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,QYLWHG�UHYLHZ0RGHUQ�SUREOHPV�RI�PLQHUDO�SURFHVVLQJ�LQ�5XVVLD
9��$��&KDQWXUL\D

,QVWLWXWH�RI�&RPSUHKHQVLYH�([SORLWDWLRQ�RI�0LQHUDO�5HVRXUFHV��,3&21���5XVVLDQ�$FDGHP\�RI�6FLHQFHV��0RVFRZ��.U\XNRYVNL\�WXSLF������������0RVFRZ��5XVVLD
5HFHLYHG���$SULO�������DFFHSWHG���-XQH�����

$%675$&7
7KH�FRQWHPSRUDU\�VWDWH�RI�WKH�UDZ�PDWHULDO�EDVH�LQ�WKH�FRXQWU\�LV�DQDO\]HG�DQG�D�QHJDWLYH�WHQGHQF\� LV� QRWHG� DV� D� UHGXFWLRQ� LQ� WKH� H[WUDFWLRQ� RI� PLQHUDO� UHVRXUFHV� DQG� ZRUVHQLQJ� WKH�TXDOLW\� RI� H[WUDFWHG� RUHV�� ,W� LV� VKRZQ� WKDW� LQ� WKH� QHDU� IXWXUH� WKH� GHSRVLWV� GHYHORSHG�ZLOO� EHPDLQO\�ILQHO\�GLVVHPLQDWHG�DQG�UHEHOOLRXV�RUHV�DQG�WKLV�UHTXLUHV�QHZ�VROXWLRQV�LQ�WKH�WHFKQRORJ\�RI�WKHLU�EHQHILFLDWLRQ��([DPSOHV�DUH�SURYLGHG�RI�DGYDQFHG�VROXWLRQV�LQ�WHFKQRORJLFDO�PLQHUDORJ\��GLUHFWHG�FKDQJLQJ�LQ�PLQHUDO�DQG�RUH�SURSHUWLHV�ZLWK�GLIIHUHQW�NLQGV�RI�HQHUJ\�DFWLRQV��DQG�WKH�XVH�RI�S\UR� DQG�K\GURPHWDOOXUJLFDO�WHFKQRORJLHV�WKDW�RSHQ�GHILQLWH�SRVVLELOLWLHV�IRU�WKH�UDWLRQDO�DQG�FRPSOH[�XVH�RI�UHEHOOLRXV�PLQHUDO�UDZ�PDWHULDO���������6'8��$OO�ULJKWV�UHVHUYHG�

.H\ZRUGV��0LQHUDO�SURFHVVLQJ��0LQHUDO�UHVRXUFHV

���,1752'8&7,21
$QDO\VLV� RI� WKH� GHYHORSPHQW� RI� PLQHUDO� UHVRXUFHV� EHQHILFLDWLRQ� WHFKQLTXHV� DQG�WHFKQRORJ\� LQ� UHFHQW� \HDUV� LQGLFDWHV� FRQVLGHUDEOH� DFKLHYHPHQWV� LQ� GRPHVWLF�IXQGDPHQWDO� VFLHQFH� LQ� WKH� ILHOG� RI� XQGHUVWDQGLQJ� WKH� EDVLF� SKHQRPHQD� DQG�UHJXODULWLHV� GXULQJ� VHSDUDWLRQ� RI� PLQHUDO� FRPSOH[HV�� 7KLV� KDV� PDGH� LW� SRVVLEOH� WR�FUHDWH�KLJKO\�HIILFLHQW�SURFHVVHV�DQG�WHFKQRORJLHV�IRU�SULPDU\�SURFHVVLQJ�RI�RUHV�ZLWK�D� FRPSOH[� FRPSRVLWLRQ�DQG�DV�D� FRQVHTXHQFH� WR�SURYLGH� WKH�PHWDOOXUJLFDO� LQGXVWU\�ZLWK�WKH�UHTXLUHG�UDQJH�DQG�TXDOLW\�RI�FRQFHQWUDWHV�$W�WKH�VDPH�WLPH�LQ�RXU�FRXQWU\�FRPSDUHG�ZLWK�WKH�GHYHORSHG�IRUHLJQ�VWDWHV�VR�IDU�WKHUH� KDYH� QRW� EHHQ� NHSW� SDFH� LQ� GHYHORSLQJ� WKH� HQJLQHHULQJ� EDVH� IRU� SURGXFLQJ�EHQHILFLDWLRQ� HTXLSPHQW�� LWV� TXDOLW\�� PHWDO� FRQWHQW�� HQHUJ\� LQWHQVLW\�� DQG� ZHDU�UHVLVWDQFH��$V�D�UHVXOW�RI�LQVXIILFLHQW�DXWRPDWLRQ�DQG�FRPSXWHUL]DWLRQ�IRU�EHQHILFLDWLRQ�SURFHVVHV�RI�PLQHUDO�UHVRXUFHV�WKH�ODERU�SURGXFWLYLW\�LQ�GRPHVWLF�FRQFHQWUDWLRQ�SODQWV�ODJV� EHKLQG� WKH� ZRUOG� VWDQGDUGV� E\� D� IDFWRU� RI� WKUHH� WR� ILYH�� ,W� LV� QDWXUDO� WKDW� WKH�VSHFLILF� FRQVXPSWLRQ� RI� PDWHULDO� UHVRXUFHV� SHU� WRQ� RI� RUH� WUHDWHG� LQ� SODQWV� LV�HVVHQWLDOO\� JUHDWHU� FRPSDUHG� ZLWK� WKH� ZRUOG� VWDQGDUGV�� LQ� HOHFWULFDO� HQHUJ\�FRQVXPSWLRQ�E\������IRU�IORWDWLRQ�UHDJHQWV�E\�D�IDFWRU�RI�WZR�WR�WKUHH��DQG�IRU�PHWDO�ZRUQ�LQ�OLQLQJV��JULQGLQJ�ERGLHV�DQG�WUDQVSRUW�PDWHULDOV�E\�D�IDFWRU�RI�����
(�PDLO��YFKDQ#PDLO�UX
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$SDUW� IURP� WKH� QHJDWLYH� WHQGHQFLHV� OLVWHG� DERYH�� WKH� HFRORJLFDO� VLWXDWLRQ� LQ� RUH�GUHVVLQJ�HQWHUSULVHV��WKUHDWHQLQJ LQ�D�QXPEHU�RI�UHJLRQV�WKH�H[LVWHQFH�RI�QRW�RQO\�WKH�ELRORJLFDO�ZRUOG�� EXW� DOVR� KXPDQV��ZDV� VKDUSO\� DJJUDYDWHG�� D� SURJUHVVLQJ� UHGXFWLRQ�ZDV�QRWHG�LQ�PLQLQJ�RI�FRDO��QRQIHUURXV�DQG�IHUURXV�PHWDO�RUHV��PLQLQJ�DQG�FKHPLFDO�UDZ�PDWHULDO�� DQG� WKHUH� ZDV� D� GHWHULRUDWLRQ� LQ� WKH� TXDOLW\� RI� SURFHVVHG� RUHV�� $V� D�FRQVHTXHQFH� WKHUH�ZDV� SURFHVVLQJ� RI� UHEHOOLRXV� RUHV� RI� FRPSOH[� FRPSRVLWLRQ�� KLJK�DVK�DQG�VXOIXURXV�FRDOV��FKDUDFWHUL]HG�E\�D�ORZ�FRQWHQW�RI�YDOXDEOH�FRPSRQHQWV��ILQH�GLVVHPLQDWLRQ��DQG�VLPLODU�WHFKQRORJLFDO�SURSHUWLHV�RI�PLQHUDOV��7DEOH�O��

7DEOH��%HQHILFLDWLRQ�LQGLFHV�IRU�PDJQHWLWH�RUHV3URFHVVHG�YROXPH��WKRX��W ([WUDFWLRQ��� &RQFHQWUDWH�TXDOLW\���(QWHUSULVH�QDPH ���� ���� ���� ���� ���� ����/HEHGLQVN�'3
 ������� ������� ����� ����� ����� �����6WRLOHQND�'3 ������� ������� ����� ����� ����� �����0LNKDLORYVN�'3 ������� ������� ����� ����� ����� �����2OHQHJRUVN�'3 ������� ������� ����� ����� ����� �����.RYGRU�'3 ������� ������ ����� ����� ����� �����.RVWRPXNVKD '3 ������� ������� ����� ����� ����� �����.DFKNDQDUVN�'3 ������� ������� ����� ����� ����� �����.RUVKXQRYVN�'3 ������� ������ ����� ����� ����� �����.0$�� RUH ������ ������ ����� ����� ����� �����5XVVLD�DV�D�ZKROH �������� �������� ����� ����� ����� �����

�'UHVVLQJ�SODQW
)URP������ WR������ WKH�SURGXFWLRQ�RI�PHUFKDQWDEOH� LURQ� RUH�GHFUHDVHG� E\������7KHUH� ZDV� D� VKDUS� UHGXFWLRQ� LQ� PLQLQJ� RUH� DQG� SURGXFWLRQ� RI� QRQIHUURXV� PHWDO�FRQFHQWUDWHV��UDUH�PHWDOV�E\�PRUH�WKDQ�D�IDFWRU�RI�����WXQJVWHQ�E\�D�IDFWRU�RI�WHQ��WLQ�DQG�PRO\EGHQXP�E\�D�IDFWRU�RI�WKUHH��]LQF�DQG�OHDG�E\�D�IDFWRU�RI�WZR��IOXRUVSDU�E\�D�IDFWRU�RI�������FRDO�FRQFHQWUDWHV�E\�D�IDFWRU�RI�ILYH��DQG�JROG�E\�D�IDFWRU�RI���������,Q�WKH�ODVW�WZHQW\�\HDUV�WKH�FRQWHQW�RI�QRQIHUURXV�PHWDOV�LQ�RUHV�KDV�GHFUHDVHG�E\�D� IDFWRU� RI� ��������� LURQ� E\� D� IDFWRU� RI� ������ DQG� JROG� E\� D� IDFWRU� RI� ����� DQG� WKH�SURSRUWLRQ�RI�UHEHOOLRXV�RUH�DQG�FRDO�LQFUHDVHG�E\��������RI�WKH�WRWDO�ZHLJKW�RI�UDZ�PDWHULDO�VXSSOLHG�IRU�EHQHILFLDWLRQ��%HVLGHV��DIWHU�WKH�EUHDN�XS�RI�WKH�8665�5XVVLD�ORVW�FRPPHUFLDO�GHSRVLWV�RI�PDQJDQHVH��FKURPLXP��NDROLQ��DQG�VRPH�RWKHU�HOHPHQWV��2Q�WKH� RWKHU� KDQG�� LQ� YLHZ� RI� HQWU\� RI� 5XVVLD� LQWR� WKH� ZRUOG� PDUNHW� WKHUH� LV� D� VKDUS�LQFUHDVH� LQ� WKH� UHTXLUHPHQWV� IRU� WKH� TXDOLW\� RI� FRQFHQWUDWHV� ZLWK� UHVSHFW� WR�WHFKQRORJLFDO�DQG�HFRORJLFDO�VWDQGDUGV�&RQVHTXHQWO\�� DW� WKH� SUHVHQW� WLPH� D� QXPEHU� RI� LUUHVROYDEOH� FRQIOLFWV� EHWZHHQ� D�FKDQJH� LQ� WKH� QDWXUH� RI� WKH� PLQHUDO�UDZ� PDWHULDO� EDVH� KDV� GHYHORSHG�� L�H�� WKH�UHTXLUHPHQW� IRU� SURFHVVLQJ� RUHV� DQG� GHSRVLWV� WKDW� DUH� QRW� HDV\� WR� HQULFK�� DQ�HFRORJLFDOO\� VHYHUH� VLWXDWLRQ� LQ� WKH�PLQLQJ� UHJLRQV�� DQG� WKH� VWDWH� RI� WKH� WHFKQRORJ\�DQG�RUJDQL]DWLRQ�IRU�SULPDU\�WUHDWPHQW�IRU�PLQHUDO�UDZ�PDWHULDOV�
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,Q�DGGLWLRQ��WKH�PDMRULW\�RI�RUH�GHSRVLWV�LQ�5XVVLD�LQFRUSRUDWHG�E\�WKH�VWDWH�LV�UXQ�RI�PLQH� RU� OHDQ� RUHV�� DQG� LQ� D� QXPEHU� RI� FDVHV� WKHVH� DUH� UHEHOOLRXV� RUHV� RU� RUHV�RFFXUULQJ� DW� JUHDW� GHSWKV�� ,Q� YLHZ RI� WKLV� LQ� WKH� PDMRULW\� RI� FDVHV� WKH\� DUH� QRW�FRPSHWLWLYH�FRPSDUHG�ZLWK�IRUHLJQ�GHSRVLWV��3UHOLPLQDU\�FDOFXODWLRQV�LQGLFDWH�WKDW�IRU�PDQ\�IRUPV�RI�PLQHUDO�UHVRXUFHV��ZLWKLQ�WKH�RUH�FDWHJRU\�ZKHUH�WKH�FRQWHQW�RI�XVHIXO�FRPSRQHQWV� LV� OHVV� WKDQ� LQ� WKH� EDODQFHG� RUHV��PD\� EH� IURP���� WR� ����RI� YDOXDEOH�GHSRVLWV�� VLQFH� FRQVLGHULQJ� WKH� ZRUOG� SULFHV� IRU� ILQDO� SURGXFW�� PLQLQJ� WKHP�� XVLQJ�WUDGLWLRQDO�WHFKQRORJLHV��LV�QRW�SURILWDEOH�5H�HYDOXDWLRQ� RI� GHSRVLWV� WDNLQJ� DFFRXQW� RI� ZRUOG� SULFHV� IRU� ILQLVKHG� SURGXFWV�VKRZHG WKDW�EHORZ�PLQH�JUDGH�RUHV�DUH�DV�IROORZV������RI�3E�RUHV������RI�6Q�RUHV������ RI�PDJQHWLWH� RUHV�� IURP���� WR� ����RI� 7L�� &X��:�� DSDWLWH� RUHV�� DQG� FRDO�� 8QGHU�WKHVH� FRQGLWLRQV� LQFUHDVLQJ� WKH� FRPSOHWHQHVV� DQG� FRPSOH[LW\� RI� PLQHUDO� UHVRXUFHV�EHQHILFLDWLRQ��DQG�WKH�GHYHORSPHQW�RI�KLJKO\�HIIHFWLYH��HFRORJLFDOO\�VDIH�WHFKQRORJLHV�LV�RI�SULPDU\�LPSRUWDQFH��,W�VKRXOG�EH�EDVHG�RQ�LQWHQVLILFDWLRQ�RI�H[LVWLQJ�PHWKRGV�DQG�FUHDWLQJ� QHZ�RQHV� IRU� H[WUDFWLQJ� FRPSRQHQWV� IURP� UHEHOOLRXV� RUHV� DQG� WHFKQRJHQLF�GHSRVLWV��EDVHG�RQ�WKH�ODWHVW�DFKLHYHPHQWV�LQ�IXQGDPHQWDO�VFLHQFHV��DQG�FRPELQDWLRQ�RI� EHQHILFLDWLRQ� DQG� FKHPLFDO�PHWDOOXUJLFDO� SURFHVVHV� ZLWK� DSSOLFDWLRQ� RI� PRGHUQ�S\UR� DQG�K\GURPHWDOOXUJLFDO�WHFKQRORJLHV�

