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�� ,1752'8&7,21�
7KH� SXUSRVH� RI� WKLV� GRFXPHQW� LV� WR� SURYLGH� D� UHDOLVWLF� VFHQDULR� IRU� WKH� UHOHDVH� LQWR� WKHHQYLURQPHQW�RI�ELRFLGHV�XVHG�LQ�FRDWLQJ�DQG�ILQLVKLQJ�RI�WKH�SDSHU�DQG�ERDUG�LQGXVWU\�%LRFLGHV� PD\� EH� HPSOR\HG� LQ� GLIIHUHQW� ZD\V� LQ� WKH� SDSHU� LQGXVWU\�� %LRFLGHV� XVHG� IRU� WKHSUHVHUYDWLRQ�RI�SXOS�DQG�RWKHU�DTXHRXV�IOXLGV� LQ� WKH�SDSHU�PDQXIDFWXUH� �VXFK� DV� VOLPLFLGHV�FDQ� UHPDLQ� LQ� WKH� HQG� SURGXFW�� 6OLPLFLGHV� DUH� QRW� LQFOXGHG� LQ� WKLV� VFHQDULR�� 0DQ\� RI� WKHELRFLGHV� XVHG� LQ� FRDWLQJ� DGGLWLYHV� DUH� XVHG� DV� SUHVHUYDWLYHV� WKDW� FDQ� EH� GLYLGHG� LQ� SURGXFWW\SHV� �� �LQ�FDQ� SUHVHUYDWLYHV�� DQG� �� �ILOP� SUHVHUYDWLYHV��� ,Q�FDQ� SUHVHUYDWLYHV� PXVW� QRWGHJUDGH�TXLFNO\� VLQFH� WKH\� DUH�RIWHQ�XVHG� WR� WUHDW�D�FRDWLQJ�� VROXWLRQV�RU� VOXUULHV�RI� FRDWLQJELQGHUV��VSHFLDOLW\�DGGLWLYHV�RU�WKH�FRPSOHWH�FRDWLQJV�WKDW�DUH�VWRUHG�LQ�D�WDQN�IRU�D�SHULRG�RIWLPH��7KH\�H[WHQG�WKH�VKHOI�OLIH�DV�WKH\�UHWDUG�PLFURELDO�JURZWK��LQFOXGLQJ�EDFWHULD��IXQJL��DQGPROGV�� 7\SLFDOO\�� SUHVHUYDWLYHV� ZRXOG� EH� QHHGHG� WR� SUHVHUYH� WKH� IROORZLQJ� W\SHV� RISUHSDUDWLRQV� LQYROYHG� LQ� SDSHU� FRDWLQJ�� ILOOHU� VOXUU\�� VWDUFK� VOXUU\�� FRRNHG� VWDUFK�� SURWHLQVOXUU\�� FRRNHG� SURWHLQ�� ODWH[� ELQGHUV�� FRDWLQJ� WKLFNHQHUV�� FRDWLQJ� OXEULFDQWV� DQG� SLJPHQWHGFRDWLQJV��'\NVWUD��������)LOP�SUHVHUYDWLYHV�DUH�DGGHG�WR�HQVXUH�EDFWHULFLGDO� WUHDWPHQW�RI� WKH�SDSHU��7KH\�DUH�XVHG� WRSURWHFW�VXUIDFHV�DJDLQVW�WKH�DGYHUVH�LQIOXHQFH�RI�PLFUR�RUJDQLVPV��VXFK�DV�ELRGHWHULRUDWLRQ�E\EDFWHULD�DQG�FRYHUDJH�E\�IXQJL��%LRH[SR�������)XUWKHUPRUH�WKH�ILEUHV�LQ�WKH�SDSHU�LWVHOI�PD\�EH�SUHVHUYHG�IURP�DWWDFN�E\�WUHDWLQJ�WKH�SDSHUZLWK� ELRFLGHV� RI� SURGXFW� W\SH� �� �)LEUH�� OHDWKHU�� UXEEHU� DQG� SRO\PHULVHG� PDWHULDOSUHVHUYDWLYHV��
3DSHU�LV�PDGH�IURP�ZRRG�ILEUHV�RU�UHF\FOHG�ILEUHV�ZKLFK�FRQVLVW�RI�FHOOXORVH��KHPLFHOOXORVHDQG� OLJQLQ��%HIRUH�SDSHUPDNLQJ��ZRRG� LV�EURNHQ�XS� LQWR� ILEUHV� �ZRRG� FHOOV��� WKH� SURFHVV� LVFDOOHG� SXOSLQJ�� 3DSHU� LV� D� IHOWHG� VKHHW� IRUPHG�RQ� D� ILQH� VFUHHQ� IURP� D�ZDWHU� VXVSHQVLRQ� RIILEUHV� DQG� QRQ�ILEURXV� DGGLWLYHV�� 3DSHUERDUG� LV�PDGH� LQ�PXFK� WKH� VDPH�ZD\� DV� SDSHU�� 7KHPDLQ� GLIIHUHQFH� LV� WKDW� SDSHUERDUG� LV� RIWHQ�PXOWL�OD\HUHG� DQG� RI� WKLFNQHVV� JUHDWHU� WKDQ� ���PP�� 'LVWLQFWLRQ� EHWZHHQ� SDSHU� DQG� SDSHUERDUG� FDQ� DOVR� EH� PDGH� RQ� WKH� EDVLV� RI� WKHLU
JUDPPDJH��L�H��WKH�ZHLJKW�LQ�JUDPV�RI�RQH�VTXDUH�PHWHU�RI�SDSHU������- ��� J�P���IRU�SDSHUV�
��� - ��� J�P���IRU�SDSHUERDUGV�
7KH� SDSHU� LQGXVWU\� SURGXFHV� D� ZLGH� YDULHW\� RI� SURGXFWV�� 'LIIHUHQW� FODVVLILFDWLRQV� RI� SDSHUSURGXFWV H[LVW� DFFRUGLQJ� WR� WKHLU� DSSOLFDWLRQV�RU� HQG�XVHV��2QH� RI� WKHP�GLYLGHV� SURGXFWV� LQ�(8��������
�� SULQWLQJ�DQG�ZULWLQJ�SDSHU�� WLVVXH�SDSHU�� SDSHU�IRU�QHZVSDSHU�SULQWLQJ��QHZVSULQW���� ERDUG� FDUWRQV�DQG�SDFNDJLQJ�DQG�ZUDSSLQJ�SDSHU��SDFNDJLQJ��
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7KH�VFHQDULRV�LQ�WKLV�UHSRUW�DUH�SUHVHQWHG�LQ�WKH�IROORZLQJ�ZD\�
,QSXW
>9DULDEOH�SDUDPHWHU��XQLW�@ >6\PERO@ >8QLW@ 6�'�2�3
7KHVH�SDUDPHWHUV�DUH�WKH�LQSXW�WR�WKH�VFHQDULR��7KH�6��'��2�RU�3�FODVVLILFDWLRQ�RI�D�SDUDPHWHU
LQGLFDWHV�WKH�VWDWXV�
6 3DUDPHWHU�PXVW�EH�SUHVHQW�LQ�WKH�LQSXW�GDWD�VHW�IRU�WKH�FDOFXODWLRQ�WR�EH�H[HFXWHG��WKHUH

KDV�EHHQ�QR�PHWKRG� LPSOHPHQWHG� LQ� WKH�V\VWHP� WR�HVWLPDWH� WKLV�SDUDPHWHU��QR�GHIDXOW
YDOXH�LV�VHW��

' 3DUDPHWHU�KDV�D�VWDQGDUG�YDOXH��PRVW�GHIDXOWV�FDQ�EH�FKDQJHG�E\�WKH�XVHU�
2 3DUDPHWHU� LV� WKH� RXWSXW� IURP� DQRWKHU� FDOFXODWLRQ� �PRVW� RXWSXW� SDUDPHWHUV� FDQ� EH

RYHUZULWWHQ�E\�WKH�XVHU�ZLWK�DOWHUQDWLYH�GDWD��
3 3DUDPHWHU�YDOXH�FDQ�EH�FKRVHQ�IURP�D��SLFN�OLVW��RI�YDOXHV�
F 'HIDXOW�RU�RXWSXW�SDUDPHWHU�LV�FORVHG�DQG�FDQQRW�EH�FKDQJHG�E\�WKH�XVHU�
2XWSXW
>6\PERO@ >'HVFULSWLRQ@
,QWHUPHGLDWH�FDOFXODWLRQV
3DUDPHWHU�GHVFULSWLRQ��8QLW�
>3DUDPHWHU� �HTXDWLRQ@ �(TXDWLRQ�QR��
(QG�FDOFXODWLRQV
>3DUDPHWHU� �HTXDWLRQ@ �(TXDWLRQ�QR��
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�� 0$,1�352&(66(6�
0DQXIDFWXUH�RI�SDSHU�DQG�SDSHUERDUG�FDQ�EH�GLYLGHG�LQWR�WZR�VWHSV��SXOS�PDNLQJ�DQG�SDSHU��SDSHUERDUG�SURGXFWLRQ�ZKLFK�LV�WKH�VWHS�RI�LQWHUHVW�LQ�WKLV�VFHQDULR�3DSHUPDNLQJ�RSHUDWLRQV�JHQHUDOO\�FRQVLVW�RI�WKH�IROORZLQJ�SURFHVVHV��ILJXUH����

� SXOS�VWRFN�SUHSDUDWLRQ�� ZHW�HQG�RSHUDWLRQV��IRUPDWLRQ�RI�SDSHU�VKHHW�IURP�ZHW�SXOS�� GU\�HQG�RSHUDWLRQV��GU\LQJ�RI�SDSHU�SURGXFWV��DSSOLFDWLRQ�RI�VXUIDFH�VL]LQJ�� FRDWLQJ��RSWLRQDO��� FDOHQGHULQJ�� ILQLVKLQJ��ZLQGLQJ�IRU�VWRUDJH��

���� 3XOS�VWRFN�SUHSDUDWLRQ�
3XOS VWRFN�LV�SURFHVVHG�WR�REWDLQ�GHVLUHG�TXDOLWLHV��VXFK�DV�VXUIDFH��RSDFLW\��VWUHQJWK��DQG�IHHO�LQ� WKH� ILQLVKHG� SDSHU� DQG� SDSHUERDUG� SURGXFWV�� 6WRFN� SUHSDUDWLRQ� SURFHVVHV� LQFOXGH� SXOSPL[LQJ� DQG� GLVSHUVLRQ�� EHDWLQJ� DQG� UHILQLQJ�� DQG� WKH� DGGLWLRQ� RI� ZHW�HQG� DGGLWLYHV� �UHVLQV�ZD[HV��FOD\V��VLOLFDV�� WDOF�� LQRUJDQLF� ��RUJDQLF�G\HV�DQG�FHUWDLQ� LQRUJDQLF�FKHPLFDOV��XVHG� WRFUHDWH� SDSHU� SURGXFWV� ZLWK� VSHFLDO� SURSHUWLHV� RU� WR� IDFLOLWDWH� WKH� SDSHUPDNLQJ� SURFHVV�6RIWZRRG DQG� KDUGZRRG� SXOS� DUH� IUHTXHQWO\� FRPELQHG� WR� SURGXFH� SDSHU� RU� SDSHUERDUG� RIGHVLUHG� ILQLVKHG� SURSHUWLHV�� %HDWLQJ� DQG� UHILQLQJ�PDNH� WKH� ILQLVKHG� SURGXFW� VWURQJHU�� PRUHXQLIRUP��PRUH�GHQVH��PRUH�RSDTXH��DQG�OHVV�SRURXV��86�(3$��������86�(3$��������

���� :HW�HQG�RSHUDWLRQV�
7KH� SURFHVVHG� SXOS� LV� FRQYHUWHG� LQWR� D� SDSHU� SURGXFW� YLD� D� SDSHU� SURGXFWLRQ�PDFKLQH�� WKHPRVW�FRPPRQ�RI�ZKLFK�LV�WKH�)RXUGULQLHU�SDSHU�PDFKLQH��7KH�ILUVW�WZR�RSHUDWLRQV�SHUIRUPHGE\�WKLV�PDFKLQH��VKHHW�IRUPDWLRQ�DQG�SUHVVLQJ��DUH�UHIHUUHG�WR�DV��ZHW�HQG��RSHUDWLRQV��)LEUHVLQ�WKH�IRUP�RI�D�ILEUH�VOXUU\�DUH�GLVWULEXWHG�HYHQO\�RQWR�D�WKLQ�PRYLQJ�ZLUH�PHVK���WKH�ZLUH��WKURXJK�ZKLFK�H[FHVV�ZDWHU�GUDLQV��6XFWLRQ�IURP�D� VHULHV�RI�K\GURIRLOV��YDFXXP�ER[HV��DQGYDFXXP�UROOV�H[WUDFWV�ZDWHU�IURP�WKH�IRUPHG�VKHHW��7KLV�ZDWHU��FRQWDLQLQJ�HQWUDLQHG�ILEUHV�LVFDSWXUHG�DQG�UHF\FOHG�DIWHU�D�VHULHV�RI�WKLFNHQLQJ�DQG�FOHDQLQJ�VWHSV��7KH�FRQWLQXRXV�VKHHW�LVWKHQ SUHVVHG�EHWZHHQ�D�VHULHV�RI�UROOHUV�WR�UHPRYH�PRUH�ZDWHU�DQG�FRPSUHVV�WKH�ILEUHV��86�(3$��������86�(3$��������

���� 'U\�HQG�RSHUDWLRQV�
7KH UHPDLQLQJ� RSHUDWLRQV� ±� GU\LQJ�� DSSOLFDWLRQ� RI� VXUIDFH� VL]LQJ�� UHHOLQJ�� ZLQGLQJ� DQGDSSOLFDWLRQ� RI� VXUIDFH� WUHDWPHQWV� ±� DUH� UHIHUUHG� WR� DV� �GU\�HQG�� RSHUDWLRQV�� 7KH\� DUHFRPPRQO\�GLYLGHG�LQ�IRXU�VWHSV�

� SUH�GU\LQJ�� VL]LQJ�� SRVW�GU\LQJ�� UHHOLQJ�
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3UH�GU\LQJ$IWHU� SUHVVLQJ�� WKH� VKHHW� VWLOO� FRQWDLQV� ����RI�ZDWHU�� ,W� HQWHUV� D� FORVHG� �ZKLFK� LV� WKH�PRVWFRPPRQ�� RU� RSHQ� GU\LQJ� VHFWLRQ�� ZKHUH� WKH� SDSHU� ILEUHV� EHJLQ� WR� ERQG� WRJHWKHU� DV� VWHDPKHDWHG�UROOHUV�FRPSUHVV�WKH�VKHHWV��7KH�VKHHW�LV�PDLQWDLQHG�DJDLQVW�UROOHUV�E\�D�KHDY\�FRWWRQIHOW�RU�D�GU\LQJ�IDEULF�RI�FRWWRQ�DQG�V\QWKHWLF�ILEUHV��7KH�KRW�FRQGHQVHG�ZDWHU�SUHVHQW�LQ�WKHGULHU�F\OLQGHUV�LV�FROOHFWHG�LQ�RUGHU�WR�VHQG�LW�EDFN�LQ�IRUP�RI�VWHDP�LQ�WKH�SURFHVV�7KHVH�UROOHUV�GU\� WKH�SDSHU� IURP���� ������WR��� ������ZHWQHVV��7KH� WHPSHUDWXUH�GXULQJ� WKHSURFHVV� UDQJHV� IURP� �� ����&� XS� WR� ���� �����&� DW� D� PD[LPXP� �3HUVRQDO� FRPPXQLFDWLRQ%D\HU��������
6L]LQJ DQG�SRVW�GU\LQJ��RSWLRQDO�7KLV� LV� WKH� VHFWLRQ� RI� WKH� PDFKLQH� ZKHUH� VWDUFKHV� DQG� RWKHU� FKHPLFDOV� DUH� DSSOLHG� WR� WKHVXUIDFH�RI�WKH�SDSHU�E\�VSUD\LQJ��E\�GLSSLQJ�LQ�WKH��VL]H�SUHVV��RU�E\�WUDQVIHU�IURP�D�UROO� LQWKH��PHWHULQJ�VL]H�SUHVV���D�FRQWUROOHG�DPRXQW�RI�ZDWHU�EDVHG�VL]H�PL[WXUH�LV�DGGHG�HYHQO\�WRWKH�SDSHU�VKHHW�E\�ILUVW�FUHDWLQJ�D�XQLIRUP�ILOP�WKLFNQHVV�RQ�WKH�UROO�DQG�WKHQ�WUDQVIHUULQJ�WKHILOP�RQWR�WKH�SDSHU�VKHHW�LQ�WKH�QLS�RI�WKH��PHWHULQJ�VL]H�SUHVV���6XUIDFH�VL]LQJ�LV�PDLQO\�XVHGIRU SULQWLQJ�DQG�ZULWLQJ�SDSHUV�DQG�SDFNDJLQJ�JUDGHV�PDGH�IURP�UHF\FOHG�ILEUHV�$OWKRXJK�VXUIDFH�VL]LQJ�WUHDWPHQW�LV�D�IRUP�RI�SDSHU�FRDWLQJ�WR�LPSURYH�LWV�VXUIDFH�SURSHUWLHV�WKH�WHUP��FRDWLQJ��LV�XVXDOO\�UHVHUYHG�IRU�WKH�DSSOLFDWLRQ�RI�D�SLJPHQWHG�VOXUU\�WR�WKH�VXUIDFHRI WKH� SDSHU� LQ� RUGHU� WR� LPSURYH� LWV� SULQWDELOLW\� RU� IRU� RWKHU� VSHFLDOLVW� DSSOLFDWLRQV� �,33&�������
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$LU�HPLVVLRQV

$LU�HPLVVLRQV

:DVWH�ZDWHU

:DVWH�ZDWHU

'U\�HQG�RSHUDWLRQV

3XOS�VWRFN�SUHSDUDWLRQ

:HW�HQG�RSHUDWLRQV

3UH�GU\LQJ

6XUIDFH�VL]LQJ

3RVW�GU\LQJ

&DOHQGHULQJ�VXSHUFDOHQGHULQJ�

)LQLVKLQJ

&RDWHG�SDSHU�FRQVXPSWLRQ

:DVWH�FRDWHG�SDSHUUHF\FOLQJ :DVWH�SDSHU�GLVSRVDO

&RDWLQJ�2Q�RU�2II�OLQH
/LTXLG�UHVLGXHWUHDWPHQW
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���� &RDWLQJ�
)RU�IXUWKHU�ILQLVKLQJ��VXUIDFH�WUHDWPHQWV�PD\�EH�DSSOLHG��WR�LPSURYH�SULQWLQJ�SURSHUWLHV��JORVV�FRORXU�� DQG� RSDFLW\�� &RDWLQJ� FRQVLVWV� RI� DSSO\LQJ� D� �VDXFH�� PDGH� XS� RI� ZDWHU�� SLJPHQWV�FDOFLXP� FDUERQDWH�� FOD\�� WDOF«��� ELQGHUV� DQG� FR�ELQGHUV�� DQG� DGGLWLYHV� �LQVROXELOL]HUV�OXEULFDQWV��IRDP�FRQWURO�DJHQWV��FRORUDQWV��RSWLFDO�EULJKWQHUV��SUHVHUYDWLYHV��RQ�WKH�VXUIDFH�RIWKH�VKHHW�ZLWK�UROOHU��DLU�NQLIH��EODGH�RU�EDU��%LRFLGHV�PD\�EH�SDUW�RI�WKH��VDXFH���9DOHWWH�DQGGH &KRXGHQV��������7KH� DSSOLFDWLRQ� RI� FRDWLQJV� PD\� EH� DFKLHYHG� RQ�OLQH� �OLJKWHU� FRDWLQJV�� RU� RII�OLQH� �KHDY\FRDWLQJV��PDFKLQH��7KH�KLJK�TXDOLW\�SULQWLQJ�SDSHUV�DUH�FRDWHG�VHYHUDO�WLPHV��,Q�VXFK�D�FDVH�WKHUH�LV�D�SUHFRDWLQJ�SHUIRUPHG�RQ�PDFKLQH��VL]LQJ��DQG�RQH�FRDWLQJ��RU�PRUH��SHUIRUPHG�RII�OLQH��DIWHU�WKH�SDSHU�PDFKLQH���)RU�ERDUGV��XVXDOO\�MXVW�RQH�VLGH�LV�FRDWHG��&23$&(/�������9DOHWWH�DQG�GH�&KRXGHQV��������2II�OLQH� FRDWLQJ� PDFKLQHV� FRQVLVW� RI� DQ� XQZLQGHU�� RQH� RU� PRUH� FRDWLQJ� VWDWLRQV� �FRDWLQJDSSOLFDWLRQ� XQLWV��� D� GU\LQJ� VHFWLRQ� DQG� D� UHHO�� 7KH� FRDWHG� VKHHW� LV� GULHG� E\� D� VKRUW� VWHDP�KHDWHG�F\OLQGHU�VHFWLRQ��E\�LQIUDUHG�UDGLDWLRQ��E\�KRW�DLU�RU�FRPELQDWLRQ�RI�WKRVH��'U\HUV�PD\EH WRSSHG�E\�D�KRRG�EORZLQJ�KRW�DLU��,33&��������9DOHWWH�DQG�GH�&KRXGHQV��������7KH� FRDWLQJ� VOXUU\� LV� JHQHUDOO\� UH�FLUFXODWHG� WKURXJK� WKH� V\VWHP� ZLWK� FRQVWDQW� ILOWHULQJ� WRUHPRYH�ILEUHV�DQG�RWKHU�FRQWDPLQDWLRQ�LQ�RUGHU�WR�PDLQWDLQ�WKH�VOXUU\�TXDOLW\�$GGHG� FKHPLFDOV�PD\� EH� DSSOLHG� WR� WKH� VXUIDFH� E\� VSUD\LQJ� RU� GLSSLQJ� �L�H�� GLUHFWO\� LQ� WKH�VDXFH����7KLV�LV�PRUH�FRQWUROOHG�DQG�LQYROYHV�RQO\�ZDWHU�IRU�ZDVKLQJ�DQG�FOHDQLQJ��\HW��WKLVLV�SRVVLEOH�RQO\�IRU�D�IHZ�DSSOLFDWLRQV��/LTXLG�UHVLGXHV�IURP�FRDWLQJ�FDQ�EH�WUHDWHG�VHSDUDWHO\LQ�D�SUHFLSLWDWLRQ�VWHS�RU�E\�XVH�RI�XOWUD�ILOWUDWLRQ��,33&��������
0RVW RI�WKH�ZULWLQJ�DQG�SULQWLQJ�SDSHUV�DUH�FRDWHG�QRZDGD\V��'HSHQGLQJ�RQ�JUDGHV�RI�FRDWHGSDSHU� DQG� ERDUGV�� GLIIHUHQW� DPRXQWV� RI� FRDWLQJV� DUH� DSSOLHG�� DV� VKRZQ� LQ� WDEOH� ��� %LRFLGHVUHSUHVHQW�XVXDOO\�OHVV�WKDQ����RI�WKH�VL]LQJ�VROXWLRQ�
7DEOH����$PRXQW�RI�FRDWLQJV�DSSOLHG�DFFRUGLQJ� WR� WKH�GLIIHUHQW� W\SHV�RI�SDSHU� �YDOXHV� IURP,33&��������
7\SHV�RI�SDSHU $PRXQW�RI�FRDWLQJV�DSSOLHG�J�P���SHU�VLGH� 5HPDUNV
$UW�SDSHU !��� ��RU�PRUH�FRDWV�SHU�VLGH
0DFKLQH�FRDWHG�SDSHUV �� 2IWHQ�GRXEOH�FRDW
/LJKWZHLJKW�&RDWHG��/:&��SDSHUV ����
)ROGLQJ�ER[ERDUG�DQG�FKURPRERDUG ����� 3UHFRDW���WRSFRDW

