
5HSRUW�,VVXHG� 0D\���������
3UHVHQWHG�WR� -HVVLH�5RVDOHV��&DOLIRUQLD�(QHUJ\�&RPPLVVLRQ%UXFH�9LQFHQW��608'6FRWW�7HUUHOO��7'38'
3ULPH�&RQWUDFWRU� 'DYLV�(QHUJ\�*URXS��,QF�
6XEFRQWUDFWRUV� &KLWZRRG�(QHUJ\�0DQDJHPHQW(QHUJ\�6ROXWLRQV�*URXS$PDUR�&RQVWUXFWLRQ

/HJDO�1RWLFH
¦7KLV�UHSRUW�ZDV�SUHSDUHG�DV�D�UHVXOW�RI�ZRUN�VSRQVRUHG�E\�WKH�&DOLIRUQLD�(QHUJ\�&RPPLVVLRQ����,WGRHV�QRW�UHSUHVHQW�WKH�YLHZV�RI�WKH�(QHUJ\�&RPPLVVLRQ��LWV�HPSOR\HHV��RU�WKH�6WDWH�RI�&DOLIRUQLD�7KH�(QHUJ\�&RPPLVVLRQ��WKH�6WDWH�RI�&DOLIRUQLD��LWV�HPSOR\HHV��FRQWUDFWRUV��DQG�VXEFRQWUDFWRUVPDNH�QR�ZDUUDQW\��H[SUHVV�RU�LPSOLHG��DQG�DVVXPH�QR�OHJDO�OLDELOLW\�IRU�WKH�LQIRUPDWLRQ�LQ�WKLVUHSRUW��QRU�GRHV�DQ\�SDUW\�UHSUHVHQW�WKDW�WKH�XVH�RI�WKLV�LQIRUPDWLRQ�ZLOO�QRW�LQIULQJH�XSRQ�SULYDWHO\RZQHG�ULJKWV�§

608'���7UXFNHH�'RQQHU
*HRWKHUPDO�+HDW�3XPS�3URMHFW
����������0RQLWRULQJ�5HSRUW

DOCKETED
California Energy Commission

APR 12 2013

TN # 70387

13-IEP-1P 



608'�7'38'�*+3�3URMHFW�����������0RQLWRULQJ�5HSRUW

'DYLV�(QHUJ\�*URXS 3DJH�L 0D\���������

(;(&87,9(�6800$5<
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608'�DQG�7'38'�UHFHLYHG�DGGLWLRQDO�IXQGLQJ�IURP�WKH�&DOLIRUQLD�(QHUJ\�&RPPLVVLRQ�LQ�����WR�FRPSOHWH�D�IROORZ�XS�SURMHFW���7KH�QHZ�SURMHFW�ZRXOG�FRQWLQXH�PRQLWRULQJ�DW�WKH�H[LVWLQJ�VLWHVDQG�DGG�HLJKW�¦SUREOHP§�VLWHV�WR�WKH�PRQLWRULQJ�OLVW���7KH�¦SUREOHP§�VLWHV�ZHUH�LGHQWLILHG�WR�KDYHRQH�RU�WKH�PRUH�RI�WKH�IROORZLQJ�GHILFLHQFLHV�

x KLJK�HQHUJ\�XVH�x LQDELOLW\�WR�PDLQWDLQ�LQGRRU�FRPIRUW�x LQVXIILFLHQW�KHDWLQJ�DQG�RU�FRROLQJ�FDSDFLW\�x RU�XQUHOLDEOH�V\VWHP�RSHUDWLRQ�
7KH�SURMHFW�JRDO�ZDV�WR�PRQLWRU�WKHVH�VLWHV��SHUIRUP�¦ZKROH�KRXVH§�GLDJQRVWLF�WHVWLQJ�WRGHWHUPLQH�ZKDW�UHPHGLDWLRQ�RSWLRQV�H[LVW��LPSOHPHQW�YLDEOH�PHDVXUHV��PRQLWRU�IXUWKHU��DQGTXDQWLI\�UHPHGLDWLRQ�EHQHILWV���7KHVH�UHPHGLDWLRQ�HIIRUWV�GHILQHG�WKH�FHQWUDO�IRFXV�RI�WKLV�VWXG\�
7KH�IROORZLQJ�VHFWLRQV�EULHIO\�VXPPDUL]H�SURMHFW�UHVXOWV�
5HPHGLDWLRQ�(IIRUWV7KH�WLJKW�SURMHFW�WLPHOLQH�SUHVHQWHG�D�VLJQLILFDQW�FKDOOHQJH�WR�FRPSOHWH�DOO�WKH�ZRUN�QHHGHG�WRIXOILOO�WKH�UHPHGLDWLRQ�REMHFWLYHV��SUH�PRQLWRULQJ��GLDJQRVWLF�DXGLWV��UHPHGLDWLRQUHFRPPHQGDWLRQV��FRQWUDFWRU�VHOHFWLRQ��UHPHGLDWLRQ�ZRUN��SRVW�PRQLWRULQJ��HYDOXDWLRQ�DQGUHSRUWLQJ���5LFN�&KLWZRRG��RI�&KLWZRRG�(QHUJ\�0DQDJHPHQW���DQ�H[SHULHQFHG�GLDJQRVWLFLDQ�DQG+9$&�LQVXODWLRQ�FRQWUDFWRU��SHUIRUPHG�WKH�7UXFNHH�GLDJQRVWLF�DXGLWV�LQ�1RYHPEHU������&KLWZRRG�(QHUJ\�0DQDJHPHQW�ZDV�DOVR�DEOH�WR�SHUIRUP�WKH�7UXFNHH�UHPHGLDWLRQ�ZRUN�DW�DOO�ILYHVLWHV�LQ�RQH�ZHHN�LQ�PLG�)HEUXDU\���&ROG�ZHDWKHU�FRQWLQXHG�WKURXJK�0DUFK������LQ�7UXFNHH�SURYLGLQJ�JRRG�FRPSDULVRQ�GDWD�WR�WKH�SUH�UHPHGLDWLRQ�GDWD�
608'�GLDJQRVWLF�DXGLWV�ZHUH�FRPSOHWHG�LQ�'HFHPEHU������ZLWK�UHPHGLDWLRQ�UHFRPPHQGDWLRQVGHYHORSHG�WKH�WKLUG�ZHHN�RI�-DQXDU\��&KLWZRRG�(QHUJ\�0DQDJHPHQW�ZDV�XQDYDLODEOH�WR�SHUIRUPWKH�608'�UHPHGLDWLRQ�ZRUN�VR�DOWHUQDWLYH�FRQWUDFWRUV�ZHUH�LGHQWLILHG�DQG�XOWLPDWHO\�VHOHFWHG�'HDOLQJ�ZLWK�PXOWLSOH�FRQWUDFWRUV��RQH�LQ�SDUWLFXODU�ZKR�ZDV�QRW�UHVSRQVLYH�WR�WKH�SURMHFW� HIIRUW�VLJQLILFDQWO\�VORZHG�WKH�UHPHGLDWLRQ�HIIRUW���2QH�VLWH�ZDV�ODUJHO\�FRPSOHWHG�E\�WKH�HQG�RI�0DUFK�EXW�E\�WKDW�WLPH�ZLQWHU�KDG�FRPH�WR�DQ�HQG�LQ�WKH�&HQWUDO�9DOOH\���/LWWOH�XVHIXO�SRVW�UHPHGLDWLRQGDWD�ZHUH�REWDLQHG�IRU�WKH�608'�VLWHV�
$W�WKUHH�RI�WKH�ILYH�7UXFNHH�VLWHV��PRQLWRULQJ�GDWD�GHPRQVWUDWHG�D�FOHDU�EHQHILW�IURP�WKHUHPHGLDWLRQ�ZRUN���$W�WZR�RI�WKH�WKUHH��VLPSOH�SD\EDFNV�RI�DURXQG����\HDUV�ZHUH�SURMHFWHG�IRUWKH�PHDVXUHV�LPSOHPHQWHG���$W�WKH�WKLUG�VLWH��WKH�KLJKHVW�¦SHU�IW �§�7UXFNHH�HQHUJ\�XVHU��IDYRUDEOH�SD\EDFNV�RI�DURXQG�VHYHQ�\HDUV�DUH�SURMHFWHG���$OO�ILYH�7UXFNHH�VLWHV�UHSRUWHG
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IDYRUDEOH�FRPPHQWV�UHJDUGLQJ�WKH�UHPHGLDWLRQ�ZRUN�LQ�WKH�KRPHRZQHU�VXUYH\���,QVXIILFLHQW�SRVW�UHPHGLDWLRQ�KHDWLQJ�GDWD�DW�WKH�608'�VLWHV�SUHFOXGHG�DQ\�TXDQWLILFDWLRQ�RI�UHPHGLDWLRQ�EHQHILW�)RU�WZR�RI�WKH�608'�VLWHV��VXPPHU�RSHUDWLRQ�ZLOO�SURYLGH�D�JRRG�LQGLFDWLRQ�RI�WKH�YDOXH�RI�WKHUHPHGLDWLRQ�
5HPHGLDWLRQ�RI�H[LVWLQJ�VLWHV�LV�D�FRVWO\�DQG�JHQHUDOO\�QRQ�FRVW�HIIHFWLYH�H[HUFLVH���,Q�KLJK�XVHDUHDV�VXFK�DV�7UXFNHH��WKH�HFRQRPLFV�ZLOO�W\SLFDOO\�EH�PRUH�IDYRUDEOH�VLQFH�WKH�VDYLQJV�SRWHQWLDOLV�KLJKHU���)RU�QHZ�FRQVWUXFWLRQ��WKH�HFRQRPLFV�ZLOO�EH�PXFK�PRUH�IDYRUDEOH�VLQFH�LW�LV�PXFKHDVLHU�DQG�OHVV�FRVWO\�WR�LQVWDOO��IRU�H[DPSOH��WLJKW�GXFWV�DQG�D�WLJKW�EXLOGLQJ�HQYHORSH�GXULQJFRQVWUXFWLRQ��WKDQ�DV�D�UHWURILW�H[HUFLVH���$W�DQ�LQFUHPHQWDO�FRVW�RI��������SHU�WRQ�RI�*+3FDSDFLW\��ERWK�WLJKW�GXFWV�DQG�D�WLJKW�EXLOGLQJ�HQYHORSH�DUH�FOHDUO\�FRVW�HIIHFWLYH�IRU�7UXFNHH�QHZFRQVWUXFWLRQ���,Q�6DFUDPHQWR��ERWK�WLJKW�GXFWV�DQG�/RZ�( � JOD]LQJ�UHSUHVHQW�FRVW�HIIHFWLYH�QHZFRQVWUXFWLRQ�DOWHUQDWLYHV�WR�DGGHG�*+3�FDSDFLW\���*LYHQ�WKH�UHODWLYHO\�KLJK�FRVW�RI�*+3�V\VWHPV�LW�LV�LPSHUDWLYH�WKDW�HQHUJ\�HIILFLHQF\�EH�LQFRUSRUDWHG�SULRU�WR�WKH�VL]LQJ�DQG�LQVWDOODWLRQ�RI�WKHJHRWKHUPDO�V\VWHP�
0RQLWRUHG�3HUIRUPDQFH3URMHFWHG�IXOO�\HDU�*+3�KHDWLQJ�HQHUJ\�XVH�UDQJHG�IURP�����WR�����N:K�IW ��\HDU�ZLWK�DYHUDJH7'38'�XVDJH�DSSUR[LPDWHO\�WZR�DQG�KDOI�WLPHV�WKDW�RI�WKH�608'�VLWHV���7'38'�XVDJH�YDULHGIURP�����WR�����N:K�IW��\HDU��DYHUDJH�RI������DQG�608'�YDULHG�IURP�����WR�����N:K�IW ��\HDU�DYHUDJH�����
0RQLWRUHG�UHWXUQ�ZDWHU�WHPSHUDWXUHV�GXULQJ�IXOO�ORDG�RSHUDWLRQ�LQGLFDWH�D�*+3�DGYDQWDJH�RI���WR�q)�YV��FRUUHVSRQGLQJ�RXWGRRU�DLU�WHPSHUDWXUHV���7KH�ZDUPHU�WHPSHUDWXUHV�FRPELQHG�ZLWK�WKHKHDW�WUDQVIHU�FDSDELOLW\�RI�ZDWHU��FRQWULEXWHV�WR�WKH�KLJKHU�*+3�RSHUDWLQJ�HIILFLHQFLHV���1RHYLGHQFH�RI�KHDWLQJ�VHDVRQ�JURXQG�FUHHS�HIIHFWV�ZHUH�REVHUYHG�LQ�FRPSDULQJ�WKH������GDWD�ZLWKWKH�FXUUHQW������GDWD���,Q�7UXFNHH��UHWXUQ�ZDWHU�WHPSHUDWXUHV�W\SLFDOO\�DSSURDFK��� q)�LQ'HFHPEHU�DQG�YDU\�RQO\�D�IHZ�GHJUHHV�WKURXJK�WKH�FRXUVH�RI�WKH�KHDWLQJ�VHDVRQ���,Q�608'WHUULWRU\�ZKHUH�KHDWLQJ�V\VWHP�RSHUDWLRQ�LV�OHVV�FRQVLVWHQW�RQ�D�GD\�WR�GD\�EDVLV��UHWXUQ�ZDWHUWHPSHUDWXUHV�UHDFK�D�PLQLPXP�GXULQJ�SHULRGV�RI�KHDY\�ORDGLQJ��EXW�WKHQ�UHFRYHU�TXLFNO\�
3HUIRUPDQFH�3URMHFWLRQV�DQG�*+3�(FRQRPLFV'2(���SHUIRUPDQFH�SURMHFWLRQV�FRPSOHWHG�LQ�WKH������VWXG\�ZHUH�XSGDWHG�WR�UHIOHFW�FXUUHQWXWLOLW\�UDWHV�LQ�WKH�608'�DQG�7'38'�VHUYLFH�WHUULWRULHV��$�FRPELQDWLRQ�RI�HIILFLHQW�*+3SHUIRUPDQFH�DQG�IDYRUDEOH�7'38'�HOHFWULF�UDWHV��FRPSDUHG�WR�JDV��FRQWULEXWHG�WR�WKH�SURMHFWHG�����DQQXDO�VDYLQJV�IRU�*+3�YV��D�VWDQGDUG�JDV�IXUQDFH���608'�VDYLQJV�RI�DSSUR[LPDWHO\�����SHU�\HDU�DUH�SURMHFWHG�YV��WKH�PRVW�FRPPRQ�FRQYHQWLRQDO�V\VWHP�DOWHUQDWLYH��JDV�IXUQDFH��DLUFRQGLWLRQHU����,Q�QRQ�QDWXUDO�JDV�DUHDV�RI�608'�WHUULWRU\��¦W\SLFDO§�608'�*+3�FXVWRPHUV�FDQH[SHFW�DQQXDO�VDYLQJV�RI�a�����SHU�\HDU�UHODWLYH�WR�DQ�DLU�VRXUFH�KHDW�SXPS���7KH�SURMHFWHGVDYLQJV�ZLOO�YDU\�ZLWK�KRXVH�VL]H�DQG�EXLOGLQJ�ORDGV��HVSHFLDOO\�LQ�608'�WHUULWRU\�ZKHUH�WKHWKUHH�OHYHO�WLHUHG�HOHFWULF�UDWH�YDULHV�IURP������WR������SHU�N:K�
$VVXPLQJ�D�FXVWRPHU�¦���\HDU�VLPSOH�SD\EDFN�FULWHULD§�� *+3©V�DUH�FXUUHQWO\�YLDEOH�LQ�7'38'VHUYLFH�WHUULWRU\��WHQ�\HDU�VDYLQJV�RI��������DOORZV�IRU��������LQFUHPHQWDO�FRVW�SHU�WRQ�IRU�D���WRQXQLW����,Q�608'�WHUULWRU\��*+3©V�DUH�YLDEOH�DW������SHU�WRQ�LQFUHPHQWDO�FRVW�YV��DLU�VRXUFH�KHDWSXPSV��WHQ�\HDU�VDYLQJV�RI��������GLYLGHG�E\���WRQ�V\VWHP���EXW�DUH�QRW�FRVW�HIIHFWLYH�YV��WKHPRUH�FRPPRQ�IXUQDFH�DLU�FRQGLWLRQHU�LQVWDOODWLRQ��WHQ�\HDU�VDYLQJV�RI��������������SHU�WRQ��7KHVH�FRQFOXVLRQV�DUH�VHQVLWLYH�WR�WKH�EDODQFH�EHWZHHQ�JDV�DQG�HOHFWULF�UDWHV�
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*+3�GHVXSHUKHDWLQJ�DQG�GHGLFDWHG�JHRWKHUPDO�ZDWHU�KHDWLQJ�V\VWHPV�ZHUH�IRXQG�WR�RIIHUDWWUDFWLYH�HFRQRPLFV�UHODWLYH�WR�HOHFWULF�ZDWHU�KHDWLQJ���608'�LV�EHWWHU�VXLWHG�IRU�WKHVH� ZDWHUKHDWLQJ�WHFKQRORJLHV�VLQFH�ERWK�WHFKQRORJLHV�SURYLGH�JUHDWHU�EHQHILW�LQ�DUHDV�ZLWK�VXEVWDQWLDOFRROLQJ�ORDGV�
*LYHQ�WKH�KLJKHU�ILUVW�FRVW�IRU�*+3�V\VWHPV��HYHU\�HIIRUW�VKRXOG�EH�PDGH�WR�LQFRUSRUDWH�DV�PXFKHQHUJ\�HIILFLHQF\�LQWR�D�SURMHFW�SULRU WR�WKH�VL]LQJ�DQG�LQVWDOODWLRQ�RI�WKH�*+3�V\VWHP��)RU�WKHRZQHU��WKLV�FDQ�UHVXOW�LQ�UHGXFHG�ILUVW�FRVWV�DQG�UHGXFHG�RSHUDWLQJ�FRVWV��DV�ZHOO�DV�LPSURYHGFRPIRUW���)RU�7UXFNHH�QHZ�FRQVWUXFWLRQ�� HTXLSPHQW�VL]LQJ�SURMHFWLRQV�LQGLFDWH�WKDW�LQVWDOODWLRQ�RIWLJKW�GXFWV�DQG�D�WLJKW�EXLOGLQJ�HQYHORSH�DUH�ERWK�OHVV�FRVWO\�WKDQ�D�ODUJHU�*+3�V\VWHP���6LPLODUO\IRU�6DFUDPHQWR��WLJKW�GXFWV�DQG�KLJK�SHUIRUPDQFH�ZLQGRZV��ORZ�6RODU�+HDW�*DLQ�&RHIILFLHQW�ZHUH�IRXQG�WR�EH�PRUH�FRVW�HIIHFWLYH�WKDQ�DGGLWLRQDO�*+3�FDSDFLW\���$V�WKLV�SURMHFW�FOHDUO\VKRZHG��IRU�UHWURILW�DSSOLFDWLRQV�LW�LV�FRQVLGHUDEO\�PRUH�GLIILFXOW�DQG�FRVWO\�WR�UHPHG\�KRXVHGHILFLHQFLHV�WKDW�VKRXOG�KDYH�EHHQ�SURSHUO\�DGGUHVVHG�GXULQJ�GHVLJQ�DQG�FRQVWUXFWLRQ�
6XPPDU\*+3©V��DOWKRXJK�PRUH�H[SHQVLYH�WKDQ�FRQYHQWLRQDO�V\VWHPV�WR�LQVWDOO��RIIHU�WKH�SRWHQWLDO�IRUVLJQLILFDQW�RSHUDWLQJ�FRVW�VDYLQJV���$W�DQ�LQFUHPHQWDO�FRVW�RI�URXJKO\���������������SHU�WRQ�DQQXDO�VDYLQJV�RI������SHU�WRQ�DUH�QHHGHG�WR�DFKLHYH�D����\HDU�VLPSOH�SD\EDFN���$UHDV�ZKHUHHOHFWULF�KHDWLQJ�LV�FRPPRQ�RU�QDWXUDO�JDV�LV�YHU\�H[SHQVLYH�DUH�SULPH�DUHDV�IRU�*+3�PDUNHWJURZWK�
7KLV�SURMHFW�H[SORUHG�UHPHGLDWLRQ�HIIRUWV�DW�D�WRWDO�RI�HLJKW�VLWHV���$OWKRXJK�PXFK�RI�WKHUHPHGLDWLRQ�ZRUN�ZDV�EHQHILFLDO��LW�LV�RIWHQ�QRW�FRVW�HIIHFWLYH�GXH�WR�WKH�H[SHQVH�RI�WU\LQJ�WR�IL[SUREOHPV�WKDW�VKRXOG�KDYH�EHHQ�SURSHUO\�LQVWDOOHG�WR�EHJLQ�ZLWK���)XWXUH�*+3�LQVWDOODWLRQVVKRXOG�EH�KHOG�WR�D�KLJKHU�FRQVWUXFWLRQ�VWDQGDUG��LQFOXGLQJ�WLJKW�GXFWV�DQG�EXLOGLQJ�HQYHORSH�TXDOLW\�LQVXODWLRQ�LQVWDOODWLRQ��JRRG�GXFW�GHVLJQ��HWF��WR�LQVXUH�WKDW�WKH�KRXVH�ZLOO�SHUIRUP�ZHOOSULRU�WR�WKH�DGGLWLRQ�RI�JHRWKHUPDO�VSDFH�FRQGLWLRQLQJ���+LJK�TXDOLW\�EXLOGLQJ�HQYHORSH�DQG+9$&�V\VWHP�FRPSRQHQWV�DUH�W\SLFDOO\�PRUH�FRVW�HIIHFWLYH�WKDQ�DGGLWLRQDO�*+3�FDSDFLW\��,QDGGLWLRQ��WKH�*+3�V\VWHP�DQG�JURXQG�ORRS�VKRXOG�EH�FDUHIXOO\�VL]HG��XVLQJ�LQGXVWU\�UHFRJQL]HGVL]LQJ�WRROV��DQG�FRPPLVVLRQHG�WR�LQVXUH�WURXEOH�IUHH�RSHUDWLRQ�
5HFRPPHQGDWLRQV
�� 608'�DQG�7'38'�VKRXOG�UHTXLUH�WKH�IROORZLQJ�IRU�QHZ�*+3�LQVWDOODWLRQV�LQ�WKHLU�VHUYLFHWHUULWRULHV���0DQXDO�-�ORDGV�DQDO\VLV��0DQXDO�'�GXFW�GHVLJQ��WLJKW�GXFWV��FRQWUDFWRU�RU�WKLUG�SDUW\�YHULILHG���DQG�D�V\VWHP�FRPPLVVLRQLQJ�UHSRUW�FRPSOHWHG�E\�WKH�LQVWDOOLQJ�FRQWUDFWRU�7KHVH�VWHSV�ZLOO�JR�D�ORQJ�ZD\�WR�LQVXULQJ�WKDW�LQVWDOOHG�V\VWHPV�PHHW�WKH�GHVLJQ�LQWHQW�
�� 608'�VKRXOG�LQYHVWLJDWH�*+3�IHDVLELOLW\�RQ�D�PXOWL�IDPLO\�SURMHFW��SDUWLFXODUO\�LI�QDWXUDOJDV�LV�QRW�DYDLODEOH���0XOWL�IDPLO\�ZLWK�FHQWUDO�ZDWHU�KHDWLQJ�FRXOG�RIIHU�LPSURYHGHFRQRPLFV��VLQFH�\HDU�URXQG�'+:�ORDGV�ZLOO�FRQWULEXWH�WR�JURXQG�ORRS�GRZQVL]LQJ�LQFRROLQJ�GRPLQDWHG�DSSOLFDWLRQV���$�VWXGHQW�KRXVLQJ�SURMHFW�DW�WKH�8QLYHUVLW\�RI�&DOLIRUQLD�DW'DYLV�FRPSOHWHG�LQ������LQFRUSRUDWHV�*+3�ZDWHU�KHDWLQJ�DQG�VSDFH�FRQGLWLRQLQJ�



608'�7'38'�*+3�3URMHFW�����������0RQLWRULQJ�5HSRUW

'DYLV�(QHUJ\�*URXS 3DJH�LY 0D\���������

�� %RWK�XWLOLWLHV�VKRXOG�GHWHUPLQH�LI�D�PRUH�IDYRUDEOH�HOHFWULF�UDWH�FRXOG�EH�RIIHUHG�WR�*+3FXVWRPHUV���5LVLQJ�HOHFWULF�UDWHV�UHODWLYH�WR�JDV��HVSHFLDOO\�LQ�608'�VHUYLFH�WHUULWRU\�VHYHUHO\�KDPSHUV�*+3�HFRQRPLFV�
�� 608'�DQG�7'38'�VKRXOG�ZRUN�ZLWK�WKH�UHPHGLDWLRQ�VLWH�KRPHRZQHUV�RYHU�WKH�QH[W�IHZ\HDUV�WR�JDWKHU�PRUH�GDWD�RQ�WKH�UHPHGLDWLRQ�EHQHILW���$�IROORZ�XS�VXUYH\�LQ�WZR�\HDUV�DQGXWLOLW\�ELOO�DQDO\VLV�ZRXOG�EH�EHQHILFLDO�LQ�IXUWKHU�XQGHUVWDQGLQJ�UHPHGLDWLRQ�EHQHILWV�
7KH�IROORZLQJ�WZR�VHFWLRQV�VXPPDUL]H�SURMHFW�FRQFOXVLRQV�DQG�UHFRPPHQGDWLRQV�IURP�WKHSHUVSHFWLYH�RI�WKH�608'�DQG�7'38'�SURMHFW�PDQDJHUV�

6DFUDPHQWR�0XQLFLSDO�8WLOLW\�'LVWULFW&RQFOXVLRQV�DQG�5HFRPPHQGDWLRQV
7KHUH�DUH�WZR�IDFWRUV�SHUWDLQLQJ�WR�WKH�SHUIRUPDQFH�RI�JHRWKHUPDO�KHDW�SXPSV�� *+3©V��WKDW�DUHRI�VLJQLILFDQW�LQWHUHVW�WR�608'�������WKH�DELOLW\�RI�*+3©V�WR�UHGXFH�VXPPHU�SHDN�SHULRG�GHPDQGIRU�HOHFWULFLW\��DQG�����WKH�OLIH�F\FOH�FRVW�RI�JHRWKHUPDO�KHDW�SXPSV�
6XPPHU�3HDN�/RDG�5HGXFWLRQ608'�LV�LQWHQVHO\�VXPPHU�SHDNLQJ�DQG�WHFKQRORJLHV�FDSDEOH�RI�UHGXFLQJ�VXPPHU�SHDN�SHULRGGHPDQG�IRU�HOHFWULFLW\�DUH�RI�H[WUHPH�LQWHUHVW��� 608'©V�VXPPHU�SHDN�LV�FUHDWHG�E\�WKH�&HQWUDO9DOOH\©V�LQIUHTXHQW�DQG�H[WUHPH�PD[LPXP�GDLO\�WHPSHUDWXUHV�LQ�H[FHVV�RI�����)��ZKLFK�FDXVHODUJH�DLU�FRQGLWLRQLQJ�ORDGV�DQG�D�FRUUHVSRQGLQJ�KLJK�GHPDQG�IRU�HOHFWULFLW\���3HDN�ORDG�EHQHILWVWKDW�FDQ�EH�SURYLGHG�E\�QHZ�DLU�FRQGLWLRQLQJ�WHFKQRORJLHV�DUH�TXLWH�LPSRUWDQW�EXW�WKHLU�EHQHILWVFDQ�EH�GLIILFXOW�WR�TXDQWLI\���3HDN�SHULRG�ORDG�UHGXFWLRQ�IRU� *+3©V�KDV�EHHQ�IDLUO\�ZHOOGRFXPHQWHG�IRU�VKRUW�WHUP�SHULRGV�EXW�ORQJ�WHUP�SHUIRUPDQFH�LQ�WKH�&HQWUDO�9DOOH\�KDV�EHHQXQGRFXPHQWHG����7KLV�SURMHFW�DGGUHVVHV�VHYHUDO�LPSRUWDQW�LVVXHV�UHJDUGLQJ�ORQJ�WHUP�VXPPHUSHUIRUPDQFH�
1R�WHPSHUDWXUH�FUHHS�ZDV�LGHQWLILHG���:KLOH�6DFUDPHQWR©V�VXPPHU�DQG�ZLQWHU�VSDFH�FRQGLWLRQLQJ�ORDGV�DUH�VRPHZKDW�LQ�EDODQFH��WKHUH�ZDV�FRQFHUQ�WKDW�DQQXDO�DYHUDJH�HDUWKWHPSHUDWXUHV�VXUURXQGLQJ�WKH�ORRS�ILHOGV�PLJKW�GULIW�HLWKHU�XSZDUGV�RU�GRZQZDUGV�GHSHQGLQJ�RQWKH�VSDFH�WHPSHUDWXUH�SUHIHUHQFHV�RI�WKH�KRPHRZQHUV���:H�QRZ�KDYH�PRQLWRULQJ�GDWD�WKDWYHULILHV�RXU�ORQJ�KHOG�DVVXPSWLRQ�WKDW�WHPSHUDWXUH�FUHHS�ZLOO�QRW�EH�D�FRQVLGHUDWLRQ�IRUUHVLGHQWLDO�V\VWHPV�
:LWK�UHVSHFW�WR�YHUWLFDO�KHOL[�JURXQG�ORRSV��WKH�PRQLWRULQJ�GDWD�VKRZ�EHWWHU�WKDQ�H[SHFWHGSHUIRUPDQFH���7KUHH�LQVWDOODWLRQV�ZLWK�SHUIRUPDQFH�SUREOHPV�ZHUH�PRQLWRUHG���,Q�HDFK�FDVH��WKHPRQLWRULQJ�WHDP�IRXQG�D�QXPEHU�RI�IDFWRUV�FRQWULEXWLQJ�WR�WKH�XQGHU�SHUIRUPDQFH��DQG�QRQH�RIWKHVH�IDFWRUV�ZHUH�UHODWHG�WR�WKH�VL]H�RU�LQVWDOODWLRQ�RI�WKH�JURXQG�ORRS�ILHOG���,W�VKRXOG�EH�QRWHGWKDW�WKH�JURXQG�ORRS�ILHOG�LV�DOZD\V EODPHG�LQ�ZKHQ�D�*+3�LQVWDOODWLRQ�LV�QRW�SHUIRUPLQJFRUUHFWO\����,Q�608'©V�H[SHULHQFH��WKH�SUREOHPV�DUH�XVXDOO\�WKH�UHVXOW�RI�VRPHWKLQJ�RWKHU�WKDQWKH�ORRS�ILHOG���7KH�ZRUN�FRPSOHWHG�LQ�WKLV�SURMHFW�YHULILHV� 608'©V�SULRU�H[SHULHQFH���,QDGGLWLRQ��LW�VXSSRUWV�RWKHU�VKRZLQJ�WKDW�YHUWLFDO�KHOL[�JURXQG�ORRSV�FDQ�GHOLYHU�EHWWHU�WKDQ�DGHTXDWH�KHDW�WUDQVIHU�LQ�WKH�&HQWUDO�9DOOH\�
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0RQLWRULQJ�ZDV�SHUIRUPHG�GXULQJ�D�IDLUO\�LQWHQVH�FROG�VQDS���7KH�JURXQG�ORRS�ILHOGV�DOO�GHOLYHUHGDGHTXDWH�KHDW�WUDQVIHU�DQG��DIWHU�RXWVLGH�DLU�WHPSHUDWXUHV�ZDUPHG��UHWXUQ�ZDWHU�WHPSHUDWXUHVUHERXQGHG�QLFHO\���7KDW�LV��W\SLFDO�JURXQG�ORRS�ILHOGV��LQFOXGLQJ�YHUWLFDO�KHOL[HV���VRPHWLPHVZLWK�DQWL�IUHH]H�DGGHG�WR�WKH�ZDWHU��SHUIRUP�ZHOO�LQ�FROG�VQDSV�ZKHQ�VL]HG�WR�PHHW�6DFUDPHQWR©VPRVW�H[WUHPH�VXPPHUWLPH�FRQGLWLRQV�
,PSURYLQJ�/LIH�&\FOH�&RVW7KH�6DFUDPHQWR�FOLPDWH�LV�PRGHUDWH�ZLWK�ORZ�ZLQWHU�KHDWLQJ�ORDGV�DQG�VPDOO�WRWDO�VXPPHU�VHDVRQ�FRROLQJ�ORDGV���608'©V�HOHFWULF�UDWHV�DUH�ORZHU�WKDQ�WKRVH�RI�&DOLIRUQLD©V�ODUJHVW�HOHFWULFXWLOLWLHV���$V�D�UHVXOW�RI�WKHVH�IDFWRUV�DQG�EHFDXVH�RI�WKH�DGGHG�FRVW�DVVRFLDWHG�ZLWK� *+3V��OLIHF\FOH�FRVWLQJ�LV�YHU\�LPSRUWDQW�ZLWK�UHVSHFW�WR�*+3V�LQ�6DFUDPHQWR�
,W�KDV�EHHQ�REVHUYHG�WKDW�FRQYHQWLRQDO�UHVLGHQWLDO�+9$&�XQLWV�DUH�RIWHQ�VRPHZKDW�RYHUVL]HG�7KLV�VL]LQJ�VWUDWHJ\�DXWRPDWLFDOO\�FRPSHQVDWHV�IRU�DQ\�SUREOHPV�WKDW�PD\�IRXQG�LQ�WKH�DLUGLVWULEXWLRQ�V\VWHP�DQG�EXLOGLQJ�VKHOO���*+3©V��EHFDXVH�RI�WKHLU�LQFUHDVHG�H[SHQVH��DUH�OHVV�DSW�WREH�RYHUVL]HG���$V�D�UHVXOW��SUREOHPV�ZLWK�WKH�DLU�GLVWULEXWLRQ�V\VWHP�DQG�EXLOGLQJ�VKHOO�DUH�PRUHOLNHO\�WR�FUHDWH�D�VLWXDWLRQ�ZKHUH�WKH�JHRWKHUPDO�KHDW�SXPS�DSSHDUV�WR�EH�XQGHU�SHUIRUPLQJ���7KHZKROH�KRXVH�DSSURDFK�XVHG�LQ�WKLV�SURMHFW�GHPRQVWUDWHV�WKH�QHHG�IRU�D�FRPPLVVLRQLQJ�ZKROH�KRXVH�FRPSRQHQW�LQ�DQ\�JHRWKHUPDO�KHDW�SXPS�SURJUDP����&DUHIXO�GHVLJQ�UHYLHZ�DQGFRQVWUXFWLRQ�LQVSHFWLRQ�ZRXOG�KDYH�\LHOGHG�*+3�LQVWDOODWLRQV�ZLWK�EHWWHU�SHUIRUPDQFH�
%DVHG�RQ�WKH�UHVXOWV�RI�WKLV�SURMHFW��LW�LV�FOHDU�WKDW�DQ\�JHRWKHUPDO�KHDW�SXPS�SURJUDP�VKRXOGKDYH�D�FRPPLVVLRQLQJ�FRPSRQHQW�RU�EH�FORVHO\�OLQNHG�WR�D�FRPPLVVLRQLQJ�SURJUDP���,I�608'DGRSWV�D�IXOO\�RSHUDWLRQDO�JHRWKHUPDO�KHDW�SXPS�SURJUDP��LW�ZLOO�EH�VWURQJO\�UHFRPPHQGHG�WKDW�DZKROH�KRXVH�DSSURDFK�EH�LQFOXGHG�DV�SDUW�RI�WKH�SURJUDP���7KLV�VKRXOG�LQFOXGH�FRPPLVVLRQLQJ�PRQLWRULQJ�DQG�UHPHGLDWLRQ�UHFRPPHQGDWLRQV�
7KH�FRVW�RI�WKH�JURXQG�ORRS�ILHOG�KDV�EHHQ�LGHQWLILHG�DV�WKH�VLQJOH�PRVW�LPSRUWDQW�IDFWRU�LQ�WKHKLJK�FRVW�RI�JHRWKHUPDO�SXPS�LQVWDOODWLRQV���,Q�DQ�HIIRUW�WR�UHGXFH�WKH�FRVW�RI� *+3©V��608'�KDVSLRQHHUHG�WKH�XVH�RI�YHUWLFDO�KHOL[�JURXQG�ORRS�ILHOGV���7KLV�WHFKQRORJ\�LV�LGHDOO\�VXLWHG�WR&DOLIRUQLD©V�&HQWUDO�9DOOH\�ZKLFK�UHVWV�RQ�WKRXVDQGV�RI�IHHW�RI�VHGLPHQWDU\�PDWHULDO�ZLWK�YHU\OLWWOH�URFN����7KHRUHWLFDO�FDOFXODWLRQV��FRVW�RI�SLSH��WKH�FRVW�RI� DXJHULQJ��HWF�VXJJHVW�WKDW�YHUWLFDOKHOL[HV�VKRXOG�EH�FRQVLGHUDEO\�OHVV�H[SHQVLYH�WKDQ�GHHS�ERUH�JURXQG�ORRSV���7R�GDWH��WKLV�KDV�QRWEHHQ�WKH�FDVH�EXW�ZH�FRQWLQXH�WR�EHOLHYH�WKDW��JLYHQ�ZLGHVSUHDG�LPSOHPHQWDWLRQ��WKH�FRVW�FRXOGEH�PXFK�ORZHU���7KH�PRQLWRULQJ�ZRUN�FRPSOHWHG�LQ�WKLV�SURMHFW�YDOLGDWHV�WKH�DVVXPSWLRQ�WKDWYHUWLFDO�KHOL[HV�FDQ�GHOLYHU�H[FHOOHQW�ORQJ�WHUP�KHDW�WUDQVIHU���,Q�DGGLWLRQ��WKH�PRQLWRULQJVXJJHVWV�WKDW�WKHUH�DUH�QR�SUREOHPV�RFFXUULQJ�LQ�WKH�YHUWLFDO�KHOL[�JURXQG�ORRS�ILHOGV�
$Q�LPSRUWDQW��EXW�SHUKDSV�XQGHUVWDWHG��UHVXOW�RI�WKLV�ZRUN�LV�WKH�LQGLFDWLRQ�WKDW�D�ZKROH�KRXVHDSSURDFK�WR�WKH�GHVLJQ�DQG�FRQVWUXFWLRQ�RI�KRPHV�ZLWK� *+3©V�ZRXOG�UHVXOW�LQ�VWUXFWXUHV�ZLWKVPDOOHU�KHDWLQJ�DQG�FRROLQJ�ORDGV�DQG�VPDOOHU�*+3©V���$�VPDOOHU�*+3�ZLOO�EH�OHVV�H[SHQVLYH�DQGILQDQFLDOO\�PRUH�DWWUDFWLYH�WR�WKH�KRPHRZQHU�RU�KRPHEX\HU�
7KH�SURMHFW�VXJJHVWV�WKDW�GHVXSHUKHDWLQJ�RIIHUV�DWWUDFWLYH�HFRQRPLFV�DQG�LW�VKRXOG�EH�LQFOXGHG�DVD�FRPSRQHQW�LQ�D�IXWXUH�608'�*+3�SURJUDP�
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:LWK�UHVSHFW�WR�ORQJ�WHUP�SHUIRUPDQFH��WKLV�SURMHFW�VKRZV�WKDW�WKH�HIILFLHQFLHV�RI�*+3LQVWDOODWLRQV�LQ�6DFUDPHQWR�DUH�QRW�GHWHULRUDWLQJ�RYHU�WLPH���7KLV�LV�LPSRUWDQW�EHFDXVH�LW�VKRZVWKDW�WKHUH�DUH�QR�ORQJ�WHUP�SHUIRUPDQFH�LVVXHV�OLNHO\�WR�EHGHYLO�DQ�RSHUDWLRQDO�*+3�SURJUDP�
7UXFNHH�'RQQHU�3XEOLF�8WLOLW\�'LVWULFW&RQFOXVLRQV�DQG�5HFRPPHQGDWLRQV

