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3DJH

/LVW�RI�WDEOH �

/LVW�RI�ILJXUHV �

6XPPDU\ �

2EMHFWLYHV �

����7R�GHPRQVWUDWLRQ�RI�WUHDWPHQW�ZLWK�TXLFNOLPH �

����7R�HVWDEOLVK�UDWLR�RI�OLPH�WR�RUJDQLF�PDWWHU�QHHGHG�IRU�SDVWHXUL]DWLRQ �

����7R�PHDVXUH�DPPRQLD�HPLVVLRQV�DQG�ILQDO�FRPSRVLWLRQV �

�D��DPPRQLD�HPLVVLRQV �

�E��ILQDO�FRPSRVLWLRQV �

����7R�PHDVXUH�PDMRU�HOHPHQWV��WUDFH�HOHPHQWV�DQG�KHDY\�PHWDOV �

%DFNJURXQG �

0HWKRGV�DQG�5HVXOWV �

2EMHFWLYH��� �

$WWHQGDQFH ��

'HPRQVWUDWLRQ�RSHUDWLQJ�FRQGLWLRQV ��

2EMHFWLYH��� ��

0HWKRGV ��

5HVXOWV�DQG�GLVFXVVLRQ ��

2EMHFWLYH��� ��

0HWKRGV� ��

5HVXOWV ��

$PPRQLD�HPLVVLRQ ��

�D��'LVWULFW�RI�&KLOOLZDFN�DQG�'LVWULFW�RI�.HQW�ELRVROLGV ��

�E��)LVK�RIIDO ��

�F��'DLU\�FDWWOH�VOXUU\�DQG�SRXOWU\�PDQXUH ��

3K\VLFDO�DQG�FKHPLFDO�SDUDPHWHUV�DQG�FROLIRUP� ��

FRQWHQW�RI�OLPH�WUHDWHG�PDWHULDOV

2EMHFWLYH��� ��

0HWKRGV ��
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3DJH

5HVXOWV ��

$FNQRZOHGJHPHQWV ��

3DUWLFLSDQW�LQIRUPDWLRQ ��

5HIHUHQFHV ��

$SSHQGLFHV ��

$SSHQGL[�����6WDELOL]DWLRQ�DQG�SDVWHXUL]DWLRQ�FDWHJRULHV ��

$SSHQGL[�����9DSRUL]DWLRQ�PRLVWXUH�ORVV�FDOFXODWLRQV ��

$SSHQGL[�����(FRQRPLF�HYDOXDWLRQ�RI�OLPH�VWDELOL]DWLRQ
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3DJH

7DEOH�����$WWHQGDQFH�DW�'LVWULFW�RI�&KLOOLZDFN�GHPRQVWUDWLRQ ��

7DEOH�����$WWHQGDQFH�DW�'LVWULFW�RI�.HQW�GHPRQVWUDWLRQ ��

7DEOH�����$WWHQGDQFH�DW�3$5&�GHPRQVWUDWLRQ ��

7DEOH�����5HODWLRQVKLS�EHWZHHQ�TXLFNOLPH�FRQFHQWUDWLRQ�DQG�WHPSHUDWXUH�ZKHQ

OLPH�LV�DGGHG�WR�YDULRXV�ZDVWH�PDWHULDOV

��

7DEOH�����$PPRQLD�HPLVVLRQV�IURP�ELRVROLGV�IURP�WKH�'LVWULFW�RI�&KLOOLZDFN�DQG

WKH�'LVWULFW�RI�.HQW�DPHQGHG�ZLWK�YDULRXV�UDWHV�RI�TXLFNOLPH�DQG

LQFXEDWHG�DW���q&

��

7DEOH�����$PPRQLD�HPLVVLRQ�IURP�ILVK�RIIDO�DPHQGHG�ZLWK�YDULRXV�UDWHV�RI

TXLFNOLPH�DQG�LQFXEDWHG�DW���q&

��

7DEOH�����$PPRQLD�HPLVVLRQ�IURP�IUHVK�GDLU\�FDWWOH�VOXUU\�DQG�IUHVK�SRXOWU\�OD\HU

PDQXUH�DPHQGHG�ZLWK�YDULRXV�UDWHV�RI�TXLFNOLPH�DQG�LQFXEDWHG�DW���q&

��

7DEOH�����9DOXHV�IURP�ODERUDWRU\�WHVWV�IRU�S+��GU\�PDWWHU��DVK��RUJDQLF�PDWWHU�

WRWDO�QLWURJHQ��DPPRQLXP�QLWURJHQ��PLQHUDOV�DQG�FROLIRUPV�LQ�IUHVK

�XQWUHDWHG��DQG�OLPH�WUHDWHG�ZDVWH�PDWHULDOV

��

7DEOH�����&DOFLXP�FDUERQDWH�HTXLYDOHQWV�RI�OLPH�WUHDWHG�ZDVWH�PDWHULDOV�DQG

FRPPHUFLDO�OLPH�SURGXFWV

��



�

7DEOH������&KDUDFWHUL]DWLRQ�PHDVXUHPHQWV�RQ�VRLOV�XVHG�IRU�DVVHVVPHQW�RI

TXLFNOLPH�WUHDWHG�RUJDQLF�PDWHULDOV�DV�OLPLQJ�DJHQWV

��

7DEOH������$PRXQW�RI�TXLFN�OLPH�WUHDWHG�RUJDQLF�PDWHULDOV�DQG�FRPPHUFLDO

OLPLQJ�SURGXFWV�WKDW�ZRXOG�KDYH�EHHQ�DGGHG��P7�KD�WR����FP�GHSWK��DW

FDOFLXP�FDUERQDWH�HTXLYDOHQWV�UHFRPPHQGHG�WR�OLPH�VRLOV�WR�S+����

XVLQJ�603�EXIIHU�PHWKRG

��

7DEOH������2[DODWH�PHDVXUHPHQWV�DW���KRXU�RI�OLPLQJ�LQWHQVLW\�SRWHQWLDO�RI

TXLFNOLPH�WUHDWHG�RUJDQLF�PDWHULDOV�DQG�FRPPHUFLDO�OLPLQJ�SURGXFWV

��

7DEOH������6RLO�S+�DIWHU�HTXLOLEUDWLRQ�IRU����KRXUV�RI�OLPLQJ�LQWHQVLW\�SRWHQWLDO�RI

TXLFNOLPH�WUHDWHG�RUJDQLF�PDWHULDOV�DQG�FRPPHUFLDO�OLPLQJ�SURGXFWV

��

7DEOH������$PRXQW�RI�PDFUR��DQG�VHFRQGDU\�QXWULHQWV�DGGHG�ZKHQ�TXLFNOLPH�

WUHDWHG�RUJDQLF�PDWHULDOV�ZRXOG�EH�DGGHG�DW�FDOFLXP�FDUERQDWH

HTXLYDOHQWV�UHFRPPHQGHG�WR�OLPH�VRLOV�WR�S+�����XVLQJ�603�EXIIHU

PHWKRG�LQ�FRPSDULVRQ�WR�D�KLJK�IHUWLOL]HU�DSSOLFDWLRQ�UDWH

��

7DEOH������$PRXQW��NJ�KD�WR����FP�GHSWK��RI�YDULRXV�PLFURQXWULHQWV��FRQWDPLQDQW

PHWDOV�DQG�RWKHU�HOHPHQWV�DGGHG�ZKHQ�TXLFNOLPH�WUHDWHG�RUJDQLF

PDWHULDOV�ZRXOG�EH�DGGHG�DW�FDOFLXP�FDUERQDWH�HTXLYDOHQWV

UHFRPPHQGHG�WR�OLPH�VRLOV�WR�S+�����XVLQJ�603�EXIIHU�PHWKRG�LQ

FRPSDULVRQ�WR�D�KLJK�IHUWLOL]HU�DSSOLFDWLRQ�UDWH

��
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�ORFDWHG�DIWHU�DSSHQGLFHV�

)LJXUH�����&/&�PRELOH�OLPH�WUHDWPHQW�SODQW��$JDVVL]��%�&�

)LJXUH�����/RDGLQJ�EOHQGLQJ�KRSSHU�ZLWK�ILVK�ZDVWH

)LJXUH�����/RDGLQJ�GDLU\�PDQXUH

)LJXUH�����0L[HG�GDLU\�PDQXUH�DQG�OLPH

)LJXUH�����'HOLYHU\�FRQYH\RU

)LJXUH�����0HDVXULQJ�WHPSHUDWXUH�RI�WKH�SURFHVVHG�ILVK�ZDVWH�DQG�OLPH

)LJXUH�����*URXQG�ILVK�ZDVWH�SUH�WUHDWPHQW

)LJXUH�����3URFHVVHG�FKLFNHQ�PDQXUH�ZLWK�OLPH
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7KH�SURMHFW�ZDV�VXSHUYLVHG�E\�,DQ�6KDQG�DQG�$VVRFLDWHV���7KH�ZRUN�ZDV�GRQH�ZLWK�WKH

&RRSHUDWLRQ�RI�WKH�&KHPLFDO�/LPH�&R��RI�&DQDGD��&/&��DQG�WKH�3DFLILF�$JUL�)RRG

5HVHDUFK�&HQWUH��3$5&���$JDVVL]���3URFHVV�HIIHFWLYHQHVV�DQG�VRLO�DQG�FURS�UHVSRQVH

ZHUH�PHDVXUHG�WKURXJK�WKH�MRLQW�HIIRUWV�RI�WKH�WKUHH�SDUWLHV�

7KH�SURMHFW�ZDV�GHVLJQHG�WR�WHVW�WKH�HIIHFWLYHQHVV�RI�D�OLPH�SDVWHXUL]DWLRQ�SURFHVV�WR

SDUWLDOO\�GHK\GUDWH�DQG�VWDELOL]H�YDULRXV�KLJK�PRLVWXUH�RUJDQLF�ZDVWHV�JHQHUDWHG�LQ�WKH

)UDVHU�5LYHU�%DVLQ���7KH�SURMHFW�DOVR�DVVHVVHG�WKH�HIIHFWLYHQHVV�RI�WKH�UHVXOWLQJ�WUHDWHG

ZDVWHV�DV�VRLO�FRQGLWLRQHUV�DQG�DV�VRXUFHV�RI�QXWULHQWV��1�3�DQG�.���DQG�HYDOXDWHG

SDUDPHWHUV�DVVRFLDWHV�ZLWK�OLPH�SDVWHXUL]DWLRQ���7KH�SURMHFW�KDG�IRXU�REMHFWLYHV��YL]���D�

WR�GHPRQVWUDWH�WKH�SURFHVV�WR�LQWHUHVWHG�SDUWLHV�DQG�D�ZLGH�UDQJH�RI�SRWHQWLDO�XVHUV���E��WR

XVH�VHYHUDO�RUJDQLF�ZDVWH�PDWHULDOV��WKHVH�ZHUH�DHURELF�DQG�DQDHURELF�GLJHVWHG�VOXGJHV

�ELRVROLGV��IURP�PXQLFLSDO�ZDVWHZDWHU�WUHDWPHQW�SODQWV��GDLU\�FDWWOH�VOXUU\��ILVK�RIIDO��

DQG�SRXOWU\�OD\HU�PDQXUH��LQ�RUGHU�WR�HVWDEOLVK�WKH�OHYHO�RI�OLPH�DGGLWLRQ�QHHGHG�WR�UDLVH

WKH�WHPSHUDWXUH�RI�WKH�OLPH�WUHDWHG�PDWHULDOV�WR�SDVWHXUL]LQJ�WHPSHUDWXUH��������&�IRU���

PLQXWHV�RU����&�IRU����VHFRQGV���%HQGHU����������F��WR�PHDVXUH�DPPRQLD�HPLVVLRQ�LQ

WKHVH�OLPH�WUHDWHG�PDWHULDOV�RYHU�D�ZLGH�UDQJH�RI�OHYHOV�RI�OLPH�DGGLWLRQ�DQG�WR�PHDVXUH

FROLIRUP�FRQWHQW�DQG�YDULRXV�SK\VLFDO�DQG�FKHPLFDO�SDUDPHWHUV�RI�WKHVH�SURGXFWV��DQG��G�

WR�PHDVXUH�WKH�OLPLQJ�DQG�QXWULHQW�YDOXH�RI�WKH�UHVXOWLQJ�OLPH�WUHDWHG�PDWHULDOV�IRU

DSSOLFDWLRQ�WR�VRLOV�

7KHUH�ZHUH�WKUHH�GHPRQVWUDWLRQV��DOO�ZLWK�WKH�PRELOH�OLPH�WUHDWPHQW�SODQW�RI�WKH�&/&�

7KH�ILUVW�GHPRQVWUDWLRQ��RI�OLPH�WUHDWPHQW�RI�DQDHURELF�GLJHVWHG�VOXGJH�DW�WKH�'LVWULFW�RI

&KLOOLZDFN�ZDVWH�ZDWHU�WUHDWPHQW�SODQW��::73���WRRN�SODFH�RQ���WK�1RYHPEHU���������$

GHPRQVWUDWLRQ�RI�OLPH�WUHDWPHQW�RI�DHURELF�VOXGJH�DW�WKH�'LVWULFW�RI�.HQW�::73�WRRN

SODFH�RQ���WK�1RYHPEHU���������$�GHPRQVWUDWLRQ�RI�OLPH�WUHDWPHQW�RI�3$5&�GDLU\�FDWWOH

PDQXUH��EDUQ�IORRU�VFUDSLQJV���3$5&�OD\HU�PDQXUH�DQG�FRPPHUFLDO�ILVK�RIIDO�WRRN�SODFH

RQ���WK�1RYHPEHU���������$�ZLGH�UDQJH�RI�SDUWLHV�IURP�JRYHUQPHQW�DQG�SULYDWH�LQGXVWU\

DWWHQGHG�

6PDOO�VFDOH�WHVWV�ZHUH�WKHQ�FRQGXFWHG�RQ�WKH�ILVK�RIIDO��GDLU\�PDQXUH��SRXOWU\�PDQXUH

&KLOOLZDFN�ELRVROLGV�DQG�.HQW�ELRVROLGV���7KH�UHODWLRQVKLS�EHWZHHQ�OLPH�FRQFHQWUDWLRQ

DQG�WHPSHUDWXUH��RQ�DOO�H[FHSW�WKH�.HQW�ELRVROLGV��ZDV�GHWHUPLQHG�E\�PL[LQJ�WKH�OLPH

DQG�RUJDQLF�PDWHULDOV�LQ�D�PRUWDU�PL[HU�DQG�WKHQ�WUDQVIHUULQJ�WR����LPSHULDO�JDOORQ�VWHHO

GUXPV���,W�ZDV�HVWDEOLVKHG�WKDW�WKH�FRQFHQWUDWLRQ�RI�OLPH�WR�DGG�WR�WKH�YDULRXV�ZDVWH

PDWHULDOV�IRU�SDVWHXUL]DWLRQ�ZDV����WR�����IRU�WKH�&KLOOLZDFN�ELRVROLGV������IRU�WKH

SRXOWU\�PDQXUH�DQG�����IRU�HDFK�RI�WKH�RWKHU�PDWHULDOV�

)XUWKHU�WHVWV�IRU�PHDVXULQJ�WKH�UHODWLRQVKLS�EHWZHHQ�DPPRQLD�HPLVVLRQV�DQG�WLPH�ZHUH

FRQGXFWHG�RQ�D�ODERUDWRU\�VFDOH�RYHU�����KRXUV���)RU�WKH�ELRVROLGV��DPPRQLD�HPLVVLRQV

LQFUHDVHG�GUDPDWLFDOO\�IRU�WKH�ILUVW����KRXUV�DV�D�UHVXOW�RI�OLPH�WUHDWPHQW���2YHU�WKH

UHPDLQGHU�RI�WKH�����KRXU�WHVW�SHULRG��WKH�HPLVVLRQV�ZHUH�DSSUR[LPDWHO\�WKH�VDPH�DV�IRU

WKH�XQWUHDWHG�PDWHULDOV���)RU�ILVK�RIIDO�WKH�DPPRQLD�HPLVVLRQ�ZDV�LQFUHDVHG�E\�����IRU

WKH�ILUVW����KRXUV��DQG�WKHUHDIWHU�YLUWXDOO\�FHDVHG��ZKHUHDV�WKH�XQWUHDWHG�PDWHULDO
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FRQWLQXHG�WR�SURGXFH�DPPRQLD�DW�D�UDWH�RQO\�VOLJKWO\�ORZHU�WKDQ�WKDW�IRU�WKH�ILUVW���

KRXUV���7KHVH�GLIIHUHQFHV�ZHUH�DWWULEXWHG�WR�PLFURELDO�DFWLYLW\���)RU�GDLU\�FDWWOH�VOXUU\�

OLPH�WUHDWPHQW�KDG�OLWWOH�HIIHFW�RQ�DPPRQLD�HPLVVLRQ��EXW�IRU�SRXOWU\�VOXUU\��LQLWLDO

HPLVVLRQ�GXULQJ�WKH�ILUVW����KRXUV�LQFUHDVHG�DSSUR[��IRXU�IROG�DQG�WKHQ�EHFDPH

QHJOLJLEOH��ZKHUHDV�WKH�HPLVVLRQV�IURP�WKH�XQWUHDWHG�PDWHULDO�FRQWLQXHG�DW�D�KLJK�OHYHO�

,Q�VXPPDU\��WKHVH�UHVXOWV�VKRZ�WKDW�OLPH�LQFUHDVHV�WKH�HPLVVLRQ�RI�DPPRQLD�LQ�WKH�ILUVW

���KRXUV��DOWKRXJK�WKH�LQFUHDVH�IRU�GDLU\�FDWWOH�PDQXUH�ZDV�QRW�VXEVWDQWLDO���WKHUHE\

VXJJHVWLQJ�WKH�YDOXH�RI�DQ�DPPRQLD�VFUXEEHU�GXULQJ�SURFHVVLQJ���7KLV�DPPRQLD�FRXOG�EH

XVHG�DV�D�FKHPLFDO�IHUWLOL]HU�VHSDUDWHO\�RU�DGGHG�EDFN�WR�WKH�WUHDWHG�PDWHULDO���1XWULHQWV

FRXOG�EH�DGGHG�WR�WKH�WUHDWHG�RUJDQLF�PDWHULDO�WR�PDNH�D�FRPSOHWH�FXVWRPL]HG�IHUWLOL]HU�DV

LV�DOUHDG\�EHLQJ�GRQH�LQ�%HOJLXP��&KHPLFDO�/LPH�&R����������7KH�SDVWHXUL]DWLRQ

YLUWXDOO\�HOLPLQDWHV�DPPRQLD�HPLVVLRQ�DIWHU�WKH�ILUVW����KRXUV��SDUWLFXODUO\�IRU�WKH�ILVK

RIIDO�DQG�WKH�SRXOWU\�PDQXUH���$�PDMRU�DGYDQWDJH�RI�OLPH�WUHDWPHQW�LV�WKDW�WKH�UHVXOWLQJ

SURGXFW�LV�VXLWDEOH�IRU�ORQJ�WHUP�VWRUDJH�DW�VLWH�RI�SURGXFWLRQ��EHFDXVH�RI�WKH�YLUWXDO

HOLPLQDWLRQ�RI�IXUWKHU�FKHPLFDO�DQG�PLFURELRORJLFDO�UHDFWLRQV�DQG�WKH�XQDWWUDFWLYHQHVV�IRU

YHFWRUV�

$�UHSRUW�FRPSDULQJ�WKH�HFRQRPLFV�RI�OLPH�VWDELOL]DWLRQ��FRPSRVWLQJ�DQG�WKHUPDO�GU\LQJ

VXSSOLHG�E\�WKH�&KHPLFDO�/LPH�&R���5RWKEHUJ��7DPEXULQL�DQG�:LQVRU��,QF��������

VKRZHG�OLPH�VWDELOL]DWLRQ�WR�EH�WKH�PRVW�HFRQRPLFDO���'HWDLOV�DUH�SUHVHQWHG�LQ�$SSHQGL[

��

7KH�ODERUDWRU\�LQYHVWLJDWLRQV�SURGXFHG�WKH�IROORZLQJ�FRQFOXVLRQV�

���%HFDXVH�RI�WKH�VXEVWDQWLDO�OHYHOV�RI�PDFURHOHPHQWV�LQ�WKH�TXLFNOLPH�WUHDWHG�PDWHULDOV�

WKH\�ZRXOG�PRVW�OLNHO\�QHHG�WR�EH�WHVWHG�DFFRUGLQJ�WR�WKH�UHTXLUHPHQWV�RI�WKH�)HUWLOL]HU

$FW�EHIRUH�EHLQJ�DFFHSWHG�DV�D�FRPPHUFLDO�VRLO�DPHQGLQJ�SURGXFW�LQ�&DQDGD�

���7KH�SURGXFWV�IURP�TXLFNOLPH�WUHDWPHQW�RI�WKH�IRXU�RUJDQLF�ZDVWHV�DVVHVVHG�LQ�WKLV

VWXG\�ZHUH�DOO�HIIHFWLYH�DQG�UHODWLYHO\�TXLFN�UHDFWLQJ�VRLO�OLPLQJ�DJHQWV��EXW�ZRXOG�KDYH

WR�EH�DGGHG�DW�OHYHOV�����WLPHV�KLJKHU�WKDQ�FRPPHUFLDO�OLPLQJ�SURGXFWV�VXFK�DV�OLPHVWRQH

EHFDXVH�RI�WKH�ORZHU�FDOFLXP�FDUERQDWH�HTXLYDOHQWV�RI�WKH�IRUPHU�

���7KH�SURGXFWV�FRXOG�EH�HDVLO\�DLU�GULHG��FUXPEHG�DQG�VFUHHQHG�WR�D�VL]H�DQG�IRUP

VXLWDEOH�IRU�XQLIRUP�ILHOG�DSSOLFDWLRQ���7KHUH�ZDV�QR�DGYDQWDJH�LQ�OLPLQJ�LQWHQVLW\

SRWHQWLDO�RI�WKH�SURGXFWV�E\�VFUHHQLQJ�WKURXJK���PP�FRPSDUHG�WR�����PP�VFUHHQV�

���7KH�SURGXFWV�FRQWDLQHG�YDULDEOH�DPRXQWV�RI�QXWULHQWV�HVVHQWLDO�IRU�SODQWV���,I�WKHVH

SURGXFWV�ZHUH�WR�EH�XVHG�DW�VRLO�OLPLQJ�UDWHV��WKH�OHYHOV�DQG�FRPSRVLWLRQ�RI

FRPSOHPHQWDU\�IHUWLOL]HUV�ZRXOG�KDYH�WR�EH�DGMXVWHG�WR�PD[LPL]H�WKH�YDOXH�RI�WKHVH

QXWULHQWV�DQG�PLQLPL]H�WKH�SRVVLELOLW\�RI�H[FHVVLYH�WRWDO�OHYHOV�RI�WKHLU�DSSOLFDWLRQ���7KH

WRWDO�OHYHO�RI�SKRVSKRUXV�DSSOLFDWLRQ�VKRXOG�EH�JLYHQ�VSHFLDO�DWWHQWLRQ�

���7KH�OLPH�WUHDWHG�SURGXFW�IURP�PXQLFLSDO�VOXGJH�ELRVROLGV��ZKLFK�FRQWDLQHG�VXEVWDQWLDO

FRQFHQWUDWLRQV�RI�QRQ�QXWULHQW�PHWDOV��ZRXOG�QHHG�WR�EH�JLYHQ�VSHFLDO�DWWHQWLRQ�ZLWK
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UHJDUG�WR�H[FHVVLYH�VRLO�DFFXPXODWLRQ��HVSHFLDOO\�IRU�PHUFXU\��OHDG�DQG�FDGPLXP��EXW

RQO\�LI�WKLV�SURGXFW�ZHUH�WR�EH�FRQVLGHUHG�IRU�KLJK�OHYHOV�RI�DSSOLFDWLRQ�RQ�DQ\�RQH�DUHD

IRU�DQ�H[WHQGHG�SHULRG�

����7ZR�WHVWV�IRU�PHDVXULQJ�WKH�VSHHG�RI�WKH�S+�DGMXVWPHQW��EDFN�WLWUDWLRQ�DIWHU�WUHDWPHQW

ZLWK�HLWKHU�('7$�RU�R[DODWH��ZHUH�IRXQG�WR�EH�VDWLVIDFWRU\��
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/H�SURMHW�D�pWp�UpDOLVp�VRXV�OD�VXUYHLOODQFH�GH�O©,DQ�6KDQG�DQG�$VVRFLDWHV���/HV�WUDYDX[�RQW
pWp�HIIHFWXpV�DYHF�OD�FRRSpUDWLRQ�GH�OD�&KHPLFDO�/LPH�&R��RI�&DQDGD��&/&��HW�GH�OD
3DFLILF
$JUL�)RRG�5HVHDUFK�&HQWUH��3$5&���$JDVVL]���/©HIILFDFLWp�GX�SURFpGp�HW�OD�UpSRQVH�GHV
VROV�HW�GHV�FXOWXUHV�RQW�pWp�PHVXUpHV�JUkFH�DX[�HIIRUWV�FRQMRLQWV�GHV�WURLV�SDUWLHV�FL�GHVVXV�

2Q�D�FRQoX�FH�SURMHW�SRXU�GpWHUPLQHU�GDQV�TXHOOH�PHVXUH�OH�SURFHVVXV�GH�SDVWHXULVDWLRQ�j
OD�FKDX[�SHUPHW�GH�GpVK\GUDWHU�HW�GH�VWDELOLVHU�HIILFDFHPHQW�GLYHUV�GpFKHWV�RUJDQLTXHV
ULFKHV�HQ�KXPLGLWp�SURGXLWV�GDQV�OH�EDVVLQ�GX�IOHXYH�)UDVHU���2Q�D�DXVVL�pYDOXp��GXUDQW�OH
SURMHW��O©HIILFDFLWp�FRPPH�DPHQGHPHQWV�GHV�VROV�HW�VRXUFHV�G©pOpPHQWV�QXWULWLIV��1��3�HW�.�
GHV�GpFKHWV�DLQVL�WUDLWpV�HW�RQ�D�GpWHUPLQp�OHV�SDUDPqWUHV�DVVRFLpV�j�OD�SDVWHXULVDWLRQ�j�OD
FKDX[���2Q�FKHUFKDLW�j�DWWHLQGUH�TXDWUH�REMHFWLIV��VRLW����D��IDLUH�OD�GpPRQVWUDWLRQ�GX
SURFpGp�GHYDQW�OHV�LQWpUHVVpV�HW�GHYDQW�XQH�YDVWH�JDPPH�G©XWLOLVDWHXUV�SRWHQWLHOV���E�
XWLOLVHU�SOXVLHXUV�W\SHV�GH�GpFKHWV�RUJDQLTXHV�>ERXHV�GLJpUpHV�DpURELHV�HW�DQDpURELHV
�ELRVROLGHV��SURYHQDQW�G©XVLQHV�G©pSXUDWLRQ�GHV�HDX[�G©pJRXW�GHV�PXQLFLSDOLWpV��OLVLHU�GH
ERYLQV�ODLWLHUV��GpFKHWV�GH�SRLVVRQV�HW�ILHQWHV�GH�SRQGHXVH��DILQ�G©pWDEOLU�OH�QLYHDX�GH
FKDXODJH�QpFHVVDLUH�SRXU�DXJPHQWHU�OD�WHPSpUDWXUH�GHV�PDWLqUHV�FKDXOpHV�MXVTX©j�OD
WHPSpUDWXUH�GH�SDVWHXULVDWLRQ��������R&�SHQGDQW����PLQXWHV�RX����R&�SHQGDQW���
VHFRQGHV���%HQGHU����������F��PHVXUHU�OHV�pPLVVLRQV�G©DPPRQLDF�GDQV�FHV�PDWLqUHV
FKDXOpHV�VXU�XQH�YDVWH�JDPPH�GH�QLYHDX[�GH�FKDXODJH�HW�PHVXUHU�OH�WDX[�GH�FROLIRUPHV
DLQVL�TXH�GLYHUV�SDUDPqWUHV�SK\VLTXHV�HW�FKLPLTXHV�GH�FHV�SURGXLWV��HW��G��PHVXUHU�OH
FKDXODJH�HW�OD�YDOHXU�QXWULWLYH�GHV�PDWLqUHV�FKDXOpHV�GHVWLQpHV�j�rWUH�DSSOLTXpHV�VXU�OHV
VROV�

2Q�D�SURFpGp�j�WURLV�GpPRQVWUDWLRQV�HQ�XWLOLVDQW��FKDTXH�IRLV��O©XVLQH�GH�FKDXODJH�PRELOH
GH�OD�&/&���/D�SUHPLqUH�GpPRQVWUDWLRQ��TXL�SRUWDLW�VXU�OH�FKDXODJH�GH�OD�ERXH�GLJpUpH
DQDpURELH�GH�O©XVLQH�G©pSXUDWLRQ�GHV�HDX[�XVpHV�GX�GLVWULFW�GH�&KLOOLZDFN��D�HX�OLHX�OH���
QRYHPEUH��������2Q�D�SURFpGp�j�XQH�GpPRQVWUDWLRQ�GX�WUDLWHPHQW�j�OD�FKDX[�GH�OD�ERXH
DpURELH�j�O©XVLQH�G©pSXUDWLRQ�GX�GLVWULFW�GH�.HQW�OH����QRYHPEUH��������8QH�GpPRQVWUDWLRQ
GX�WUDLWHPHQW�j�OD�FKDX[�GX�IXPLHU�GH�ERYLQV�ODLWLHUV��GpFKHWV�REWHQXV�SDU�UDFODJH�GH
SODQFKHUV�G©pWDEOH��GH�OD�3$5&��GHV�ILHQWHV�GH�SRQGHXVH�GH�OD�3$5&�HW�GH�GpFKHWV�GH
SRLVVRQV�PDUFKDQGV�D�HX�OLHX�OH����QRYHPEUH��������8QH�YDVWH�JDPPH�GH�UHSUpVHQWDQWV
GHV�JRXYHUQHPHQWV�HW�GH�O©LQGXVWULH�SULYpH�RQW�DVVLVWp�j�FHV�GpPRQVWUDWLRQV�

'HV�HVVDLV�j�SHWLWH�pFKHOOH�RQW�HQVXLWH�pWp�HIIHFWXpV�VXU�OHV�GpFKHWV�GH�SRLVVRQV��OH�OLVLHU�GH
ERYLQV�ODLWLHUV��OHV�ILHQWHV�GH�SRQGHXVH��OHV�ELRVROLGHV�GH�&KLOOLZDFN�HW�OHV�ELRVROLGHV�GH
.HQW���2Q�D�GpWHUPLQp�OD�UHODWLRQ�HQWUH�OD�FRQFHQWUDWLRQ�GH�FKDX[�HW�OD�WHPSpUDWXUH��SRXU
WRXWHV�FHV�PDWLqUHV��VDXI�OHV�ELRVROLGHV�GH�.HQW���HQ�PpODQJHDQW�OD�FKDX[�HW�OHV�PDWLqUHV
RUJDQLTXHV�GDQV�XQ�PDOD[HXU�j�PRUWLHU��SXLV�HQ�WUDQVIpUDQW�OH�WRXW�GDQV�GHV�EDULOV�HQ�DFLHU
GH����JDOORQV�LPSpULDX[���2Q�D�pWDEOL�TXH�OD�FRQFHQWUDWLRQ�GH�FKDX[�QpFHVVDLUH�j�OD
SDVWHXULVDWLRQ�GHV�GLYHUV�GpFKHWV�pWDLW�GH�����������GDQV�OH�FDV�GHV�ELRVROLGHV�GH



&KLOOLZDFN��GH������GDQV�OH�FDV�GHV�ILHQWHV�GH�SRQGHXVH�HW�GH������GDQV�OH�FDV�GHV�DXWUHV
PDWLqUHV�

'©DXWUHV�HVVDLV�GHVWLQpV�j�GpWHUPLQHU�OD�UHODWLRQ�HQWUH�OHV�pPLVVLRQV�G©DPPRQLDF�HW�OH
WHPSV�RQW�pWp�HIIHFWXpV�HQ�ODERUDWRLUH�VXU�XQH�SpULRGH�GH�����KHXUHV���'DQV�OH�FDV�GHV
ELRVROLGHV��OHV�pPLVVLRQV�G©DPPRQLDF�DXJPHQWDLHQW�pQRUPpPHQW�DX�FRXUV�GHV�SUHPLqUHV
���KHXUHV�HQ�UDLVRQ�GX�WUDLWHPHQW�j�OD�FKDX[��PDLV�GHPHXUDLHQW��SHQGDQW�OH�UHVWH�GH�OD
SpULRGH�G©HVVDL��j�SHX�SUqV�DX�PrPH�QLYHDX�TXH�OHV�pPLVVLRQV�REVHUYpHV�DYHF�OHV�PDWLqUHV
QRQ�WUDLWpHV���'DQV�OH�FDV�GHV�GpFKHWV�GH�SRLVVRQV��OHV�pPLVVLRQV�G©DPPRQLDF�DXJPHQWDLHQW
G©HQYLURQ������DX�FRXUV�GHV�SUHPLqUHV����KHXUHV��SXLV�GLPLQXDLHQW�HVVHQWLHOOHPHQW�j�]pUR
SDU�OD�VXLWH��WDQGLV�TXH�OHV�PDWLqUHV�QRQ�WUDLWpHV�FRQWLQXDLHQW�GH�SURGXLUH�GH�O©DPPRQLDF�j
XQ�WDX[�TXL�Q©pWDLW�TXH�OpJqUHPHQW�LQIpULHXU�DX�WDX[�REVHUYp�DX�FRXUV�GHV�SUHPLqUHV
���KHXUHV���2Q�D�DWWULEXp�FHV�GLIIpUHQFHV�j�O©DFWLYLWp�PLFURELHQQH���'DQV�OH�FDV�GX�OLVLHU�GH
ERYLQV�ODLWLHUV��OH�WUDLWHPHQW�j�OD�FKDX[�Q©DYDLW�JXqUH�G©HIIHW�VXU�OHV�pPLVVLRQV�G©DPPRQLDF�
FHSHQGDQW��GDQV�OH�FDV�GHV�ILHQWHV�GH�SRQGHXVH��OHV�pPLVVLRQV�DX�FRXUV�GHV�SUHPLqUHV���
KHXUHV�DXJPHQWDLHQW�SDU�XQ�IDFWHXU�G©HQYLURQ�TXDWUH��SXLV�GHYHQDLHQW�QpJOLJHDEOHV��WDQGLV
TX©HOOHV�GHPHXUDLHQW�pOHYpHV�GDQV�OH�FDV�GHV�PDWLqUHV�QRQ�WUDLWpHV�

(Q�UpVXPp��FHV�UpVXOWDWV�PRQWUHQW�TXH�OH�WUDLWHPHQW�j�OD�FKDX[�DXJPHQWH�OHV�pPLVVLRQV
G©DPPRQLDF�DX�FRXUV�GHV�SUHPLqUHV����KHXUHV��FHWWH�DXJPHQWDWLRQ�Q©pWDLW�SDV�LPSRUWDQWH
GDQV�OH�FDV�GX�OLVLHU�GH�ERYLQV�ODLWLHUV���FH�TXL�ODLVVH�VXSSRVHU�TX©XQ�pSXUDWHXU�G©DPPRQLDF
VHUDLW�XWLOH�GXUDQW�OH�WUDLWHPHQW���&HW�DPPRQLDF�SRXUUDLW�rWUH�XWLOLVp�VpSDUpPHQW�FRPPH
HQJUDLV�FKLPLTXH�RX�rWUH�UDMRXWp�DX[�PDWLqUHV�WUDLWpHV���2Q�SRXUUDLW�DMRXWHU�GHV�pOpPHQWV
QXWULWLIV�DX[�PDWLqUHV�RUJDQLTXHV�WUDLWpHV�SRXU�REWHQLU�XQ�HQJUDLV�YpULWDEOHPHQW�IDLW�VXU
PHVXUH��FRPPH�FHOD�VH�IDLW�GpMj�HQ�%HOJLTXH��&KHPLFDO�/LPH�&R����������/D�SDVWHXULVDWLRQ
pOLPLQH�SUDWLTXHPHQW�WRXWHV�OHV�pPLVVLRQV�G©DPPRQLDF�DSUqV�OHV�SUHPLqUHV����KHXUHV��SOXV
SDUWLFXOLqUHPHQW�GDQV�OH�FDV�GHV�GpFKHWV�GH�SRLVVRQV�HW�GHV�ILHQWHV�GH�SRQGHXVH���/H
WUDLWHPHQW�j�OD�FKDX[�SRVVqGH�XQ�DYDQWDJH�LPSRUWDQW���OH�SURGXLW�TX©LO�SHUPHW�G©REWHQLU
SHXW�rWUH�HQWUHSRVp�j�ORQJ�WHUPH�DX�VLWH�GH�SURGXFWLRQ��HQ�UDLVRQ�GH�O©DEVHQFH
HVVHQWLHOOHPHQW�FRPSOqWH�GH�UpDFWLRQV�FKLPLTXHV�HW�PLFURELRORJLTXHV�HW�GX�SHX�G©DWWUDLW
TX©LO�SUpVHQWH�SRXU�OHV�YHFWHXUV�

6HORQ�XQ�UDSSRUW�IRXUQL�SDU�OD�&KHPLFDO�/LPH�&R���5RWKEHUJ��7DPEXULQL�HW�:LQVRU��,QF��
������GDQV�OHTXHO�RQ�FRPSDUDLW�OHV�DVSHFWV�pFRQRPLTXHV�GH�OD�VWDELOLVDWLRQ�j�OD�FKDX[��GX
FRPSRVWDJH�HW�GX�VpFKDJH�WKHUPLTXH��F©HVW�OD�VWDELOLVDWLRQ�j�OD�FKDX[�TXL�HVW�OH�SURFpGp�OH
SOXV�pFRQRPLTXH���/©$QQH[H���UHQIHUPH�GHV�SUpFLVLRQV�j�FHW�pJDUG�

/HV�pWXGHV�HIIHFWXpHV�HQ�ODERUDWRLUH�RQW�SHUPLV�GH�WLUHU�OHV�FRQFOXVLRQV�VXLYDQWHV��

����eWDQW�GRQQp�OHV�WDX[�pOHYpV�GH�PDFUR�pOpPHQWV�GDQV�OHV�PDWLqUHV�WUDLWpHV�j�OD�FKDX[
YLYH��LO�\�DXUDLW�WRXW�SUREDEOHPHQW�OLHX�GH�VRXPHWWUH�FHV�PDWLqUHV�j�GHV�HVVDLV
FRQIRUPpPHQW�DX[�H[LJHQFHV�GH�OD�/RL�VXU�OHV�HQJUDLV�DYDQW�GH�OHV�DFFHSWHU�FRPPH
DPHQGHPHQWV�GHV�VROV�DX�&DQDGD�



����/HV�SURGXLWV�REWHQXV�SDU�WUDLWHPHQW�j�OD�FKDX[�YLYH�GHV�TXDWUH�GpFKHWV�RUJDQLTXHV
pYDOXpV�DX�FRXUV�GH�FHWWH�pWXGH�pWDLHQW�WRXV�GHV�DJHQWV�GH�FKDXODJH�GHV�VROV�HIILFDFHV�HW
UpDJLVVDQW�DVVH]�UDSLGHPHQW��FHSHQGDQW��LO�IDXGUDLW��HQ�UDLVRQ�GH�OHXU�SOXV�IDLEOH�pTXLYDOHQW
HQ�FDUERQDWH�GH�FDOFLXP��OHV�DMRXWHU�j�XQ�WDX[�GH���j���IRLV�SOXV�pOHYp�TXH�OHV�SURGXLWV�GH
FKDXODJH�FRPPHUFLDX[�FRPPH�OH�FDOFDLUH�

����2Q�SRXUUDLW�IDFLOHPHQW�VpFKHU�OHV�SURGXLWV�j�O©DLU��OHV�UpGXLUH�HQ�JUDQXOHV�HW�OHV�WDPLVHU
HQ�YXH�G©REWHQLU�XQH�WDLOOH�HW�XQH�IRUPH�SHUPHWWDQW�GH�OHV�pSDQGUH�XQLIRUPpPHQW���/H
WDPLVDJH�VXU�XQ�WDPLV�GH���PP�DX�OLHX�G©XQ�WDPLV�GH�����PP�QH�SUpVHQWH�DXFXQ�DYDQWDJH
VXU�OH�SODQ�GH�OD�FDSDFLWp�GH�FKDXODJH�GHV�SURGXLWV�

����/HV�SURGXLWV�FRQWHQDLHQW�GHV�TXDQWLWpV�YDULDEOHV�G©pOpPHQWV�QXWULWLIV�HVVHQWLHOV�SRXU�OHV
SODQWHV���6L�FHV�SURGXLWV�pWDLHQW�XWLOLVpV�DX[�WDX[�GH�FKDXODJH�GHV�VROV��LO�IDXGUDLW�DMXVWHU�OHV
WDX[�HW�OD�FRPSRVLWLRQ�GHV�HQJUDLV�FRPSOpPHQWDLUHV�SRXU�PD[LPLVHU�OD�YDOHXU�GH�FHV
pOpPHQWV�QXWULWLIV�HW�PLQLPLVHU�OHV�ULVTXHV�GH�WDX[�WRWDX[�H[FHVVLIV�ORUV�GH�O©DSSOLFDWLRQ���/H
WDX[�WRWDO�G©DSSOLFDWLRQ�GH�SKRVSKRUH�GHYUDLW�IDLUH�O©REMHW�G©XQH�DWWHQWLRQ�SDUWLFXOLqUH�

����/H�SURGXLW�WUDLWp�DYHF�XQ�FDOFDLUH�SURYHQDQW�GH�ELRVROLGHV�WLUpV�GH�ERXHV�PXQLFLSDOHV
FRQWHQDQW�GHV�TXDQWLWpV�LPSRUWDQWHV�GH�PpWDX[�QRQ�QXWULWLIV�GHYUDLW�IDLUH�O©REMHW�G©XQH
DWWHQWLRQ�VSpFLDOH��FDU�LO�\�DXUDLW�DORUV�ULVTXH�G©DFFXPXODWLRQ�HQ�TXDQWLWpV�H[FHVVLYHV�GH
PpWDX[�GDQV�OHV�VROV��SOXV�SDUWLFXOLqUHPHQW�GH�PHUFXUH��GH�SORPE�HW�GH�FDGPLXP��PDLV
XQLTXHPHQW�GDQV�OHV�FDV�R��O©RQ�HQYLVDJH�O©DSSOLFDWLRQ�GH�FH�SURGXLW�j�GHV�WDX[�pOHYpV�GDQV
XQ�HQGURLW�GRQQp�SHQGDQW�XQH�SpULRGH�SURORQJpH�

����/HV�GHX[�HVVDLV�VHUYDQW�j�PHVXUHU�OD�YLWHVVH�GH�UpJODJH�GX�S+��WLWUDJH�HQ�UHWRXU�DSUqV
WUDLWHPHQW�DX�('7$�RX�j�O©R[DODWH��pWDLHQW�VDWLVIDLVDQWV�



2%-(&7,9(6

7KH�SURMHFW�ZDV�GLYLGHG�LQWR�IRXU�REMHFWLYHV�

2EMHFWLYH�����7R�GHPRQVWUDWH�WKH�WUHDWPHQW�RI�RUJDQLF�ZDVWH�PDWHULDOV�ZLWK�TXLFNOLPH�WR

LQWHUHVWHG�SDUWLHV�DQG�D�ZLGH�UDQJH�RI�SRWHQWLDO�XVHUV�

2EMHFWLYH�����7R�HVWDEOLVK�WKH�PLQLPXP�UDWLR�RI�OLPH�ZKHQ�DGGHG�WR�D�UDQJH�RI�RUJDQLF

ZDVWH�PDWHULDOV�WR�DFKLHYH�WHPSHUDWXUHV�QHFHVVDU\�WR�SURGXFH�D�SDVWHXUL]HG�SURGXFW�

2EMHFWLYH�����7R��D��PHDVXUH�DPPRQLD�HPLVVLRQ�LQ�HDFK�RI�WKH�IRXU�RUJDQLF�ZDVWH

PDWHULDOV�FRPELQHG�ZLWK�OLPH�DW�OHYHOV�IURP�]HUR�WR�OHYHOV�LQ�H[FHVV�RI�WKRVH�UHTXLUHG�IRU

SDVWHXUL]DWLRQ�DQG��E��PHDVXUH�WKH�FRPSRVLWLRQ�RI�WKH�RUJDQLF�ZDVWH�PDWHULDOV�DIWHU

FRPELQDWLRQ�ZLWK�TXLFNOLPH�LQ�WKH�PLQLPXP�UDWLR�WR�DFKLHYH�SDVWHXUL]DWLRQ���7KHVH

PHDVXUHPHQWV�ZHUH��S+��WRWDO�VROLGV��YRODWLOH�VROLGV��FROLIRUP�FRXQW��OHYHO�RI�QLWURJHQ�DQG

D�UDQJH�RI�FDWLRQV�

2EMHFWLYH�����7R�PHDVXUH�QLWURJHQ�FRQFHQWUDWLRQ��DV�ZHOO�DV�RWKHU�PDFURQXWULHQWV�DQG

PLFURQXWULHQWV�DQG�KHDY\�PHWDOV��LQ�RUGHU�WR�DVVHVV�WKH�OLPLQJ�DQG�QXWULHQW�YDOXH�RI�WKH

UHVXOWLQJ�SURGXFWV�FRQWDLQLQJ�WKH�OLPH��SULPDULO\�LQ�WKH�IRUP�RI�&D�2+����IRU�DSSOLFDWLRQ

WR�VRLOV���7R�DVVHVV�WKH�HFRQRPLF�IHDVLELOLW\�RI�WKLV�SURFHVV�IRU�FRPPHUFLDO�DSSOLFDWLRQ�WR

WKH�PDWHULDOV�LQYHVWLJDWHG�

%$&.*5281'

$�PDMRU�SUREOHP�LQ�WKH�)UDVHU�5LYHU�EDVLQ�LV�WKH�PDQDJHPHQW�RI�DQLPDO�ZDVWHV���7KH

SURGXFWLRQ�RI�ZDVWHV��FDOFXODWHG�RQ�DQ�DQLPDO�ZHLJKW�EDVLV��LV�DV�IROORZV��GDLU\������

EHHI�������SRXOWU\�OD\HU������SRXOWU\�PHDW�ELUGV�������VZLQH������DQG�KRUVHV�����9DQ

.OHHN����������)RU�PDQ\�KRJ�SURGXFHUV�DQG�SRXOWU\�SURGXFHUV��DQG�WR�D�OHVVHU�H[WHQW�

GDLU\�SURGXFHUV���WKHLU�RZQ�ODQG�EDVHV�DUH�QRW�VXIILFLHQW�IRU�GLVSRVDO�ZLWKLQ

HQYLURQPHQWDO�JXLGHOLQHV��&DQDGLDQ�3RUN�&RXQFLO����������+RZHYHU��D�ODUJH�SURSRUWLRQ

RI�WKH�ZDVWH�LV��VWLOO�VSUHDG��XQWUHDWHG��RQ�WKH�ILHOGV�LQ�WKH�)UDVHU�9DOOH\���&ROOHFWLYHO\�

WKHVH�PDWHULDOV�DGG�WR�WKH�ORDG�RI�ELRORJLFDOO\�DFWLYH�FRPSRXQGV�HQWHULQJ�WKH�)UDVHU�5LYHU

E\�VXUIDFH�UXQRII�DQG�WKH�QLWUDWHV�DQG�RWKHU�VROXEOH�LRQV�HQWHULQJ�WKH�YDULRXV�DTXLIHUV�

7KH�RXWFRPH�LV�WKDW�QLWUDWH�FRQFHQWUDWLRQV�LQ�VRPH�DTXLIHUV�KDYH�ULVHQ�WR�GLVWXUELQJO\

KLJK�OHYHOV��+HDOH\��������9DQ�.OHHN����������+RZHYHU��DQLPDO�ZDVWHV�DUH�RQO\�D



�

FRPSRQHQW�RI�WKLV�SUREOHP�ZKLFK�FRXOG�EH�JUHDWO\�UHGXFHG�RU�HYHQ�RYHUFRPH�E\�WKH

LQLWLDWLRQ�RI�PHDVXUHV�WR�EDODQFH�WKH�XVH�RI�FKHPLFDO�IHUWLOL]HUV�WR�WKDW�QHHGHG�WR

FRPSOHPHQW�WKH�QXWULHQWV�SURYLGHG�E\�DQLPDO�ZDVWHV���,Q�DGGLWLRQ�WR�WKH�SUREOHP

DVVRFLDWHG�ZLWK�WKH�QXWULHQW�FRQWHQW�RI�DQLPDO�ZDVWHV��RGRXUV�SURGXFHG�E\�WKH�XVH�RI

FXUUHQW�SUDFWLFHV�KDYH�UHVXOWHG�LQ�VLJQLILFDQW�SXEOLF�SUHVVXUH�IRU�PRGLILFDWLRQV�WR�EH�PDGH

LQ�SURFHVVLQJ��VWRUDJH�DQG�VSUHDGLQJ�PHWKRGV�

'HVSLWH�PXFK�VXFFHVV�LQ�LQYHVWLJDWLRQV�LQWR�YDULRXV�WHFKQLTXHV��LQFOXGLQJ�DHUDWLRQ��VROLG

OLTXLG�VHSDUDWRUV��FRPSRVWLQJ�DQG�XOWUD�ILOWUDWLRQ�UHYHUVH�RVPRVLV���SUHVVXUH�VWLOO�H[LVWV�WR

ILQG�QHZ�ZD\V�RI�UHGXFLQJ�WKH�DGYHUVH�HIIHFW�RI�WKH�GLVSRVDO�RI�ZDVWHV�LQ�WKH�EDVLQ���6RPH

UHOLHI�KDV�EHHQ�PDGH�ZLWK�WKH�H[SRUW�RI�SRXOWU\�PDQXUH�IURP�WKH�DUHD�WR�LQWHULRU�UDQFKHV�

DOWKRXJK�WKLV�LV�RQO\�DSSUR[LPDWHO\����RI�WKH�WRWDO�DPRXQW�RI�SRXOWU\�PDQXUH�SURGXFHG

�6��3DXOVRQ����������7KH�UHODWLYHO\�KLJK�GU\�PDWWHU�DQG�QXWULHQW�FRQFHQWUDWLRQ�RI�SRXOWU\

PDQXUH�DV�FRPSDUHG�WR�GDLU\�RU�KRJ�PDQXUH�VOXUU\�PDNHV�WKLV�SUDFWLFH�HFRQRPLFDOO\

DWWUDFWLYH�IRU�SRXOWU\�SURGXFHUV��WUXFNHUV�DQG�UDQFKHUV�

$�PDMRU�SUREOHP�ZLWK�UHJDUG�WR�GLVSRVDO�RI�VOXUU\�IURP�KRJ�DQG�GDLU\�EDUQV�ZLWK�VODWWHG

IORRUV�LV�WKH�KLJK�FRQFHQWUDWLRQ�RI�ZDWHU���7KH�DYHUDJH�PRLVWXUH�FRQWHQW�RI�KRJ�VOXUU\

IURP�FRYHUHG�VWRUDJH�LV�������DQG�IURP�RSHQ�VWRUDJH�LV��������9DQ�.OHHN����������+LJK

FDSDFLW\�H[SHQVLYH�VWRUDJH�WDQNV�DUH�QHFHVVDU\�IRU�VWRUDJH�RYHU�WKH�ZLQWHU��DW�ZKLFK�WLPH

VSUHDGLQJ�LV�QRW�SHUPLWWHG���&RPSRVWLQJ�LV�DQ�H[FLWLQJ�DOWHUQDWLYH�KDQGOLQJ�PHWKRG��EXW

IRU�D�PDQXUH�KDQGOLQJ�V\VWHP�ZLWK�QR�QHHG�IRU�SULRU�SURFHVVLQJ��WKLV�GHSHQGV�RQ�D�GU\

OLWWHU�EHGGLQJ�V\VWHP��ZKLFK�LV�QRW�ZLGHO\�XVHG�LQ�WKH�)UDVHU�9DOOH\���$OVR��WKLV

SURFHVVLQJ�PHWKRG�LV�QRW�DSSOLFDEOH�WR�KLJK�PRLVWXUH�VOXUU\�

/LPH�SDVWHXUL]DWLRQ�LV�D�SURFHVV�WKDW�RIIHUV�DQ�DOWHUQDWLYH�IRU�WKH�PDQDJHPHQW�RI�PDQXUH

DQG�RWKHU�ELRORJLFDO�ZDVWHV���,Q�WKLV�SURFHVV�TXLFNOLPH��&D2��UHDFWV�ZLWK�WKH�ZDWHU�LQ�WKH

ZHW�PDWHULDO�ZLWK�WKH�SURGXFWLRQ�RI�KHDW���7KH�KHDW�UDLVHV�WKH�WHPSHUDWXUH��ZLWK�WKH

WHPSHUDWXUH�LQFUHDVH�EHLQJ�SURSRUWLRQDO�WR�WKH�UDWLR�RI�OLPH�WR�ZDWHU���'XULQJ�WKH�SURFHVV�

VRPH�RI�WKH�ZDWHU�LV�GULYHQ�RII�DV�YDSRXU���7KHUH�LV�DGGLWLRQDO�PRLVWXUH�UHGXFWLRQ

DVVRFLDWHG�ZLWK�WKH�WUDQVIRUPDWLRQ�RI�WKH�&D2�WR�VODNHG�OLPH�>&D�2+���@�&DOFXODWLRQV�IRU

WKLV�UHDFWLRQ�DUH�JLYHQ�EHORZ�

&D2�������������������+�2���������o���������&D�2+���������������������KHDW

��JP�PRO������JP�PRO �����JP�PRO ���������������������FDO

�VHH�1DWLRQDO�/LPH�$VVRFLDWLRQ�������

��J�����������������J ��������o ��J ���������������������FDO

6R��IRU�D�FRPSOHWH�UHDFWLRQ��ZLWK���J�RI�TXLFNOLPH�DGGHG�WR���J�RI�ZDWHU��WKH�WHPSHUDWXUH

RI�WKH�ILQDO�PDVV�RI�K\GUR[LGH����J��ZRXOG�EH�UDLVHG�E\�����FHQWLJUDGH�GHJUHHV

������������LI�WKH�VSHFLILF�KHDW��FDORULHV�WR�UDLVH�WKH�WHPSHUDWXUH�RI��J�RI�WKH�VXEVWDQFH

�q&��RI�WKH�K\GUR[LGH�ZHUH�����+RZHYHU��VSHFLILF�KHDW�YDULHV�IURP�VXEVWDQFH�WR�VXEVWDQFH

DQG�LV�DIIHFWHG�E\�WHPSHUDWXUH��/DQJH����������$OVR��LQ�ZDVWH�PDWHULDOV�WKH�ZDWHU�LV

DVVRFLDWHG�ZLWK�YDU\LQJ�SURSRUWLRQV�RI�GU\�PDWWHU��RUJDQLF�DQG�LQRUJDQLF���ZKLFK�ZRXOG

DEVRUE�KHDW�DQG�WKXV�UHGXFH�WKH�ULVH�LQ�WHPSHUDWXUH���&RQVHTXHQWO\�D�SUHFLVH�SUHGLFWLRQ�RI

WKH�WHPSHUDWXUH�ULVH�LQ�D�PDVV�RI�ZHW�PDWHULDO�GXULQJ�DQG�DIWHU�WUHDWPHQW�LV�QRW�SRVVLEOH�
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%HFDXVH�RI�WKH�KHDWLQJ�DVVRFLDWHG�ZLWK�WKH�UHDFWLRQ��ZDWHU�YDSRXU�LV�ORVW���7KLV�PRGLILHV

