLWKRXW�FKURPLXP�9,�LQ�PRVW�DSSOLFDWLRQV�DOUHDG\��ZLWK
VRPH�UHPDLQLQJ�SUREOHPV�FRQFHUQLQJ�WKH�VXSSO\�FKDLQ��&RUURVLRQ�IUHH�VFUHZV�ZKLFK
DUH�UHTXLUHG�WR�EH�GLVFRQQHFWDEOH�HYHQ�DIWHU�PDQ\�\HDUV�PD\�EH�SDUWLFXODUO\�GLIILFXOW�WR
VXEVWLWXWH�

%HFDXVH�RI�WKH�WHFKQLFDO�LPSRUWDQFH�DQG�WKH�YDULHW\�RI�DSSOLFDWLRQ�ILHOGV��D�JHQHUDO�EDQ
RI�]LQF�DQG�FKURPLXP�FKURPDWHV�PD\�QRW�EH�DSSURSULDWH��5DWKHU��WKH�DSSOLFDELOLW\�RI
DOWHUQDWLYH�PDWHULDOV�RU�SURFHVVHV�VKRXOG�EH�H[DPLQHG�RQ�D�FDVH�E\�FDVH�EDVLV��DQG
VXEVWLWXWLRQ�VKRXOG�EH�GRQH�ZKHUHYHU�SRVVLEOH�
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��

)LJXUH����*DV�GLVFKDUJH�KHDGOLJKW�V\VWHP��H[DPSOH�

����0HUFXU\

����� *DV�GLVFKDUJH�GHYLFHV�IRU�KHDGODPSV

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

6RPH�EXOEV�IRU�KHDGOLJKWV�FRQWDLQ�PHUFXU\��7KH\�DUH�VROG�XQGHU�WUDGH�QDPHV�OLNH
o;(1$5&p��2VUDP��RU�o;(121p��3KLOLSV���7KHVH�DUH�JDV�GLVFKDUJH�EXOEV�ILOOHG�ZLWK�D
PL[WXUH�RI�VRGLXP��VFDQGLXP�DQG�PHUFXU\�DV�DQ�LOOXPLQDQW��DQG�YHU\�VPDOO�DPRXQWV�RI
WKRULXP�R[LGH�DQG�VRPHWLPHV�RI�WKDOOLXP������:J�EXOE���7R�UHDFK�WKH�QHFHVVDU\�YROWDJH�
DGGLWLRQDO�GHYLFHV�DUH�QHFHVVDU\��VHH�ILJXUH����

0HUFXU\�FRQWDLQLQJ�OLJKW�V\VWHPV�KDYH�D�YHU\�VWURQJ�OLJKW�LQWHQVLW\��D�EOXHU�OLJKW�DQG�D
ORQJ�OLIH�VSDQ��2QH�GLVDGYDQWDJH��GXULQJ�WKH�XVH�RI�WKRVH�EXOEV��LV�WKH�VXEMHFWLYH�JODUH
HIIHFW�IRU�RQFRPLQJ�GULYHUV�

%HVLGHV�WKH�WHFKQLFDO�IDFWV�IXUWKHU�DUJXPHQWV�PXVW�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ�IRU
XQGHUVWDQGLQJ�WKH�XVH�RI�WKRVH�YHU\�H[SHQVLYH�ODPSV��DURXQG�������(XUR�SHU�ODPS��
2QH�VXFK�DUJXPHQW�LV�WKH�VXEMHFWLYH�LPSUHVVLRQ�RI�DQ�LPSURYHG�YLVLELOLW\�RI�WKH�GULYHU�
)XUWKHUPRUH�WKH�FDU�LQGXVWU\�DQG�WKHLU�VXSSOLHUV�FODLP�WKDW�WKH�EOXH��ZKLWH�FRORXU�RI�WKH
OLJKWV�VWDQGV�IRU�KLJK�SUHVWLJH�
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$OWHUQDWLYHV��6WUHQJWK���ZHDNQHVV�SURILOH��WHFKQLFDO�

7KH�IROORZLQJ�WDEOH�VKRZV�D�FRPSDULVRQ�RI�KDORJHQ�EXOEV�DQG�PHUFXU\�FRQWDLQLQJ�JDV
GLVFKDUJH�KHDGOLJKWV�DV�WKH\�DUH�SURGXFHG�E\�2VUDP�

7DEOH����&RPSDULVRQ�RI�FKDUDFWHULVWLFV�RI�KDORJHQ�DQG�JDV�GLVFKDUJH�ODPSV�

+DORJHQ 'LV�
FKDUJH�

+� +� +� +� +� +�� ;HQDUF�

OLJKW�LQWHQVLW\�OXPHQ

�ORZ�EHDP��KLJK�EHDP�

���� �����

����

����� ��� ������ ���� �����

HQHUJ\�FRQVXPSWLRQ
�:���ORZ�KLJK�

�� ����� ��� ���� �� �� ��

OXPHQ�HQHUJ\
FRQVXPSWLRQ

�� ����� �� �� �� �� ��

OLIH�WLPH��K� ���� ����

���

��� ��� ��� ���� ����

FRORXU�WHPSHUDWXUH
�NHOYLQ�

���� ���� ���� ���� ���� ���� !����

� 6RPH�QHZ�GHYHORSHG�+��DQG�+��EXOEV��+��DQG�+��683(5��DUH�����EULJKWHU�WKDQ�FRQYHQWLRQDO�V\V�

WHPV�

+DORJHQ�ODPSV�RIIHUHG�E\�2VUDP�XQGHU�WKH�WUDGH�QDPH�o&RRO�%OXHp�JHQHUDWH�D�EOXHU
OLJKW�������.��EHFDXVH�RI�DQ�DEVRUSWLRQ�OD\HU�FRDWLQJ��%\�XVLQJ�WKLV�NLQG�RI�EXOEV�WKH
VXEMHFWLYH�DVSHFWV�RI�+J�GLVFKDUJH�EXOEV�FDQ�EH�IXOILOOHG��DSSHDUDQFH�RI�WKH�OLJKW���EXW
EHFDXVH�RI�WKH�DEVRUSWLRQ�OD\HU�WKH\�QHHG�WR�SURGXFH�D�JUHDWHU�OLJKW�LQWHQVLW\��7KLV�LV
DFKLHYHG�E\�KLJK�RXWSXW�EXOEV�ZKLFK�FRQVXPH�PRUH�HQHUJ\�DQG�KDYH�D�VKRUWHU�OLIHWLPH�

'LVFKDUJH�ODPSV�PXVW�EH�DGMXVWHG�YHU\�SUHFLVHO\�E\�VPDOO�HOHFWULFDO�PRWRUV��7KH�VWHHULQJ
GHYLFH�KDV�D�ZHLJKW�RI�DURXQG�����J��SUHVHQWO\�GHFUHDVLQJ���7KH�LJQLWLRQ�PRGXOH�QHHGV
DGGLWLRQDO�HOHFWULFDO�SRZHU��IRU�D����:�EXOE�����:�DUH�QHHGHG���$�KHDGOLJKW�FOHDQLQJ
V\VWHP�LV�UHTXLUHG�IRU�JDV�GLVFKDUJH�KHDGOLJKWV�LQ�RUGHU�WR�UHGXFH�WKH�DGGLWLRQDO�JODUH
FDXVHG�E\�WKH�VFDWWHU�HIIHFW�RI�GLUW�

$PRXQWV

2QH�JDV�GLVFKDUJH�KHDGODPS�FRQWDLQV������������PJ�0HUFXU\��2Q�D�ZRUOGZLGH�VFDOH�
DURXQG�����PLOOLRQ�PHUFXU\�FRQWDLQLQJ�KHDGOLJKWV�SHU�\HDU�DUH�XVHG�LQ�WKH�SURGXFWLRQ�RI
QHZ�FDUV��¼������NJ�PHUFXU\�SHU�\HDU��

$V�D�JHQHUDO�WUHQG��WKH�XVH�RI�WKLV�W\SH�RI�KHDGOLJKWV�LV�H[SHFWHG�WR�LQFUHDVH�EHFDXVH
WKH\�DUH�QRZ�DOVR�DYDLODEOH�IRU�PLGGOH�FODVV�FDUV�
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��
3KLOLSV�$XWRPRWLYH�/LJKWLQJ��SHUV��FRPP�

��
%XW�HYHQ�WKHQ�WKH�H[SRUW�RI�FDUV�H�J��LQWR�(DVWHUQ�(XURSHDQ�FRXQWULHV�RXVLGH�WKH�(8�ZLOO�UHPDLQ�DV�D�SURE�
OHP�

��

2Q�WKH�RWKHU�KDQG��WKHLU�XVH�ZLOO�EH�OLPLWHG�E\�WKHLU�KLJK�SULFH�DQG�E\�WKH�QHFHVVLW\�RI�D
YHU\�SUHFLVH�DGMXVWPHQW�ZKLFK�FDQ�DOPRVW�RQO\�EH�GRQH�LQ�SURIHVVLRQDO�FDU�UHSDLU�VKRSV�

(QYLURQPHQWDO�UHOHYDQFH�

)URP�DQ�HQYLURQPHQWDO�SRLQW�RI�YLHZ��WKH�ORZHU�HQHUJ\�FRQVXPSWLRQ�DQG�ORQJHU�OLIH�
WLPH�RI�JDV�GLVFKDUJH�EXOEV�DUH�WKHLU�PDLQ�DGYDQWDJHV�ZKHQ�FRPSDUHG�WR�KDORJHQ
EXOEV�

2QH�SURGXFHU�RI�EXOEV�IRU�KHDGOLJKWV�LV�SUHVHQWO\�SHUIRUPLQJ�D�/LIH�&\FOH�$VVHVVPHQW
ZKLFK�KDV�QRW�\HW�EHHQ�SXEOLVKHG�DQG�RU�YDOLGDWHG��,Q�D�ILUVW�GLVFXVVLRQ�RI�SUHOLPLQDU\
UHVXOWV�RI�WKLV�/&$��LW�ZDV�SRLQWHG�RXW�WKDW�WKH�ORZHU�HQHUJ\�FRQVXPSWLRQ�RI�PHUFXU\
FRQWDLQLQJ�EXOEV�SRWHQWLDOO\�OHDGV�WR�UHGXFHG�DWPRVSKHULF�PHUFXU\�HPLVVLRQV�IURP�IXHO
SURGXFWLRQ���

7KH�GLVPDQWOLQJ�RI�KHDGOLJKW�EXOEV�LV�UDWKHU�WLPH�FRQVXPLQJ��DQG�WKH�KLJK�GLVSRVDO
FRVWV�IRU�GLVPDQWOHG�PHUFXU\�FRQWDLQLQJ�EXOEV�FODVVLILHG�DV�KD]DUGRXV�ZDVWH�IRUP�D
VLJQLILFDQW�EDUULHU�WRZDUGV�VHSDUDWH�GLVSRVDO��7KXV��HYHQ�LI�WKHUH�LV�DQ�REOLJDWLRQ�WR�GLV�
PDQWOH�ODPSV�FRQWDLQLQJ�PHUFXU\��HIILFLHQW�FRQWURO�ZLOO�EH�GLIILFXOW�

,I�PHUFXU\�FRQWDLQLQJ�EXOEV�DUH�QRW�GLVPDQWOHG��PHUFXU\�ZLOO�EH�HPLWWHG�IURP�WKH�VKUHG�
GHU�

&RQFOXVLRQV

'XULQJ�XVH��PHUFXU\�FRQWDLQLQJ�JDV�GLVFKDUJH�EXOEV�KDYH�FOHDU�DGYDQWDJHV�RYHU�KDORJHQ
EXOEV�LQ�WHUPV�RI�OLJKW�LQWHQVLW\��ZKLWHU�OLJKW�DQG�ORZHU�SRZHU�FRQVXPSWLRQ��+DORJHQ
EXOEV�FDQQRW�FRPELQH�DOO�WKHVH�DVSHFWV�EXW�FDQ�H[KLELW�RQO\�VLQJOH�RQHV��

'XULQJ�(/9�GLVSRVDO��PHUFXU\�FRQWDLQLQJ�EXOEV�DUH�UDWKHU�WLPH�FRQVXPLQJ�WR�GLVPDQWOH
DQG�YHU\�H[SHQVLYH�WR�GLVSRVH�RI��+LJK�GLVPDQWOLQJ�TXRWD�FDQ�WKHUHIRUH�RQO\�EH
H[SHFWHG�ZKHQ�WKH�GLVPDQWOLQJ�DQG�RU�GLVSRVDO�ZLOO�EH�VXEVLGL]HG���

%DODQFLQJ�XS�WKH�HQYLURQPHQWDO�KD]DUG�RI�PHUFXU\�FRQWDLQLQJ�EXOEV��SOXV�WKHLU�QHFHV�
VDU\�SHULSKHU\��YHUVXV�WKH�HQYLURQPHQWDO�EHQHILW�RI�UHGXFHG�HQHUJ\�FRQVXPSWLRQ�ZLOO
RQO\�EH�SRVVLEOH�RQ�WKH�EDVLV�RI�YDOLGDWHG�/&$�GDWD�
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����� 2WKHU�GLVFKDUJH�ODPSV

)LHOG�RI�DSSOLFDWLRQ�DQG�SURGXFW�GHVFULSWLRQ

%HVLGHV�WKHLU�DSSOLFDWLRQ�LQ�KHDGOLJKWV��IOXRUHVFHQW�ODPSV�DUH�XVHG�IRU�EDFNJURXQG�LOOX�
PLQDWLRQ�RI�GLVSOD\V�LQ�DXWRPRELOHV��H�J��LQ�QDYLJDWLRQ�V\VWHPV���2QH�PDLQ�UHDVRQ�IRU
XVLQJ�WKRVH�W\SHV�RI�ODPSV�LV�WKH�VSDFH�UHVWULFWLRQ��

,Q�UDUH�FDVHV��PHUFXU\�FRQWDLQLQJ�ODPSV�DUH�DOVR�XVHG�IRU�OLJKWLQJ�LQVLGH�WKH�FDU��H�J��LQ
WKH�ORDGLQJ�FRPSDUWPHQW��

$OWHUQDWLYHV��6WUHQJWK���ZHDNQHVV�SURILOH��WHFKQLFDO�

,Q�UHFHQW�\HDUV��QHZ�EXOEV�KDYH�EHHQ�GHYHORSHG�EDVHG�RQ�WKH�SULQFLSOH�RI�D�GLHOHFWULF
EDUULHU�GLVFKDUJH�XVLQJ�;HQRQ�H[FLPHUV�DV�WKH�89�HPLWWLQJ�VSHFLHV��7KH�GLVFKDUJH�LV
GULYHQ�E\�D�SXOVHG�PRGH�UHVXOWLQJ�LQ�D�VLJQLILFDQWO\�LPSURYHG�HIILFLHQF\�IRU�WKH�JHQHUD�
WLRQ�RI�89�UDGLDWLRQ��3UHVHQWO\��WKLV�WHFKQLTXH�LV�QRW�\HW�XVHG�RQ�D�PDVV�SURGXFWLRQ
OHYHO�

)RU�OLJKWLQJ�LQVLGH�WKH�SDVVHQJHU�URRP�RU�ORDGLQJ�FRPSDUWPHQW��FRQYHQWLRQDO�ODPSV�DUH
ZLGHO\�XVHG��8QOLNH�PHUFXU\�FRQWDLQLQJ�KHDGOLJKWV�IRU�ZKLFK��LQ�DQ�RYHUDOO�DVVHVVPHQW�
WKH�ORZHU�HQHUJ\�FRQVXPSWLRQ�DQG�LPSURYHG�VDIHW\�PD\�OHDG�WR�SRVLWLYH�UHVXOWV��WKH
PXFK�VKRUWHU�RYHUDOO�XVDJH�WLPH�RI�LQWHULRU�OLJKWLQJ�FDQQRW�EH�H[SHFWHG�WR�OHDG�WR�WKH
VDPH�UHVXOWV�

$PRXQWV

,Q�EDFNJURXQG�OLJKWLQJ�IRU�QDYLJDWLRQ�V\VWHPV��DURXQG�����PJ�+J�SHU�V\VWHP�DUH�XVHG�
��������QDYLJDWLRQ�V\VWHPV�DQQXDOO\�DUH�VROG�E\�RQH�*HUPDQ�FRPSDQ\�DORQH��ZLWK�D
ULVLQJ�WUHQG��

1R�TXDQWLWDWLYH�GDWD�DUH�DYDLODEOH�FRQFHUQLQJ�WKH�XVH�RI�RWKHU�PHUFXU\�FRQWDLQLQJ
ODPSV�LQVLGH�WKH�FDU��'LVFXVVLRQV�ZLWK�FDU�PDQXIDFWXUHUV��VXSSOLHUV�DQG�PDQXIDFWXUHU
DVVRFLDWLRQV�ERUH�RXW�WKDW�WKH\�DUH�YHU\�VHOGRPO\�XVHG�

(QYLURQPHQWDO�UHOHYDQFH�

7KH�HQYLURQPHQWDO�UHOHYDQFH�GXULQJ�UHF\FOLQJ�DQG�GLVSRVDO�ZLOO�EH�VLPLODU�DV�IRU
GLVFKDUJH�KHDGOLJKWV��$V�ORQJ�DV�WKRVH�EXOEV�DUH�QRW�GLVPDQWOHG��PHUFXU\�HPLVVLRQV�ZLOO
RFFXU�GXULQJ�WKH�VKUHGGHU�SURFHVV�
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H�J���/LWKLXP�$NNXV�EDOG�PLW�JUÎ·HUHU�.DSD]LW¼W���9HUZHQGXQJ�YRP�+ÎUJHU¼W�ELV�]XP�(OHNWURDXWR���',(
:(/7�������������

��

&RQFOXVLRQV

:KLOH�WKHUH�DUH�QR�PDVV�SURGXFWLRQ�DSSURYHG�DOWHUQDWLYHV�IRU�EDFNJURXQG�LOOXPLQDWLRQ
\HW��PHUFXU\�FRQWDLQLQJ�EXOEV�IRU�OLJKWLQJ�RI�WKH�SDVVHQJHU�URRP�RU�ORDGLQJ�FRPSDUW�
PHQW�DUH�UHSODFHDEOH�

��� %DWWHULHV�FRQWDLQLQJ�FDGPLXP

3ULQFLSDOO\��DOWHUQDWLYHV�IRU�FDGPLXP�FRQWDLQLQJ�EDWWHULHV�H[LVW�IRU�DOO�WKHLU�SRWHQWLDO
DSSOLFDWLRQV�LQ�YHKLFOHV��7KHVH�DOWHUQDWLYHV�LQFOXGH�1L0+�FHOOV�DQG�/LWKLXP�FHOOV�ZKLFK
DUH�ZHOO�LQWURGXFHG�RQ�WKH�PDUNHW�IRU�PDQ\�VPDOO�DSSOLFDWLRQV�VLQFH�\HDUV�

,W�KDV�EHHQ�PRUH�GLIILFXOW�WR�GHYHORS�FDGPLXP�IUHH�FHOOV�ZLWK�D�KLJK�HQHUJ\�GHQVLW\
ZKLFK�FDQ�EH�XVHG�DV�WUDFWLRQ�EDWWHULHV�IRU�HOHFWULFDO�YHKLFOHV��EXW�LW�DSSHDUV�WKDW�WKLV
SUREOHP�KDV�QRZ�EHHQ�VROYHG���

)RU�LQVWDQFH��LQ�WKHLU�(QYLURQPHQWDO�5HSRUW������WKH�0LWVXELVKL�0RWRU�&RUSRUDWLRQ
�00&��GHFODUH�WKDW�WKH\�KDYH�GHYHORSHG�D�OLWKLXP�LRQ�EDWWHU\�WKDW�XVHV�FKHDS�DQG
SOHQWLIXO�PDQJDQHVH�IRU�WKH�SRVLWLYH�HOHFWURGH�LQVWHDG�RI�WKH�IRUPHUO\�XVHG�FREDOW�ZKLFK
ZDV�FRQVLGHUHG�WR�EH�SURKLELWLYHO\�H[SHQVLYH��$FFRUGLQJ�WR�00&��PDVV�SURGXFWLRQ�RI
KLJK�SHUIRUPDQFH�EDWWHULHV�DW�ORZ�FRVW�LV�QRZ�SRVVLEOH�

%HFDXVH�RI�WKH�KLJK�HQYLURQPHQWDO�UHOHYDQFH�RI�FDGPLXP��VXEVWLWXWLRQ�RI�FDGPLXP
FRQWDLQLQJ�EDWWHULHV�LQ�YHKLFOHV�VKRXOG�EH�DLPHG�DW�ZLWK�KLJK�SULRULW\�
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� +HDY\�PHWDOV�LQ�WKH�VWHHO�UHF\FOLQJ�SURFHVV

,Q�WKLV�FKDSWHU��D�EULHI�RXWOLQH�RI�WKH�HIIHFWV�RI�KHDY\�PHWDOV�LQ�WKH�VWHHO�UHF\FOLQJ�SUR�
FHVV�ZLOO�EH�JLYHQ�LQ�RUGHU�WR�DYRLG�IUHTXHQW�UHSHWLWLRQ�FRQFHUQLQJ�HQYLURQPHQWDO�DV�
SHFWV�LQ�WKH�VXEFKDSWHUV�RQ�LQGLYLGXDO�KHDY\�PHWDO�DSSOLFDWLRQV�

,Q�(XURSH��WKH�PDLQ�VKDUH�RI�VFUDS�LV�UHF\FOHG�LQ�(OHFWULF�$UF�)XUQDFHV��($)���6WHHO�FRQ�
WDLQLQJ�OHDG��WLQ�RU�RWKHU�KHDY\�PHWDOV�ZLOO�UXQ�EDFN�LQWR�WKH�VWHHO�UHF\FOLQJ�F\FOH�PL[HG
XS�ZLWK�RWKHU�VFUDS�ZKLFK�LV�IUHH�RI�WKRVH�HOHPHQWV�

$W�D�WHPSHUDWXUH�DERYH�����/&��XS�WR�����/&�PD\�EH�UHDFKHG��OHDG�DQG�]LQF�ZLOO�EH
HYDSRUDWHG�DQG�UHPRYHG�YLD�WKH�RII�JDV��7KH�PDMRU�SDUW�RI�WKH�OHDG�DQG�]LQF�ZLOO�FRQ�
GHQVH�LQ�WKH�JDV�FOHDQLQJ�V\VWHP�DQG�ZLOO�VXEVHTXHQWO\�EH�UHPRYHG��SURYLGHG�WKDW�WKHUH
LV�D�VWDWH�RI�WKH�DUW�GXVW�DEDWHPHQW�V\VWHP�

5HFRYHULQJ�VROHO\�OHDG�IURP�($)�GXVW�LV�QRW�SURILWDEOH�EXW�LW�FDQ�EH�HFRQRPLF�LI�]LQF�LV
UHFRYHUHG�VLPXOWDQHRXVO\��7KH�ODWWHU�FDQ�EH�FDUULHG�RXW�ZLWKRXW�DGGLWLRQDO�FRVWV��H[FHSW
IRU�WUDQVSRUWDWLRQ��DV�ORQJ�DV�WKH�]LQF�FRQWHQW�LV�DERYH�a������E\�ZHLJKW��7KLV�ZLOO�RQO\
EH�DFKLHYHG�LI�DGGLWLRQDO�VWHSV�DUH�WDNHQ�LQ�WKH�VWHHO�SODQW�IRU�ULVLQJ�XS�WKH�FRQFHQWUD�
WLRQ��([SHULHQFH�VKRZV�WKDW�WKRVH�VWHSV�ZLOO�RQO\�EH�XQGHUWDNHQ�LI�WKHUH�DUH�QR�FKHDSHU
SRVVLELOLWLHV�IRU�GLVSRVLQJ�RI�WKH�GXVW��5HFRYHU\�RI�SXUH�OHDG�YLD�WKH�VWHHO�UHF\FOLQJ�URXWH
ZLOO�EH�GRQH���LI�DW�DOO���RQO\�IRU�D�VPDOO�SRUWLRQ�RI�WKH�WRWDO�DPRXQW�RI�OHDG�RULJLQDOO\
XVHG�

7KH�UHFRYHU\�RI�SXUH�%L��ZKLFK�LV�DOVR�HYDSRUDWHG�IURP�WKH�VWHHO�EDWK��IURP�($)�GXVW�LV
XQOLNHO\�LQ�WKH�SUHVHQW�FRQILJXUDWLRQ�RI�WKH�VWHHO�UHF\FOLQJ�FKDLQ��,I�($)�GXVW�FRQWDLQV
ERWK�]LQF�DQG�ELVPXWK��]LQF�UHFRYHU\�ZLOO�RQO\�EH�SRVVLEOH�DIWHU�DQ�DGGLWLRQDO�UHILQHU\
VWHS�ZKLFK�ZLOO�LQFUHDVH�WKH�FRVWV�RI�WUHDWPHQW�

7LQ�ZLOO�QRW�EH�HYDSRUDWHG�RU�VODJJHG�LQ�WKH�($)�SURFHVV�EXW�ZLOO�UHPDLQ�LQ�WKH�VWHHO
EDWK�DQG�WKXV�PXVW�EH�VHHQ�DV�LPSXULW\��,W�LV�PDLQO\�SUREOHPDWLF�LQ�D�YLHZ�RI�VWDELOL]LQJ
WKH�VWHHO�F\FOH�DQG�UHGXFLQJ�WKH�QHHG�RI�oFOHDQp�SULPDU\�PHWDO�IRU�GLOXWLRQ�



+HDY\�PHWDOV�LQ�YHKLFOHV

��

� 6XPPDU\�RI�UHVXOWV

$V�FDQ�EH�VHHQ�LQ�WKH�IROORZLQJ�WDEOH��IRU�PDQ\�DSSOLFDWLRQV�RI�KHDY\�PHWDOV�LQ�YHKLFOHV
WKHUH�DUH�DOWHUQDWLYHV�DYDLODEOH�DW�OHDVW�IURP�WKH�SHUVSHFWLYH�RI�WHFKQLFDO�IHDVLELOLW\�
0DQ\�DOWHUQDWLYHV�KDYH�HYHQ�UHDFKHG�WKH�VWDWH�RI�ODUJH�VFDOH�LQGXVWULDO�DSSOLFDWLRQ�LQ
URXWLQH�SURGXFWLRQ�

7KXV�LW�DSSHDUV�WKDW�DOWHUQDWLYHV�WR�PRVW�KHDY\�PHWDO�DSSOLFDWLRQV�KDYH�EHHQ�SULQFLSDOO\
GHYHORSHG�DQG�DUH�RIWHQ�XVHG�HYHQ�LQ�UHJXODU�SURGXFWLRQ��+RZHYHU��WKH�VLWXDWLRQ�LV
PRUH�FRPSOH[�ZKHQ�WKH�GHWDLOV�DUH�ORRNHG�LQWR��H�J��

q ,Q�PDQ\�FDVHV�VRPH�QHZ�FDU�PRGHOV�DUH�SURGXFHG�ZLWKRXW�WKH�XVH�RI�KHDY\�PHWDOV
LQ�VSHFLILF�DSSOLFDWLRQV��LQFOXGLQJ�VRPH�RI�WKRVH�OLVWHG�LQ�$QQH[���RI�WKH�&RPPRQ
3RVLWLRQ���EXW�PDQXIDFWXUHUV�FODLP�WR�QHHG�DQ�LQWHULP�SKDVH�RXW�SHULRG�IRU�ROGHU
PRGHOV�ZKLFK�ZLOO�EH�IXUWKHU�SURGXFHG��H�J�XQWLO�WKH�\HDU�RI�������

q ,QWHULP�SHULRGV�DUH�VDLG�WR�EH�QHHGHG�E\�FDU�SURGXFHUV�QRW�RQO\�EHFDXVH�RI�WKH�FDU
PRGHO�F\FOHV��EXW�DOVR�EHFDXVH�WKH�LPPHGLDWH�UHFRQVWUXFWLRQ�RI�FRPSOH[�SURGXFWLRQ
HTXLSPHQW�PD\�QRW�EH�DSSURSULDWH�IRU�ERWK�HFRQRPLF�DQG�HQYLURQPHQWDO�UHDVRQV
�H�J��FRQYHUVLRQ�RI�SDLQW�VKRSV�LV�VR�H[SHQVLYH�DQG�UHVRXUFH�FRQVXPLQJ�WKDW�LW�VKRXOG
SUHIHUDEO\�QRW�EH�GRQH�DV�DQ�LVRODWHG�DFWLRQ��EXW�UDWKHU�LQ�FRPELQDWLRQ�ZLWK�RWKHU
UHWURILWWLQJ�PHDVXUHV��

q 6RPH�DSSOLFDWLRQV�RI�D�FHUWDLQ�W\SH��H�J��YXOFDQL]LQJ�DJHQWV�IRU�KRVHV�LQ�JHQHUDO��DUH
QRZ�REVROHWH��ZKLOH�RWKHUV�DUH�PRUH�GLIILFXOW�WR�VXEVWLWXWH��KLJK�SUHVVXUH�KRVHV��

q 2WKHU�FULWLFDO�SRLQWV�PHQWLRQHG�E\�WKH�YHKLFOH�SURGXFHUV�DUH

6 WKH�QHHG�WR�XVH�KHDY\�PHWDOV�LQ�FHUWDLQ�RFFDVLRQV�LQ�RUGHU�WR�FRUUHFW�XQH[SHFWHG
SUREOHPV���HPHUJHQF\�VROXWLRQV��IRU�H�J��FRUURVLRQ�SUREOHPV�

6 WKH�GLIILFXOW\�WR�IXOO\�FRQWURO�WKH�XVH�RI�KHDY\�PHWDOV�LQ�WKH�VXSSO\�FKDLQ

6 JHRJUDSKLFDO�YDULDWLRQV��H�J��W\SH�RI�IXHO�DYDLODEOH�RQ�VSHFLILF�PDUNHWV���OHDGLQJ�WR
SUREOHPV�LQ�LPSRUW�DQG�H[SRUW�RI�FDUV�
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7DEOH����6XPPDU\�RI�UHVXOWV
PDWHULDO�RU�DSSOLFDWLRQ
ILHOG

SKDVH�RXW�RI�KHDY\
PHWDO

FRVWV

#���� �VOLJKW

#����� �PHGLXP

UHPDUNV

OHDG�LQ�VWHHO�IRU�PDFKLQ�
HU\�SXUSRVHV

WHFKQLFDOO\�SRVVLEOH VOLJKW�LQFUHDVH FDVH�VSHFLILF�H[DPLQDWLRQ
QHFHVVDU\

OHDG�LQ�]LQF�FRDWLQJV WHFKQLFDOO\�SRVVLEOH VOLJKW�LQFUHDVH FDVH�VSHFLILF�H[DPLQDWLRQ
PD\�EH�QHFHVVDU\�
&KDQJH�RI�ZRUGLQJ�LQ
$QQH[�,,�UHFRPPHQGHG
EHFDXVH�WKH�PHQWLRQHG
������UHIHU�WR�WKH
ZKROH�VWHHO�SDUW�DQG�QRW
RQO\�WR�WKH�]LQF�FRDWLQJ

OHDG�LQ�DOXPLQLXP WHFKQLFDOO\�SRVVLEOH
IRU�FRQFHQWUDWLRQV
DERYH������������

QHXWUDO�WR�VOLJKW�LQFUHDVH 6HFRQGDU\�DOXPLQLXP
PD\�FRQWDLQ�OHDG�DV�DQ
LPSXULW\�

&KDQJH�RI�ZRUGLQJ�LQ
$QQH[�,,�UHFRPPHQGHG
�QR�QHHG�IRU�ZKHHO�ULPV
RU�ZLQGRZ�OHYHUV�ZLWK
XS�WR����OHDG��

OHDG�LQ�FRSSHU FDVH�VSHFLILF�H[DPLQDWLRQ
QHFHVVDU\

OHDG�EURQ]H�EHDULQJ
VKHOOV��EXVKHV

QRW�JHQHUDOO\�SRVVL�
EOH

VOLJKW�LQFUHDVH

OHDG�LQ�EDWWHULHV QRW�SRVVLEOH

OHDG�LQ�IXHO�WDQNV SRVVLEOH QR�LQFUHDVH

YLEUDWLRQ�GDPSHUV�PDGH
RI�OHDG

PRVWO\�SRVVLEOH��EXW
QRW�DOZD\V�

QR�LQFUHDVH VWURQJ�QHHG�IRU�

C LPSURYHG��GHVLJQ�IRU
UHF\FOLQJ�

C LQIR�WR�GLVPDQWOHUV

C LQFHQWLYHV�DQG�RU
FRQWUROV

LQ�RUGHU�WR�HQVXUH�GLV�
PDQWOLQJ�DQG�WKXV�DYRLG
OLJKW�VKUHGGHU�ZDVWH
FRQWDPLQDWLRQ

OHDG�LQ�KLJK�SUHVVXUH
KRVHV��IXHO�KRVHV

QRW�SRVVLEOH

OHDG�LQ�SURWHFWLYH�SDLQWV WHFKQLFDOO\�SRVVLEOH
��SDUWO\�XQGHU�ZD\

FRVW�QHXWUDO�LQ�QHZ�RU
UHWURILWWHG�SDLQW�VKRSV

OHDG�LQ�VWDELOLVHU�LQ�SODV�
WLFV

SRVVLEOH QHXWUDO�WR�PHGLXP�LQ�
FUHDVH��GHSHQGLQJ�RQ
VSHFLILF�DSSOLFDWLRQ�

OHDG�LQ�VROGHU�RQ�SULQWHG
FLUFXLW�ERDUGV

VLQJOH�FDVH�VROXWLRQV
QRW�\HW�JHQHUDOO\
DSSOLFDEOH

5�	�'�XQGHU�ZD\
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7DEOH����6XPPDU\�RI�UHVXOWV
PDWHULDO�RU�DSSOLFDWLRQ
ILHOG

SKDVH�RXW�RI�KHDY\
PHWDO

FRVWV

#���� �VOLJKW

#����� �PHGLXP

UHPDUNV

��

OHDG�LQ�EUD]LQJV WHFKQLFDOO\�SRVVLEOH PHGLXP�LQFUHDVH 5�	�'�XQGHU�ZD\

ZKHHO�EDODQFLQJ�ZHLJKWV
PDGH�RI�OHDG

DSSURYHG�IRU�VPDOO
ZHLJKWV��IRU�ELJJHU
ZHLJKWV�SRVVLEOH
RQO\�DIWHU�FRQVWUXF�
WLYH��FKDQJHV�RI
ZKHHO�EDODQFLQJ
WHFKQLTXH

QR�LQFUHDVH

OHDG�LQ�JODFH�RI�VSDUN
SOXJV

SUHVHQWO\�QRW�SRVVL�
EOH

5�	�'�XQGHU�ZD\�LQ�RU�
GHU�WR�UHSODFH�OHDG�H�J�
E\�ELVPXWK

OHDG�LQ�RWKHU�HOHFWURQLF
RU�HOHFWULFDO�FRPSRQHQWV

SUHVHQWO\�QRW�SRVVL�
EOH

OLWWOH�LQIRUPDWLRQ�DYDLO�
DEOH�RQO\

OHDG�RQ�SLVWRQV QR�ORQJHU�XVHG�LQ�UHFHQW�(XURSHDQ�FDUV

OHDG�LQ�FRUURVLRQ�SUHYHQ�
WLYH�FRDWLQJV

PRVWO\�SRVVLEOH� VOLJKW�WR�PHGLXP
LQFUHDVH

�����SKDVH�RXW�RI�KH[�
DYDOHQW�FKURPLXP�QRW
\HW�DSSURSULDWH

PHUFXU\�LQ�EXOEV�IRU
KHDGOLJKWV

WHFKQLFDOO\�SRVVLEOH
EXW�ZLWK�GLVDGYDQ�
WDJHV

/&$�UHTXLUHG�WR�DVVHVV
FRQIOLFWLQJ�WDUJHWV�LQ
WHUPV�RI�HQHUJ\
FRQVXPSWLRQ�DQG�RYHUDOO
PHUFXU\�EDODQFH���

1HHG�IRU�

C LPSURYHG��GHVLJQ�IRU
UHF\FOLQJ�

C LQIR�WR�GLVPDQWOHUV

C LQFHQWLYHV�DQG�RU
FRQWUROV

LQ�RUGHU�WR�HQVXUH�GLV�
PDQWOLQJ�DQG�WKXV�DYRLG
6/)�FRQWDPLQDWLRQ

PHUFXU\�LQ�EDFNJURXQG
OLJKWLQJ�GHYLFHV

QRW�\HW�SRVVLEOH�

5�	�'�XQGHU�ZD\

FKDQJH�RI�ZRUGLQJ�LQ
$QQH[�,,�UHFRPPHQGHG

LQ�D�ZD\�WKDW�RQO\�EXOEV
IRU�KHDGOLJKWV�DQG�EDFN�
JURXQG�OLJKWLQJ�GHYLFHV
DUH�LQFOXGHG

PHUFXU\�LQ�RWKHU�OLJKWLQJ
GHYLFHV�FRQWDLQLQJ�PHU�
FXU\

SRVVLEOH QR�LQFUHDVH

EDWWHULHV�FRQWDLQLQJ�FDG�
PLXP

WHFKQLFDOO\�SRVVLEOH
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� &RQFOXVLRQV

$OWKRXJK�LW�DSSHDUV�WKDW�WKH�YHKLFOH�PDQXIDFWXUHUV�DQG�WKHLU�VXSSOLHUV�KDYH�DOUHDG\
WDNHQ�D�QXPEHU�RI�VWHSV�WR�UHGXFH�WKH�XVH�RI�KHDY\�PHWDOV�LQ�FDU�FRQVWUXFWLRQ��LW�DS�
SHDUV�WKDW�D�OHJDO�IUDPHZRUN�VXFK�DV�$UWLFOH������RI�WKH�(/9�'LUHFWLYH�ZLOO�EH�QHHGHG�LQ
WKH�IXWXUH�LQ�RUGHU�WR�VLJQLILFDQWO\�UHGXFH�WKH�FRQWDPLQDWLRQ�RI�WKH�ZDVWH�VWUHDPV�DULV�
LQJ�IURP�HQG�RI�OLIH�YHKLFOHV��DQG�LQ�SDUWLFXODU�WKH�VKUHGGHU�OLJKW�IUDFWLRQ��6/)��

,W�FDQ�EH�REVHUYHG�WKDW�WKH�UHFHQW�OHJLVODWLYH�GHYHORSPHQWV�KDYH�DOUHDG\�H[HUWHG�D
VWURQJ�VWLPXOXV�IRU�PDQXIDFWXUHUV�DQG�VXSSOLHUV�WR�GHYHORS�SURGXFWV�ZKLFK�DUH�IUHH�RI
KHDY\�PHWDOV��6RPH�H[DPSOHV�DUH

q VSDUN�SOXJV
q VWHHO�FRQWDLQLQJ�OHDG
q VROGHULQJ�LQ�HOHFWULFDO�DQG�HOHFWURQLF�GHYLFHV
q ZKHHO�EDODQFLQJ�ZHLJKWV�

2Q�WKH�RWKHU�KDQG��LW�DSSHDUV�WKDW�WKH�PDQXIDFWXUHUV�ZLOO�QHHG�VRPH�PRUH�WLPH�WR�IXOO\
LPSOHPHQW�WKH�SKDVH�RXW�DV�IRUPXODWHG�LQ�WKH�(/9�GLUHFWLYH��PHDQLQJ�WKDW�VRPH�H[FHS�
WLRQV�IURP�WKH�JHQHUDO�SKDVH�RXW�GHFLVLRQ�DSSHDU�WR�EH�MXVWLILHG��VHH�6HFWLRQ����7DEOH��
IRU�GHWDLOV��

7KH�GLIILFXOW\�LV�KRZ�WR�DFFRPPRGDWH�WKH�MXVWLILHG�UHTXHVWV�IRU�LQWHULP�SHULRGV�DQG
TXDOLILHG�H[FHSWLRQV�ZLWKRXW�XQGHUPLQLQJ�WKH�JHQHUDO�JRDO�WR�SKDVH�RXW�OHDG��FDGPLXP�
PHUFXU\�DQG�KH[DYDOHQW�FKURPLXP��DQG�KRZ�WR�SUHYHQW�D�UROO�EDFN�RI�WKH�JHQHUDOO\
SRVLWLYH�WUHQG�ZKLFK�FDQ�SUHVHQWO\�EH�REVHUYHG�

3RVVLEOH�LQVWUXPHQWV�ZRXOG�EH�WKH�GHILQLWLRQ�RI�TXDQWLWDWLYH�UHGXFWLRQ�WDUJHWV�UHODWHG�WR
WLPH�VFDOHV��LQ�FRPELQDWLRQ�ZLWK�D�V\VWHPDWLF�PRQLWRULQJ�RI�WKH�SURJUHVV�DFKLHYHG�LQ
WHUPV�RI�UHGXFHG�KHDY\�PHWDO�FRQVXPSWLRQ�LQ�QHZ�FDU�PRGHOV��3DUDOOHO�WR�WKLV��LW�VKRXOG
EH�PRQLWRUHG�ZKHWKHU�WKH�PHDVXUHV�WDNHQ�E\�PDQXIDFWXUHUV�DUH�VXIILFLHQW�WR�EULQJ
DERXW�D�WUHQG�WRZDUGV�UHGXFHG�KHDY\�PHWDO�FRQWDPLQDWLRQ�RI�WKH�VWHHO�VFUDS�DQG�WKH
KHDY\�DQG�WKH�OLJKW�IUDFWLRQV�DIWHU�VKUHGGLQJ�RI�(/9�

,GHQWLILFDWLRQ�DQG�ODEHOOLQJ�RI�KHDY\�PHWDOV�WR�EH�VHSDUDWHG�DW�WKH�GLVPDQWOHU
V

,Q�PDQ\�FDVHV��ODEHOOLQJ�RI�KHDY\�PHWDO�FRQWDLQLQJ�DSSOLFDWLRQV�RQ�WKH�UHVSHFWLYH�SDUW�RU
FRPSRQHQW�LWVHOI�ZLOO�QRW�EH�HIIHFWLYH�WR�HQVXUH�VWULSSLQJ�RI�KHDY\�PHWDO�FRQWDLQLQJ
FRPSRQHQWV�DFFRUGLQJ�WR�$UWLFOH������D��RI�WKH�'UDIW�(/9�'LUHFWLYH��XQOHVV�GLVPDQWOHUV
ZLOO�KDYH�DQ�HDV\�DFFHVV�WR�LQIRUPDWLRQ�H[SODLQLQJ�ZKLFK�KHDY\�PHWDO�FRQWDLQLQJ�SDUWV
DUH�WR�EH�H[SHFWHG�LQ�DQ�(/9�RI�D�VSHFLILF�FDU�PRGHO�
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2QH�SRVVLEOH�ZD\�WR�IRUZDUG�WKLV�LQIRUPDWLRQ�IRU�WKRVH�DSSOLFDWLRQV�RI�KHDY\�PHWDOV
ZKLFK�VKDOO�EH�ODEHOOHG�RU�PDGH�LGHQWLILDEOH�LQ�DFFRUGDQFH�ZLWK�$UWLFOH������E��LY��ZLOO�EH
ZLWKLQ�WKH�RIILFLDO�RZQHUVKLS�DQG�UHJLVWUDWLRQ�GRFXPHQWV�RI�WKH�FDU�

)XUWKHUPRUH��LW�VKRXOG�EH�PDGH�PDQGDWRU\�IRU�PDQXIDFWXUHUV�WR�RIIHU�LQIRUPDWLRQ�WR
GLVPDQWOHUV�DERXW�WKH�TXDQWLW\�DQG�ORFDWLRQ�RI�VXFK�DSSOLFDWLRQV�YLD�WKH�FRPSXWHU�
EDVHG�,QWHUQDWLRQDO�'LVPDQWOLQJ�,QIRUPDWLRQ�6\VWHP��,',6��QRW�RQO\�FRQFHUQLQJ�IXWXUH
H[FHSWLRQV�IURP�WKH�JHQHUDO�SKDVH�RXW�GHFLVLRQ��EXW�DOVR�DERXW�KHDY\�PHWDOV�LQ�H[LVWLQJ
FDU�PRGHOV�

&RVW�HIILFLHQF\�RI�GLVPDQWOLQJ�DQG�QHFHVVDU\�PRQLWRULQJ

:KHUH�SDUWV�DQG�FRPSRQHQWV�PDGH�RI�OHDG��FDGPLXP��PHUFXU\�DQG�KH[DYDOHQW�FKUR�
PLXP�FDQQRW�EH�DYRLGHG��LW�ZLOO�EH�FUXFLDO�WR�LPSURYH�WKH��GHVLJQ�IRU�UHF\FOLQJ��EH�
FDXVH�RWKHUZLVH�QR�GLVPDQWOHU�ZLOO�XQGHUWDNH�WKH�HIIRUW�WR�FDUHIXOO\�UHPRYH�WKRVH�SDUWV�
3URPLQHQW�H[DPSOHV�LQ�WKLV�FRQWH[W�DUH�OHDG�YLEUDWLRQ�GDPSHUV�DQG�PHUFXU\�FRQWDLQLQJ
JDV�GLVFKDUJH�ODPSV�

1HYHUWKHOHVV��HYHQ�LI�WKH�GLVPDQWOLQJ�HIIRUW�FDQ�EH�UHGXFHG�E\�PHDQV�RI�DQ�LPSURYHG
GHVLJQ�IRU�UHF\FOLQJ��WKH�VHSDUDWH�GLVSRVDO�RI�VRPH�SDUWV�ZLOO�FDXVH�VLJQLILFDQW�H[WUD
FRVWV�IRU�WKH�GLVPDQWOHU��H�J��PHUFXU\�FRQWDLQLQJ�EXOEV�DQG�OLJKWLQJ�HOHPHQWV���ZKLOH�LQ
RWKHU�FDVHV�WKH�UHYHQXHV�IURP�PHWDO�UHF\FOLQJ�ZLOO�QRW�DOZD\V�FRYHU�WKH�DGGLWLRQDO�WLPH
DQG�HIIRUW�QHHGHG�IRU�WKHLU�H[WUDFWLRQ�IURP�WKH�(/9��H�J��FHUWDLQ�YLEUDWLRQ�GDPSHUV�RU
ZKHHO�EDODQFLQJ�ZHLJKWV��

&RQVHTXHQWO\��ZD\V�ZLOO�KDYH�WR�EH�IRXQG�WR�FRYHU�WKH�GLVPDQWOHUV
�DGGLWLRQDO�HIIRUWV
DQG�FRVWV�IRU�GLVPDQWOLQJ�DQG�VHSDUDWH�GLVSRVDO��SUHIHUDEO\�E\�LQWHUQDOL]DWLRQ�RI�WKHVH
DGGLWLRQDO�FRVWV�LQ�WKH�SURGXFW�SULFH�RI�QHZ�FDUV��$W�WKH�VDPH�WLPH��LQWHQVLILHG�FRQWUROV
RI�WKH�GLVPDQWOLQJ�TXDOLW\�ZLOO�EH�QHHGHG�WR�HQVXUH�WKDW�H[WUDFWLRQ�RI�KHDY\�PHWDO�FRQ�
WDLQLQJ�SDUWV�DQG�FRPSRQHQWV�LV�DFWXDOO\�GRQH�EHIRUH�VKUHGGLQJ�
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