����&DOHQGHULQJ�
$IWHU�GU\LQJ��WKH�SDSHU�VKHHW�LV�SDVVHG�WKURXJK�D�VHULHV�RI�SROLVKHG��FORVH�VWDFNHG�PHWDO�UROOHUVNQRZQ� DV� D� �FDOHQGHU��� 7KH� VKHHW� LV� WKHQ� SUHVVHG� EHWZHHQ� KHDY\� UROOV� LQ� WKH� FDOHQGHU� WKDWUHGXFH�WKH�WKLFNQHVV�RI�WKH�SDSHU�DQG�FUHDWH�D�VPRRWK�VXUIDFH��7KLV�LV�RIWHQ�WKH�ODVW�RSHUDWLRQFDUULHG� RXW� RQ� D�PDFKLQH�� 3DSHUV�� WR� LPSURYH� JORVVLQHVV� DQG� VPRRWKQHVV� FDQ� SDVV� WKURXJKVXSHUFDOHQGHUV�ZKLFK�KDYH�WUDGLWLRQDOO\�EHHQ�RII�OLQH�HTXLSPHQW�EXW�DUH�QRZ�EHLQJ�LQVWDOOHGDOVR LQWR�WKH�GU\LQJ�VHFWLRQ�RI�WKH�SDSHU�PDFKLQH�LWVHOI��WR�VDYH�SURGXFWLRQ�FRVWV�
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��� )LQLVKLQJ��ZLQGLQJ��
)LQDOO\�WKH�VKHHW�LV�UROOHG�RQWR�D�ORQJ�UHHO��FDOOHG�D�ORJ�DQG�UHPRYHG�IURP�WKH�SDSHU�PDFKLQHIRU LQWHUPHGLDWH�VWRUDJH��5HHOV�RI�SDSHU�DUH�WKHQ�FXW�RXW�DQG�SDFNHG�LQ�UHDPV�RI�����VKHHWV��RUFXW�RXW�LQ�VPDOOHU�UHHOV�DGDSWHG�WR�IXUWKHU�XVHV��&23$&(/��������
�� %,2&,'(6�
%LRFLGHV� XVHG� IRU� SDSHU� SUHVHUYDWLRQ� DUH�� DVFRUELF� DFLG�� VRGLXP��� SRWDVVLXP��� FDOFLXP�� DQGPDJQHVLXP� DVFRUEDWHV�� EHQ]RLF� DFLG�� VRGLXPEHQ]RDWH�� IRUPLF� DFLG�� K\GUREHQ]RLF� DFLGHWK\OHVWHU��DGGXFW�RI�����EHQ]\ODOFRKRO�DQG�����IRUPDOGpK\GH���JOXWDUGLDOGHK\GH����EURPR���QLWURSURSDQGLROH� �%13'��� WKLRQH�� LVRWKLD]ROLQRQHV�� %URPRK\GUR[\�DFHWRSKHQRQH�GRGHF\OJXDQLGLQH�K\GURFKORULGH��%LRH[SR��������'\NVWUD��������7KHUH�LV�D�ODFN�RI�LQIRUPDWLRQ�DERXW�WKH�TXDQWLW\�XVHG�5HDOLVWLF� YDOXHV� RI� ELRFLGHV� DSSOLFDWLRQ� DUH� ���� WR� ��� LQ� WKH� SDSHU� PDVV� �GU\� ZHLJKW��%DXPDQQ� HW� DO�� ������� )RU� ELRFLGHV� DSSOLHG� IRU� SURWHFWLRQ� RI� WKH� ILEUHV� �3W� ��� ILOPSUHVHUYDWLRQ�	�3W����ILEUH�SURWHFWLRQ���D�KLJK�IL[DWLRQ�UDWH�FDQ�EH�DVVXPHG�IRU�WKH�VXEVWDQFH�WRDFKLHYH�D�KLJK�HIILFDF\��$�UHDOLVWLF�ZRUVW�FDVH�HVWLPDWLRQ�IRU�WKH�IL[DWLRQ�UDWH�RQ�SDSHU�VHHPVWR� EH� ����� )RU� LQ�FDQ� SUHVHUYDWLYHV� �3W� ���� WKH� VXEVWDQFH� LV� QRW� GHVLJQHG� IRU� IL[DWLRQ� RQWRILEUHV�DQG�LW�FDQ�EH�DVVXPHG�WKDW�QR�VSHFLILF�IL[DWLRQ�RFFXUV�
�� 5(/($6(�(67,0$7,21�
���� 3URGXFWLRQ�HVWLPDWLRQ�
7KHUH�DUH�����LQGXVWULDO�VLWHV�RI�GLIIHUHQW�VL]H�DQG�����SDSHU�PDFKLQHV��LQ�)UDQFH��DV�VKRZQ�LQ
7DEOH����7KH�SURGXFWLRQ� IRU������ZDV������� ��� WRQQHV�RI� SDSHU� �&23$&(/�� �������7KHSURGXFWLRQ� YROXPHV� SHU� VLWH�� DV� GHWHUPLQHG� LQ� D� VXUYH\� LQ�*HUPDQ\� �%|KP�HW� DO��� ������ LVVKRZQ�LQ�WDEOH����7DEOH���VKRZV�WKH�DQQXDO�SURGXFWLRQ�IRU�HDFK�FDWHJRU\�RI�SDSHUV�DQG�ERDUGVLQ )UDQFH�DQG�(XURSH�
7KH 7HFKQLFDO�*XLGDQFH�'RFXPHQW��7*'��VXJJHVWV�D�GHIDXOW�YDOXH�EHWZHHQ����DQG�����W�G��IRU� WKH� SURGXFWLRQ� RI� WLVVXH� DQG� EHWZHHQ� ���� DQG� �� ���� W�G��� IRU� QHZVSULQW�� SDFNDJLQJ� DQGERDUG DQG�ZULWLQJ� DQG� SULQWLQJ� SDSHU� LI� QR� RWKHU� LQIRUPDWLRQ� LV� DYDLODEOH� �(8�� ������� 7KHLQGXVWULDO� DFWLYLW\� FDQ� EH� XS� WR� ���� GD\V� SHU� \HDU�� ��� KRXUV� SHU� GD\� �&23$&(/�� ������$FFRUGLQJ�WR�WKHVH�YDOXHV�DQG�7DEOHV���DQG���DQ�HVWLPDWHG��UHDOLVWLF�ZRUVW�FDVH��YDOXH�ZRXOGEH ���� W�G��� SHU� VLWH�� ,W� VHHPV� WKDW� KDOI� RI� WKH� ZULWLQJ� DQG� SULQWLQJ� SURGXFWLRQ� ZDV� FRDWHG
����� � ��� W�\HDU� IRU� (XURSH�� DQG� KDOI� RI� WKH� ERDUG� SURGXFWLRQ� �&23$&(/�� ������ ,33&�������
7DEOH� ��� 5HSUHVHQWDWLYH� GLVWULEXWLRQ� RI� SURGXFWLRQ� VLWHV� LQ� )UDQFH� LQ� ����� �DGDSWHG� IURP&73�$GHPH��������

6L]H�RI�IDFLOLWLHV��&73� 3URGXFWLRQ�RI�SDSHU��W�\� 'LVWULEXWLRQ�RI�QXPEHU�RI�VLWHV����
6PDOO ������� ��

� ���������� �
������������� ��0HGLXP
�������������� ��

/DUJH !�������� ��
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7DEOH����'DLO\�SURGXFWLRQ�YROXPHV�LQ�*HUPDQ\��%|KP�HW�DO��������
7\SH�RI�SDSHU 1XPEHU�RI�VLWHV $YHUDJH�SURGXFWLRQ�YROXPH>W�G��@
1HZVSULQW �� ���
3ULQWLQJ�DQG�ZULWLQJ�SDSHU �� ��
3DSHU�DQG�FDUGERDUG�IRU�SDFNDJLQJ �� ���
3DSHU�IRU�VDQLWDU\�DQG�GRPHVWLF�XVH��WLVVXH�SDSHU� �� ���
6SHFLDO�DQG�LQGXVWULDO�SDSHU �� ���
2YHUDOO�SDSHU�DQG�FDUGERDUG ��� ���
7DEOH����3DSHU�DQG�FDUGERDUG�DQQXDO�SURGXFWLRQ��&23$&(/��������

$QQXDO�SURGXFWLRQ����� WRQQHV�LQ�)UDQFH������� $QQXDO�SURGXFWLRQ����� WRQQHV�LQ�(8�������
3DSHU�IRU�JUDSKLF�XVHV ����� ������
1HZVSULQW��SDSHU�IRU�QHZVSDSHUSULQWLQJ� � ��� �����
3ULQWLQJ�DQG�ZULWLQJ�SDSHU ����� ������
3DSHU�DQG�FDUGERDUG�IRUSDFNDJLQJ�DQG�FRQGLWLRQLQJ � ����� ������
&RUUXJDWHG�ERDUG �������
3DFNDJLQJ�SDSHU�DQG�FDUGERDUG ���
)ODW�FDUGERDUG �����
3DSHU�IRU�VDQLWDU\�DQG�GRPHVWLFXVH��WLVVXH�SDSHU� ��� �����
6SHFLDO�DQG�LQGXVWULDO�SDSHU �����
7RWDO�SDSHU�DQG�FDUGERDUG ����� ������

�����:DWHU�FRQVXPSWLRQ�
7KH DPRXQW�RI�ZDWHU�UHOHDVHG�LQ�SDSHU�SURGXFWLRQ�GHSHQGV�RQ�WKH�JUDGH�RI�WKH�SDSHU�SURGXFHGDQG�WKH�QDWXUH�RI�UDZ�PDWHULDO��WDEOH����:DWHU�FRQVXPSWLRQ�IRU�FRDWHG�SDSHU�LV�W\SLFDOO\�EHWZHHQ����DQG����P��W���RI�SDSHU�
$ERXW���- ��� P��W���RI�SDSHU�������LV�XVXDOO\�HYDSRUDWHG�LQ�WKH�GU\HU�VHFWLRQ�RI�D�PDFKLQHDQG�ORVW�IURP�WKH�SURFHVV�
7DEOH ���:DWHU�UHOHDVH�SHU�WRQ�RI�SDSHU�SURGXFHG�IRU�GLIIHUHQW�W\SHV�RI�SDSHU��,33&��������
7\SH�RI�SDSHU :DWHU�UHOHDVH��P��W���
3ULQWLQJ�ZULWLQJ��XQFRDWHG ����
3ULQWLQJ�ZULWLQJ��FRDWHG ����
3DSHU�ERDUG ����
6SHFLDOLW\�SDSHU ������
7LVVXH �����
,Q�D�VXUYH\�SHUIRUPHG�LQ�*HUPDQ\��%|KP�HW�DO����������FRYHULQJ�����RI�WKH�SDSHU�SURGXFWLRQLQ� *HUPDQ\�� WKH� DERYH� ILJXUHV� ZHUH� FRQILUPHG�� 7KH� RYHUDOO� PHDQ� IRU� ZDWHU� UHOHDVH� ZDV�����P��W���
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%\�OLQNLQJ�WKH�ZDWHU�UHOHDVHV�SUHVHQWHG�LQ�WDEOH���ZLWK�WKH�GDLO\�SDSHU�SURGXFWLRQ�TXDQWLWLHVSUHVHQWHG�LQ�WDEOH����LW�FDQ�EH�HVWLPDWHG�WKDW�WKH�DYHUDJH�ZDWHU�UHOHDVHV�SHU�SURGXFWLRQ�VLWH�DUH�� DSSUR[�����������������P��G���IRU�SULQWLQJ�DQG�ZULWLQJ�SDSHU�� DSSUR[�������������P��G���IRU�SDSHU�ERDUG�� DSSUR[�����������������P��G���IRU�WLVVXH�SDSHU�� DSSUR[�����������������P��G���IRU�VSHFLDOLW\�SDSHU�
)RU� D� GHIDXOW� ULVN� DVVHVVPHQW� DFFRUGLQJ� WR�(8� �������� LW� LV� XVXDOO\� DVVXPHG� WKDW� WKH�ZDVWHZDWHU�IURP�LQGXVWULDO�VLWHV� LV� UHOHDVHG� WR�D�PXQLFLSDO�VHZDJH� WUHDWPHQW�SODQW� �673��DQG� WKDWWKH WRWDO�HIIOXHQW�IORZ�LQ�WKH�673�LV�������P��G��� *LYHQ�WKH�ILJXUHV�DERYH��LW�LV�HYLGHQW�WKDW�DKLJKHU IORZ�RI�WKH�ZDVWH�ZDWHU�WUHDWHG�LQ�WKH�673�VKRXOG�EH�DVVXPHG��$�SURYLVLRQDO�ILJXUH�RI� ����P��G���FDQ�EH�SURSRVHG�,W�LV�UHFRJQLVHG�WKRXJK�WKDW�WKH�WUHQG�LV�WRZDUGV�ORZHULQJ�WKH�DPRXQWV�RI�ZDVWH�ZDWHU�UHOHDVHG�7KH�GHJUHH�RI�FORVXUH�RI�SURGXFWLRQ�SURFHVVHV�LV�LQGHHG�ULVLQJ��FI��VHFWLRQ���������7KH�GHIDXOWYDOXH�RI�������P��G���VKRXOG�WKHUHIRUH�EH�UHYLVHG�SHULRGLFDOO\�

�����5HOHDVHV�
�������5HOHDVH�GLVWULEXWLRQ�
7KH LQSXW� RI� ELRFLGHV� WR� WKH� V\VWHP� WRJHWKHU� ZLWK� RWKHU� ZHW�HQG� FKHPLFDOV� �H�J�� VWDUFK�SRO\DFU\O�DPLGH���ILOOHUV��VOXUU\�RI�FDOFLXP�FDUERQDWH��RU�UHXVHG�ILEUHV��UHF\FOHG�SDSHUV��KDV�WREH�WDNHQ�LQWR�DFFRXQW�IRU�WKH�DVVHVVPHQW�RI�WKH�PDVV�IORZ�RI�ELRFLGHV��3DSHUPDNLQJ�JHQHUDWHVDOVR� D� QXPEHU� RI� VROLG� ZDVWH� UHVLGXDOV�� VXFK� DV� FRDWLQJ� UHVLGXH� DQG� EURNH� IURP� ILQLVKLQJRSHUDWLRQV��EURNH�PD\�EH�UH�SXOSHG�DQG�UHWXUQHG�WR�WKH�VWRFN�SUHSDUDWLRQ�DUHD��,33&��������%URNH�PD\�EH�GHILQHG�DV�DQ\�IRUPHG�SDSHU��IURP�WKH�EHJLQQLQJ�RI�WKH�SDSHUPDNLQJ�SURFHVV�WRWKH�ILQLVKHG�SURGXFW��WKDW�KDV�EHHQ�GLVFDUGHG�DQ\ZKHUH�LQ�WKH�SURFHVV�RI�PDQXIDFWXUH��,33&��������&RDWLQJ�UHVLGXHV�DUH�JHQHUDWHG�ZKHQ�WKH�FRDWLQJ�VOXUU\�LV�FOHDQHG�EHIRUH�UHFLUFXODWLRQDQG�ZKHQ�VSHQW�FRDWLQJ�OLTXLG�LV�WUHDWHG�
,Q�JHQHUDO��WKH�SRWHQWLDO�UHOHDVHV�RI�FKHPLFDO�DGGLWLYHV�VXFK�DV�ELRFLGHV�DUH�
- WR�ZDVWH�ZDWHU� DW� SXOS� VWRFN� SUHSDUDWLRQ� DQG�ZHW�HQG� RSHUDWLRQV� �IURP� FRDWHG� EURNH�� �DIWHU ZDVWHZDWHU�WUHDWPHQW�WKH�ELRFLGHV�±�DV�IDU�DV�QRW�ELRGHJUDGHG�±�FDQ�EH�UHOHDVHG�WRVXUIDFH�ZDWHU�DQG�HQG�XS�LQ�WKH�VHZDJH�VOXGJH��- WR� ZDVWH� ZDWHU� LQ� WKH� FDVH� WKDW� VSHQW� FRDWLQJ� VOXUU\� LV� GLVFKDUJHG� GLUHFWO\� LQWR� WKHVHZHUDJH�RU�ELRFLGHV�UHPDLQ�LQ�WKH�ZDWHU�DW�WUHDWPHQW�RI�WKH�VSHQW�OLTXLG��- WR� H[KDXVW� DLU� IURP� WKH� GU\LQJ� VHFWLRQ� RI� WKH� SDSHU� PDFKLQH� DQG� WKH� FRDWLQJ� PDFKLQHUHVSHFWLYHO\�
6RLO� PD\� EH� DIIHFWHG� YLD� ZDVWH� GLVSRVDO� �FRPSRVWLQJ�� XVH� RI� SDSHU� VOXGJH� LQ� DJULFXOWXUH�ODQGILOOLQJ��
�������5HOHDVH�IURP�RQ�OLQH��VL]H�SUHVVLQJ��DQG�RII�OLQH�FRDWLQJ�
:DVWH�ZDWHU�� ,Q ERWK�RQ�OLQH�DQG�RII�OLQH�FRDWLQJ�� WKH�SRWHQWLDO� UHOHDVH� WR�ZDVWH�ZDWHU� IURPVL]H� DSSOLFDWLRQ� LV� QHJOLJLEOH�� 6XFK� D� UHOHDVH� FRXOG� RFFXU� LQ� FDVH� RI� DFFLGHQWV� LQ� WKH� SDSHUFKDLQ��'XULQJ�QRUPDO�RSHUDWLRQV�RQH�PD\�DVVXPH�WKDW�WKH�UHOHDVH�WR�ZDVWH�ZDWHU�IURP�FRDWLQJLV�QHJOLJLEOH�
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5HOHDVH�IURP�WUHDWPHQW�RI�VSHQW�FRDWLQJ�OLTXLG�RU�IURP�FOHDQLQJ�RI� WKH�FRDWLQJ�HTXLSPHQW�LVSRVVLEOH� &RDWLQJ GLVFKDUJHV� FDQ� EH� GLYLGHG� LQWR� WZR� PDLQ� W\SHV� RI� ZDVWH� ZDWHU� �,33&�������� 8QGLOXWHG� VXUSOXV� FRDWLQJ� �DERXW���� �� ����GU\� VROLGV�� IURP� FRDWLQJ� NLWFKHQ� DQGFRDWHU�VWDWLRQ��,Q�FDVH�RI�SURGXFW�FKDQJHV�DQG�GXULQJ�EUHDNV�WKH�V\VWHP�KDV�WR�EHZDVKHG� �GLVSHUJHU�� FKHVWV�� SXPSV�� SLSLQJ�� DQG� FRDWHU� VWDWLRQ��� )XUWKHUPRUH�VRPHWLPHV�QRW�DOO�RI�WKH�FRDWLQJ�FDQ�EH�FRPSOHWHO\�XVHG�DQG�WKH�UHVW�LV�ZDVKHG�DVZHOO� 7KH�FRQFHQWUDWHG�GLVFKDUJH�FDQ�EH�FROOHFWHG�LQ�WDQNV�RU�PRELOH�FRQWDLQHUV�IRUVROLG ZDVWH�GLVSRVDO�� 'LOXWHG�FRDWLQJ�FRPSRQHQWV�IURP�ZDVKLQJ�ZDWHU�IURP�WDQNV�HWF�7KH�GU\�VROLGV�FRQWHQW�RI�GLOXWH�HIIOXHQW�LV�W\SLFDOO\���������,I�WKH\�DUH�GLVFKDUJHGWR WKH� WUHDWPHQW� SODQW� VXGGHQ� KLJK� RUJDQLF� ORDGV� KDYH� WR� EH� KDQGOHG� LQ� WKHWUHDWPHQW��&2'�YDOXHV�!��������PJ�O�XS�WR���������PJ�O���7KH�GLOXWHG�VSLOOV�DUHFROOHFWHG� LQ� WDQNV� DQG� SUH�WUHDWHG� EHIRUH� GLVFKDUJH� WR� WKH� H[WHUQDO� ZDVWH� ZDWHUWUHDWPHQW�SODQW�
1R UHOHDVH�VFHQDULR�FDQ�\HW�EH�SURSRVHG�
$LU� HPLVVLRQV�� DLU� HPLVVLRQV� FRQVLVW� PDLQO\� RI� ZDWHU� ZLWK� OLWWOH� RU� QR� SDUWLFXODWH� PDWWHUHPLWWHG�E\�WKH�GU\HUV�DIWHU�WKH�FRDWLQJ�VWHSV����WR�����P��RI�ZDWHU�SHU�WRQQH�RI�SDSHU�LV�XVXDOO\HYDSRUDWHG�LQ�WKH�GU\HU�VHFWLRQ�RI�D�PDFKLQH�DQG�ORVW�IURP�WKH�SURFHVV��,33&��������
�������5HOHDVHV�IURP��EURNH��
7KH DPRXQW� RI� EURNH� SURGXFHG� GXULQJ� SDSHUPDNLQJ� LV� XVXDOO\� �� WR� ���� RI� WKH� PDFKLQHFDSDFLW\� DQG� FDQ� UHDFK� DPRXQWV� RI� ���� RI� QRUPDO� SURGXFWLRQ� �,33&�� ������� %URNH� LVUHLQWURGXFHG�LQ�WKH�VWRFN�SUHSDUDWLRQ�7KH H[SHFWHG�GLVFKDUJH�RI�DGGLWLYHV�WR�ZDVWH�ZDWHU� LV�GLUHFWO\�UHODWHG�WR�WKH�UHWHQWLRQ�RI� WKHFKHPLFDOV�WR�WKH�SDSHU�SURGXFW��UDWH�RI�IL[DWLRQ��DQG�WKH�GHJUHH�RI�FORVXUH�RI�WKH�ZDWHU�FLUFXLWVKRZQ�LQ�WDEOH���
7DEOH����'HJUHH�RI�FORVXUH�RI�ZDWHU�V\VWHP�DFFRUGLQJ�WR�WKH�W\SH�RI�SDSHU��(8��������
7\SH�RI�SDSHU 'HJUHH�RI�FORVXUH����
3ULQWLQJ�DQG�ZULWLQJ ���±���
7LVVXH ���±���
1HZVSULQW ���±���
3DFNDJLQJ�DQG�ERDUG !���
,Q�D�VXUYH\�SHUIRUPHG�LQ�*HUPDQ\��%|KP�HW�DO���������DQG�FRYHULQJ����VLWHV�������UHSRUWHG
GHJUHHV� RI� FORVXUH� RI� �� - ����� ������ UHSRUWHG� GHJUHHV� RI� FORVXUH� RI� ��� - ����� �����
UHSRUWHG�GHJUHHV�RI����- ��� DQG�����UHSRUWHG�GHJUHHV�RI�FORVXUH�!�����$V LQGLFDWHG� LQ� (8� �������� WKH� GHJUHH� RI� FORVXUH� ZLOO� QRW� DIIHFW� WKH� FRQFHQWUDWLRQ� RI� DVXEVWDQFH� LQ� WKH�ZDVWH�ZDWHU�� LW�ZLOO� GHWHUPLQH� WKH� YROXPH�RI�ZDWHU� DQG� WKHUHIRUH� WKH� WRWDODPRXQW RI�VXEVWDQFH�HPLWWHG�1RWH� WKLV� ZLOO� QRW� EH� WUXH� IRU� VOLPLFLGHV�� DV� KLJKHU� FRQFHQWUDWLRQV� LQ� WKH� V\VWHP� ZLOO� EHQHHGHG�WR�UHWDLQ�HIILFDF\�IRU�KLJKHU�GHJUHHV�RI�FORVXUH�
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)RU�DVVHVVPHQW�SXUSRVHV��XQOHVV�FRQWUDU\� LQIRUPDWLRQ� LV�DYDLODEOH�� LW� LV�VXJJHVWHG� WR�XVH� WKHDYHUDJH�YDOXHV�RI�WKH�UDQJHV�UHSRUWHG�LQ�WDEOH���LQ�WKH�ULVN�DVVHVVPHQW�
�������5HOHDVH�IURP�SDSHU�UHF\FOLQJ�
7KH� UHFRYHU\� UDWH� LV� WKH� DPRXQW� RI� SDSHU� DQG� ERDUG� UHFRYHUHG� FRPSDUHG� WR� WKH� WRWDOFRQVXPSWLRQ�RI�SDSHU�DQG�ERDUG�� ,Q�WKH�(8�� WKLV� UHFRYHU\� UDWH� LV�QRW�KRPRJHQHRXV�� LQGHHG�DFFRUGLQJ� WR� &23$&(/� �������� WKLV� UDWH� ZDV� ������ DQG� ������ LQ� )UDQFH� DQG� *HUPDQ\UHVSHFWLYHO\� LQ� ������ 7KH� SDSHU� UHF\FOLQJ� UDWH�� L�H�� WKH� IUDFWLRQ� RI� UHF\FOHG� ILEUHV� XVHG� IRUSDSHU�SURGXFWLRQ��LV�PRUH�KRPRJHQHRXV�ZLWKLQ�(8�$OPRVW�KDOI��������LQ�)UDQFH��RI�WKH�ILEUHV�XVHG�IRU�SDSHUPDNLQJ�FDPH�IURP�UHF\FOHG�SDSHUDQG�ERDUGV��7KH�DYHUDJH�UHF\FOLQJ�UDWH�LQ�WKH�(8�LV�DSSUR[�������&23$&(/��������7DEOH���DQG�WDEOH���SUHVHQW�DYHUDJH�SHUFHQWDJHV�RI�UHF\FOHG�ILEUHV�XVHG�LQ�WKH�SURGXFWLRQ�RIGLIIHUHQW�W\SHV�RI�SDSHU�LQ�*HUPDQ\�DQG�LQ�)UDQFH�UHVSHFWLYHO\�
7DEOH��� )UDFWLRQ�RI�UHF\FOHG�SDSHU�XVHG�LQ�*HUPDQ\�LQ�������9'3��������

7\SHV�RI�SDSHU 8VH�RI�UHF\FOHG�ILEUHV����$OO�W\SHV ��
3ULQWLQJ�DQG�ZULWLQJ�SDSHU ��
1HZVSULQW��SDSHU�IRU�QHZVSDSHU�SULQWLQJ� ���
%RDUG�3DFNDJLQJ ��
3DSHU�IRU�VDQLWDU\�DQG�GRPHVWLF�XVH��WLVVXH�SDSHU� ��
6SHFLDO�DQG�LQGXVWULDO�SDSHU ��

7DEOH����)UDFWLRQ�RI�UHF\FOHG�SDSHU�XVHG�LQ�)UDQFH�LQ�������&23$&(/�������
7\SHV�RI�SDSHU 8VH�RI�UHF\FOHG�ILEUHV����$OO�W\SHV ����
&RUUXJDWHG�ERDUG ����
)ODW�FDUGERDUG ����
1HZVSULQW��SDSHU�IRU�QHZVSDSHU�SULQWLQJ� ����
3DSHU�IRU�VDQLWDU\�DQG�GRPHVWLF�XVH��WLVVXH�SDSHU� ����
6SHFLDO�DQG�LQGXVWULDO�SDSHU ����
3DFNDJLQJ�SDSHU�DQG�FDUGERDUG ����
3ULQWLQJ�DQG�ZULWLQJ�SDSHU ����

6RPH� RI� WKH� UHF\FOHG� SDSHU� DQG� ERDUG� LV� FRDWHG�� 'XULQJ� WKH� UH�SXOSLQJ� VWHS�� SDUW� RI� WKHVROXELOLVHG�FRDWLQJ�� LQFOXGLQJ�ELRFLGHV��PD\�WKHQ�EH�UHOHDVHG��7KHUH�DUH� WZR�PDLQ�SURFHVVHVIRU� UHF\FOLQJ� ILEUHV�� SURFHVVHV� ZLWK� H[FOXVLYHO\� FOHDQLQJ� DQG� SURFHVVHV� ZLWK� FOHDQLQJ� DQGGHLQNLQJ�� 0RVW� RI� WKH� FRDWHG� SDSHUV� SDVV� WKURXJK� FOHDQLQJ� �ZDVKLQJ� ZKLFK� UHOHDVHVVXEVWDQFHV� WR� ZDVWH� ZDWHU�� DQG� GHLQNLQJ� �IORWDWLRQ� ZKLFK� SURGXFHV� D� VOXGJH� ZKLFK� LVGHZDWHUHG�DQG�GLVSRVHG�RI�DV�D�VROLG���7KH�IUDFWLRQ�RI�WKH�UHF\FOHG�SDSHU�ZKLFK�ZLOO�JR�WR�WKHGHLQNLQJ�SURFHVV� LV� DERXW������ LQ�*HUPDQ\� �%|KP�HW� DO��� ������ DQG� DERXW� ���� LQ� )UDQFH�3HUVRQDO� FRPPXQLFDWLRQ� &73�� ������� 8S� WR� ���� LQN� IURWK� DQG� UHMHFWV� DUH� GHZDWHUHGVHSDUDWHO\�LQ�D�FHQWULIXJH�RU�ZLUH�SUHVV�W\SH�HTXLSPHQW��,33&��������(8��������&RQWDPLQDQWV�DQG�FOXVWHUV�DUH�UHPRYHG�FRQWLQXRXVO\�GXULQJ�WKH�RSHUDWLRQ�E\�D�GLUW�WUDS��H�J�VFUHHQ�SODWH��DQG�DUH�VHQW� WR�D� UHMHFW�FRQYH\RU�� LQ�RUGHU� WR�DYRLG� WKH�FRQWDPLQDQWV�EUHDNLQJ
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LQWR� VPDOO� SLHFHV� RU� DFFXPXODWLQJ� LQ� WKH� SXOSHU�� 1RUPDOO\� WKH� ZDWHU� IRU� GLVLQWHJUDWLRQ� LVWRWDOO\�UH�FLUFXODWHG�SURFHVV�ZDWHU�WKDW�FRPHV�DV�ZKLWH�ZDWHU�IURP�WKH�SDSHU�PDFKLQH�
:DVWH�ZDWHU�IURP�D�UHFRYHUHG�ILEUH�SDSHU�PLOO� LV�PDLQO\�JHQHUDWHG�GXULQJ�FOHDQLQJ�VWHSV�� ,WFRQVLVWV� RI� ZDWHU� IURP� UHMHFW� VHSDUDWLRQ� E\� VFUHHQV� DQG� FHQWULIXJDO� FOHDQHUV�� ILOWUDWHV� IURPZDVKHUV�� WKLFNHQHUV� DQG� VOXGJH� KDQGOLQJ�� DQG� H[FHVV�ZKLWH�ZDWHU� GHSHQGLQJ� RQ� WKH� UDWH� RIUHF\FOLQJ��,33&��������
7KH�S+�RI�WKH�GHLQNLQJ�ZDWHU�LV�JHQHUDOO\�DONDOLQH��LW�UDQJHV�EHWZHHQ�����DQG�������3HUVRQDOFRPPXQLFDWLRQ�&73���������0RUHRYHU��WKH�WHPSHUDWXUH�GXULQJ�WKH�GHLQNLQJ�SURFHVV�LV�DERXW���&�� 7KH� K\GUDXOLF� UHWHQWLRQ� WLPH� �+57�� LV� KLJK� EHFDXVH� WKH� SURFHVV� ZRUNV� LQ� D� FORVHGFLUFXLW�� )LQDOO\�� VROLG� UHWHQWLRQ� WLPH� �657�� UDQJHV� EHWZHHQ� ���� DQG� �� KRXUV�� %DVHG� RQK\GURO\VLV� VWXGLHV� ZLWK� WKH� VXEVWDQFH�� WKH� IUDFWLRQ� GHFRPSRVHG� GXULQJ� GHLQNLQJ� FDQ� EHHVWLPDWHG�
1R VSHFLILF� ILJXUHV� DUH� DYDLODEOH� UHJDUGLQJ� UHOHDVH� WR� ZDVWH� ZDWHU� RI� ELRFLGHV� GXULQJ� WKHZDVKLQJ� DQG�RU� GHLQNLQJ� VWDJH�� +RZHYHU�� WKH� IL[DWLRQ� UDWH� LV� QRW� WKH� VDPH� IRU� ILEUHSUHVHUYDWLYHV�DQG�IRU�FRDWLQJ�SUHVHUYDWLYHV��FI��VHFWLRQ�����)RU�FRDWLQJ�SUHVHUYDWLYHV�ZKLFK�DUHHDVLO\�VROXEOH�VXEVWDQFHV��D�GHIDXOW�YDOXH�IRU�UHOHDVH�GXULQJ�WKH�ZDVKLQJ�DQG�RU�GHLQNLQJ�VWDJHRI �����FDQ�EH�DVVXPHG�
'XULQJ� SULPDU\� RQ�VLWH�ZDVWHZDWHU� WUHDWPHQW�� LW� FDQ� EH� DVVXPHG� WKDW� ���- ���� RI� HDVLO\VROXEOH� VXEVWDQFHV� UHPDLQ� LQ�ZDVWH�ZDWHU�ZKLOH����±�����RI�SRRUO\� VROXEOH� VXEVWDQFHV� DUHUHPRYHG��,33&���������(8���������,I�WKH�IL[DWLRQ�UDWH�RQWR�SDSHU�ILEUHV�GXULQJ�DSSOLFDWLRQ�LVNQRZQ� WKLV�YDOXH�FDQ�EH�XVHG�DV�D�GHIDXOW�KHUH�DV�ZHOO�
(8��������VXJJHVWV�WKDW�WKH�QXPEHU�RI�VLWHV�ZKHUH�UHF\FOLQJ�WDNHV�SODFH�LV����� L�H��HDFK�VLWHSURFHVVHV�����RI�WKH�DQQXDO�WRQQDJH��7DNHQ�IRU�WKH�ZKROH�RI�WKH�(8��WKH�QXPEHU�RI�UHF\FOLQJVLWHV� VHHPV� WR� EH� JURVVO\� XQGHUHVWLPDWHG�� )RU� *HUPDQ\� DORQH�� DFFRUGLQJ� WR� %|KP� HW� DO��������� ��� SDSHU� SURGXFHUV� XVH� UHF\FOHG� SDSHU� DQG� WKHUH� DUH� ��� GHLQNLQJ� LQVWDOODWLRQV�� ,Q)UDQFH��WKHUH�DUH����IDFWRULHV�ZKLFK�KDYH�GHLQNLQJ�LQVWDOODWLRQV�,W� LV� WKHUHIRUH�SURSRVHG�IRU�VXEVWDQFHV�ZKLFK�DUH�SURGXFHG�DW�D�KLJK� WRQQDJH�DQG�ZKLFK�DUHXVHG WKURXJKRXW� WKH�(8� WR� DSSO\� WKH� VR�FDOOHG� ���� UXOH�� &DOFXODWLRQV� DUH� SHUIRUPHG� IRU� D
GHQVHO\�SRSXODWHG�DUHD�RI������ ����NP�ZLWK����PLOOLRQV�LQKDELWDQWV��,W�LV�DVVXPHG�WKDW����RI WKH�(XURSHDQ�SURGXFWLRQ�DQG�XVH�WDNHV�SODFH�ZLWKLQ�WKLV�UHJLRQ��L�H������RI�WKH�HVWLPDWHGHPLVVLRQ�LV�XVHG�DV�LQSXW�IRU�WKH�UHJLRQ��:LWKLQ�WKH�UHJLRQ��LW�FDQ�WKHQ�EH�DVVXPHG�WKDW�WKH�VL]HRI WKH�PDLQ�ORFDO�VRXUFH�RI�HPLVVLRQV�LQWR�WKH�ORFDO�HQYLURQPHQW�UHSUHVHQWV�����RI�WKH�WRWDOHPLVVLRQV�ZLWKLQ� WKH� UHJLRQ� �IUDFWLRQ�RI�PDLQ� VRXUFH� I� �������7KLV�ZRXOG� WKHQ�EH� FRKHUHQWZLWK�WKH�UHVXOWV�IURP�%|KP�HW�DO���������
)RU�QHZ�VXEVWDQFHV�RU�H[LVWLQJ�VXEVWDQFHV�SURGXFHG�DW�ORZ�YROXPHV�DQG�ZKLFK�DUH�QRW�XVHGKRPRJHQHRXVO\�WKURXJK�RXW�WKH�(8��LW�FDQ�EH�DVVXPHG�LQ�D�ILUVW�DSSURDFK�WKDW�WKH�ZKROH�(8SURGXFWLRQ�YROXPH�LV�XVHG�ZLWKLQ�WKH�UHJLRQ�
(8��������VXJJHVWV�WKDW�WKH�QXPEHU�RI�ZRUNLQJ�GD\V�LV�����G�\��� )RU�*HUPDQ\��DFFRUGLQJ�WR%|KP�HW�DO���������IDFWRULHV�ZRUN�LQ�DYHUDJH�����GD\V�SHU�\HDU��,Q�)UDQFH��DFFRUGLQJ�WR�&73�3HUVRQDO�FRPPXQLFDWLRQ���������WKH�QXPEHU�RI�ZRUNLQJ�GD\V�LV�DERXW�����G�\��� $�ILJXUH�RI��� G�\���LV�SURSRVHG�DV�D�GHIDXOW�YDOXH�
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,Q�SULQFLSOH��VRPH�ELRFLGHV�SUHVHQW�LQ�ILQLVKHG�SDSHU�SURGXFWV�PD\�UHWXUQ�YLD�SDSHU�UHF\FOLQJ�ZKHUH� WKH� VDPH�ELRFLGH� LV� DSSOLHG� DJDLQ�� WKXV� DFFXPXODWLQJ� RQ� WKH� ORQJ� UXQ�� GHSHQGLQJ� RQUHPRYDO�UDWHV�DW�UHSXOSLQJ�DV�ZHOO�DV� WKH�IL[DWLRQ�UDWH�RQ�ILEUHV��7KLV�DVSHFW� LV�QRW�\HW� WDNHQLQWR�DFFRXQW�LQ�WKLV�GRFXPHQW�
�������5HOHDVHV�GXH�WR�RWKHU�OLIH�F\FOH�VWDJHV�
5HOHDVHV�PD\� RFFXU� GXULQJ� RWKHU� OLIH�F\FOH� VWDJHV�� H�J�� WKH� ILQDO� XVH� RI� SDSHU� RU� FDUGERDUGDUWLFOHV�DQG�WKH�HOLPLQDWLRQ�RI�SDSHU�RU�FDUGERDUG�DUWLFOHV�$ ODUJH� SDUW� RI� WKH� ELRFLGHV� UHPDLQLQJ� LQ� WKH� ILQLVKHG� DUWLFOHV� FDQ� EH� UHOHDVHG� WR� WKHHQYLURQPHQW�GXULQJ�WKH�VHUYLFH�OLIH�RI�WKH�SDSHU�RU�FDUGERDUG�DUWLFOHV��)RU�YRODWLOH�VXEVWDQFHV�D WRWDO� UHOHDVH� WR� WKH� DWPRVSKHUH� FDQ� EH� DVVXPHG��$OO� RI� WKHVH� UHOHDVHV�ZLOO� EH� GLIIXVH� DQGUHOHYDQW�RQO\�IRU�D�UHJLRQDO�H[SRVXUH�DVVHVVPHQW��1R�SUHFLVH�TXDQWLWDWLYH�UHOHDVH�HVWLPDWLRQVFDQ�EH�SURSRVHG�IRU�WKH�WLPH�EHLQJ�5HJDUGLQJ� ZDVWH� HOLPLQDWLRQ�� D� JHQHULF� PRGHO� IRU� UHOHDVHV� IURP� ODQGILOOV� LV� XQGHUGHYHORSPHQW�DQG�PLJKW�EH�XVHG�RQFH�WKH�PRGHO�LV�DYDLODEOH�

���� :DVWH�ZDWHU�WUHDWPHQW�
8VXDO WUHDWPHQWV�RI�ZDVWH�ZDWHU�IURP�SDSHU�DQG�ERDUG�LQGXVWULHV�DUH�

� 3ULPDU\�WUHDWPHQW��SK\VLFDO�DQG�FKHPLFDO�� 6HFRQGDU\�WUHDWPHQW��ELRORJLFDO�WUHDWPHQW�� $QDHURELF�ELRORJLFDO�WUHDWPHQW� &RPELQHG�DQDHURELF�DHURELF�WUHDWPHQWV��9DOHWWH�DQG�GH�&KRXGHQV�������
8VXDOO\� ZDVWH� ZDWHUV� IURP� SDSHU� DQG� ERDUG� LQGXVWU\� UHTXLUH� D� VHSDUDWH� SUH�WUHDWPHQW� LQ� DSK\VLFR�FKHPLFDO�SODQW��,I�ZDVWH�ZDWHUV�DUH�QRW�WUHDWHG�EHIRUH�ELRORJLFDO�WUHDWPHQW��WKH\�PD\FDXVH� GLVWXUEDQFHV� LQ� WKH� SHUIRUPDQFH� RI� WKH� ELRORJLFDO� ZDVWH� ZDWHU� WUHDWPHQW� SODQW�VXVSHQGHG�VROLGV��,Q� UHFHQW� \HDUV� WKH� PHPEUDQH� ILOWUDWLRQ� WHFKQRORJ\� KDV� SURGXFHG� JRRG� UHVXOWV� LQ� FRDWLQJFRORXU�UHF\FOLQJ��,33&��������

���� (PLVVLRQ�VFHQDULRV�
5HOHDVH� HVWLPDWLRQ� LV� SHUIRUPHG� RQ� D� ORFDO� VFDOH�� $� UHOHDVH� HVWLPDWLRQ�PRGHO� LV� SUHVHQWHGEHORZ�
�������5HOHDVH�IURP�GU\LQJ�VHFWLRQV�DIWHU�VL]H�SUHVVLQJ�DQG�FRDWLQJ�
5HOHDVHV�LQ�ZDVWH�ZDWHU�IURP�WKH�FRDWLQJ�VWHSV�DUH�QHJOLJLEOH��RQO\�WKH�UHOHDVH�WR�DLU�LV�WDNHQLQWR�DFFRXQW�KHUH�1R VSHFLILF�DLU�HVWLPDWLRQ�WHFKQLTXH�IRU�SDSHU�FRDWLQJ�KDV�EHHQ�GHYHORSHG�\HW��,Q�WKH�DEVHQFHRI WKH� VSHFLILF� SDSHU� FRDWLQJ� HVWLPDWLRQ�� LW� LV� SURSRVHG� WR� XVH� WKH� HVWLPDWLRQV� GHULYHG� IRUSODVWLF�FRDWLQJV��%5(���������)RU�SUHVHUYDWLYHV��WKH�IROORZLQJ�UHOHDVH�UDWHV�GHSHQGLQJ�RI�WKHYDSRXU�SUHVVXUH�RI�WKH�VXEVWDQFH�KDYH�EHHQ�SURSRVHG�IRU�RSHQ�SURFHVVHV�
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7DEOH����(VWLPDWHG�UHOHDVH�IUDFWLRQV�GXH�WR�GU\LQJ�RI�WKH�SDSHU��DGDSWHG�IURP�%5(�������
)UDFWLRQ�RI�UHOHDVH 9RODWLOLW\������ +LJK������3D�DW�����&
������ 0HGLXP�������3D�DW�����&
������ /RZ������3D�DW�����&
7KH� GLYLVLRQ� EHWZHHQ� WKH� FODVVHV� RI� KLJK��PHGLXP� DQG� ORZ� YRODWLOLW\� LV� DUELWUDU\� DQG� HDFKVXEVWDQFH� VKRXOG� LI� SRVVLEOH� EH� DVVHVVHG� LQGLYLGXDOO\��7KH� DSSUR[LPDWH� UDWLR� EHWZHHQ� KLJK�PHGLXP DQG� ORZ� YRODWLOLW\� ORVVHV� LV� �������� WDNLQJ� PHGLXP� YRODWLOLW\� DV� D� VWDQGDUG� �%5(�������$Q LQGLFDWLYH�PHWKRG�IRU�HVWLPDWLQJ�YDSRXU�SUHVVXUHV�DW�����&�LV�SUHVHQWHG�EHORZ�$ FRPPRQO\�XVHG�DSSURDFK�IRU�WKH�HVWLPDWLRQ�RI�YDSRXU�SUHVVXUH�LV�E\�PHDQV�RI�WKH�&ODXVLXV&ODSH\URQ�HTXDWLRQ��3URYLGHG�WKDW�WKH�ODWHQW�KHDW�RI�YDSRULVDWLRQ�LV�NQRZQ���WKHQ�WKH�YDSRXUSUHVVXUH �37� DW�D�JLYHQ�WHPSHUDWXUH�7�FDQ�EH�HVWLPDWHG�IURP�WKH�NQRZQ�YDSRXU�SUHVVXUH�DW�DGLIIHUHQW�WHPSHUDWXUH��H�J������&��DFFRUGLQJ�WR�WKH�H[SUHVVLRQ�

ÜÝ
ÛÌÍ

Ë -+= 75
/337 �

���
�OQOQ ���

,I�5��WKH�XQLYHUVDO�JDV�FRQVWDQW�� LV������-��PRO�.��DQG�/��ODWHQW�KHDW�� LV� WDNHQ�DV�D�QRPLQDO����N-�PRO�� WKHQ� WKH�H[SUHVVLRQ� IRU�YDSRXU�SUHVVXUH�3� �PHDVXUHG� LQ�DWPRVSKHUHV��DW� ����.�����&��EHFRPHV�VLPSO\�
���OQOQ ������ -= 33

)RU� PRUH� LQIRUPDWLRQ�� VHH� WKH� +DQGERRN� RI� 3URSHUW\� (VWLPDWLRQ� 0HWKRGV� IRU� &KHPLFDOV�(QYLURQPHQWDO�DQG�+HDOWK�6FLHQFHV��%RHWKOLQJ�	�0DFND\��������
,I� LQIRUPDWLRQ� LV� DYDLODEOH� DERXW� VWDELOLW\� RI� WKH� VXEVWDQFH� DW� ����&�� LW� FDQ� EH� WDNHQ� LQWRDFFRXQW�LQ�WKH�HPLVVLRQ�HVWLPDWLRQ�
$LU HPLVVLRQV�IURP�GU\LQJ�VHFWLRQV�PD\�WKHQ�EH�FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�PRGHO�
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7DEOH�����(PLVVLRQ�VFHQDULR�IRU�FDOFXODWLQJ�WKH�UHOHDVHV�IURP�GU\LQJ�VHFWLRQV�DIWHU�VL]H�SUHVVLQJ�DQG�FRDWLQJ
9DULDEOH�SDUDPHWHU��XQLW� 6\PERO 8QLW 'HIDXOW 6�'�2�3
,QSXW�
4XDQWLW\�RI�FRDWHG�SDSHU�SURGXFHG�SHUGD\��FI��VHFWLRQ������WDEOH��� 4SDSHU W�G�� 3
4XDQWLW\�RI�DFWLYH�VXEVWDQFH�DSSOLHG�SHUWRQ RI�SDSHU�IRU�HDFK�DSSOLFDWLRQ�VWHS 4DFWLYH NJ�W�� 6
(YDSRUDWLRQ�UDWH��FI��WDEOH��� )HYDS � 6�3
'HFRPSRVLWLRQ�UDWH�GXULQJ�GU\LQJ )GHFRPS � � 6
2XWSXW�
/RFDO�HPLVVLRQ�RI�DFWLYH�VXEVWDQFH�WRDLU IRU�RQH�WUHDWPHQW�VWHS (ORFDODLU NJ�G�� 2

0RGHO�FDOFXODWLRQ�
(ORFDODLU� �4SDSHU�� 4DFWLYH�� )HYDS�� ���)GHFRPS�

�������5HOHDVH�IURP��EURNH��
%URNH�LV�UHOHDVHG�IURP�WKH�SDSHU�PDFKLQH�LQ�WKH�VWRFN�SUHSDUDWLRQ��7KH�UHOHDVH�GHSHQGV�WKHQRQ WKH�UDWH�RI�IL[DWLRQ�RI�WKH�DFWLYH�VXEVWDQFH�DQG�WKH�GHJUHH�RI�FORVXUH�RI� WKH�ZDWHU�V\VWHPDQG PD\�EH�FDOFXODWHG�XVLQJ�WKH�PRGHO�EHORZ�
7DEOH�����(PLVVLRQ�VFHQDULR�IRU�FDOFXODWLQJ�WKH�UHOHDVHV�IURP��EURNH�
9DULDEOH�SDUDPHWHU��XQLW� 6\PERO 8QLW 'HIDXOW 6�'�2�3
,QSXW�
4XDQWLW\�RI�FRDWHG�SDSHU�SURGXFHG�SHUGD\��FI��VHFWLRQ����� 4SDSHU W�G�� 3
4XDQWLW\�RI�DFWLYH�VXEVWDQFH�DSSOLHG�SHUWRQ RI�SDSHU 4DFWLYH NJ�W�� 6
'HJUHH�RI�FORVXUH�RI�WKH�ZDWHU�V\VWHP�FI� WDEOH��� )FORVXUH � 6�3
)UDFWLRQ�RI�FRDWHG�EURNH�SURGXFHGFRPSDUHG�WR�RYHUDOO�SURGXFWLRQ )EURNH � ��� 6�'
)L[DWLRQ�UDWH��FI��VHFWLRQ��� )IL[ � � 6�'
2XWSXW�
/RFDO�HPLVVLRQ�RI�DFWLYH�VXEVWDQFH�WRZDVWH�ZDWHU (ORFDOZDWHU NJ�G�� 2
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0RGHO�FDOFXODWLRQ�
(ORFDOZDWHU� �4SDSHU�� 4DFWLYH�� )EURNH���� - )IL[� � �� ±�)FORVXUH�

�������5HOHDVH�IURP�SDSHU�UHF\FOLQJ�
7KH HPLVVLRQ� LQ�ZDVWH�ZDWHU� IRU� UHF\FOLQJ� FRDWHG� SDSHU�PD\� EH� HVWLPDWHG� XVLQJ� WKH�PRGHOEHORZ�
7DEOH�����(PLVVLRQ�VFHQDULR�IRU�FDOFXODWLQJ�WKH�UHOHDVHV�IURP�SDSHU�UHF\FOLQJ
9DULDEOH�SDUDPHWHU��XQLW� 6\PERO 8QLW 'HIDXOW 6�'�2�3
,QSXW�
5HOHYDQW�WRQQDJH�LQ�(8�IRU�WKLVDSSOLFDWLRQ 7211$*( W�\�� 6
5HOHYDQW�WRQQDJH�LQ�WKH�UHJLRQ�IRU�WKLVDSSOLFDWLRQ 7211$*(5(* W�\�� 2
)UDFWLRQ�RI�WKH�UHJLRQ )UHJ � ��� '
)UDFWLRQ�RI�PDLQ�VRXUFH I � ��� '
3DSHU UHF\FOLQJ�UDWH��WDEOH��� )UHF\FOLQJ � ��� '�3
'HLQNLQJ�\LHOG��FI��VHFWLRQ������� )GHLQNLQJ � � 6�'
)UDFWLRQ�GHFRPSRVHG�GXULQJ�GHLQNLQJ )GHFRPS � � 6
)UDFWLRQ�UHPRYHG�IURP�ZDVWH�ZDWHUGXULQJ SUHOLPLQDU\�RQ�VLWH�WUHDWPHQW��FI�VHFWLRQ�������

)SUHOLPLQDU\ � 6

1XPEHU�RI�ZRUNLQJ�GD\V 1G G�\�� ��� '
2XWSXW�
/RFDO�HPLVVLRQ�RI�DFWLYH�VXEVWDQFH�WRZDVWH�ZDWHU (ORFDOZDWHU NJ�G�� 2

0RGHO�FDOFXODWLRQ�
7211$*(5(*� �)UHJ�
�7211$*(

)RU�QHZ�VXEVWDQFHV�RU�H[LVWLQJ�VXEVWDQFHV�SURGXFHG�DW�ORZ�YROXPHV�DQG�ZKLFK�DUH�QRW�XVHGKRPRJHQHRXVO\�WKURXJK�RXW�WKH�(8��LW�FDQ�EH�DVVXPHG�LQ�D�ILUVW�DSSURDFK�WKDW�)UHJ� ���
(ORFDOZDWHU� �7211$*(5(*�� )UHF\FOLQJ�� I � )GHLQNLQJ�� ���±�)SUHOLPLQDU\� � �� - )GHFRPS�� � ������1G
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���� ([DPSOH�FDOFXODWLRQ�
�������5HOHDVH�IURP�GU\LQJ�VHFWLRQV�
4SDSHU� �����W�G��4[BDFWLYH� ����NJ�W��)HYDS� �������
(ORFDODLU� ������ ��� � ������� ������NJ��G��
�������5HOHDVH�IURP��EURNH��
4SDSHU� �����W�G��4DFWLYH� �����NJ�G��)EURNH� ����)IL[� ����)FORVXUH� ����
(  ������ ����� ��� � �� ±������� �� ±������ �����NJ�G��
�������5HOHDVH�IURP�UHF\FOLQJ�SDSHU�
7211$*(5(*� ��������NJ�\��I  ����)UHF\FOLQJ� ����)GHLQNLQJ� �)GHFRPS� ��)SUHOLPLQDU\� ������SRRUO\�VROXEOH�VXEVWDQFH�1G  ���
(ORFDOZDWHU� �>�������� ��� � ��� � � � �� - ���� � �� - ��@ ������ ������NJ�G��
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�� 5()(5(1&(6�
%DXPDQQ� :��� +HVVH� .��� 3ROONOlVQHU� '��� .�PPHUHU� .��� .�PSHO� 7�� ������ *DWKHULQJ� DQGUHYLHZ� RI� (QYLURQPHQWDO� (PLVVLRQ� 6FHQDULRV� IRU� %LRFLGHV�� 8PZHOWEXQGHVDPW�� ).=��� ��������%HUOLQ�-XQH������
%DXPDQQ� :��� +HUEHUJ�/LHGWNH� %�� ������ 3DSLHU�FKHPLNDOLHQ�� 'DWHQ� XQG� )DNWHQ� ]XP8PZHOWVFKXW]��(G��6SULQJHU�9HUODJ�
%,2(;32��������'HYHORSPHQW�RI�D�FRQFHSW�IRU�WKH�HQYLURQPHQWDO�ULVN�DVVHVVPHQW�RI�ELRFLGDOSURGXFWV� IRU� DXWKRULVDWLRQ� SXUSRVHV� �%,2(;32�� YDQ� 'RNNXP�� +�3��� 6FKROWHQ�� 0�&�7K��%DNNHU��'�-���-DQXDU\�������)RUVFKXQJVEHULFKW�������������8PZHOWEXQGHVDPW��%HUOLQ�
%RHWKOLQJ�5�6���0DFND\�'���������+DQGERRN�RI�3URSHUW\�(VWLPDWLRQ�0HWKRGV�IRU�&KHPLFDOV�(QYLURQPHQWDO�DQG�+HDOWK�6FLHQFHV��3DUW����9DSRU�3UHVVXUH��&5&�3UHVV�
%|KP�� (��� +LOOHQEUDQG�� 7��� /DQGZHKU�� 0��� 0DUVFKHLGHU�:HLGHPDQQ�� )�� �����8QWHUVXFKXQJHQ� ]XU� $EZDVVHUHLQOHLWXQJ�� 6WDWLVWLN� ZLFKWLJHU� LQGXVWULHOOHU� XQG� JHZHUEOLFKHU%UDQFKHQ� ]XU� %HZHUWXQJ� GHU� 8PZHOWJHIlKUOLFKNHLW� YRQ� 6WRIIHQ�� $XJXVW� �����)RUVFKXQJVEHULFKW����������������8PZHOWEXQGHVDPW��%HUOLQ
%5(� �%XLOGLQJ� 5HVHDUFK� (VWDEOLVKPHQW��� ������ 8VH� FDWHJRU\� GRFXPHQW�� 3ODVWLFV� DGGLWLYHV�5HYLVHG�GUDIW��-XQH����������S�
&RQIpGpUDWLRQ�)UDQoDLVH�GH�O¶,QGXVWULH�GHV�3DSLHUV��&DUWRQV�HW�&HOOXORVHV��&23$&(/��������/¶LQGXVWULH� SDSHWLqUH� IUDQoDLVH� HQ� ������ 5DSSRUW� GH� OD� FRQIpUHQFH� GH� SUHVVH� GX� ��� -DQYLHU�����
&RQIpGpUDWLRQ�)UDQoDLVH�GHO
,QGXVWULH�GHV�SDSLHUV��&DUWRQV� HW� FHOOXORVHV� �&23$&(/��������/HV� FKLIIUHV� GH� O
pFRQRPLH� SDSHWLqUH�� /
LQGXVWULH� SDSHWLqUH� IUDQoDLVH�� OHV� PDWLqUHV� GH� EDVH�ERLV��SDSLHUV�HW�FDUWRQV�UpFXSpUpV���KWWS���ZZZ�FRSDFHO�IU�
&73�$GHPH�������(QHUJLH�HW�HQYLURQQHPHQW�GDQV�O¶LQGXVWULH�SDSHWLqUH��(G�$GHPH�
'\NVWUD��*�0�� ������ &RDWLQJV� DGGLWLYHV� �� WKH� LPSRUWDQW� UROHV� IRU� ELRFLGHV�� GLVSHUVDQWV� DQGGHIRDPHUV��7$33,�&RDWLQJ�PDWHULDOV�6KRUW�&RXUVH������
KWWS���EXFNPDQ�FRP�HQJ�FRDWLQJV�KWP
(8��������7HFKQLFDO�*XLGDQFH�'RFXPHQW�LQ�VXSSRUW�RI�FRPPLVVLRQ�GLUHFWLYH�������((&�RQULVN DVVHVVPHQW�IRU�QHZ�QRWLILHG�VXEVWDQFHV�DQG�FRPPLVVLRQ�UHJXODWLRQ��(&��1R���������RQULVN DVVHVVPHQW�IRU�H[LVWLQJ�VXEVWDQFHV��3DUW�,9����������
,33&� �,QWHJUDWHG� 3ROOXWLRQ� 3UHYHQWLRQ� DQG� &RQWURO��� ������ 3DSHUPDNLQJ� DQG� UHODWHGSURFHVVHV�� &KDSWHU� �� LQ� 'RFXPHQW� RQ� %HVW� $YDLODEOH� 7HFKQLTXHV� LQ� WKH� 3XOS� DQG� 3DSHU,QGXVWU\��(XURSHDQ�,33&�%XUHDX��6HYLOOD��GUDIW�)HEUXDU\���������������
KWWS���HLSSFE�MUF�HV�H[H�)$FWLYLWLHV�KWP
86�(3$��������$VVHVVPHQW�PRGXOH�IRU�ZRRG\DUG��SDSHUPDNLQJ�DQG�RWKHU�RSHUDWLRQV��6HFWLRQ�� .UDIW�3XOS�0LOO�&RPSOLDQFH�$VVHVVPHQW�*XLGH��&KDSWHUV�����

http://eippcb.jrc.es/exe/FActivities.htm
http://buckman.com/eng/coatings.htm
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86�(3$� ������ 3URILOH� RI� WKH� 3XOS� DQG� 3DSHU� ,QGXVWU\�� (3$�2IILFH� RI� &RPSOLDQFH� 6HFWRU1RWHERRN�3URMHFW��(3$������5������������S�
9DOHWWH�� 3�� DQG� &�� GH� &KRXGHQV�� ������ /H� ERLV�� OD� SkWH�� OH� SDSLHU�� 7KLUG� HGLWLRQ�� &HQWUH7HFKQLTXH�GH�O¶,QGXVWULH�GHV�3DSLHUV��&DUWRQV�HW�&HOOXORVH�����S�
9'3��������3DSLHU�������(LQ�/HLVWXQJVEHULFKW��6�����9HUEDQG�'HXWVFKHU�3DSLHUIDEULNHQ�H�9�%RQQ��0DL������
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*/266$5<
%RDUG� SDSHUV�RI�����JVP��JUDP�SHU�VTXDUH�PHWHU��DQG�RYHU�DUH�JHQHUDOO\�FDOOHG�ERDUGV��7KH\KDYH�RIWHQ�PRUH�WKDQ�RQH�SO\�
%URNH� DQ\� IRUPHG� SDSHU�� IURP� WKH� EHJLQQLQJ� RI� WKH� SDSHUPDNLQJ� SURFHVV� WR� WKH� ILQLVKHGSURGXFW�� WKDW� KDV� EHHQ� GLVFDUGHG� DQ\ZKHUH� LQ� WKH� SURFHVV� RI� PDQXIDFWXUH� DQG� LV� XVXDOO\UHSXOSHG�7KH\� DUH� WZR�NLQGV� ±�ZHW� EURNH��ZKLFK� LV� DFFXPXODWHG� DW� DQ\� VWDJH� RQ� WKH� GU\� HQG� RI� WKHPDFKLQH��WULPPLQJV�IURP�WKH�UHHOLQJ��VOLWWLQJ�DQG�FXWWLQJ�RSHUDWLRQV��DV�ZHOO�DV�SDSHU�RU�ERDUGUHMHFWHG�GXULQJ�VRUWLQJ�
&DOHQGHU�� � D� PDFKLQH� LQWHQGHG� WR� VPRRWK� RU� RWKHUZLVH� ILQLVK� WKH� SDSHU� DQG� FRQVLVWLQJHVVHQWLDOO\�RI�D�FHUWDLQ�QXPEHU�RI�VXSHULPSRVHG�UROOV�RI�ZKLFK�RQO\�RQH�LV�SRZHU�GULYHQ�
&RDWHG�SDSHUV��SDSHU�WR�ZKLFK�D�FRDWLQJ�KDV�EHHQ�DSSOLHG�RQ�RQH�RU�ERWK�VLGHV��XVLQJ�D�PL[�RIFOD\�RU�FDUERQDWHV�DQG�ODWH[�WR�FUHDWH�D�KLJK�TXDOLW\�SULQWLQJ�VXUIDFH�
&RUUXJDWHG��SDSHU�RU�SDSHUERDUG���SDSHU�ZKLFK�KDV�XQGHUJRQH�D�WUHDWPHQW�LQ�RUGHU�WR�JLYH�LWD UHJXODU�DQG�SHUPDQHQWO\�XQGXODWHG�DVSHFW�
'HLQNLQJ��WKH SURFHVV�RI�UHPRYLQJ�LQN�IURP�SULQWHG�ZDVWH�SDSHUV��EXW�DOVR�LQYROYLQJ�JHQHUDOUHPRYDO�RI�RWKHU�XQGHVLUDEOH�PDWHULDOV�
'U\�HQG��SDUW�RI�WKH�SDSHUPDNLQJ�SURFHVV�DIWHU�IRUPDWLRQ�RI�WKH�SDSHU�ZHE�
)LOOHUV��RU�ORDGLQJV���SDSHUPDNLQJ�DGGLWLYHV�LQ�WKH�IRUP�RI�SRZGHU�RU�VOXUU\��XVXDOO\�PLQHUDOFOD\V� RU� FDOFLXP� FDUERQDWHV�� XVHG� WR� LPSURYH� VPRRWKQHVV�� RSDFLW\�� EULJKWQHVV� DQGGLPHQVLRQDO�VWDELOLW\�RI�SDSHU�DQG�ERDUG�
*UDPPDJH��PDVV RI�WKH�SDSHU���ERDUG��XVXDOO\�H[SUHVVHG�DV�J�Pð�
3DSHU��VKHHW�RI�ILEUHV�ZLWK�D�QXPEHU�RI�DGGHG�FKHPLFDOV��$FFRUGLQJ�WR�WKH�EDVLF�ZHLJKW�LW�FDQEH GLVWLQJXLVKHG��SDSHU�������J�Pð���SDSHUERDUG��RU�ERDUG��������J�Pð���FDUGERDUG�
3DSHU�JUDGHV��SDSHU�LV�FODVVLILHG�LQWR�GLIIHUHQW�JUDGHV�DFFRUGLQJ�WR�WKH�HQG�XVH��WKH�SXOS�XVHGDQG�WKH�WUHDWPHQW�RI�WKH�SDSHU�
5HDP��D WHUP�GHQRWLQJ�D�QXPEHU�RI�VKHHWV�RI�SDSHU�UDQJLQJ�IURP�����WR������PRVW�FRPPRQO\����
5HF\FOHG� ILEUH� SXOS�� ILEURXV� PDWHULDO� WKDW� KDV� DOUHDG\� SDVVHG� WKURXJK� SDSHU� DQG�RU� ERDUGSURGXFWLRQ�
6DYH�DOO�� DQ DSSDUDWXV� XVHG� IRU� UHFODLPLQJ� ILEUHV� DQG� ILOOHUV� IURP� ZKLWH� ZDWHU�� ,W� XVXDOO\RSHUDWHV�RQ�D�ILOWUDWLRQ��VHGLPHQWDWLRQ��IORFFXODWLRQ��RU�IORWDWLRQ�SULQFLSOH�
6L]H� QRQ�ILEURXV�PDWHULDOV�XVHG� LQ�SDSHUPDNLQJ� WR� FRQWURO� WKH� DEVRUEHQF\�RI�SDSHU��5RVLQ�$OXP��VWDUFK�DQG�JHODWLQH�DUH�WKH�PRVW�FRPPRQO\�XVHG�
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6WRFN� WHUPV�XVHG�WR�GHVFULEH�WKH�SDSHUPDNLQJ�PDWHULDO�LQ�DOO�VWDJHV��EXW�XVXDOO\�UHIHUULQJ�WRWKH�ZHW�SXOS�EHIRUH�LW�LV�IHG�RQWR�WKH�SDSHU�PDFKLQH�
6XSHUFDOHQGHU��PDFKLQH�IRU�JLYLQJ�SDSHU�D�YHU\�VPRRWK�VXUIDFH�E\�SDVVLQJ�LW�WKURXJK�D�VHULHVRI DOWHUQDWH�PHWDO�DQG�FRPSRVLWLRQ�UROOV��UHYROYLQJ�ZLWK�KLJK�VSHHG�DQG�SUHVVXUH�
7LVVXH�SDSHU��DEVRUEHQW�SDSHU�XVHG�IRU�D�YDULHW\�RI�K\JLHQLF�SXUSRVHV�
:HW�HQG��SDUW�RI�WKH�SDSHUPDNLQJ�SURFHVV�SULRU�WR�IRUPDWLRQ�RI�WKH�SDSHU�ZHE�
:KLWH�ZDWHU��D JHQHUDO�WHUP�IRU�DOO�ZDWHUV�RI�D�SDSHU�PLOO�WKDW�KDYH�EHHQ�VHSDUDWHG�IURP�WKHVWRFN� RU� SXOS� VXVSHQVLRQ�� HLWKHU� RQ� WKH� SDSHU� PDFKLQH� RU� DFFHVVRU\� HTXLSPHQW�� VXFK� DVWKLFNHQHUV��ZDVKHUV��VDYH�DOOV��DQG�IURP�SXOS�JULQGHUV��,W�FDUULHV�D�FHUWDLQ�DPRXQW�RI�ILEUH�DQGPD\�FRQWDLQ�YDU\LQJ�DPRXQWV�RI�ILOOHUV�DQG�G\HVWXIIV�
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