WKH�UHVLGXDO�ZHLJKW�RI�WKH�WUHDWHG�PDWHULDO�DIWHU�WKH�WHPSHUDWXUH�KDV�UHWXUQHG�WR�DPELHQW

OHYHOV���7KH�SUHVHQW�SURMHFW�ZLOO�SURYLGH�LQIRUPDWLRQ�RQ�WKLV�DVSHFW�

7KH�OLPH�SDVWHXUL]DWLRQ�SURFHVV�FDQ�EH�DSSOLHG�WR�WKH�FRQYHUVLRQ�RI�D�YDULHW\�RI�KLJK�

PRLVWXUH�ZDVWHV��H�J��ILVK�PRUWV�DQG�RIIDO��ZDWHU�UHGXFHG�KRJ�PDQXUH�DQG�VHZDJH�VOXGJH�

WR�D�VWDEOH�ORZ�PRLVWXUH����������SDWKRJHQ�IUHH�ORZ�RGRXU�QXWULHQW�HQKDQFHG�K\GUDWHG

OLPH�FRQWDLQLQJ�SURGXFW��VHH�$SSHQGL[������:LWK�PDQXUH�KDQGOLQJ�EHLQJ�D�FRVWO\

FRPSRQHQW�RI�IDUP�RSHUDWLRQ��WKH�XVH�RI�OLPH�WUHDWPHQW�IRU�XQSURFHVVHG�KRJ�VOXUU\�ZRXOG

VHHP�WR�EH�XQQHFHVVDU\�DQG�H[SHQVLYH��9DQ�.OHHN����������+RZHYHU��WKH�UHVLGXH

UHPDLQLQJ�DIWHU�UHPRYDO�RI�PXFK�RI�WKH�ZDWHU�E\�UHYHUVH�RVPRVLV�XOWUDILOWUDWLRQ�RU�E\

OLPH�WUHDWPHQW�IROORZHG�E\�SRO\PHU�IORFFXODWLRQ��%�&��3RUN�3URGXFHUV�$VVRFLDWLRQ�

������ZRXOG�EH�VXLWDEOH�IRU�OLPH�WUHDWPHQW��LI�HFRQRPLFV�ZDUUDQWHG�VXFK�WUHDWPHQW�

7KH�HTXLSPHQW�IRU�WUHDWPHQW�RI�ZDVWH�ZLWK�OLPH�LV�VLPSOH�DQG�LQH[SHQVLYH��DQG�FRXOG�EH

PDGH�RI�YDU\LQJ�FDSDFLW\��VXFK�DV�WR�EH�VXLWDEOH�IRU�ORFDWLQJ�DW�WKH�VRXUFH�RI�WKH�ZDVWH

PDWHULDO���$OWHUQDWLYHO\��KLJKHU�FDSDFLW\�PRELOH�HTXLSPHQW��VLPLODU�WR�WKDW�FXUUHQWO\�EHLQJ

XVHG�E\�WKH�&KHPLFDO�/LPH�*URXS�IRU�GHPRQVWUDWLRQ��VHH�)LJXUHV������FRXOG�EH�D�YLDEOH

DOWHUQDWLYH���7KH�HQG�SURGXFW�FRXOG�EH�VWRUHG�LQGHILQLWHO\��ZLWK�WKH�TXDQWLW\�OLPLWHG�RQO\

E\�WKH�FDSDFLW\�RI�WKH�VWRUDJH�YHVVHOV�RU�WKH�VSDFH�IRU�IUHH�VWDQGLQJ�SLOHV��VHH�)LJXUH����

7KH�HQG�SURGXFW�LV�RI�YDOXH�DV�D�VRLO�DPHQGLQJ�DJHQW�IRU�DFLG�VRLOV��ZKLFK�RFFXU�ZLGHO\�LQ

WKH�/RZHU�)UDVHU�9DOOH\�DQG�9DQFRXYHU�,VODQG���7KLV�SURFHVV�WKXV�VHUYHV�WZR�SXUSRVHV�

YL]��WR�PDQDJH�D�ZDVWH�SURGXFW�HIIHFWLYHO\�DQG�WR�GHIUD\�FRVWV�E\�GHOLYHULQJ�OLPH�WR�DUHDV

ZLWK�DFLGLF�VRLOV��ZKHUH�OLPLQJ�KDV�JHQHUDOO\�EHHQ�VKRZQ�WR�HQKDQFH�FURS�DQG�SDVWXUH

SURGXFWLRQ�

/LPH�SDVWHXUL]DWLRQ�SURGXFHV�D�UHGXFHG�PRLVWXUH�FRQWHQW�SDVWHXUL]HG�VWHULOH�VRLO

FRQGLWLRQHU�IURP�WKH�FRPELQDWLRQ�RI�OLPH�DQG�OLTXLG�ZDVWH���7KLV�SDUWLDOO\�GULHG

FRQGLWLRQHU�FRXOG�EH�XVHG�LQ�SODFH�RI�WKH�OLTXLG�ZDVWH�PDWHULDO�DQG�DW�D�WLPH�RI�WKH�\HDU

ZKHQ�LW�LV�PRUH�VXLWDEOH�IRU�FURS�SURGXFWLRQ��WKHUHE\�UHGXFLQJ�WKH�PRYHPHQW�RI

GHOHWHULRXV�PDWHULDOV�LQWR�WKH�)UDVHU�5LYHU���7KXV��WKH�QHHGV�RI�WKH�DJULFXOWXUH�LQGXVWU\

DQG�WKH�)UDVHU�5LYHU�FRXOG�EH�PHW���7KLV�SURGXFW�FRXOG�EH�FXVWRPL]HG�WR�SURGXFH�D

EDODQFHG�IHUWLOL]HU�E\�WKH�DGGLWLRQ�RI�RWKHU�QXWULHQWV���,QGHHG��VXFK�D�SURFHVV�KDV�EHHQ

SDWHQWHG�LQ�%HOJLXP��&KHPLFDO�/LPH�&R�����������,W�VKRXOG�EH�QRWHG�WKDW�WKH�FRPPHUFLDO

XVH�RI�OLPH�LQ�WKH�ORZHU�PDLQODQG�RI��������WRQQHV�LV�DOUHDG\�D�VWDQGDUG�SUDFWLFH�IRU�VRLO

S+�DGMXVWPHQW���7KHUHIRUH�WKH�XVH�RI�OLPH�WUHDWHG�ELRVROLGV�ZRXOG�DOORZ�D�FRPELQDWLRQ�RI

WZR�WUDGLWLRQDO�SUDFWLFHV�LQWR�RQH�ZKLFK�LV�PRUH�HQYLURQPHQWDOO\�VRXQG�

0(7+2'6�$1'�5(68/76

2EMHFWLYH�����'HPRQVWUDWLRQ�RI�SURFHVV�

7KH�RUJDQLF�ZDVWH�PDWHULDOV�WKDW�ZHUH�VHOHFWHG�IRU�GHPRQVWUDWLRQ�ZHUH��D��PXQLFLSDO

VOXGJH��ELRVROLGV��IURP�DQ�DQDHURELF�GLJHVWLRQ�SURFHVV��'LVWULFW�RI�&KLOOLZDFN����E�
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PXQLFLSDO�VOXGJH��ELRVROLGV��IURP�DQ�DHURELF�GLJHVWLRQ�SURFHVV��'LVWULFW�RI�.HQW����F��ILVK

RIIDO���G��OLTXLG�GDLU\�FDWWOH�PDQXUH�DQG��H��SRXOWU\�OD\HU�PDQXUH�

7KH�GHPRQVWUDWLRQ�RI�OLPH�WUHDWPHQW�RI�DQDHURELF�GLJHVWHG�VOXGJH�DW�WKH�'LVWULFW�RI

&KLOOLZDFN�ZDVWH�ZDWHU�WUHDWPHQW�SODQW��::73��WRRN�SODFH�RQ���WK�1RYHPEHU�������

$WWHQGDQFH�LV�OLVWHG�LQ�7DEOH���

7DEOH�����$WWHQGDQFH�DW�'LVWULFW�RI�&KLOOLZDFN�'HPRQVWUDWLRQ

2UJDQL]DWLRQ 1DPH 7HOHSKRQH�1R�

(QYLURQPHQW�&DQDGD 0V��/LVD�:DOOV ������������

GLWWR 0V��9LYLDQ�$X GLWWR

$JULFXOWXUH�DQG�$JUL�)RRG�&DQDGD 'U��-RKQ�3DXO ������������

GLWWR 'U��7LVVD�.DQQDQJDUD GLWWR

GLWWR 0U��6KDRELQJ�<X GLWWR

GLWWR 0U��0XVVROLQL�.LWKRPH GLWWR

GLWWR 0U��3KLOLS�%DUWRQ GLWWR

%&�0LQLVWU\�RI�$JULFXOWXUH�)LVKHULHV

DQG�)RRG

0U��2UODQGR�6FKPLGW ������������

&LW\�RI�&KLOOLZDFN��HQJLQHHU� 0U��3KLOLS�%ODNHU ������������

&LW\�RI�9DQFRXYHU�+HDOWK�%RDUG 0U��3HWHU�-DFREV ������������

GLWWR 0U��5LN�%HUQDUG GLWWR

/XPPL�6HZHU�'LVWULFW��:$� 0U��5RE�-HIIHUVRQ ������������

GLWWR 0U��9LFWRU�6RORPRQ GLWWR

&LW\�RI�6HGUR�:RROH\��:$� 0U��'DOH�9HODVTXH] ������������

&LW\�RI�(YHUVRQ��:$� 0U��5LFN�+ROW ������������

3*/�2UJDQLFV�/WG� 0U��&KULV�%XOORFN ������������

7HFKQL�*UR�&DQDGD 0U��%ULDQ�3DXZHOV ������������

1RYD�7HF�:7, 0V��&DWKHULQH�3RQVIRUG ������������

:HVW�&RDVW�5HGXFWLRQ��(QY��FRRUG� 0U��.HQ�,QJUDP ������������

(DUWK�7HFK��%HOOHYXH��:$� 0U��*HRUJH�1RUGE\ ������������

GLWWR 0U��&KHQ�6KHQ GLWWR

7KH�GHPRQVWUDWLRQ�RI�OLPH�WUHDWPHQW�RI�DHURELF�VOXGJH�DW�WKH�'LVWULFW�RI�.HQW�::73

WRRN�SODFH�RQ���WK�1RYHPEHU���������$WWHQGDQFH�LV�JLYHQ�LQ�7DEOH���

7DEOH�����$WWHQGDQFH�DW�'LVWULFW�RI�.HQW�GHPRQVWUDWLRQ

2UJDQL]DWLRQ 1DPH 7HOHSKRQH�1R�

'LVWULFW�RI�.HQW��(QJLQHHU� 0U��.HLWK�3DLVOH\ ������������

'LVWULFW�RI�.HQW��::73� 0U��:LOOLV�'\HU ������������

GLWWR 0U��,DQ�*DUGQHU GLWWR
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7KH�GHPRQVWUDWLRQ�RI�OLPH�WUHDWPHQW�RI�3$5&�GDLU\�FDWWOH�PDQXUH��EDUQ�IORRU�VFUDSLQJV��

3$5&�OD\HU�PDQXUH�DQG�FRPPHUFLDO�ILVK�RIIDO�WRRN�SODFH�RQ���WK�1RYHPEHU�������

$WWHQGDQFH�LV�JLYHQ�LQ�7DEOH���

7DEOH�����$WWHQGDQFH�DW�3$5&�GHPRQVWUDWLRQ

2UJDQL]DWLRQ 1DPH 7HOHSKRQH�1R�

$JULFXOWXUH�DQG�$JUL�)RRG�&DQDGD 'U��*UDQW�.RZDOHQNR ������������

'DUF\�6SULQJV�+DWFKHU\ 0U��'RQ�0DF4XDUULH ������������

6HDIRRGV�3URGXFWV�&R��/WG� 0U��.HQ��6DN��.DULDWVXPDUL ������������

)LVKHU\�FRQVXOWDQW 0U��%RE�:LJJHQ ������������

$OID�/DYDO�(QJ��&R� 0U��&KULV�3RRN ������������

%LR]\PH�6\VWHPV�,QF� 0U��'DYLG�6D[E\ ������������

GLWWR 0U��5RQ�&ODUN ������������

(DFK�RI�WKH�DERYH�GHPRQVWUDWLRQV�ZDV�DWWHQGHG�E\�&/&�PDQDJHPHQW��0U��6FRWW�+LQGV�

*HQHUDO�0DQDJHU��0U��%RE�%RVHPDQ��3ODQW�0DQDJHU��DQG�WKH�HTXLSPHQW�RSHUDWRU�DQG�WKH

WUXFN�RSHUDWRU���'U��6WDUU�&XUWLV��&/&��VHW�XS�DQG�RSHUDWHG�WKH�HTXLSPHQW�IRU�WKH

&KLOOLZDFN�DQG�.HQW�GHPRQVWUDWLRQV���0U��-LP�3LHUV��&/&��VDOHV�UHSUHVHQWDWLYH��DWWHQGHG

WKH�&KLOOLZDFN�DQG�3$5&�GHPRQVWUDWLRQV�DQG�0U��$QGUHZ�*U]\PHN��&/&��SURFHVV

HQJLQHHU��DWWHQGHG�WKH�&KLOOLZDFN�GHPRQVWUDWLRQ���3HUVRQQHO�IURP�3$5&�OLVWHG�LQ�7DEOH��

DQG�0U��,DQ�6KDQG�DQG�'U��'LFN�%HDPHV�DWWHQGHG�DOO�GHPRQVWUDWLRQV�

'HPRQVWUDWLRQ�RSHUDWLQJ�FRQGLWLRQV

$W�HDFK�RI�WKH�VLWHV��&KLOOLZDFN��.HQW��3$5&���YDU\LQJ�OHQJWKV�RI�WLPH�ZHUH�UHTXLUHG�WR

DFKLHYH�WKH�GHVLUHG�UDWLR�RI�OLPH�WR�ZDVWH�PDWHULDO��ZKLFK�ZDV�VHW�DW�DFKLHYLQJ�D

WHPSHUDWXUH�RI��������&�DSSUR[LPDWHO\���PLQXWHV�DIWHU�SURFHVVLQJ��DW�ZKLFK�WLPH�WKH

WHPSHUDWXUH�VHHPHG�WR�VWDELOL]H���7KURXJKRXW�WKH�SURFHVVLQJ�VRPH�RI�WKH�PDWHULDO�ZDV

EHORZ�WKLV�WHPSHUDWXUH�DQG��ZKHUH�WKH�OLPH�FRQFHQWUDWLRQ�ZDV�WRR�KLJK��WKH�WHPSHUDWXUH

VRPHWLPHV�URVH�WR�RYHU������&���2Q�WKH�ZKROH��WKHVH�IOXFWXDWLRQV�UHVXOWHG�IURP�IHHG

SUREOHPV��ZKLFK�KDG�EHHQ�RYHUFRPH�E\�WKH�WLPH�RI�WKH�3$5&�GHPRQVWUDWLRQ���,W�PXVW�EH

HPSKDVL]HG�WKDW�WKLV�PRELOH�WUHDWPHQW�SODQW�KDG�EHHQ�GHVLJQHG�WR�GHPRQVWUDWH�WKH�SURFHVV

RQ�ODUJH�DPRXQWV�RI�ZDVWH�RUJDQLF�PDWHULDO��LQ�H[FHVV�RI����WRQQHV����,Q�VXFK�SURFHVVLQJ�

WKH�LQLWLDO�IOXFWXDWLRQV�LQ�WKH�UDWLR�RI�OLPH�WR�ZDVWH�PDWHULDO�DV�WKH�PDFKLQH�ZDV�EHLQJ

¦VHWWOHG�LQ§�ZRXOG�RFFXU�LQ�RQO\�D�VPDOO�SURSRUWLRQ�RI�WKH�WRWDO�PDWHULDO�SURFHVVHG�

:KHQ�WKH�SURSRUWLRQV�RI�OLPH�WR�ZDVWH�PDWHULDO�ZDV�VXFK�WKDW�WHPSHUDWXUH�ZDV�UDLVHG�WR

�������&�D�FUXPEO\�WH[WXUH�ZDV�SURGXFHG�DQG�WKH�WUHDWHG�PDWHULDO�DWWDLQHG�DQ�DQJOH�RI

UHSRVH�RI�DSSUR[������IRU�DOO�PDWHULDOV�WUHDWHG��HYHQ�WKRXJK�SLOHV�RI�DSSUR[LPDWHO\���
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WRQQHV�RI�VRPH�RI�WKHVH�PDWHULDOV�SULRU�WR�WUHDWPHQW�DWWDLQHG�D�KHLJKW�RI�QR�PRUH�WKDQ

��FP���H�J��ILVK�RIIDO��

'XULQJ�WKH�SURFHVVLQJ��ODUJH�TXDQWLWLHV�RI�ZDWHU�YDSRXU�ZHUH�SURGXFHG��DQG��IURP�WKH

VPHOO��DQG�EDVHG�RQ�&/&�H[SHULHQFH���FRQWDLQHG�GLVVROYHG�DPPRQLD���7KLV�KDG�EHHQ

LGHQWLILHG�DV�D�SRWHQWLDO�SUREOHP�ZLWK�WKLV�SURFHVVLQJ�SURFHGXUH��PDLQO\�IURP�WKH�DVSHFW

RI�HQYLURQPHQWDO�SROOXWLRQ���+RZHYHU��&/&�KDV�GHYHORSHG�D�VLPSOH�VFUXEELQJ�SURFHVV

ZKLFK�LV�FXUUHQWO\�LQ�XVH�LQ�$ODEDPD�DQG�HOVHZKHUH�LQ�WKH�86$���7KLV�FRQVLVWV�RI�D�ZDWHU

VFUXEEHU��DPPRQLD�LV�KLJKO\�VROXEOH�LQ�ZDWHU���IROORZHG�E\�D�GLOXWH�DFLG�VFUXEEHU���,Q

DSSURSULDWH�VLWXDWLRQV��WKLV�FDSWXUHG�DPPRQLD�FDQ�EH�SURFHVVHG�LQWR�IHUWLOL]HU�RU�SXW�EDFN

LQWR�WKH�V\VWHP�

0U��.HLWK�3DLVOH\��0XQLFLSDO�(QJLQHHU��'LVWULFW�RI�.HQW��LV�FXUUHQWO\�LQYHVWLJDWLQJ�WKH

SRWHQWLDO�DFFHSWDQFH�RI�WKH�SURFHVVHG�DHURELF�VOXGJH�DV�D�FODVV�$��$PHULFDQ�VWDQGDUGV�

VHH�DSSHQGL[����VRLO�DPHQGPHQW�PDWHULDO���+H�FRQVLGHUV�WKDW�WKLV�ZLOO�SURYLGH�DQ�RSWLRQ

IRU�GLVSRVLQJ�RI�WKH�VOXGJH�ORFDOO\�DV�D�OLPH�DPHQGPHQW�PDWHULDO�IRU�DFLG�VRLOV�

2EMHFWLYH�����(VWDEOLVKLQJ�PLQLPXP�OHYHO�RI�OLPH�QHHGHG�IRU�SDVWHXUL]DWLRQ�

7KH�IRXU�RUJDQLF�ZDVWHV�WHVWHG�ZHUH��DQDHURELF�GLJHVWHG�VOXGJH��ELRVROLGV��IURP�WKH

'LVWULFW�RI�&KLOOLZDFN��ILVK�RIIDO��VHPL�VROLG�GDLU\�FDWWOH�PDQXUH�DQG�SRXOWU\�OD\HU

PDQXUH���7KH�'LVWULFW�RI�&KLOOLZDFN�ELRVROLGV��IURP�DQ�DQDHURELF�SURFHVV��ZHUH�FKRVHQ

IRU�WHVWLQJ�RYHU�WKH�'LVWULFW�RI�.HQW�ELRVROLGV��IURP�DQ�DHURELF�SURFHVV��EHFDXVH�RI�WKH

PXFK�ZLGHU�XVH�RI�WKH�DQDHURELF�SURFHVV�LQ�ZDVWH�ZDWHU�WUHDWPHQW�SODQWV��DQG�WKXV�D�PXFK

ZLGHU�DSSOLFDELOLW\�RI�WKH�UHVXOWV�

0HWKRGV

7KH�GHVLJQ�ZDV�D��[��IDFWRULDO��ZLWK�WZR�UHSOLFDWHV�SHU�WUHDWPHQW���7KHUH�ZHUH���RUJDQLF

ZDVWHV��VHH�DERYH���HDFK�WUHDWHG�ZLWK���OHYHOV�RI�TXLFNOLPH��]HUR�DQG�OHYHOV�����DQG����

ZLWK�WKH�XSSHU�OHYHOV�EHLQJ�DUUDQJHG�WR�H[FHHG�WKH�¦RSWLPDO§�OHYHO��UDLVLQJ�WKH�FRUH

WHPSHUDWXUH�WR�RYHU���q&��E\�D�VPDOO�PDUJLQ���$Q�H[WUD�OHYHO�ZDV�WHVWHG�ZLWK�WKH�ILVK

RIIDO���7KH�PD[LPXP�OHYHO�RI�OLPH�DGGHG�GLIIHUHG�EHWZHHQ�PDWHULDOV��EHLQJ�����IRU�WKH

VOXGJH�ELRVROLGV������IRU�WKH�GDLU\�DQG�SRXOWU\�ZDVWHV�DQG�����IRU�WKH�ILVK�RIIDO���/LPH

DQG�RUJDQLF�PDWHULDO�ZDV�PL[HG�LQ�D�PRUWDU�PL[HU��ZLWK�WKH�PL[WXUH�LPPHGLDWHO\

WUDQVIHUUHG�WR�VWHHO�GUXPV���&RUH�WHPSHUDWXUH�ZDV�PHDVXUHG�LPPHGLDWHO\�DIWHU�DQG

DSSUR[LPDWHO\���KRXUV�DIWHU�WUHDWPHQW���7KH�UHVXOWV�ZHUH�DQDO\]HG�E\�DQDO\VLV�RI�YDULDQFH

DQG�WKH�PHDQV�FRPSDUHG�E\�D�PXOWLSOH�UDQJH�WHVW�



��

5HVXOWV�DQG�GLVFXVVLRQ

7KH�UHVXOWV�DUH�VXPPDUL]HG�LQ�7DEOH���

7DEOH�����5HODWLRQVKLS�EHWZHHQ�TXLFNOLPH�FRQFHQWUDWLRQ�DQG�WHPSHUDWXUH�ZKHQ�OLPH

LV�DGGHG�WR�YDULRXV�ZDVWH�PDWHULDOV

/LPH�ZDVWH 7HPSHUDWXUH��q&�

��� &©ZDFN�ELRVROLGV )LVK�RIIDO 'DLU\�PDQXUH 3RXOWU\�PDQXUH

,QLWLDO
 ��KUV

 ,QLWLDO ��KUV ,QLWLDO ��KUV ,QLWLDO ��KUV

� ��� ��� ��� ��� ��� �� ��� ��

�� �� ����

�� �� ���� �� �� �� ���� ���� ��

�� �� ����

�� ���� �� �� �� �� ��
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LPPHGLDWHO\�DIWHU�WKH�DGGLWLRQ�RI�OLPH�



+RXUV�DIWHU�DGGLWLRQ�RI�OLPH�

1XPEHUV�LQ�EROG��WHPSHUDWXUHV�RYHU���q&��GHWHUPLQHG�PLQLPXP�UDWLR�IRU�SDVWHXUL]DWLRQ�

7KH�UHVXOWV�LQ�7DEOH���LQGLFDWH�WKDW�����OLPH�LV�DGHTXDWH�IRU�WUHDWPHQW�RI�WKH�&KLOOLZDFN

ELRVROLGV��WKDW�����LV�PRUH�WKDQ�DGHTXDWH�IRU�ILVK�RIIDO�DQG�GDLU\�PDQXUH��DQG�WKDW�ZLWK

WHVWLQJ�EHWZHHQ�����DQG�����D�VOLJKWO\�ORZHU�SHUFHQWDJH�FRXOG�KDYH�EHHQ�IRXQG�WR�EH

VDWLVIDFWRU\�IRU�HDFK�RI�WKHVH�SURGXFWV��DQG�WKDW�����ZDV�DGHTXDWH�IRU�SRXOWU\�ZDVWH�

:LWK�VHYHUDO�IDFWRUV��SDUWLFXODUO\�PRLVWXUH�FRQWHQW�DQG�VSHFLILF�KHDW�YDOXHV�RI�WKH�VROLGV�

GLFWDWLQJ�WKH�WHPSHUDWXUH�UHVSRQVH�WR�WKH�DGGLWLRQ�RI�OLPH��H[DFW�UDWLRV�RI�DGGLWLRQ�QHHGHG

IRU�DQ\�SDUWLFXODU�PDWHULDO�ZRXOG�KDYH�WR�EH�GHWHUPLQHG�E\�WULDO�DQG�HUURU���,W�LV�H[SHFWHG

WKDW�LQLWLDO�DGGLWLRQV�ZRXOG�EH�RQ�WKH�KLJK�VLGH�LQ�RUGHU�WR�HQVXUH�SDVWHXUL]DWLRQ�DQG�WKHQ

WKH�FRQFHQWUDWLRQ�UHGXFHG�WR�D�OHYHO�MXVW�DGHTXDWH�IRU�SDVWHXUL]DWLRQ���7KH�RQO\

GLVDGYDQWDJH�RI�RYHUOLPLQJ�ZRXOG�EH�WKH�XQQHFHVVDU\�H[SHQVH�

2EMHFWLYH�����7R�PHDVXUH�DPPRQLD�HPLVVLRQV�DQG�FRPSRVLWLRQ�RI�OLPH�WUHDWHG

SURGXFWV

0HWKRGV

'HWDLOHG�PHDVXUHPHQWV�RI�DPPRQLD�HPLVVLRQ�ZHUH�PDGH�RQ�D�EHQFK�VFDOH�RQ�HDFK�RI�WKH

PDWHULDOV��ZLWK�OLPH�FRQFHQWUDWLRQV�UDQJLQJ�IURP�]HUR�WR�OHYHOV�KLJKHU�WKDQ�WKRVH�UHTXLUHG

IRU�SDVWHXUL]DWLRQ���,Q�WKHVH�ODERUDWRU\�WHVWV��DPPRQLD�HPLVVLRQV�ZHUH�PHDVXUHG�IRU

YDULRXV�LQWHUYDOV�XS�WR�����KRXUV���7KHVH�VDPSOHV�ZHUH�DOVR�DQDO\]HG�IRU�GU\�PDWWHU��DVK�

WRWDO�1��DPPRQLD�1��S+��DQG�FROLIRUPV��



��

0HDVXUHPHQWV�RI�DPPRQLD�HPLVVLRQV�LQ�WKH�ODERUDWRU\�RQ�WKH�YDULRXV�ZDVWHV�ZHUH

DFKLHYHG�E\�UHDFWLQJ�WKH�OLPH�DQG�WKH�ZDVWH�LQ�D�FORVHG�YHVVHO�DQG�WUDSSLQJ�WKH�DPPRQLD

SURGXFHG�LQ�VXOSKXULF�DFLG���7KH�QLWURJHQ�FRQWHQW�LQ�WKH�DFLG�WUDS�ZDV�DQDO\]HG�E\�WKH

VWDQGDUG�PHWKRGV��$2$&��������XVLQJ�WKH�.MHOGDKO�SULQFLSOH���$IWHU�DGGLWLRQ�RI�WKH�OLPH

WR�WKH�UDZ�PDWHULDOV��WKH�UHDFWLRQ�IODVNV�FRQWDLQLQJ�UDZ�PDWHULDO�DQG�OLPH�ZHUH�NHSW�LQ�D

ZDWHU�EDWK�PDLQWDLQHG�DW���q&�WR�PLPLF�WKH�H[RWKHUPLF�UHDFWLRQ�FUHDWHG�E\�WKH�PL[LQJ�RI

WKH�ZDVWH�ZLWK�WKH�OLPH���$PPRQLD�HPLVVLRQV�ZHUH�PHDVXUHG�LQ�WKUHH�VHSDUDWH

H[SHULPHQWV���([SHULPHQW���FRQVLVWHG�RI�WZR�UHSOLFDWHV�RI�HDFK�RI�WKH�WZR�PXQLFLSDO

VOXGJH�ELRVROLGV���/LPH�UDWHV�LQFOXGHG����������������DQG�����RI�WKH�ZHLJKW�RI�WKH�IUHVK

ZDVWH���([SHULPHQW���FRQVLVWHG�RI�IRXU�UHSOLFDWHV�RI�WKH�ILVK�RIIDO�EHFDXVH�RI�WKH

KHWHURJHQHLW\�RI�WKH�ZDVWH�PDWHULDO���/LPH�UDWHV�LQFOXGHG����������������DQG�����RI�WKH

ZDVWH���([SHULPHQW���FRQVLVWHG�RI�WZR�UHSOLFDWHV�RI�GDLU\�FDWWOH�VOXUU\�DQG�SRXOWU\�OD\HU

PDQXUH��ZLWK�OLPH�DGGHG�DW�UDWHV�RI��������������DQG�����

5HVXOWV

$PPRQLD�HPLVVLRQ

'DWD�IURP�ODERUDWRU\�WHVWV�IRU�HPLVVLRQV�XS�WR�����KRXUV�DUH�JLYHQ�IRU�ELRVROLGV�IURP�WKH

'LVWULFW�RI�&KLOOLZDFN�DQG�WKH�'LVWULFW�RI�.HQW�LQ�7DEOH����IRU�ILVK�RIIDO�LQ�7DEOH���DQG�IRU

GDLU\�FDWWOH�VOXUU\�DQG�SRXOWU\�OD\HU�PDQXUH�LQ�7DEOH�����'DWD�IRU�GU\�PDWWHU��DVK��WRWDO

QLWURJHQ��DPPRQLD�QLWURJHQ��S+�DQG�FROLIRUPV�DUH�JLYHQ�LQ�7DEOH���

�D��'LVWULFW�RI�&KLOOLZDFN�DQG�'LVWULFW�RI�.HQW�ELRVROLGV

$PPRQLD�HPLVVLRQ�LQFUHDVHG�GUDPDWLFDOO\�LQ�UHVSRQVH�WR�DGGLWLRQ�RI�TXLFNOLPH�WR�ERWK

WKH�'LVWULFW�RI�&KLOOLZDFN�ELRVROLGV�DQG�WKH�'LVWULFW�RI�.HQW�ELRVROLGV��7DEOH������0RVW�RI

WKH�HPLVVLRQ�RFFXUUHG�GXULQJ�WKH�ILUVW���K�SHULRG�GXULQJ�ZKLFK�WLPH�WKH�FKHPLFDO

UHDFWLRQV�ZHUH�WDNLQJ�SODFH���7KLV��LQ�FRPELQDWLRQ�ZLWK�WKH�LQFUHDVHG�WHPSHUDWXUH��ZRXOG

EH�H[SHFWHG�WR�IDLUO\�FORVHO\�SDUDOOHO�WKH�FRQGLWLRQV�LQ�D�ODUJHU�SLOH���$PPRQLD�HPLVVLRQ

PHDVXUHPHQWV�EH\RQG�WKLV�SHULRG�ZDV�VRPHZKDW�DUWLILFLDO�EHFDXVH�WKH�H[SRVXUH�RI�WKH

VPDOO�VDPSOH�ZHLJKW�XVHG�LQ�WKHVH�WHVWV����J��WR�WKH�DLU�ZHUH�QRW�W\SLFDO�RI�ZKDW�ZRXOG

KDSSHQ�LQ�D�ODUJH�ZDVWH�VWRUDJH�SLOH���,W�ZRXOG�EH�H[SHFWHG�WKDW�WKH�GHOD\HG�ORVVHV�LQ�ODUJH

VWRUDJH�SLOHV�ZRXOG�EH�FRQVLGHUDEO\�DWWHQXDWHG�EHFDXVH�RI�D�UHGXFWLRQ�LQ�VXUIDFH�WR

ZHLJKW�UDWLR�DV�YROXPH�LQFUHDVHV�

$PPRQLD�HPLVVLRQV�LQ�WKH�ILUVW����KRXUV�LQFUHDVHG�ZLWK�OLPH�UDWH�XS�WR�������$W�D�OLPH

DGGLWLRQ�UDWH�RI������ZKLFK�ZDV�WKH�UDWH�UHTXLUHG�IRU�SDVWHXUL]DWLRQ��DPPRQLD�HPLVVLRQ

ZDV�PRUH�WKDQ���WLPHV�KLJKHU�WKDQ�ZLWK�WKH�FRQWURO�����DGGLWLRQ��IRU�ERWK�WKH�'LVWULFW�RI

&KLOOLZDFN�ELRVROLGV�DQG�WKH�'LVWULFW�RI�.HQW�ELRVROLGV��7DEOH����

$PPRQLD�HPLVVLRQV�ZHUH�VLJQLILFDQWO\�KLJKHU�IURP�WKH�'LVWULFW�RI�&KLOOLZDFN�ELRVROLGV

WKDQ�IRU�WKH�'LVWULFW�RI�.HQW�ELRVROLGV���7KLV�UHIOHFWV�WKH�W\SH�RI�SURFHVV�XVHG�DW�WKH



��

ZDVWHZDWHU�WUHDWPHQW�SODQWV���7KH�'LVWULFW�RI�&KLOOLZDFN�XWLOL]HV�DQDHURELF�GLJHVWLRQ�

ZKHUHDV�WKH�'LVWULFW�RI�.HQW�XVHV�DHURELF�GLJHVWLRQ���$HURELF�GLJHVWLRQ�FDQ�EH�H[SHFWHG�WR

UHVXOW�LQ�VLJQLILFDQWO\�ORZHU�DPPRQLXP�FRQFHQWUDWLRQV�LQ�WKH�ELRVROLGV�WKDQ�DQ�DQDHURELF

SURFHVV��EXW�WR�KDYH�JUHDWHU�HPLVVLRQV�GXULQJ�VOXGJH�WUHDWPHQW�

7DEOH�����$PPRQLD�HPLVVLRQV�IURP�ELRVROLGV�IURP�WKH�'LVWULFW�RI�&KLOOLZDFN�DQG�WKH

'LVWULFW�RI�.HQW�DPHQGHG�ZLWK�YDULRXV�UDWHV�RI�TXLFNOLPH�DQG�LQFXEDWHG�DW���q&�

$PPRQLD�HPLVVLRQ

�PJ�DPPRQLD�1�J�IUHVK�VDPSOH�/LPH

&KLOOLZDFN�%LRVROLGV .HQW�%LRVROLGV�

��� ����K ���
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1XPEHUV�LQ�EROG�UHSUHVHQW�OLPH�UDWH�WKDW�PHW�WHPSHUDWXUH�UHTXLUHPHQWV�IRU

SDVWHXUL]DWLRQ



6WDQGDUG�HUURU�RI�PHDQ����OHYHOV����UHSOLFDWLRQV

�E��)LVK�RIIDO

:LWK�ILVK�RIIDO�WKHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�DPPRQLD�HPLVVLRQ�EHWZHHQ�WKH�UDWHV

RI�OLPH�DGGLWLRQ�RI�����DQG������7DEOH������7KH�OLPH�WUHDWHG�ZDVWHV�SURGXFHG�����WR

����PRUH�DPPRQLD�WKDQ�WKH�FRQWURO��QRQ�WUHDWHG��ZDVWH�IRU�WKH�ILUVW����KRXUV���+RZHYHU�

IRU�WKH�UHPDLQLQJ�SHULRG�����WR�����KRXUV���DPPRQLD�HPLVVLRQ�YLUWXDOO\�FHDVHG�IRU�DOO�RI

WKH�OLPH�WUHDWPHQWV��ZKHUHDV�WKH�XQWUHDWHG�ZDVWH�FRQWLQXHG�WR�SURGXFH�DPPRQLD�DW�D�KLJK

OHYHO���7RWDO�DPPRQLD�HPLVVLRQ�IRU�WKH�WRWDO�����KRXU�SHULRG�ZDV�����WLPHV�KLJKHU�IRU�WKH

XQWUHDWHG�PDWHULDO�WKDQ�IRU�DQ\�RI�WKH�OLPH�WUHDWPHQWV���7KLV�GHPRQVWUDWHV�WKH�VWDELOL]LQJ

YDOXH�RI�WKH�OLPH�WUHDWPHQW�RI�ILVK�RIIDO���7KHVH�UHVXOWV�FDQ�EH�H[SODLQHG�E\�WKH

LQDFWLYDWLRQ�RI�PLFURELDO�DFWLRQ�DV�D�UHVXOW�RI�SDVWHXUL]DWLRQ�DQG�WKH�KLJK�UHVLGXDO�S+�

(YHQ�WKH�KLJK�S+�RI�������VHH�7DEOH���ZLWKRXW�SULRU�SDVWHXUL]DWLRQ�ZRXOG�KDYH�EHHQ

DGHTXDWH�IRU�WKH�SUHYHQWLRQ�RI�PLFURELDO�JURZWK��%HDPHV����������7KLV�GLIIHUHQFH�LQ

UHVSRQVH�ZLWK�WKH�ILVK�ZDVWH�FDQ�EH�DWWULEXWHG�WR�WKH�IDFW�WKDW�WKH�QLWURJHQ�ZDV�PRVWO\�LQ

WKH�IRUP�RI�LQWDFW�SURWHLQ�DQG�ZDV�DPHQDEOH�WR�PLFURELDO�GHJUDGDWLRQ��ZKHUHDV�WKH

QLWURJHQ�LQ�WKH�RWKHU�PDWHULDOV�KDG�DOUHDG\�EHHQ�PRGLILHG�WR�LQRUJDQLF�IRUPV�



��

7DEOH�����$PPRQLD�HPLVVLRQ�IURP�ILVK�RIIDO�DPHQGHG�ZLWK�YDULRXV�UDWHV�RI

TXLFNOLPH�DQG�LQFXEDWHG�DW���q&�

/LPH $PPRQLD�HPLVVLRQ

��� �PJ�DPPRQLD�1�J�IUHVK�ILVK�RIIDO�

����K �����K ������K 7RWDO
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1XPEHUV�LQ�EROG�UHSUHVHQW�OLPH�UDWH�WKDW�PHW�WHPSHUDWXUH�UHTXLUHPHQWV�IRU

SDVWHXUL]DWLRQ



6WDQGDUG�HUURU�RI�PHDQ����OHYHOV����UHSOLFDWLRQV

7KH�UHVXOWV�IRU�IUHVK�ILVK�RIIDO�LQGLFDWH�WKDW�WKH�DGGLWLRQ�RI�OLPH�GULYHV�RII�YLUWXDOO\�DOO�RI

WKH�DPPRQLD�GXULQJ�WKH�ILUVW����KRXUV��SURGXFLQJ�D�VWDEOH�VWRUDEOH�SURGXFW��ZLWK�DOPRVW

QR�IXUWKHU�HPLVVLRQ�RI�DPPRQLD���6XFK�D�UHVXOW�VKRZV�WKLV�WUHDWPHQW�WR�KDYH�FRQVLGHUDEOH

SRWHQWLDO�IRU�WKH�KDQGOLQJ�DQG�VWRUDJH�RI�ILVK�RIIDO���7KLV�VWDELOL]DWLRQ�ZRXOG�DOORZ�JUHDW

IOH[LELOLW\�LQ�D�ILVK�SURFHVVLQJ�RSHUDWLRQ��ZKHUH�WKH�SURGXFW�FRXOG�EH�GLVSRVHG�RI�DV�D�VRLO

DPHQGPHQW�PDWHULDO�DW�D�WLPH�FRQYHQLHQW�WR�WKH�SURGXFHU���7UHDWPHQW�RI�WKH�RIIDO�ZKHQ

IUHVK�LV�FRQVLGHUHG�WR�EH�KLJKO\�GHVLUDEOH��LI�QRW�HVVHQWLDO�

�F��'DLU\�FDWWOH�VOXUU\�DQG�SRXOWU\�OD\HU�PDQXUH

)RU�DOO�RI�WKH�WUHDWPHQWV�RQ�GDLU\�FDWWOH�PDQXUH��]HUR�DQG����WR�������RYHU�����RI�WKH

WRWDO�DPPRQLD�HPLVVLRQ�RFFXUUHG�RYHU�WKH�ILUVW����KRXUV��7DEOH������7KH�DGGLWLRQ�RI�OLPH

WR�GDLU\�FDWWOH�VOXUU\�VLJQLILFDQWO\�LQFUHDVHG�DPPRQLD�HPLVVLRQ�E\���WR������ZLWK�WKHVH

LQFUHDVHV�RFFXUULQJ�GXULQJ�WKH�ILUVW����KRXUV�

$PPRQLD�HPLVVLRQV�ZHUH�DOPRVW�IRXU�WLPHV�KLJKHU�IURP�WKH�SRXOWU\�OD\HU�PDQXUH�WKDQ

IURP�WKH�GDLU\�FDWWOH�VOXUU\�DQG�WKH�ILVK�ZDVWH��DQG�DSSUR[LPDWHO\���WR���WLPHV�KLJKHU�WKDQ

WKH�HPLVVLRQV�IURP�WKH�WZR�PXQLFLSDO�ELRVROLGV���7KH�UHVSRQVH�RI�WKH�SRXOWU\�OD\HU

PDQXUH�WR�DGGLWLRQ�RI�TXLFNOLPH�ZDV�XQLTXH��7DEOH�����LQ�WKDW�WKH�OLPH�DGGLWLRQ�QRW�RQO\

LQFUHDVHG�WKH�DPPRQLD�HPLVVLRQ�RYHU�WKH�ILUVW����KRXU�SHULRG��DSSUR[��WKUHHIROG��EXW

PDUNHGO\�UHGXFHG�HPLVVLRQV�LQ�WKH�����WR������WUHDWPHQWV�IRU�WKH�UHPDLQGHU�RI�WKH

H[SHULPHQWDO�SHULRG�

7KH�UHVXOWV�LQ�7DEOH���VKRZ�WKDW�DPPRQLD�HPLVVLRQ�RI�WKH�OLPH�WUHDWHG�RUJDQLF�PDWHULDOV

LV�VLJQLILFDQWO\�LQFUHDVHG�E\�OLPH�DGGLWLRQ���7KH�DPPRQLD�HPLVVLRQ�LV�JUHDWO\�LQFUHDVHG

GXULQJ�WKH�ILUVW����KRXUV��ZKLFK�DLGV�LQ�WKH�PDQDJHPHQW�RI�VXFK�PDWHULDO�E\�WKH�XVH�RI

DPPRQLD�VFUXEEHUV���:LWK�WKLV�JUHDWHU�HDUO\�UHPRYDO�RI�DPPRQLD��LW�LV�H[SHFWHG�WKDW�WKHUH



��

ZRXOG�EH�D�UHGXFWLRQ�LQ�DPPRQLD�ORVV�DIWHU�DSSOLFDWLRQ�RI�WKH�WUHDWHG�ZDVWHV�WR�WKH�ILHOG�

ZLWK�WKH�ORVV�EHLQJ�PDUNHGO\�OHVV�WKDQ�WKDW�ZKLFK�ZRXOG�RFFXU�LI�XQWUHDWHG�PDQXUH�ZHUH

WR�EH�VSUHDG�

7DEOH�����$PPRQLD�HPLVVLRQ�IURP�IUHVK�GDLU\�FDWWOH�VOXUU\�DQG�IUHVK�SRXOWU\�OD\HU

PDQXUH�DPHQGHG�ZLWK�YDULRXV�UDWHV�RI�TXLFNOLPH�DQG�LQFXEDWHG�DW���q&�

$PPRQLD�HPLVVLRQ

/LPH �PJ�DPPRQLD�1�J�IUHVK�VDPSOH�

��� 'DLU\�FDWWOH�VOXUU\ 3RXOWU\�OD\HU�PDQXUH
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1XPEHUV�LQ�EROG�UHSUHVHQW�OLPH�UDWH�WKDW�PHW�WHPSHUDWXUH�UHTXLUHPHQWV�IRU

SDVWHXUL]DWLRQ



6WDQGDUG�HUURU�RI�PHDQ����OHYHOV����UHSOLFDWLRQV

$GGLWLRQ�RI�OLPH�RQO\�KDG�D�VPDOO�HIIHFW�RQ�GDLU\�FDWWOH�VOXUU\�ERWK�ZLWK�UHJDUG�WR�LQLWLDO

DPPRQLD�ORVV�DQG�ORVV�RYHU�����KRXUV��VR�ZRXOG�QRW�DSSHDU�WR�KDYH�PXFK�DSSOLFDWLRQ�DV�D

PHDQV�RI�UHGXFLQJ�ILHOG�DPPRQLD�ORVVHV���,Q�FRQWUDVW��OLPH�DGGLWLRQ�WR�SRXOWU\�OD\HU

PDQXUH�PDUNHGO\�LQFUHDVHG�LQLWLDO�DPPRQLD�ORVV�RYHU�WKH�ILUVW����KRXUV�DQG�YLUWXDOO\

HOLPLQDWHG�ORVV�WKHUHDIWHU��WKXV�VXJJHVWLQJ�WKDW�WKLV�SURFHVV�ZRXOG�EH�VXLWDEOH�IRU

VWDELOL]LQJ�WKLV�PDQXUH�LI�DQ�DPPRQLD�VFUXEEHU�ZHUH�WR�EH�XVHG�

3K\VLFDO�DQG�FKHPLFDO�SDUDPHWHUV�DQG�FROLIRUP�FRQWHQW�RI�OLPH�WUHDWHG�PDWHULDOV

)RU�DOO�ZDVWH�PDWHULDOV��WKH�DGGLWLRQ�RI�OLPH�LQFUHDVHG�WKH�S+�IURP�D�UDQJH�RI���WR���WR�D

ILQDO�YDOXH�RI������WR�������7DEOH������7KLV�ZDV�DFFRPSDQLHG�E\�DQ�LQFUHDVH�LQ�GU\�PDWWHU

SHUFHQWDJH�WR�OHYHOV�UDQJLQJ�IURP�������WR���������7KH�LQFUHDVH�ZDV�JUHDWHVW�IRU�WKH

GDLU\�FDWWOH�VOXUU\��IURP�������WR����������&DOFXODWLRQV�ZHUH�PDGH�WR�GHWHUPLQH�WKH�ORVV

RI�PRLVWXUH�DV�YDSRXU�UHVXOWLQJ�IURP�WKH�KHDWLQJ�RI�WKH�WUHDWHG�PDWHULDO��DSSHQGL[����

:LWK�WKH�SRXOWU\�PDQXUH�XVHG�DV�DQ�H[DPSOH��WKLV�VKRZHG�WKDW�IURP�DQ�LQLWLDO�ZHLJKW�RI

���J�PDQXUH�RI�DSSUR[LPDWHO\�����PRLVWXUH��ZKHQ�WUHDWHG�ZLWK���J�OLPH��WKH�ILQDO

ZHLJKW�ZDV����J��ZLWK�DSSUR[LPDWHO\�����PRLVWXUH���,Q�DOO�FDVHV�WKH�OLPH�WUHDWPHQW

UHGXFHG�FROLIRUP�FRXQW�WR�XQGHWHFWDEOH�OHYHOV���:LWK�DQ�LQFUHDVH�LQ�WKH�DVK�SHUFHQWDJH�LQ

WKH�GU\�PDWWHU��ODUJHO\�DV�D�UHVXOW�RI�WKH�DGGLWLRQ�RI�WKH�OLPH�������DVK�RU�LQRUJDQLF
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PDWWHU���WKHUH�ZDV�D�FRQFRPLWDQW�UHGXFWLRQ�LQ�WKH�RUJDQLF�PDWWHU�SHUFHQWDJH�RI�DOO

PDWHULDOV���7RWDO�QLWURJHQ�OHYHO�ZDV�DOVR�UHGXFHG��DOVR�ODUJHO\�WKURXJK�WKH�GLOXWLQJ�HIIHFW

RI�WKH�DGGLWLRQ�RI�WKH�OLPH��EXW�ZLWK�WKH�FRQWULEXWLRQ�IURP�WKH�ORVV�RI�QLWURJHQ�DV

DPPRQLD���)RU�DOO�OLPH�WUHDWHG�PDWHULDOV��WKH�OHYHO�RI�QLWURJHQ�DV�DPPRQLXP�QLWURJHQ�ZDV

���RU�OHVV��PRUH�GHWDLOHG�LQIRUPDWLRQ�FDQ�EH�REWDLQHG�IURP�'U��&�*��.RZDOHQNR�

3$5&��

7KH�VLJQLILFDQFH�RI�WKH�RWKHU�HOHPHQWV��DOXPLQXP��DUVHQLF��FDGPLXP��FRSSHU��LURQ��OHDG�

PDJQHVLXP��PHUFXU\��SRWDVVLXP��SKRVSKRUXV��VRGLXP�DQG�]LQF��LV�GLVFXVVHG�XQGHU

REMHFWLYH����EHORZ��

7KH�OLPH�WUHDWHG�PDWHULDOV�XVHG�IRU�WKH�WHPSHUDWXUH�DQG�DPPRQLD�H[SHULPHQWV�ZHUH

SODFHG�LQWR�FRYHUHG�EDUUHOV�DQG�VWRUHG�XQWLO�WKH�ODERUDWRU\�DVVHVVPHQWV�ZHUH�LQLWLDWHG���$OO

PDWHULDOV��SDUWLFXODUO\�WKH�ILVK�RIIDO��SURGXFHG�D�IDLU�DPRXQW�RI�RGRXU�ZKHQ�WKH�EDUUHOV

ZHUH�RSHQHG��HYHQ�WKRXJK�WKH�GHFRPSRVLWLRQ�ZDV�YLVXDOO\�TXLWH�FRPSOHWH���7KH�RGRXU

IURP�WKH�ILVK�RIIDO�ZDV�TXLWH�GLVWLQFW�DQG�SHUVLVWHG�IRU�TXLWH�D�ZKLOH�DIWHU�WKH�VDPSOHV

ZHUH�GULHG��VFUHHQHG�DQG�VWRUHG���7KH�RGRXU�VHHPHG�WR�GLPLQLVK�VORZO\�RYHU�WLPH���7KLV

VXJJHVWV�WKDW�WKHUH�LV�D�FRQWLQXLQJ�VORZ�FKHPLFDO�UHDFWLRQ��LQFOXGLQJ�D�SRVVLEOH�R[LGDWLRQ

RI�RLOV��DIWHU�WKH�LQLWLDO�YLJRURXV�UHDFWLRQ���7KH�VWRUDJH�LQ�WKH�FORVHG�GUXP�ZRXOG�KDYH

DGGHG�WR�WKLV�RGRXU���7KLV�DOVR�VXJJHVWV�WKDW�VRPH�RI�WKH�FKHPLFDO�DVVHVVPHQW

PHDVXUHPHQWV�PD\�FKDQJH�ZLWK�WLPH�DV�WKH�FKHPLFDO�UHDFWLRQ�SURFHHGV�

2EMHFWLYH����7R�PHDVXUH�QLWURJHQ�FRQFHQWUDWLRQ��DV�ZHOO�DV�RWKHU�PDFURQXWULHQWV

DQG�PLFURQXWULHQWV�DQG�KHDY\�PHWDOV��LQ�RUGHU�WR�DVVHVV�WKH�OLPLQJ�DQG�QXWULHQW

YDOXH�RI�WKH�UHVXOWLQJ�SURGXFWV�FRQWDLQLQJ�WKH�OLPH��SULPDULO\�LQ�WKH�IRUP�RI

&D�2+����IRU�DSSOLFDWLRQ�WR�VRLOV�

7KH�RULJLQDO�LQWHQW�IRU�FRPSDULQJ�WKH�OLPH�WUHDWHG�PDWHULDOV�ZDV�WR�LQFRUSRUDWH�JODVV

KRXVH�WHVWV�ZLWK�WKH�XVH�RI�YDULRXV�DFLG�VHQVLWLYH�SODQWV���%HFDXVH�RI�WKH�ODERXU�DQG�WLPH

UHTXLUHPHQWV�RI�VXFK�WHVWV��WKH\�ZHUH�UHSODFHG�E\�ODERUDWRU\�WHVWV���7KHVH�ODERUDWRU\�WHVWV

ZHUH�FDUULHG�RXW�RQ�IRXU�DFLGLF�VRLOV��ZLWK�FRPSDULVRQV�PDGH�ZLWK�FRQYHQWLRQDO�OLPLQJ

PDWHULDOV�DQG�ODERUDWRU\�JUDGH�FDOFLXP�FDUERQDWH�IRU�H[WHQW�DQG�VSHHG�RI�UHDFWLRQ�

&RPSDUDWLYH�WHVWV�ZHUH�DOVR�PDGH�RQ�PHWKRGV�IRU�DVVHVVLQJ�VSHHG�RI�UHDFWLRQ���'HWDLOV�RQ

WKH�UHVXOWV�ZLWK�WKH�GLIIHUHQW�PHWKRGV�FDQ�EH�REWDLQHG�IURP�'U��&�*��.RZDOHQNR��3$5&�

0HWKRGV

)RU�WKH�ODERUDWRU\�WHVWV��DOO�RI�WKH�OLPH�WUHDWHG�PDWHULDOV�WDNHQ�IURP�WKH�GUXPV�XVHG�IRU

WKH�WHPSHUDWXUH�DQG�DPPRQLD�WHVWV�ZHUH�DLU�GULHG�WR�UHGXFH�WKH�PRLVWXUH�FRQWHQW�IURP

DSSUR[LPDWHO\��������WR����������$�ILQH����PP��IUDFWLRQ�DQG�D�FRDUVH�����PP�

IUDFWLRQ�ZHUH�SUHSDUHG�E\�IRUFLQJ�WKURXJK�VFUHHQV�
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7DEOH�����9DOXHV�IURP�ODERUDWRU\�WHVWV�IRU�S+��GU\�PDWWHU��DVK��RUJDQLF�PDWWHU��WRWDO

QLWURJHQ��DPPRQLXP�QLWURJHQ��PLQHUDOV�DQG�FROLIRUPV�LQ�IUHVK��XQWUHDWHG��DQG

OLPH�WUHDWHG�ZDVWH�PDWHULDOV

&KLOOLZDFN

ELRVROLGV

)LVK�RIIDO 'DLU\�FDWWOH�VOXUU\ 3RXOWU\�OD\HU

PDQXUH

5DZ 7UHDWHG 5DZ 7UHDWHG 5DZ 7UHDWHG 5DZ 7UHDWHG

/LPH�DGGLWLRQ ��� ��� ��� ���

$V�LV�EDVLV

S+ ��� ���� ��� ���� ��� ���� ��� ����

'U\�PDWWHU���� ���� ���� ���� ���� ���� ���� ���� ����

0RLVWXUH���� ���� ���� ���� ���� ���� ���� ���� ����

&ROLIRUPV��&)8�J� !������ �� ���� �� ����� �� !������ ��

'U\�PDWWHU�EDVLV

$VK
���� ���� ���� ���� ���� ���� ���� ���� ����

2UJDQLF�PDWWHU���� ���� ���� ���� ���� ���� ��� ���� ����

7RWDO�1���� ��� ��� ��� ��� ��� ��� ��� ���

1+��1���� ���� ���� ���� ���� ���� ����� ���� ����

&DOFLXP���� ���� ����� ���� ����� ���� ����� ���� �����

$OXPLQXP��PJ�NJ� ����� ���� � ��� �� ��� ��� ���

$UVHQLF��PJ�NJ� ��� ��� ��� ��� � ��� � ���

&DGPLXP��PJ�NJ� ��� ��� ���� ���� ���� ���� ���� ���

&RSSHU��PJ�NJ� ���� ��� ��� ��� ��� ��� ���� ����

,URQ��PJ�NJ� ����� ���� �� ��� ��� ��� ��� ���

/HDG��PJ�NJ� ��� �� ��� ��� ��� ��� ��� ���

0DJQHVLXP��PJ�NJ� ���� ���� ��� ���� ��� ���� ���� ����

0HUFXU\��PJ�NJ� ��� ��� � � � � � �

0RO\EGHQXP��PJ�NJ� ��� ��� ��� ��� ��� ��� ��� ���

1LFNHO��PJ�NJ� ���� ���� ��� ���� ��� ��� ��� ���

3RWDVVLXP��PJ�NJ� ���� ���� ���� ���� ���� ���� ���� ����

3KRVSKRUXV��PJ�NJ� ���� ���" ���� ���� ��� ��� ���� ����

6RGLXP��PJ�NJ� ��� ��� ���� ���� ��� ��� ���� ����

=LQF��PJ�NJ� ��� ��� ���� ���� ���� ���� ����� �����


5HVLGXH�DIWHU�LQFLQHUDWLRQ�DW����q&��������YRODWLOH�VROLGV�

,Q�DGGLWLRQ�WR�WHVWV�DQG�SDUDPHWHUV�PHDVXUHG�LQ�7DEOH����IXUWKHU�WHVWV�ZHUH�PDGH�RQ�WKH

OLPH�WUHDWHG�PDWHULDOV���7KHVH�LQFOXGHG�FDOFLXP�FDUERQDWH�HTXLYDOHQWV��D�PHDVXUH�RI

OLPLQJ�YDOXH��XVLQJ�WKH�PHWKRG�RI�.DQH���������DQG�OLPLQJ�LQWHQVLW\��D�PHDVXUH�RI�WKH

UDWH�RI�WKH�FKDQJH�RI�S+�ZLWK�WKH�OLPLQJ�RI�D�VRLO����)RU�WKH�ODWWHU��D�YDULHW\�RI�PHWKRGV

ZHUH�FRPSDUHG��LQFOXGLQJ�WKH�('7$�PHWKRG��VHH�(O�*LEDO\�DQG�$[OH\��������:KLWWDNHU

HW�DO�������DQG�+XQWHU�HW�DO��������DQG�WKH�R[DODWH�PHWKRG��7KRPDV�DQG�*URVV������DQG

6FKROOHQEHUJHU�DQG�:KLWWDFNHU���������7KLV�VHFRQG�PHWKRG�ZDV�XVHG�IRU�WKH�LQIRUPDWLRQ

SUHVHQWHG�LQ�7DEOHV����DQG�����7KH�UHVXOWV�IURP�WKH�FRPSDULVRQ�RI�PHWKRGV�ZLOO�QRW�EH

GLVFXVVHG�KHUH��EXW�GHWDLOV�FDQ�EH�REWDLQHG�IURP�'U��.RZDOHQNR��3$5&����&DOFXODWLRQV

ZHUH�PDGH�RQ�WKH�OLPLWLQJ�HIIHFW�RI�WKH�FRQFHQWUDWLRQV�RI�QRQ�QHXWUDOL]LQJ�FKHPLFDOV�RQ

WKH�SRWHQWLDO�YDOXH�RI�WKHVH�OLPH�WUHDWHG�PDWHULDOV�IRU�VRLO�DSSOLFDWLRQ��7DEOH�������/HYHOV

RI�FDUERQ��&��DQG�VXOSKXU��6�ZHUH�PHDVXUHG��DQG�&�QLWURJHQ�1���DQG�&�6�YDOXHV�ZHUH

FDOFXODWHG��7DEOH�����
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7DEOH�����&DOFLXP�FDUERQDWH�HTXLYDOHQWV�RI�OLPH�WUHDWHG�ZDVWH�PDWHULDOV�DQG