���352&(66�0,1(5$/2*<
$� FKDQJH�RYHU� WR� D� QHZ� VWUDWHJ\� IRU� SULPDU\� SURFHVVLQJ� LV� RQO\� SRVVLEOH� RQ� WKH�EDVLV� RI� QHZ� WHFKQRORJLFDO� DQG� PLQHUDORJLFDO� HYDOXDWLRQ� RI� GHSRVLWV�� &XUUHQWO\��WHFKQRORJLFDO�PLQHUDORJ\�KDV�LQ�LWV�DUVHQDO�D�QXPEHU�RI�PRGHUQ�SUHFLVLRQ�PHWKRGV�RI�SK\VLFDO� DQG� SK\VLFDO�FKHPLFDO� DQDO\VLV� IRU� VXEVWDQFH DQG� ZLWK� DSSURSULDWH�FRPSXWHUL]DWLRQ� DQG� GHYHORSPHQW� RI� VRIWZDUH� LW� LV� SRVVLEOH� WR� REWDLQ� UDSLG� DQG�UHOLDEOH� LQIRUPDWLRQ� QRW� RQO\� DERXW� WKH� FKHPLFDO� DQG� PLQHUDO� FRQWHQW� RI� PLQHUDO�UHVRXUFHV��EXW�DOVR�DERXW� WKH� WHFKQRORJLFDO�SURSHUWLHV�RI�PLQHUDO�DVVRFLDWLRQV� �)LJXUH�����&KDQWXUL\D�DQG�%DVKO\NRYD��������$OFRYHU�1HWR�HW�DO���������$W� SUHVHQW� LQ� 5XVVLD�� RQ� WKH� EDVLV� RI� FRPSXWHU� DQDO\VLV� RI� LPDJHV� �,QVWLWXWH� RI�&RPSUHKHQVLYH� ([SORLWDWLRQ� RI� 0LQHUDO� 5HVRXUFHV� �,3&21��� 5XVVLDQ� $FDGHP\� RI�6FLHQFHV�� 193� �7VHQWU�� �0HNKDQREU�� ,QW�� 6WN�� &R��� DQG� DSSURDFKHV� GHYHORSHG� IRU�SUHGLFWLQJ� WKH� WHFKQRORJLFDO� SURSHUWLHV� RI� GLIIHUHQW� UDZ�PDWHULDO� REMHFWV�� D� XQLYHUVDO�H[SUHVV�PHWKRG�KDV�EHHQ�GHYHORSHG�IRU�PLQHUDO�WHFKQRORJLFDO�HYDOXDWLRQ�RI�PLQHUDO�UDZ� PDWHULDOV� XVLQJ� DQ� LPDJH� DQDO\]HU� EDVHG� RQ� DQ� ,%0� 3&� DQG� VSHFLDO� VRIWZDUH�RULHQWDWHG�WRZDUGV�WKH�SUREOHPV�RI�WHFKQRORJLFDO�PLQHUDORJ\�7KH� ILUVW�VWXGLHV�RI�JROG�FRQWDLQLQJ��UHEHOOLRXV�PDQJDQHVH�RUHV�DQG�KLJK�VXOIXURXV�FRDOV�E\� LPDJH�DQDO\VLV�SRLQW�WR�WKH�FRQVLGHUDEOH�SURPLVH��HIILFLHQF\�RI�WKLV�PHWKRG��DQG� WKH� SRVVLELOLW\� RI� SUHGLFWLQJ� WKH� EHQHILFLDWLRQ� SRWHQWLDO� RI� D� UDZ� PDWHULDO��&KDQWXUL\D�DQG�%DVKO\NRYD��������7KH�PDLQ�PRUSKRPHWULF�FKDUDFWHULVWLFV�DQG�SUHGLFWLRQ�SDUDPHWHUV�IRU�GHVXOIXUL]LQJ�FRDOV�RI�5RVWRY�UHJLRQ�REWDLQHG�RQ�WKH�EDVLV�RI�XVLQJ�WKH�FRPSXWHU�PHWKRG�RI�LPDJH�DQDO\VLV��ZKLFK�PDGH� LW� SRVVLEOH� WR� VXEVWDQWLDWH� WKH�PDLQ� WHFKQRORJLFDO� UHJLPHV� IRU�WKRURXJK�FRDO�EHQHILFLDWLRQ��DUH�JLYHQ�LQ�7DEOH����
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9��$��&KDQWXUL\D���7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�����������������������
7DEOH��5HVXOWV�RI�PRUSKRPHWULF�DQDO\VLV�RI�FRDO�VDPSOHV�LQ�WKH�LPDJH�DQDO\VLV�V\VWHP�DQG�SDUDPHWHUV�SUHGLFWHG�IRU�GHVXOIXUL]LQJ

1DWXUDO�EHQHILFLDWLRQ�IDFWRUV 3UHGLFWHG�EHQHILFLDWLRQ�IDFWRUV
DPRXQW�RI�XQH[WUDFWDEOH�S\ULWH�LQFOXVLRQV�

WKHRUHWLFDOO\�SRVVLEOH�H[WUDFWLRQ�RI�VXOIXU�
VDPSOH�RULJLQDO�VXOIXU�FRQWHQW

FRQWHQW�RI�RUJDQLF�VXOIXU�LQ�VDPSOH
WKHRUHWLFDO�VXOIXU�FRQWHQW�RI�FRQFHQWUDWHG�FRDO

6DPSOH
DYHUDJH�PDVV�VL]H�RI�S\ULWH�LQFOXVLRQ��P

OHDQ�DJJUHJDWHV PLFUR�LQFOXVLRQV

RSWLPXP�FUXVKLQJ�VL]HPP
ERQGHG�ZLWK�S\ULWH

IURP�FRDO��WDNLQJ�DFFRXQW�RI�RUJDQLF�VXOIXU�
�

�6KRORNRYVN\��PLQH��FHQWUDO�EHQHILFLDWLRQ�SODQW�IHHG�
�� � �� ���� �� ����� ���� ���� ����

�*RUQ\DWVN\��PLQH��VFUHHQLQJV� ����PP�
�� �� �� ���� �� ����� ���� ��� ����

�.UDVQRGRQHWVN��PLQH�VFUHHQLQJV� ����PP�
�� � � ���� �� ����� ���� ���� ����

�'RQHWVN��PLQH��VFUHHQLQJV� ����PP�
�� ��� � ���� �� ����� ���� ��� ����

�,]YDULQVN��PLQH��VFUHHQLQJV� ����PP�
�� � �� ���� �� ����� ���� ���� ����

�6KRORNRYVN\��PLQH��VFUHHQLQJV� ����PP�
�� �� �� ���� �� ����� ���� ���� ����

�6DGNLQVN��GHSRVLW �� �� � ���� �� ����� ���� ���� ����
7KH� UHVXOWV� REWDLQHG� DUH� HQWLUHO\� FRQILUPHG� E\� WHFKQRORJLFDO� VWXGLHV� RQ�GHVXOIXUL]LQJ�FRDOV�RI�WKH�6DGNLQVN�GHSRVLW��&KDQWXUL\D�HW�DO����������������7KRURXJK�FRDO�EHQHILFLDWLRQ�PDGH� LW�SRVVLEOH�WR�REWDLQ�D�KLJK�TXDOLW\�FRDO�FRQFHQWUDWH�ZLWK�DQ�DVK�FRQWHQW�RI�������DQG�VXOIXU�RI�������ZLWK�D�\LHOG�RI������(FRQRPLF�HYDOXDWLRQ�RI�WKH�HIILFLHQF\�RI�WKRURXJK�FRDO�EHQHILFLDWLRQ�ZLWK�FDOFXODWLRQ�RI�WKH�H[SHQGLWXUHV�IURP�PLQLQJ�WR�REWDLQLQJ�WKH�HOHFWULF�HQHUJ\� LQ�D�WKHUPDO�SRZHU�VWDWLRQ�LQGLFDWHV�WKDW�WKH�SRWHQWLDO�VDYLQJ�LQ�HOHFWULF�HQHUJ\�SURGXFWLRQ�LV�IURP�������WR�������LQ�UHODWLRQ�WR�WKH�WKRURXJKQHVV�RI�UXQ�RI�PLQH�FRDO�EHQHILFLDWLRQ��7DEOH����7KXV�� WHFKQRORJLFDO�PLQHUDORJ\� VKRXOG� EHFRPH� D� IRXQGDWLRQ� RI� LQIRUPDWLRQ� IRU� D�XQLILHG� WKHRUHWLFDO� DSSURDFK� WR� SULPDU\� SURFHVVLQJ� RI�PLQHUDO� DQG� WHFKQRJHQLF� UDZ�PDWHULDO�
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��������������
���������6WXG\�PHWKRGV

5HVROYHG�SUREOHPV

&KHPLFDO� 3K\VLFDO�DQG�SK\VLFR�FKHPLFDO0LQHUDORJLFDO
2SWLFDO�JHRPHWULFDO�DQDO\VLV�RI�PLQHUDO�UDZ�PDWHULDOV�LQ�D�o9LGHRPDVWHUp�LPDJH�DQDO\]HU�

%DVLF�JHRPHWULF�DQG�PRUSKRORJLFDO�SDUDPHWHUV�RI�PLQHUDOV
DUHD�$��PP���������������OHQJWK�/��PP�ZLGWK�%��PP��������������SHULPHWHU�3��PP�H[WHQW�/�%�VKDSH�IDFWRU��URXQGQHVV��&� ��S$�3�

7HFKQRORJLFDO�FKDUDFWHULVWLFV�RI�PLQHUDO�UDZ�PDWHULDOV��RSWLPXP�LQGLFHV��XQDYRLGDEOH�ORVVHV��H[WUDFWHG�YDOXH

&RQWUDVW�RI�WHFKQRORJLFDO��SURSHUWLHV�RI�PLQHUDOV

2UH�SUHSDUDWLRQ�UHJLPHV &KRLFH�DQG�VHTXHQFH�RI�WHFKQRORJLFDO�RSHUDWLRQV��JUDYLWDWLRQ��HOHFWULF�DQG�PDJQHWLF�VHSDUDWLRQ��IORWDWLRQ��OHDFKLQJ��HWF��
&RQVWUXFWLRQ�RI�WHFKQRORJLFDO�VFKHPH

&KRLFH�RI�WHFKQRORJLFDO�HTXLSPHQW

0LQHUDO�DQG�FKHPLFDO�FRPSRVLWLRQ
3K\VLFDO��SK\VLFR�FKHPLFDO��VXUIDFH�SURSHUWLHV�RI�RUH�DQG�PLQHUDOV��KDUGQHVV��GHQVLW\��HOHFWURPDJQHWLF�SURSHUWLHV�IORDWDELOLW\��VROXELOLW\��HWF��

6L]H�IUDFWLRQ�FKDUDFWHULVWLFV�RI�PLQHUDOV��RUH�SUHSDUDWLRQ�SDUDPHWHUV

)LJXUH ���6FKHPH�IRU�SUHOLPLQDU\�HYDOXDWLRQ�RI�PLQHUDO�UDZ�PDWHULDO�EHQHILFLDWLRQ
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9��$��&KDQWXUL\D���7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�����������������������
7DEOH��&RPSDUDWLYH�H[SHQGLWXUH�LQGLFHV�IRU�SURGXFLQJ�HOHFWULF�HQHUJ\�LQ�UHODWLRQ�WR�EXUQDEOH�IXHO�TXDOLW\��VDGNLQVN�GHSRVLW� &RQFHQWUDWHH[LVWLQJ�WHFKQRORJ\ WKRURXJK�WHFKQRORJ\FRDO�EHQHILFLDWLRQ���

5XQ�RI�PLQH�FRDO$
� ������
$
� ����� $
� ���)XHO�TXDOLW\

YHUVLRQV�RI�GHOLYHU\�GLVWDQFH��NP,WHPV�RI�H[SHQGLWXUH �� ���� �� ���� �� ����WRWDO�H[SHQGLWXUHV����0:�K2ULJLQDO�FRDO�DFTXLVLWLRQ ����� ����� ����� ����� ����� �����&RDO�EHQHILFLDWLRQ��FRVW� s s ���� ���� ���� ����7UDQVSRUW�RXWOD\ ���� ����� ���� ����� ���� �����7KHUPDO�SRZHU�VWDWLRQ�RSHUDWLQJ�H[SHQGLWXUHVLQFOXGLQJ�DPRUWL]DWLRQ�RI��GXVW�SUHSDUDWLRQ��PLOOV ���� ���� ���� ���� ���� ����WUHDWPHQW�RI�WKHUPDO�SRZHU�VWDWLRQ�FLQGHU�ZDVWH ���� ���� ���� ���� ���� ����
6SHFLILF�H[SHQGLWXUHV�IRU�SURGXFLQJ�HOHFWULF�HQHUJ\ ����� ����� ����� ����� ����� �����
6DYLQJ�IURP�EHQHILFLDWLRQ����0:�K s s ���� ���� ���� ����%XUQDEOH�IXHO����W s s ���� ���� ���� ����
�$VK�FRQWHQW
���25(�35(3$5$7,21

7KH�HYDOXDWLRQ�RI� WHFKQRORJLFDO�PLQHUDORJLFDO� LQIRUPDWLRQ�ZLOO�PDNH� LW�SRVVLEOH� WR�GHSDUW�IURP�WKH�SULQFLSOH�RI�PLQLQJ�D�GHSRVLW�DV�D�VLQJOH�RUH�VRXUFH��)RU�WKLV�SXUSRVH�LW�LV�PRUH�H[SHGLHQW�LQ�WKH�VFKHPH�RI�SULPDU\�SURFHVVLQJ�WR�GHYHORS�RUH�SUHSDUDWLRQ�DV�D�VHW�RI�RSHUDWLRQV�IRU�WUHDWLQJ�OXPS�URFN�PDVV�ZLWK�WKH�DLP�RI�FRQYHUWLQJ�LW�LQWR�RQH�RU�VHYHUDO�WHFKQRORJLFDO�W\SHV�RI�VWDQGDUG�RUH�IRU�VXEVHTXHQW�EHQHILFLDWLRQ�RU�XVH�LW�DV�D�ILQLVKHG�SURGXFW�&XUUHQWO\�SUHOLPLQDU\�FRQFHQWUDWLRQ�RI�URFN�PDVV�DW�GUHVVLQJ�SODQWV�LV�SHUIRUPHG�E\�VHSDUDWLRQ�LQ�KHDY\�PHGLD�DQG�E\�GU\�PDJQHWLF�VHSDUDWLRQ��+RZHYHU��RUH�SUHSDUDWLRQ�EDVHG�RQ�UDGLRPHWULF�PHWKRGV�RI�VDPSOLQJ��VRUWLQJ��DQG�VHSDUDWLRQ�LV�PRUH�SURPLVLQJ��,Q�WKLV�FDVH�DOO�RI�WKH�RSHUDWLRQV�RI�WKH�F\FOH�DUH�EXLOW�RQ�D�VLQJOH�EDVH��L�H��XVH�RI�WKH�QXFOHDU�SK\VLFDO� SURSHUWLHV RI� D� PLQHUDO� VXEVWDQFH� DV� D� UHFRJQLWLRQ� FULWHULRQ� IRU�FRPSRVLWLRQ� DQG� VHSDUDWLRQ�� :LWKLQ� WKH� DUVHQDO� RI� UDGLRPHWU\� WKHUH� DUH� PRUH� WKDQ�WZHQW\� GLIIHUHQW� PHWKRGV� ZLWK� UHVSHFW� WR� SK\VLFDO� EDVH� �IURP� JDPPD�UDGLDWLRQV� WR�UDGLR�ZDYHV��IURP�ZKLFK�WKH�PRVW�HIIHFWLYH�PD\�EH�VHOHFWHG�IRU�HDFK�RUH��0RNURXVRY�DQG�/LOH\HY��������7DWDULQRY�HW�DO���������$�VWXG\�RI�WKH�EHQHILFLDWLRQ�RI�QRQIHUURXV��IHUURXV��DQG�UDUH�PHWDO�RUHV��DQG�PLQLQJ�FKHPLFDO��UDZ�PDWHULDO�VKRZHG��WKDW��UDGLRPHWULF��VHSDUDWLRQ��PD\�UHPRYH��������RI
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9��$��&KDQWXUL\D���7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�����������������������
ZDVWH�SURGXFW�ZKLFK�PD\�EH�XVHG�DV�D�EXLOGLQJ�PDWHULDO��DQG�LW�LQFUHDVHV�E\�D�IDFWRU�RI���������WKH�FRQWHQW�RI�YDOXDEOH�FRPSRQHQWV��VXSSO\LQJ�IRU��EHQHILFLDWLRQ��LW��UHGXFHV�WKH�DPRXQW�RI�ZDVWH�E\�D�IDFWRU�RI����������DQG� LW� LQYROYHV�RUHV�ZLWK� ORZ�FRQWHQW�RI�XVHIXO�FRPSRQHQWV�LQ�SURFHVVLQJ��7DEOH����
7DEOH��5HVXOWV�RI�UDGLRPHWULF�RUH�VHSDUDWLRQ2UH�W\SH 6HSDUDWLRQ�PHWKRG 1XPEHU�RI�REMHFWV &RQWUDVW�LQGH[ 7DLOLQJV�RXWSXW��� %HQHILFLDWLRQ�OHYHO&RSSHU�QLFNHO�� JROG�FRQWDLQLQJ��FREDOW 5DGLR�UHVRQDQFH3KRWRPHWULF ��� �������������� ���� ������7XQJVWHQ��PRO\EGHQXP ;�UD\�UDGLRPHWULF �� ������� �� ����
/HDG�]LQF��WLQ s��s �� ������� �� ���0LQLQJ�FKHPLFDO� UDZ�PDWHULDO ;�UD\� OXPLQHVFHQFH��QHXWURQ�DEVRUSWLRQ
5DUH� PHWDO�� DSDWLWH�PDJQHWLWH��FKURPLWH ;�UD\� UDGLRPHWULF�� ;�UD\�OXPLQHVFHQFH�� UDGLR�UHVRQDQFH

�� ������� �� ���

7KLV� WHFKQRORJ\� RSHUDWHV� HIIHFWLYHO\� DW� �$5/26$�� ,QW�� 6WN�� &R�� ZLWK� GLDPRQG�EHQHILFLDWLRQ� �;�UD\� OXPLQHVFHQFH�� DQG� LW� KDV� EHHQ� UHDOL]HG� LQ� D� QXPEHU� RI�5XVVLDQ�REMHFWV�� ,Q� UHFHQW�\HDUV� �7DWDULQRY�HW�DO���������D�QHZ�FRQFHSW�KDV�EHHQ�ZRUNHG�RXW�IRU� GHYHORSLQJ� PHWKRGV� RI� OXPS� E\� OXPS� VHSDUDWLRQ� EDVHG RQ� WKH� XVH� RI� KLJKO\�HIIHFWLYH� WHFKQRORJ\� WKDW� SURYLGHV� VHSDUDWLRQ� RI� OXPSV� RI� URFN� IURP� RUH� IRU�EHQHILFLDWLRQ� ZLWK� DQ� HIILFLHQF\� RI� ���������� DQG� D� FRPELQDWLRQ� RI� SURFHVVHV� RI�VFUHHQLQJ��ZDVKLQJ��DQG�VHSDUDWLRQ�LQ�RQH�PRGXOH�7HFKQLFDO�GRFXPHQWDWLRQ�KDV�EHHQ�GHYHORSHG� IRU� XQLYHUVDO� VHSDUDWRUV� �560��DQG�SURGXFWLRQ� KDV� EHHQ� SURYLGHG� LQ� WKH� 9ROJD� HQJLQHHULQJ� SODQW�� 7KH� QHZ� WHFKQRORJ\�SD\V�IRU�LWVHOI�LQ�VL[�PRQWKV�7KXV��UDGLRPHWULF�VRUWLQJ�LQ�WUDQVSRUW�YHVVHOV�RU�RQ�D�FRQYH\RU�PDNHV�LW�SRVVLEOH�WR�UHGXFH� WR�D�PLQLPXP� LPSRYHULVKPHQW�RI� WKH�RUH� IORZ�DQG� WR� � VHSDUDWH� � LW� LQWR� � WKH��UHTXLUHG��WHFKQRORJLFDO�W\SHV�DQG�VRUWV��DV�ZHOO�DV�WR�LQYROYH�RUHV�ZLWK�ORZ�FRQWHQW�RI�XVHIXO� FRPSRQHQWV� LQ� SURFHVVLQJ�� 5DGLRPHWULF� VHSDUDWLRQ�� WKDW� LV� D� WHFKQLFDOO\�LPSURYHG� YHUVLRQ RI� RUH� SUHSDUDWLRQ��PDNHV� LW� SRVVLEOH� WR� UHPRYH� OXPS� URFN� LQ� WKH�IRUP�RI� UXEEOH�DQG�RWKHU�DVVRFLDWHG�SURGXFWLRQ��RU� WR�XVH� LW�DV�D�VWRZLQJ�PDWHULDO� LQ�PLQLQJ�SURGXFWLRQ�7KH� KLJK� HIILFLHQF\� RI� UDGLRPHWULF� VHSDUDWLRQ� LV� FRQILUPHG� E\� WKH� UHVXOWV� RI�PDQJDQHVH�RUH�EHQHILFLDWLRQ�RI�WKH�3RUR]KLQVN�GHSRVLW��193��7VHQWU����)LJXUH����'XULQJ�EHQHILFLDWLRQ�RI�D�PLQHUDO�UDZ�PDWHULDO�DERXW�����RI�WKH�HQHUJ\�LV�XVHG�LQ�FUXVKLQJ�DQG�JULQGLQJ� WKH�RUH��7KH�FRQVXPSWLRQ�RI�HOHFWULFDO�HQHUJ\�GXULQJ�JULQGLQJ�UDQJHV�EHWZHHQ��� WR���N:�K�W�GHSHQGLQJ�RQ�WKH�W\SH�RI�RUH��,Q�D�QXPEHU�RI�FDVHV�DQ� LQFUHDVH� LQ� WKH� ILQHQHVV� RI� WKH� IORZ� GRHV� QRW� OHDG� WR� DQ� LQFUHDVH� LQ� WKH� OHYHO� RI�PLQHUDO� H[SRVXUH�� ZKHUHDV� WKHUH� LV� DQ� LQFUHDVH� LQ� WKH� QXPEHU� RI� ILQHVW� SDUWLFOHV������P���
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;�UD\�UDGLDWLRQ�VHSDUDWLRQ������������������������������ 3KRWRPHWULF�VHSDUDWLRQ���������������������������������������'HVOXGJLQJ
&�H�,�V�������&�H�,,,�V�����������������������7D�����������������������&�H��������������������&�H�,,,�V������&�H ,9 V���7D���������������������������������� �����VDQGV�����������VOXGJHV����������GLVFDUG

0DJQHWLF������������������������������'HZDWHULQJVHSDUDWLRQ���������������������������
&�H ,9 V�������������������������������VOXGJHV-LJJLQJ 7DLOLQJ&�H , V�������&�H ,,, V

