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6WDWLRQDU\�&RPSDFW�916�7RNDPDN�IRU�7UDQVPXWDWLRQ
(�$�$]L]RY���9�1�'RNXND��5�5�.KD\UXWGLQRY
65&�5)�75,1,7,��7URLWVN��0RVFRZ�UHJLRQ��5XVVLD
H�PDLO�FRQWDFW�RI�PDLQ�DXWKRU��D]L]RY#WULQLWL�UX
$EVWUDFW� 7KH� FRQFHSW� RI� VWDWLRQDU\� 916� WRNDPDN� ZLWK� DVSHFW� UDWLR� $ �� EDVHG� RQ� PRGHUDWH� SK\VLFDO� DQGWHFKQLFDO�DVVXPSWLRQV�LV�SUHVHQWHG��1RQ�LQGXFWLYH�VWDWLRQDU\�PRGH�FDQ�EH�DFKLHYHG�E\�XVLQJ�RI�WDQJHQWLDO�1%,�8VLQJ�RI�WKH�FRQILQHPHQW�PXOWLSOLHU�+,3%���\��� ����ZDV�VKRZQ�WR�EH�HQRXJK�WR�JHWWLQJ�D�VWDWLRQDU\�PRGH�ZLWK�31%a� ���0:��7KH�GHSHQGHQFH�RI�1%� DEVRUSWLRQ� SURILOH� RQ� QHXWUDO� HQHUJ\� UHTXLUHV� WR� DSSO\� QHXWUDO� EHDPV�ZLWKHQHUJLHV� ���� DQG�����NH9��7KH� FDUULHG�RXW� FDOFXODWLRQV� KDYH� VKRZQ�SRVVLELOLW\� RI� � WDQJHQWLDO�1%,� WR� SURYLGHIXOO\�QRQ�LQGXFWLYH�FXUUHQW�GULYH��7KH�SRUWLRQ�RI�ERRWVWUDS�FXUUHQW�IEV LV�a �����(IILFLHQF\�RI�&'�LV�a �����$�:�7KH� EHDP�WDUJHW� LQWHUDFWLRQV� GXULQJ� WKH� IDVW� LRQ� VORZLQJ� GRZQ� DUH� WDNHQ� LQWR� DFFRXQW�� $Q� DYHUDJHG� QHXWURQORDGLQJ�LV�DERXW�����0:�P���$V�VSHFLILF�2KPLF�KHDW�LQ�WRURLGDO�FRLOV�GRHV�QRW�H[FHHG����:�FP���WKH�KHDW�FDQ�EHUHPRYHG�IURP�FRLOV�E\�XVXDO�ZD\V��7KH�GLYHUWRU�SUREOHP�LV�VXJJHVWHG�WR�VROYH�E\�XVLQJ�RI�D�GHVLJQ�VLPLODU�,7(5ZLWK����UHFHSWLRQ�FDUWULGJHV��7KH�EODQNHW�ZLWK�QHXWURQ�PXOWLSOLFDWLRQ�IDFWRU�NHII a �����DQG�OLWKLXP�KHDW�WUDQVIHUDJHQW�ZDV�FKRVHQ��7KH�YROXPHWULF�EODQNHW�SRZHU�LV��a����0:�P��
�� ,QWURGXFWLRQ
(IIHFWLYH� XWLOLVDWLRQ� RI� ZDVWH� QXFOHDU� IXHO� ZLWK� WKH� DLP� WR� XVH� LWV� HQHUJ\� SRWHQWLDO� DQG� WRDFKLHYH�UDGLDWLRQ�HTXLYDOHQFH�RI�EXULHG�ILVVLRQ�SURGXFWV�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�WDVNV�LQ���FHQWXU\¶V�QXFOHDU�HQHUJ\��2QH�RI��WKH�DFWLYHO\�GLVFXVVHG�ZD\V�WR�VROYH�WKLV�WDVN�LV�WR�PDNHXVH� RI� D� YROXPHWULF� WKHUPRQXFOHDU� QHXWURQ� VRXUFH� IRU� WUDQVPXWDWLRQ� RI� ORQJ�OLYLQJ� KLJKDFWLYLW\�ZDVWHV�RI�QXFOHDU�SRZHU�VWDWLRQV�>���@��7RNDPDN�LV�FRQVLGHUHG�DV�VXFK�QHXWURQ�VRXUFHEHFDXVH�LW�LV�WKH�PRVW�SK\VLFDOO\�DQG�WHFKQLFDOO\�GHYHORSHG�WKHUPRQXFOHDU�GHYLFH��%HJLQQLQJIURP�WKH�HQG�RI����V��VHYHUDO�FRQFHSWV�RI�WRNDPDN�EDVHG�YROXPHWULF�QHXWURQ�VRXUFH�KDYH�EHHQSURSRVHG� >���@� ERWK� IRU�PDWHULDO� UHVHDUFK� DQG� WUDQVPXWDWLRQ��$W� WKH� SUHVHQW� WLPH�� WKH�PRVWGHWDLOHG�FRQVLGHUDWLRQV�RI�WRNDPDN�WUDQVPXWDWRU�FDQ�EH�IRXQG�LQ�SDSHUV�E\�6WDFH\�HW�DO���4LXHW�DO���&KHQJ�HW�DO��DQG�LQ�SDSHUV�E\�VFLHQWLVWV�IURP�75,1,7,��1,,()$�DQG�1,.,(7��5XVVLD��
�� 7KH�3K\VLFDO�&KDUDFWHULVWLFV�RI�916