FRPPHUFLDO�OLPH�SURGXFWV


/LPH�VRXUFHV /LPH�

IUHVK

ZDVWH

&DOFLXP &D&2��HTXLYDOHQW°

���DLU�GU\� ���GU\

PDWWHU�

$2$&



PHWKRG

5HODWLYH�WR�$J

OLPH

'U\�PDWWHU�EDVLV 1RQ�

GULHG�

%LRVROLGV ������ ���� ���� ����� �� ��

)LVK�RIIDO ������ ���� ���� ����� �� ��

'DLU\�VOXUU\ ������ ���� ���� ����� �� ��

3RXOWU\�PDQXUH ������ ���� ���� ����� �� ��

4XLFNOLPH �� �� ���� ��� ���

+\GUDWHG�OLPH �� �� ���� ��� ���

$J��/LPH �� �� ���� ��� ���

'RORPLWH �������0J� ������0J� ���� ��� ���

°�6WDQGDUG�HUURU�RI�PHDQ��6(0��RI�&D&2��HTXLYDOHQW�RI����PHDVXUHPHQWV����ZDVWH

PDWHULDOV����ILQHQHVV�RI�JULQG����UXQV��SOXV���FRPPHUFLDO�PDWHULDOV��ZLWK���UHSV�SHU�UXQ�LV

����


,QIRUPDWLRQ�IURP�GDWD�SURYLGHG�E\�'U��.RZDOHQNR���/HYHOV�RI�FDOFLXP�LQ�FRPPHUFLDO

OLPLQJ�SURGXFWV�ZHUH�REWDLQHG�IURP�1DWLRQDO�/LPH�$VVRFLDWLRQ������



.DQH�������

�2YHQ�GU\�PDWHULDO��PHDQ�YDOXH�RI�FRDUVH�DQG�ILQH�JULQG

��6HH�7DEOH���IRU�PRLVWXUH�FRQWHQWV�RI�OLPH�WUHDWHG�PDWHULDOV

)RXU�VRLOV�ZHUH�XVHG�IRU�WHVWLQJ�WKH�OLPH�WUHDWHG�PDWHULDOV���7KHVH�ZHUH�0XG�%D\��ZKLFK

LV�YHU\�DFLGLF��$EERWVIRUG��ZKLFK�LV�PRGHUDWHO\�DFLGLF�DQG�WZR�IDUP�VRLOV�RI�LQWHUPHGLDWH

DFLGLW\��7DEOH�������5HVXOWV�IRU�OLPLQJ�SRWHQWLDO��FDOFLXP�FDUERQDWH�HTXLYDOHQW��DUH

SUHVHQWHG�RQO\�IRU�WKH�H[WUHPHV��YL]��0XG�%D\�DQG�$EERWVIRUG�VRLOV�

5HVXOWV

,QIRUPDWLRQ�RQ�WKH�VRLOV�XVHG�LV�SUHVHQWHG�LQ�7DEOH����

7KH�OLPLQJ�YDOXH��FDOFLXP�FDUERQDWH�HTXLYDOHQW��RI�WKH�YDULRXV�OLPH�WUHDWHG�PDWHULDOV�LV

SUHVHQWHG�LQ�7DEOH������7KH�SRWHQWLDO�OLPLWLQJ�HIIHFW�RI�WKH�YDULRXV�PDFUR�HOHPHQWV�DQG

QXWULHQWV�RQ�WKH�PD[LPXP�DGGLWLRQ�RI�WKH�OLPH�WUHDWHG�PDWHULDOV�LV�SUHVHQWHG�LQ�7DEOH����

7KH�LQIRUPDWLRQ�LQ�7DEOH����LQGLFDWHV�WKDW��ZKHQ�WKH�OLPH�WUHDWHG�RUJDQLF�PDWHULDOV�DUH

FRPSDUHG�ZLWK�DJULFXOWXUDO�OLPHVWRQH��DSSOLFDWLRQ�UDWHV�ZRXOG�KDYH�WR�EH�DERXW���WLPHV
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KLJKHU�IRU�VOXGJH�ELRVROLGV��IRXU�WLPH�KLJKHU�IRU�SRXOWU\�PDQXUH�DQG�DSSUR[LPDWHO\�WKUHH

WLPHV�KLJKHU�IRU�ILVK�RIIDO�DQG�GDLU\�PDQXUH���2Q�D�GU\�PDWWHU�EDVLV��WKHVH�UHSODFHPHQW

OHYHOV�ZRXOG�EH�UHGXFHG�E\�DSSUR[LPDWHO\�����

7DEOH������&KDUDFWHUL]DWLRQ�PHDVXUHPHQWV�RQ�VRLOV�XVHG�IRU�DVVHVVPHQW�RI

TXLFNOLPH�WUHDWHG�RUJDQLF�PDWHULDOV�DV�OLPLQJ�DJHQWV

0HDVXUHPHQW 0XG�%D\ $EERWVIRUG )DUP���O )DUP���F

S+�E\��������VRLO�ZDWHU ���� ���� ���� ����

��������������603�EXIIHU ���� ���� ���� ����

7RQQHV�&D&2��HTXLYDOHQW�KD�WR

���FP�GHSWK�WR�DFKLHYH�S+����

����� ������ ������ �����

&DUERQ���� ���� ���� ���� ����

1LWURJHQ���� ������ ������ ������ ������

6XOSKXU���� ������ ������ ������ ������

&�1�UDWLR �� �� ��� ��

&�6�UDWLR �� �� �� ��


/LPH�UHTXLUHPHQW�FDOFXODWHG�E\��/�5�������� ��������603���¤�������603����������

7DEOH������$PRXQW�RI�TXLFN�OLPH�WUHDWHG�RUJDQLF�PDWHULDOV�DQG�FRPPHUFLDO�OLPLQJ

SURGXFWV�WKDW�ZRXOG�KDYH�EHHQ�DGGHG��P7�KD�WR����FP�GHSWK��DW�FDOFLXP�FDUERQDWH

HTXLYDOHQWV�UHFRPPHQGHG�WR�OLPH�VRLOV�WR�S+�����XVLQJ�603�EXIIHU�PHWKRG

0DWHULDO 0RLVWXUH���� 0D[LPXP

�0XG�%D\�VRLO�

0LQLPXP

�$EERWVIRUG�VRLO�

%LRVROLG ����
 ��� ��

)LVK�RIIDO ���� �� ��

'DLU\�VOXUU\ ���� �� ��

3RXOWU\�PDQXUH ���� �� ��

4XLFNOLPH �� �� �

+\GUDWHG�OLPH �� �� �

$JULFXOWXUDO�OLPHVWRQH ��� �� �

'RORPLWH �� �� �

3XUH�FDOFLXP�FDUERQDWH �� �� �


0RLVWXUH�FRQWHQW�RI�PDWHULDO�LQ�GUXPV�DIWHU�WUHDWPHQW�

'DWD�SURYLGHG�E\�'U��.RZDOHQNR�ZHUH�PRGLILHG�WR�PRLVWXUH�OHYHOV�LQ�WKH�GUXPV�

'DWD�IRU�OLPLQJ�LQWHQVLW\�DUH�SUHVHQWHG�LQ�7DEOHV����DQG������7KH�YDOXHV�IRU�RQH�KRXU

FKDQJHV�LQ�S+�VKRZ�DOO�RI�WKH�OLPH�WUHDWHG�PDWHULDOV�WR�EH�IDVW�DFWLQJ�DQG�QRW�PDUNHGO\

GLIIHUHQW�IURP�WKH�OLPLQJ�LQWHQVLW\�RI�TXLFNOLPH���6ODNHG�OLPH�ZDV�VLJQLILFDQWO\�IDVWHU�

ZKLOH�DJULFXOWXUDO�OLPHVWRQH�DQG�GRORPLWH�ZHUH�PDUNHGO\�VORZHU��7DEOH�������+RZHYHU�
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WKHVH�GLIIHUHQFHV�KDG�ODUJHO\�GLVDSSHDUHG�E\����KRXUV��7DEOH�������([WUDSRODWLRQ�RI�WKHVH

UHVXOWV�WR�S+�FKDQJHV�LQ�VRLOV�ZRXOG�DSSHDU�WR�EH�EHWWHU�PDGH�IURP�WKH���KRXU�GDWD�WKDQ

IURP�WKH����KRXU�GDWD��EHFDXVH�ZKHQ�FRQYHQWLRQDO�OLPLQJ�PDWHULDOV�DUH�DGGHG�WR�VRLOV�

GLIIHUHQFHV�LQ�WKH�FKDQJH�LQ�S+�LV�FRQVLGHUDEO\�PRUH�UDSLG�ZLWK�TXLFNOLPH�DQG�VODNHG

OLPH�WKDQ�ZLWK�HLWKHU�DJULFXOWXUDO�OLPHVWRQH�DQG�GRORPLWH��SDUWLFXODUO\�GRORPLWH���:LWK

WKHVH�UHVXOWV�VKRZLQJ�QR�PDUNHG�HIIHFW�RI�ILQHQHVV�RI�SDUWLFOH�VL]H�RI�OLPH�WUHDWHG

PDWHULDOV����PP�DQG����PP��LW�LV�OLNHO\�WKDW�WKH�ILQH�SDUWLFOH�VL]H�RI�WKH�RULJLQDO

TXLFNOLPH�LV�QRW�JUHDWO\�PRGLILHG�GXULQJ�WKH�OLPLQJ�SURFHVV�

7DEOH������2[DODWH�PHDVXUHPHQWV�DW���KRXU�RI�OLPLQJ�LQWHQVLW\�SRWHQWLDO�RI

TXLFNOLPH�WUHDWHG�RUJDQLF�PDWHULDOV�DQG�FRPPHUFLDO�OLPLQJ�SURGXFWV

2UJDQLF�PDWHULDOV

�/LPLQJ�SURGXFWV

6L]H 5XQ�� 5XQ�� 0DWHULDO�[

6L]H�PHDQ

0DWHULDO�6L]H

PHDQ

�&©ZDFN�%LRVROLG &RDUVH ����HIJ ����HIJ ���� ����

)LQH ����JK ����EFGH ���� ����

)LVK�RIIDO &RDUVH ����FGH ����EF ���� ����

)LQH ����EF ����E ���� ����

'DLU\�VOXUU\ &RDUVH ����EFG ����GHI ���� ����

)LQH ����EF ����EFG ���� ����

3RXOWU\�PDQXUH &RDUVH ����K ����IJK ���� ����

)LQH ����JK ����JK ���� ����

0HDQ�RI�RUJDQLFV &RDUVH ���� ���� ���� ����

)LQH ���� ���� ���� ����

4XLFN�OLPH 1�$� ���� ���� ���� ����HIJ

+\GUDWHG�OLPH 1�$� ���� ���� ���� ����D

$JULF��OLPHVWRQH 1�$� ���� ���� ���� ����L

'RORPLWH 1�$� ���� ���� ���� ����L

6WDQGDUG�HUURU�RI�PHDQ��6(0��RI����YDOXHV��ZLWK�VXSHUVFULSWV��LV�����

'DWD�LQ�7DEOH����LQGLFDWH�WKDW�WKH�PDFUR�QXWULHQWV�FRQWDLQHG�LQ�WKH�YDULRXV�OLPH�WUHDWHG

RUJDQLF�PDWHULDOV�ZRXOG�QRW�KDYH�D�VHULRXV�OLPLWLQJ�HIIHFW�RQ�WKH�XVH�RI�WKHVH�PDWHULDOV�DV

D�VROH�VRXUFH�RI�OLPH�IRU�WKH�$EERWVIRUG�VRLO��DOWKRXJK�WKH�OHYHO�RI�QLWURJHQ�LQ�ILVK�RIIDO

ZDV�KLJK��DV�ZHUH�OHYHOV�RI�VXOSKXU��SKRVSKRUXV�DQG�PDJQHVLXP�LQ�WKH�VOXGJH�ELRVROLGV

DQG�OHYHOV�RI�QLWURJHQ��SKRVSKRUXV�DQG�PDJQHVLXP�LQ�SRXOWU\�ZDVWH�

,Q�FRQWUDVW�WR�WKH�DERYH��WKH�KLJK�UHTXLUHPHQW�RI�OLPH�IRU�WKH�0XG�%D\�VRLO�ZRXOG�PHDQ

WKDW�WKH�XVH�RI�OLPH�WUHDWHG�PDWHULDOV�DV�D�VROH�DPHQGLQJ�DJHQW�ZRXOG�SURYLGH�D�JURVV

H[FHVV�RI�WKH�PDMRU�QXWULHQWV��H[FHSW�SHUKDSV��IRU�WKH�GDLU\�ZDVWH�
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,QIRUPDWLRQ�RQ�WKH�OHYHOV�RI�WKH�PLFUR�HOHPHQWV�SUHVHQWHG�LQ�7DEOH����VKRZV�WKDW�VHYHUDO