0Q )H 3 6L2�E ���� ���� ����� �����H ���� ���� ���� ����

0Q )H 3 6L2�E ����� ���� ���� ����H ���� ��� ��� ���

0Q )H 3 6L2�E ����� ���� ����� �����H ���� ���� ���� ����
0Q )H 3 6L2�E ����� ����� ����� �����H ���� ���� ���� ���

0Q )H 3 6L2�E ����� ����� ����� �����H ���� ��� ��� ���

&�H ,,, V &�H ,9�V &�H ,9�V 7DLOLQJV J  ����� �

&�H , V J  ���� �
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9��$��&KDQWXUL\D��7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ
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9��$��&KDQWXUL\D ��7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�����������������������
$QDO\VLV� RI� WKH� PDLQ� ORVVHV� GXULQJ� SULPDU\� SURFHVVLQJ� VKRZV� WKDW� ������� LV�FRQQHFWHG� ZLWK� DJJUHJDWHV� DQG� ������� LV� FRQQHFWHG� ZLWK� ILQH� SDUWLFOHV� OHVV� WKDQ����P�� ,Q�RUGHU� WR� UHGXFH� WKHVH� ORVVHV�GXULQJ�SURFHVVLQJ�RI� ILQHO\�GLVVHPLQDWHG�RUHV�ZLWKRXW��IRUPLQJ��DJJUHJDWHV�DQG�VLPXOWDQHRXVO\�ZLWKRXW��H[FHVVLYH�RYHUJULQGLQJ��WKH�QRQ�VHOHFWLYH�WUDGLWLRQDO�SURFHVVHV�RI�FUXVKLQJ�DQG�JULQGLQJ�LQ�MDZ�DQG�FRQH�FUXVKHUV��DQG�EDOO�PLOOV�VKRXOG�EH�UHSODFHG�E\�VHOHFWLYH�GLVLQWHJUDWLRQ�7KH� SK\VLFDO� PHDQLQJ� RI� WKH� FKDQJH�RYHU� WR� VHOHFWLYH� GLVLQWHJUDWLRQ� LQYROYHV�RUJDQL]LQJ� WKH� SURFHVV� VR� WKDW� FUXVKLQJ� RFFXUV� QRW� RYHU� WKH� UDQGRP� GLUHFWLRQV� RI�FRPSUHVVLYH� IRUFHV�� EXW� SUHGRPLQDQWO\� RYHU� WKH� ERXQGDULHV� RI� PLQHUDO� JUDLQV� DV� D�UHVXOW� RI� GHYHORSLQJ� VKHDU� DQG� WHQVLOH� ORDGV� DW WKHLU� ERXQGDULHV��7KHVH�PHWKRGV�DUH�UHDOL]HG�LQ�G\QDPLF�VHOI�JULQGLQJ�PLOOV��FRQLFDO�LQHUWLDO�FUXVKHUV��JDV�VWUHDP�DQG�VSULQJ�PLOOV� �$ERX]HLG� DQG� )XHUVWHQDX�� ������ 6DQGHU� DQG� 6FKRQHUW�� ������� IRU� XOWUDILQH�JULQGLQJ���0HNKDQREU��,QW��6WN��&R���0HFKDQLFDO�PHWKRGV�WKDW�SURYLGH�EUHDNLQJ�RYHU�LQWHUSKDVH�ERXQGDULHV�DV�D�UHVXOW�RI� IRUPLQJ� PLFURFUDFNV� GXULQJ� HOHFWURFKHPLFDO� SURFHVVLQJ� RI� SXOS� RU� FUHDWLRQ� RI�SHQHWUDWLRQ� FKDQQHOV� XQGHU� WKH� DFWLRQ� RI� DFFHOHUDWHG� HOHFWURQ� HQHUJ\� RU� SRZHUIXO�HOHFWURPDJQHWLF�SXOVHV�DUH PXFK�PRUH�VHOHFWLYH�'XH� WR� WKH� IDFW� WKDW� WKH� PDMRULW\� RI� VXOILGH� PLQHUDOV� DQG� R[LGHV� H[KLELW�VHPLFRQGXFWLQJ�SURSHUWLHV�DQG�WKH\�DUH�HOHFWURFKHPLFDOO\�DFWLYH��ZH�KDYH�SURSRVHG�D�K\SRWKHVLV� DERXW� WKH� SRVVLELOLW\� RI� LQFUHDVLQJ� WKH� FRQFHQWUDWLRQ� RI� GHIHFWV� DQG�ZHDNHQLQJ� ERQG� DW� WKH� DFFUHWLRQ� ERXQGDU\� RI� PLQHUDO� JUDLQV� ZLWK� DSSOLFDWLRQ� RI�HOHFWURFKHPLFDO�HIIHFWV�WR�JULQGDEOH�RUH��<HOLVH\HY�HW�DO���������'XULQJ� SRODUL]DWLRQ� RI� VXOILGH� RUHV� XQGHU� ZHW� JULQGLQJ� FRQGLWLRQV� DW� WKH� FRQWDFW�ERXQGDU\� RI� PLQHUDOV�� HOHFWURFKHPLFDO� UHDFWLRQV� RFFXU� ZLWK� IRUPDWLRQ� RI� QHZ�SURGXFWV��L�H��HOHPHQWDO�VXOIXU��PHWDO�K\GUR[LGH��DQG�D�QXPEHU�RI�RWKHUV��ZKLFK�OHDG�WR�ZHDNHQLQJ�RI�SDUWLFOHV�DORQJ�WKH�PLQHUDO�DFFUHWLRQ�ERXQGDULHV�DQG�D�UHGXFWLRQ�LQ�WKH�SUREDELOLW\� RI� GHIHFW� �KHDOLQJ�� �<HOLVH\HY� HW� DO��� ������� ,Q� DGGLWLRQ�� LQ� WKH� FDVH� RI�FDWKRGLF� SRODUL]DWLRQ� RI� SXOS� RU� VXSSO\� GXULQJ� JULQGLQJ� RI� FDWKRO\WH� �FDWKRGLFDOO\�WUHDWHG�ZDWHU��� DV� D� UHVXOW� RI� LPSUHJQDWLRQ�RI� WKH�SXOS� �ZDWHU��ZLWK� ILQHO\�GLVSHUVHG��K\GURJHQ� EXEEOHV� � DQG� � FUHDWLRQ� RI� D� � VWURQJ�UHGXFLQJ� PHGLXP� �(K�����P9��R[LGDWLRQ� LV�VKDUSO\�UHWDUGHG��DQG�WKLV�FUHDWHV�IDYRUDEOH�FRQGLWLRQV�IRU�D�UHGXFWLRQ�LQ�WKH�FRQVXPSWLRQ�RI�JULQGLQJ�ERGLHV�2SWLFDO�DQG�;�UD\�SKDVH�VWXGLHV�RI�PLQHUDO�SDUWLFOHV�ZHUH�XVHG� LQ�RUGHU�WR�UHYHDO�WKH� PHFKDQLVP� RI� LQWHQVLI\LQJ� WKH� SURFHVV� RI� JULQGLQJ� RI� LURQ� RUHV� DIWHU�HOHFWURFKHPLFDO� SXOS� WUHDWPHQW�� 2Q� WKH� EDVLV� RI� FRPSDULQJ� WKH�PDLQ� FU\VWDO� ODWWLFH�SDUDPHWHUV� IRU� PDJQHWLWH�� KHPDWLWH�� TXDUW]�� DQG� RUH� FRPSOH[HV� EHIRUH� DQG� DIWHU�WUHDWPHQW�� LW�ZDV� HVWDEOLVKHG� WKDW� FDWKRGLF�SRODUL]DWLRQ� RI� VXVSHQVLRQV� SURPRWHV� DQ�LQFUHDVH�LQ�WKH�GHIHFWLYH�QDWXUH�RI�WKH�VWUXFWXUH�RI�RUH�PLQHUDOV��UHGXFHV�ORFDO�VWUHVVHV�RYHU� JUDLQ� ERXQGDULHV�� DQG� OHDGV� WR� IRUPDWLRQ� RI� D� FRQVLGHUDEOH� QXPEHU� RI� FUDFNV�ZKLFK�SUHGHWHUPLQHV�VXEVHTXHQW�HIIHFWV�GXULQJ�RUH�JULQGLQJ�([SHULPHQWDO�VWXGLHV�RQ�WKH�HIIHFW�RI�D�GLUHFW�HOHFWULF�FXUUHQW�RQ�JULQGLQJ�RI�VXOILGH�DQG� PDJQHWLWH� RUHV� ZHUH� FDUULHG� RXW� ERWK� LQ� EDOO� PLOOV� DQG� XQGHU� FRQGLWLRQV� RI�SUHOLPLQDU\�SXOS�WUHDWPHQW�&RPSXWHU�LPDJH�DQDO\VLV�HVWDEOLVKHG�WKDW�WKH�OHYHO�RI�VXOILGH�H[SRVXUH�LQFUHDVHV�E\����� �UHODWLYH�� IRU� FRSSHU�]LQF� RUH� �WKH� JUDGH� RI� FRSSHU� FRQFHQWUDWH� LQFUHDVHV� IURP������� WR� ������� &X��� DQG� E\� ���� IRU� � PDJQHWLWH� � RUHV�� 7KH� TXDOLW\� RI� LURQ��FRQFHQWUDWH��LQFUHDVHV�E\�������DQG�WKH�JULQGLQJ SURFHVV�SURGXFWLYLW\�LQFUHDVHV�E\���
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9��$��&KDQWXUL\D ��7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�����������������������
DQG� ���� UHVSHFWLYHO\�� 7KH� FRQVXPSWLRQ� RI� HOHFWULFDO� HQHUJ\� IRU� HOHFWURFKHPLFDO�SRODUL]DWLRQ�LV��������N:K�W��&KDQWXUL\D��������,Q�WKH�FDVH�RI�FDWKRGLF�SRODUL]DWLRQ�RI�SXOS�RU�VXSSO\�RI�FDWKRO\WH�GXULQJ�JULQGLQJ��WHFKQRORJ\�GHYHORSHG�DW� ,3&21��5XVVLDQ�$FDGHP\�RI� 6FLHQFHV�� LQ� WKH�����V��ZLWK�EHQHILFLDWLRQ� RI� ']KH]ND]JDQ� FRSSHU�]LQF� RUHV� DQG� PDJQHWLWH� RUHV� IURP� WKH�0LNKDLORYVN�'3�WKH�SRVVLELOLW\�ZDV�HVWDEOLVKHG�RI�UHGXFLQJ�WKH�FRQVXPSWLRQ�RI�EDOOV�E\���������ZKLFK� LV� IURP����� WR��NJ�W�RI�RUH��5HDOL]DWLRQ�RI� WKLV� WHFKQRORJ\� �LQGXVWULDO�HOHFWURFKHPLFDO� FRQGLWLRQHUV� IRU� ZDWHU� (.9���� DUH� PDQXIDFWXUHG� E\� WKH��.RPPXQDOQLN��SODQW��DW�WKH�5XVVLDQ�RUH�GUHVVLQJ�SODQWV�ZLOO�PDNH�LW�SRVVLEOH�WR�VDYH�HYHU\� \HDU� XS� WR� �����W� RI�PHWDO�� 6LPLODU� UHVXOWV� ZHUH� REWDLQHG� E\� 3D]KLDQXU� HW� DO���������DQG�ZHUH�SUHVHQWHG�DW�WKH�;;�,QWHUQDWLRQDO�0LQHUDO�3URFHVVLQJ�&RQJUHVV�0RUH� VLJQLILFDQW� UHVXOWV� DUH� DFKLHYHG� ZLWK� LUUDGLDWLRQ� RI� RUHV� E\� DFFHOHUDWHG�HOHFWURQ�HQHUJ\�ZLWK�D�GRVH�RI��������0UDG�EHIRUH�JULQGLQJ��VWXGLHV�E\� ,QVWLWXWHV�RI�WKH�6LEHULDQ�%UDQFK�RI�WKH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��,3&21��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��$�VWXG\�RI�WKH�PHFKDQLVP�RI�WKH�DFWLRQ�RI�DFFHOHUDWHG�HOHFWURQ�HQHUJ\�RQ�PLQHUDO�VHPLFRQGXFWRUV��VXOILGHV��R[LGHV���GLHOHFWULFV��TXDUW]��FDOFLWH��DQG�DQDO\VLV�RI�D�SK\VLFDO�PRGHO�RI�WKH�SURFHVV��&KDQWXUL\D�DQG�9LJGHUJDX]��������PDGH�LW�SRVVLEOH�WR�HVWDEOLVK�WKDW�RI DOO�HIIHFWV�WKDW�DULVH�LQ�D�VROLG�ZLWK�WKHVH�HQHUJLHV��WKH�PDLQ�RQH�LV�JRYHUQHG�E\�WKH�GLIIHUHQW�FKDUJLQJ�PHFKDQLVP�IRU�PLQHUDO�VHPLFRQGXFWRUV�DQG�GLHOHFWULFV�&KDUJH�GUDLQDJH�SUHGRPLQDWHV�RYHU�FKDUJLQJ�SURFHVV�IRU�FRQGXFWRUV��,Q�KLJK�RKP�GLHOHFWULFV� FKDUJLQJ� RFFXUV� E\� DQRWKHU� VFKHPH�� 7KH� UDWH� RI� FKDUJH� DFFXPXODWLRQ�ZLWKLQ�WKHP�LV�JRYHUQHG�E\�HTXLOLEULXP�EHWZHHQ�WKH�LQIORZ�RI�FKDUJH�DQG�FRQGXFWLYLW\�LQGXFHG� XQGHU� WKH� DFWLRQ� RI� LUUDGLDWLRQ�� +HUH� WKH� DFFXPXODWLQJ� FKDUJH� PD\� FUHDWH�HOHFWULF� ILHOGV� ZLWK� YROWDJH� UDQJHV� EHWZHHQ� ������ WR� �����9�FP� UHDFKLQJ� WKH�EUHDNGRZQ�YDOXH��7KHUH�LV�GLVFKDUJH�RI�H[FHVVLYH�FKDUJH�DORQJ�EUHDNGRZQ�FKDQQHOV��WKHQ�D�VWDJH�RI�FKDUJH�DFFXPXODWLRQ�IROORZV�DQHZ�WR�WKH�QH[W�EUHDNGRZQ��7KLV�FKDUJH�LV�SXOVDWLQJ� LQ�QDWXUH�DQG�D� V\VWHP�RI�PLFURFUDFNV�PD\�DULVH�GHYHORSLQJ�DIWHU�HDFK�GLVFKDUJH� SXOVH� DQG� OHDGLQJ� WR� VWUHQJWK� ORVV� RI� PLQHUDO� DVVRFLDWHV�� 7KXV�� GXULQJ�LUUDGLDWLRQ�RI�PLQHUDO�DJJUHJDWHV�DW�WKH�DFFUHWLRQ�ERXQGDU\�LQ�PLQHUDO�VHPLFRQGXFWRUV�DQG�GLHOHFWULFV�GLVFKDUJHV�DULVH�WKDW�ERWK�OHDG WR�DQ�LQFUHDVH�LQ�WKH�HIILFLHQF\�DQG�WKH�VHOHFWLYLW\�RI�JULQGLQJ�SURFHVVHV�7KH� ,/8� DQG� (/9� HOHFWURQ� DFFHOHUDWRUV� SURGXFHG� LQ� 5XVVLD� PDNH� LW� SRVVLEOH� WR�LUUDGLDWH� RUH�ZLWK� D� EHDP� RI� HOHFWURQV� GLUHFWO\� RQ� FRQYH\RU� EHOWV�� 'XH� WR� WKH� UDSLG��SDUWV� RI� D� VHFRQG�� FKDUJLQJ�RI� GLHOHFWULF� LQFOXVLRQV� HQHUJ\� FRQVXPHG� IRU� WUHDWPHQW�ZLWK�DQ�HOHFWURQ�EHDP�LV�LQVLJQLILFDQW�DQG�WKH�SURGXFWLYLW\�RI�WKH�RSHUDWLRQ�LV�OLPLWHG�DV�D�UXOH�RQO\�E\�WKH�SURGXFWLYLW\�RI�WKH�FRQYH\RUV��$Q�H[DPSOH�RI�WKH�HIIHFWLYH�XVH�RI�DQ�HOHFWURQ�EHDP�LQ�JULQGLQJ�LV�LWV�DFWLRQ�RQ�WKH�WHFKQRORJLFDO�SURSHUWLHV�RI� LURQ�TXDUW]LWHV��SRO\PHWDOOLF�DQG�JROG�FRQWDLQLQJ�RUHV��)RU�DOO�W\SHV�RI�RUHV�WKHUH�LV�ERWK�DQ�LQFUHDVH�LQ�JULQGLQJ�SURGXFWLYLW\�E\�D�IDFWRU�RI�����WR�����DQG�DQ�LQFUHDVH�LQ�WKH�EHQHILFLDWLRQ WHFKQRORJLFDO�LQGLFHV��&DOFXODWLRQV�SHUIRUPHG�LQ� ,3&21�� 5XVVLDQ� $FDGHP\� RI� 6FLHQFHV�� VKRZHG� WKDW� LQWURGXFWLRQ� RI� WKH� QHZ�WHFKQRORJ\� LQWR� VL[� RUH�GUHVVLQJ� SODQWV� RI� WKH� .XUVN�0DJQHWLF�$QRPDO\� �.0$��ZLOO�PDNH�LW�SRVVLEOH�WR�VDYH�PRUH�WKDQ�����PLOOLRQ�N:K�SHU�\HDU�$Q�HYHQ�PRUH�HIIHFWLYH�PHWKRG�RI�VHOHFWLYH�GLVLQWHJUDWLRQ�RI�FRPSOH[�PLQHUDOV�LV�WKH� DFWLRQ� RI� SRZHUIXO� HOHFWURPDJQHWLF� SXOVHV� RQ� RUH� UDZ� PDWHULDO� DQG� LWV�EHQHILFLDWLRQ� SURGXFWV� VXEVWDQWLDWHG� VFLHQWLILFDOO\� DQG� VXJJHVWHG� E\� ,5(�� 5XVVLDQ�$FDGHP\��RI 6FLHQFHV���DQG���,3&21���5XVVLDQ��$FDGHP\��RI�6FLHQFHV��8VH�RI�SRZHUIXO
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9��$��&KDQWXUL\D ��7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�����������������������
VKRUW� SXOVHV� ZLWK� DQ� HQHUJ\� FRQVLGHUDEO\� H[FHHGLQJ� WKH� HOHFWULF� VWUHQJWK� RI� D�VXEVWDQFH�LQ�D�VWDWLF�ILHOG��PDNHV�LW��SRVVLEOH�WR��H[SRVH�UHEHOOLRXV�JROG�FRQWDLQLQJ�RUHV�E\�VXEVWDQWLDO�FKDQJLQJ�WKHLU�SK\VLFDO�DQG�PHFKDQLFDO�FKDUDFWHULVWLFV�DIWHU�WKH�DFWLRQ��:LWK�FHUWDLQ�SDUDPHWHUV� IRU� WKH�KLJK�YROWDJH�HOHFWURPDJQHWLF�ILHOG�WKH�PDLQ�FKDQQHO�IRU� SDVVDJH� RI� D� FXUUHQW� EHFRPHV� WKH� OHVV� LQHUWLD� EUHDNGRZQ� FKDQQHO� IRU� VROLG�GLHOHFWULFV� �VHPLFRQGXFWRUV�� WKDW� DUH� ZLWKLQ� WKH� FRPSRVLWLRQ� RI� D� UHEHOOLRXV� RUH�FRQWDLQLQJ�SUHFLRXV�PHWDOV�7KH�PHWKRG�RI� DFWLRQ� RQ�JROG�FRQWDLQLQJ� UDZ�PDWHULDOV� DQG�SRO\PHWDOOLF� RUHV� E\�SRZHUIXO�HOHFWURPDJQHWLF�SXOVHV�KDV�FRQVLGHUDEOH�DGYDQWDJHV�RYHU�DOO�RI�WKH�PHWKRGV�OLVWHG� DERYH� IRU� GLVLQWHJUDWLQJ� PLQHUDO� UDZ� PDWHULDOV� VLQFH� LW� PDNHV� SRVVLEOH� PRVW�UDWLRQDOO\� WR� XVH� WKH� HOHFWULF� HQHUJ\� �VHOHFWLYH� EUHDNLQJ� RFFXUV�ZLWKRXW� KHDWLQJ� WKH�RUH�� DQG� WR� DFKLHYH� WKH� JUHDWHVW� FRPSOHWHQHVV� RI� LQWHUJUDQXODU� EUHDNLQJ� RI�PLQHUDO�FRPSRQHQWV�ZLWK�WKH�OHDVW�HOHFWULFDO�HQHUJ\�FRQVXPSWLRQ��6WXGLHV�SHUIRUPHG��,3&21��,5(��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��761,*5,��5XVVLDQ�0LQLVWU\�RI�1DWXUH��RQ�UHEHOOLRXV�JROG�FRQWDLQLQJ� RUHV� LQGLFDWHG� WKH� SRVVLELOLW\� RI� UHGXFLQJ� HQHUJ\� FRQVXPSWLRQ� E\� D�IDFWRU� RI� WKUHH� WR� ILYH�� LQFUHDVLQJ� WKH� FRPSOHWHQHVV� RI� LQWHUJUDQXODU� EUHDNLQJ� RI�PLQHUDO�FRPSOH[HV��DQG�DV�D�FRQVHTXHQFH��DQ�LQFUHDVH��H[WUDFWLRQ�RI�JROG�DQG�VLOYHU�LQWR�SURGXFWLYH�VROXWLRQV�E\���������DEVROXWH��DQG�DFKLHYHPHQW�RI�KLJK�WHFKQRORJLFDO�LQGLFHV�IRU�H[WUDFWLQJ�JROG�XS�WR������ZLWKRXW�XVLQJ�URDVWLQJ�RSHUDWLRQV�RU�DXWRFODYH�WUHDWPHQW�RI�FRQFHQWUDWHV��7DEOH����

7DEOH��([WUDFWLRQ� LQGLFHV� IRU� JROG� DQG� VLOYHU� XQGHU� F\DQLGLQJ� RI� UHEHOOLRXV� JROG�FRQWDLQLQJ�FRQFHQWUDWH�IURP�1H]VKGDQLQVN�GHSRVLW([WUDFWLRQ� ([WUDFWLRQ�LQFUHDVH�0HWKRG�RI�DFWLRQ *ROG 6LOYHU *ROG 6LOYHU
7RWDO�H[WUDFWLRQ�LQFUHDVH�RI�JROG�DQG�VLOYHU�*UDYLW\�FRQFHQWUDWH6FUHHQLQJ r ���P6FUHHQLQJ�r ����P ���������� ����������,UUDGLDWLRQ�RI�DFFHOHUDWHG�HOHFWURQ�HQHUJ\�6FUHHQLQJ�r ���P

����� ����� ���� ���� �����
,UUDGLDWLRQ�RI��SRZHUIXO�HOHFWURPDJQHWLF�SXOVHV6FUHHQLQJ�r ����P

����� ����� ���� ����� �����

���25(�75($70(17
7KH� SUREOHP� RI� VHSDUDWLQJ� PLQHUDOV� ZLWK� VLPLODU� WHFKQRORJLFDO� SURSHUWLHV� LV�WUDGLWLRQDOO\� UHVROYHG� E\� LQFUHDVLQJ� +,5� VHOHFWLYLW\� RI� EHQHILFLDWLRQ� SURFHVVHV�� 7KLV�ZRUN�LV�FDUULHG�RXW�DORQJ�WKH�SDWK�RI� UHDJHQW�V\QWKHVLV�RI�GLUHFWHG�DFWLRQ�IRU��IORWDWLRQ��
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9��$��&KDQWXUL\D ��7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�����������������������
GHYHORSPHQW� RI� KLJKO\� HIIHFWLYH� IORWDWLRQ�PDFKLQHV� IRU� VHSDUDWLQJ� FRDUVH� DQG� ILQHVW�SDUWLFOHV� �,3&21�� 5XVVLDQ� $FDGHP\� RI� 6FLHQFHV�� �0HNKDQREU� ,QW�� 6WN�� &R���� *17V��*LQWVYHWPHW���,QVWLWXWH�RI�0LQLQJ��6LEHULDQ�%UDQFK�RI�WKH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��0RVFRZ� 6WDWH�0LQLQJ� 8QLYHUVLW\� �0608��� ,UNXWVN� 6WDWH� 7HFKQLFDO� 8QLYHUVLW\� �,678���0,6L6��5XVVLDQ�)HGHUDWLRQ�0LQLVWU\�RI�(GXFDWLRQ��HWF����XVH�RI�KLJK�JUDGLHQW�ILHOGV�DQG�PDJQHWLF�V\VWHPV�ZLWK�LQFUHDVHG�LQGXFWLRQ��KLJK�YROWDJH�HOHFWULF�ILHOGV�LQ�DQ�LQHUW�JDV�PHGLXP�� DSSOLFDWLRQ� IRU� VHSDUDWLRQ� �ZLWK� � UHVSHFW� � WR� � GHQVLW\� RI� FRPELQHG� � DFWLRQ��XVLQJ� FHQWULIXJDO�� � PDJQHWRK\GURVWDWLF�� PDJQHWRK\GURG\QDPLF�� DQG� HOHFWURSK\VLFDO�HIIHFWV� ��0HNKDQREU� � ,QW�� 6WN�� &R����0608�� 5XVVLDQ� )HGHUDWLRQ�0LQLVWU\� RI� (GXFDWLRQ��HWF���� +RZHYHU�� IRU� FDVHV� ZKHQ� WKH� FRQWUDVW� LV� SUDFWLFDOO\� ]HUR�� IRU� H[DPSOH� GXULQJ�EHQHILFLDWLRQ� RI� R[LGL]HG� RUHV� RI� QRQIHUURXV� PHWDOV�� WKHVH� PHDVXUHV� GR� QRW� JLYH�UHVXOWV�� $Q� LQFUHDVH� LQ� WKH� FRQWUDVW� LV� DFKLHYHG� E\� VHOHFWLYH� FKDQJLQJ� WKH�WHFKQRORJLFDO�SURSHUWLHV�RI�PLQHUDOV�EDVHG�RQ�HQHUJ\�HIIHFWV��ZKLFK�PDNHV�LW�SRVVLEOH�WR�GHYHORS�HFRORJLFDOO\�VDIH�WHFKQRORJ\�LQ�IXWXUH�,Q�UHFHQW�\HDUV�H[WHQVLYH�VWXGLHV�KDYH�EHHQ�FDUULHG�RXW�RQ�WKH�XVH�RI�VXFK�HQHUJ\�HIIHFWV� DV� UDGLDWLRQ�� XOWUDVRQLF�� HOHFWURFKHPLFDO�� PHFKDQR�FKHPLFDO�� DQG� SODVPD� LQ�RUGHU�WR�FKDQJH�GLUHFWLRQDOO\�WKH�VXUIDFH�SURSHUWLHV�RI�PLQHUDOV��$OWKRXJK�WKHVH�WUHQGV�ZHUH� FRQVLGHUHG� H[RWLF� LQ� WKH� SDVW�� LQ� YLHZ� RI� WKH� RQVHW� RI� RXWSXW� RI� LQGXVWULDO�HOHFWURFKHPLFDO�FRQGLWLRQHUV�IRU�SXOS��SODVPRWURQV��OLQHDU�DFFHOHUDWRUV��DQG�XOWUDVRQLF�JHQHUDWRUV�� LW� LV� SRVVLEOH� WR� FRQVLGHUWKH� DFWXDO� LQWURGXFWLRQ�RI� QHZ�HFRORJLFDOO\� VDIH�WHFKQRORJLHV� LQWR� SULPDU\� SURFHVVLQJ� RI� UHEHOOLRXV� RUHV� DQG� FRDO� RI� D� FRPSOH[�VXEVWDQFH� FRPSRVLWLRQ� �,3&21�� 5XVVLDQ� � $FDGHP\� RI� 6FLHQFHV�� ,QVWLWXWH� RI� 0LQLQJ��6LEHULDQ� %UDQFK� RI� WKH� 5XVVLDQ� $FDGHP\� RI� 6FLHQFHV�� *17V� �*LQWVYHWPHW��� 0608��,U678��5XVVLDQ�)HGHUDWLRQ�0LQLVWU\�RI�(GXFDWLRQ��(OHFWURFKHPLFDO� SUHSDUDWLRQ� RI� RUH� UDZ� PDWHULDO� ZKRVH� PLQHUDOV� H[KLELW�VHPLFRQGXFWLQJ� SURSHUWLHV� LQYROYHV� WUHDWPHQW� RI� PLQHUDO� VXVSHQVLRQV� E\� D� GLUHFW�HOHFWULF�FXUUHQW�ZLWK�D�SUHVFULEHG�SRWHQWLDO�ZLWK�ZKLFK�DW�WKH�VXUIDFH�RI�PLQHUDOV�WKHUH�DUH�HOHFWURFKHPLFDO� UHDFWLRQV�ZLWK�IRUPDWLRQ�RI�QHZ�SKDVHV�DW�WKH�FRQWDFW�ERXQGDU\�ZLWK� WKH�HOHFWURGH�� )RU� HDFK�PLQHUDO� WKHUH�H[LVWV� LWV�RZQ�SRWHQWLDO�ZLWK�ZKLFK�VRPH�FRPSRXQGV� IRUP� DW� LWV� VXUIDFH�� DQG� SURYLGH� DQ� LQFUHDVH� LQ� WKH� FRQWUDVW� RI� PLQHUDO�SURSHUWLHV� UHVXOWLQJ� LQ� HIIHFWLYH� VHSDUDWLRQ� �,3&21�� 5XVVLDQ� $FDGHP\� RI� 6FLHQFHV��,QVWLWXWH�RI�0LQLQJ��6LEHULDQ�%UDQFK�RI�WKH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��0608��,U678��5XVVLDQ�)HGHUDWLRQ�0LQLVWU\�RI�(GXFDWLRQ��7KH� HOHFWURFKHPLFDO� FRQGLWLRQLQJ�PHWKRG� KDV�PRYHG� LQWR� LQGXVWULDO� WHVWLQJ�ZLWK�IORWDWLRQ� RI� FRSSHU�QLFNHO�� FRSSHU�]LQF�� SRO\PHWDOOLF�� DQG� JROG�FRQWDLQLQJ� RUHV�� DQG�PDJQHWLF� VHSDUDWLRQ� RI� R[LGL]HG� LURQ�FRQWDLQLQJ� RUHV� DQG� KDV� DOVR� EHHQ� LQWURGXFHG�LQWR� D� QXPEHU� RI� RUH�GUHVVLQJ� HQWHUSULVHV� ZLWK� D� VLJQLILFDQW HFRQRPLF� HIIHFW��&KDQWXUL\D�DQG�9LJGHUJDX]���������)ORWDWLRQ�SURFHVV�SURGXFWLYLW\�KDV�EHHQ�LQFUHDVHG�E\�D�IDFWRU�RI������DQG�WKH�H[WUDFWLRQ�RI�FRSSHU�� OHDG��]LQF��QLFNHO��DQG�JROG�KDV�EHHQ�LQFUHDVHG�E\��������3ULRU� PHFKDQR�FKHPLFDO� DFWLYDWLRQ� RI� LQGXVWULDO� SURGXFWV� DQG� FRQFHQWUDWHV� LQ�SODQHWDU\� PLOOV� DV� D� UHVXOW� RI� FUHDWLQJ� DGGLWLRQDO� GHIHFWV� DQG� IRUPLQJ� QHZ� SKDVHV�ZLWKLQ� WKH� YROXPH� RI� PLQHUDO� SDUWLFOHV� LQWHQVLILHV� WKH� SURFHVVHV� RI� VXEVHTXHQW�OHDFKLQJ�RI�WKHVH�SURGXFWV�DQG�FRQFHQWUDWHV��2,**0��6LEHULDQ�%UDQFK�RI�WKH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��7KXV��PHDVXUHG�DPRXQWV�RI�SK\VLFDO�DQG�SK\VLFR�FKHPLFDO�DFWLRQV�RQ�WKH�VXUIDFH�RI�PLQHUDOV�FKDQJH� WKHLU�SURSHUWLHV� LQ� WKH� UHTXLUHG�GLUHFWLRQ�DQG�PDNH� LW�SRVVLEOH�WR�FRQYHUW�UHEHOOLRXV�RUHV�LQWR�WKH�FDWHJRU\�RI�QRUPDOO\�GUHVVHG�RUHV�
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$OO� RI� WKHVH�GLUHFWLRQV� DUH� LPSRUWDQW� IRU� LQFUHDVLQJ� WKH�HIILFLHQF\�RI� EHQHILFLDWLRQ�SURFHVVHV��EXW�WKH\��KDYH��DSSURDFKHG�WKH��OLPLW�RI��WKHLU�SRWHQWLDO��%HQHILFLDWLRQ�LV�WKH�VHSDUDWLRQ� RI� PLQHUDOV� ZLWKRXW� FKDQJLQJ� WKHLU� SKDVH� DQG� FKHPLFDO� FRPSRVLWLRQV��%HQHILFLDWLRQ�EHFRPHV�LPSRWHQW�LQ�WUHDWLQJ�RUHV�ZLWK�D�VXEPLFUR�JUDQXODU�VWUXFWXUH��$W�WKH�VDPH�WLPH��WKH�PDLQ�FRQWUDGLFWLRQ�RI�WKH�FRQWHPSRUDU\�VWDWH�RI�WKH�UDZ�PDWHULDO�EDVH� DQG� WUDGLWLRQDO� WHFKQRORJ\� IRU� SULPDU\� SURFHVVLQJ� LV� WKH� UHTXLUHPHQW� IRU�H[SORLWLQJ� RUHV�� FRDO�� DQG� WHFKQRJHQLF� GHSRVLWV� FRQWDLQLQJ� PLQHUDO� DJJUHJDWHV� IRU�ZKLFK� LW� LV� LPSRVVLEOH� WR� OD\� EDUH� WKHLU� PLQHUDO� SKDVHV�� DQG� FRQVHTXHQWO\� DUH�LPSRVVLEOH�WR�GUHVV�

���3<52� $1'�+<'520(7$//85*<
7KH�PRVW�FDUGLQDO�VROXWLRQ�IRU�WKLV�FRQWUDGLFWLRQ�LV�SURFHVVLQJ�RI�WKHVH�W\SHV�RI�RUHV�XQGHU� FRQGLWLRQV� RI� PLQLQJ� DQG� PHWDOOXUJLFDO� SODQWV� ZKHQ� ZLWKLQ� WKH� EHQHILFLDWLRQ�F\FOH� RQO\� WKH� UHDGLO\� HQULFKHG� SDUW� RI� YDOXDEOH� PDWHULDOV� LV� H[WUDFWHG� LQWR�FRQFHQWUDWHV� DQG� WKH� XQH[SRVHG� PLQHUDO� DJJUHJDWHV� �LQ� WKH� IRUP� RI� LQWHUPHGLDWH�SURGXFW��DUH�GLUHFWHG�LQWR�D�PHWDOOXUJLFDO�F\FOH��+DEDVKL���������7KH�OHYHO�RI�PLQHUDO�UDZ� PDWHULDO� FRQFHQWUDWLRQ� ZLWK� SULPDU\� SURFHVVLQJ� DIWHU� ZKLFK� LW� LV� H[SHGLHQW� WR�WUDQVIHU� LW� WR� PHWDOOXUJLFDO� ILQLVKLQJ� LV� GHWHUPLQHG� IRU� HDFK� VSHFLILF� GHSRVLW�LQGLYLGXDOO\��WDNLQJ�LQWR�DFFRXQW�IHDWXUHV�RI�WKH�PLQHUDO�FRPSRVLWLRQ�DQG�RUH�VWUXFWXUH��7KH�RSWLPXP�FRQFHQWUDWH�TXDOLW\�ZLWK�ZKLFK�IXUWKHU�EHQHILFLDWLRQ�LV�QRW�HIIHFWLYH��DQG�LQ�D�QXPEHU�RI�FDVHV� LW�GRHV�QRW�PDNH�VHQVH��VKRXOG�EH�FODULILHG�E\�FDOFXODWLRQ�IURP�PLQLQJ�WKH�RUH�WR�REWDLQLQJ�WKH�PHWDO��ILQDO�SURGXFW��)RU� GHSRVLWV�ZLWK� VXEPLFUR�JUDQXODU� DFFUHWLRQ�RI�RUH�PLQHUDOV� LW� LV� LQH[SHGLHQW� WR�FDUU\�RXW� VHOHFWLRQ�� DQG� LW� LV�PRUH�FRQYHQLHQW� WR� VXEPLW�FROOHFWLYH�FRQFHQWUDWHV�DQG�LQGXVWULDO� SURGXFWV� IRU� PHWDOOXUJLFDO� ILQLVKLQJ�� 7KH� GHYHORSPHQW� RI� S\UR� DQG�K\GURPHWDOOXUJLFDO� SURFHVVHV� GHVLJQHG� IRU� SURFHVVLQJ� OHDQ� UDZ� PDWHULDO� PDNHV� LW�SRVVLEOH� WR�REWDLQ�E\� WKLV�FRPELQHG�EHQHILFLDWLRQ�PHWDOOXUJLFDO� WHFKQRORJ\�PHWDOV�RU�FKHPLFDO� FRPSRXQGV� ZLWK� KLJK� WKURXJK� H[WUDFWLRQ� RI� FRPSRQHQWV� DQG� PD[LPXP�FRPSOH[LW\�RI�WKH�UDZ�PDWHULDO�XVHG�7KLV�WHFKQRORJ\�KDV�EHHQ�LQWURGXFHG�VXFFHVVIXOO\�LQ�1RULOVN�PLQLQJ�LQWHJUDWHG�LURQ�DQG�VWHHO�ZRUNV�ZLWK� DXWRFODYH� R[LGDWLRQ�GHFRPSRVLWLRQ� RI� S\UUKRWLWH� FRQFHQWUDWHV��7KH� FRQQHFWLRQ� RI� DXWRFODYH� SURFHVVHV� IRU� OHDFKLQJ� ZLWK� IORWDWLRQ� DQG� FKORULGH�VXEOLPDWLRQ� EDVHG� RQ� WKHLU� RSWLPXP� FRPELQDWLRQ� LQ� SURFHVVLQJ� FRSSHU�]LQF� RUHV�PDNHV� LW� SRVVLEOH� WR� LQFUHDVH� FRSSHU� H[WUDFWLRQ� E\� ������� ]LQF� E\� �������� DQG�SUHFLRXV�PHWDOV�E\���������3URFHVVLQJ�RI�UHEHOOLRXV�SRO\PHWDOOLF�RUHV�RI�WKH�2]HP\�GHSRVLW� E\� D� FRPELQHG� VFKHPH�� LQFOXGLQJ� FROOHFWLYH� IORWDWLRQ� RI� OHDG� DQG� ]LQF�PLQHUDOV��DXWRFODYH�OHDFKLQJ�RI�]LQF�DQG�FKORULGH�OHDFKLQJ�RI�OHDG�IURP�FDNHV��PDNHV�LW�SRVVLEOH�WR�LQFUHDVH�]LQF�H[WUDFWLRQ�WR���������DQG�OHDG�WR����������0HNKDQREU��,QW��6WN��&R���*17V��*LQWVYHWPHW���

���(19,5210(17$/�$63(&76
1HZ� PHWKRGV� IRU� RUH� SUHSDULQJ� DQG� PLQHUDO� UDZ� PDWHULDOV� SURFHVVLQJ� PDNH� LW�SRVVLEOH�WR�UHGXFH�WKH�DPRXQW�RI�ZDVWH�WR�D�PLQLPXP�DOWKRXJK�VWRULQJ�RI�WDLOLQJV�ZLWK�UDUH�H[FHSWLRQ�LV�XQDYRLGDEOH��+DUDGD��������
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&XUUHQWO\� PRUH� WKDQ� ��� ELOOLRQ� WRQV� RI� ZDVWHV� KDYH� DFFXPXODWHG� FRQWDLQLQJ��YDOXDEOH��FRPSRQHQWV��ZKLFK��LQ��D�QXPEHU�RI�FDVHV��H[FHHG��WKHLU��FRQWHQW��LQ��QDWXUDO�GHSRVLWV��7KH�JROG�FRQWHQW�LQ�EHQHILFLDWLRQ�WDLOLQJV�IRU�SODFHU�GHSRVLWV�DQG�SRO\PHWDLOLF�RUHV� IURP� SUHYLRXV� \HDUV� ���� WR� ��� \HDUV� GLVWDQW�� LV� IURP� �� WR� �J�W�� $V� IDU� DV�VHFRQGDU\�SURFHVVLQJ�RI� WDLOLQJV�RI� VXOILGH�RUH�EHQHILFLDWLRQ� IURP�WDLOLQJV�GXPSV� �IRU�H[WUDFWLRQ� RI� QRQIHUURXV�PHWDOV�� LV� FRQFHUQHG�� LQ� WKH�PDMRULW\� RI� FDVHV� VFKHPHV� IRU�EHQHILFLDWLQJ�WKHP�DUH�FRPSOH[�LQFOXGLQJ�JUDYLWDWLRQ��IORWDWLRQ��K\GURPHWDOOXUJ\��DQG�DFFRUGLQJ�WR�WKH�WHFKQLFDO�HFRQRPLF�LQGLFHV�DQG�WKH�TXDOLW\�RI�FRQFHQWUDWHV�WKH\�DUH�QRW�FRPSHWLWLYH�ZLWK�SURGXFWV�REWDLQHG IURP�QDWXUDO�UDZ�PDWHULDO�� ,W� LV�HFRQRPLFDOO\�SURILWDEOH�WR�H[WUDFW�YDOXDEOH�FRPSRQHQWV�IRUP��FXUUHQW��EHQHILFLDWLRQ�WDLOLQJV�$V�VKRZQ�E\�IRUHLJQ�SUDFWLFH�DQG�GRPHVWLF�H[SHULHQFH�RI�SURFHVVLQJ�RUHV�ZLWK�ORZ�FRQWHQW� RI� XVHIXO� FRPSRQHQWV� DW� WKH� HQWHUSULVHV RI�PHGLXP� HQJLQHHULQJ�� LW� LV�PRVW�HIIHFWLYH�DQG�HFRQRPLFDOO\�SURILWDEOH�WR�SURFHVV�RYHUEXUGHQ�URFNV�DQG�ZDVWH�IURP�WKH�EHQHILFLDWLRQ� RI� JROG�FRQWDLQLQJ� RUHV� DQG� QRQIHUURXV� PHWDO� RUHV� E\� KHDS� OHDFKLQJ��91,,.K7�0LQDWRP��7V1,*5,��5XVVLDQ�)HGHUDWLRQ�0LQLVWU\�RI�1DWXUH���,Q�UHFHQW�\HDUV�LQ�WKH� 86$� KDOI� RI� WKH� LQFUHDVH� LQ� JROG�PLQLQJ� KDV� EHHQ� REWDLQHG� DV� D� UHVXOW� RI� KHDS�OHDFKLQJ�� 7KHUH� LV� DOVR� SRVLWLYH� H[SHULHQFH� LQ� 5XVVLD� RI� KHDS� OHDFKLQJ� JROG� IURP�WDLOLQJV� RI� EHQHILFLDWLRQ�� $FFRUGLQJ� WR� WKH� GHYHORSPHQWV� RI� 7V1,*5,�� 5XVVLDQ�)HGHUDWLRQ�0LQLVWU\�RI�1DWXUH��WKLV�WHFKQRORJ\�LV�UHDOL]HG�LQ�WKH��<X]KXUDO]RORWR��SODQW�ZLWK� SURFHVVLQJ� RI� EHQHILFLDWLRQ� WDLOLQJV� FRQWDLQLQJ� ���J�W� RI� JROG� SURYLGLQJ� DQ�H[WUDFWLRQ�RI��������1DWXUH�SURWHFWLYH�SROLWLFV�GLFWDWH�WKH�DWWLWXGH�WRZDUGV�FRQVWUXFWLQJ�WDLOLQJV�GXPSV�DV� WR� WKH� FUHDWLRQ� RI� WHFKQRJHQLF� GHSRVLWV�� ,Q� DFFRUGDQFH� ZLWK� XVLQJ� IHDWXUHV� RI�QDWXUDO� HQULFKPHQW�� ZKLFK� PDQLIHVW� WKHPVHOYHV� GXULQJ� ZDVKLQJ� RI� SODFHUV�� LW� LV�SRVVLEOH�WR�RUJDQL]H�ZDVKLQJ�RI�WDLOLQJV�GXPS�VR�WKDW�WKH�UHVLGXHV�RI�RUH�PLQHUDOV�DUH�FRQFHQWUDWHG� LQ� WKH� SHULSKHUDO� SDUWV� RI� WDLOLQJV� GXPS�� 7KH\�PD\� EH� H[WUDFWHG� IURP�KHUH�� IRU� H[DPSOH� E\� PHWKRGV� RI� JHRWHFKQRORJ\� ZLWKRXW� GLVWXUELQJ� WKH� VWDELOLW\� RI�HPEDQNPHQW�$� WHFKQRJHQLF� GHSRVLW�� L�H�� D� WDLOLQJV� GXPS�� VKRXOG� EH IRUPHG� E\� WDNLQJ� LQWR�DFFRXQW� FRQGLWLRQV� IRU� PLQLPXP� K\GURJHRORJLFDO� LQWHUDFWLRQ� ZLWK� WKH� VXUURXQGLQJ�JHRORJLFDO� VWUXFWXUHV�� EXW� ZLWK� WKH� WHUPLQDWLRQ� RI� H[SORLWDWLRQ� WLPH� PHDVXUHV� DUH�QHFHVVDU\�IRU�UHFXOWLYDWLRQ�DQG�UHVWRULQJ�WKH�DUHD�RFFXSLHG�IRU�ODQG�XVH�7KH�SUREOHP�RI�SUHVHUYLQJ�WKH�HQYLURQPHQW�LV�DOVR�UHVROYHG�DV�D�UHVXOW�RI�FKDQJLQJ�WR�D�V\VWHP�RI�FORVHG�ZDWHU�FLUFXODWLRQ��$�FKDQJH�RYHU�IURP�D�VHOI�UHJXODWLQJ�PHGLXP�RI�V\VWHP�RI�UHWXUQ�ZDWHU�VXSSO\�WR�WKH�V\VWHP�ZLWK�FRQGLWLRQLQJ�PDNHV�LW�SRVVLEOH�WRDYRLG� WKH� GLVFKDUJH� RI� ZDVWH� ZDWHU� DQG� WKHUHE\� WR� SURYLGH� VWDELOLW\� RI� WKH�WHFKQRORJLFDO�SURFHVV�GXH�WR�FUHDWLQJ�RU�PDLQWDLQLQJ�WKH�RSWLPXP�LRQ�FRQWHQW�&XUUHQWO\�� SXULILFDWLRQ� DQG� FRQGLWLRQLQJ� RI� UHWXUQ� ZDWHU� DW� EHQHILFLDWLRQ� SODQWV� LV�DFFRPSOLVKHG�E\�PHDQV�RI�FKHPLFDO�UHDJHQWV��VRUSWLRQ��HOHFWURGLDO\VLV��DQG�FRPELQHG�PHWKRGV�ZLWK�XVH�LQ�WKH�ILUVW�SXULILFDWLRQ�VWDJH�RI�QDWXUDO�VRUEHQWV��KLJKO\�SRURXV�FRDO��]HROLWHV���+RZHYHU��WKHVH�WHFKQRORJLHV�DUH�H[SHQVLYH�DQG�PDLQO\�LW�LV�RQO\�SRVVLEOH�WR�DFFRPSOLVK�SXULILFDWLRQ�RI� LQGXVWULDO�ZDWHU�IURP�WR[LF�VXEVWDQFHV��,W�GRHV�QRW�SURYLGH�FRQWURO�RI� WKHLU� LRQ�FRQWHQW�ZLWK� WKH�DLP�RI�JLYLQJ�WKH� OLTXLG�SKDVH�RI�SXOS�RSWLPXP�SK\VLFR�FKHPLFDO�SURSHUWLHV� IRU�HIIHFWLYH�SHUIRUPLQJ�VRPH� WHFKQRORJLFDO�SURFHVV� IRU�PLQHUDO�VHSDUDWLRQ�
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,Q� WKH� ����V� DW� ,3&21�� 5XVVLDQ�$FDGHP\� RI� 6FLHQFHV�� VFLHQWLILF� EDVHV�� LQGXVWULDO�WHFKQRORJLHV�� DQG� HTXLSPHQW� IRU� HOHFWURFKHPLFDO ZDWHU� WUHDWPHQW� ZHUH� GHYHORSHG��&KDQWXUL\D�HW�DO����������$OO�RI�WKLV�PDGH�LW��SRVVLEOH�ZLWKRXW�XVLQJ�FKHPLFDO�UHDJHQWV�DV�D�UHVXOW�RI�SURFHHGLQJ�GHFRPSRVLWLRQ�UHDFWLRQV�IRU�ZDWHU�DW�D�FDWKRGH�DQG�DQRGH�WR�FKDQJH� WKH�FRORU�� R[LGDWLRQ�UHGXFWLRQ�SURSHUWLHV� LRQ� DQG�JDV�FRQWHQW�RI�ZDWHU�� WKXV�FUHDWLQJ�FRQGLWLRQV�IRU�GLUHFWHG�FRQWUROOLQJ�WKH�LRQ�FRQWHQW�RI�WKH�OLTXLG�SKDVH�IRU�SXOS�DQG� LPSURYLQJ� WKH� FRQWUDVW� RI�PLQHUDO� SURSHUWLHV�� 5HVXOWV� RI� LQGXVWULDO� WHVWV� IRU� WKLV�ZDWHU� WUHDWPHQW� WHFKQRORJ\�RQ�SRO\PHWDOOLF� VFKHHOLWH�� DSDWLWH��SKRVSKRULWLF��EDX[LWH��DQG� UDUH�PHWDO� RUHV� FRQILUPHG� LWV� KLJK� HIILFLHQF\�� WKH� SRVVLELOLW\� RI� UHGXFLQJ� WKH�FRQVXPSWLRQ�RI� UHDJHQWV�DEVRUEHQWV��PHGLXP� UHJXODWRUV�E\������DQG� LQFUHDVLQJ� WKH�H[WUDFWLRQ� RI� YDOXDEOH� FRPSRQHQWV� E\� ������ XQGHU FRQGLWLRQV� RI� FORVHG� ZDWHU�FLUFXODWLRQ��(OHFWULFDO�HQHUJ\�FRQVXPSWLRQ�LV������N:K�P� RI�ZDWHU�7KH� DFLG� SURGXFW� RI� ZDWHU� HOHFWURO\VLV� �DQRO\WH�� ZLWK� KLJK� R[LGL]LQJ�UHGXFLQJ�SURSHUWLHV� �(K!���P9�� DQG� S+�����PDNHV� LW� SRVVLEOH�ZLWK� XVH� RI� LW� LQ� FRQGLWLRQLQJ�FRDUVH�FRQFHQWUDWHV�WR�DFFRPSOLVK�HIIHFWLYHO\�FOHDQLQJ�RI�WKH�VXUIDFH�RI�PLQHUDOV�IURP�K\GURSKLOLF� FDUERQDWH�VLOLFDWH� DQG� LURQ�FRQWDLQLQJ� K\GURSKLOLF� ILOPV�� FUHDWLQJ�FRQGLWLRQV� IRU� LPSURYLQJ� WKH� TXDOLW\� RI� FRQFHQWUDWHV� DQG� H[WUDFWLQJ� YDOXDEOH�FRPSRQHQWV� IURP� WKHP� �&KDQWXUL\D� HW� DO��� ������ &KDQWXUL\D� DQG� <H��� ������� 3ULRU�WUHDWPHQW� RI� GLDPRQGV� E\�ZDWHU� HOHFWURO\VLV� SURGXFW� �DQRO\WH��PDNHV� LW� SRVVLEOH� WR�FOHDQ� HIIHFWLYHO\� WKH� VXUIDFH� RI� GLDPRQGV� �E\� �������� IURP� FDUERQDWH�VLOLFDWH�FRPSRXQGV��WR�LQFUHDVH�WKH�ZDWHU�UHSHOOHQF\�RI�FU\VWDOV�WKDW�DUH�QRW�HDV\�WR�H[WUDFW��DQG�WKHLU�RXWSXW�LQWR�ILQLVKHG�SURGXFWV�E\�D�IDFWRU�RI�WZR�7KH� FUHDWLRQ� DQG� SURGXFWLRQ� RI� LQGXVWULDO� HOHFWURFKHPLFDO� FRQGLWLRQHUV� IRU� ZDWHU��(.9����� DQG� DOVR� UHDOL]DWLRQ� RI� HOHFWURFKHPLFDO� WHFKQRORJ\� IRU� ZDWHU� WUHDWPHQW� LQ�IURWK�DQG�DGKHVLYH�VHSDUDWLRQV�IRU�WKH�EHQHILFLDWLRQ�RI�GLDPRQG�FRQWDLQLQJ�NLPEHUOLWHV�DW��$/526$��,QW��6WN��&R��PDGH�LW�SRVVLEOH�WR�SURYLGH�DQ�LQFUHDVH�LQ�GLDPRQG�H[WUDFWLRQ�E\�����DQG� WR�REWDLQ�DQ�DQQXDO�VDYLQJ�RI�����ELOOLRQ� UXEOHV� �PRUH�WKDQ����PLOOLRQ���86$��

���&21&/86,216
7KXV�� LQ� 5XVVLD� WKHUH� DUH� FXUUHQWO\� DYDLODEOH� HIIHFWLYH�� HQHUJ\�VDYLQJ�� KLJK�WHFKQRORJLHV�IRU�RUH�SUHSDUDWLRQ�DQG�SULPDU\�SURFHVVLQJ�RI�RUHV�RI�FRPSOH[�VXEVWDQFH�FRPSRVLWLRQ� FRUUHVSRQGLQJ� WR� WKH� ZRUOG� OHYHO�� DQG� D� QXPEHU� RI� WHFKQRORJLHV�H[FHHGLQJ� WKHP�� DQG� WKLV� KDV� EHHQ� SUHVHQWHG� VHYHUDO� WLPHV� LQ� LQWHUQDWLRQDO�FRQJUHVVHV�IRU�EHQHILFLDWLRQ�RI�PLQHUDO�UHVRXUFHV�5HDOL]DWLRQ� RI� QHZ� WHFKQRORJLHV� DW� WKH� 5XVVLDQ� RUH�GUHVVLQJ� SODQWV� ZLOO� PDNH� LW�SRVVLEOH� WR� LQFUHDVH�WKH�H[WUDFWLRQ�RI�PHWDOV�E\���������WR�REWDLQ�KLJKO\�TXDOLWDWLYH�ILQLVKHG�SURGXFWV��FRPSHWLWLYH�LQ�WKH�ZRUOG�PDUNHW��WR�UHGXFH�WKH�HQHUJ\�LQWHQVLW\�DQG�LQFUHDVH� ODERU� SURGXFWLYLW\� E\� � D� IDFWRU� RI� WZR� WR� WKUHH�� WR� SURFHVV� RUHV� ZLWK� ORZ�FRQWHQW�RI�YDOXDEOH�FRPSRQHQWV�DQG�WHFKQRJHQLF�UDZ�PDWHULDO��WR�FRPSHQVDWH�IRU�WKH�GHILFLW�RI�D�QXPEHU�RI�PHWDOV��PDQJDQHVH��UDUH�PHWDOV���DQG�WR�LPSURYH�GUDVWLFDOO\�WKH�HFRORJLFDO�VLWXDWLRQ�LQ�PLQLQJ�LQGXVWULDO�UHJLRQV�)XUWKHU� GHYHORSPHQW� RI� PHWKRGV� IRU� SULPDU\� WUHDWPHQW� RI� PLQHUDO� UDZ� PDWHULDO�VKRXOG� EH� EDVHG� RQ� IXQGDPHQWDO� VWXGLHV� RI� WKH� SURFHVVHV� RI� VHSDUDWLRQ� RI� PLQHUDO�FRPSRQHQWV��)LJXUH����
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7KH� PDLQ� FRXUVH� IRU� GHYHORSLQJ� VFLHQWLILF� NQRZOHGJH� LQ� WKH� ILHOG� RI� SULPDU\�SURFHVVLQJ�RI�PLQHUDO�DQG�WHFKQRJHQLF�UDZ�PDWHULDO�LV�D�VWXG\�RI�WKH�LQWHUFRQQHFWLRQ�RI� VWUXFWXUDO�� VXEVWDQFH�� DQG� SKDVH� FRPSRVLWLRQV�� RI� QDWXUDO� DQG� WHFKQRJHQLF� UDZ�PDWHULDO�ZLWK�WKH�SK\VLFDO��SK\VLFR�FKHPLFDO��DQG�WHFKQRORJLFDO�SURSHUWLHV�RI�PLQHUDOV��WKH� FRPELQDWLRQ� RI� PHWKRGV� IRU� SK\VLFR�FKHPLFDO� PRGHOLQJ� RI� WKH� VHSDUDWLRQ� RI�PLQHUDOV� ZLWK� H[SHULPHQWDO� LQYHVWLJDWLRQV� RI� WKH�PDLQ� EHQHILFLDWLRQ� SURFHVVHV�� DQG�FUHDWLRQ�RI�LQWHUJUDQXODU�EUHDNLQJ�WKHRU\�IRU�PLQHUDO�FRPSOH[HV�DQG�WKH�PHFKDQLVP�RI�LQWHQVLYH�H[SRVXUH�RI�UHEHOOLRXV�RUHV�DQG�WHFKQRJHQLF�IRUPDWLRQV�

)LJXUH ���3ULRULW\�FRXUVHV�RI�VWXGLHV�LQ�WKH�ILHOG�RI�HFRQRPLF�PLQHUDO�EHQHILFLDWLRQ

%(1(),&,$7,21�2)�0,1(5$/�5(6285&(6
7HFKQRORJLFDOPLQHUDORJ\ 'LVLQWHJUDWLRQ�DQG�SUHSDUDWLRQ�RI�PLQHUDO�UDZ�PDWHULDOV�IRU�EHQHILFLDWLRQ

3K\VLFDO�DQG�FKHPLFDO�SURFHVVHV�RI�VHSDUDWLRQ��FRQFHQWUDWLRQ�DQG�SURFHVVLQJ�RI�PLQHUDOV

3K\VLFDO�DQG�FKHPLFDO�SURFHVVHV�IRU�H[WUDFWLQJ�YDOXDEOH�FRPSRQHQWV�IURP�QDWXUDO�DQG�WHFKQRJHQLF�ZDWHU
7KH�PDLQ�FRXUVH�RI�GHYHORSLQJ�IXQGDPHQWDO�NQRZOHGJH�LV�D�VWXG\�RI�WKH�LQWHUFRQQHFWLRQ�RI�VWUXFWXUDO��VXEVWDQFH��DQG�SKDVH�FRPSRVLWLRQ�RI�QDWXUDO�DQG�WHFKQRJHQLF�UDZ�PDWHULDOV�ZLWK�SK\VLFDO� SK\VLFR�FKHPLFDO��DQG�WHFKQRORJLFDO�SURSHUWLHV�RI�PLQHUDOV��FRPELQDWLRQV�RI�SK\VLFR�FKHPLFDO�PRGHOLQJ�RI�PLQHUDO�VHSDUDWLRQ�SURFHVVHV�ZLWK�H[SHULPHQWDO�UHVHDUFKHV�RI�WKH�PDLQ�EHQHILFLDWLRQ�SURFHVVHV��DQG�FUHDWLRQ�RI�WKHRU\�IRU�LQWHUJUDQXODU�EUHDNLQJ�RI�PLQHUDO�FRPSOH[HV�DQG�WKH�PHFKDQLVP�RI�LQWHQVLYH�H[SRVXUH�RI�UHEHOOLRXV�RUHV

35,25,7<�&2856(6
7R�FUHDWH�D�SURJUDPPLQJ�HTXLSPHQW��FRPSOH[�DQG�WR�SHUIRUP�H[SUHVV�PLQHUDO�WHFKQRORJLFDO�HYDOXDWLRQ�RI�QDWXUDO�DQG�WHFKQRJHQLF�GHSRVLWV�EDVH�RQ�LPDJH�DQDO\VLV�WR�JLYH�D�VFLHQWLILFDOO\�VXEVWDQWLDWHG�SUHGLFWLRQ�WHFKQRORJ\�IRU�FRPSOH[�SURFHVVLQJ�RI�RUHV�DQG�FRDOV

7R�GHYHORS�D�JHQHUDO�WKHRU\�IRU�LQWHUJUDQXODU�EUHDNLQJ�RI�URFNV��HQHUJ\�PHWKRGV�IRU�LQWHQVLI\LQJ�VWUHQJWK�ORVV�RI�PLQHUDO�FRPSOH[HV��DQG�WR�FUHDWH�QHZ�WHFKQRORJLHV�IRU�UDGLRPHWULF�EHQHILFLDWLRQ�RI�UHEHOOLRXV�RUHV

7R�FUHDWH�QHZ�HFRORJLFDOO\�VDIH�SURFHVVHV�IRU�FRPSOH[�SURFHVVLQJ�DQG�RSHQLQJ�RI�UHEHOOLRXV�RUHV�DQG�EHQHILFLDWLRQ�SURGXFWV�EDVHG�RQ�FRPELQHG�FRQWHPSRUDU\�PHWKRGV�RI�EHQHILFLDWLRQ��S\UR�DQG�K\GURPHWDOOXUJ\��XVLQJ�VXSSOHPHQWDU\�HQHUJ\�HIIHFWV

7R�GHYHORS�WKH�WKHRU\�DQG�WHFKQRORJ\�RI�IRUPLQJ�WHFKQRJHQLF�GHSRVLWV��QHZ�PHWKRGV�IRU�FRQGLWLRQLQJ�DQG�SXULILFDWLRQ�RI�WHFKQRORJLFDO�ZDWHU��SURYLGLQJ�DGGLWLRQDO�H[WUDFWLRQ�RI�YDOXDEOH�FRPSRQHQWV�XQGHU�FRQGLWLRQV�RI��D�FORVHG�HFRORJLFDOO\�VDIH�V\VWHP
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5()(5(1&(6
$ERX]HLG�� $��� =�� 0�� DQG� )XHUVWHQDX�� '�� :��� 0L[WXUH� *ULQGLQJ� LQ� WKH� KLJK�SUHVVXUH� UROO� PLOO��3URFHHGLQJV�RI���VW ,03&��������$���5RPH��,WDO\�$OFRYHU�1HWR��$���1HXPDQQ��5��DQG�6FKQHLGHU��&��/���%DFN�VFDWWHUHG�HOHFWURQ�LPDJLQJ�RI�D�ODWHULWLF�LURQ� RUH� DQG� LWV� DSSOLFDWLRQ� LQ� SURFHVV� PLQHUDORJ\�� 3URFHHGLQJV� RI� ��VW ,03&�� ������ &���5RPH��,WDO\�&KDQWXUL\D�� 9�� $��� 7KHRU\� DQG� SUDFWLFH� RI� XVLQJ� HOHFWURFKHPLFDO� DQG� UDGLDWLRQ� HIIHFWV� LQ� WKH�SURFHVV� RI�SULPDU\�SURFHVVLQJ�RI�PLQHUDO� UDZ�PDWHULDO� LQ��$FWXDO� 3UREOHPV� IRU�'HYHORSLQJ�'HSRVLWV�DQG�8VH�RI�0LQHUDO�5DZ�0DWHULDO��LQ�5XVVLDQ���,]G��0**8��������0RVFRZ�&KDQWXUL\D��9��$���DQG�%DVKO\NRYD��7��9���7HFKQRORJLFDO�HYDOXDWLRQ�RI�PLQHUDO�UDZ�PDWHULDO�XVLQJ�DXWRPDWLF�LPDJH�DQDO\VLV��*RUQ��9HVWQ������������&KDQWXUL\D�� 9�� $��� %HVHGLQ�� <H�� *��� DQG� %DVKO\NRYD�� 7�� 9��� 8VH� RI� FRPSXWHU� LPDJH� DQDO\VLV� IRU�SUHGLFWLRQ�HYDOXDWLRQ�RI�WKRURXJK�EHQHILFLDWLRQ�RIKLJK�VXOILLURXV�FRDOV��8JRO�������������&KDQWXUL\D�� 9�� $��� DQG� 9LJGHUJDX]�� 9�� <H��� (OHFWURFKHPLVWU\� RI� 6XOILGHV�� )ORWDWLRQ� 3UDFWLFH� DQG�7KHRU\��LQ�5XVVLDQ���������1DXND��0RVFRZ�&KDQWXUL\D�� 9�� $��� 7URILPRYD�� (�� $��� DQG� 1D]DURYD�� *��� (OHFWURFKHPLFDO� PHWKRGV� IRU� ZDWHU�WUHDWPHQW� RI� QDWXUDO� DQG� WHFKQRJHQLF� ZDWHU� LQ� PLQLQJ� DQG� PHWDOOXUJLFDO� HQWHUSULVHV� LQ��'HYHORSPHQW� RI� (FRORJLFDOO\� 6DIH� 7HFKQRORJLHV� IRU� 3URFHVVLQJ� 0LQHUDO� 5DZ� 0DWHULDO� �LQ�5XVVLDQ���.17V�5$1��������$SDWLW\�&KDQWXUL\D��9��$���7URILPRY��(��$�� 'LNRY��<X��3���HW�DO���&RQQHFWLRQ�RI�VXUIDFH�DQG�WHFKQRORJLFDO�SURSHUWLHV�RI�GLDPRQGV�GXULQJ�NLPEHUOLWH�EHQHILFLDWLRQ� &RUQ��=K���������������&KDQWXUL\D��9��$���HW�DO���3UHGLFWHG�HVWLPDWH�RIKLJK�VXOIXURXV�FRDO�EHQHILFLDWLRQ�EDVHG�RQ�LPDJH�DQDO\VLV��*RUQ� 9HVWQ������������&KDQWXUL\D�� 9�� $��� HW� DO��� 7KH� RSHQLQJ� RI� WKH� UHIUDFWRU\� JROG�FRQWDLQLQJ� RUHV� XQGHU� SRZHU�HOHFWURPDJQHWLF�,PSXOVHV� 'RFODG\�$FDGHPL\L�1DXN��LQ�5XVVLDQ���������9RO�������������&KDQWXUL\D�� <H�� /��� 7KHRUHWLFDO� DVSHFWV� RI� DQ� HOHFWURFKHPLFDO� ZDWHU� WUHDWPHQW�PHWKRG� XQGHU�FRQGLWLRQV� RI� UDUH�PHWDO� UDZ� PDWHULDO� IORWDWLRQ� LQ�� &RPSOH[� 3URFHVVLQJ� RI� 0LQHUDO� 5DZ�0DWHULDO�>LQ�5XVVLDQ@������� 1DXND��0RVFRZ�+DEDVKL��)���5HFHQW�DGYDQFHV�LQ�SUHVVXUH�OHDFKLQJ�WHFKQRORJ\��3URFHHGLQJV�RI���WK ,03&�����������$DFKHQ��*HUPDQ\�+DUDGD�� 7��� 6WXGLHV� RQ� HIIHFWLYH� XWLOL]DWLRQ� RI� SUHFLSLWDWHV� IURP� QHXWUDOL]HG� PLQH� GUDLQDJH��3URFHHGLQJV�RI���WK ,03&�����������&RORUDGR��86$�0RNURXVRY�� 9�� $��� DQG� /LOH\HY�� 9�� $��� 5DGLRPHWULF� %HQHILFLDWLRQ� RI� 1RQ�5DGLRDFWLYH� 2UHV� �LQ�5XVVLDQ���������1DXND��0RVFRZ�3D]KLDQXU��5���5LFKDUGVRQ��3��(���DQG�<RRQ��5��+���5HGXFLQJ�FRUURVLYH�ZHDU�RI� OLQHUV�E\�FDWKRGLF�SURWHFWLRQ� 3URFHHGLQJV�RI���WK ,QWHUQDO��0LQHUDO�3URFHVVLQJ�&RQJ���*'0%�����������&ODXVWKDO�=HOOHUIHOG��*HUPDQ\�6DQGHU��8��DQG�6FKRQHUW��.���3UHVVXUH�DQG�VKHDU�RQ�WKH�UROOHU�VXUIDFHV�RI�KLJK�SUHVVXUH�UROOHU�PLOOV��3URFHHGLQJV�RI���VW ,03&��������$���5RPH��,WDO\�7DWDULQRY��$�� 3��� HW� DO��� 'HYHORSPHQW� RI� OXPS� E\� OXPS� VHSDUDWLRQ� RI�PLQHUDO� UHVRXUFHV� 7VYHW��0HW������������<HOLVH\HY��1��,�� &KDQWXUL\D��9��$���%RULVNRY��)��)���DQG�6YDORY��6��$���,QWHQVLILFDWLRQ�RI�JULQGLQJ�IRU�VXOILGH�RUHV� ,]Y� 9\VVK��8FKHEQ��=DYHG���7VYHW��0HW������������


