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7(&+1,&$/ 5(3257RI�WKH�3URMHFW�&RQVXOWDQW�IRU�5DWWDQ�&DQH�3URFHVVLQJ,772�3URMHFW�3'�������5HY����,�3URPRWLRQ�RI�6XVWDLQDEOH�8WLOL]DWLRQ�RI�5DWWDQ�IURP�3ODQWDWLRQV�LQ�7KDLODQG�� )HEUXDU\�±�� 0DUFK�����
�� ,772�3URMHFW�³3URPRWLRQ�RI�WKH�8WLOL]DWLRQ�RI�%DPERR�IURP�6XVWDLQDEOH6RXUFHV�LQ�7KDLODQG´

2Q�WKH�UHTXHVW�RI�WKH�,772�EDPERR�SURMHFW�OHDGHU��0UV�:DQLGD�6XEDQVHQHH�DQG�ZLWKFRQVHQWV� RI� ,772�� WKH� FRQVXOWDQW� SDUWLFLSDWHG� LQ� WKH� 6HFRQG� 3URMHFW� 6WHHULQJ&RPPLWWHH�0HHWLQJ� RQ� ³� 3URPRWLRQ� RI� WKH� XWLOL]DWLRQ� RI� %DPERR� IURP� 6XVWDLQDEOH6RXUFHV�LQ�7KDLODQG´��DWWHQGHG�E\�WKH�,772�UHSUHVHQWDWLYH��0U��(PPDQXHO�=H�0HND�$VVLVWDQW�'LUHFWRU��)RUHVW�,QGXVWU\�LQ�&KLDQJ�0DL��������)HEUXDU\������
��� 6WXG\�WRXU�WR�0DH�0DH�FRPPXQLW\�IRUHVW�IRU�SURMHFW�DFWLYLWLHV�RQ�EDPERRIXUQLWXUH�DQG�EDPERR�ZHDYLQJ
2Q�WKH����)HEUXDU\�D�VWXG\�WRXU�ZDV�XQGHUWDNHQ�WR�WKH�SURMHFW�VLWH�DW�%DDQ�0DH�0DH&RPPXQLW\� )RUHVW� WR� YLVLW� WKH� WUDLQLQJ� FRXUVH� RQ� %DPERR� )XUQLWXUH� 3DUWV� DQG+DQGLFUDIW�
%DPERR�IXUQLWXUH$�QXPEHU�RI�YLOODJHUV�ZHUH�HQJDJHG�LQ�PDNLQJ�EDPERR�FKDLUV��7KH�PDWHULDO�ZDV�VWLOOTXLWH�IUHVK��PHDQW�IRU�WUDLQLQJ�SXUSRVH��6RPH�VPDOOHU�SDUWV�DPRQJ�ZHUH�ROG�RU�EHHWOHLQIHVWHG��7KH�IUHVK�VWDWH�ZLOO�UHVXOW�LQ�D�FLUFXPIHUHQWLDO�VKULQNDJH�RI�DURXQG�����ZLWKWKH� FRQVHTXHQFH� RI� ORRVLQJ� WKH� WLGLQHVV� RI� IDVWHQHUV�� 7KHVH� ZHUH� PDGH� IURP� UDWWDQVWULSV��:KHUHDV�WKH�EDPERR�PDWHULDO�FDPH�IURP�WKH�QHDUE\�IRUHVW��WKH�UDWWDQV�KDG�WR�EHLPSRUWHG�IURP�6LQJDSRUH��&RQVHTXHQWO\�WKH�WRWDO�PDWHULDO�FRVWV�RI����%DKW�UHVXOWHG�RI���� IRU� WKH� UDWWDQ� DQG� RQO\� ���� IRU� WKH� EDPERR�� 7KLV� VLWXDWLRQ� LV� PRVW� FRQWUD�SURGXFWLYH�WR�WKH�SURMHFW�JRDOV�
%DPERR�ZHDYLQJ7KH�SURGXFWV�PDGH�DSSHDU�WR�EH�RI�PHGLXP�TXDOLW\��2QO\�VRPH��OLPLWHG�GHWHULRUDWLRQE\� LQVHFWV� RU� IXQJL� ZDV� QRWHG�� )RU� WKH� EDVNHWV� WKH� KDQGOHV� ZHUH�PDGH� IURP� UDWWDQ�ZKLFK�KDG�EHHQ�LPSRUWHG�YLD�6LQJDSRUH�
&RPPHQWV7KH� VKRUW� YLVLW� JDYH� WKH� LPSUHVVLRQ�� WKDW� WKH� WUDLQLQJ� LV� ZHOO� RQ� LWV� ZD\� DQG� ZLOOSURGXFH�VNLOOHG�YLOODJHUV�
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,W�DSSHDUV�TXHVWLRQDEOH��LI�WKH�KHDY\�DQG�EXON\�PRGHOV�RI�IXUQLWXUH��HYHQ�ZKHQ�DLU�GU\�ZRXOG� ILQG� WKHLU� ZD\� WR� WKH� PDUNHW� LQ� &KLDQJ� 0DL� RU� VRPHZKHUH� HOVH� WR� PHHW� DGHPDQG��+RZHYHU�� WKH�SURGXFWV� VHHQ� DUH�PDGH�RQO\� IRU�PDQXIDFWXULQJ� DQG�ZHDYLQJVNLOO�� 7KH� OHFWXUHUV� DOVR� SUHVHQW� WKH� WKHRUHWLFDO� PHWKRGV� IRU� VHDVRQLQJ� DQG� QDWXUDOSUHVHUYDWLRQ��LPPHUVLRQ�LQ�ZDWHU���VR�WKDW�DIWHU�WKH�FRXUVH�WKH�WUDLQHHV�ZLOO�EH�DEOH�WRSURGXFH�JRRG�TXDOLW\�SURGXFWV�� ,W�ZDV�PHQWLRQHG�� WKDW� WKH�SURGXFW�GLYHUVLILFDWLRQ�E\FRORULQJ��DV�LQYHVWLJDWHG�E\�WKH�SURMHFW�PHPEHU�0UV��1XWFKDQDUW��1LONDPKDHQJ�ZLOO�EHLQFOXGHG�ODWHU�
5DWWDQ� FDQH� FRXOG� SRVVLEO\� EHLQJ� WDNHQ� DOVR� IURP�0DH�0DH� )RUHVW� QHDUE\�� DV� LW� LVQRUPDOO\� XVH� LQ� WKH� ORFDO� DUHD�� %XW� IRU� WKH� FRQYHQLHQFH� RI� WKH� WUDLQLQJ� FRXUVH� WKH\SUHIHU�LPSRUWHG�FDQH�
)RU�UDWWDQ�IDVWHQLQJV�DOVR�RWKHU�PDWHULDO�VKRXOG�EH�FRQVLGHUHG��OLNH�SODVWLF��GHSHQGLQJRQ�WKH�SULFH��RU�WKLQ�OLDQDV�IRU�WKH�KDQGOHV�RI�ELJJHU�EDVNHWV��7KLV�FRXOG�UHGXFH�WKH�FRVWRI�WKH�SURGXFW�
7KH�GDQJHU�RI�LQIHVWDWLRQ�E\�EHHWOHV�RU�PRXOG�KDV�WR�EH�FRQVLGHUHG��HVSHFLDOO\�GXULQJWKH�ZHW�PRQWKV��&XOPV�IRU�IXUQLWXUH�VKRXOG�EH�FDUHIXOO\�GULHG�XQGHU�VKDGH��7KH�ZDWHU�VWRUDJH� RI� FXOP� SDUWV� IRU� VOLYHUV� VKRXOG� EH� LQYHVWLJDWHG� WR� UHGXFH� WKH� GDQJHU� RILQIHFWLRQ�
7KH�W\SH�RI�SURGXFWV�SURGXFHG�VKRXOG�EH�PRUH�YDULDEOH��FRQVLGHULQJ�WKH�GHPDQG�RI�WKHPDUNHW��0RVW�LPSRUWDQW�DSSHDUV�WR�LQWURGXFH�IXUWKHU�EDPERR�SURGXFWV�E\�GHVLJQ�DQG�WRVWXG\� WKH�PDUNHW� VLWXDWLRQ�� VR� WKDW� WKH� KDQGLFUDIW� ZRUN�ZLOO� EH� HFRQRPLFDO� DQG� FDQFRQWULEXWH�WR�WKH�UXUDO�ZHOIDUH�
1R�FRPPHQWV�DUH�WR�EH�PDGH�RQ�WKH�VKRUW�YLVLW�RI�WKH�SODQWDWLRQ�VLWH�
��� 7KH�6HFRQG�3URMHFW�6WHHULQJ�&RPPLWWHH�0HHWLQJ�����)HEUXDU\�������
:LWKLQ� WKH� SURJUDP� RI� WKH� 6WHHULQJ� &RPPLWWHH�0HHWLQJ� DOVR� SURJUHVV� UHSRUWV� ZHUHSUHVHQWHG�DERXW�WKH�ZRUN�XQGHUWDNHQ�VLQFH�WKH�)LUVW�3URMHFW�0HHWLQJ�����-XO\�������LQ%DQJNRN��
7KH�FRQVXOWDQW�GLVFXVVHG�WKHLU�FRQWHQW�DQG�WKH�FRQVHTXHQFHV�ODWHU�DW�WKH�5R\DO�)RUHVW'HSDUWPHQW��5)'���%DQJNRN��RQ� PDQDJHPHQW�UHVHDUFK�ZLWK�0U��.RZLW�6RPEXQ� EDPERR�SURSHUWLHV�ZLWK�0U��6XFKDUW�7KDLSHWFK� FKHPLFDO�SURSHUWLHV�ZLWK�0V��3DQQHH�'HQUXQJUXDQJ� SUHVHUYDWLRQ�UHVHDUFK�ZLWK�0V��3DLZDQ�/HN�X�WKDL��0UV��0D\XUHH�-LWNDHZ�DQG�0UV�$UXQHH�9HHQLQ���UHVXOWV�RQ�LPPHUVLRQ�DQG�FKHPLFDO�WUHDWPHQW�DIWHU���PRQWKVH[SRVXUH�WR�LQVHFWV�DQG�IXQJL��
$�%URFKXUH�DERXW�WKH�,772�%DPERR�3URMHFW�ZDV�SURGXFHG�DQG�ZLGHO\�GLVWULEXWHG�IRULQIRUPDWLRQ��6RPH�FRPPHQWV�RQ�FRQWHQW�DQG�OD\RXW�ZHUH�PDGH�IRU�WKH�QH[W�HGLWLRQ�7KH�FRQVXOWDQW�LQIRUPHG�DERXW�WKH� LQWHQWLRQ� WR� FRQVWUXFW� D� ODUJH� EDPERR� JOREH�ZLWK� ���P�GLDPHWHU� DW�'RLVDNHW� LQ&KLDQJ�0DL�RQ�WKH�VLWH�RI�0U��3HWHU�6HLHUPDQ�DV�SDUW�RI�WKH�3URMHFW�³�$UW�LQ�1DWXUH´E\�D�*HUPDQ�DUWLVW��GHVLJQHU��0DUNXV�+HLQVGRUII��0XHQFKHQ��&RQWDFWV�ZHUH�PDGH�IRUSRVVLEOH�PDWHULDO�TXHVWLRQV�
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�WKH�FRPSOHWLRQ�RI�D�³%DPERR�3UHVHUYDWLRQ�&RPSHQGLXP´��ZLWK�6��.XPDU���ZKLFK�LVQRZ�LQ�SULQW�DV�,1%$5�7HFKQLFDO�5HSRUW�QR����� ,772�3URMHFW��³�3URPRWLRQ�RI�6XVWDLQDEOH�8WLOL]DWLRQ�RI�5DWWDQ�IURP3ODQWDWLRQ�LQ��7KDLODQG�³
��� 5HYLHZ�RQ�UDWWDQ�XWLOL]DWLRQ$� OLWHUDWXUH� UHYLHZ� RQ� UDWWDQ� XWLOL]DWLRQ� KDV� EHHQ� PDGH� E\� WKH� FRQVXOWDQW� SULRU� WRGHSDUWXUH��7KH� LWHPV�FRQFHUQLQJ� WKH�725�DUH� VXPPDUL]HG� LQ� WKH� IROORZLQJ� FKDSWHUVXQGHU�³JHQHUDO´��ZKHUHDV�GHWDLOV� UHODWHG� WR� WKH� VLWXDWLRQ� LQ�7KDLODQG� DUH� JLYHQ�XQGHU³VSHFLILF´��7KLV� LQIRUPDWLRQ�KDV�QHFHVVDULO\� WR�EH� OLPLWHG�� VLQFH� LW� FRXOG�EH�REWDLQHGRQO\�GXULQJ�YLVLWV�WR�WZR�UDWWDQ�IXUQLWXUH�VKRSV�DW�.UDEL�SURYLQFH�RQ�)HEUXDU\���VW DQGDW�D�YLVLW�WR�WKH�UDWWDQ�IXUQLWXUH�FRPSDQ\�.RZVXSDPRQJNRO�([SRUW�&R�/WG���5RPNORD�%DQJNRN� RQ� )HEUXDU\� ���� 'HWDLOHG� UHSRUWV� DERXW� WKHVH� YLVLWV� ZHUH� PDGH� E\� 0UV�0D\XUHH� -LWNDHZ� DQG� 0V�� 3DLZDQ� /HN�X�WKDL� DV� SURMHFW� GRFXPHQWV�� 7KH� UHSRUWVFRQWDLQ�YDOXDEOH�LQIRUPDWLRQ�DERXW�WKH�VSHFLHV�XVHG��SURFHVVLQJ��SUHVHUYDWLRQ��ZDJHV�HFRQRPLFDO�DVSHFWV�DQG�SUREOHPV�IDFHG��7KHUHIRUH�RQO\�VRPH�GHWDLOV�DUH�PHQWLRQHG�LQWKH� UHODWHG� FKDSWHUV� WR� IROORZ�� 7KH� YLVLWV� KDYH� SURYLGHG� YDOXDEOH� LQIRUPDWLRQ� WR� WKH3URMHFW�0HPEHUV�DQG�WKH�&RQVXOWDQW�DERXW�WKH�UHDO�ZRUOG�RI�UDWWDQ�SURFHVVLQJ�DQG�LWVFRQVWUDLQWV�� ,QIRUPDWLRQ� ZDV� REWDLQHG� DERXW� WKH� SULFH� IRU� UDWWDQ� DV� KLJKHU� WKDQDQWLFLSDWHG�� ,PSUHVVLYH�ZDV� WKH�ZLGH� DSSOLFDWLRQ� RI� WKH�:DWHU�K\DQFLQWK��(LFKRUQLDFUDVVLSHV�� D� GDQJHURXV� SHVW� RQ� ODNHV� LQ� PDQ\� FRXQWULHV� 7KHLU� VWHPV� DUH� XVHG� IRUZHDYLQJ� DOPRVW� DOO� SDUWV� RI� IXUQLWXUH� DW� WKH.RZVXSDPRQNRO� ([SRUW� &R��5RPNORD�'HWDLOHG�LQYHVWLJDWLRQ�E\� WKH�SURMHFW�RQ� LWV�SURSHUWLHV�DUH� UHFRPPHQGHG��VLQFH� LW�FDQVXEVWLWXWH�WKH�VFDUH�UDWWDQ�LQ�PDQ\�ORFDWLRQV�
$�SODQHG�YLVLW�WR�WKH�UDWWDQ�PDUNHWLQJ�LQ�$QJWKRQJ�SURYLQFH�RQ�)HEUXDU\����KDG�WR�EHFDQFHOOHG�GXH�WR�WLPH�SUHVVXUH�GXH�WR�RIILFH�ZRUN�
$�FRPSUHKHQVLYH�LQIRUPDWLRQ�RQ�³7KDL�UDWWDQ�LQ�WKH�HDUO\�����´�KDV�EHHQ�SURYLGHG�E\3URI�� ,VDUD� 9RQJNDOXDQJ� DW� WKH� )$2� ([SHUW� &RQVXOWDWLRQ� RQ� 5DWWDQ� 'HYHORSPHQW5RPH�� ���� 'HFHPEHU� ������ $OO� ��� SDSHUV� SUHVHQWHG� DW� WKLV� &RQIHUHQFH� ZLWK� DQHYDOXDWLRQ�DQG�UHFRPPHQGDWLRQV�DUH�QRZ�RQ�����SDJHV�LQ�SULQW�DQG�D�&'�520�ZLWKWKH� IXOO� WH[W� KDV� EHHQ� JLYHQ� WR� WKH� SURMHFW� �'UDQVILHOG� HW� DO�� HGV��� ������� 6LQFH� LWSUHVHQWV�WKH�PRVW�XSGDWHG�VRXUFH�RQ�UDWWDQ�LWV�WKRURXJK�VWXG\�E\�WKH�SURMHFW�PHPEHUVLV�UHFRPPHQGHG��6SHFLDOO\��WKH�SDSHU�E\�,��9RQJNDOXDQJ�LV�D�³PXVW�UHDGLQJ´�VR�WKDW�QRQHHG�IRU�FLWLQJ�GHWDLOV�UHODWHG�WR�WKH�SURMHFW�DSSHDUV�QHFHVVDU\�
�����5HYLHZ�RI�WKH�H[LVWLQJ�FRPPHUFLDO�JUDGLQJ�V\VWHP�LQ�QDWLRQDO�DQGLQWHUQDWLRQDO�PDUNHW�DQG�SURSRVH�SRVVLEOH�QHZ�JUDGLQJ�V\VWHP�WR�EH�LQWURGXFHG�LQWKH�FRXQWU\
*HQHUDO7KH� JUDGLQJ� RI� UDWWDQ� VWHPV� LV� D YHU\� LPSRUWDQW�� DOWKRXJK� VWLOO�FRQWURYHUVDO�� VWHS� LQSURFHVVLQJ��*UDGLQJ�LV�FUXFLDO�WR�WUDGH�DQG�LQIOXHQFHV�SURGXFHUV��SURFHVVRUV��H[SRUWHUVDQG�LPSRUWHUV��DV�ZHOO�DV�WKH�HQG�XVHUV�
7KH�ILUVW�VWDJH�RI�JUDGLQJ�LV�FDUULHG�RXW�DW�WKH�OHYHO�RI�ORFDO�YLOODJH�SURFHVVRUV�RU��RQ�DODUJHU� VFDOH�� LQWHUPHGLDULHV�RU� WUDGH� FHQWUHV��7KH�FULWHULD�DW� WKLV� VWDJH� DUH�GLPHQVLRQV�WKLFNQHVV��OHQJWK�RI�FDQH�DQG�LQWHUQRGHV���KDUGQHVV�DQG�GHIHFWV��&DQHV�DUH�IUHTXHQWO\GLYLGHG� LQWR� FDWHJRULHV� RI� ODUJH� DQG� VPDOO� GLDPHWHU�� ��PP� LV� WKH�PRVW�ZLGHO\� XVHG
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FXW�RII��+DUGQHVV� �UHODWHG�WR�DQDWRPLFDO�FKDUDFWHUV��GLIIHUHQFHV�DPRQJ�VSHFLHV�RU�DJHRI� VWHPV�� LV� WHVWHG� E\� EHQGLQJ� WKH� VWHP� E\� KDQG� DQG� QRWLQJ� ZKHWKHU� LW� UHJDLQV� LWVRULJLQDO� IRUP� TXLFNO\� RU� VORZO\�� RU� EUHDNV�� $� VHFRQG� VWDJH� RI� JUDGLQJ�� PDLQO\DHVWKHWLF��LV�GRQH�RQ�WKH�EDVLV�RI�VXUIDFH�FRORXU�DIWHU�SURFHVVLQJ�
*UDGLQJ�UXOHV�DQG�SURFHGXUHV�GLIIHU�ZLGHO\�IURP�FRXQWU\�WR�FRXQWU\��,Q�PRVW�SURGXFLQJFRXQWULHV� WKH� UDWWDQ� JUDGLQJ� UXOHV� DUH� QRW� SUHFLVHO\� IRUPXODWHG�� 7KH\� RIWHQ� SUHVHQWFRQIXVLQJ� WHUPLQRORJ\� DQG� QRQ�VWDQGDUGL]HG� JUDGLQJ� SUDFWLFHV�� DQG� FRQVHTXHQWO\DOORZ� WKH� SURGXFWLRQ� RI� VXEVWDQGDUG� UDWWDQ� JRRGV�� $� FHUWDLQ� VLPSOLILFDWLRQ� DQGXQLILFDWLRQ�DPRQJ�FRXQWULHV�LV�QHFHVVDU\�IRU�LQWHUQDO�DQG�H[WHUQDO�WUDGH��2Q�WKH�EDVLV�RIDQ� H[WHQGHG� VXUYH\�� %KDW� ������� SURSRVHG� PRGHO� UDWWDQ� JUDGLQJ� UXOHV� ZLWK� DVWDQGDUGL]HG� WHUPLQRORJ\� �FRQWDLQLQJ� ��� WHUPV��� GHILQLWLRQ� RI� GHIHFWV� �QLQH� WHUPV��PHWKRGV�IRU�FODULILFDWLRQ��QRPHQFODWXUH�RI�FRPPHUFLDO�UDWWDQ�VSHFLHV�DQG�JUDGLQJ�UXOHVIRU�ODUJH��DQG�VPDOO�GLDPHWHU�FDQHV�DQG�VSOLW�UDWWDQ��7KH�DSSOLFDWLRQ�RI�JHQHUDO�JUDGLQJUXOHV� ZRXOG� EHQHILW� WUDGH�� DVVLVW PDUNHW� VWDQGDUGL]DWLRQ� DQG� KHOS� UHGXFH� PDWHULDOZDVWDJH�
7KH�EURFKXUH�E\�.��0��%KDW�RQ�³*UDGLQJ�UXOHV�IRU�UDWWDQ±D�VXUYH\�RI�WKH�H[LVWLQJ�UXOHVDQG�SURSRVDOV�IRU�VWDQGDUGL]DWLRQ´�KDV�EHHQ�JLYHQ�WR�WKH�SURMHFW�
6SHFLILF7KH� LQIRUPDWLRQ�REWDLQHG�IURP�WKH�UDWWDQ� IXUQLWXUH�FRPSDQ\�DQG�DW� WKH� WZR�SURFHVVLQJVKRSV�DW�.UDEL�SURYLQFH�UHYHDOHG�WKDW�WKH�UDWWDQ�XVHG�LV�PDLQO\�LPSRUWHG��HLWKHU�³IUHVK´IURP� 0\DQPDU� RU� DLU�GU\� YLD� 6LQJDSRUH�+RQJ� .RQJ�� 7KH� JUDGLQJ� DW� WKH� SURFHVVLQJFRPSDQLHV�LV�GRQH�DFFRUGLQJ�WR�WKHLU�LQWHUQDO�UHTXLUHPHQWV��7KH�VPDOO�YROXPH�REWDLQHGIURP�ORFDO�UHVRXUFHV�GLG�QRW�OHDG�WR�DQ\�VSHFLDO�JUDGLQJ�V\VWHP�VR�IDU�
&RQVLGHULQJ� WKLV� VPDOO� DPRXQW� DQG� WKH� GLVSHUVHG� KDUYHVWLQJ� VLWHV�� LW� LV� QRWUHFRPPHQGDEOH� WR� GHYHORS� D� ³SRVVLEOH� QHZ� JUDGLQJ� V\VWHP� WR� EH� LQWURGXFHG� LQ� WKHFRXQWU\´�SUHVHQWO\��DV�RXWOLQHG�DV�SRLQW���LQ�WKH�725��,QVWHDG��WKH�JUDGLQJ�SURSRVHG�E\%KDW��������VKRXOG�EH�WULHG�IRU�DSSOLFDWLRQ�WR�WKH�H[WHQW�RI�RZQ�UHVRXUFHV�DYDLODEOH�
�����'HVLJQ�RI�D�UHVHDUFK�PHWKRGRORJ\�WR�GHYHORS�VXVWDLQDEOH�XWLOL]DWLRQ�RI�UDWWDQRQ�WKHVH�WRSLFV�
�������+DUYHVWLQJ�UHJLPHV
0RVW�RI�WKH�UDWWDQV�XVHG�LQ�7KDLODQG�DUH�LPSRUWHG��2QO\�D�VPDOO�DPRXQW�LV�KDUYHVWHGIURP�WKH�ZLOG�DQG�H[FHSWLRQDOO\�IURP�WKH�IHZ�SODQWDWLRQV��7KH�PHWKRGV�IRU�KDUYHVWLQJDUH�WKH�WUDGLWLRQDO�RQHV��7KHUHIRUH�QR�QHHG�WR�FRQVLGHU�UHVHDUFK�RQ�KDUYHVWLQJ�UHJLPHVDSSHDUV�RI�LPPHGLDWHO\�LPSRUWDQFH�
7KH�GHWDLOHG�UHVHDUFK�SURJUDP�RQ�UDWWDQ�SODQWLQJ�DQG�UHTXLUHG�PDQDJHPHQW�E\�0U�.RZLW�6RPEXQ�KDV�EHHQ�GLVFXVVHG�
������6WRUDJH�DQG�3URWHFWLRQ
*HQHUDO6WRUDJH�3URSHU�VWRUDJH�RI�FDQHV�LV�QHFHVVDU\�WR�PDLQWDLQ� WKH�KLJK�TXDOLW\�RI� UDWWDQ�SURGXFWV�7KH�PRLVWXUH�FRQWHQW�RI�IUHVK�VWHPV�YDULHV�EHWZHHQ�����DQG�������ZLWK�DQ�LQFUHDVH
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IURP�WKH�EDVH�XSZDUGV� +DUYHVWLQJ�DQG�VHDVRQLQJ�VKRXOG�SUHIHUDEO\�EHHQ�GRQH�GXULQJWKH�GU\�PRQWKV�WR�UHGXFH�WKH�LQLWLDO�PRLVWXUH�DQG�WR�VSHHG�XS�DLU�VHDVRQLQJ
6HDVRQLQJ�KDV�WR�VWDUW�LQ�WKH�IRUHVW��7UDGLWLRQDOO\��EXQGOHV�RI����WR����FDQH�SLHFHV�DUHNHSW�LQ�HUHFW�SRVLWLRQ�DJDLQVW�D�WUHH�IRU�DERXW�D�ZHHN�WR�GUDLQ�RII� WKH�VDS�DQG�ZDWHU�7KH�SROHV�DUH�WKHQ�VSUHDG�RXW�HLWKHU�RQ�WKH�JURXQG�RU�SUHIHUDEO\�XSRQ�VXSSRUWV�LQ�DQRSHQ�\DUG�EHIRUH�GHOLYHU\� WR� WKH�SURFHVVLQJ�VLWH��+HUH� WKH\�DUH�SODFHG� LQ�D�ZLJZDPIRUPDWLRQ�IRU�DERXW�WZR�WR�WKUHH�ZHHNV�VR�WKDW�WKH�PRLVWXUH�FRQWHQW�LV�UHGXFHG�IXUWKHUWR�OHVV�WKDQ����SHUFHQW��'XULQJ�WKH�GU\LQJ�SURFHVV�FXUYHG�SDUWV�FDQ�EH�VWUDLJKWHQHG�E\SODFLQJ�ZHLJKWV�RYHU�KRUL]RQWDOO\�VWDFNHG�SROHV�
3URWHFWLRQ�DJDLQVW�GHIHFWV�E\�VWDLQLQJ�DQG�LQVHFW�DWWDFN5DWWDQ��GXULQJ�VWRUDJH�LV�SDUWLFXODUO\�OLDEOH�WR�LQIHVWDWLRQ�E\�IXQJL�DQG�LQVHFWV�EHFDXVHRI� LWV� KLJK� VWDUFK� FRQWHQW�� 'HIHFWV� UHVXOWLQJ� IURP� LQIHFWLRQV� E\� VWDLQLQJ� IXQJL� DQGEHHWOH�DWWDFN�FDQ�UHVXOW�LQ�VHYHUH�ORVVHV��)XQJL�FDXVH�GLVFRORUDWLRQ�RI�WKH�FDQHV��ZKLOHEHHWOHV�FDXVH�SLQKROHV�RU�ZRUP�KROHV��)XQJDO� LQYDVLRQ�PD\�RFFXU�ZLWKLQ�RQH�GD\�RIFXWWLQJ�7KH�PRVW� FRPPRQ� FDXVH� RI� VWDLQLQJ� DUH� EOXH� VWDLQ� IXQJL�ZKLFK� SHQHWUDWH�ZLWK� WKHLUK\SKDH�GHHS�LQVLGH�WKH�VWHP��XWLOL]LQJ�VWDUFK�DQG�VXJDU�� ,W� LV�JHQHUDOO\�HVWLPDWHG�WKDWDERXW����SHUFHQW�RI�KDUYHVWHG�FDQHV�EHFRPH�VWDLQHG� 'XULQJ� WKH�YLVLWV� WR� WKH�VWRUDJHVLWHV�DW�WKH�SURFHVVLQJ�SODQWV�VWDLQHG�PDWHULDO�DV�VWHPV�RU�SDUWV�RI�IXUQLWXUH�FRPSRQHQWVKDYH�UHJXODUO\�EHHQ�VHHQ6WDLQLQJ� FDQ� EH� FRQWUROOHG� E\� VSUD\LQJ� RU� VRDNLQJ� LQ� SUHVHUYDWLYH� VROXWLRQ�� EXWSURSK\ODFWLF� WUHDWPHQW� LV� VHOGRP� DSSOLHG� ZLWKLQ� ��� KRXUV� DV� UHTXLUHG� EHFDXVH� RIGLIILFXOWLHV� SRVHG� E\� KDUYHVWLQJ� SURFHGXUHV�� VWRUDJH� DQG� WUDQVSRUW�� ,Q� DGGLWLRQ�� WKHGDQJHU� RI� HQYLURQPHQWDO� SROOXWLRQ� DQG� UHJXODWLRQV� UHJDUGLQJ� WKH� XVH� RI� FKHPLFDOV�ZKHUH� WKHVH� H[LVW�� UHVWULFW� WKH� DSSOLFDWLRQ� RI� SUHVHUYDWLYHV�� &DQHV� DUULYLQJ� DW� WKHSURFHVVLQJ�VLWH�IRU�DLU�VHDVRQLQJ�DUH�RIWHQ�DOUHDG\�LQIHVWHG�6WDLQHG�SDUWV�DUH�IUHTXHQWO\�FRORXUHG�WR�KLGH�WKH�GHIHFWV��7KURXJK�LQWHQVLYH�PDUNHWLQJ�IXUQLWXUH� LQ� YDULRXV� FRORXUV� KDV� EHFRPH� IDVKLRQDEOH�� +RZHYHU�� KHDYLO\� VWDLQHGPDWHULDO�FDQQRW�EH�XVHG�IRU�IXUQLWXUH�VLQFH�LWV�EHQGLQJ�VWUHQJWK�LV�UHGXFHG��LW�LV�RIWHQXWLOL]HG�IRU�EDVNHWV�DQG�RWKHU�SHULVKDEOH�SURGXFWV��RU�HYHQ�DV�IXHO�5DWWDQ�SROHV�FDQ�DOVR�EH�GLVFRORXUHG�E\�VXUIDFH�PRXOGV�LI�WUDQVSRUWHG�RU�VWRUHG�XQGHUKXPLG�FRQGLWLRQV��8QOLNH�EOXH�VWDLQ�� WKLV�GLVFRORUDWLRQ� LV�RQO\�VXSHUILFLDO�DQG�FDQ�EHZLSHG�RII��1HYHUWKHOHVV��WKH�VXUIDFH�VKLQH�LV�UHGXFHG��.XPDU��������$W�PRLVWXUH� OHYHOV�DERYH�����DOVR�GHFD\� IXQJL�FDQ�DWWDFN� WKH� VWHP��6XFK� LQIHFWLRQVDUH�RIWHQ�QRWLFHG�RQO\�DW�D�ODWHU�VWDJH��ZKHQ�WKH�IUXLW�ERGLHV�DSSHDU��7KHVH�IXQJL�FDQFDXVH�VHULRXV�VWUXFWXUDO�GHJUDGDWLRQ�RI�UDWWDQ�LQ�VHUYLFH�6HDVRQHG�SROHV�ZLWK�D�PRLVWXUH�FRQWHQW�RI����WR�����SHUFHQW�DUH�OLDEOH�WR�LQVHFW�DWWDFN�PRVWO\�E\�WKH�SRZGHU�SRVW�EHHWOH��7KH�EHHWOHV�GHSRVLW�WKHLU�HJJV�LQ�WKH�ODUJH�SRUHV�DWWKH�FURVV�HQGV�DQG�WKH�ODUYDH�DUH�QRXULVKHG�IURP�WKH�VWDUFK�FRQWHQW��7KH�SUHVHQFH�RIOLJKW�\HOORZLVK�SRZGHU� EHQHDWK� WKH� SROHV� LV� DQ� LQGLFDWLRQ� RI� DQ� RQJRLQJ� LQIHVWDWLRQ�,QIHVWHG�PDWHULDO�KDV�WR�EH�VWHULOL]HG�RU�EXUQW�)RU�SURWHFWLRQ�DJDLQVW�EHHWOHV�DQ� LQVHFWLFLGH�KDV� WR�EH�DSSOLHG�YHU\�HDUO\��XVXDOO\�E\GLSSLQJ� RU� VRDNLQJ�� $JDLQ� WKH� FRQVHTXHQFHV� RI� SROOXWLRQ� PXVW� EH� WDNHQ� LQWR