7KH�5XVVLDQ� FRQFHSW� RI� 916� IRU� WUDQVPXWDWLRQ� XWLOLVHV� WKH� DGYDQWDJHV� RI� ORZ� DVSHFW� UDWLRWRNDPDNV� HQDEOLQJ� RQH� WR� FUHDWH� FRPSDFW� YROXPHWULF� VRXUFH�ZLWK�ZDUP� FRLOV� DQG� HIIHFWLYHEODQNHW��7KLV�FRQFHSW�LV�EDVHG�RQ�WKH�IROORZLQJ�SK\VLFDO�DQG�WHFKQLFDO�EDFNJURXQGV�x $VSHFW�UDWLR�$� ����RQ�WKH�ERXQGDU\�EHWZHHQ�VSKHULFDO�DQG�FODVVLFDO�WRNDPDNV�x 0RGHUDWH�SDUDPHWHUV� RI� SODVPD� FROXPQ� �5 ��P��Z ��P��ZLWK� HORQJDWLRQ� N�� | ���� DQGVLQJOH�QXOO�FRQILJXUDWLRQ�x 7RWDO�IXVLRQ�JDLQ�IDFWRU�4�| ��x %HWD�QRUPDOLVHG�E1d PD[�������OL��x )XVLRQ�SRZHU�3IXV�6 | ���±����0:�x &RQILQHPHQW� WLPH� FRUUHVSRQGV� WR� WKH� ,7(5� VFDOLQJ� ,3%���\���� DW� WKH� FRQILQHPHQWHQKDQFHPHQW�IDFWRU�+d ����x 7KH�PDLQ�KHDWLQJ�PHWKRG�LV�QHXWUDO�GHXWHULXP�EHDP�LQMHFWLRQ�ZLWK� WZR�SDUWLFOH�HQHUJLHV����� DQG� �������� NH9���1HXWUDO� EHDPV� DUH� XVHG� IRU� SODVPD� KHDWLQJ� DQG� FXUUHQW� GULYH�%HVLGHV� '�7� UHDFWLRQ� EHWZHHQ� EHDP� DQG� SODVPD� WDUJHW� FRQWULEXWHV� WR� WRWDO� QHXWURQ
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SURGXFWLRQ�x &RPELQHG�FXUUHQW�GULYH�VFHQDULR�x 7KH�EODQNHW�DQG�SURWHFWLRQ�OD\HU�DUH�ORFDWHG�EHWZHHQ�SODVPD�DQG�WKH�WRURLGDO�FRLO�RQ�WKHRXWERDUG�SDUW�RI�WKH�YDFXXP�YHVVHO��WKH�VROLG�DQJOH�ILOOLQJ�E\�WKH�EODQNHW�N%/��t ����x 7RWDO�HOHFWULF�SRZHU�VXSSO\�3VLWH d ����F:�&KRLFH� RI� DVSHFW� UDWLR� $ �� LV� GLFWDWHG� E\� D� QXPEHU� RI� VLPSOH� FRQVLGHUDWLRQV�� )LUVW�� LW� LVSRVVLEOH�DW�$ ��WR�XVH�FRPELQHG�PHWKRG�RI�FXUUHQW�LQLWLDWLRQ�DQG�UDPS�XS�ZLWKRXW�VLJQLILFDQWWHFKQLFDO�SUREOHPV��6HFRQG��FRQILJXUDWLRQ�ZLWK�$ ��HQDEOHV�XV�WR�XVH�SRVLWLYH�IHDWXUHV�ERWKORZ�DVSHFW�DQG�FODVVLFDO�WRNDPDNV��)RU�ODWWHU�RQHV��WKH�IXQGDPHQWDO�GDWDEDVH�KDV�EHHQ�FUHDWHGQHFHVVDU\� IRU�GHYHORSLQJ� �SURMHFWV�ZLWK�VWURQJ�WHFKQLFDO�EDFNJURXQGV��6LPSOLILHG�SDUDPHWULFDQDO\VLV�VKRZV�WKDW�WKH�PDLQ�DGYDQWDJHV�RI�$ ��FRQILJXUDWLRQV�DUH��PRUH�RSWLPXP�VFHQDULRRI�FXUUHQW�UDPS�XS�DQG�PDLQWHQDQFH��PRUH�HIILFLHQW�XWLOLVDWLRQ�RI�QHXWURQ�IOX[��PLQLPXP�FRVWRI� ERWK� WRNDPDN� LWVHOI� DQG� LWV� H[SORLWDWLRQ�� 1XPHULFDO� PRGHOOLQJ� RI� VFHQDULRV� DQGFKDUDFWHULVWLFV� RI� 916�ZHUH� FDUULHG� RXW� E\� PHDQV� RI� WKH� ���'� ',1$� FRGH� >�@�� 7KH� PDLQSDUDPHWHUV�RI�WKH�916�DUH�VXPPDULVHG�LQ�7DEOH����7KH\�ZHUH�FDOFXODWHG�DW�YDULRXV�HQHUJLHVRI�LQMHFWHG�QHXWUDO�EHDPV�DQG�IL[HG�YDOXH�RI�FRQILQHPHQW�IDFWRU�+,3%���\����L$%/(����0$,1�3$5$0(7(56�2)�916�72.$0$.�
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916�DW�WKH�VWHDG\�VWDWH�DQG�WKXV�WR�H[FOXGH�ORQJ�UDGLDWLRQ�ORDG�RQ�&6�PDWHULDOV�DQG�WR�ORZHUQHXWURQ� ORVV�� � )XUWKHU� FXUUHQW� UDPS� XS� LV� FUHDWHG� E\�PHDQV� RI� FXUUHQW� GULYH� GXH� WR� QHXWUDOEHDP�LQMHFWLRQ�DQG�ERRWVWUDS�FXUUHQW��7LPH�WR�UHDFK�D�VWHDG\�VWDWH�LV�GHILQHG�E\�VNLQ�SURFHVVHVDQG�LV�a ���PLQXWHV��6WDWLRQDU\�FXUUHQW�LV�PDLQWDLQHG�E\�FXUUHQW�GULYH�IURP�����DQG�����NH9QHXWUDO�EHDPV�DQG�ERRWVWUDS�FXUUHQW��&'�HIILFLHQF\�LV�DERXW������������:�:��WKDW�DJUHHV�ZLWKH[SHULPHQWDO�GDWD��7KHUPRQXFOHDU�JDLQ�IDFWRU�4�LV�DERXW�a ����DQG�LQFUHDVHV�ZLWK�LQFUHDVH�LQQHXWUDO�EHDP�SRZHU��)UDFWLRQ�RI�IDVW�SDUWLFOHV�LQ�SODVPD�SUHVVXUH�IURP�EHDP�LQMHFWLRQ�LV�QRWKLJKHU�WKDQ������&KDQJLQJ�WKH�GHXWHULXP�WR�WULWLXP�FRQFHQWUDWLRQ�UDWLR�HQDEOHV�RQH�WR�FKDQJHLQ�VRPH�OLPLWV�WKH�QHXWURQ�RXWSXW�DQG�KHQFH�WKH�QHXWURQ�IOX[�WR�WKH�EODQNHW�3ODVPD� FROXPQ�ZLWK� HORQJDWLRQ� N�� � ���� LV� YHUWLFDOO\� XQVWDEOH� GHPDQGLQJ� WR� XVH� D� FRQWUROV\VWHP��,W�LV�DVVXPHG�LQ�WKH�-867�7�FRQFHSW�WKDW�WKHUH�FDQ�EH�GLVUXSWLRQV�LQFOXGLQJ�YHUWLFDOGLVUXSWLRQV�� 9HUWLFDO� GLVUXSWLRQ� PRGHOOLQJ� LQFOXGLQJ� KDOR� FXUUHQWV� KDV� EHHQ� SHUIRUPHG� E\PHDQV� RI� WKH� ',1$� FRGH�� 'LVUXSWLRQ� ZDV� FRQVLGHUHG� DW� WKH� VWDWLRQDU\� VWDWH� RI� GLVFKDUJH�'LVUXSWLRQ� SURFHVV� FRQVLVWV� RI� WZR� VWDJHV�� VORZ� 9'(� �'W� a���� PV�� ZKHQ� WKH� PDLQGLVSODFHPHQW� RI� WKH� SODVPD� FROXPQ� WDNHV� SODFH� DQG� TXLFN� 9'(� �WKHUPDO� TXHQFK� ZLWK� 'Wa�PV���GXULQJ�ZKLFK�KDOR�FXUUHQWV�DUH� LQGXFHG� LQ� WKH�YDFXXP�YHVVHO��7RURLGDO�DQG�SRORLGDOFRPSRQHQWV� RI� KDOR� FXUUHQWV� DUH� VLPLODU� LQ� YDOXH� �DERXW� ���F:��� 7KHVH� FXUUHQWV� PXVW� EHWDNHQ�LQWR�DFFRXQW�ZKHQ�FDOFXODWLQJ�WKH�-867�7�YDFXXP�YHVVHO�VWUHQJWK�
�� 'HVLJQ�RI�916
7KH� JHRPHWULFDO� FRQILJXUDWLRQ� RI� 916� ZLWK� EODQNHW� DUUDQJHG� RXWVLGH� RI� YDFXXP� YHVVHO� LVVKRZQ�LQ�)LJ���

),*������7KH�VWUXFWXUH�RI�916�WRNDPDN�IRU�WUDQVPXWDWLRQ
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���� 3DUDPHWHUV�DQG�0DLQ�&KDUDFWHULVWLFV�RI�0DJQHWLF�6\VWHP��9DFXXP�9HVVHO�DQG'LYHUWRU
7RURLGDO�PDJQHWLF�V\VWHP�FRQVLVWV�RI����FRLOV��5LSSOHV�GXH�WR�ILQLWH�QXPEHU�RI�WRURLGDO�FRLOVDUH�DERXW�������&XUUHQW�LQ�WRURLGDO�FRLO�LV�DERXW���F:��7KH�FRLO�LV�PXOWLWXUQ�ZLWK�WXUQ�QXPEHUEHLQJ�HTXDO�WR����DQG�FRLO�FXUUHQW����N$�7KH�WRURLGDO�FRLO�HVSHFLDOO\� LWV�LQERDUG�VXUIDFH�LV�XQGHU�SRZHUIXO�UDGLDWLRQ�IOX[HV��&RSSHU�LVXVHG�DV�WRURLGDO�FRLO�PDWHULDO��7KH�WRURLGDO�FRLO�ZLOO�EH�PDQXIDFWXUHG�IURP�EXVHV�ZLWK�FHUDPLFLVRODWLRQ�7ZR� YDULDQWV� RI� FRQVWUXFWLRQ� RI� WKH� WRURLGDO� FRLO� KDYH� EHHQ� FRQVLGHUHG�� GHWDFKDEOH� DQGSHUPDQHQW��,Q�WKH�ILUVW�FDVH��WKH�VHSDUDWH�FHQWUDO�SDUW�PXVW�KDV�SRVVLELOLW\�WR�EH�UHSODFHG�GXULQJH[SORLWDWLRQ� RI� 916�� ,W� LV� FRQQHFWHG� ZLWK� WKDW� WKH� EODQNHW� FRQWDLQLQJ� PLQRU� DFWLQLGHV� LVORFDWHG� RQO\� RQ� WKH� RXWERDUG�� XSSHU� DQG� SDUWO\� RQ� ORZHU� SDUW� RI� YDFXXP� YHVVHO� �H[FOXGLQJGLYHUWRU��� 2Q� LQERDUG� SDUW�� WKHUH� LV� QR� SURWHFWLRQ�� DQG� � UHVRXUFH� RI� WKH� FHQWUDO� SDUW� RI� WKHWRURLGDO� FRLO� LV� PXFK� OHVV� WKDQ� WKDW� RI� LWV� RWKHU� SDUWV� ZKLFK� OHDGV� WR� PXFK� QXPEHU� RIUHSODFHPHQWV�� %XW� WKHUH� FDQ� EH� GLIILFXOWLHV� WR� SURYLGH� � GHWDFKDEOH� HOHFWULF� FRQWDFW� DQG� LWVH[SORLWDWLRQ�,Q�WKH�FDVH�RI�MRLQW��WKH�LQQHU�SDUW�RI�WKH�WRURLGDO�FRLO�LV�DVVHPEOHG�LQ�WKH�IRUP�RI�VHSDUDWH�XQLWDQG� FDQ� EH� UHSODFHG�� ,Q� WKLV� FDVH�� WKH� YDFXXP� YHVVHO� LV� GHWDFKDEOH� DQG� FRQVLVWV� RI� �� SDUWV�([WHUQDO�SDUWV�RI�WKH�WRURLGDO�FRLO�LV�DWWDFKHG�WR�WKH�LQQHU�SDUWV�DQG�SDFNHG�RXW�LQ�FRQWDFW�]RQHVDIWHU�LQVWDOODWLRQ�RI�WKH�YDFXXP�YHVVHO��7KH�FRQWDFW�]RQH�LV�D�VORW�FRQQHFWLRQ�FRPSUHVVHG�ZLWKZHGJH�FRQQHFWRUV�IURP�ERWK�VLGHV��7KLV�SURYLGHV�JRRG�HOHFWULF�FRQWDFW�DQG�VWUHQJWK�/HW� XV� FRQVLGHU� D� SRVVLELOLW\� RI� FUHDWLRQ� RI� VWDWLRQDU\� WRURLGDO� PDJQHWLF� ILHOG� LQ� WKH� 