7KH�&DOLIRUQLD�(QHUJ\�&RPPLVVLRQ�JUDQW�IXQGHG�7'38'�608'�JHRWKHUPDO�KHDW�SXPS�DQGZKROH�KRXVH�ZHDWKHUL]DWLRQ�UHVHDUFK�GDWD�FROOHFWLRQ�HQGHG�PLG�$SULO��������,�ZDV�YHU\�SOHDVHGDIWHU�UHYLHZLQJ�WKH�UHSRUW�EHLQJ�FRPSLOHG�E\�'DYLV�(QHUJ\�*URXS��0\�ZULWH�XS�KHUH�ZLOO�DGGUHVVWKH�UHVHDUFK�ILQGLQJV�WKDW�FDPH�RXW�RI�WKH�7UXFNHH�SRUWLRQ�RI�WKH�SURMHFW��7KLV�UHSRUW�LQFOXGHVGLVFXVVLRQV�RQ�ERWK�WKH���������DV�ZHOO�DV�WKH���������UHVHDUFK��DV�WKH�HDUOLHU�UHVHDUFK�ZDVLPSRUWDQW�LQ�GHWHUPLQLQJ�WKH�QHHG�IRU�WKH�ODWHU�
7KH�&(&�IXQGHG�JHRWKHUPDO�UHVHDUFK�WKDW�ZDV�GRQH�LQ������WR������IRFXVHG�RQ�WKH�SHUIRUPDQFHRI�WKH�JHRWKHUPDO�KHDW�SXPS�V\VWHPV�LQ�WKH�VWXG\��7ZR�RI�WKH�VLJQLILFDQW�ILQGLQJV�LQ�WKH�VWXG\ZHUH�WKDW�WKH�KHDW�SXPS�XQLWV�YDULHG�PRGHUDWHO\�LQ�WKHLU�FRHIILFLHQW�RI�SHUIRUPDQFH��&23��IURP¦OHDVW§�HIILFLHQW�WR�¦PRVW§�HIILFLHQW��0RUH�GUDPDWLF�ZDV�WKH�YDULDELOLW\�LQ�HQHUJ\�XVDJH�IURP�VLWHWR�VLWH��7KLV�LV�YHU\�KHOSIXO�LQ�VKRZLQJ�KRZ�VLJQLILFDQW�VLWH�FRQGLWLRQV�DUH�WR�WKH�HFRQRPLF�EHQHILWKLJK�HIILFLHQF\�KHDWLQJ�EULQJV�WR�WKH�EXLOGLQJ�RFFXSDQW�RZQHU�ZKR�LV�UHVSRQVLEOH�IRU�SD\LQJ�WKHHQHUJ\�ELOOV�
7KHUH�DUH�WZR�W\SHV�RI�VLWH�FRQGLWLRQV�WKDW�DIIHFW�WKH�FRVW�RI�KHDWLQJ�D�EXLOGLQJ��2QH�LV�WKHH[WHUQDO�VLWH�FRQGLWLRQV�ZKHUH�WKH�EXLOGLQJ�RZQHU�KDV�OLWWOH�RU�QR�DELOLW\�WR�DIIHFW��7KLV�ZRXOGLQFOXGH�VXFK�IDFWRUV�DV�ZHDWKHU�FRQGLWLRQV�DIIHFWLQJ�RXWVLGH�DLU�WHPSHUDWXUH��HWF��DQG�VKDGLQJFDXVHG�E\�RWKHU�EXLOGLQJV��WUHHV�RU�RWKHU�REMHFWV��(DFK�VLWH�KDV�LWV�RZQ�PLFUR�FOLPDWLF�FRQGLWLRQVDIIHFWLQJ�WKH�KHDWLQJ�UHTXLUHPHQWV�RI�D�EXLOGLQJ��WKHUHIRUH�WKH�FRVW�WR�KHDW��7KH�RWKHU�PDMRU�VLWHIDFWRU�LV�WKH�EXLOGLQJ�LWVHOI��7KH�FRPPRQ�LVVXHV�ZLWK�EXLOGLQJV�DIIHFWLQJ�WKH�FRVW�RI�KHDWLQJLQFOXGH��IORRU��ZDOO�DQG�FHLOLQJ�LQVXODWLRQ�OHYHOV��VLQJOH�YV��GRXEOH�SDQH�ZLQGRZV��DLU�OHDNDJH�LQWKH�EXLOGLQJ�HQYHORSH��GLVWULEXWLRQ�V\VWHP�GHVLJQ�DQG�GLVWULEXWLRQ�V\VWHP�DLU�OHDNDJH�LVVXHV�7KHVH�DUH�DOO�IDFWRUV�WKDW�WKH�EXLOGLQJ�XVHU�DQG�ELOO�SD\HU�FDQ�LPSURYH�
$IWHU�WKH���������&(&�IXQGHG�JHRWKHUPDO�KHDW�SXPS�UHVHDUFK�SURMHFW�LW�ZDV�HYLGHQW�WKDW�VRPHVLWHV�ZHUH�QRW�SHUIRUPLQJ�YHU\�ZHOO�HYHQ�WKRXJK�WKHLU�KHDW�SXPS�XQLWV�ZHUH�RSHUDWLQJ�ILQH��7KHUHZHUH�DOVR�RWKHU�VLWHV�LQ�7UXFNHH�ZKHUH�KRPHRZQHUV�KDG� KLJK�HQHUJ\�ELOOV�LQ�WKHLU�JHRWKHUPDOKHDW�SXPS�KHDWHG�KRPHV��,W�GLG�QRW�PDNH�VHQVH�WR�KDYH�D�VXSHU�KLJK�HIILFLHQF\�KHDWLQJ�V\VWHPFDXVLQJ�KLJK�HQHUJ\�ELOOV��,W�EHFDPH�HYLGHQW�WKDW�ZH�PXVW�ORRN�LQWR�PDNLQJ�WKH�EXLOGLQJ�DQGGLVWULEXWLRQ�V\VWHP�PRUH�HQHUJ\�HIILFLHQW�VR�WKDW�WKH�KHDW�SXPS�FRXOG�SHUIRUP�DV�H[SHFWHG�DQGSURYLGH�ORZ�HQHUJ\�ELOOV�WR�WKH�XVHU��7KH�ERWWRP�OLQH�LV�LW�GRHV�QRW�PDNH�VHQVH�WR�SXW�D�KLJKHIILFLHQF\�KHDWLQJ�V\VWHP�LQWR�D�ORZ�HIILFLHQF\�EXLOGLQJ�
$IWHU�WKH���������VWXG\��7'38'�GLG�VWDUW�SURPRWLQJ�WKH�¦+RXVH�DV�D�6\VWHP§�DSSURDFK�ZLWK�DOOIXWXUH�JHRWKHUPDO�KHDW�SXPS�LQVWDOODWLRQV��7KH�LGHD�ZDV�WR�ILUVW�PDNH�WKH�EXLOGLQJ�DV�FRVW�HIIHFWLYHO\�HQHUJ\�HIILFLHQW�DV�SRVVLEOH��7KLV�ZRXOG�WKHQ�EULQJ�WKH�VL]LQJ�RI�D�KHDWLQJ�V\VWHPGRZQ��,Q�PDQ\�FDVHV�ZH�ZHUH�DEOH�WR�UHGXFH�WKH�KHDWLQJ�WRQQDJH�UHTXLUHPHQW�GRZQ�E\�DERXW�RQHWRQ�RU��������%WX�KRXU��7KLV�ZRXOG�VDYH�DERXW��������IRU�WKH�FRVW�RI�D�JHRWKHUPDO�KHDW�SXPSLQVWDOODWLRQ�DQG�DOVR�UHGXFH�WKH�FRVW�RI�KHDWLQJ�WKH�EXLOGLQJ�HDFK�ZLQWHU��7KLV�FRXOG�DOO�EH�GRQHIRU�DQ�DYHUDJH�FRQVHUYDWLRQ�LQYHVWPHQW�RI�DERXW��������WR��������SHU�VLWH��7KH�TXHVWLRQ�WKHQ
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EHFDPH�ZKDW�UHDOO\�DUH�WKH�HFRQRPLFV�RI�GRLQJ�WKLV"�7KLV�LV�ZKHQ�608'�DQG�7'38'�GHFLGHGWR�DSSURDFK�&(&�VWDII�WR�GR�WKH���������VWXG\�
7'38'�DQG�608'�UHFHLYHG�WKH�JR�DKHDG�WR�GR�WKLV�VWXG\�LQ�WKH� )DOO�RI�������7KH�VLWHV�ZHUH�VHWXS�IRU�PRQLWRULQJ�DQG�WKH�¦+RXVH�DV�D�6\VWHP§�ZRUN�ZDV�SHUIRUPHG�PLGZD\�WKURXJK�WKHPRQLWRULQJ��(DFK�RI�WKH�ILYH�7UXFNHH�VLWHV�KDG�UHPHGLDWLRQ�ZRUN�RI�EHWZHHQ��������DQG��������,Q�VRPH�FDVHV�WKH�HFRQRPLFV�RI�WKH�UHPHGLDWLRQ�ZRUN�ZDV�YHU\�JRRG�DQG�LQ�RWKHU�FDVHV�WKHHFRQRPLFV�ZHUH�PDUJLQDO��2QH�LVVXH�ZH�VKRXOG�QRWH�LV�WKDW�DOO�ILYH�7UXFNHH�VLWHV�ERUGHUHG�RQH[WUHPH�LQ�WKDW�VRPH�ZHUH�QRQ�RSHUDWLRQDO�SULRU�WR�WKH�VWXG\��7KH�7UXFNHH�SURMHFW�PDQDJHUEHOLHYHV�WKDW�WKHVH�ZHUH�WKH�¦ZRUVW§�XQGHU�SHUIRUPLQJ�JHRWKHUPDO�KHDW�SXPS�VLWHV�RXW�RI�DERXW���LQ�7UXFNHH��6R�QRW�RQO\�GLG�WKH\�UHTXLUH�HIILFLHQF\�ZRUN�� EXW�WKH\�UHTXLUHG�RWKHU�UHPHGLDWLRQZRUN�WR�EULQJ�WKHP�WR�D�VWDQGDUG�RSHUDWLRQDO�PRGH��$OVR��LQ�VRPH�FDVHV�HIILFLHQF\�ZRUN�KDGDOUHDG\�EHHQ�SHUIRUPHG�RQ�VRPH�RI�WKHVH�VLWHV�UHGXFLQJ�WKH�FDOFXODWHG�EHQHILW�HIILFLHQF\�ZRXOGKDYH�SURYLGHG�WKHVH�SURMHFWV�KDG�DOO�WKH�HIILFLHQF\�ZRUN�EHHQ�SHUIRUPHG�GXULQJ�UHPHGLDWLRQ�DQGPRQLWRULQJ��QRW�SULRU�WR�
,W�PD\�EH�WKDW�WKHVH�XQGHU�SHUIRUPLQJ�VLWHV�ZRXOG�KDYH�VKRZQ�HYHQ�EHWWHU�HFRQRPLFV�LI�RQO\�WKHEDVLF��PRVW�FRVW�HIIHFWLYH�UHPHGLDWLRQ�ZRUN�KDG�WR�EH�SHUIRUPHG�RQ�WKHP��,I�DQ\�VLWHV�KDG�XQ�LQVXODWHG�DWWLF�VSDFHV�WKH\�ZRXOG�KDYH�VKRZQ�JUHDW�LPSURYHPHQW��2QO\�RQH�VLWH�ZDV�SUDFWLFDO�IRUDGGLQJ�DGGLWLRQDO�LQVXODWLRQ��,W�ZDV�DOUHDG\�LQVXODWHG��EXW�FRXOG�XVH�D�OLWWOH�H[WUD��$OO�VLWHVUHTXLUHG�UHGXFWLRQ�LQ�EXLOGLQJ�HQYHORSH�LQILOWUDWLRQ��0RVW�VLWHV�UHTXLUHG�D�UHGXFWLRQ�LQ�FHQWUDO�DLUGLVWULEXWLRQ�V\VWHP�RU�GXFW�OHDNDJH��7KH�EXLOGLQJ�DQG�GXFW�LQILOWUDWLRQ�OHDNDJH�UHGXFWLRQ�LVJHQHUDOO\�FRVW�HIIHFWLYH��0RVW�VLWHV�UHFHLYHG�D�YDSRU�EDUULHU�RQ�WKH�GLUW�FUDZO�VSDFH�IORRU��7KDW�LVD�KHOSIXO�PHDVXUH��EXW�LV�QRW�RQH�RI�WKH�PRUH�FRVW�HIIHFWLYH�PHDVXUHV��7KH�HFRQRPLFV�FRXOG�KDYHDOVR�EHHQ�LPSURYHG�LI�WKH�EXLOGLQJ�RZQHUV�PDQDJHUV�KDG�EHHQ�DEOH�WR�SHUIRUP�VRPH�RI�WKH�ZRUNZLWK�WKHLU�RZQ�PDLQWHQDQFH�VWDII�RU�WKHPVHOYHV��:LWK�VRPH�PHDVXUHV�WKLV�FDQ�EH�GRQH�ZKLOHRWKHUV�UHTXLUH�FRQWUDFWRU�HTXLSPHQW�DQG�H[SHUWLVH��2YHUDOO��WKH�SURMHFW�ZDV�VXFFHVVIXO��$OO�ILYHVLWHV�DUH�RSHUDWLQJ�HIILFLHQWO\�DQG�WKH�XVHUV�DUH�YHU\�DSSUHFLDWLYH��7'38'�VWDII�KDV�GRFXPHQWHGWKH�UHPHGLDWLRQ�ZRUN�ZLWK�SKRWRV��DOVR�DYDLODEOH�RQ�GLVF�
6LQFH�WKH�ODVW�UHVHDUFK�ZDV�GRQH�IURP���������7UXFNHH�'RQQHU�3XEOLF�8WLOLW\�'LVWULFW�SXWWRJHWKHU�FDVK�LQFHQWLYHV�WR�HQFRXUDJH�KRPHRZQHUV�DQG�EXVLQHVVHV�WR�SHUIRUP�¦+RXVH�DV�D6\VWHP§�PHDVXUHV��7'38'��ILUVW�RI�DOO��SURYLGHV�D������UHEDWH�IRU�MXVW�KDYLQJ�RQH©V�KRPH�RUEXVLQHVV�FKHFNHG�IRU�LQVXODWLRQ�OHYHOV�DQG�WHVWHG�IRU�EXLOGLQJ�DQG�GXFW�DLU�OHDNDJH��7KH�LGHD�LV�WRJHW�D�VXUYH\�RI�WKH�¦SUREOHP§��7'38'�DOVR�SURYLGHV�D�����UHEDWH�RQ�WKH�FRVW�RI�WKH�EXLOGLQJHIILFLHQF\�PHDVXUHV�LQFOXGLQJ�LQVWDOODWLRQ�XS�WR�D�WRWDO�UHEDWH�RI�������6LQFH�WKH�UHVXOWV�RI�WKLVFXUUHQW�����������UHVHDUFK�VWXG\��7'38'�VWDII�LV�HYHQ�PRUH�FRQYLQFHG�RI�WKH�YDOXH�RI�DSSO\LQJFRQVHUYDWLRQ�ILUVW��7'38'�SODQV�RQ�SXWWLQJ�JUHDWHU�HPSKDVLV�WR�EXLOGLQJ�XVHUV�RQ�WKH�QHHG�WRPDNH�WKHLU�EXLOGLQJV�DV�HFRQRPLFDOO\�HIILFLHQW�DV�SRVVLEOH��WKHQ�SD\�IRU�DQG�LQVWDOO�WKH�PRUHH[SHQVLYH�KLJKHU�HIILFLHQF\�KHDWLQJ�V\VWHPV�OLNH�JHRWKHUPDO�KHDW�SXPSV��,W�LV�ZRUWKZKLOHEHFDXVH�RI�WKH�VDYLQJV�RQ�WKH�FDSLWDO�FRVW�RI�EX\LQJ�WKH�V\VWHP�LV�UHGXFHG�E\�DERXW��������DQGWKH�IXWXUH�UHGXFWLRQ�LQ�WKH�EXLOGLQJ©V�RSHUDWLRQDO�HQHUJ\�FRVWV�
+HDWLQJ�FRQWUDFWRUV�KDYH�D�ORW�WR�JDLQ�IURP�DSSURDFKLQJ�WKHLU�EXLOGLQJ�KHDWLQJ�MREV�IURP�WKH¦+RXVH�DV�D�6\VWHP§�DSSURDFK��:KHQ�KHDWLQJ�FRQWUDFWRUV�DUH�VL]LQJ�WKH�KHDWLQJ�HTXLSPHQW�IRU�DEXLOGLQJ�WKH\�QHHG�WR�GHWHUPLQH�WKH�EXLOGLQJV�KRXUO\�KHDW�ORVV�XVLQJ�LQIRUPDWLRQ�DERXW�WKHHIILFLHQF\�RI�WKH�EXLOGLQJ�HQYHORSH�DW�VRPH�VSHFLILHG�GHVLJQ�WHPSHUDWXUH��7KH\�W\SLFDOO\�EULQJWRJHWKHU�JRRG�GDWD�DERXW�U�YDOXHV�RQ�WKH�EXLOGLQJ�PDWHULDOV��EXW�GR�QRW�KDYH�DQ�DFFXUDWH�ZD\�WRGHWHUPLQH�WKH�KHDW�ORVV�FDXVHG�E\�D�OHDN\�EXLOGLQJ�HQYHORSH�DQG�RU�FHQWUDO�DLU�GLVWULEXWLRQV\VWHP��7KH�¦+RXVH�DV�D�6\VWHP§�DQDO\VLV�FDQ�SURYLGH�WKRVH�QXPEHUV�DQG�VKRZ�ZKHUH�LPSRUWDQW
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HIILFLHQF\�LPSURYHPHQWV�FDQ�EH�PDGH�LQ�D�EXLOGLQJ��+HDWLQJ�FRQWUDFWRUV�ZKR�LPSURSHUO\�VL]HKHDWLQJ�V\VWHPV�IRU�D�EXLOGLQJ�ZLOO�UXQ�LQWR�SUREOHPV�KHDWLQJ�WKH�EXLOGLQJ�DQG�KDYH�VHYHUDO�UHWXUQWULSV�EHIRUH�WKH\�VROYH�WKH�SUREOHP��7KH\�PD\�VROYH�WKH�SUREOHP�E\�SXWWLQJ�LQ�D�ODUJHU�KHDWLQJV\VWHP�DW�WKHLU�H[SHQVH�ZKHUHDV�WKH\�FRXOG�KDYH�VROYHG�WKH�SUREOHP�E\�UHGXFLQJ�WKH�EXLOGLQJ©VKHDWLQJ�UHTXLUHPHQW�WKURXJK�WKH�¦+RXVH�DV�D�6\VWHP§�DSSURDFK��(IILFLHQF\�UHGXFHV�HTXLSPHQWFDSLWDO�FRVW�UHTXLUHPHQWV��UHGXFHV�WKH�HQHUJ\�FRVWV�DVVRFLDWHG�ZLWK�KHDWLQJ�WKH�EXLOGLQJ�DQG�PD\VDYH�D�FRQWUDFWRU�FRQVLGHUDEOH�WLPH��PRQH\�DQG�SUREOHPV�
7'38'�ZLOO�FRQWLQXH�WR�RIIHU�FDVK�LQFHQWLYHV�DQG�HQFRXUDJH��¦+RXVH�DV�D�6\VWHP§�PHDVXUHV�WRRXU�XWLOLW\�FXVWRPHUV��7'38'�ZLOO�H[SDQG�WKHLU�HGXFDWLRQ�DQG�PDUNHWLQJ�HPSKDVLV�RI�WKH�YDOXHRI�WKLV�ZRUN��7'38'�VWDII�VSRNH�UHFHQWO\�WR�D�FRQWUDFWRU�ZKR�LV�SODQQLQJ�WR�RIIHU�ORZ�FRVWHQHUJ\�VXUYH\V�WR�HYDOXDWH�IRU�¦+RXVH�DV�D�6\VWHP§�RSSRUWXQLWLHV��7KH�FRQWUDFWRU�ZLOO�EH�RIIHULQJWKLV�VHUYLFH�LQ�7UXFNHH�E\�WKLV�VXPPHU��7'38'�VWDII�LV�FXUUHQWO\�ZRUNLQJ�ZLWK�VHYHUDO�QRUWKHUQ&DOLIRUQLD�XWLOLWLHV�WR�KHOS�WKHP�XQGHUVWDQG�ZKDW�JRHV�LQWR�GHYHORSLQJ�D�*6+3�SURJUDP�IRU�WKHLUFXVWRPHUV��7'38'�DSSUHFLDWHV�WKH�IXQGLQJ�IRU�WKH�SURMHFW�E\�WKH�&(&�DQG�ZRXOG�OLNH�WR�KHOS�WKH&(&�SURPRWH�WKLV�ZRUN�VWDWHZLGH�DV�FDQ�EH�GRQH�SUDFWLFDOO\�
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7$%/(�2)�&217(176
�� 29(59,(:������������������������������������������������������������������������������������������������������������������������������������ %DFNJURXQG������������������������������������������������������������������������������������������������������������������������� ����� 'HVFULSWLRQ�RI�8WLOLW\�6HUYLFH�$UHDV ���������������������������������������������������������������������������������� ��� 2%-(&7,9(6 ������������������������������������������������������������������������������������������������������� ��� 0(7+2'2/2*<������������������������������������������������������������������������������������������������ �
���� 0RQLWRULQJ�3ODQ ������������������������������������������������������������������������������������������������������������������ ����� 0RQLWRULQJ�6\VWHP�,QVWDOODWLRQ�DQG�&RPPLVVLRQLQJ ��������������������������������������������������������� ����� 'DWD�&ROOHFWLRQ ������������������������������������������������������������������������������������������������������������������� ����� 5HPHGLDWLRQ�(YDOXDWLRQ ����������������������������������������������������������������������������������������������������� ����� 'DWD�$QDO\VLV�$SSURDFK ����������������������������������������������������������������������������������������������������� ���������0RQLWRULQJ�'DWD ���������������������������������������������������������������������������������������������������� ���������5HPHGLDWLRQ�6LWHV �������������������������������������������������������������������������������������������������� ���������'2(���0RGHOLQJ�$VVXPSWLRQV ����������������������������������������������������������������������������� ���������'HVXSHUKHDWHU�DQG�'HGLFDWHG�*+3�:DWHU�+HDWHU�(YDOXDWLRQ ������������������������������ �
�� 5(68/76������������������������������������������������������������������������������������������������������������� ��
���� 0RQLWRULQJ�'DWD�6XPPDU\ ����������������������������������������������������������������������������������������������� ����������+HDWLQJ�(QHUJ\�8VH ��������������������������������������������������������������������������������������������� ����������*URXQG�/RRS�7HPSHUDWXUHV ��������������������������������������������������������������������������������� ����������3HDN�'D\�3HUIRUPDQFH ���������������������������������������������������������������������������������������� ������ 5HPHGLDWLRQ�6XPPDU\ ����������������������������������������������������������������������������������������������������� ����������6LWH�7��5HPHGLDWLRQ�6XPPDU\ ���������������������������������������������������������������������������� ����������6LWH�7��5HPHGLDWLRQ�6XPPDU\ ���������������������������������������������������������������������������� ����������6LWH�7��5HPHGLDWLRQ�6XPPDU\���������������������������������������������������������������������������� ����������6LWH�7��5HPHGLDWLRQ�6XPPDU\ ���������������������������������������������������������������������������� ����������6LWH�7��5HPHGLDWLRQ�6XPPDU\ ���������������������������������������������������������������������������� ����������6LWH�6���5HPHGLDWLRQ�6XPPDU\ �������������������������������������������������������������������������� ����������6LWHV�6���DQG�6���5HPHGLDWLRQ�6XPPDU\ ���������������������������������������������������������� ������ '2(���3HUIRUPDQFH�3URMHFWLRQV �������������������������������������������������������������������������������������� ������ 'HVXSHUKHDWHU�DQG�'*:+�(YDOXDWLRQ�5HVXOWV ���������������������������������������������������������������� ������ 9HUWLFDO�+HOL[�$VVHVVPHQW ����������������������������������������������������������������������������������������������� ������ *+3©V��&RQVWUXFWLRQ�4XDOLW\��DQG�5HPHGLDWLRQ �������������������������������������������������������������� ��
�� &21&/86,216 ������������������������������������������������������������������������������������������������� ��
�� 5(&200(1'$7,216 ������������������������������������������������������������������������������������ ��
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7$%/(6
�� 'HVFULSWLRQ�RI�*+3�0RQLWRULQJ�,QVWDOODWLRQ�6LWHV ������������������������������������������������������������� ��� '2(���0RGHOOLQJ�&DVHV ����������������������������������������������������������������������������������������������������� ��� 1RPLQDO�*+3�(IILFLHQF\�,QSXWV ����������������������������������������������������������������������������������������� ��� +HDWLQJ�(QHUJ\�8VH�6XPPDU\ ����������������������������������������������������������������������������������������� ���� 0RQLWRUHG�5HWXUQ�:DWHU�YV��2XWGRRU�$LU�7HPSHUDWXUH ��������������������������������������������������� ���� ,GHQWLILFDWLRQ�RI�3UREOHPV�DQG�5HPHGLDWLRQ�(IIRUW�IRU�7UXFNHH�6LWHV ����������������������������� ���� ,GHQWLILFDWLRQ�RI�3UREOHPV�DQG�5HPHGLDWLRQ�(IIRUW�IRU�608'�6LWHV ������������������������������ ���� '2(���3HUIRUPDQFH�3URMHFWLRQV�IRU�7UXFNHH ������������������������������������������������������������������ ���� '2(���3HUIRUPDQFH�3URMHFWLRQV�IRU�6DFUDPHQWR ������������������������������������������������������������� ����� 'HVXSHUKHDWHU�5HVXOWV�6XPPDU\ �������������������������������������������������������������������������������������� ����� '*:+�5HVXOWV�6XPPDU\������������������������������������������������������������������������������������������������� ����� 0HDVXUH�&RVW�(IIHFWLYHQHVV ��������������������������������������������������������������������������������������������� ��

),*85(6
�� 6FKHPDWLF�RI�2QH��DQG�7ZR�7DQN�'HVXSHUKHDWHU�6\VWHPV ��������������������������������������������� ���� 7\SLFDO�'*:+�&RQILJXUDWLRQ ����������������������������������������������������������������������������������������� ���� 6LWH�7��+HDWLQJ�0RGH�5HWXUQ�:DWHU�YV��2XWGRRU�$LU�7HPSHUDWXUH��)XOO�/RDG�'DWD� ���� ���� 6LWH�7��¤�3HDN�:LQWHU�'D\�*+3�3HUIRUPDQFH��-DQXDU\���������� ��������������������������������� ���� 6LWH�6��¤�3HDN�:LQWHU�'D\ *+3�3HUIRUPDQFH��-DQXDU\���������� ���������������������������������� ���� 6LWH�7��0RQLWRUHG�(QHUJ\�8VH�¤�3UH�DQG�3RVW�5HWURILW ��������������������������������������������������� ���� 6LWH�7��0RQLWRUHG�(QHUJ\�8VH�¤�3UH�DQG�3RVW�5HWURILW ��������������������������������������������������� ���� 6LWH�7��0RQLWRUHG�(QHUJ\�8VH�¤�3UH�DQG�3RVW�5HWURILW ��������������������������������������������������� ���� 6LWH�7��0RQLWRUHG�(QHUJ\�8VH�¤�3UH�DQG�3RVW�5HWURILW ��������������������������������������������������� ����� 6LWH�7��0RQLWRUHG�(QHUJ\�8VH�¤�3UH�DQG�3RVW�5HWURILW ��������������������������������������������������� ����� 6LWH�6���0RQLWRUHG�(QHUJ\�8VH�¤�3UH�DQG�3RVW�5HWURILW ������������������������������������������������� ����� 0RQLWRUHG�'*:+�&23�YV��,QOHW�:DWHU�7HPSHUDWXUH ����������������������������������������������������� ��

$33(1',&(6
$SSHQGL[�$� 0RQLWRULQJ�6LWH�$XGLW�)RUPV$SSHQGL[�%� *HQHUDO�0RQLWRULQJ�3ODQ$SSHQGL[�&� 6DPSOH�6LWH�0RQLWRULQJ�5HSRUW$SSHQGL[�'� 'LDJQRVWLF�(YDOXDWLRQ�)RUP$SSHQGL[�(� 5HPHGLDWLRQ�5HFRPPHQGDWLRQV$SSHQGL[�)� &DVH�6WXGLHV$SSHQGL[�*� 'HWDLOHG�)LHOG�0RQLWRULQJ�'DWD$SSHQGL[�+� 5HPHGLDWLRQ�:RUN &RPSOHWHG$SSHQGL[�,� 5HPHGLDWLRQ�6LWH�6XUYH\�5HVXOWV$SSHQGL[�-� 6���DQG�6���/RRS�6L]LQJ
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���� 2YHUYLHZ
����� %DFNJURXQG
*HRWKHUPDO��RU�¦JURXQG�VRXUFH§��KHDW�SXPSV��*+3©V��JHQHUDOO\�XWLOL]H�D�EXULHG�¦ORRS§�RI�WXELQJWR�H[FKDQJH�KHDW�ZLWK�WKH�VRLO��UDWKHU�WKDQ�WKH�UHIULJHUDQW�WR�DLU�KHDW�H[FKDQJHUV�XVHG�E\FRQYHQWLRQDO�DLU�VRXUFH�KHDW�SXPSV��$6+3©V����*+3©V�W\SLFDOO\�KDYH�KLJKHU�RSHUDWLQJHIILFLHQFLHV�WKDQ�$6+3©V�GXH�WR�PLOGHU�FRQGHQVLQJ�DQG�HYDSRUDWLQJ�WHPSHUDWXUHV��HOLPLQDWLRQ�RIGHIURVW�F\FOHV��OLWWOH�RU�QR�QHHG�IRU�VXSSOHPHQWDO�UHVLVWDQFH�KHDWLQJ�GXULQJ�FROG�ZHDWKHU��DQG�WKHXVH�RI�GHVXSHUKHDWHUV�WR�KHDW�GRPHVWLF�KRW�ZDWHU���6LQFH�*+3�V\VWHPV�ODFN�WKH�RXWGRRUFRPSUHVVRU�IDQ�XQLW�WKH\�DUH�DOVR�TXLHWHU�WKDQ�$6+3©V���*+3�V\VWHPV�DUH�PRUH�FRPPRQ�LQ�WKHQRUWK�FHQWUDO�DQG�VRXWKHUQ�VWDWHV��EXW�KDYH�QRW�DFKLHYHG�ZLGHVSUHDG�SRSXODULW\�LQ�WKH�:HVW���7KHSULPDU\�EDUULHU�WR�*+3©V�LQ�&DOLIRUQLD�LV�GXH�WR�FRVW���KLJKHU�ILUVW�FRVWV�WR�LQVWDOO�WKH�V\VWHPV��DQGUHODWLYHO\�KLJK�HOHFWULF�UDWHV�ZKLFK�UHGXFH�*+3�VDYLQJV�SRWHQWLDO�ZKHQ�FRPSDUHG�WR�WKH�W\SLFDOJDV�IXUQDFH�DLU�FRQGLWLRQHU�+9$&�V\VWHP�
7R�YHULI\�*+3�PDUNHW�YLDELOLW\��WKH�6DFUDPHQWR�0XQLFLSDO�8WLOLW\�'LVWULFW��608'��DQG�WKH7UXFNHH�'RQQHU�3XEOLF�8WLOLW\�'LVWULFW��7'38'��RULJLQDOO\�FRQWUDFWHG�ZLWK�WKH�&DOLIRUQLD(QHUJ\�&RPPLVVLRQ��&RPPLVVLRQ��WR�FRQGXFW�D�ILHOG�PRQLWRULQJ�SURMHFW�LQ�������%RWK�608'DQG�7'38'�KDYH�SLRQHHUHG�*+3�PDUNHW�GHYHORSPHQW�LQ�&DOLIRUQLD�E\�SURYLGLQJ�GLUHFWLQFHQWLYH�SD\PHQWV��RUJDQL]LQJ�EXON�SXUFKDVH�SURJUDPV��DQG�IDFLOLWDWLQJ�LQIUDVWUXFWXUHGHYHORSPHQW��8WLOLW\�DQG�&RPPLVVLRQ�LQWHUHVW�LQ�*+3�WHFKQRORJ\�VWHPV�IURP�WKH�SRWHQWLDOO\ORZHU�SHDN�GHPDQG�DQG�UHGXFHG�HQHUJ\�XVH�RIIHUHG�E\�*+3�V\VWHPV���'DYLV�(QHUJ\�*URXS��WKHSULPH�FRQWUDFWRU�RQ�WKLV�SURMHFW��FRPSOHWHG�D�GHWDLOHG�PRQLWRULQJ�DQG�HYDOXDWLRQ�DVVHVVPHQW�LQWKH������SURMHFW�UHSRUW�HQWLWOHG�¦608'�7'38'�*+3�0RQLWRULQJ�3URMHFW�)LQDO�5HSRUW�¤9ROXPHV����§�
,Q�������608'�DQG�7'38'�UHFHLYHG�DGGLWLRQDO�IXQGLQJ�IURP�WKH�&RPPLVVLRQ©V�*HRWKHUPDO3URJUDP�WR�IXUWKHU�VWXG\�*+3©V���7KH�SULPDU\�IRFXV�RI�WKH�QHZ�ZRUN�ZDV�WZRIROG���WR�LGHQWLI\�PRQLWRU��DQG�UHPHGLDWH�¦SUREOHP§�*+3�VLWHV��DQG�WR�JDWKHU�DGGLWLRQDO�ORQJ�WHUP�PRQLWRULQJ�GDWD�
����� 'HVFULSWLRQ�2I�8WLOLW\�6HUYLFH�$UHDV
608'�LV�DQ�HOHFWULF�XWLOLW\�VHUYLQJ�FXVWRPHUV�LQ�6DFUDPHQWR�&RXQW\���7KH�XWLOLW\�LV�VXPPHUSHDNLQJ�ZLWK�UHVLGHQWLDO�DLU�FRQGLWLRQLQJ�D�SULPDU\�FRQWULEXWRU�WR�WKH�SHDN�ORDG�RI�������0:�6XPPHUV�DUH�W\SLFDOO\�KRW�DQG�GU\�ZLWK�WHPSHUDWXUHV�H[FHHGLQJ�����)�DERXW����WLPHV�D�\HDU�:LQWHUV�DUH�UHODWLYHO\�PLOG�ZLWK�ORZ�WHPSHUDWXUHV�UDUHO\�IDOOLQJ�EHORZ�IUHH]LQJ���608'�SHDNZLQWHU�V\VWHP�GHPDQG�LV�DERXW�������0:���1DWXUDO�JDV�LV�DYDLODEOH�LQ�PRVW�RI� 608'©V�VHUYLFHWHUULWRU\�PDNLQJ�JDV�IXUQDFH�DQG�VSOLW�V\VWHP�DLU�FRQGLWLRQHUV�WKH�PRVW�FRPPRQ�UHVLGHQWLDOV\VWHP�
+RPHV�EXLOW�GXULQJ�WKH���©V�DQG���©V��ZKHQ�608'�ZDV�SURPRWLQJ�DLU�VRXUFH�KHDW�SXPSV��DQGKRPHV�LQ�UXUDO�DUHDV�RI�WKH�FRXQW\�KDYH�D�KLJKHU�VDWXUDWLRQ�RI�KHDW�SXPSV�RU�HOHFWULF�UHVLVWDQFHV\VWHPV���608'�LV�FRPPLWWHG�WR�DGYDQFHG�DQG�UHQHZDEOH�WHFKQRORJLHV�DQG�LV�SUHVHQWO\�OHDGLQJWKH�RWKHU�&DOLIRUQLD�XWLOLWLHV�LQ�GHYHORSLQJ�JHRWKHUPDO�KHDW�SXPS�WHFKQRORJLHV�DQG�EXLOGLQJ�DORFDO�FRQWUDFWLQJ�LQIUDVWUXFWXUH���*HRWKHUPDO�KHDW�SXPSV�DUH�D�SURPLVLQJ�WHFKQRORJ\�IRU�608'DQG�IRU�6DFUDPHQWR��SDUWLFXODUO\�LQ�RXWO\LQJ�DUHDV�ZLWK�QR�QDWXUDO�JDV�VHUYLFH��7KH\�ZLOO�SURYLGH
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VXEVWDQWLDO�HQHUJ\�DQG�GHPDQG�VDYLQJV�IRU�SDUWLFLSDWLQJ�FXVWRPHUV��UHGXFHG�XWLOLW\�ELOOV��DQGHQYLURQPHQWDO�EHQHILWV�LQFOXGLQJ�UHGXFWLRQ�RI�JUHHQKRXVH�JDV�HPLVVLRQV�DQG�UHGXFHG�QRLVHSROOXWLRQ��,Q�DGGLWLRQ��WKH�WHFKQRORJ\�FDQ�VHUYH�DV�D�YHKLFOH�IRU�FXVWRPHU�UHWHQWLRQ�DQG�GHYHORSWKH�LQIUDVWUXFWXUH�IRU�QHZ�EXVLQHVV�YHQWXUHV�
7'38'�LV�DQ�HOHFWULF�DQG�ZDWHU�XWLOLW\�VHUYLQJ�DERXW��������FXVWRPHUV�LQ�WKH�6LHUUD�1HYDGD�DSSUR[LPDWHO\����PLOHV�IURP�5HQR��1HYDGD���$W�DQ�HOHYDWLRQ�RI�������IHHW��WKH�DUHD�KDV�FROGZLQWHUV�ZLWK�D�ZLQWHU�SHDN�XWLOLW\�ORDG�RI�DERXW����0:���1LJKWWLPH�WHPSHUDWXUHV�EHORZ���)�DUHQRW�XQFRPPRQ���DOWKRXJK�ZLQWHU�GD\V�DUH�JHQHUDOO\�VXQQ\���6XPPHUV�DUH�PLOG�DQG�GU\�ZLWK�IHZGD\V�H[FHHGLQJ����)��VXPPHU�SHDN�ORDG�LV�DERXW����0:����:LWK�WKH�DSSHDUDQFH�RI�QDWXUDO�JDV�LQWKH�XUEDQ�DQG�VXEXUEDQ�DUHDV�LQ�WKH�ODWHU�����©V��QDWXUDO�JDV�IRUFHG�DLU�KHDWLQJ�QRZ�FRPSHWHVZLWK�SURSDQH��HOHFWULF�KHDW�DQG�ZRRG�VWRYH�KHDWLQJ���8QVWDEOH�SULFLQJ�RI�SURSDQH��DQG�GDPDJH�WRSURSDQH�OLQHV�IURP�KHDY\�VQRZ�ORDGV�GLVFRXUDJH�XVH�RI�WKLV�IXHO���1DWXUDO�JDV�SULFHV��ZKLFK�DUHEXUGHQHG�ZLWK�WKH�FRVW�RI�SLSHOLQH�GHYHORSPHQW��DQG�WKH�KLJK�FRVW�RI�HOHFWULF�UHVLVWDQFH�KHDWLQJPDNH�*+3�DQ�DWWUDFWLYH�DOWHUQDWLYH���:RRG�VWRYHV��RIWHQ�XVHG�DV�D�SULPDU\�KHDW�VRXUFH�VXEVWDQWLDOO\�FRPSURPLVH�WKH�ZLQWHU�DLU�TXDOLW\�RI�WKH�7UXFNHH�DUHD���*HRWKHUPDO�KHDW�SXPSV�DUHD�SURPLVLQJ�WHFKQRORJ\�LQ�PRXQWDLQ�DUHDV�OLNH�7UXFNHH��ZKHUH�LQH[SHQVLYH�QDWXUDO�JDV�LVXQDYDLODEOH�
7KH�FRPELQDWLRQ�RI�KLJK�FRVW�RI�FRPSHWLQJ�IXHOV��FROG�ZLQWHUV��DQG�DLU�TXDOLW\�FRQFHUQV�PDNH�WKH7'38'�VHUYLFH�DUHD�SULPH�IRU�*+3�PDUNHW�GHYHORSPHQW��7R�SURPRWH�*+3�WHFKQRORJ\�7'38'KDV�VSRQVRUHG�HYHQWV�EULQJLQJ�WRJHWKHU�KHDW�SXPS�PDQXIDFWXUHUV��KHDWLQJ�FRQWUDFWRUV��GULOOHUV�OHQGLQJ�LQVWLWXWLRQV��KRPHRZQHUV��DQG�RWKHU�*+3�FDQGLGDWHV���� 2EMHFWLYHV
,Q�������WKH�&RPPLVVLRQ©V�*HRWKHUPDO�3URJUDP�DOORFDWHG�DGGLWLRQDO�IXQGLQJ�WR�608'�DQG7'38'�WR�IXUWKHU�DGYDQFH�WKH�SULRU�UHVHDUFK�HIIRUWV���$�SULPDU\�REMHFWLYH�IRU�WKH����������SURMHFW�ZDV�WR�
x ,GHQWLI\�¦SUREOHP§�*+3�VLWHV�LQ�HDFK�VHUYLFH�WHUULWRU\x 0RQLWRU�V\VWHP�SHUIRUPDQFH�DW�WKHVH�VLWHV��SUH�PRQLWRULQJ�x 3HUIRUP�GLDJQRVWLF�ZRUN�WR�LGHQWLI\�SRWHQWLDO�UHPHGLDWLRQ�ZRUNx 3HUIRUP�UHPHGLDWLRQ�ZRUNx 0RQLWRU�V\VWHP�SHUIRUPDQFH��SRVW�PRQLWRULQJ�x $QDO\]H�SUH��DQG�SRVW�PRQLWRULQJ�GDWD�DQG�UHSRUW�UHVXOWVx 6XUYH\�WKH�KRPHRZQHUV�RQ�WKHLU�SHUFHSWLRQV�UHJDUGLQJ�WKH�EHQHILWV�RI�WKH�UHPHGLDWLRQx 'HYHORS�PRUH�GHWDLOHG�FDVH�VWXGLHV�RQ�WKUHH�RI�WKH�VLWHV
$GGLWLRQDO�SURMHFW�REMHFWLYHV�LQFOXGHG�
x &ROOHFW�DGGLWLRQDO�SHUIRUPDQFH�GDWD�IURP�WKH�VLWHV�PRQLWRUHG�LQ�����������DQG�FRPSDUHHQHUJ\�XVH�DQG�JURXQG�ORRS�SHUIRUPDQFHx 8SGDWH�*+3�HFRQRPLF�SURMHFWV�GHYHORSHG�LQ�WKH������UHSRUW�LQFOXGLQJ�RYHUDOO�*+3�FRVW�HIIHFWLYHQHVV��*+3�GHVXSHUKHDWLQJ��DQG�GHGLFDWHG�*+3�ZDWHU�KHDWLQJ
� :LQWHU������GHVLJQ�WHPSHUDWXUH�HTXDO�WR��q)��IURP�&OLPDWLF�'DWD�IRU�5HJLRQ�;�¤�$UL]RQD��&DOLIRUQLD�+DZDLL��1HYDGD��$6+5$(����������7KLV�GHVLJQ�WHPSHUDWXUH�LQGLFDWHV�WKDW������RI�WKH�ZLQWHU�KRXUV�DUHFROGHU�WKDQ��q)�
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x 'RFXPHQW�V\VWHP�SHUIRUPDQFH�XQGHU�SHDN�ZLQWHU�RSHUDWLQJ�FRQGLWLRQVx (YDOXDWH�WKH�HFRQRPLFV�RI�LPSOHPHQWLQJ�EXLOGLQJ�LPSURYHPHQWV�YV��DGGLQJ�*+3�FDSDFLW\x (YDOXDWH�WKH�FRVW�DQG�SHUIRUPDQFH�RI�VKDOORZ�YHUWLFDO�KHOL[�JURXQG�ORRSV�� 0HWKRGRORJ\
���� 0RQLWRULQJ�3ODQ
7KH�SURMHFW�ZRUN�SODQ�VSHFLILHG�UHFRPPLVVLRQLQJ�WKH����H[LVWLQJ�VLWHV�IURP�WKH������*+3�VWXG\DQG�WKH�DGGLWLRQ�RI����QHZ�PRQLWRULQJ�VLWHV��ZLWK�XS�WR�WZR�PXOWLSOH�*+3�V\VWHP�VLWHV����7KUHHRI�WKH����H[LVWLQJ�608'�VLWHV�GHFOLQHG�WR�SDUWLFLSDWH�LQ�WKH�RQJRLQJ�PRQLWRULQJ�IRU�YDULRXVUHDVRQV����7KLV�ORVV�RI�H[LVWLQJ�VLWHV�ZDV�RIIVHW�E\�WKH�IDFW�WKDW�RI�WKH�QLQH�QHZ�VLWHV�IRXU�KDG�WZRKHDW�SXPSV�HDFK�DQG�RQH�KDG�WKUHH��UHVXOWLQJ�LQ�D�WRWDO�RI����VLWHV�DQG����KHDW�SXPSV����6HH�7DEOH��LQ�VHFWLRQ�����IRU�D�VXPPDU\�RI�VLWH�FKDUDFWHULVWLFV�RI�ERWK�QHZ�DQG�H[LVWLQJ�VLWHV�
$�JHQHUDO�PRQLWRULQJ�SODQ�ZDV�GHYHORSHG�WR�GHVFULEH�WKH�PRQLWRULQJ�DSSURDFK�DSSOLHG�WR�DOOVLWHV���7KH�JHQHUDO�SODQ�LGHQWLILHG�PRQLWRULQJ�REMHFWLYHV��VWUDWHJ\��DQG�PHWKRGV���7KH�JHQHUDO�SODQDOVR�VSHFLILHG�KDUGZDUH�DQG�GDWD�DFTXLVLWLRQ�SURFHGXUHV��DQG�OLVWHG�DOJRULWKPV�WR�EH�XVHG�LQSURJUDPPLQJ�WKH�UHPRWH�VLWH�GDWDORJJHUV�
,Q�DGGLWLRQ��VSHFLILF�PRQLWRULQJ�SODQV�ZHUH�GHYHORSHG�IRU�HDFK�VLWH�EDVHG�RQ�LQIRUPDWLRQFROOHFWHG�GXULQJ�VLWH�DXGLWV���6SHFLILF�SODQV�OLVWHG�VLWH�LQIRUPDWLRQ�VXFK�DV�HTXLSPHQW�ORFDWLRQ�DQGJURXQG�ORRS�W\SH��DQG�LQFOXGHG�GDWD�SRLQW�OLVWV��GUDZLQJV�VKRZLQJ�VHQVRU�ORFDWLRQV��GDWDORJJHUSDQHO�ZLULQJ�GLDJUDPV��DQG�FDEOH�OLVWV���%RWK�WKH�JHQHUDO�DQG�VSHFLILF�PRQLWRULQJ�SODQV�ZHUHGHOLYHUHG�WR�WKH�3URMHFW�PDQDJHPHQW�WHDP�
0RQLWRULQJ�DW�DOO�VLWHV�DOORZHG�IRU�FRQWLQXRXV�FROOHFWLRQ�RI�WKH�IROORZLQJ�GDWD�
�� ,QGRRU�WHPSHUDWXUH�� 2XWGRRU�WHPSHUDWXUH�� 6XSSO\�DQG�UHWXUQ�DLU�WHPSHUDWXUH��IRUFHG�DLU�*+3�V\VWHPV��� 6XSSO\�DQG�UHWXUQ�ZDWHU�WHPSHUDWXUH��K\GURQLF�ZDWHU�WR�ZDWHU�V\VWHPV��� 7RWDO�*+3�HQHUJ\�XVH�DQG�*+3�DX[LOLDU\�KHDW�HQHUJ\�XVH��LI�LQVWDOOHG��� *URXQG�ORRS�VXSSO\�DQG�UHWXUQ�ZDWHU�WHPSHUDWXUHV
$LUIORZ�UDWHV�ZHUH�GHWHUPLQHG�DW�WKH�QHZ�VLWHV�XVLQJ�RQH�WLPH�SRZHUHG�IORZ�KRRG�PHDVXUHPHQWVDQG�¦QHZ§�ORRS�IORZ�UDWHV�ZHUH�HVWLPDWHG�EDVHG�RQ�RQH�WLPH�SUHVVXUH�GLIIHUHQWLDO�UHDGLQJ��DFURVVWKH�*+3�XQLW©V�UHIULJHUDQW�WR�ZDWHU�KHDW�H[FKDQJHU����([LVWLQJ�VLWHV�LQ�6DFUDPHQWR�W\SLFDOO\�KDGLQ�OLQH�JURXQG�ORRS�IORZ�PHWHUV�IURP�WKH�SULRU�PRQLWRULQJ��DOORZLQJ�IRU�FRQWLQXRXV�ORRS�IORZGDWD�FROOHFWLRQ���0RVW�RI�WKHVH�VHQVRUV�KDG�EHHQ�UHPRYHG�LQ�WKH�7UXFNHH�VLWHV�GXH�WR�OHDNDJHSUREOHPV�VLQFH�WKH������VWXG\�
$OO�VHQVRUV�ZHUH�VFDQQHG�DW����VHFRQG�LQWHUYDOV�ZLWK�GDWD�DYHUDJHG�WRWDOHG�DQG�ORJJHG�DW����PLQXWH�LQWHUYDOV���8VLQJ�WKH�SURJUDPPLQJ�IHDWXUHV�RI�WKH�GDWDORJJHU��HQHUJ\�WUDQVIHUV�EHWZHHQWKH�KHDW�SXPS�DQG�WKH�JURXQG�ORRS��DQG�EHWZHHQ�WKH�KHDW�SXPS�DQG�WKH�KRXVH�ZHUH�FRPSXWHGIURP�PDVV�IORZ�UDWHV�DQG�WHPSHUDWXUH�GLIIHUHQFHV�
� 7ZR�RI�WKH�VLWHV�KDG�EHHQ�UHFHQWO\�VROG�DQG�WKH�RZQHUV�ZHUH�QRW�LQWHUHVWHG�LQ�FRQWLQXLQJ�PRQLWRULQJ���WKHWKLUG�VLWH�GHFOLQHG�WR�SDUWLFLSDWH�GXH�WR�SHUVRQDO�UHDVRQV�
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���� 0RQLWRULQJ�6\VWHP�,QVWDOODWLRQ�	�&RPPLVVLRQLQJ
7DEOH���SURYLGHV�D�EULHI�GHVFULSWLRQ�RI�WKH�PRQLWRULQJ�VLWHV�DQG�WKH�LQVWDOOHG�*+3�V\VWHPV�DQGJURXQG�ORRS�GHVFULSWLRQV���¦([LVWLQJ��5�§�V\VWHPV�UHSUHVHQW�LQVWDOODWLRQV�ZKHUH�VLJQLILFDQWSRUWLRQV�RI�WKH�PRQLWRULQJ�LQVWDOODWLRQ�KDG�EHHQ�UHPRYHG�DQG�QHHGHG�WR�EH�UHLQVWDOOHG���7KUHH�RIWKH�VLWHV�ZHUH�QRQ�UHVLGHQWLDO�EXLOGLQJV��VLWHV�7���7����DQG�6�����7ZR�RI�WKH�VLWHV��7��DQG�7���ZHUH�K\GURQLF�V\VWHPV�ZKHUH�D�ZDWHU�WR�ZDWHU�*+3�V\VWHP�KHDWHG�D�VWRUDJH�WDQN�GHOLYHULQJZDWHU�WR�D�UDGLDQW�IORRU�KHDWLQJ�V\VWHP���$SSHQGL[�$�FRQWDLQV�VLWH�DXGLW�IRUPV�IURP�HDFK� VLWHZKLFK�IXUWKHU�GRFXPHQW�WKH�LQVWDOODWLRQV�
'(*�GHYHORSHG�GHWDLOHG�VSHFLILFDWLRQV�RI�UHTXLUHG�KDUGZDUH�QHFHVVDU\�IRU�WKH���QHZ�PRQLWRULQJVLWHV��VHH�*HQHUDO�0RQLWRULQJ�3ODQ�LQ�$SSHQGL[�%����608'�ORDQHG�PXFK�RI�WKH�PRQLWRULQJKDUGZDUH��GDWD�ORJJHUV��PRGHPV��DQG�SRZHU�PRQLWRUV�IRU�WKH�RULJLQDO�LQVWDOODWLRQV��DQG�GDWDORJJHUV�IRU�WKH�QHZ�LQVWDOODWLRQV��DQG�WKH�UHPDLQLQJ�HTXLSPHQW�ZDV�SXUFKDVHG�RU�OHDVHG�WKURXJKDYDLODEOH�SURMHFW�KDUGZDUH�IXQGV���$OO�KDUGZDUH�ZDV�SURFXUHG�E\�1RYHPEHU�������DQG�'(*�WKHQSUH�DVVHPEOHG��©�[��©�HOHFWULFDO�SDQHOV�FRQWDLQLQJ� GDWDORJJHUV��PRGHPV��DQG�ORZ�YROWDJH�SRZHUVXSSOLHV�WR�IDFLOLWDWH�ILHOG�LQVWDOODWLRQ���)URP�PLG�1RYHPEHU�WR�HDUO\�-DQXDU\ '(*�LQVWDOOHG�WKHPRQLWRULQJ�V\VWHPV�DW�WKH�QHZ�VLWHV�DQG�UHLQVWDOOHG�DQG�FRPPLVVLRQHG�PRQLWRULQJ�HTXLSPHQW�DWWKH�H[LVWLQJ�VLWHV��2Q�DYHUDJH�LW�WRRN�DSSUR[LPDWHO\�WZR�SHUVRQ�GD\V�SHU�VLWH�WR�LQVWDOO�DQGFRPPLVVLRQ�PRQLWRULQJ�V\VWHPV�
7DEOH�����'HVFULSWLRQ�RI�*+3�0RQLWRULQJ�,QVWDOODWLRQ�6LWHV *URXQG�ORRS�W\SH
6LWH 0RQLWRULQJ6WDWXV &RQVWUXFWLRQ7\SH )ORRU$UHD��IW�� 1RPLQDO*+3�WRQV 9HUW�%RUH�IW�WRQ� 9HUW�+HOL[���u GHSWK�7� ([LVWLQJ 5HWURILW ���� � ��� �7� ([LVWLQJ��5� 1HZ��+\G� ���� � ��� �7� ([LVWLQJ��5� 5HWURILW ���� � ��� �7� ([LVWLQJ��5� 5HWURILW ���� ��� ��� �7� ([LVWLQJ 5HWURILW��%HG�	%UHDNIDVW�,QQ� ���� ����� ��� �
7� 1HZ 5HWURILW ���� � � ��u ��©7� 1HZ 5HWURILW ���� ������� �������� �7� 1HZ 5HWURILW ���� � ��� �7� 1HZ 5HWURILW ���� ��� ��� �7�� 1HZ 1HZ��+\G�&RPPHUFLDO ���� ����� ��� �
6� ([LVWLQJ 1HZ ���� � ��� �6� ([LVWLQJ 5HWURILW��RIILFH� ��� ��� ��� �6� ([LVWLQJ 1HZ ���� � ��� �6� ([LVWLQJ 5HWURILW ���� � � ��u ��©6� ([LVWLQJ 5HWURILW ���� � ��� �6� ([LVWLQJ 1HZ ���� � ��� �6�� 1HZ 5HWURILW ���� ����� � ��u ��©6�� 1HZ 5HWURILW ���� ��������� � ��u ��©6�� 1HZ 1HZ ���� ����� � ��u ��©6�� 1HZ 5HWURILW ���� � � ��u ��©
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$IWHU�FRPSOHWLRQ�RI�WKH�PRQLWRULQJ�LQVWDOODWLRQ�DQG�YHULILFDWLRQ�RI�SKRQH�OLQH�FRQQHFWLRQV��IRUGDWD�GRZQORDGLQJ���'(*�YLVLWHG�HDFK�VLWH�WR�WURXEOHVKRRW�DQG�FRPPLVVLRQ�WKH�PRQLWRULQJV\VWHPV��DQG�ILQDOL]H�GDWDORJJHU�SURJUDPPLQJ���7KH�ILUVW�QLQH�7UXFNHH�VLWHV�ZHUH�FRPPLVVLRQHGE\�HDUO\�'HFHPEHU��������7KH�FRPPLVVLRQLQJ�RI�WKH�ODVW�VLWH��7����ZDV�GHOD\HG�XQWLO�)HEUXDU\�����DV�WKH�FRQVWUXFWLRQ�VFKHGXOH�GHOD\HG�FRPSOHWLRQ�RI�WKLV�VPDOO�FRPPHUFLDO�EXLOGLQJ��7KHH[LVWLQJ�608'�VLWHV�ZHUH�FRPPLVVLRQHG�E\�ODWH�'HFHPEHU������DQG�WKH�QHZ�608'�VLWHV�ZHUHFRPPLVVLRQHG�E\�HDUO\�-DQXDU\���������� 'DWD�&ROOHFWLRQ
5RXWLQH�GDWD�DFTXLVLWLRQ�FRPPHQFHG�DV�VRRQ�DV�HDFK�VLWH�ZDV�FRPPLVVLRQHG���'(*�GHYHORSHG�DFRPPXQLFDWLRQV�VRIWZDUH�VFULSW�SURJUDP�WR�VHTXHQWLDOO\�GLDO�HDFK�DFWLYH�VLWH�DQG�SURPSW�WKHGDWDORJJHU�WR�GRZQORDG�VWRUHG�GDWD���$�KRVW�FRPSXWHU�LQ�WKH�'(*�RIILFH�GRZQORDGHG�WKH���PLQXWH�ORJJHG�GDWD�RQ�D�QLJKWO\�EDVLV���'DWD�ZHUH�SURPSWO\�UHYLHZHG�WR�LGHQWLI\�RXW�RI�UDQJHUHDGLQJV�UHVXOWLQJ�IURP�SRZHU�RXWDJHV�RU�IDLOHG�VHQVRUV���2Q�D�ZHHNO\�EDVLV�GDWD�ZHUH�DOVRYLVXDOO\�UHYLHZHG�WR�SURYLGH�D�VHFRQG�YHULILFDWLRQ�RI�GDWD�TXDOLW\���2FFDVLRQDOO\��YROWDJH�VSLNHVRU�RWKHU�SUREOHPV�ZRXOG�UHVXOW�LQ�PRGHP�RU�VHQVRU�IDLOXUHV�WKDW�ZHUH�LGHQWLILHG�E\�WKHVH�GDWDUHYLHZV���5HVHWWLQJ�RU�UHSODFLQJ�PRGHPV��RU�IL[LQJ�RU�UHSODFLQJ�WKH�IDXOW\�VHQVRU�UHVROYHG�WKHVHIDLOXUHV�
'(*�FRPSLOHG�PRQWKO\�VLWH�GDWD�VXPPDULHV�DW�WKH�HQG�RI�HDFK�PRQWK�ZKLFK�LQFOXGHG�D�VXPPDU\VKHHW�DQG�ZHHNO\�JUDSKV�RI�LQGRRU��RXWGRRU��DQG�ORRS�UHWXUQ�WHPSHUDWXUH�DQG�KHDW�SXPS�HQHUJ\�VHH�H[DPSOH�VLWH�VXPPDU\�UHSRUW�LQ�$SSHQGL[�&����7KHVH�VXPPDULHV�ZHUH�LQFOXGHG�LQ�WKHPRQWKO\�SURJUHVV�UHSRUW�VXEPLWWHG�WR�WKH�&(&��608'�DQG�7'38'����� 5HPHGLDWLRQ�(YDOXDWLRQ
(LJKW�KRXVHV���ILYH�LQ�7UXFNHH�DQG�WKUHH�LQ�6DFUDPHQWR��ZHUH�WDUJHWHG�IRU�¦ZKROH�KRXVHSHUIRUPDQFH§�DXGLWV���7KHVH�DXGLWV�H[SORUHG�WKH�FRQWULEXWLRQV�WR�¦ZKROH�KRXVH§�SHUIRUPDQFH�RIKHDW�SXPS�SHUIRUPDQFH��EXLOGLQJ�HQYHORSH�GHILFLHQFLHV��+9$&�V\VWHP�DLUIORZ��DLU�GLVWULEXWLRQV\VWHP�OHDNDJH��V\VWHP�FRQWUROV��DQG�RFFXSDQW�LQWHUDFWLRQ�ZLWK�+9$&�FRQWUROV���$�¦ZKROHKRXVH§�DVVHVVPHQW�LV�YDOXDEOH�IRU�DQ\�KRXVH��EXW�HVSHFLDOO\�VR�IRU�KRXVHV�ZLWK�DGYDQFHGWHFKQRORJLHV�VXFK�DV�JHRWKHUPDO�KHDW�SXPSV���,I�UHPHGLDWLRQ��RU�IRU�QHZ�KRXVHV�WKH�DGGLWLRQ�RIHQHUJ\�HIILFLHQF\�PHDVXUHV��FDQ�EH�FRVW�HIIHFWLYHO\�LPSOHPHQWHG��WKH�*+3�V\VWHP�FDQ�EHGRZQVL]HG�VDYLQJ�ILUVW�FRVW�DQG�RSHUDWLQJ�FRVWV�
7KH�XWLOLW\�SURMHFW�PDQDJHUV�LGHQWLILHG�WKHVH�VLWHV�DV�WKRVH�PRVW�LQ�QHHG�RI�UHPHGLDWLRQ���$GLDJQRVWLF�HYDOXDWLRQ�UHSRUW��LQFOXGHG�LQ�$SSHQGL[�'��ZDV�GHYHORSHG�IRU�XVH�LQ�LGHQWLI\LQJ�DQGGRFXPHQWLQJ�SHUIRUPDQFH�LVVXHV��6XEFRQWUDFWRUV�5LFN�&KLWZRRG�RI�&KLWZRRG�(QHUJ\0DQDJHPHQW�DQG�$ODQ�$PDUR�SHUIRUPHG�WKH�GLDJQRVWLF�DXGLWV��&KLWZRRG��DV�ZHOO�DV�EHLQJ�DOLFHQVHG�FRQWUDFWRU��KDV�H[WHQVLYH�H[SHULHQFH�LQ�SHUIRUPLQJ�GLDJQRVWLF�¦ZKROH�KRXVH§HYDOXDWLRQV�RI�QHZ�DQG�H[LVWLQJ�KRPHV�WKURXJKRXW�&DOLIRUQLD�
$IWHU�FRPSOHWLRQ�RI�WKH�DXGLWV��D�OLVW�RI�UHFRPPHQGDWLRQV�ZDV�GHYHORSHG�IRU�HDFK�VLWH���$SSHQGL[(�OLVWV�WKH�UHPHGLDWLRQ�UHFRPPHQGDWLRQV�IRU�WKH�VLWHV��DV�ZHOO�DV�UHFRPPHQGDWLRQV�WKDW�ZHUH�QRW
� ZLWK�D�WRWDO�RI����*+3�V\VWHPV� 7KH�QLQWK�QHZ�KRXVH�GLG�QRW�KDYH�D�GLDJQRVWLF�DXGLW�FRPSOHWHG��VLQFH�WKHLU�FRPSODLQWV�ZHUH�OLPLWHG�WRLQVXIILFLHQW�DLUIORZ��DQG�UHVXOWLQJ�FRPIRUW��LQ�RQH�EHGURRP���7KLV�ZDV�HDVLO\�UHPHGLDWHG�E\�UHSODFHG�DNLQNHG�DQG�XQGHUVL]HG�VXSSO\�GXFW�ZLWK�D�ODUJHU��SURSHUO\�LQVWDOOHG�GXFW�
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LPSOHPHQWHG�IRU�FRVW�RU�RWKHU�UHDVRQV���8QGHU�WKH�GLUHFWLRQ�RI�WKH�608'�DQG�7'38'�SURMHFWPDQDJHUV��WKH�SURMHFW�UHPHGLDWLRQ�EXGJHW�ZDV�DOORFDWHG�DPRQJ�WKH�YDULRXV�VLWHV�ZLWK�SULRULW\JLYHQ�WR�PHDVXUHV�SURMHFWHG�WR�KDYH�WKH�JUHDWHVW�LPSDFW�
6HYHUDO�RXWVLGH�FRQWUDFWRUV�ZHUH�KLUHG�WR�FRPSOHWH�WKH�UHPHGLDWLRQ�ZRUN��LQFOXGLQJ�&KLWZRRG(QHUJ\�0DQDJHPHQW��(QHUJ\�6ROXWLRQV�*URXS��3HUIRUPDQFH�(QHUJ\��)LYH�6WDU� 3HUIRUPDQFH,QVXODWLRQ��DQG�3HUIHFWLRQ�+RPH�6\VWHPV���7KH�VFRSH�RI�WKH�UHPHGLDWLRQ�HIIRUWV�LQYROYHG�
x ,QFUHDVLQJ�LQVXODWLRQ�OHYHOV��FHLOLQJ�� NQHHZDOOV�x ,QILOWUDWLRQ�PLWLJDWLRQ��FDXONLQJ��VHDOLQJ�RI�HQYHORSH�SHQHWUDWLRQV��HWF��x 'XFW�VHDOLQJ��WR�UHGXFH�GXFW�OHDNDJH�DQG�LQFUHDVH�DLUIORZ�WR�FRQGLWLRQHG�VSDFH�x ,PSURYHPHQW�RI�WKH�WKHUPDO�HQYHORSH��FUDZOVSDFH�VHDOLQJ�LQ�7UXFNHH�WR�UHGXFH�IORRU�ORVVHV�x ,QVWDOODWLRQ�RI�GHSUHVVXUL]HG�IORZ�FHQWHUV��WR�PLWLJDWH�JURXQG�ORRSV�ZKLFK�KDG�EHHQ�OHDNLQJ�x 5HSODFHPHQW�RI�UHVWULFWLYH�VXSSO\�UHWXUQ�JULOOHV�ZLWK�HIILFLHQW�RQHV��UHGXFH�SUHVVXUH�GURS�x $GGLWLRQ��RU�XSVL]LQJ��RI�VXSSO\�DQG�UHWXUQ�GXFWV��WR�LQFUHDVH�+9$&�DLUIORZ�x ,QVWDOODWLRQ�RI�ZKROH�KRXVH�IDQV��SHUIRUPHG�DW�RQH�6DFUDPHQWR�VLWH�DV�D�SRWHQWLDO�VROXWLRQ�WRPLWLJDWH�V\VWHP�XQGHUVL]LQJ�IRU�RQH�RI�WKH�WZR�*+3�XQLWV�
7KH�DXGLWV�ZHUH�SHUIRUPHG�LQ�7UXFNHH�LQ�PLG�1RYHPEHU��DQG�WKH�UHPHGLDWLRQ�ZRUN�ZDVSHUIRUPHG�LQ�PLG�)HEUXDU\���7KH�DXGLWV�IRU�WKH�608'�VLWHV�ZHUH�SHUIRUPHG�LQ�PLG�'HFHPEHUDQG�WKH�UHPHGLDWLRQ�ZRUN�ZDV�FRPSOHWHG�LQ�ODWH�0DUFK�DQG�$SULO����� 'DWD�$QDO\VLV�$SSURDFK
������� 0RQLWRULQJ�'DWD
0RQLWRULQJ�GDWD�FROOHFWHG�GXULQJ�WKH�FXUUHQW�SURMHFW�ZHUH�XVHG�IRU�WKH�IROORZLQJ�
x 7R�DVVHVV�WKH�LPSDFW�RI�UHPHGLDWLRQ�HIIRUWV�RQ�*+3�V\VWHP�HQHUJ\�XVHx 7R�GRFXPHQW�JURXQG�ORRS�SHUIRUPDQFH�DQG�FRPSDUH�ZLWK������GDWD�WR�DVVHVV�FUHHS�LVVXHVx 7R�GRFXPHQW�SHDN�ZLQWHU�GD\�SHUIRUPDQFH�RI�WKH�LQVWDOOHG�V\VWHPVx 7R�GRFXPHQW�KHDWLQJ�HQHUJ\�XVH�DW�WKH�PRQLWRULQJ�VLWHV
7KH�IROORZLQJ�VHFWLRQV�GHVFULEH�KRZ�WKH�FROOHFWHG�GDWD�ZHUH�XVHG�
������ 5HPHGLDWLRQ�6LWHV
7KH�SULPDU\�SURMHFW�JRDO�IRU�WKH�UHPHGLDWLRQ�WDVN�ZDV�WR�LGHQWLI\�DQG�LPSOHPHQW�SUHIHUUHGUHPHGLDWLRQ�PHDVXUHV��TXDQWLI\�WKH�HQHUJ\�VDYLQJV��DQG�HVWLPDWH�WKH�FRVW�HIIHFWLYHQHVV�RI�WKHUHPHGLDWLRQ�ZRUN���)RU�HDFK�VLWH��D�PLQLPXP�RI����GD\V�RI�ZLQWHU�PRQLWRULQJ�RFFXUUHG�SULRU�WRWKH�UHPHGLDWLRQ�ZRUN����7KLV�GDWD�FKDUDFWHUL]HG�EDVH�FDVH�HQHUJ\�FRQVXPSWLRQ��)RU�WKH�7UXFNHH�VLWHV�������GD\V�RI�SRVW�UHPHGLDWLRQ�GDWD�ZHUH�DYDLODEOH�IRU�FRPSDULVRQ���6DFUDPHQWRUHPHGLDWLRQ�ZRUN�ZDV�PRUH�SUREOHPDWLF�GXH�WR�GLIILFXOW\�LQ�ILQGLQJ�DQG�VFKHGXOLQJ�TXDOLILHGFRQWUDFWRUV�ZLWK�H[SHULHQFH�LQ�LPSOHPHQWLQJ�HIILFLHQF\�UHFRPPHQGDWLRQV�EH\RQG�WKHLU�QDUURZIRFXV���2QH�6DFUDPHQWR�DUHD�+9$&�FRQWUDFWRU�ZKR�SHUIRUPHG�VLWH�LQVSHFWLRQV�FRXOG�QRW�EH
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FRQYLQFHG�WKDW�WKH�SURSRVHG�ZRUN�LGHQWLILHG�LQ�WKH�UHPHGLDWLRQ�DXGLWV�ZRXOG�EH�EHQHILFLDO ��6LQFH�UHPHGLDWLRQ�ZRUN�ZDV�QRW�FRPSOHWHG�HDUOLHU�WKDQ�ODWH�0DUFK��OLWWOH�XVHIXO�SRVW�UHPHGLDWLRQGDWD�ZHUH�DYDLODEOH�IRU�FRPSDULVRQ�WR�WKH�SUH�UHPHGLDWLRQ�GDWD�
7R�TXDQWLI\�WKH�UHPHGLDWLRQ�EHQHILW�DW�HDFK�VLWH��WKH�IROORZLQJ�DSSURDFK�ZDV�GHYHORSHG���)LUVW�GDLO\�*+3�HQHUJ\�XVH��LQFOXGLQJ�*+3�DX[LOLDU\�HOHFWULF�KHDW��ZDV�FDOFXODWHG���,Q�DGGLWLRQ��GDLO\DYHUDJH�¦LQGRRU�WR�RXWGRRU�WHPSHUDWXUH§�GLIIHUHQFH�ZDV�FDOFXODWHG��&ROGHU�GD\V�ZHUH�DQWLFLSDWHGWR�KDYH�KLJKHU�XVDJH�WKDQ�PLOGHU�GD\V ���5HJUHVVLRQ�UHODWLRQVKLSV�ZHUH�WKHQ�GHYHORSHG�UHODWLQJGDLO\�HQHUJ\�FRQVXPSWLRQ�DV�IXQFWLRQ�RI�WKH�DYHUDJH�LQGRRU�WR�RXWGRRU�WHPSHUDWXUH�GLIIHUHQFH�$�VLPLODU�SURFHVV�ZDV�FRPSOHWHG�IRU�SRVW�UHPHGLDWLRQ�GDWD�UHVXOWLQJ�LQ�WZR�UHJUHVVLRQ�OLQHV�SHUVLWH��SUH�DQG�SRVW��
6LQFH�SURMHFW�PRQLWRULQJ�GLG�QRW�HQFRPSDVV�D�IXOO�KHDWLQJ�VHDVRQ��WKH�SDUWLDO�\HDU�SUH��DQG�SRVW�UHJUHVVLRQ�UHODWLRQVKLSV�ZHUH�XVHG�LQ�MXQFWLRQ�ZLWK�DQ�KRXUO\�'2(���ZHDWKHU�ILOH��$Q�(O\�1HYDGD�'2(���70<�ZHDWKHU�ILOH��LGHQWLILHG�LQ�WKH������PRQLWRULQJ�VWXG\�DV�PRVW�UHSUHVHQWDWLYHRI�7UXFNHH�ZHDWKHU��ZDV�XVHG�ZLWK�D�FRQVWDQW��� q)�LQGRRU�WHPSHUDWXUH�WR�FDOFXODWH�WKH�GDLO\DYHUDJH�LQGRRU�WR�RXWGRRU�WHPSHUDWXUH�GLIIHUHQFH���7KH�UHJUHVVLRQ�UHODWLRQVKLSV�ZHUH�WKHQDSSOLHG�WR�FDOFXODWH�GDLO\�SUH��DQG�SRVW�UHPHGLDWLRQ�XVDJH���7KH�VDYLQJV�ZHUH�WRWDOHG��GROODUVDYLQJV�ZHUH�FRPSXWHG��DQG�VLPSOH�SD\EDFNV�ZHUH�FDOFXODWHG�EDVHG�RQ�WKH�SURMHFWHG�DQQXDOVDYLQJV�DQG�WKH�DFWXDO�UHPHGLDWLRQ�FRVWV�
&DVH�VWXGLHV��LQFOXGHG�LQ�$SSHQGL[�)��ZHUH�GHYHORSHG�IRU�WKUHH�RI�WKH�VLWHV�WR�GRFXPHQW�LQ�PRUHGHWDLO�WKH�UHPHGLDWLRQ�DFWLYLWLHV�
��������'2(���0RGHOLQJ�$VVXPSWLRQV
7KH������VWXG\�DVVHVVHG�*+3�HFRQRPLFV�LQ�ERWK�608'�DQG�7'38'�VHUYLFH�WHUULWRULHV�E\FRPSOHWLQJ�D�GHWDLOHG�'2(���PRGHOLQJ�VWXG\�RI�*+3�DQG�FRQYHQWLRQDO�V\VWHP�SHUIRUPDQFH��7KH�����HYDOXDWLRQ�XVHG�PRQLWRULQJ�GDWD�WR�FDOLEUDWH�WKH�'2(���JURXQG�ORRS�PRGHO�DQG�SURYLGHSHUIRUPDQFH�DVVXPSWLRQV�IRU�*+3�V\VWHP�PRGHOLQJ���7KH�SULPDU\�IRFXV�RI�WKH������VWXG\�ZDVRQ�UHPHGLDWLRQ�ZRUN�WR�LPSURYH�ZKROH�KRXVH�SHUIRUPDQFH��OLPLWLQJ�WKH�PRGHOLQJ�HYDOXDWLRQHIIRUW�WR�XSGDWLQJ�WKH�SULRU�HFRQRPLFV�EDVHG�RQ�XWLOLW\�UDWH�FKDQJHV��7KH������UHSRUW�FRQWDLQVGHWDLO�RQ�WKH�PRGHOLQJ�DVVXPSWLRQV�UHODWHG�WR�EXLOGLQJ�FKDUDFWHULVWLFV��WKHUPRVWDW�VHW�SRLQWV�JURXQG�ORRS�PRGHOLQJ��HWF���7KH�IROORZLQJ�GLVFXVVLRQ�GRFXPHQWV�WKH�DVVXPSWLRQV�XVHG�LQ�WKH'2(���PRGHOLQJ�
%DVHG�RQ�LQSXW�IURP�WKH�608'�7'38'�SURMHFW�PDQDJHUV��D�PDWUL[�RI�VLPXODWLRQ�FDVHV�ZDVGHYHORSHG��)RU�ERWK�XWLOLWLHV��FDVHV�ZHUH�UXQ�IRU�QHZ�DQG�UHWURILW�UHVLGHQWLDO�FRQVWUXFWLRQ�¦7\SLFDO§�DQG�¦+LJK§�ORDG�FDVHV�ZHUH�GHYHORSHG�RQ�D�������IW � SURWRW\SH�WR�DVVHVV�WKH�VHQVLWLYLW\RI�UHVXOWV�WR�YDULDWLRQV�LQ�EXLOGLQJ�ORDG����3DUDPHWULF�HYDOXDWLRQV�ZHUH�XVHG�WR�DVVHVV�WKH�LPSDFWRI�PRQLWRUHG�YDULDWLRQV�LQ�*+3�DQG�JURXQG�ORRS�SHUIRUPDQFH�RQ�UHVXOWV���7R�DFKLHYH�WKLV��ZRUVWDQG�EHVW�FDVH�SHUIRUPDQFH�VFHQDULRV�ZHUH�GHYHORSHG���7KH�¦ZRUVW§�FDVH�FRPELQHG�SRRU�JURXQGORRS�SHUIRUPDQFH�ZLWK�SRRU�KHDW�SXPS�SHUIRUPDQFH���7KH�¦EHVW§�FDVH�VFHQDULR�FRPELQHG�¦EHVWFDVH§�JURXQG�ORRS�SHUIRUPDQFH�ZLWK�¦EHVW�FDVH§�KHDW�SXPS�SHUIRUPDQFH�
� $IWHU�UHSHDWHG�HIIRUWV�WR�JHW�WKH�+9$&�FRQWUDFWRU�WR�SURYLGH�D�TXRWH�RQ�WKH�UHTXLUHG�ZRUN��ZH�FRQWDFWHGDQRWKHU�ILUP��3HUIRUPDQFH�(QHUJ\���ZKR�DOWKRXJK�QRW�D�PHFKDQLFDO�FRQWUDFWRUZDV�DEOH�WR�FOHDUO\XQGHUVWDQG�WKH�LVVXHV�WKDW�QHHGHG�WR�EH�DGGUHVVHG�WR�LPSURYH�ZKROH�KRXVH�SHUIRUPDQFH�� 7KLV�ZDV�JHQHUDOO\�WKH�FDVH��DOWKRXJK�VHYHUDO�7UXFNHH�VLWHV�XVHG�ZRRG�VWRYHV�RU�JDV�DSSOLDQFHV�DVVXSSOHPHQWDO�KHDW�VRXUFHV��FRPSOLFDWLQJ�WKH�WDVN�RI�TXDQWLI\LQJ�WKH�UHPHGLDWLRQ�EHQHILW�
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7KH�PRVW�FRPPRQ�FRQYHQWLRQDO�KHDWLQJ�V\VWHP�LQ�WKH�7UXFNHH�DUHD�LV�D�QDWXUDO�JDV�RU�SURSDQHIXUQDFH���%DVH�FDVH�DQDO\VHV�ZHUH�SHUIRUPHG�IRU�ERWK�VWDQGDUG�HIILFLHQF\�JDV�IXUQDFHV�����$)8(��DQG�KLJK�HIILFLHQF\�FRQGHQVLQJ�IXUQDFHV������$)8(����6LQFH�KRUL]RQWDO�JURXQG�ORRSVDUH�XQFRPPRQ�LQ�WKH�7UXFNHH�DUHD��DOO�7'38'�'2(���VLPXODWLRQV�DVVXPHG�YHUWLFDO�JURXQGORRSV�
,Q�608'�VHUYLFH�WHUULWRU\��EDVH�FDVH�V\VWHPV�DUH�W\SLFDOO\�����$)8(�JDV�IXUQDFHV�ZLWK���6((5�DLU�FRQGLWLRQHUV��*DV�$&���KRZHYHU�DLU�VRXUFH�KHDW�SXPSV�� $6+3©V��DUH�DOVR�FRPPRQ�LQWKH�UHWURILW�PDUNHW�DQG�LQ�PRUH�UXUDO�DUHDV�RI�608'�WHUULWRU\�ZKHUH�QDWXUDO�JDV�LQ�QRW�DYDLODEOH�%RWK�QHZ�DQG�UHWURILW�FDVHV�XVHG�WKH�VDPH�HTXLSPHQW�HIILFLHQFLHV�����6((5������$)8(��ZLWKWKH�UHWURILW�FDVH�DVVXPLQJ�WKDW�HTXLSPHQW�UHSODFHPHQW�LV�QHHGHG�DQG�SHUIRUPDQFH�LPSDFWV�VKRXOGWKHUHIRUH�EH�FRPSDUHG�WR�WKH�FRQYHQWLRQDO�EDVH�FDVH�V\VWHP�DOWHUQDWLYH���7KUHH�VHSDUDWH�EDVH�FDVHV\VWHP�W\SHV�ZHUH�VLPXODWHG�IRU�608'�
x 6WDQGDUG�*DV�$&�FDVH������$)8(�IXUQDFH����6((5�$&�x +LJK�HIILFLHQF\�FRROLQJ�*DV�$&�FDVH������$)8(�IXUQDFH����6((5�$&�x 6WDQGDUG�$6+3�FDVH������+63)����6((5�$6+3�
7\SLFDO��EHVW��DQG�ZRUVW�FDVH�*+3�VFHQDULRV�ZHUH�UXQ�ZLWK�WKH�YHUWLFDO�JURXQG�ORRSFRQILJXUDWLRQ��7DEOH���VXPPDUL]HV�WKH�PRGHOOLQJ�FDVHV�HYDOXDWHG�DQG�7DEOH���VXPPDUL]HV�WKHQRPLQDO�*+3�HTXLSPHQW�HIILFLHQFLHV��$5,�����UDWLQJV��XVHG�LQ�WKH� PRGHOOLQJ�VWXG\�
7DEOH�����'2(���0RGHOOLQJ�&DVHV7'38'�&DVHV +RXVH�7\SH %XLOGLQJ�/RDGV *+3 *URXQG�/RRS*DV�¤�����$)8( 1HZ��5HWURILW 0��+ Q�D Q�D*DV�������$)8( 1HZ 0 Q�D Q�D*+3��9HUWLFDO�ORRS� 1HZ 0 :��7��% :��7��%¦ 1HZ + 7 7¦ 5HWURILW 0��+ 7 7608'�&DVHV*DV�$&�¤����6((5 1HZ��5HWURILW 0��+ Q�D Q�D*DV�$&�¤����6((5 1HZ 0 Q�D Q�D$6+3�������+63) 1HZ��5HWURILW 0 Q�D Q�D*+3��9HUWLFDO�ORRS� 1HZ 0 :��7��% :��7��%¦ 1HZ + 7 7¦ 5HWURILW 0��+ 7 7*+3��+RUL]RQWDO�ORRS� 1HZ��5HWURILW 0��+ 7 71RWH��� )RU�ORDGV���¦0§� �PHGLXP��¦+§� �KLJK)RU�*+3�DQG�JURXQG�ORRS��¦:§� �ZRUVW��¦7§� �W\SLFDO��¦%§� �EHVW
7DEOH�����1RPLQDO�*+3�(IILFLHQF\�,QSXWV$5,�����(IILFLHQFLHV6LWH +HDWLQJ�&23 &RROLQJ�((57\SLFDO ��� ����%HVW ��� ����:RUVW ��� ����
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$YHUDJH�XWLOLW\�UDWHV�XVHG�LQ�FDOFXODWLQJ�DQQXDO�FRVWV�ZHUH�
x 608'�HOHFWULF�UDWH�RI�������N:K�x 3*	(�JDV�UDWH�RI������SHU� WKHUP��3*	(�SURYLGHV�JDV�VHUYLFH�LQ�608'�VHUYLFH�WHUULWRU\�x 7'38'�HOHFWULF�UDWH�RI������N:Kx 7UXFNHH�DUHD�6RXWKZHVW�*DV�UDWH�RI�������SHU� WKHUP�
�������� 'HVXSHUKHDWHU�DQG�'HGLFDWHG�*+3�:DWHU�+HDWHU�(YDOXDWLRQ
*+3�WHFKQRORJ\�RIIHUV�WZR�RSWLRQV�IRU�GRPHVWLF�ZDWHU�KHDWLQJ�� GHVXSHUKHDWHUV�DQG�GHGLFDWHG*+3�ZDWHU�KHDWLQJ��'*:+����$�GHVXSHUKHDWHU�LV�D�UHIULJHUDQW�WR�ZDWHU�KHDW�H[FKDQJHU�ORFDWHGRQ�WKH�GLVFKDUJH�VLGH�RI�WKH�FRPSUHVVRU���7KH�KHDW�H[FKDQJHU�H[WUDFWV�KHDW�IURP�WKH�KLJKWHPSHUDWXUH�UHIULJHUDQW�H[LWLQJ�WKH�FRPSUHVVRU��$�VPDOO�SXPS�FLUFXODWHV�SRWDEOH�ZDWHU�EHWZHHQWKH�ZDWHU�KHDWHU��RU�SUH�KHDW�VWRUDJH�WDQN��DQG�WKH�KHDW�H[FKDQJHU���$�'*:+�LV���WR�����WRQZDWHU�WR�ZDWHU�*+3�V\VWHP�SURYLGLQJ�KLJK�HIILFLHQF\�KHDW�SXPS�ZDWHU�KHDWLQJ���7KH�SULPDU\GLIIHUHQFH�EHWZHHQ�WKH�GHVXSHUKHDWHU�DQG�WKH�'*:+�LV�WKDW�WKH�GHVXSHUKHDWHU�RQO\�SURYLGHV�KHDWZKHQ�WKH�*+3�XQLW�LV�RSHUDWLQJ�LQ�VSDFH�FRQGLWLRQLQJ�PRGH��WKH�'*:+�KHDWV�ZDWHULQGHSHQGHQWO\�RI�VSDFH�FRQGLWLRQLQJ�RSHUDWLRQ�
%RWK�RQH��DQG�WZR�WDQN�GHVXSHUKHDWHU�V\VWHPV�DUH�VKRZQ�LQ�)LJXUH����$OWKRXJK�WKH�RQH�WDQNFRQILJXUDWLRQ�LV�OHVV�FRVWO\�WR�LQVWDOO��WKH�WZR�WDQN�DSSURDFK�SURYLGHV�JUHDWHU�GHVXSHUKHDWHUFRQWULEXWLRQ�WR�WRWDO�GRPHVWLF�KRW�ZDWHU��'+:��ORDGV��7KH�SUH�KHDW�WDQN�WHPSHUDWXUH�LQFUHDVHVZKHQ�WKH�*+3�V\VWHP�RSHUDWHV�DQG�GHFUHDVHV�GXULQJ�'+:�GUDZV��DV�VXSSO\�KRW�ZDWHU�LVUHSOHQLVKHG�WKURXJK�WKH�SDUWLDOO\�WHPSHUHG�SUH�KHDW�WDQN���7KH�PRUH�WKH�*+3�V\VWHP�RSHUDWHV�WKH�JUHDWHU�WKH�GHVXSHUKHDWHU�FRQWULEXWLRQ���$�RQH�WDQN�V\VWHP�LV�VHYHUHO\�FRQVWUDLQHG�E\�WKHZDWHU�KHDWHU�VHW�SRLQW��IRU�H[DPSOH��LI�WKH�WDQN�VHW�SRLQW�LV�����)��WKH� GHVXSHUKHDWHU©V�DELOLW\�WRKHDW�ZDWHU�LV�UHGXFHG�GXH�WR�WKH�KLJK�LQOHW�ZDWHU�WHPSHUDWXUHV�HQWHULQJ�WKH�KHDW�H[FKDQJHU�
'HVXSHUKHDWHUV�DUH�PRVW�HIIHFWLYH�GXULQJ�FRROLQJ�RSHUDWLRQ�ZKHQ�WKH�UHFODLPHG�KHDW�LVHVVHQWLDOO\�¦IUHH§�KHDW���6LQFH�WKH�GHVXSHUKHDWHU�ZLOO�UHVXOW�LQ�OHVV�KHDW�UHMHFWLRQ�WR�WKH�JURXQGORRS��FRROHU�JURXQG�ORRS�WHPSHUDWXUHV�ZLOO�UHVXOW�LQ�LPSURYHG�V\VWHP�SHUIRUPDQFH���'XULQJKHDWLQJ�RSHUDWLRQ��WKH�GHVXSHUKHDWHU�LQFUHDVHV�RYHUDOO�V\VWHP�SHUIRUPDQFH��GXH�WR�HIIHFWLYHO\LQFUHDVLQJ�WKH�VL]H�RI�WKH�FRQGHQVHU�KHDW�H[FKDQJHU���EXW�DOVR�UHGXFHV�WKH�UDWH�DW�ZKLFK�KHDW�LVVXSSOLHG�WR�WKH�KRXVH���7R�VXSSO\�WKH�VDPH�DPRXQW�RI�KHDWLQJ�HQHUJ\�WR�WKH�KRXVH��D�*+3�ZLWKGHVXSHUKHDWHU�PXVW�RSHUDWH�VOLJKWO\�ORQJHU���*LYHQ�WKHVH�SHUIRUPDQFH�FRQVLGHUDWLRQV��DGHVXSHUKHDWHU�ZLOO�EH�PRVW�FRVW�HIIHFWLYH�XQGHU�WKH�IROORZLQJ�FRQGLWLRQV�
x +LJK�ORDGV��HVSHFLDOO\�FRROLQJ�x 7ZR�WDQN�V\VWHPx +LJK�'+:�ORDGVx +LJK�HQHUJ\�FRVW�IRU�VXSSOHPHQWDO�'+:�IXHO
� 608'©V�FXUUHQW�WLHUHG�UHVLGHQWLDO�UDWHV��6FKHGXOH�5��UDQJH�IURP��������N:K��ORZ�WLHU���WR��������PLGWLHU���WR��������KLJK�WLHU����$Q�DYHUDJH�UDWH�RI�������N:K�ZDV�XVHG�IRU�WKLV�VWXG\���8VDJH�YDULDWLRQV�ZLOODIIHFW�WKH�LQFUHPHQWDO�UDWH�DQG�UHVXOWLQJ�DQQXDO�FRVW�� 6RXWKZHVW�*DV�SURYLGHV�JDV�VHUYLFH�WR�WKH�7UXFNHH�DUHD���5DWHV�DUH�KLJK�UHODWLYH�WR�3*	(��SDUWO\�WR�FRYHUWKH�H[SHQVH�RI�EULQJLQJ�QDWXUDO�JDV�WR�WKH�DUHD�DSSUR[LPDWHO\�ILYH�\HDUV�DJR���7KH�������SHU�WKHUP�UDWH�ZDVEDVHG�RQ�PRQWKO\�ILUVW�DQG�VHFRQG�WLHU�JDV�UDWHV�GXULQJ�������ZHLJKWHG�E\�W\SLFDO�PRQWKO\�XVDJH��������ZDVD�YRODWLOH�\HDU�GXULQJ�ZKLFK�6RXWKZHVW�*DV�UDWHV�FKDQJHG�HOHYHQ�WLPHV�
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$OO�GHVXSHUKHDWHU�HYDOXDWLRQV�SUHVHQWHG�LQ�WKLV�UHSRUW�DUH�EDVHG�RQ�D�WZR�WDQN�FRQILJXUDWLRQ�VLQFH�WKH�HFRQRPLF�YLDELOLW\�RI�RQH�WDQN�V\VWHPV�LV�OHVV�IDYRUDEOH���$������LQVWDOOHG�FRVW�ZDVHVWLPDWHG�IRU�WZR�WDQN�V\VWHPV��DQG�DVVXPHV�WKH�'+:�WDQN�LV�LQ�FORVH�SUR[LPLW\�WR�WKH�*+3XQLW��,Q�WKH������VWXG\��GHVXSHUKHDWHU�SHUIRUPDQFH�ZDV�PRQLWRUHG�DW�D�WRWDO�RI�IRXU�VLWHV��VLWHV6���6���7��DQG�7�����7KLV�VWXG\�XSGDWHV�WKH������VDYLQJV�SURMHFWLRQV�EDVHG�RQ�FXUUHQW�XWLOLW\UDWHV�)LJXUH�����6FKHPDWLF�RI�2QH��DQG�7ZR�7DQN�'HVXSHUKHDWHU�6\VWHPV
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)LJXUH���VKRZV�WKH�W\SLFDO�'*:+�FRQILJXUDWLRQ���7KH�'*:+�XVXDOO\�VKDUHV�D�JURXQG�ORRS�ZLWKWKH�VSDFH�FRQGLWLRQLQJ�JHRWKHUPDO�XQLW���,I�WKH�'+:�WDQN�WKHUPRVWDW�FDOOV�IRU�ZDWHU�KHDWLQJ��WKHJURXQG�ORRS�FLUFXODWLQJ�SXPS�DQG�'*:+�XQLW�DUH�HQHUJL]HG�DQG�WKH�XQLW�RSHUDWHV�XQWLO�WKHWHPSHUDWXUH�KDV�UHDFKHG�VHW�SRLQW���'*:+�XQLWV�DUH�PRVW�EHQHILFLDO�LQ�DUHDV�ZKHUH�FRROLQJVSDFH�FRQGLWLRQLQJ�ORDGV�GHWHUPLQH�WKH�JURXQG�ORRS�VL]LQJ���,Q�WKHVH�VLWXDWLRQV��VXPPHU�ZDWHUKHDWLQJ�RSHUDWLQJ�UHGXFHV�WKH�DPRXQW�RI�KHDW�UHMHFWHG�WR�WKH�JURXQG�ORRS��SRWHQWLDOO\�DOORZLQJ�IRUD�UHGXFWLRQ�LQ�JURXQG�ORRS�VL]LQJ�DQG�D�UHGXFHG�*+3�V\VWHP�LQVWDOOHG�FRVW���7KLV�WHFKQRORJ\�LVIDLUO\�QHZ�WR�&DOLIRUQLD���)RU�WKLV�VWXG\�D��������LQFUHPHQWDO�FRVW�ZDV�DVVXPHG�IRU�D�'*:+�
$�'*:+�ZDV�PRQLWRUHG�DQG�HYDOXDWHG�LQ�GHWDLO�LQ������GXULQJ�WKH�FRXUVH�RI� 3*	(©V*HRWKHUPDO�+HDW�3XPS�'HPRQVWUDWLRQ�3URMHFW ����3HUIRUPDQFH�SURMHFWLRQV�IURP�WKH������3*	(VWXG\�ZHUH�XSGDWHG�EDVHG�RQ�WKH�FXUUHQW�608'�DQG�7'38'�DUHD�XWLOLW\�UDWHV�
)LJXUH�����7\SLFDO�'*:+�&RQILJXUDWLRQ