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FRQVLGHUDWLRQ�� 7KH� DYDLODELOLW\� DQG� OHJDO� DFFHSWDQFH� RI� VXLWDEOH� SUHVHUYDWLYHV� GLIIHUIURP�FRXQWU\�WR�FRXQWU\�
*RRGV� IRU� H[SRUW� FDQ� EH� VWHULOL]HG� LQ� FRQWDLQHUV� DW� WKH� KDUERXU� E\� DQ� DSSURYHGDJHQF\�� ,I� VOLJKWO\� LQIHVWHG� PDWHULDO� LV� GLVFRYHUHG� DW� WKH� SRUW� RI� GHEDUNDWLRQ�� WKHFKRLFH� EHWZHHQ� IXPLJDWLRQ� DQG� GLVSRVDO� E\� EXUQLQJ� LV� DW� WKH� GLVFUHWLRQ� RI� WKHDXWKRULWLHV�DQG�WKH�EX\HU�
6SHFLILF
$�SURSRVDO�IRU�UHVHDUFK�RQ�UDWWDQ�SUHVHUYDWLRQ�KDV�EHHQ�SUHSDUHG�E\�0UV��0D\XUHH-LWNDHZ�DQG�0V��3DLZDQ�/HN�X�WKDL�DQG�FRQVHTXHQWO\�GLVFXVVHG�UHJDUGLQJ�WHFKQLFDOGHWDLOV��7KH�OLWHUDWXUH�JLYHQ�E\�WKH�FRQVXOWDQW�VKRXOG�EH�LQWHJUDWHG�LQ�WKH�ILQDO�OD\�RXW�)RU�WKH�HYDOXDWLRQ�RI�UHVXOWV�DOVR�HFRQRPLFDO�DVSHFWV�KDYH�WR�EH�FRQVLGHUHG�DQGSUDFWLFDO�FRQVHTXHQFHV�HODERUDWHG�
������ 3RVW�+DUYHVWLQJ�7UHDWPHQW
*HQHUDO
&XULQJ LV�WKH�LPPHUVLRQ�RI�FDQHV�LQ�D�KRW�RLO�EDWK�WR�SUHYHQW�GHWHULRUDWLRQ�E\UHGXFLQJ�WKH�PRLVWXUH�FRQWHQW��%KDW�DQG�'KDPRGUDQ��������6LOLWRQJD���������,W�LVRIWHQ�DQ�LQWHJUDO�SDUW�RI�WKH�SURFHVVLQJ�OLQH�7KH�VWHPV��DV�IUHVK�DV�SRVVLEOH��DUH�FXW�WR�WKH�GHVLUHG�OHQJWK��EXQGOHG��DQG�VRDNHG�IRUD�JLYHQ�WLPH�LQ�DQ�RLO�EDWK��7KH�RLO�SHQHWUDWHV�WKH�FDQH�D[LDOO\��ZKLOH�UDGLDOSHQHWUDWLRQ�WKURXJK�WKH�VNLQ�LV�DOPRVW�QLO�EHFDXVH�RI�LWV�UHIUDFWRU\�DQDWRPLFDOVWUXFWXUH�
0DQ\�LQYHVWLJDWLRQV�KDYH�EHHQ�FDUULHG�RXW�WR�GHWHUPLQH�WKH�EHVW�PHWKRGV�IRU�FXULQJ�'LIIHUHQW�FRPELQDWLRQV�RI�GLHVHO�RLO��NHURVHQH��SDOP�RLO�DQG�FRFRQXW�RLO�DUH�XVHG�GHSHQGLQJ�RQ�DYDLODELOLW\��DQG�DUH�DSSOLHG�DW�YDU\LQJ�WHPSHUDWXUHV�EHWZHHQ����DQG����&�IRU����WR����PLQXWHV��WKH�GXUDWLRQ�GHSHQGV�RQ�WKH�FDQH�GLDPHWHU��0DMRUGLIIHUHQFHV�DPRQJ�VSHFLHV�LQ�WKHLU�UHVSRQVHV�WR�WUHDWPHQW�KDYH�DSSDUHQWO\�QRW�EHHQHVWDEOLVKHG�VR�IDU��,Q�JHQHUDO��D�WUHDWPHQW�ZLWK�NHURVHQH�RLO�DW�����WR�����&�IRU����WR���PLQXWHV��GHSHQGLQJ�RQ�WKH�VWHP�GLDPHWHU��DSSHDUV�WR�EH�EHVW�IRU�LPSURYHPHQW�RIVNLQ�FRORXU�
$IWHU�FXULQJ��WKH�VWHPV�DUH�GUDLQHG�RI�H[FHVV�RLO�DQG�UXEEHG�ZLWK�VDZGXVW��FRLU�FRFRQXW�KXVN�ILEUH��RU�UDJV�WR�UHPRYH�WKH�ZD[\�VXEVWDQFHV�DQG�VLOLFD�GHSRVLWV�RQ�WKHVNLQ��'XULQJ�WKH�VXEVHTXHQW�VXQ�GU\LQJ��RIWHQ�LQ�D�ZLJZDP�OLNH�IRUPDWLRQ��WKH�FRORXUFKDQJHV�IURP�JUHHQ�WR�LYRU\�ZKLWH��WKH�PRVW�GHVLUDEOH�FRORXU�IRU�UDWWDQ��$IWHU�RQH�WRWKUHH�ZHHNV��GHSHQGLQJ�RQ�VSHFLHV�DQG�ZHDWKHU�FRQGLWLRQV��WKH�FDQHV�DUH�VWRUHG�XQGHUFRYHU�
,Q�VRPH�UDWWDQV��HVSHFLDOO\�&DODPXV VSHFLHV��WKH�RXWHU�SDUW�RI�WKH�VWHP��WKH�HSLGHUPLV�LV�KHDYLO\�HQFUXVWHG�ZLWK�DPRUSKRXV�VLOLFD�ZKLFK�KLQGHUV�SURFHVVLQJ��,Q�KLJKO\VLOLFLILHG VSHFLHV�WKH�VLOLFD�OD\HU�PXVW�EH�IODNHG�DZD\��GHJOD]HG���7KLV�LV�GRQH�E\PHFKDQLFDO�VFUDWFKLQJ��RU�EHQGLQJ�WKH�VWHP��UHSHDWLQJ�WKH�RSHUDWLRQ�DW�LQWHUYDOV�DOODORQJ�LWV�OHQJWK�
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6SHFLILF
7KH�UHVHDUFK�SURJUDP�RQ�UDWWDQ�SUHVHUYDWLRQ�PHQWLRQHG�XQGHU�������LQFOXGHV�PHWKRGVIRU�FXULQJ�DQG�SUHVHUYDWLRQ��7KH�PRVW�UHFHQW�FRPSUHKHQVLYH�UHSRUW�RQ�PHWKRGV�IRUUDWWDQ�RLO�FXULQJ��EOHDFKLQJ�DQG�SUHVHUYDWLRQ�E\�5D]DK�HW�DO���������DV�,1%$5�727(0KDV�EHHQ�JLYHQ�WR�WKH�SURMHFW�DQG�KDV�WR�EH�FRQVLGHUHG�IRU�WKH�H[SHULPHQWDO�H[HFXWLRQDQG�HYDOXDWLRQ�
������3URGXFWLRQ�3URFHVVLQJ
3URFHVVLQJ� LV� D� NH\� LVVXH� IRU� IXUWKHU� GHYHORSPHQW� DQG� XWLOL]DWLRQ� RI� UDWWDQ�� 5DWWDQSURFHVVLQJ� LV� GRQH� DW� YDULRXV� OHYHOV� RI� FRPSHWHQFH� DQG� LQWHQVLW\�� DV� D� FRWWDJHHQWHUSULVH��LQ�VPDOO�DQG�PHGLXP�VL]HG�IDFWRULHV�DQG�E\�ODUJHU�FRPSDQLHV6HFRQGDU\�SURFHVVLQJ�LQYROYHV�SHHOLQJ��VSOLWWLQJ��VWHDPLQJ��EHQGLQJ��G\HLQJ��VDQGLQJDQG� ILQLVKLQJ�� 3HHOLQJ� �UHPRYDO� RI� WKH� RXWHU� OD\HUV� WR� REWDLQ� WKH� LQQHU� FRUH�� DQGVSOLWWLQJ�DUH�RIWHQ�GRQH�E\�KDQG�ZLWK�WUDGLWLRQDO�NQLYHV�RU�E\�XVLQJ�VLPSOH�PDFKLQHV�
$W�SURFHVVLQJ�SODQWV��VWHDP�FKDPEHUV�DUH�XVHG�WR�VRIWHQ�WKH�VWHPV�VR�WKDW�WKH\�FDQ�EHEHQW��LI�WKH�UDWWDQ�LV�QRW�VWHDPHG��EHFDXVH�VWHDP�IDFLOLWLHV�DUH� ODFNLQJ��IRU�H[DPSOH��EHQGLQJ�FDQ�FDXVH�GDPDJH�WR�WKH�FDQH��$W�WKH�YLOODJH�OHYHO��D�EORZWRUFK�LV�IUHTXHQWO\XVHG� WR� VRIWHQ� WKH� VWHPV� IRU� EHQGLQJ� DQG� VKDSLQJ�� 6DQGLQJ� DQG� VFUDSLQJ� DUH� WKHQUHTXLUHG�WR�UHPRYH��DW�OHDVW�SDUWO\��WKH�EXUQ�PDUNV�OHIW�E\�WKH�EORZWRUFK�
6HYHUDO�PHDVXUHV� FDQ�EH� DSSOLHG� WR� LPSURYH� VXUIDFH� DSSHDUDQFH��ZKLFK� LV� WKH�PDLQFULWHULRQ�IRU�PDUNHWLQJ��*UH\�EURZQ�FDQHV�FDQ�EH�EOHDFKHG�ZLWK�K\GURJHQ�SHUR[LGH�RURWKHU�FKHPLFDOV� IRU�D�EHWWHU� ILQLVK��'LVFRORXUHG�FDQHV�DUH�RIWHQ� FRORXUHG� DUWLILFLDOO\ZLWK�D�ZLGH�UDQJH�RI�FRORXUV��WKH�RXWHU�VWHP�OD\HU�WDNHV�XS�WKH�FRORXULQJ�OLTXLG�TXLWHZHOO�� 0HODPLQH� FRDWLQJ� LV� VRPHWLPHV� XVHG� IRU� D� VPRRWK� ILQLVK�� )XPLJDWLRQ� ZLWKVXOSKXU�GLR[LGH�QRW�RQO\�VWHULOL]HV�WKH�FDQHV��EXW�DOVR�LPSURYHV�VXUIDFH�TXDOLW\�
7KHUH� LV� D� QXPEHU� RI� OLWHUDWXUH� RQ� UDWWDQ� SURFHVVLQJ� DYDLODEOH�� OLNH� WKH� ,OOXVWUDWHG0DQXDO� RQ� /RFDO� 7RROV�� (TXLSPHQW� DQG� 7HFKQRORJLHV� IRU� 3URFHVVLQJ� %DPERR� 	5DWWDQ� E\�*QDQDKDUDQ� DQG�0RVWHLUR� �������� ZKLFK� VKRXOG� EH� VWXGLHG� E\� WKH� WHDPPHPEHUV�
���,PSURYLQJ�5DWWDQ�8WLOL]DWLRQ���2SSRUWXQLWLHV�DQG�FRQVWUDLQWV����6SHFLHV�GLIIHUHQFHV%HFDXVH�GLIIHUHQW�UDWWDQ�VSHFLHV�YDU\�VLJQLILFDQWO\�LQ�VWUXFWXUDO�DQG�DHVWKHWLFSURSHUWLHV��WKH�UHODWLYHO\�VPDOO�QXPEHU�RI�UDWWDQ�VSHFLHV�XVHG�LV�D�PDMRU�OLPLWDWLRQ�*OREDOO\��RQO\�DERXW����RI�WKH�����NQRZQ�VSHFLHV�DUH�XWLOL]HG�FRPPHUFLDOO\��LQ�WKH3KLOLSSLQHV�����RI�WKH����JURZLQJ�WKHUH�EHORQJ�WR�WKLV�FDWHJRU\��7HVRUR��������$SULRULW\�OLVW�RI����&DODPXV VSHFLHV�XVLQJ�DV�FULWHULD�FDQH�VL]H��FRPPHUFLDOO\�SRWHQWLDO�TXDQWLWLHV�DYDLODEOH�DQG�SURSHUWLHV�IRU�SURFHVVLQJ�DQG�XWLOL]DWLRQ�KDV�EHHQ�VXPPDUL]HGE\�5DR�HW�DO��������
7KH�VLOLFD�FRQWHQW�YDULHV�FRQVLGHUDEO\�DPRQJ�VSHFLHV������WR�����SHUFHQW���)RU�VSHFLILFSURGXFWV�VXFK�DV�URSHV�DQG�ELQGV��VSHFLHV�ZLWK�ORZ�VLOLFD�FRQWHQW�VKRXOG�EH�VHOHFWHG�
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6NLQ�FRORXU�LV�DQ�LPSRUWDQW�FULWHULRQ��&DODPXV FDHVLXV LV�GHVLUDEOH�IRU�KLJK�YDOXHSURGXFWV�EHFDXVH�RI�LWV�\HOORZLVK�FUHDP�FRORXU�ZLWK�JRRG�OXVWUH��7KH�DQDWRPLFDO�EDVHIRU�VXFK�DQ�DSSHDUDQFH�LV�VWLOO�XQNQRZQ�
6WUXFWXUDO�SURSHUWLHV7KH� SURFHVVLQJ� DQG� XWLOL]DWLRQ� RI� UDWWDQV� DUH� LQIOXHQFHG� WR� D� JUHDW� H[WHQW� E\� WKHVWUXFWXUDO� FRPSRVLWLRQ� RI� WKH� VWHP��ZKLFK� H[KLELWV� FRQVLGHUDEOH� YDULDWLRQ� DORQJ� WKHVWHP�OHQJWK��8QOLNH�WKRVH�RI�VRIWZRRGV�DQG�KDUGZRRGV��WKH�ILEUHV�LQ�UDWWDQV�DUH�VWLOODOLYH��DQG�WKH�ILEUH�ZDOOV�WKLFNHQ�ZLWK�DJH��)URP�WKH�EDVDO�WR�WKH�WRS�LQWHUQRGHV��DQGDOVR� IURP� WKH�SHULSKHU\� WR� WKH�FHQWUH�RI� D�JLYHQ�LQWHUQRGH�� WKH� ILEUH�SHUFHQWDJH� DQGILEUH�FHOO�ZDOO�WKLFNQHVV�GHFUHDVH��ZKHUHDV�WKH�YHVVHO�GLDPHWHU�LQFUHDVHV��$V�D�UHVXOW�WKH�ORZHU�VWHP�SDUWV�KDYH�KLJKHU�GHQVLW\��DQG�WKXV�VWUHQJWK���ZKHUHDV�WKH�XSSHU�SDUWVH[KLELW�KLJKHU�PRLVWXUH�FRQWHQW�DQG�KLJKHU�YROXPHWULF�VKULQNDJH��7KXV�VKULQNDJH�DQGZDUSLQJ�WHQG�WR�EH�SUREOHPV�ZKHQ�SUHPDWXUHO\�KDUYHVWHG�VWHPV�RU�WKH�XSSHU�SDUWV�RIWKH�VWHP�DUH�XVHG�
7KH� DQDWRPLFDO� FKDUDFWHULVWLFV� RI� ILEUH� FRQWHQW�� FHOO� ZDOO� WKLFNQHVV� DQG� YHVVHOGLDPHWHU�DOVR�YDU\�DPRQJ�VSHFLHV�DQG�DSSHDU�WR�GHWHUPLQH�WKH�VWLIIQHVV�DQG�EUHDNLQJEHKDYLRXU� RI� UDWWDQ� ERWK� ZLWKLQ� D� VWHP� DQG� DPRQJ� WKH� VSHFLHV� �%KDW�� /LHVH� DQG6FKPLWW���������,I�WKH�WRS�SRUWLRQ�RI�D�VWHP�LV�LQWHJUDWHG�DV�D�IXUQLWXUH�FRPSRQHQW��LWPD\�EUHDN�PRUH� HDVLO\�EHFDXVH�RI� LWV� VPDOOHU� ILEUH�ZDOOV��6LPLODUO\�� FHUWDLQ� VSHFLHVZLWK� ORZ�ILEUH�FRQWHQW�� WKLQQHU�ZDOOHG�ILEUHV�DQG� UHODWLYHO\�ZLGH�[\OHP�YHVVHOV��H�J�&DODPXV PHW]LDQXV��EUHDN�HDVLO\�
7KH� GLIIHUHQFHV� LQ� VWHP� FRPSRVLWLRQ� DPRQJ� WKH� ��� UDWWDQ� JHQHUD�� DQG� HYHQ� DPRQJVRPH�VSHFLHV�RI�RQH�JHQXV��KDYH�PDGH�LW�SRVVLEOH�WR�GHYHORS�DQ�LGHQWLILFDWLRQ�NH\�IRU���� VSHFLHV� LQYHVWLJDWHG� �:HLQHU� DQG� /LHVH�� ������� 7KLV� DQDWRPLF� GLYHUVLW\� LV� RISUDFWLFDO� YDOXH� HVSHFLDOO\� IRU� WKH� LGHQWLILFDWLRQ�RI�SURFHVVHG�PDWHULDO��ZKLFK� FDQ� EHKHOSIXO�LQ�WUDGH�GLVSXWHV�
7KH�EDVLF�LQIRUPDWLRQ�RQ�UDWWDQ�DQDWRP\�REWDLQHG�LQ�UHFHQW�\HDUV�KDV�EHHQ�XVHG�LQ�WKHVWXG\�RI�����UDWWDQ�VSHFLHV�WR�FODULI\�LI�FHUWDLQ�VWUXFWXUDO�IHDWXUHV�DUH�FKDUDFWHULVWLF�IRUD�³FRPPHUFLDO´�FDQH�VLQFH��RI�WKH�WRWDO�RI�DURXQG�����VSHFLHV��RQO\�D�VPDOO�SRUWLRQ�LVXWLOL]HG��,W�EHFDPH�FOHDUO\�HYLGHQW�WKDW�D�FRPPHUFLDO�FDQH�LV�FKDUDFWHUL]HG�E\�GHILQLWHFULWHULD�VXFK�DV�� HYHQ�GLVWULEXWLRQ�RI�YDVFXODU�EXQGOHV�RYHU� WKH� VWHP��FURVV�VHFWLRQDO� FRPSRVLWLRQRI�DERXW�������SHUFHQW�ILEUHV�����SHUFHQW�FRQGXFWLQJ�FHOOV�DQG�������SHUFHQW�JURXQGSDUHQFK\PD�� ILEUH�FDSV�RI�HTXDO�VL]H��HTXDO�ILEUH�OHQJWK��ZDOOV�ZLWK�SRO\ODPHOODWH�VWUXFWXUH�� JURXQG�SDUHQFK\PD�RI�VPDOO�FHOOV�ZLWK�WKLFN�SRO\ODPHOODWH�ZDOOV�7KXV�� DQDWRPLFDO� IHDWXUHV� FDQ� KHOS� WR� SUHGLFW� SK\VLFDO� DQG� PHFKDQLFDO� SURSHUWLHV�(VSHFLDOO\��YDVFXODU�EXQGOH�GLVWULEXWLRQ�DQG�ILEUH�GLPHQVLRQV��VXFK�DV�ZDOO�WKLFNQHVV�FRUUHODWH�ZLWK�VKHDU��FRPSUHVVLRQ�SDUDOOHO�WR�JUDLQ�DQG�VWDWLF�EHQGLQJ�
7KLV�FKDUDFWHUL]DWLRQ�FDQ�VHUYH�WR�DQDO\VH�DOVR�KLWKHUWR�XQXVHG�VSHFLHV�UHJDUGLQJ�WKHLUSURFHVVLQJ�SRWHQWLDO��6DPSOH�LQYHVWLJDWLRQV�RI�WKH�UDWWDQV�RI�:HVW�$IULFD�KDYH�VKRZQWKDW� WKH� WKUHH� HQGHPLF� JHQHUD� �(UHPRVSDWKD�� /DFFRVSHUPD�� 2QFRFDODPXV��� ZLWKDERXW����VSHFLHV��KDYH�WKH�VDPH�EDVLF�VWUXFWXUHV�DV�WKH�ZHOO�XVHG�$VLDQ�UDWWDQV��7KLVLQGLFDWHV� WKH� SRVVLEOH� XVDJH� RI� WKHVH� UDWWDQ� JHQHUD�� ZKLFK� KDYH� VR� IDU� QRW� EHHQDGHTXDWHO\�SURFHVVHG�IRU�IXUQLWXUH�
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/LWHUDWXUH�DERXW�VWUXFWXUDO�GHWDLOV�IRU�GLVWLQJXLVKLQJ�WKH�UDWWDQV�KDV�EHHQ�JLYHQ�WR�WKHSURMHFW��%KDW�HW�DO��������:HLQHU�DQG�/LHVH��������������������WRJHWKHU�ZLWK�IXUWKHUSDSHUV�RQ�UDWWDQ�DQDWRP\�

5DWWDQ�VWUXFWXUHV�FDQ�EH�XVHG�WR�GLVWLQJXLVK�VSHFLHV�VXLWDEOH�IRU�XWLOL]DWLRQ�DV��$ IRU&DODPXV� IURP�OHVV�SURPLVLQJ�VSHFLHV��OLNH�% IRU�3OHFWRFRPLD�
����$YDLODELOLW\�RI�UDZ�PDWHULDO7KH�DYDLODELOLW\�RI� UDZ�PDWHULDO�� HVSHFLDOO\�RI� WKH�YDOXHG�VSHFLHV�&DODPXV�PDQDQ�� LVRIWHQ�GHILQHG�DV�WKH�PRVW�SUHVVLQJ�SUREOHP�IRU�WKH�IXUQLWXUH�LQGXVWU\�LQ�WKH�FRXQWULHV�RIRULJLQ��DV�ZHOO�DV�LQ�WKH�PDLQ�(XURSHDQ�IXUQLWXUH�SURGXFLQJ�FRXQWULHV�VXFK�DV�)UDQFH�*HUPDQ\�� ,WDO\� DQG� WKH� 8QLWHG� .LQJGRP�� $V� WKH� UDWWDQ� EDQ� KDV� DIIHFWHG� WKHGHYHORSPHQW� RI� WKH� IXUQLWXUH� LQGXVWU\� ZLWKLQ� QRQ�UDWWDQ� SURGXFLQJ� FRXQWULHV�� RWKHUFRXQWULHV� VXFK� DV�0\DQPDU�� 9LHW� 1DP�� WKH� /DR� 3HRSOH
V� 'HPRFUDWLF� 5HSXEOLF� DQG3DSXD� 1HZ� *XLQHD� KDYH� LQFUHDVHG� KDUYHVWLQJ� RI� FDQHV� RI� YDULHG� TXDOLW\�� 0XFKIXUQLWXUH� LV� QRZ� GHVLJQHG� WR� UHTXLUH� RQO\� VPDOOHU�GLDPHWHU� FDQHV�� )DFWRULHV� FRSH� E\XVLQJ�ORZ�JUDGH�FDQHV��ZKLFK�DUH�RIWHQ�VWDLQHG�DQG�UHTXLUH�FRORXULQJ��$�PDMRU�UDWWDQFRPSDQ\� LQ�*HUPDQ\�ZLWK� ODUJH� IXUQLWXUH� IDFWRULHV� LQ� -DYD�� ,QGRQHVLD�� GHVFULEHG� WKHUDZ�PDWHULDO�VKRUWIDOO��FRPELQHG�ZLWK�WKH�PDUNHW�SULFH��DV�D�GHFLVLYH�IDFWRU�IRU�IXUWKHUSURGXFWLRQ� �SHUVRQDO� FRPPXQLFDWLRQ��� )RU� H[DPSOH�� WKH� WUDGHU� PD\� QHJOHFW� HDUO\JUDGLQJ�VR�WKDW�DOO�SRVVLEOH�FDQHV�FDQ�EH�REWDLQHG�DW�D�UHDVRQDEOH�SULFH�
7KH� VKRUWDJH� RI� UDWWDQ� KDV� DOVR� OHG� WR� SDUWLDO� RU� HYHQ� WRWDO� UHSODFHPHQW� RI� UDWWDQIXUQLWXUH� FRPSRQHQWV� E\� RWKHU� PDWHULDOV� VXFK� DV� SODVWLF�� 7KH� SODVWLF� �RULJLQDOLPLWDWLRQ��UDWWDQ�WKDW�LV�DYDLODEOH�RQ�WKH�PDUNHW�FDQ�EH�FRORXUIXO��HFRQRPLFDO�LQ�SULFHDQG�DWWUDFWLYH�LQ�GHVLJQ�
����7HFKQRORJLFDO�LVVXHV2WKHU� PDMRU� SUREOHPV� LQ� UDWWDQ� XWLOL]DWLRQ� DUH� UHODWHG� WR� SURGXFWLRQ� WHFKQRORJ\�ILQDQFLQJ�DQG�PDUNHWLQJ��7KHUH�DUH�PDQ\�VPDOO�UDWWDQ�SURFHVVRUV�DW� WKH�YLOODJH� OHYHO�ZKR� ZRUN� ZLWK� YHU\� VLPSOH� WRROV�� ROG�IDVKLRQHG� GHVLJQV� DQG� OLPLWHG� VNLOOV�� 7KHLUPDUNHW�DFFHVV�LV�UHVWULFWHG�E\�WKH�LQIHULRU�TXDOLW\�RI�WKHLU�SURGXFWV��%HOFKHU��������
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)RU�SULPDU\�SURFHVVLQJ�LQ�WKH�ILHOG��LPSURYHG�WHFKQRORJLHV�IRU�SUHVHUYDWLRQ�DQGVHDVRQLQJ�ZRXOG�UHGXFH�ORVVHV�DQG�LPSURYH�WKH�TXDOLW\�RI�WKH�FDQHV��/DERXU�LQWHQVLYHPHWKRGV�DQG�VLPSOH�ORZ�FRVW�SURFHGXUHV�DUH�RIWHQ�DSSOLHG�IRU�SHHOLQJ��VSOLWWLQJ�DQGEHQGLQJ��7HFKQLFDO�LPSURYHPHQWV�LQ�WKH�SURFHVVLQJ�LQGXVWU\�FRXOG�LQFUHDVH�WKH�YDOXHRI�WKH�SURGXFWV�DQG�WKXV�DOVR�UDZ�PDWHULDO�SULFHV�
6SHFLILF7KH�YLVLWV�WR�WKH�WZR�UDWWDQ�SURFHVVLQJ�ZRUNVKRSV�QHDU�.UDEL�DQG�HVSHFLDOO\�WKH�5DWWDQ)DFWRU\�DW�5RPNODR�KDYH�VKRZQ�DQ�LPSUHVVLYH�OHYHO�RI�WHFKQLFDO�DQG�WHFKQRORJLFDOVNLOO��6RPH�WHFKQLFDO�GHWDLOV��OLNH�RQ�WKH�FXULQJ�SDUDPHWHUV�RU�RQ�PDFKLQHU\�ZHUH�QRWGLVFORVHG��ZKLFK�LV�TXLWH�XQGHUVWDQGDEOH��7KH�TXHVWLRQ�ZLOO�EH��WR�ZKDW�H[WHQW�WKHVHFRPSDQLHV�DUH�ZLOOLQJ�IRU�DQ\�FRRSHUDWLRQ�ZLWK�UHVHDUFKHUV�IURP�IDU�DZD\�LQVWLWXWLRQV�ZKR�FDQQRW�KDYH�WKH�VDPH�OHYHO�RI�NQRZOHGJH�DV�LV�DOUHDG\�LQ�XVH�WKHUH��,W�DSSHDUVWKHUHIRUH�GRXEWIXO��LI�WKH�,772�3URMHFW�ZLWK�LWV�LQWHQGHG�UHVHDUFK�DFWLYLWLHV�FDQVXEVWDQWLDOO\�FRQWULEXWH�WR�DQ�LPSURYHG�SURFHVVLQJ��$�SRVVLEOH�DSSURDFK�PLJKW�EH�WRDVN�WKH�FRPSDQLHV�IRU�DQ\�VKRUWFRPLQJV�LQ�WKHLU�SURFHVVLQJ�ZLWK�WKH�RIIHU�WR�FRRSHUDWHLQ�UHVHDUFK�ZRUN�ZLWK�WKH�LQVWLWXWH¶V�HTXLSPHQW�LQ�%DQJNRN�$�UHVHDUFK�SURJUDP�E\�0U��6XFKDUW�RQ�³2XWOLQH�RI�3K\VLFDO�DQG�0HFKDQLFDO�3URSHUWLHVWHVWLQJ�RQ�5DWWDQ´�ZLWK�YDULRXV�SURSHUWLHV�WR�EH�LQYHVWLJDWHG�KDV�EHHQ�GLVFXVVHG�0HWKRGV�IRU�WHVWLQJ�UDWWDQ�SURSHUWLHV�ZLOO�EH�VXEPLWWHG�WR�WKH�3URMHFW��7KH�HYDOXDWLRQ�RIUHVXOWV�VKRXOG�PHQWLRQ�WKH�GDWD�DQG�H[SHULHQFH�REWDLQHG�E\�RWKHU�UHVHDUFKHV�IRU�VDPHRU�VLPLODU�VSHFLHV����&RQVWUDLQWV�IRU�UDWWDQ�XWLOL]DWLRQ7KHUH�DUH�D�QXPEHU�RI�JHQHUDO�FRQVWUDLQWV�IRU�UDWWDQ�XWLOL]DWLRQ��ZKLFK�UHODWH�DOVR�WR�WKHVLWXDWLRQ�LQ�7KDLODQG�1DWXUDO�FRQVWUDLQWV��UDWWDQV�DUH�SDUW�RI�WKH�HYHUJUHHQ�IRUHVW��WKH\�RFFXU�LUUHJXODU�DQGDUH�GLIILFXOW�WR�KDUYHVW��2YHU�H[SORLWDWLRQ�LV�FRPPRQ�DV�ZHOO�DV�D�QHJOLJHQFH�RI�WKHUHVRXUFH���0HFKDQL]DWLRQ�RI�KDUYHVW�LV�QRW�SRVVLEOH�
/DFN�RI�VXIILFLHQW�VXSSO\�LQ�TXDOLW\�DQG�TXDQWLW\� ([WLQFWLRQ�RI�WKH�FRPPHUFLDOVSHFLHV���1R�SODQWDWLRQV�IRU�UDWWDQ�WR�VHFXUH�VXSSO\�
8WLOL]DWLRQ�RI�OHVVHU�NQRZQ�VSHFLHV WR�LQFUHDVH�VXSSO\�
/RZ�GXUDELOLW\� 5DWWDQ�VWHPV�DUH�IDVW�GLVFRORXUHG�DQG�GDPDJHG�E\�LQVHFWV�DQG�IXQJL�FKHPLFDO�SURWHFWLRQ�LV�PRVWO\�QRW�SRVVLEOH�DQG�UHVWULFWHG�E\�HQYLURQPHQWDOFRQVHTXHQFHV�
/RZ�SURFHVVLQJ�WHFKQRORJ\��PRVWO\�GRQH�DW�WKH�YLOODJH�OHYHO�
/RZ�TXDOLW\�DQG�GLYHUVLW\�RI�SURGXFWV��SRVVLELOLWLHV�IRU�YDOXH�DGGHG�SURGXFWV�
$OWHUQDWLYH�PDWHULDOV UHSODFH�UDWWDQ�SURGXFWV�LQ�PDQ\�PDUNHW�VHJPHQWV�
&RPSHWLWLRQ IRU�KDQGLFUDIWV�DQG�IXUQLWXUH�IURP�RWKHU�UHJLRQV�DQG�FRXQWULHV�
/DFN�RI�SURSHU�PDUNHWLQJ�VHW�XS��WUDGH��GHPDQG�ZLWK�D�ORZ�PDUNHWLQJ�PDUJLQ
1HJOHFW RI�VRFLR�HFRQRPLF�LPSRUWDQFH�IRU�WKH�UXUDO�DUHDV�



��

�� 5HVHDUFK QHHGV IRU�HQKDQFHG�UDWWDQ�XWLOL]DWLRQ'XULQJ�WKH�ODVW�\HDUV�FRQVLGHUDEOH�SURJUHVV�KDV�EHHQ�DFKLHYHG�DERXW�UDWWDQ�XWLOL]DWLRQ�$�QXPEHU�RI�SDSHUV�KDYH�EHHQ�SXEOLVKHG��PRVW� UHFHQWO\� WKH�7UDQVIHU�RI�7HFKQRORJ\0RGHOV��727(0��E\�,1%$5�RQ�YDULRXV�WRSLFV�RI�UDWWDQ�PDQDJHPHQW�DQG�XWLOL]DWLRQ�3URJUHVV�KDV�EHHQ�DFKLHYHG�HVSHFLDOO\�LQ�WKH�DUHDV�RI�EHWWHU�KDQG�WRROV�DQG�KDUGZDUH�LPSURYHG�SURFHVVLQJ� WHFKQRORJLHV� DQG� EHWWHU� ILQLVKHV� DQG� FRORXULQJ�� DOEHLW�PRVWO\� DWWKH� ODUJHU� SURFHVVLQJ� IDFWRULHV�� KDUGO\� DW� WKH� VPDOOHU� XQLWV�� +RZHYHU�� VWUXFWXUDOSURSHUWLHV��SURGXFW� UHODWLRQV��SURWHFWLRQ�DQG�ZDVWH�XWLOL]DWLRQ�DUH�VWLOO�QHJOHFWHG�DUHDVRI� UHVHDUFK�� ,QGHHG�� WKH� IROORZLQJ� SULRULW\� QHHGV� IRU� UDWWDQ� UHVHDUFK� ZHUH� OLVWHG� DGHFDGH� DJR� LQ� D� UHSRUW� WR� WKH� ,QWHUQDWLRQDO� 'HYHORSPHQW� 5HVHDUFK� &HQWUH� �,'5&��:LOOLDPV�HW�DO��������DQG�DUH�PRVWO\�VWLOO�YDOLG�x LQYHVWLJDWLRQV�RQ�WKH�SURSHUWLHV�RI�FRPPHUFLDO�DQG�VRPHQHJOHFWHG�VSHFLHV�LQ�RUGHU�WR�IDFLOLWDWH�DVVHVVPHQW�RI�WKHXWLOL]DWLRQ�SRWHQWLDO�RI�FXUUHQWO\�QRQ�FRPPHUFLDO�VSHFLHV�
x PHDQV�RI�SURWHFWLQJ�UDWWDQ�SURGXFWV�ZLWK�HQYLURQPHQWDOO\DFFHSWDEOH�SUHVHUYDWLYHV��VLQFH�UDWWDQ�LV�VXVFHSWLEOH�WRELRORJLFDO�GHWHULRUDWLRQ�
x LPSURYHG�SURFHVVLQJ�WHFKQRORJLHV�WR�OHDG�WR�D�JUHDWHUGLYHUVLW\�RI�SURGXFWV�RI�EHWWHU�TXDOLW\���HVSHFLDOO\�WKHGHYHORSPHQW�RI�EHWWHU�VXUIDFH�ILQLVKHV�IRU�D�SOHDVLQJ�YLVXDODSSHDUDQFH�DQG�JUHDWHU�ZHDU�UHVLVWDQFH�
x GLYHUVLILFDWLRQ�RI�SURGXFWV�DFFRUGLQJ�WR�VSHFLHV�SURSHUWLHV�
x PHWKRGV�RI�FRORXULQJ�DQG�ILQLVKHV�IRU�UDWWDQ�IRU�XVH�LQIXUQLWXUH�PDNLQJ�
x GHYHORSPHQW�RI�SDQHO�DQG�ZDOO�FRYHU�SURGXFWV�
x VWXGLHV�RQ�ZDVWH�XWLOL]DWLRQ�DQG�ZDVWH�UHGXFWLRQ�
x GHYHORSPHQW�RI�FRVW�HIIHFWLYH�GHVLJQV�LQ�NHHSLQJ�ZLWKFRQWHPSRUDU\�VW\OH�
x GHYHORSPHQW�RI�KDQG�WRROV�DQG�KDUGZDUH�,Q� WKH� H[HFXWLRQ� DQG� IXUWKHU� GHYHORSPHQW� RI� WKH� ,772� 3URMHFW� RQ� ³3URPRWLRQ� RI6XVWDLQDEOH� 8WLOL]DWLRQ� RI� 5DWWDQ� IURP� 3ODQWDWLRQ� LQ� 7KDLODQG´� WKHVH� JHQHUDO� QHHGVVKRXOG�EH�FRQVLGHUHG�DFFRUGLQJ�WR�WKH�VSHFLILFV�RI�WKH�SURMHFW�JRDOV�)RU�SURPRWLRQ�SURJUDPV�PDUNHWLQJ VWXGLHV�KDYH�WR�EH�PDGH�WR�LGHQWLI\�WKH�GHPDQG�DWWKH�UHJLRQDO�QDWLRQDO�OHYHO�DQG�IRU�H[SRUW�WR�GHWHUPLQH�ZKDW�WKH�FRQVXPHU�UHDOO\�ZDQWV�6XFK�LQIRUPDWLRQ�LV�DYDLODEOH�DW�WKH�ODUJHU�SURFHVVLQJ�FRPSDQLHV��ZRUNLQJ�PRVWO\� IRUH[SRUW�IRU�WKHLU�RZQ�XVH�DQG�ZRXOG�KDUGO\�EH�GLVFORVHG���)XUWKHU�LWHPV����,QIRUPDWLRQ�VXSSO\2Q�UHTXHVW�RI�WKH�3URMHFW�WKH�FRQVXOWDQW�JDYH�D�OHFWXUH�RQ�³´3URSHUWLHV��SURWHFWLRQ�DQGXWLOL]DWLRQ�RI�UDWWDQ´�DW� WKH�5R\DO�)RUHVW�'HSDUWPHQW�RQ�)HEUDU\���� WR� LQIRUP�DERXWWKH�UDWWDQV�LQ�D�EURDG�FRQWH[W�
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)RU�IXUWKHU�LQIRUPDWLRQ�YDULRXV�OLWHUDWXUH�KDV�EHHQ�JLYHQ�WR�WKH�3URMHFW��DPRQJ�WKHVHWKH� ILQDO� YHUVLRQ� RI� WKH� ([SHUW� &RQVXOWDWLRQ� RQ� 5DWWDQ�'HYHORSPHQW�� RUJDQL]HG� E\)$2�DQG�,1%$5��5RPH�����'HFHPEHU��������'UDQVILHOG�HW�DO��������LQ�SUHVV���7KH3URFHHGLQJV�RI�DERXW�����W\SH�ZULWWHQ�SDJHV�ZLWK����SDSHUV�SURYLGH�WKH�PRVW�UHFHQWLQIRUPDWLRQ�RQ�UDWWDQ�)RU�ERWK�,772�3URMHFWV��RQ�%DPERR�DQG�RQ�5DWWDQ�� WKH� UHFHQWO\�SXEOLVKHG� ,1%$5�7UDQVIHU�RI�7HFKQRORJ\�0RGHOV� �727(0V�� DUH� D�PRVW� YDOXDEOH� VRXUFH� RI� SUDFWLFDOLQIRUPDWLRQ��7KH\� DUH� FRPSUHKHQVLYH�PXOWLPHGLD� LQIRUPDWLRQ� SDFNDJHV� RQ� EDPERR�����DQG� UDWWDQ� ���� WHFKQRORJLHV�� FRYHULQJ� WKH�FXOWLYDWLRQ��SURFHVVLQJ� DQG�XWLOL]DWLRQVWDJHV�� 7KH\� DUH� DYDLODEOH� RQ� &'�520� ZLWK� GHWDLOV� RQ� WKH� ,1%$5� ZHEVLWH�KWWS���ZZZ�LQEDU�LQW��
����6WXG\�7RXU�WR�WKH�3KLOLSSLQHV7KH� 3URMHFW� /HDGHU� VXEPLWWHG� D� ZULWWHQ� UHTXHVW� WR� WKH� FRQVXOWDQW� IRU� FRQWDFWV� WRXQGHUWDNH� � D� VWXG\� WRXU� WR� WKH� 3KLOLSSLQHV� RQ� UDWWDQ�PDQDJHPHQW�� SUHVHUYDWLRQ� DQGXWLOL]DWLRQ�IRU�RQH�ZHHN������SHRSOH���$V�PRVW�FRPSHWHQW�3URI��'U��)ORUHQWLQR�7HVRUR�'LUHFWRU�)RUHVW�3URGXFWV�5HVHDUFK�DQG�'HYHORSPHQW� ,QVWLWXWH��83%&�&ROOHJH������/DJXQD�HPDLO���)WHVRUR#ODJXQD�QHW ZDV�SURSRVHG��+H�SUHVHQWHG�DW�WKH�5DWWDQ�([SHUW&RQVXOWDWLRQ��5RPH��'HF�������D�5HSRUW�RQ�5DWWDQ�5HVRXUFH�RI�WKH�3KLOLSSLQHV��WKHLUH[WHQW�� SURGXFWLRQ� DQG� LVVXH� RQ� UHVRXUFH� GHYHORSPHQW� ZKLFK� ZLOO� SURYLGH� DQLPSRUWDQW�VRXUFH�RI�LQIRUPDWLRQ�IRU�WKH�SURMHFW�7KH�FRQVXOWDQW�ZLOO�FRQWDFW�3URI��7HVRUR��ZKR�LV�ZHOO�NQRZQ�WR�KLP�

���&RQFOXVLRQV
:LWKLQ� WKH� IRUHJRLQJ� HODERUDWLRQ� D� QXPEHU� RI� FRPPHQWV� DQG� FRQFOXVLRQV� KDYHDOUHDG\�EHHQ�PDGH��2QO\�D�IHZ�JHQHUDO�RQHV�VKRXOG�EH�OLVWHG�DW�WKH�HQG�
��� 7KH�ZRUN�RI�WKH�3URMHFW�RQ�5DWWDQ�&DQH�3URFHVVLQJ�LV�SUHVHQWO\�VWLOO�LQ�DQ�HDUO\VWDJH�� VR� WKDW� WKH� GLVFXVVLRQ� RI� WKH� FRQVXOWDQW� ZLWK� 7HDP� PHPEHUV� FRQFHQWUDWHGPDLQO\�RQ�WKH�H[SHULPHQWDO�OD\�RXW�DQG�SURFHGXUHV��,W�ZDV�FRQVLGHUHG WR�EH�LPSRUWDQWWR�LQGLFDWH�DQG�SUHVHQW�WKH�ULFK�VRXUFHV�RI�LQIRUPDWLRQ�DYDLODEOH�WR�EH�LQWHJUDWHG�LQ�WKHSURJUDP� DQG� WKH� HYDOXDWLRQ� RI� UHVXOWV�� 7KH� H[SHULPHQWDO� ZRUN� ZLOO� DQ\ZD\� EHLQIOXHQFHG� E\� FHUWDLQ� OLPLWDWLRQV� LQ� KXPDQ� FDSDFLW\� DQG� WKH� WHFKQLFDO� IDFLOLWLHVDYDLODEOH
��� 7KH� YLVLWV� WR� WKH� UDWWDQ� SURFHVVLQJ� XQLWV� DW� YDULRXV� OHYHOV� JDYH� YDOXDEOHLQIRUPDWLRQ�WR�DOO�SDUWLFLSDQWV�DERXW�WKH�WHFKQRORJLFDO�VWDJHV�LQ�SURFHVVLQJ�DV�ZHOO�DVUHJDUGLQJ�FHUWDLQ�JDSV�DQG�FRQVWUDLQWV��,W�ZLOO�EH�D�GHPDQGLQJ�WDVN�IRU�WKH�3URMHFW�WRH[HFXWH�LWV�SURJUDP�WR�WKH�UHDO�EHQHILW�RI� WKH�SURFHVVRUV��ERWK�DW�UXUDO�DQG�LQGXVWULDOOHYHO��$�FRRSHUDWLRQ�WR�LGHQWLI\�JDSV�VKRXOG�EH�WULHG�ZLWK�WKH�RIIHU�WR�FRQVLGHU�WKHVH�LQWKH�3URMHFW¶V�SURJUDP�
���� $W� WKH� WHUPLQDWLRQ� RI� WKH� 3URMHFW� WKH� UHVXOWV� VKRXOG� EH� PDGH� DYDLODEOH�� DVGLVFXVVHG�ZLWK�WKH�3URMHFW�/HDGHU��6HYHUDO�ZD\V�FDQ�EH�FRQVLGHUHG��OLNH�D�MRLQW�UHSRUWDW�D�QDWLRQDO�LQWHUQDWLRQDO�:RUNVKRS�DQG�SDSHUV�LQ�D�7HFKQLFDO�6FLHQWLILF�-RXUQDO��7KHSUDFWLFDO� FRQVHTXHQFHV� VKRXOG�EH� VXPPDUL]HG� LQ� VKRUW� OHDIOHWV� LQ�7KDL� ODQJXDJH� IRUWKH�ORFDO�SRSXODWLRQ�
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���%LEOLRJUDSK\
%HOFKHU��%��������7KH�EDPERR�DQG�UDWWDQ�VHFWRUV�LQ�$VLD��DQ�DQDO\VLV�RI�SURGXFWLRQ�WR�FRQVXPSWLRQ�V\VWHPV� ,1%$5�:RUNLQJ�3DSHU�1R������%HLMLQJ��&KLQD��,QWHUQDWLRQDO1HWZRUN�RQ�%DPERR�DQG�5DWWDQ��,1%$5��%KDW��.�0��������*UDGLQJ�UXOHV�IRU�UDWWDQ���D�VXUYH\�RI�H[LVWLQJ�UXOHV�DQG�SURSRVDOV�IRUVWDQGDUGL]DWLRQ� ,1%$5�:RUNLQJ�3DSHU�1R�����1HZ�'HOKL��,QGLD��,1%$5�%KDW��.�0��	�'KDPRGDUDQ��7�.��������5DWWDQ�KDUYHVWLQJ�DQG�SURFHVVLQJ�WHFKQRORJ\�LQ,QGLD��SUHVHQW�DQG�IXWXUH��,Q�5DWWDQ�PDQDJHPHQW�DQG�XWLOL]DWLRQ��S�����������3URFHHGLQJVRI�D�VHPLQDU��7ULFKXU��,QGLD��������3HHFKL��,QGLD��.HUDOD�)RUHVW�5HVHDUFK�,QVWLWXWH�%KDW��.�0���/LHVH��:��	�6FKPLWW��8��������6WUXFWXUDO�YDULDELOLW\�RI�YDVFXODU�EXQGOHV�DQGFHOO�ZDOO�LQ�UDWWDQ�VWHP��:RRG�6FLHQFH�DQG�7HFKQRORJ\� ������������'UDQVILHOG��-���7HVRUR��)�2��0DQRNDUDQ�1��HGV��������5DWWDQ��&XUUHW�UHVHDUFK�LVVXHV�DQGSURVSHFWV�IRU�FRQVHUYDWLRQ�DQG�VXVWDLQDEOH�GHYHORSPHQW��)$2�1RQ�:RRG�)RUHVW�3URGXFWVQR������5RPH��,WDO\�*QDQDKDUDQ��5���0RVWHLUR��$�3��������/RFDO�7RROV��(TXLSPHQW�DQG�7HFKQRORJLHV�IRU3URFHVVLQJ�%DPERR�	�5DWWDQ��,1%$5�7HFKQ��5HSRUW�1R�������SS�-RKQVRQ��'�9� ������*ORVVDU\�RI�7HUPV�DQG�'HILQLWLRQ�LQ�5DWWDQ�([WUDFWLRQ�DQG�5HVHDUFKIRU�'HYHORSPHQW��LQFOXGLQJ�XWLOL]HG�VSHFLHV�DQG�YHUQLFXODU�QDPHV��)$2��5RPH��LQ�SUHVV�.XPDU��6��������3URWHFWLRQ�RI�FDQHV��,Q�5DWWDQ�PDQDJHPHQW�DQG�XWLOL]DWLRQ� S����������3URFHHGLQJV�RI�D�VHPLQDU��7ULFKXU��,QGLD��������3HHFKL��,QGLD��.HUDOD�)RUHVW�5HV��,QVWLWXWH�/LHVH��:� ������&KDOOHQJHV�DQG�&RQVWUDLQWV�LQ�5DWWDQ�3URFHVVLQJ�DQG�8WLOL]DWLRQ��,Q�3URFHHGLQJV�([SHUW�&RQVXOWDWLRQ�RQ�5DWWDQ�'HYHORSPHQW��)$2��5RPH������'HF�������������/LHVH��:���6��.XPDU� ������%DPERR�3UHVHUYDWLRQ�&RPSHQGLXP��,1%$5�7HFKQLFDO�5HS�1R�����963���LQ�SUHVV�5DR��$�1���5DPDQDWKD�5DR��9��	�:LOOLDPV��-�7��HGV��������3ULRULW\�VSHFLHV�RI�EDPERRDQG�UDWWDQ��6HUGDQJ��0DOD\VLD��,QWHUQDWLRQDO�3ODQW�*HQHWLF�5HVRXUFHV�,QVWLWXWH�5HJLRQDO2IILFH�IRU�$VLD��WKH�3DFLILF�DQG�2FHDQLD��,3*5,�$32��5D]DN�:���7DPL]L��0���2PDU��$��������5DWWDQ�RLO�FXULQJ��EOHDFKLQJ�DQG�SUHVHUYDWLRQ�,1%$5�7UDQVIHU�RI�7HFKQRORJLFDO�0RGHO��727(0���%HLMLQJ�����SS�6LOLWRQJD��7� ������7KH�HIIHFW�RI�VHYHUDO�FRRNLQJ�RLO�FRPSRVLWLRQV�RQ�PDQDX��&DODPXVPDQDQ 0LT���FDQHV��,Q�5HFHQW�UHVHDUFK�RQ�UDWWDQV��S�����������3URFHHGLQJV�RI�WKH,QWHUQDWLRQDO�5DWWDQ�6HPLQDU��&KLDQJ�0DL��7KDLODQG��������%DQJNRN��.DVHWVDUW�8QLYHUVLW\�7HVRUR��)��������5DWWDQ�SURFHVVLQJ�DQG�XWLOL]DWLRQ�UHVHDUFK�LQ�WKH�3KLOLSSLQHV��,Q3URFHHGLQJV�RI�WKH�1DWLRQDO�6\PSRVLXP�RQ�5DWWDQ��&HEX��WKH�3KLOLSSLQHV��S��������9RQJNDOXDQJ��,��������7KDL�5DWWDQ�LQ�WKH�(DUO\�������,Q��3URFHHGLQJV�([SHUW�&RQVXOWDWLRQRQ�5DWWDQ�'HYHORSPHQW��)$2��5RPH������'HF���������������:HLQHU��*��	�/LHVH��:� ������$QDWRPLFDO�FRPSDULVRQ�RI�FRPPHUFLDO�DQG�QRQ�FRPPHUFLDO�UDWWDQV��,Q�3URFHHGLQJV�RI�WKH�1DWLRQDO�6HPLQDU�RQ�2LO�3DOP�7UXQN�DQG�2WKHU3DOPZRRG�8WLOL]DWLRQ��.XDOD�/XPSXU��0DOD\VLD������0DUFK�������S�����������.XDOD/XPSXU��0DOD\VLD��0LQLVWU\�RI�3ULPDU\�,QGXVWULHV�:HLQHU��*��	�/LHVH��:��������*HQHULF�LGHQWLILFDWLRQ�NH\�WR�UDWWDQ�SDOPV�EDVHG�RQ�VWHPDQDWRPLFDO�FKDUDFWHUV��,$:$�-�� ����������:HLQHU��*��	�/LHVH��:� ������$QDWRPLVFKH�8QWHUVXFKXQJHQ�DQ�ZHVWDIULNDQLVFKHQ5DWWDQSDOPHQ��&DODPRLGHDH���)ORUD� �����������:LOOLDPV��-�7���'UDQVILHOG��-���*DQDSDWK\��3�0���/LHVH��:���6DOOHK��0�1��	�6DVWU\�&�%��������5HVHDUFK�QHHGV�IRU�EDPERR�DQG�UDWWDQ�WR�WKH�\HDU�������:DVKLQJWRQ��'&�86$��,QWHUQDWLRQDO�)XQG�IRU�$JULFXOWXUDO�5HVHDUFK�
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