916WRNDPDN��$VVXPH�WKH�IROORZLQJ�JHRPHWU\�RI�WKH�WRURLGDO�FRLO�� 3ODVPD�PDMRU�UDGLXV 5�  ���P� 7RURLGDO�ILHOG�DW�WKH�UDGLXV�5R <W  �����7� ,QWHUQDO�UDGLXV�RI�WKH�FHQWUDO�FROXPQ 5�  ������P� ([WHUQDO�UDGLXV�RI�WKH�FHQWUDO�FROXPQ 5�  ������P� &HQWUDO�FROXPQ�KHLJKW G  �����P� 0DJQHWLF�ILHOG�ULSSOLQJ�RQ�WKH�SODVPD�ERXQGDU\� ��7KH�PDLQ�SDUDPHWHUV�RI�WRURLGDO�ILHOG�FRLOV�DUH�SUHVHQWHG�LQ�7DEOH���
L$%/( ���3$5$0(7(56�2)�7252,'$/�),(/'�&2,/6�
3DUDPHWHU 9DOXH 8QLW7RWDO�FXUUHQW ���������� :&URVV�VHFWLRQ�RI�WKH�FRQGXFWRU�RI�WKH�FHQWUDO�F\OLQGHU ���� P�0LQLPXP�FXUUHQW�GHQVLW\ ����u��� :�P�&RSSHU�PDVV�RI�WKH�FHQWUDO�F\OLQGHU��PD[LPXP� ��� WRQ/HQJWK�RI�LQQHU�FLUFOH ��� P/HQJWK�RI�RXWHU�FLUFOH�RI�WKH�F\OLQGHU ��� P0LQLPXP�HOHFWULF�SRZHU�IRU�FXUUHQW�JHQHUDWLRQ�DW�JLYHQGLPHQVLRQV��FRSSHU�DW����h&� �� 0:1XPEHU�RI�VHFWLRQV��OHJV��RI�WRURLGDO�FRLO��QRW�OHVV�� ��
:DWHU� FRROLQJ� RI� WKH� SRORLGDO� FRLO� LV� SURYLGHG� WKURXJK� WKH� KROH� LQ� WKH� FRQGXFWRU� FHQWHU�$VVXPLQJ�WKDW�ZDWHU�YHORFLW\� LV�9�DQG�FKDQQHO� OHQJWK�LV�QRW�PRUH�WKDQ���P��RQH�FDQ�REWDLQSUHOLPLQDU\�GDWD�RI�FRROLQJ�UHJLPH�7KH�VRPH�DGGLWLRQDO�FKDUDFWHULVWLFV�RI�WRURLGDO�ILHOG�FRLOV�DUH�SUHVHQWHG�LQ�7DEOH���
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L$%/(����$'',7,21$/�&+$5$&7(5,67,&6�2)�7)�&2,/6�
1DPH��XQLWV 1RPLQDO6TXDUH�FURVV�VHFWLRQ�EXV�GLPHQVLRQ��kP �,VRODWLRQ�WKLFNQHVV��PP �+ROH�GLDPHWHU��FP �1XPEHU�RI�FRQGXFWRUV�LQ�WKH�EXV ��1XPEHU�RI�WXUQV�LQ���VHFWLRQ ��7RWDO�QXPEHU�RI�WXUQV ���3RZHU�VRXUFH�FXUUHQW��$ �������&XUUHQW�GHQVLW\��$�P� �������6RXUFH�SRZHU��0: ���3RZHU�VRXUFH�FXUUHQW�YROWDJH��9 ���7RWDO�FURVV�VHFWLRQ�RI�FRROLQJ�KROHV��P� ����
/HW�XV�DGRSW�WKDW�FRQYHFWLYH�KHDW�WUDQVIHU�IURP�WKH�ZDOO�LV�������:�P� GHJUHH��ZDWHU�VSHHG�LV��P�V��FXUUHQW�VWDUWV�DW��L ��ZLWK�GHQVLW\�-������:��PP���$�VHW�RI�HTXDWLRQV�IRU��'�PRGHO�RIQRQ�VWDWLRQDU\�KHDW�WUDQVIHU�FRQVLVWV�RI�HTXDWLRQ�RI�WKHUPDO�EDODQFH�LQ�WKH�ZDOO�ZLWK�GHQVLW\�RILQWHUQDO� KHDW� VRXUFHV� TV  � -�� u U�L��� HTXDWLRQ� RI� HQHUJ\� FRQVHUYDWLRQ� IRU� LQFRPSUHVVLEOHOLTXLG��1XPHULFDO�VROXWLRQ�RI�WKLV�VHW�RI�HTXDWLRQV�SURYLGHV�JUDSKV�IRU�GLVWULEXWLRQ�RI�ZDOO�DQGZDWHU� WHPSHUDWXUH� DJDLQVW� WLPH� DQG� FKDQQHO� OHQJWK�� )URP� WKHVH� JUDSKV� RQH� FDQ� VHH� WKDWVWDWLRQDU\� WHPSHUDWXUH�RI� WKH�SRORLGDO� FRLO� FRQGXFWRUV� LV�QRW�KLJKHU� WKDQ����qK� 7KH� FHQWUDOVROHQRLG� �&6�� PXVW� SURYLGH� FXUUHQW� IRUPDWLRQ� DQG� UDPS� XS� WR� ,S | ����F:� E\� PHDQV� RILQGXFWLYH� PHWKRG�� 1HFHVVDU\� UHVHUYH� RI� WKH� PDJQHWLF� IOX[� LQ� VROHQRLG� �| �� <�k�� FDQ� EHSURYLGHG�E\�PHDQV� RI� VROHQRLG� GLVFKDUJH� IURP�PD[LPXP� FXUUHQW� WR� ]HUR� FXUUHQW�� 6ROHQRLGZLWK�]HUR�FXUUHQW�LV�VZLWFKHG�RII�RU�UHPRYHG�IURP�WKH�UDGLDWLRQ�]RQH��7KH�FHQWUDO�VROHQRLG�LVSODFHG�EHKLQG�WKH�WRURLGDO�FRLO�LQ�D�]RQH�ZKHUH�LW�FDQ�PRYH�LQ�YHUWLFDO�GLUHFWLRQ��7KH�FHQWUDOVROHQRLG�LV�VHFWLRQDOLVHG��7KH�VHFWLRQV�DUH�PRXQWHG�RQ�D�VLQJOH�FROXPQ��7KH�WRWDO�KHLJKW�RI�WKHFHQWUDO�VROHQRLG�LV�����P� 0DJQHWLF�ILHOG�RQ�WKH�FHQWUDO�VROHQRLG�D[LV�LV����7��7RWDO�FXUUHQW�LV�|���F:�WXUQV��(YDOXDWLRQV�VKRZ�WKDW�VWUHVVHV�LQ�FHQWUDO�VROHQRLG�FRQGXFWRU�ZLOO�EH�| ����F3Z�,W�LV�DVVXPHG�WR�XVH�VLOYHU�FRQWDLQLQJ�EURQ]H�ZLWK�LVRODWLRQ�IURP�SROLDPLG�ILOP�DV�PDWHULDO�IRUWKH�FHQWUDO�VROHQRLG�FRQGXFWRUV�3RORLGDO�ILHOGV�V\VWHP�XVHG�WR�SURYLGH�QHFHVVDU\�IRUP�DQG�SRVLWLRQ�RI�WKH�SODVPD�FROXPQ�DQGVLQJOH�QXOO�FRQILJXUDWLRQ�FRQVLVWV�RI���WXUQV�DQG�LV�ORFDWHG�RXWVLGH�WKH�WRURLGDO�V\VWHP�7ZR� YDULDQWV� RI� EODQNHW� ORFDWLRQ� KDYH� EHHQ� FRQVLGHUHG�� ,Q� WKH� ILUVW� RQH�� EODQNHW� ZLWKSURWHFWLRQ� LV� ORFDWHG� LQVLGH� YDFXXP� YHVVHO� DQG� SOD\V� UROH� RI� SDVVLYH� FRLOV�� ,Q� WKH� VHFRQGYDULDQW��EODQNHW�LV�ORFDWHG�EHWZHHQ�WKH�YHVVHO�DQG�WKH�WRURLGDO�FRLO�� ,Q�WKLV�FDVH�SDVVLYH�FRLOVPXVW�EH�SODFHG�LQWR�WKH�YHVVHO��%RWK�YDULDQWV�KDYH�SRVLWLYH�DQG�QHJDWLYH�IHDWXUHV��VR�WKH�ILQDOGHFLVLRQ� PXVW� EH� PDGH� DIWHU� PRUH� HODERUDWH� GHYHORSPHQW� RI� WKH� GHVLJQ�� ,W� LV� DVVXPHG� LQFDOFXODWLRQV�WKDW�HOHFWURPDJQHWLF�SUHVVXUH�RQ�WKH�XSSHU�VLGH�RI�WKH�YHVVHO�IURP�KDOR�FXUUHQWV�LVQRW�PRUH�WKDQ������F3Z DQG�WKH�WRWDO�YHUWLFDO�IRUFH�RQ�WKH�ZKROH�YHVVHO�IURP�KDOR�FXUUHQWV�LVQRW�PRUH�WKDQ���F1��&DOFXODWLRQ�UHVXOWV�VKRZ�WKDW�WKH�PRVW�VWUHVVHG�YHVVHO�HOHPHQWV�DUH�IODWERWWRPV�DQG� LQWHUQDO� WRURLGDO� WUDQVLWLRQV��)RU�ERWK�YDULDQWV�� WKH�PD[LPXP�GHIRUPDWLRQ� IURPPHFKDQLFDO� ORDGV� LV�PDLQO\� GHWHUPLQHG�E\�YHUWLFDO�GLVSODFHPHQW�RI� WKH� FHQWUDO� F\OLQGHU� DQGUHDFKHV�YDOXH�RI�����PP�IRU�RQH�OD\HU�YHVVHO�DQG�����PP�IRU� WZR�OD\HU�YHVVHO��&DOFXODWLRQVHQDEOH�XV�WR�FRQFOXGH�WKDW�FRQGLWLRQV�RI�VWDWLF�VWUHQJWK�DUH�VDWLVILHG�XQGHU�QRUPDO�H[SORLWDWLRQIRU� ERWK� YDULDQWV� RI� YDFXXP� YHVVHO�� $W� HTXDO� VDIHW\� IDFWRU�� WKH� WZR�OD\HU� YDFXXP� YHVVHO� LVOLJKWHU� WKDQ� RQH�OD\HU� RQH� E\� ����� *HRPHWULFDO� FKDUDFWHULVWLFV� RI� WKH� YDFXXP� YHVVHO� DUHGHWHUPLQHG�E\�WKH�EODQNHW�GLPHQVLRQV��,W�LV�DGRSWHG�WKDW�WKH�EODQNHW�ZLWK�WKLFNQHVV�| ����PP



�
FRQWDLQLQJ�PLQRU�DFWLQLGHV�LV�ORFDWHG�RQO\�RQ�WKH��RXWERDUG��XSSHU�DQG�SDUWO\�RQ�ORZHU�SDUW�RIWKH�YDFXXP�YHVVHO��H[FOXGLQJ�GLYHUWRU��� ,QQHU�YHVVHO�VXUIDFH�KDV�QR�SURWHFWLRQ��7KH�YDFXXPYHVVHO�PXVW�SURYLGH�YDFXXP�QRW�OHVV�WKDQ����� 3Z��ZDOO�KHDWLQJ�XS�WR�����K��2QH��DQG�WZR�OD\HU�YDULDQWV�RI�YDFXXP�YHVVHO�KDYH�EHHQ�FRQVLGHUHG�,Q�RQH�OD\HU�YDULDQW�� WKH�YDFXXP�YHVVHO�FRQVLVWV�RI�FHQWUDO� LQWHUQDO�F\OLQGHU�ZLWK� UDGLXV����PP��IODW�XSSHU�DQG�ORZHU�ERWWRPV�DQG�H[WHUQDO�F\OLQGHU�ZLWK�UDGLL������DQG������PP��7KHKHLJKW� RI� WKH� WUDQVYHUVH� FURVV� VHFWLRQ� RI� WKH� YHVVHO� LV� �����PP��ZLGWK� ±� �����PP�� ,Q� WKHHTXDWRULDO�SODQH�����UHFWDQJXODU�FURVV�VHFWLRQ�����[����PP�KRUL]RQWDO�SLSHV�DUH�FRQQHFWHG�WRWKH�H[WHUQDO�F\OLQGHU�RI�WKH�YHVVHO�����RI�WKHP�LV�WDQJHQW�WR�WKH�SODVPD�FROXPQ�D[LV��,Q�WKH�VHFRQG�YDULDQW��WKH�ZDOO�LV�WZR�OD\HU��WKLFNQHVV�RI�WKH�OD\HUV�RI�WKH�LQWHUQDO�F\OLQGHU�LV��� PP�� WKH� WKLFNQHVV� RI� WKH� OD\HUV� RI� WKH� RWKHU� SDUWV� RI� WKH� YHVVHO�� SRORLGDO� DQG� WRURLGDOVWLIIHQLQJ�ULEV�LV����PP��'LVWDQFH�EHWZHHQ�ZDOO�OD\HUV�LV����PP� 9DFXXP�YHVVHO�DQG�LQ�YHVVHOHOHPHQWV�PDVV�LV�DERXW����WRQV��PDWHULDO�LV�VWDLQOHVV�VWHHO�66�����/1�,Q� FDVH� RI� SHUPDQHQW� WRURLGDO� FRLO�� FRQVWUXFWLRQ� DQG� VHUYLFH�ZRUNV� DUH�PXFK� HDVLHU�� ,Q� WKLVFDVH� WKH�WRURLGDO�FRLO� LV�PRXQWHG�RQ�HDFK�KDOI�RI�YDFXXP�YHVVHO�IURP�ERWK�VLGHV��SRVLWLRQHGDQG� IL[HG�� 'LVDGYDQWDJH� RI� VXFK� D� FRQVWUXFWLRQ� LV� WKDW� WKH� ZKROH� HOHFWURPDJQHWLF� V\VWHPVKRXOG�EH�UHSODFHV�ZKHQ�UHVRXUFH�RI� WKH�FHQWUDO�SDUW� LV�H[KDXVWHG��,Q�GHWDFKDEOH�YDULDQW�� WKHFXUUHQW�WUDQVLWLRQ�IURP�WXUQ�WR�WXUQ�LV�DVVXPHG�WR�RUJDQLVH�RQ�WKH�RXWERDUG�SDUW�E\�PHDQV�RIVHSDUDWLRQ�RI�RXWSXW�HQGV�DORQJ�WKH�VXUIDFH��&RQQHFWLRQ�RI�FRLOV�ZLOO�EH�FUHDWHG�E\�PHDQV�RIGLDJRQDO�FXUUHQW�MXPSHUV�3UHOLPLQDU\�HYDOXDWLRQ�RI�IRUFHV�DFWLQJ�RQ�WKH�WRURLGDO�FRLO�KDV�EHHQ�GRQH��7RWDO�FRPSUHVVLQJIRUFH�LV�| ������WRQV��7RWDO�GLVUXSWLRQ�IRUFH�LV�| ������WRQV��7RWDO�WLOWLQJ�IRUFH�LV�| ����WRQV�7LOWLQJ�PRPHQW�DFWLQJ�RQ�WKH� WRURLGDO�FRLO� LV�| �����WP��7RWDO�ZHLJKW�RI� WKH� WRURLGDO�FRLO� LV����WRQV�
�����'LYHUWRU�+HDW�/RDGV
,W� LV� DVVXPHG� WKDW� ����RI� WKH� SODVPD� KHDW� SRZHU� 3RXW JHWV� WKURXJK� WR� WKH� GLYHUWRU� DQG� WKHSRZHU�GLVWULEXWLRQ�EHWZHHQ�WKH�RXWHU�DQG�WKH�LQQHU�OHJV�LV�������,Q�WKLV�FDVH�WKH�SRZHU�ORDG�RQWKH�RXWHU�GLYHUWRU�SODWH�LV�3RXW�H | ���0:��7KH�PDMRU�UDGLXV�RI�WKH�RXWHU�SODWHV�5GLY��H | ��P�7KH�62/�ZLGWK�HVWLPDWLRQ� LV�'62/�3. a ��FP�� ,I� WKH� IOX[� WXEH�ZLGWK� LV��� WLPHV� ODUJHU�DW� WKHGLYHUWRU�SODWHV�DV� FRPSDUHG� WR� WKH�PLGSODQH� �WKH� IOX[�ZLGHQLQJ� IDFWRU� LV� ��� WKHQ� WKH� HQHUJ\GHSRVLWLRQ�ZLGWK�LV�' a���FP�DQG�WKH�KHDW�ORDG�DW�QRUPDO�LQFLGHQFH�LV�3GLY�H| 3RXW�H��S5GLY�H' |���0:�P��� �$W� WKH�WLOW�DQJOH�RI� WKH�GLYHUWRU�SODWHV�a���y��R �� WKH�KHDW� ORDG�GURSV� WR���y��0:�P���7KH�UDGLDWLRQ�ORVVHV�LQ�WKH�GLYHUWRU�YROXPH�UHGXFH�WKLV�ORDG�
�����(VWLPDWLRQ�RI�(IILFLHQF\�RI�0LQRU�$FWLQLGHV�7UDQVPXWDWLRQ�LQ�%ODQNHW
&DOFXODWLRQV� ZHUH� PDGH� IRU� D� VSKHULFDO� EODQNHW� ��� FP� LQ� WKLFNQHVV� ZLWK� ��� FP�� WKLFNELRORJLFDO�SURWHFWLRQ�OD\HU�EHLQJ�EHKLQG�LW��1HXWURQ�ORDG�ZDV�WDNHQ�WR�EH�������0:�P���7DEOH��SUHVHQWV�WKH�FRQWHQWV�RI�WKH�EODQNHW�]RQHV�
L$%/(����&217(176�2)�%/$1.(7�=21(6
=RQH�� :LGWK�±�����kP�������VWHHO�������KHDW�WUDQVIHU�DJHQW�=RQH�� :LGWK�±���kP�������VWHHO������KHDW�WUDQVIHU�DJHQW������F:�=RQH�A :LGWK�±����kP������VWHHO������KHDW�WUDQVIHU�DJHQW�����F:�=RQH�� :LGWK�±����kP������VWHHO������ZDWHU
0$�ZHUH� SUHVHQWHG� E\� GLR[LGH� ZLWK� GHQVLW\� RI� �� J�FP��� LVRWRSH� FRQWHQWV�� 1S��� ±� ������



�
$P��� ±� ������� $P���P ±� ���������� $P��� ±� ����� �� FRUUHVSRQGV� WR� 0$� FRQWHQWV� LQLUUDGLDWHG� IXHO� RI� WKH� /:5������ UHDFWRU� DIWHU� ��� \HDUV� KROGLQJ� WLPH��� 7KUHH� KHDW� WUDQVIHUDJHQWV�ZHUH�FRQVLGHUHG��OLTXLG�OHDG��FDVH����OLTXLG�OLWKLXP�ZLWK�QDWXUDO�LVRWRSH�FRQWHQW��FDVH����DQG�ZDWHU��FDVH�����,W�LV�DOVR�SRVVLEOH�WR�XVH�OLTXLG�VDOW�EODQNHW�7KH�ILVVLRQ�UDWHV�RI�DFWLQLGHV�DQG�LQWHJUDO�FKDUDFWHULVWLFV�RI�WKH�-867�7�EODQNHW�DUH�SUHVHQWHGLQ�7DEOH����,W�LV�VXSSRVHG�WKDW�������RI�SODVPD�QHXWURQV�LPSLQJH�RQ�WKH�EODQNHW��/RFDWLRQ�RI0$�LQVLGH�WKH�EODQNHW�PDNHV�LW�SRVVLEOH�WR�REWDLQ�KLJK�ILVVLRQ�SRZHU�RU�WUDQVPXWDWLRQ�RI�0$�%ODQNHW�ZLWKRXW�ZDWHU�KDV�PXFK�KLJKHU�.HII YDOXH�DQG��FRUUHVSRQGLQJO\��KLJKHU�ILVVLRQ�SRZHU�7KH�WDEOH�GDWD�DUH�WKH�XSSHU�HVWLPDWLRQ�RI�SRVVLEOH�EODQNHW�SDUDPHWHUV�VKRZLQJ�WKH�SRWHQWLDOFDSDELOLWLHV�RI� WKH� WKHUPRQXFOHDU� UHDFWRU��(QJLQHHULQJ�GHYHORSPHQW�RI� WKH�EODQNHW�GHVLJQ� LQFDVHV���DQG���WDNLQJ�LQWR�DFFRXQW�WKH��UHDO�ILUVW�ZDOO�FRYHUDJH�E\�WKH�EODQNHW��UHVWULFWLRQV�GXHWR� KHDW� H[KDXVW�� FRLO� SURWHFWLRQ�� HWF�� �ZLOO� OHDG� WR� ���� WLPHV� ORZHU� ILVVLRQ� SRZHU� LQVLGH� WKHEODQNHW�� %XW� HYHQ� LQ� WKLV� FDVH�� RQH� UHDFWRU�WUDQVPXWDWRU� ZLWK� SODVPD� SRZHU� ��� 0:� FDQSURYLGH�WUDQVPXWDWLRQ�RI�0$�IURP�������/:5������ W\SH�UHDFWRUV��7KH�IROORZLQJ�JHRPHWU\DQG�FRQWHQWV�RI�WKH�EODQNHW�ZHUH�FRQVLGHUHG�

L$%/(��� ,QWHJUDO�FKDUDFWHULVWLFV�RI�WKH�EODQNHW�
)LVVLRQ�HYHQWV�SHU�RQH�'7�QHXWURQ 9DULDQW�� 9DULDQW�� 9DULDQW��=RQH�� ����� ����� �����=RQH�� ����� ����� �����7RWDO ����� ���� �����.HII ����� ����� �����)LVVLRQ�KHDW�SRZHU��0: ���� ���� ����$YHUDJH�ILVVLRQ�SRZHU��0:�P� ��� ��� ����0DVV�RI�WUDQVPXWHG�0$��NJ�\HDU ���� ���� ����)LVVLRQ�KHDW�SRZHU��0: ���� ���� ����$PRXQW�RI�VXSSRUWHG�/:5����� �� �� ����

���3UHOLPLQDU\�916�&RVW�(YDOXDWLRQ
7KH�PDLQ�XQLWV�DUH�HOHFWURPDJQHWLF�V\VWHP��(06���DX[LOLDU\�KHDWLQJ�V\VWHP��$8;���EODQNHW�%/���GLYHUWRU��',9���7KH�PDLQ�FRQWULEXWLRQ�WR�WKH�WRWDO�FRVW�RI�WKH�(06�LV�IURP�WRURLGDO�FRLOV�7)���,W�LV�DVVXPHG�&(06�| ����K7)��7KH�XQLW�FRVW�RI�QRUPDOO\�FRQGXFWLQJ�PDJQHWLF�V\VWHP�LVDVVXPHG�WR�EH�����0��WRQ��7RURLGDO�FRLOV�ZHLJKW�������WRQV��VR�(06�FRVW�LV�DERXW����0��)RU� DX[LOLDU\�KHDWLQJ� V\VWHP�WKH�FRQYHQWLRQDO�XQLW� FRVW� LV� DERXW���0��0:�� VR� WKH����0:DX[LOLDU\�KHDWLQJ�V\VWHP�FRVWV�DERXW����0��7KH�,7(5�EODQNHW�XQLW�FRVW�a����0��P��JLYHV�a����0��FRVW�IRU�VXUIDFH�a����P���7KH�EODQNHWRI� WKH� 916� IRU� WUDQVPXWDWLRQ� RI� PLQRU� DFWLQLGHV� LV� VXEVWDQWLDOO\� PRUH� SRZHUIXO� DQGFRPSOLFDWHG�DQG�VKRXOG�SURYLGH�WULWLXP�UHSURGXFWLRQ��VR�WKH�DERYH�YDOXH�VKRXOG�EH�LQFUHDVHGXS�WR &%/�6 | ����F��7KH�916�GLYHUWRU�LV�VLPLODU�WR�,7(5�DQG���WLPHV�DV�VPDOOHU�ZKLFK�JLYHV�K',9 | ���F���%HVLGHV�WKHVH�VXEV\VWHPV�LW�LV�QHFHVVDU\�WR�DGG�WKH�HOHFWULF�SRZHU�VXSSO\�V\VWHP��32:6��DQGWKH�V\VWHP�RI�HQHUJ\�WUDQVIHU��+($75��6LPLODU�WR� ,7(5��HOHFWULF�SRZHU�VXSSO\�V\VWHP�FRVWV�&32:6 | ���F���7KH�V\VWHP�RI�HQHUJ\WUDQVIHU�IURP�WKH�EODQNHW�VHHPV�WR�EH�D�VXEVWDQWLDO�SDUW�RI�WKH�WRWDO�FRVW��([SHUW�HYDOXDWLRQ�RIVXFK� V\VWHP� JLYHV� &+($75 | ���y ���� F��� $V� D� UHVXOW� WKH� WRWDO� FRVW� RI� WKH� 916� IRUWUDQVPXWDWLRQ�RI�PLQRU�DFWLQLGHV�FDQ�EH�K6 | ��������F��
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&RQFOXVLRQ
2Q� EDVLF� RI� WKH� PRGHUDWH� SK\VLFDO� DQG� WHFKQLFDO� DVVXPSWLRQV� DQG� DFKLHYHG� H[SHULPHQWDOSDUDPHWHUV�WKH�FRQFHSW�RI�FRPSDFW�WRNDPDN�DV�D�YROXPHWULF�QHXWURQ�VRXUFH�IRU�WUDQVPXWDWLRQZDV�GHYHORSHG��7RNDPDN�FDQ�DOVR�EH�XVHG�IRU�SK\VLFDO�VWXGLHV�RI�IXVLRQ�SODVPD�LQ�VWDWLRQDU\FRQGLWLRQV�DQG�IRU�PDWHULDO�LQYHVWLJDWLRQV�DQG�WHVWV�IRU�VXSSRUW�RI�IXWXUH�IXVLRQ�HQHUJHWLF�
5HIHUHQFHV
>�@ 3$5,6+�� 7�$��� '$9,'621�� -�:��� ´5HGXFWLRQ� LQ� WKH� 7R[LFLW\� RI� )XVLRQ� 3URGXFW:DVWHV� � � � � � �7KURXJK�7UDQVPXWDWLRQ�ZLWK�'HXWHULXP�7ULWLXP�)XVLRQ�1HXWURQV´��1XFO�7HFKQRO���� ������ ���>�@ &+(1*��(�7���HW�DO���³$FWLQLGHV�7UDQVPXWDWLRQ�ZLWK�6PDOO�7RNDPDN�)XVLRQ�5HDFWRUV´�3URF��,QW��&RQI��(YDOXDWLRQ�RI�(PHUJLQJ�1XFOHDU�)XHO�&\FOH�6\VWHPV��9HUVDOOHV��)UDQFH������>�@ 3(1*��<��.�0��� &+(1*�� (�7��� ³0DJQHWLF� )XVLRQ� 'ULYHQ� 7UDQVPXWDWLRQ� DQG� 3RZHU3URGXFWLRQ�LQ�)XVLRQ�5HDFWRU´��)XVLRQ�7HFKQRO���� ������ ����>�@ *2+$5��<���³)XVLRQ�7UDQVPXWDWLRQ�2SWLRQV�DQG�,VVXHV´��86�5)�:RUNVKRS�RQ�%ODQNHWDQG�)XVLRQ�&RQFHSWV�IRU�7UDQVPXWDWLRQ��0RVFRZ������>�@ 4,2�� /�-��� HW� DO�� ³$� /RZ� $VSHFW� 5DWLR� 7RNDPDN� 7UDQVPXWDWLRQ� 6\VWHP´�� 1XFOHDU)XVLRQ��� ������ ���>�@ 67$6(<��:�0��� ³&DSDELOLWLHV� RI�'7�7RNDPDN�)XVLRQ�1HXWURQ�6RXUFH� IRU�'ULYLQJ� D6SHQW�1XFOHDU�)XHO�7UDQVPXWDWLRQ�5HDFWRU´��1XFOHDU�)XVLRQ��� ������ ���>�@ $=,=29�� (�$��� HW� DO�� ³,QYHVWLJDWLRQV� RI� 916� IRU�0LQRU� $FWLQLGHV� 7UDQVPXWDWLRQ� RQ%DVH� RI� 6SKHULFDO� 7RNDPDNV� ZLWK� $VSHFW� 5DWLR� $ �� ´� �� :RUNVKRS� RQ� %ODQNHW� DQG)XVLRQ� 5HDFWRU� &RQFHSWV� IRU� 7UDQVPXWDWLRQ� RI� 0LQRU� $FWLQLGHV�� 6DQ� 'LHJR�� 86$�������>�@ .+$<587',129�� 5�5��� � /8.$6+�� 9�(��� ³6WXGLHV� RI� 3ODVPD� (TXLOLEULXP� DQG7UDQVSRUW� LQ� D� � � � 7RNDPDN� )XVLRQ� 'HYLFH� ZLWK� WKH� ,QYHUVH�9DULDEOH� 7HFKQLTXH´�-RXUQDO�&RPS��3K\VLFV���� ����������
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