RI�WKHVH�HOHPHQWV��LI�WKH�VOXGJH�ELRVROLGV�ZHUH�WR�EH�XVHG�DV�WKH�VROH�OLPLQJ�PDWHULDO�RQ

WKH�0XG�%D\�VRLO��ZRXOG�VRRQ�H[FHHG�WKH�PD[LPXP�DFFHSWDEOH�OHYHOV�VHW�E\�WKH�)RRG

3URGXFWLRQ�DQG�,QVSHFWLRQ�%UDQFK��$JULFXOWXUH�DQG�$JUL�)RRG�&DQDGD��������IRU�D���

\HDU�SHULRG���,Q�FRQWUDVW��WUDFH�HOHPHQW�FRQWDPLQDWLRQ�ZRXOG�QRW�DSSHDU�WR�EH�D�VHULRXV

SUREOHP�ZLWK�WKH�$EERWVIRUG�VRLO��HLWKHU�IRU�WKH�RWKHU�OLPH�WUHDWHG�PDWHULDOV��ILVK�RIIDO�

SRXOWU\�PDQXUH�DQG�GDLU\�VOXUU\���EXW�FDXWLRQ�ZRXOG�VWLOO�EH�UHTXLUHG�IRU�WKH�OLPH�WUHDWHG

ELRVROLGV�LI�XVHG�DV�WKH�VROH�OLPLQJ�DJHQW��ZKHUH�DFFXPXODWLRQV�RI�FRQFHUQ�FRXOG�VWLOO

RFFXU�LQ�D�UHODWLYHO\�IHZ�\HDUV��]LQF��PRO\EGHQXP��VHOHQLXP�DQG�PHUFXU\�����WR���

\HDUV��

7DEOH������6RLO�S+�DIWHU�HTXLOLEUDWLRQ�IRU����KRXUV�RI�OLPLQJ�LQWHQVLW\�SRWHQWLDO�RI

TXLFNOLPH�WUHDWHG�RUJDQLF�PDWHULDOV�DQG�FRPPHUFLDO�OLPLQJ�SURGXFWV

2UJDQLF�PDWHULDOV

�/LPLQJ�SURGXFWV

6L]H 5XQ�� 5XQ�� 0DWHULDO�[

6L]H�PHDQ

%LRVROLG &RDUVH ����DEF ����EFG ����

)LQH ����DEFG ����EFG ����

)LVK�RIIDO &RDUVH ����DE ����EFG ����

)LQH ����EFG ����EFG ����

'DLU\�VOXUU\ &RDUVH ����G ����D ����

)LQH ����DEFG ����DEFG ����

3RXOWU\�PDQXUH &RDUVH ����EFG ����FG ����

)LQH ����FG ����DEFG ����

4XLFN�OLPH ���� ���� ���� ����H

+\GUDWHG�OLPH 1�$� ���� ���� ����H

$JULF��OLPHVWRQH 1�$� ���� ���� ����I

'RORPLWH 1�$� ���� ���� ����J

6WDQGDUG�HUURU�RI�PHDQ�RI����YDOXHV��ZLWK�VXSHUVFULSWV��LV�����

%HFDXVH�RI�WKH�VXEVWDQWLDO�OHYHOV�RI�PDFURHOHPHQWV�SURYLGHG�E\�WKH�OLPH�WUHDWHG�PDWHULDOV

LI�DSSOLHG�DW�OLPLQJ�UDWHV��WKH\�ZRXOG�EH�FDWHJRUL]HG��PRVW�OLNHO\��DV�¦QRYHO�RU�QHZ�S+

DOWHULQJ�SURGXFWV§�XQGHU�WKH�)HUWLOL]HU�$FW���)RRG�3URGXFWLRQ�DQG�,QVSHFWLRQ�%UDQFK

������DQG�WKXV�ZRXOG�OLNHO\�QHHG�HIILFDF\�DQG�VDIHW\�WR�EH�GHPRQVWUDWHG�EHIRUH�WKH\

FRXOG�EH�UHJLVWHUHG�IRU�PDUNHWLQJ�LQ�&DQDGD�



��

7DEOH������$PRXQW�RI�PDFUR��DQG�VHFRQGDU\�QXWULHQWV�DGGHG�ZKHQ�TXLFNOLPH�

WUHDWHG�RUJDQLF�PDWHULDOV�ZRXOG�EH�DGGHG�DW�FDOFLXP�FDUERQDWH�HTXLYDOHQWV

UHFRPPHQGHG�WR�OLPH�VRLOV�WR�S+�����XVLQJ�603�EXIIHU�PHWKRG�LQ�FRPSDULVRQ�WR�D

KLJK�IHUWLOL]HU�DSSOLFDWLRQ�UDWH

(OHPHQW 6RXUFH�RI

PDWHULDO

0D[LPXP

�0XG�%D\�VRLO�

0LQLPXP

�$EERWVIRUG�VRLO�

$�PD[LPXP

IHUWLOL]HU

UHFRPPHQGDWLRQ

�������7RQQHV�KD�WR����FP�GHSWK�������

&DUERQ %LRVROLG ���� ��� ���

)LVK ���� ��� ���

'DLU\ ����� ��� ���

3RXOWU\ ���� ��� ���

&DOFLXP %LRVROLG ���� ��� ���

)LVK ���� ��� ���

'DLU\ ����� ��� ���

3RXOWU\ ���� ��� ���

���������������������NJ�KD�WR����FP�GHSWK���������������������

1LWURJHQ %LRVROLG ���������
 ��������� ���

)LVK ��������� ��������� ���

'DLU\ ����������� ��������� ���

3RXOWU\ ��������� ��������� ���

6XOSKXU %LRVROLG ������� ���� ����

)LVK �������� ����� ����

'DLU\ �������� ����� ����

3RXOWU\ �������� ���� ����

3KRVSKRUXV %LRVROLG ����� ��� ����

)LVK ������� ���� ����

'DLU\ �������� ����� ����

3RXOWU\ ������� ���� ����

3RWDVVLXP %LRVROLG ������� ���� ����

)LVK ������� ���� ����

'DLU\ ������� ���� ����

3RXOWU\ ������� ���� ����

0DJQHVLXP %LRVROLG ������� ���� ����

)LVK ������� ���� ����

'DLU\ ������� ���� ����

3RXOWU\ ������� ���� ����


$PRXQW�LQ�EUDFNHWV� �DPPRQLXP��NJ�1�KD�WR���FP�GHSWK��DGGHG�E\�WKH�PDWHULDO



��

7DEOH������$PRXQW��NJ�KD�\U�WR����FP�GHSWK��RI�YDULRXV�PLFURQXWULHQWV�

FRQWDPLQDQW�PHWDOV�DQG�RWKHU�HOHPHQWV�DGGHG�ZKHQ�TXLFNOLPH�WUHDWHG�RUJDQLF

PDWHULDOV�ZRXOG�EH�DGGHG�DW�FDOFLXP�FDUERQDWH�HTXLYDOHQWV�UHFRPPHQGHG�WR�OLPH

VRLOV�WR�S+�����XVLQJ�603�EXIIHU�PHWKRG�LQ�FRPSDULVRQ�WR�D�KLJK�IHUWLOL]HU

DSSOLFDWLRQ�UDWH

(OHPHQW 0DWHULDO 0D[LPXP

�0XG�%D\

VRLO���NJ�KD�\U�

0LQLPXP

�$EERWVIRUG

VRLO���NJ�KD�\U�

0D[LPXP���

\HDU�DGGLWLRQ

<HDUV�RI

RUJDQLF

DGGLWLRQV�WR

UHDFK����\HDU

PD[LPXP�IRU
0XG

���%D\�VRLO



,URQ %LRVROLG ����� �� ��� ���

2WKHU�� ������ ��� ��� ���

0DQJDQHVH %LRVROLG ������ ��� ��� ���

2WKHU�� ������ �� ��� ���

&RSSHU %LRVROLG ������ ��� ��� ���

2WKHU�� ������� �� ��� ���

=LQF %LRVROLG ������ ��� ��� ���������

2WKHU�� ������� �� ��� ��������

0RO\EGHQXP %LRVROLG ������ ������ ����� ���������

2WKHU�� ������ ����� ����� ��������

6HOHQLXP %LRVROLG ������ ������ ������� ���������

2WKHU�� ������ ����� ������� ��������

$OXPLQXP %LRVROLG ���� ���� ��� ���

2WKHU�� ������ ����� ��� ���

0HUFXU\ %LRVROLG ������ ������ ����� ���������

������� ���

2WKHU�� 1�'� 1�'� ����� 1�$�

/HDG %LRVROLG ������ ������ ��� ��������

2WKHU�� ������ ������ ��� �������

&DGPLXP %LRVROLG ������ ������ ����� ��������

2WKHU�� ������ ����� ����� �������

1LFNHO %LRVROLG ������ ������ ���� ��������

2WKHU�� ����� ����� ���� !����

$UVHQLF %LRVROLG ������ ����� ���� ��������

2WKHU�� ����� ����� ���� !����

&REDOW %LRVROLG ������ ����� ���� �������

2WKHU�� ����� ����� ���� !����


��0D[LPXP�DFFXPXODWLRQ�DFFHSWDEOH�LQ�VRLO�RYHU����\HDUV��NJ�KD�WR�XQGRFXPHQWHG�GHSWK��DFFRUGLQJ�WR
)RRG�3URGXFWLRQ�DQG�,QVSHFWLRQ�%UDQFK��6WDQGDUG�IRU�0HWDOV�LQ�)HUWLOL]HUV�DQG�6XSSOHPHQWV�



&ROXPQ���GLYLGHG�E\�FROXPQ��



��

$&.12:/('*(0(176

:H�ZLVK�WR�WKDQN�0U��6FRWW�+LQGV��*HQHUDO�0DQDJHU��&/&�IRU�KLV�VXSSRUW�WKURXJKRXW

WKLV�SURMHFW�DQG�IRU�PDNLQJ�WKH�PRELOH�OLPH�WUHDWPHQW�SODQW�DYDLODEOH�IRU�WKH

GHPRQVWUDWLRQV���7KDQNV�DUH�DOVR�GXH�WR�0U��%RE�%RVHPDQ��3ODQW�0DQDJHU��&/&��DQG�'U�

6WDUU�&XUWLV��7HFKQLFDO�6HUYLFHV�0DQDJHU��&KHPLFDO�/LPH�&R���$UL]RQD��IRU�WHFKQLFDO�DQG

RSHUDWLRQDO�LQSXW�EHIRUH�DQG�GXULQJ�WKH�GHPRQVWUDWLRQV���:H�DOVR�DSSUHFLDWHG�WKH�FR�

RSHUDWLRQ�SURYLGHG�E\�0U��3KLOLS�%ODNHU��'LVWULFW�RI�&KLOOLZDFN�(QJLQHHU�DQG�0U��.HLWK

3DLVOH\��'LVWULFW�RI�.HQW�(QJLQHHU�IRU�PDNLQJ�WKHLU�ZDVWHZDWHU�WUHDWPHQW�SODQWV�DYDLODEOH

IRU�WKH�GHPRQVWUDWLRQV���0U��'RQ�0DF4XDUULH�ZDV�PRVW�KHOSIXO�LQ�ORFDWLQJ�DQG�SURYLGLQJ

WKH�IUHVK�ILVK�RIIDO��IRU�ZKLFK�ZH�DUH�JUDWHIXO���:LWKRXW�WKH�LQSXW�IURP�3$5&��LQ

SDUWLFXODU�'U��-RKQ�3DXO�DQG�'U��*UDQW�.RZDOHQNR��WKLV�SURMHFW�ZRXOG�QRW�KDYH�EHHQ

SRVVLEOH���7KH�UHVXOWV�RI�WKHLU�H[SHULPHQWDO�ZRUN�IRUP�D�PDMRU�SRUWLRQ�RI�WKLV�UHSRUW���:H

JUHDWO\�DSSUHFLDWH�WKHLU�HIIRUWV�DQG�WKRVH�RI�WKHLU�WHFKQLFLDQV���,QIRUPDWLRQ�RQ�FXUUHQW

SROLFLHV�DQG�SUDFWLFHV�UHODWLQJ�WR�WKH�PDQDJHPHQW�RI�OLYHVWRFN�PDQXUH�LQ�%ULWLVK

&ROXPELD�ZDV�NLQGO\�SURYLGHG�%\�0U��6��3DXOVRQ�DQG�0U��5��9DQ�.OHHN��%&�0LQLVWU\�RI

$JULFXOWXUH��)LVKHULHV�DQG�)RRG��ZKLOH�LQIRUPDWLRQ�RQ�WKH�LPSDFW�RI�PDQXUH�DQG�IHUWLOL]HU

DSSOLFDWLRQ�LQ�WKH�)UDVHU�9DOOH\�ZDV�NLQGO\�SURYLGHG�E\�'U��/��/DYNXOLFK��8QLYHUVLW\�RI

%ULWLVK�&ROXPELD�

3$57,&,3$17�,1)250$7,21

&RQWUDFWLQJ�$JHQF\�

(QYLURQPHQW�&DQDGD

)UDVHU�3ROOXWLRQ�$EDWHPHQW�2IILFH

(QYLURQPHQWDO�3URWHFWLRQ�%UDFFK

'HSDUWPHQW�RI�(QYLURQPHQW

3DFLILF�DQG�<XNRQ�5HJLRQ

����:HVW�(VSODQDGH

1RUWK�9DQFRXYHU��%�&���9�0��+�

�DEEUHYLDWHG�WR�¦(QYLURQPHQW�&DQDGD§�LQ�WH[W�

&RQWUDFWRUV�

,DQ�6KDQG�DQG�$VVRFLDWHV�,QF�

�����9LUJLQLD�&UHVFHQW

1RUWK�9DQFRXYHU��%�&���9�5��=�

�DEEUHYLDWHG�WR�¦6KDQG�DQG�$VVRFLDWHV§�LQ�WH[W�

�DQG

&KHPLFDO�/LPH�&RPSDQ\�RI�&DQDGD�,QF�

���������%�$YHQXH��5�5����

/DQJOH\��%�&��9�$��3�



��

DQG

3DFLILF�$JULFXOWXUDO�5HVHDUFK�&HQWUH

$JULFXOWXUH�DQG�$JUL�)RRG�&DQDGD

5HVHDUFK�%UDQFK

3�2��%R[�����

$JDVVL]��%�&��9�0��$�

�3HUVRQQHO��'U��-��3DXO�DQG�'U��*��.RZDOHQNR����SKRQH����������������

6FLHQWLILF�FRQVXOWDQW�

'U��5�0��%HDPHV

�����:����WK�$YH�

9DQFRXYHU��%�&���9�6��;�

5()(5(1&(6

$2$&��������2IILFLDO�0HWKRGV�RI�$QDO\VLV�����WK�HGQ���$VVRFLDWLRQ�RI�2IILFLDO�$QDO\WLFDO

&KHPLVWV��:DVKLQJWRQ��'&�

%HDPHV��5�0���������$�QRWH�RQ�WKH�SUHVHUYDWLRQ�RI�D�VROXWLRQ�RI�PRODVVHV�DQG�XUHD�LQ

ZDWHU���4G��-��$JULF��6FL������������������

%�&��3RUN�3URGXFHUV�$VVRFLDWLRQ��������+RJ�0DQXUH�7UHDWPHQW�([SRVLWLRQ���6XEPLVVLRQ

E\�(FRIOXLG�6\VWHPV�,QF���:HVW�3HQGHU�6W��9DQFRXYHU��%�&���9�(��6��

%HQGHU��$�(���������'LFWLRQDU\�RI�1XWULWLRQ�DQG�)RRG�7HFKQRORJ\���1HZQHV�

%XWWHUZRUWKV��/RQGRQ�

&DQDGLDQ�3RUN�&RXQFLO���������&DQDGLDQ�&RGH�RI�3UDFWLFH�IRU�(QYLURQPHQWDOO\�6RXQG

+RJ�3URGXFWLRQ���&DQDGLDQ�3RUN�&RXQFLO�����$OEHUW�6W��2WWDZD��.�3��(��

&KHPLFDO�/LPH�&R���������,QIRUPDWLRQ�SURYLGHG�RQ�SDWHQW�RI�/KRLVW�%HOJLXP��¦3URFpGp

GH�WUDLWHPHQW�GpMHFWLRQV�DYLFROHV�HW�HQJUDLV�REWHQX�VHORQ�FH�SURFpGH§���&KHPLFDO�/LPH

&R��6FRWWVGDOH�$=��������86$�

(O�*LEDO\��+��DQG�$[OH\��-�+���������$�FKHPLFDO�PHWKRG�IRU�WKH�UDWLQJ�RI�DJULFXOWXUDO

OLPHVWRQHV�XVHG�DV�VRLO�DPHQGPHQWV���6RLO�6FL��6RF��$PHU��3URF��������������

)RRG�3URGXFWLRQ�DQG�,QVSHFWLRQ�%UDQFK���������6WDQGDUGV�IRU�PHWDOV�LQ�IHUWLOL]HUV�DQG

VXSSOHPHQWV���$JULFXOWXUH�DQG�$JUL�)RRG�&DQDGD��7UDGH�0HPRUDQGXP��)HUWLOL]HUV���7���

���



��

+HDOH\��0�&���������)UDVHU�%DVLQ�(FRV\VWHP�6WXG\���3URVSHFWV�IRU�6XVWDLQDELOLW\��)LQDO

5HSRUW���/RZHU�)UDVHU�(FR�5HVHDUFK�3URMHFW��:HVWZDWHU�5HVHDUFK�8QLW��,QVWLWXWH�IRU

5HVRXUFHV�DQG�(QYLURQPHQW��8QLYHUVLW\�RI�%ULWLVK�&ROXPELD��9DQFRXYHU�

+XQWHU��$�6���.LQQH\��+���:KLWWDNHU��&�:���$[OH\��-�+���3HHFK��0��DQG�6WHFNHO��-�(�

�������$�FROODERUDWLYH�VWXG\�RI�WKH�HWK\OHQHGLDPLQHWHWUDDFHWDWH��('7$��PHWKRG�RI�UDWLQJ

DJULFXOWXUDO�OLPHVWRQHV��,��5HSURGXFLELOLW\�RI�UDWLQJV�DQG�FRUUHODWLRQV�ZLWK�FKHPLFDO�DQG

SK\VLFDO�FKDUDFWHULVWLFV�RI�PDWHULDOV���$JURQ��-��������������

.DQH��3�)���������$JULFXOWXUDO�OLPLQJ�PDWHULDOV���2IILFLDO�0HWKRGV�RI�$QDO\VLV�RI�$2$&

,QWHUQDWLRQDO���6L[WHHQWK�HGLWLRQ��9ROXPH�����$2$&�,QWHUQDWLRQDO��*DLWKHUVEXUJ�

0DU\ODQG���&KDSWHU���SS������

/DQJH��1�$���������+DQGERRN�RI�&KHPLVWU\���+DQGERRN�3XEOLVKHUV��,QF���6DQGXVN\�

2KLR�

1DWLRQDO�/LPH�$VVRFLDWLRQ��������/LPH�+DQGOLQJ��$SSOLFDWLRQ�DQG�6WRUDJH���%XOOHWLQ

������1DWLRQDO�/LPH�$VVRFLDWLRQ��$UOLQJWRQ��9LUJLQLD�������

3DXOVRQ��6�*���������3HUVRQDO�FRPPXQLFDWLRQ���/LYHVWRFN�6SHFLDOLVW��3RXOWU\���%ULWLVK

&ROXPELD�0LQLVWU\�RI�$JULFXOWXUH�DQG�)RRG��$EERWVIRUG��%�&�

5RWKEHUJ��7DPEXULQL�DQG�:LQVRU��,QF���������:KLFK�FODVV�$�VWDELOL]DWLRQ�SURFHVV�LV�PRVW

HFRQRPLFDO��OLPH�VWDELOL]DWLRQ��FRPSRVWLQJ�RU�WKHUPDO�GU\LQJ"��5RWKEHUJ��7DPEXULQL�DQG

:LQVRU��,QF��������6WRXW�6W��'HQYHU��&R���86$

6FKROOHQEHUJHU��&�-��DQG�:KLWWDNHU��&�:���������7KH�R[DODWH�OLPHVWRQH�UHDFWLRQ�LQ�WKH

DFWLYLW\�HYDOXDWLRQ�RI�DJULFXOWXUDO�OLPHVWRQHV���-��$VVRF��2II��$JULF��&KHP�������������

7KRPDV��5�3��DQG�*URVV��+�0���������$�PHWKRG�IRU�HVWLPDWLQJ�WKH�UHDFWLQJ�UDWH�RI

GLIIHUHQW�SDUWLFOH�VL]HV�RI�OLPHVWRQH���6RLO��6FL������������

9DQ�.OHHN��5���������3HUVRQDO�&RPPXQLFDWLRQ���:DVWH�0DQDJHPHQW�(QJLQHHU��5HVRXUFH

0DQDJHPHQW�%UDQFK��%ULWLVK�&ROXPELD�0LQLVWU\�RI�$JULFXOWXUH�DQG�)RRG��$EERWVIRUG�

%�&�

:KLWWDNHU��&�:���$[OH\��-�+���3HHFK��0���6WHFNHO��-�(���0F/HDQ��(�2��DQG�+XQWHU��$�6�

�������$�FROODERUDWLYH�VWXG\�RI�WKH�HWK\OHQHGLDPLQHWHWUDDFHWDWH��('7$��PHWKRG�RI�UDWLQJ

DJULFXOWXUDO�OLPHVWRQHV��,,��5HODWLRQVKLS�RI�UDWLQJV�DQG�RI�FDOFLXP�FDUERQDWH�FRQWHQW�RI

OLPHVWRQHV�WR�WKHLU�UHDFWLYLW\�LQ�WKH�VRLO���$JURQ��-��������������



��

$33(1',&(6

$SSHQGL[�����6WDELOL]DWLRQ�DQG�SDVWHXUL]DWLRQ�FDWHJRULHV

,QIRUPDWLRQ�VXSSOLHG�E\�&KHPLFDO�/LPH�&RPSDQ\�RQ�VWDELOL]DWLRQ�DQG�SDVWHXUL]DWLRQ�LV

JLYHQ�EHORZ��86�FDWHJRULHV�IRU�SDWKRJHQ�ORDGV��

6WDELOL]DWLRQ���$FKLHYHV�&ODVV�%�SDWKRJHQ�UHGXFWLRQ�ZLWK�DOO�W\SHV�RI�VOXGJH���$FKLHYHV

ERWK�SDWKRJHQ�UHGXFWLRQ�DQG�YHFWRU�DWWUDFWLRQ�UHGXFWLRQ�FULWHULD���:RUNV�ZLWK�ORZ�VROLGV

OLTXLG�VOXGJH�DV�ZHOO�DV�GHZDWHUHG�VOXGJH���$GG�RQ�SURFHVV�WR�GLJHVWLRQ�WR�HQVXUH

FHUWLILFDWLRQ�DV�&ODVV�%���3URFHVV�FDQ�EH�XSJUDGHG�WR�&ODVV�$�SDWKRJHQ�UHGXFWLRQ���*RRG

ORQJ�WHUP�RGRXU�FRQWURO����PRQWKV����(DV\�SURFHVV�WR�PRQLWRU�DQG�FRQWURO���'LVSRVDO

RSWLRQV�LQFOXGH��ODQG�DSSOLFDWLRQ��VXUIDFH�GLVSRVDO�DQG�ODQGILOOLQJ���/RZ�FDSLWDO�FRVWV�

7XUQNH\�SURFHVVLQJ�DQG�KDQGOLQJ�V\VWHPV�DYDLODEOH���5DSLG�LPSOHPHQWDWLRQ�IRU�LQWHULP�RU

SHUPDQHQW�VROXWLRQ���2Q�VLWH�GHPRQVWUDWLRQ�DYDLODEOH�

3DVWHXUL]DWLRQ���5HFRJQL]HG�PHWKRG�WR�DFKLHYH�FODVV�$�SDWKRJHQ�UHGXFWLRQ�DQG�YHFWRU

DWWUDFWLRQ�UHGXFWLRQ�FULWHULD���(DV\�WR�FHUWLI\�ELRVROLGV�DV�&ODVV�$���([FHOOHQW�ORQJ�WHUP
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Which Class A Stabilization Process Is
’ Most Economical: Lime Stabilization,

Composting or Thermal Drying?

Abstract

Solids stabilization is important to the reliable performance of any
wastewater treatment plant (WWTP). The goal of solids stabilization is
the reduction of odors, pathogens, and putrescibility of the solids. An
ideal stabilization process converts raw wastewater solids to a stable
product compatible with the chosen beneficial use/disposal method at
least possible cost.

The USEPA Part 503 Sludge Regulations require stricter biosolids
stabilization criteria. Some existing WWTP’s using conventional
methods may be unable to meet the stabilization criteria. Other
municipalities have elected to use a superior Class  A biosolids
stabilization process that offer major advantages over Class B
stabilization processes. Some advantages of using a Class A stabilization
process includes easier compliance, less monitoring and recordkeeping,
less odor in the final product and maximum flexibility for beneficial
use/disposal and marketing options. Class A biosolids can be land
applied or distributed and marketed Without the restrictions associated
with Class B biosolids.

This study evaluated three commonly
processes: lime stabilization, aerated
drying.  The study includes a detailed

used Class A stabilization
static pile composting and thermal
analysis of capital, annual and

present worth costs of these Class A process for generic  10, 20, 40 and
60-MGD WWTP’s. For each size WWTP, lime stabilization had the
lowest present worth costs, followed by the composting and thermal
drying processes. The study also includes process and equipment
descriptions, representative installation lists, and noneconomic
advantages and disadvantages of each of the three selected Class A
stabilization processes.
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