�� 5HVXOWV
$SSHQGL[�*�FRQWDLQV�H[FHUSWV�IURP�WKH�GDWD�FROOHFWHG��LQFOXGLQJ�PRQWKO\�DYDLODEOH�PRQLWRULQJGDWD�E\�VLWH��PRQWKO\�DYHUDJH�*+3�RSHUDWLQJ�IUDFWLRQ��HQHUJ\�XVH�EUHDNGRZQ��ORRS�UHWXUQ�ZDWHUWHPSHUDWXUHV��DQG�SHDN�ZLQWHU�GD\�SHUIRUPDQFH�SORWV�IRU�HDFK�VLWH�
5HVXOWV�UHSRUWHG�LQ�WKLV�VHFWLRQ�LQFOXGH�D�VXPPDU\�RI�PRQLWRUHG�ILHOG�GDWD��UHVXOWV�IURP�WKHUHPHGLDWLRQ�WDVNV��XSGDWHG�*+3�FRVW�HIIHFWLYHQHVV�UHVXOWV��GHVXSHUKHDWHU�'*:+�SHUIRUPDQFHSURMHFWLRQV��DQG�D�FRVW�HIIHFWLYHQHVV�HYDOXDWLRQ�RI�HQHUJ\�HIILFLHQF\�PHDVXUHV�YV��DGGLWLRQDO�*+3FDSDFLW\�
������ 0RQLWRULQJ�'DWD�6XPPDU\
� 6HH�'DYLV�(QHUJ\�*URXS©V�(YDOXDWLRQ�RI�*URXQG�&RXSOHG�+HDW�3XPS�:DWHU�+HDWLQJ�2SWLRQV�LQ�3DFLILF*DV�DQG�(OHFWULF�6HUYLFH�7HUULWRU\��0D\������
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�������� +HDWLQJ�(QHUJ\�8VH
7KH�UHYLHZ�RI�PRQLWRULQJ�GDWD�IRU�WKH����VLWHV�UHYHDOHG�D�ZLGH�UDQJH�RI�VSDFH�FRQGLWLRQLQJRSHUDWLQJ�SURILOHV��XVDJH�SDWWHUQV��PLFURFOLPDWHV�	�EXLOGLQJ�GHVLJQ��SDUWLFXODUO\�LQ�7UXFNHH ����DQG�WKHUPRVWDW�FRQWURO�SDWWHUQV���,Q�DGGLWLRQ��VXSSOHPHQWDO�KHDWLQJ�VRXUFHV�VXFK�DV�ZRRG�VWRYHVDQG�ILUHSODFHV�ZHUH�XVHG�DW�VRPH�VLWHV��$X[LOLDU\�UHVLVWDQFH�VSDFH�KHDWLQJ�ZDV�REVHUYHG�DW�WKHIROORZLQJ�VLWHV��7���7���7���7���6��DQG�6����6LWH�DX[LOLDU\�HQHUJ\�XVDJH�FDQ�EH�VHHQ�LQ�$SSHQGL[*�LQ�WKH�¦0RQLWRUHG�(QHUJ\�8VH�%UHDNGRZQ§�WDEOH�
7DEOH���SUHVHQWV�WRWDO�*+3�VSDFH�FRQGLWLRQLQJ�HQHUJ\�XVH��LQFOXGLQJ�SXPS�DQG�DX[LOLDU\�KHDWLQJHQHUJ\�XVH��IRU�WKH�WLPH�SHULRG�OLVWHG�LQ�WKH�VHFRQG�FROXPQ���6LQFH�WKH�PRQLWRULQJ�SHULRG�GLG�QRWFRYHU�WKH�HQWLUH�KHDWLQJ�VHDVRQ��IXOO�\HDU�KHDWLQJ�HQHUJ\�FRQVXPSWLRQ�ZDV�H[WUDSRODWHG�XVLQJ�WKHHVWLPDWHG�PRQWKO\�KHDWLQJ�ORDGV�FDOFXODWHG�E\�'2(���IRU�WKH�WZR�UHJLRQV ���
7DEOH����+HDWLQJ�(QHUJ\�8VH�6XPPDU\�����0RQLWRULQJ�6WXG\ �����0RQLWRULQJ�6WXG\
6LWH ����'DWD3HULRG

0RQLWRUHG�+HDWLQJ�N:K�
1RUPDOL]HG�N:K�IW�SHU�\HDU�

0RQLWRUHG�+HDWLQJ�N:K�
)XOO�<HDU([WUDSRO�DWLRQ

1RUPDOL]HG�N:K�IW�SHU�\HDU�7� 'HF�0DU ����� ��� ���� ���� ���7� 'HF�0DU ���� ��� ���� ���� ���7� 'HF�0DU ���� ��� ���� ���� ���7� 'HF�0DU ���� ��� ���� ���� ���7� 'HF�0DU ���� ��� ���� ���� ���7� 'HF�0DU � � ���� ���� ���7� 'HF�0DU � � ���� ���� ���7� 'HF�0DU � � ���� ���� ���7� 'HF�0DU � � ���� ����� ���7�� )HE�0DU � � ������� �������� ���6� -DQ�0DU ��� ��� ���� ���� ���6� -DQ�0DU ��� ��� ��� ��� ���6� -DQ�0DU ���� ��� ���� ���� ���6� -DQ�0DU ���� ��� ���� ���� ���6� -DQ�0DU ���� ��� ��� ���� ���6� -DQ�0DU ������ ��� ��� ��� ���6�� -DQ�0DU � � ���� ���� ���6�� -DQ�0DU � � ���� ���� ���6�� -DQ�0DU � � ���� ���� ���6�� -DQ�0DU � � ���� ���� ���1RWHV��� ����)RU�PRQWKV�ZLWK�SDUWLDO�GDWD��HQHUJ\�XVH�ZDV�FDOFXODWHG�DV�PRQLWRUHG�XVH���DYDLODEOH�GDWD�IUDFWLRQ����1R�GDWD�DYDLODEOH�'HF�¨������0LVVLQJ�GDWD�IRU�'HF�DQG�-DQ��*+3V�ZHUH�QRW�\HW�FRPPLVVLRQHG�GXH�WR�FRQVWUXFWLRQ�GHOD\V�
�� %XLOGLQJ�GHVLJQ�LQFOXGLQJ�SDVVLYH�VRODU�IHDWXUHV�DQG�VRODU�DFFHVV�DUH�NH\�IDFWRUV�DIIHFWLQJ�KHDWLQJ�XVDJHLQ�7UXFNHH��� '2(���VLPXODWLRQV�LQGLFDWH�WKDW�WKH�'HFHPEHU�WKURXJK�0DUFK�SHULRG�W\SLFDOO\�UHSUHVHQWV�����RI�WKHDQQXDO�KHDWLQJ�ORDG���WKHUHIRUH�PHDVXUHG�XVDJH�IRU�VLWHV�ZLWK�'HF�0DUFK�GDWD�ZHUH�GLYLGHG�E\������WR�DUULYHDW�DQ�DQQXDO�XVDJH�HVWLPDWH���/LNHZLVH�VLWH�7����ZLWK�RQO\�)HEUXDU\�DQG�0DUFK�GDWD���DQQXDO�XVDJH�ZDVGHWHUPLQHG�E\�GLYLGLQJ�PRQLWRUHG�XVH�E\�������DQG�D������IDFWRU�ZDV�XVHG�IRU�608'�VLWHV��-DQ�0DU��



608'�7'38'�*+3�3URMHFW�����������0RQLWRULQJ�5HSRUW

'DYLV�(QHUJ\�*URXS 3DJH��� 0D\���������

7UXFNHH�VLWH�KHDWLQJ�XVDJH�YDULHG�IURP�D�ORZ�RI�����N:K�IW ��\HDU��VLWH�7���WR�D�KLJK�RI����N:K�IW��\HDU��VLWH�7����ZLWK�DQ�DYHUDJH�RI�����N:K�IW ��\HDU���9DULDWLRQV�LQ�XVDJH�ZHUH�GXH�WR�DYDULHW\�RI�IDFWRUV�LQFOXGLQJ�PLFURFOLPDWH�HIIHFWV��EXLOGLQJ�GHVLJQ��LQFOXGLQJ�SDVVLYH�VRODUFKDUDFWHULVWLFV���XVH�RI�DGGLWLRQDO�KHDW�VRXUFHV��V\VWHP�IXQFWLRQDOLW\��DQG�RFFXSDQW�FRPIRUWSUHIHUHQFHV���+HDWLQJ�HQHUJ\�XVH�IRU�WKH�608'�VLWHV�DYHUDJHG�����N:K�IW��\HDU�DQG�UDQJHG�IURPD�ORZ�RI�����N:K�IW��\HDU��VLWH�6���WR�D�KLJK�RI�����N:K�IW��\HDU��VLWH�6���
6SHFLILF�IDFWRUV�H[SODLQLQJ�HQHUJ\�XVH�FKDUDFWHULVWLFV�FDQ�EH�LGHQWLILHG���)RU�WKH�7UXFNHH�VLWHV�6LWH�7��ZDV�WKH�KLJKHVW�¦SHU�IW�§�HQHUJ\�XVHU���&RQWULEXWLQJ�IDFWRUV�LQFOXGH�ORZHU�LQVXODWLRQOHYHOV��SRRUHU�TXDOLW\�JOD]LQJ��OHDN\�GXFWZRUN��SRRU�GXFW�GHVLJQ��UXQQLQJ�VHFRQG�IORRU�GXFWV�XSH[WHULRU�ZDOO�FDYLWLHV���V\VWHP�LQHIILFLHQFLHV�GXH�WR�FRQVWULFWLRQV�LQ�VXSSO\�DQG�UHWXUQ�GXFWV�IXQFWLRQDOLW\��V\VWHP�DOZD\V�XVHV�DX[LOLDU\�KHDW��DQG�VXEVWDQWLDO�VKDGLQJ�IURP�ZLQWHU�VRODU�JDLQVE\�DQ�DGMDFHQW�EXLOGLQJ���6LWH�7���ZKLFK�KDG�WKH�ORZHVW�PRQLWRUHG�HQHUJ\�XVH�RI�WKH�7UXFNHHVLWHV��KDV�D�ORZ�RFFXSDQF\�UDWH�DQG�WKH�KRPHRZQHUV�XVH�WKHLU�ZRRG�EXUQLQJ�VWRYH�IUHTXHQWO\GXULQJ�WKH�ZLQWHU���6LWHV�7��DQG�7��DOVR�KDG�ORZ�HQHUJ\�XVH��7��EHFDXVH�RI�WKH�KRPHRZQHUV�XVHRI�D�ZRRG�EXUQLQJ�ILUHSODFH�LQVHUW�IRU�VXSSOHPHQWDO�KHDW��a�RQH�DQG�D�KDOI�FRUGV�EXUQHG�GXULQJWKH�ZLQWHU���DQG�7��EHFDXVH�RI�HQYHORSH�UHQRYDWLRQV�WKDW�KDSSHQHG�LQ�©���DQG�JRRG�SDVVLYHH[SRVXUH��7��PD\�KDYH�EHHQ�XVLQJ�OHVV�HQHUJ\�GXH�WR�SRRU�V\VWHP�]RQLQJ�DQG�WKHUPRVWDWSODFHPHQW�IRU�WKH�GRZQVWDLUV�*+3��WKRXJK�ZH�ZHUH�PDGH�DZDUH�RI�WKLV�YHU\�ODWH�LQ�WKH�VWXG\�DQGZHUH�QRW�DEOH�WR�LQFOXGH�WKLV�LQ�WKH�UHPHGLDWLRQ�ZRUN�
6LWHV�7��DQG�7���KDG�VOLJKWO\�KLJKHU�WKDQ�DYHUDJH�HQHUJ\�XVH���7KHVH�ZHUH�ERWK�GXDO�XQLW�*+3VLWHV��EXW�ZHUH�YDVWO\�GLIIHUHQW���7��LV�D�OHDN\�FDELQ�DW�WKH�WRS�RI�WKH�7DKRH� 'RQQHU�FRPPXQLW\ZLWK�ORWV�RI�JODVV���2QH�KHDW�SXPS�ZDV�QRW�ZRUNLQJ�IRU�WKH�PDMRULW\�RI�WKH�WLPH�WKH�V\VWHP�ZDVPRQLWRUHG��VR�WKH�QRUPDOL]HG�HQHUJ\�XVH�YDOXHV�PD\�QRW�EH�UHSUHVHQWDWLYH���7���LV� D�VWHHO�IUDPHGWHQW�OLNH�VWUXFWXUH�ZLWK�WZR���WRQ�ZDWHU�WR�ZDWHU�*+3�XQLWV�FRQQHFWHG�WR�VWRUDJH�WDQNV�IRU�DUDGLDQW�IORRU�V\VWHP���6LQFH�WKH�*+3�V\VWHPV�ZDV�QRW�FRPPLVVLRQHG�XQWLO�WKH�PLGGOH�RI)HEUXDU\��PXFK�RI�WKH�HQHUJ\�FRQVXPHG�E\�WKH�V\VWHP�ZDV�VLPSO\�WR�UHDFK�HTXLOLEULXP�ZLWK�WKHFROG�JURXQG�XQGHU�WKH�IORRU�VODE���,Q�DGGLWLRQ��FRQVWUXFWLRQ�ZRUNHUV�ZHUH�VWLOO�IUHTXHQWO\�LQ�DQGRXW�RI�WKH�VWUXFWXUH�GXULQJ�WKH�PRQLWRULQJ��ZLWK�GRRUV�RIWHQ�OHIW�RSHQ�
$V�IRU�WKH�VLWHV�ZLWK�HQHUJ\�FRQVXPSWLRQ�FORVH�WR�WKH�����N:K�IW ��\HDU�DYHUDJH��LW�ZDV�VXUSULVLQJWR�ILQG�ERWK�WKH�KLJKHVW�DQG�ORZHVW�HQHUJ\�FRQVXPHUV�IURP�WKH�¨������VWXG\�LQ�WKLV�JURXS��7��DQG7���UHVSHFWLYHO\����6LWH�7���ZKLFK�KDG�SUHYLRXVO\�EHHQ�WKH�ELJJHVW�HQHUJ\�FRQVXPHU��LV�DQ�ROGHUKRXVH�ZLWK�SRRU�LQVXODWLRQ�DQG�SRRU�VRODU�H[SRVXUH���7KLV�KRXVH�QRZ�KDV�D�ZRRG�EXUQLQJ�VWRYHWKDW�WKH�KRPHRZQHUV�XVH���WR���KRXUV�D�GD\���6LWH�7��LV�D�IDLUO\�QHZ�KRXVH�ZLWK�D�SDVVLYH�VRODUGHVLJQ�DQG�]RQHG�UDGLDQW�IORRU�KHDWLQJ��7ZR�SRVVLEOH�FRQWULEXWLQJ�IDFWRUV�IRU�KLJKHU�7��XVH�DUHUHGXFHG�VRODU�JDLQV�GXULQJ�WKH�����������PRQLWRULQJ�SHULRG�DQG�WKH�RZQHUV©�DGGLWLRQ�RI�D�VHFRQGORDG�VLGH�VWRUDJH�WDQN�IRU�WKHLU�UDGLDQW�IORRU�V\VWHP�
,Q�WKH�PLOGHU�6DFUDPHQWR�FOLPDWH��HQHUJ\�FRQVXPSWLRQ�ZDV�PXFK�ORZHU��ZLWK�DQ�DYHUDJH�RI����N:K�IW��\HDU���6LWH�6���ZKLFK�KDG�WKH�ORZHVW�HQHUJ\�XVH��LV�D�WRZQKRXVH�XQLW�LQ�D�PXOWL�IDPLO\FRPSOH[�ZLWK�VKDUHG�ZDOOV���,W�ZDV�QHZ�DW�WKH�WLPH�RI�WKH������VWXG\�DQG�KDV�D�IDYRUDEOH�SDVVLYHVRODU�RULHQWDWLRQ���7KH�ORZ�HQYHORSH�H[SRVXUH�PDNHV�6��DQ�RXWOLHU�UHODWLYH�WR�WKH�RWKHU�VLQJOH�IDPLO\�GHWDFKHG�6DFUDPHQWR�VLWHV���7KHUH�ZHUH�IRXU�6DFUDPHQWR�VLWHV�ZLWK�ORZHU�WKDQ�DYHUDJHFRQVXPSWLRQ���6LWH�6��KDV�DQ�HIILFLHQWO\�GHVLJQHG�HQYHORSH�ZLWK�ZHOO�RULHQWHG�JOD]LQJ�DQG�HQHUJ\FRQVFLRXV�RZQHUV���'HVSLWH�WKHVH�IHDWXUHV��DQG�WKH�IDFW�WKDW�WKH\�KDG�D�EHORZ�DYHUDJH�HQHUJ\�XVHIRU�WKH�KHDWLQJ�VHDVRQ��WKH\�VWLOO�XVHG�GRXEOH�WKH�HQHUJ\�LQ�WKH�©���©���VWXG\�
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7KH�QH[W�ORZHVW�HQHUJ\�XVHU�ZDV�WKH�ORQH�FRPPHUFLDO�608'�VLWH��6���ZKLFK�LV�D�VPDOO�RIILFH�LQD�ZDUHKRXVH���7KLV�VLWH�ZDV�WKH�KLJKHVW�¦SHU�IW �§�HQHUJ\�XVHU��FRPELQHG�KHDWLQJ�DQG�FRROLQJ��LQWKH�¨������VWXG\�GXH�WR�KLJK�FRROLQJ�ORDGV���6LWH�6��LV�D�FRPSDFW���VWRU\�UHWURILW�VLWH�ZLWK�QRGD\WLPH�RFFXSDQF\���7KH�*+3�V\VWHP�KDV�ZRUNHG�ZHOO�IRU�WKH�KRPHRZQHU��ZKR�KDV�ULJJHG�DPHWKRG�RI�SUHVVXUL]LQJ�WKH�JURXQG�ORRS�RII�RI�FLW\�ZDWHU�SUHVVXUH�WR�FRPSHQVDWH�IRU�D�YHU\�VORZOHDN�KH�KDV���6LWH�6��LV�D�UDQFK�KRXVH�HDVW�RI�6DFUDPHQWR�WKDW�ZDV�ZHOO�GHVLJQHG�IURP�DQ�HQHUJ\HIILFLHQF\�SHUVSHFWLYH���7KH�KRPHRZQHU�FXW�KLV�HQHUJ\�FRQVXPSWLRQ�LQ�KDOI�FRPSDUHG�WR�WKHSUHYLRXV�VWXG\�SHULRG�SUREDEO\�GXH�WR�HQHUJ\�FRQVFLRXV�FKRLFHV�LQ�WKHUPRVWDW�VHWWLQJV�
&RQVLVWHQW�ZLWK�WKH�SULRU�PRQLWRULQJ�VWXG\��WKH�KLJKHVW�HQHUJ\�XVHU�ZDV�VLWH�6����&XULRXVO\��WKHKHDWLQJ�HQHUJ\�XVH�ZDV�WZLFH�WKDW�RI�¨�������SRVVLEO\�EHFDXVH�WKH�RZQHUV�FKDQJHG�WKHLURFFXSDQF\�KDELWV��UHGXFHG�WKHLU�XVH�RI�DOWHUQDWLYH�IXHO�VRXUFHV��RU�FKDQJHG�WKH�VHW�SRLQWSUHIHUHQFHV�RQ�WKHLU�WKHUPRVWDW�
7ZR�RI�WKH�¦QHZ§ 6DFUDPHQWR�VLWHV�ZHUH�IRXQG�WR�KDYH�DERYH�DYHUDJH�KHDWLQJ�HQHUJ\�XVH���6LWH6���LV�QHZ�KRPH�LQ�(ON�*URYH�RQ�DQ�XQ�ODQGVFDSHG�ORW��QR�WUHHV�WR�EORFN�VRODU�JDLQ����7KLV������IW� UHVLGHQFH�KDV�WKHUPDOO\�LQHIILFLHQW�VWHHO�IUDPLQJ��ZLWKRXW�ULJLG�H[WHULRU�LQVXODWLRQ���DQG�YHU\KLJK�FHLOLQJV��DOO�RI�ZKLFK�FRQWULEXWH�WR�KLJK�KHDWLQJ�HQHUJ\�XVH�GHVSLWH�WKH�SHOOHW�VWRYH�WKDW�LVRIWHQ�XVHG���6LWH�6���LV�D�����©V���VWRU\�KRXVH�QHDU�GRZQWRZQ�6DFUDPHQWR�ZLWK�EULFN�H[WHULRURYHU�XQ�LQVXODWHG�ZDOOV�DQG�DQ�RSHQ�EDVHPHQW�FRQQHFWHG�WR�D�YHQWLODWHG�FUDZOVSDFH � 7KHGHYHORSHG�WUHHV�LQ�WKH�QHLJKERUKRRG�EORFN�PRVW�VRODU�JDLQV�WR�WKH�KRXVH��PDNLQJ�WKLV�VLWHVWURQJO\�KHDWLQJ�GRPLQDWHG���7KH�WZR�KHDW�SXPSV�LQ�WKH�EDVHPHQW�VKDUH�D�UHWXUQ�SOHQXP�WKDW�LVXQGHUVL]HG�DQG�OHDN\��DV�DUH�WKH�VXSSO\�GXFWV���7K H�SULPDU\�IDFWRU�GULYLQJ�KLJK�KHDWLQJ�HQHUJ\XVH�DUH�WKH�XQLQVXODWHG�ZDOOV�DQG�OHDN\�HQYHORSH�
������ *URXQG�/RRS�7HPSHUDWXUHV
$Q�DGYDQWDJH�RIWHQ�FLWHG�IRU�*+3�V\VWHPV�LV�WKH�PRGHUDWHG�JURXQG�H[FKDQJH�WHPSHUDWXUHVFRPSDUHG�WR�DLU�VRXUFH�HTXLSPHQW���*+3©V�KDYH�LPSURYHG�KHDW�WUDQVIHU�FKDUDFWHULVWLFV�GXH�WRUHIULJHUDQW�WR�ZDWHU�KHDW�H[FKDQJH�UHVXOWLQJ�LQ�DQ�DSSUR[LPDWH�����IOXLG�WR�UHIULJHUDQWWHPSHUDWXUH�GLIIHUHQFH�UHGXFWLRQ�UHODWLYH�WR�DLU�VRXUFH�HTXLSPHQW���)RU�H[DPSOH��D����)WHPSHUDWXUH�GLIIHUHQFH�DFURVV�UHIULJHUDQW�WR�DLU�FRLO�PD\�EH�RQO\��� q)�IRU�*+3�UHIULJHUDQW�WR�ZDWHU�FRLO���$Q\�IXUWKHU�EHQHILW�GXH�WR�JURXQG�FRXSOLQJ��UHODWLYH�WR�RXWGRRU�DLU�WHPSHUDWXUHV�ZRXOG�RQO\�LPSURYH�WKH�*+3©V�HIILFLHQF\�DGYDQWDJH���7DEOH���FRPSDUHV�DYHUDJH�RXWGRRU�DLUWHPSHUDWXUHV�ZLWK�DYHUDJH�ORRS�UHWXUQ�ZDWHU�WHPSHUDWXUH�IRU�DOO�IXOO�ORDG�RSHUDWLQJ�GDWD �� DW�HDFKVLWH��������GDWD�LV�DOVR�SURYLGHG�IRU�FRPSDULVRQ���)LJXUH���SORWV�W\SLFDO�JURXQG� ORRS�UHWXUQ�ZDWHUWHPSHUDWXUH�YV��RXWGRRU�DLU�WHPSHUDWXUH�IRU�RQH�VLWH��SORWV�IRU�WKH�UHPDLQLQJ�VLWHV�FDQ�EH�IRXQG�LQ$SSHQGL[�*�
)RU�7UXFNHH��WKH�DYHUDJH�UHWXUQ�ZDWHU�WHPSHUDWXUH�LV���)�ZDUPHU�������YV�������)��WKDQ�WKHFRUUHVSRQGLQJ�RXWGRRU�DLU�WHPSHUDWXUH�GXULQJ�IXOO�ORDG�KHDWLQJ�V\VWHP�RSHUDWLRQ��DOWKRXJK�WKUHHKLJK�XVH�VLWHV��7���7��DQG�7����GHPRQVWUDWH�ORZHU�DYHUDJH�UHWXUQ�ZDWHU�WHPSHUDWXUHV��)RU6DFUDPHQWR��WKH�DYHUDJH�UHWXUQ�ZDWHU�WHPSHUDWXUH�LV�����)�ZDUPHU�������YV�������)��WKDQ�WKHFRUUHVSRQGLQJ�RXWGRRU�DLU�WHPSHUDWXUH�GXULQJ�V\VWHP�KHDWLQJ�RSHUDWLRQ��ZLWK�WZR�VLWHV��6��DQG6����KDYLQJ�ORZHU�DYHUDJH�ZDWHU�WHPSHUDWXUHV�WKDQ�DLU�WHPSHUDWXUHV���7KH������DQG������GDWDDUH�IDLUO\�FRPSDUDEOH��VHH�$SSHQGL[�*��IRU�ERWK�6DFUDPHQWR�DQG�7UXFNHH��OHDGLQJ�WR�WKHFRQFOXVLRQ�WKDW�IRU�WKH�PRQLWRUHG�VLWHV��ORQJ�WHUP�WHPSHUDWXUH�FUHHS�LV�QRW�DQ�LVVXH�
�� )XOO�ORDG�LV�GHILQHG�DV�WKH�*+3�XQLW�RSHUDWLQJ�WKH�IXOO����PLQXWH�PRQLWRULQJ�LQWHUYDO�
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7DEOH�����0RQLWRUHG�5HWXUQ�:DWHU�YV��2XWGRRU�$LU�7HPSHUDWXUH�����0RQLWRULQJ�6WXG\ �����0RQLWRULQJ�6WXG\6LWH 2XWGRRU�$LU���)� 5HWXUQ�:DWHU���)� 2XWGRRU�$LU���)� 5HWXUQ�:DWHU���)�7� ���� ���� ���� ����7� ���� ���� ���� ����7� ���� ���� ���� ����7� ���� ���� ���� ����7� ���� ���� ���� ����7� � � ���� ����7� � � ���� ����7� � � ���� ����7� � � ���� ����7�� � � ���� ����$YHUDJH ���� ���� ���� ����6� ���� ���� �
 �
6� ���� ���� �
 �
6� ���� ���� ���� ����6� ���� ���� ���� ����6� ���� ���� ���� ����6� ���� ���� ���� ����6�� � � ���� ����6�� � � ���� ����6�� � � ���� ����6�� � � ���� ����$YHUDJH ���� ���� ���� ����¦
§�YHU\�OLPLWHG�IXOO�ORDG�GDWD�IRU�WKHVH�VLWHV

)LJXUH���� 6LWH�7��+HDWLQJ�0RGH�5HWXUQ�:DWHU�YV��2XWGRRU�$LU�7HPSHUDWXUH�)XOO�/RDG�'DWD�
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������ 3HDN�'D\�3HUIRUPDQFH
)LJXUHV���DQG���SORW�NH\�PRQLWRULQJ�GDWD�IRU�WKH�FROGHVW�GD\�GXULQJ�WKH�PRQLWRULQJ�SHULRG�VLPLODU�SORWV�IRU�DOO�RWKHU�VLWHV�FDQ�EH�IRXQG�LQ�$SSHQGL[�*����)LJXUH���SORWV�-DQXDU\��� WK GDWD�IRUVLWH�7��ZKHQ�RXWGRRU�WHPSHUDWXUHV�IHOO�WR�DSSUR[LPDWHO\��� q)��ILYH�GHJUHHV�FROGHU�WKDQ�WKH7UXFNHH������GHVLJQ�WHPSHUDWXUH����7KH�*+3�XQLW�UDQ�QHDUO\�FRQWLQXRXVO\�IRU�WKH�HQWLUH�GD\�'XULQJ�WKH�QLJKW�WKH�KRXVH�WHPSHUDWXUH�ZDV�JUDGXDOO\�IDOOLQJ��WR�D�ORZ�RI��� q)���LQGLFDWLQJ�WKDWWKH�V\VWHP�FRXOG�QRW�TXLWH�NHHS�XS�XQGHU�H[WUHPH�FRQGLWLRQV���$URXQG���$0��WKH�LQGRRUWHPSHUDWXUH�EHJDQ�WR�LQFUHDVH�DV�WKH�RXWGRRU�WHPSHUDWXUH�VORZO\�URVH�DERYH�� q)���7KH�JURXQGORRS�UHWXUQ�ZDWHU�WHPSHUDWXUH�ZDV�YHU\�VWDEOH�GXULQJ�WKH� ���KRXU�SHULRG��UDQJLQJ�IURP������q)�

)LJXUH���SORWV�RSHUDWLQJ�GDWD�IRU�VLWH�6����)RU�6DFUDPHQWR��ORZ�WHPSHUDWXUHV�RQ�-DQXDU\��� WK�ZHUHPRUH�H[WUHPH�WKDQ�WKH�$6+5$(����GHVLJQ�WHPSHUDWXUH�RI��� q)���7KH�*+3�XQLW�UDQ�DOO�QLJKW�WRPDLQWDLQ�LQGRRU�WHPSHUDWXUH�DW�DERXW��� q)��WKH�VHW�SRLQW�ZDV�OLNHO\���q)�RU�KLJKHU����$W�DURXQG��$0��WKH�XQLW�ZDV�DSSDUHQWO\�WXUQHG�RII�XQWLO�DERXW����$0��DW�ZKLFK�SRLQW�LW�UDQ�XQWLO�VDWLVI\LQJWKH�WKHUPRVWDW�DW���30���6RODU�JDLQV�PDLQWDLQHG�LQGRRU�WHPSHUDWXUHV�XQWLO�DURXQG���30�DW�ZKLFKWLPH�WKH�XQLW�ZDV�UXQQLQJ�WR�PDLQWDLQ�WHPSHUDWXUHV�VOLJKWO\�DERYH��� q)���7KH�JURXQG�ORRS�UHWXUQZDWHU�WHPSHUDWXUH�IHOO�IURP���q)�DW�PLGQLJKW�WR���q)�GXULQJ�WKH�ORQJ�QLJKWWLPH�UXQ�F\FOH���7ZRKRXUV�RQ�QRQ�RSHUDWLRQ�DOORZHG�WKH�JURXQG�ORRS�WR�UHFRYHU���� q)�IRU�WKH�QH[W�RSHUDWLQJ�F\FOH�DW���$0�

)LJXUH���� 6LWH�7���� 3HDN�:LQWHU�'D\�*+3�3HUIRUPDQFH-DQXDU\���������
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���� 5HPHGLDWLRQ�6XPPDU\
7KH�HIIRUW�WR�LGHQWLI\�DQG�UHPHGLDWH�SUREOHPV�DW�HLJKW�VLWHV�ZDV�D�SULPDU\�JRDO�IRU�WKLV�SURMHFW�7DEOHV���DQG���VXPPDUL]H�SUREOHPV��GHQRWHG�E\�¦+§�LI�KRPHRZQHU�LGHQWLILHG�RU�¦'§�LIGHWHUPLQHG�LQ�WKH�FRXUVH�RI�WKH�ZKROH�KRXVH�GLDJQRVWLF�DXGLW��DQG�ZKDW�UHPHGLDWLRQ�ZRUN�ZDVFRPSOHWHG�DW�HDFK�RI�WKH�HLJKW�VLWHV���$�VLWH�E\�VLWH�GHVFULSWLRQ�RI�ZRUN�FRPSOHWHG�LV�SURYLGHG�LQ$SSHQGL[�+�DQG�RFFXSDQW�VXUYH\�UHVXOWV�DUH�SUHVHQWHG�LQ�$SSHQGL[�,�
7DEOH�����,GHQWLILFDWLRQ�RI�3UREOHPV�DQG�5HPHGLDWLRQ�(IIRUW�IRU�7UXFNHH�6LWHV6LWH 6RXUFH 3UREOHP 5HPHGLDWLRQ�(IIRUW
7� + +LJK�ELOOV��VXSSO\�DLU�WRR�FRRO�DQGGUDIW\� ���6HDOHG�FUDZOVSDFH�DQG�LQVXODWHGFUDZOVSDFH�GRRU���5HPRYHG�GDPSHUV�RQ�IORRU�JULOOHV' ,QVXODWLRQ�GHIHFWV��KLJK�GXFW�OHDNDJH�H[FHVVLYH�LQILOWUDWLRQ�WR�FUDZOVSDFH ���,QILOWUDWLRQ�UHPHGLDWLRQ���6HDOHG�GXFWV���6HDOHG�KROH�EHKLQG�WKHUPRVWDW7� + 8QLW�ZRXOGQ©W�RSHUDWH�UHOLDEO\��KRXVHYHU\�GUDIW\��XQLW�FRXOGQ©W�NHHS�XS�ZLWKORDGV�XQGHU�H[WUHPH�FROG�

���5HSDLUHG�LQVXODWLRQ�GHIHFWV�ZKHUHDFFHVVLEOH��DGGHG�FHLOLQJ�LQVXODWLRQ���5HSODFHG�IORRU�JULOOHV���,QILOWUDWLRQ�UHPHGLDWLRQ' /HDN\�JURXQG�ORRS��LQVXODWLRQ�GHIHFWV�ORZ�DLU�IORZ��LQILOWUDWLRQ�WR�FUDZOVSDFH ���6HDOHG�GXFWV���/HYHOHG�WKHUPRVWDW�DQG�VHDOHG�KROH

)LJXUH���� 6LWH�6���� 3HDN�:LQWHU�'D\�*+3�3HUIRUPDQFH-DQXDU\���������
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EHKLQG�WKHUPRVWDW��LQILOWUDWLRQ�7� + +LJK�ELOOV��ODFN�RI�FRPIRUW��V\VWHP�QRWUHOLDEOH ���5HPRYHG�GDPSHUV�IURP���RI���IORRU�JULOOHV��RSHQHG�WKH�RWKHU���' 2QH�JURXQG�ORRS�GRHVQ©W�KROGSUHVVXUH��ORZ�DLUIORZ�LQ�RQH�V\VWHP�KLJK�DLU�LQILOWUDWLRQ�DW�URRIOLQH�LQILOWUDWLRQ�WR�FUDZOVSDFH
���,QILOWUDWLRQ�UHPHGLDWLRQ���6HDOHG�GXFWV���5HSDLUHG�LQVXODWLRQ�GHIHFWV���6HDOHG�FUDZOVSDFH7� + *+3�XQLW�ZRXOGQ©W�RSHUDWH�GXH�WROHDNLQJ�JURXQG�ORRS �� 5HSDLUHG�LQVXODWLRQ�GHIHFWV�� 6HDOHG�FUDZOVSDFH���5HPRYHG�GDPSHUV�RQ�IORRU�JULOOHV' *URXQG�ORRS�GRHV�QRW�KROG�SUHVVXUH�ORZ�DLU�IORZ��LQILOWUDWLRQ�DW�URRIOLQH�LQILOWUDWLRQ�LQWR�FUDZOVSDFH�
���,QILOWUDWLRQ�UHPHGLDWLRQ���6HDOHG�GXFWV���/HYHOHG�DQG�UHSDLUHG�WKHUPRVWDW7� + +LJK�HQHUJ\�ELOOV��LQDELOLW\�WR�UHDFK�DFRPIRUWDEOH�WHPS�ZLWKRXW�XVLQJEDFNXS�KHDW��UHOLDELOLW\
���5HPRYHG�GDPSHUV�RQ�IORRU�JULOOHV���,QILOWUDWLRQ�UHPHGLDWLRQ���6HDOHG�GXFWV�DQG�ERRWV' /RZ�DLU�IORZ��XQGHUVL]HG�UHWXUQ�JULOOH�SRRU�URRI�LQVXODWLRQ��ULVHU�GXFWV�LQH[WHULRU�ZDOOV��OHDN\�GXFW�V\VWHP
���5HSDLUHG�LQVXODWLRQ�GHIHFWV���,QFUHDVHG�IDQ�VSHHG�� ,QVWDOOHG�QHZ�UHWXUQ�ILOWHU�JULOOHV�� 6HDOHG�FUDZOVSDFH

7DEOH�����,GHQWLILFDWLRQ�RI�3UREOHPV�DQG�5HPHGLDWLRQ�(IIRUW�IRU�608'�6LWHV6LWH 6RXUFH 3UREOHP 5HPHGLDWLRQ�(IIRUW6�� + +LJK�HQHUJ\�ELOOV��UHOLDELOLW\��V\VWHPDOZD\V�XVHV�EDFNXS�KHDW �� ,QVWDOOHG�LQVXODWHG�GRRU�WREDVHPHQW' /RZ�DLU�IORZ��H[WHQVLYH�LQILOWUDWLRQIURP�EDVHPHQW��QR�GRRU���OHDN\�GXFWV ���,QILOWUDWLRQ�UHPHGLDWLRQ
6�� + 5HOLDELOLW\ ���,QILOWUDWLRQ�UHPHGLDWLRQ' ,QILOWUDWLRQ��GXFW�OHDNDJH��GLVFRQQHFW�HG�GXFW��ORZ�DLUIORZ��KLJK�VWDWLFSUHVVXUH

���6HDOHG�GXFWV���5HSDLUHG�GLVFRQQHFWHG�GXFW���5H�VL]HG�SLSHV�IURP�IORZ�FHQWHU���6�� + +LJK�HQHUJ\�ELOOV��V\VWHP�FRXOGQ©WNHHS�XS�ZLWK�ORDGV ���$GGHG�VXSSO\�GXFWV���8SVL]HG�UHWXUQ�GXFW' 3RRU�LQVXODWLRQ�LQ�NQHHZDOOV�DQGVRIILWV��ORZ�DLU�IORZ��KLJK�VWDWLFSUHVVXUH��H[FHVVLYH�GXFW�OHDNDJH�V\VWHP�XQGHUVL]HG��HQYHORSH�YHU\OHDN\�IRU�QHZ�FRQVWUXFWLRQ
���$GGHG�D�UHWXUQ�GXFW�WR�VPDOO�XQLW���,QVWDOOHG�ZKROH�KRXVH�IDQV���,QILOWUDWLRQ�UHPHGLDWLRQ���5HSDLU�NQHHZDOO�LQVXODWLRQ�GHIHFWV���'UDIW�VWRSSHG�VRIILWV���$GGHG�EORZQ�LQVXODWLRQ�WR�DWWLF6�� + 'UDIW\��RQH�URRP�WRR�KRW�LQ�VXPPHU�WRR�FROG�LQ�ZLQWHU ���5HURXWHG�GXFW

' .LQNHG�GXFW�WR�EDFN�EHGURRP�����WKH�LQVWDOOLQJ�FRQWUDFWRU�KDG�RULJLQDOO\�XQGHUVL]HG�WKH�SLSLQJ�IURP�WKH�IORZ�FHQWHU�WR�WKH�WKUHH�*+3XQLWV���7KH\�UHSODFHG�WKH�SLSLQJ��KRSHIXOO\�VROYLQJ�WKH�IORZ�¦VWDUYLQJ§�SUREOHP�ZKHQ�DOO�WKUHH�XQLWV�FDOO�
������� 6LWH�7��5HPHGLDWLRQ�6XPPDU\6LWH�7��LV�D�������IW�������\HDU�ROG�KRXVH�ORFDWHG�LQ�D�YHU\�VKDGHG�VXEGLYLVLRQ�RXWVLGH�RI7UXFNHH���,Q������PRQLWRULQJ��7��XVHG�WKH�JUHDWHVW�DPRXQW�RI�KHDWLQJ�HQHUJ\������N:K�IW ��\HDU��

�7DEOH���FRQWLQXHG�
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QHDUO\�GRXEOH�WKH�DYHUDJH�RI�WKH�7UXFNHH�VLWHV �����6LQFH�WKH������VWXG\��WKH�KRXVH�KDV�EHHQ�VROGDQG�WKH�QHZ�RZQHU�KDV�LQVWDOOHG�D�ZRRG�EXUQLQJ�ILUHSODFH�LQVHUW��ZKLFK�LV�XVHG�RQ�D�UHJXODUEDVLV�� DQG�KDV�UHGXFHG�HOHFWULFDO�XVDJH�WR�URXJKO\�KDOI�RI�WKH������OHYHO���7KH�GLDJQRVWLF�DXGLWLGHQWLILHG�IRXU�NH\�DUHDV�IRU�UHPHGLDWLRQ�
�� /RZ�+9$&�DLUIORZ��UHGXFH�GXFW�OHDNDJH��UHPRYH�IORRU�JULOOH�GDPSHUV��� 6HDO�FUDZOVSDFH�YHQWV�DQG�DQ\�H[LVWLQJ�IORRU�SHQHWUDWLRQV�WKDW�FRQWULEXWH�WR�LQILOWUDWLRQ�� 8VH�WKH�EORZHU�GRRU�WR�LGHQWLI\�DQG�VHDO�HQYHORSH�OHDNDJH�SUREOHP�DUHDV�� $GG�LQVXODWLRQ�WR�WKH�FHLOLQJ�DVVHPEO\��LGHQWLILHG�ZLWK�LQIUDUHG�FDPHUD�
$OO�UHPHGLDWLRQ�WDVNV��ZLWK�WKH�H[FHSWLRQ�RI�����FDQ�RQO\�EH�GRQH�GXULQJ�UH�URRILQJ���ZHUHFRPSOHWHG�E\�&KLWZRRG�(QHUJ\�0DQDJHPHQW�RQ�)HEUXDU\������������2WKHU�SUREOHPV��ZKLFKFRXOG�QRW�EH�DGGUHVVHG��ZHUH�D�OHDN\�IORRU�V\VWHP�� DQG�KLJK�GXFW�V\VWHP�VWDWLF�SUHVVXUH�5HPHGLDWLRQ�ZRUN�UHVXOWHG�LQ�D�UHGXFWLRQ�LQ�WRWDO�GXFW�OHDNDJH�IURP����� FIP��DW����3DVFDOV��WR����FIP��GXFW�OHDNDJH�WR�RXWVLGH�ZDV�UHGXFHG������IURP�����WR����� FIP����0HDVXUHG�VXSSO\DLUIORZ�LQFUHDVHG������IURP������FIP�WR������FIP���(QYHORSH�OHDNDJH�ZDV�UHGXFHG�E\�����IURP������FIP��DW����3DVFDOV��WR������FIP�
)LJXUH���SORWV�GDLO\�¦SUH§�DQG�¦SRVW§�UHPHGLDWLRQ�HQHUJ\�XVDJH�DV�D�IXQFWLRQ�RI�LQGRRU�WR�RXWGRRUWHPSHUDWXUH�GLIIHUHQFH���7ZR�FRQFOXVLRQV�FDQ�EH�GUDZQ�IURP�)LJXUH�����)LUVW��XVDJH�ERWK�¦SUH§DQG�¦SRVW§�UHPHGLDWLRQ�YDU\�VLJQLILFDQWO\�IRU�D�VSHFLILHG�LQGRRU�WR�RXWGRRU�WHPSHUDWXUHGLIIHUHQFH�����6HFRQG��WKH�EHQHILW�GXH�WR�UHPHGLDWLRQ�LV�GLIILFXOW�WR�TXDQWLI\�EDVHG�RQ�WKH�VPDOOGLIIHUHQFHV�EHWZHHQ�WKH�¦SUH§�DQG�¦SRVW§�UHJUHVVLRQ�OLQHV���%RWK�RI�WKHVH�LPSDFWV�FDQ�EH�WLHG�WRWKH�RFFXSDQW©V�VLJQLILFDQW�UHOLDQFH�RQ�ZRRG�KHDWLQJ�
7KH�¦SUH§�DQG�¦SRVW§�UHJUHVVLRQ�UHODWLRQVKLSV�ZHUH�XVHG�ZLWK�WKH�(O\��1HYDGD�ZHDWKHU�GDWD�WRJHQHUDWH�DQQXDO�KHDWLQJ�HQHUJ\�XVDJH�SURMHFWLRQV���7KH�UHJUHVVLRQ�UHODWLRQVKLSV�UHVXOWHG�LQDQQXDO�VDYLQJV�RI���������N:K�SHU�\HDU��DPRXQWLQJ�WR�D�WRWDO�FRVW�VDYLQJV�RI�����SHU�\HDU�:LWK�D��������UHPHGLDWLRQ�H[SHQGLWXUH�DW�VLWH�7���D�VLPSOH�SD\EDFN�RI����\HDUV�LV�SURMHFWHG�
������� 6LWH�7��5HPHGLDWLRQ�6XPPDU\
6LWH�7��LV�D�������IW���������\HDU�ROG�KRXVH�ORFDWHG�LQ�7UXFNHH���7KH�RFFXSDQW�KDV�H[SHULHQFHGSUREOHPDWLF�KHDW�SXPS�RSHUDWLRQ�IRU�VHYHUDO�\HDUV�SULPDULO\�GXH�WR�D�OHDNLQJ�JURXQG�ORRS�FDXVLQJWKH�ORRS�WR�ORVH�SUHVVXUH�DQG�XOWLPDWHO\�WKH�KHDW�SXPS�WR�VWRS�UXQQLQJ���,Q�DGGLWLRQ��WKHKRPHRZQHU�KDV�H[SUHVVHG�FRPIRUW�FRQFHUQV�GXULQJ�H[WUHPH�FROG�ZHDWKHU�VSHOOV��7��SURMHFWHGDQQXDO�KHDWLQJ�XVDJH�LV�����N:K�IW��\HDU��FORVH�WR�DYHUDJH�IRU�WKH�7UXFNHH�VLWHV���7KH�GLDJQRVWLFDXGLW�LGHQWLILHG�IRXU�NH\�DUHDV�IRU�UHPHGLDWLRQ�
�� /RZ�+9$&�DLUIORZ��UHGXFH�GXFW�OHDNDJH��UHSODFH�IORRU�JULOOHV�ZLWK�ORZ�SUHVVXUH�GURSJULOOHV��� 6HDO�FUDZOVSDFH�YHQWV�DQG�DQ\�H[LVWLQJ�IORRU�SHQHWUDWLRQV�WKDW�FRQWULEXWH�WR�LQILOWUDWLRQ
�� 3DUW�RI�WKH�KLJK�XVDJH�FDQ�FHUWDLQO\�EH�DWWULEXWHG�WR�WKH�DEVHQFH�RI�DQ\�EHQHILFLDO�VRODU�JDLQV��� %\�WKHLU�RZQ�HVWLPDWHV��ZRRG�EXUQLQJ�SURYLGHV�DERXW�����RI�WKHLU�DQQXDO�KHDWLQJ���5HJXODU�XVH�RI�WKHILUHSODFH�LQVHUW�FRPSOLFDWHV�WKH�TXDQWLILFDWLRQ�RI�UHPHGLDWLRQ�EHQHILW��� 7KH�IORRU�VSDFH�EHWZHHQ�ILUVW�DQG�VHFRQG�IORRUV�ZDV�YHU\�ZHOO�FRQQHFWHG�WR�WKH�DWWLF���7KLV�FRPPRQLQILOWUDWLRQ�SDWK�PXVW�EH�SURSHUO\�DGGUHVVHG�ZKHQ�WKH�KRXVH�LV�EHLQJ�EXLOW��VLQFH�QR�DFFHVV�H[LVWV�ODWHU��� 7KH�KLJK�GHJUHH�RI�YDULDWLRQ�IRU�D�VSHFLILF�WHPSHUDWXUH�GLIIHUHQFH�LV�HYLGHQFH�RI�VLJQLILFDQW�YDULDWLRQ�LQVXSSOHPHQWDO�KHDW�XVDJH���)RU�H[DPSOH��DW���q)�GLIIHUHQFH�GDLO\�XVDJH�YDULHV�IURP�a���WR����N:K�GD\�



608'�7'38'�*+3�3URMHFW�����������0RQLWRULQJ�5HSRUW

'DYLV�(QHUJ\�*URXS 3DJH��� 0D\���������

�� 8VH�WKH�EORZHU�GRRU�WR�LGHQWLI\�DQG�VHDO�HQYHORSH�OHDNDJH�SUREOHP�DUHDV�� $GG�FHLOLQJ�LQVXODWLRQ�WR�WKH�DWWLF

5HPHGLDWLRQ�ZRUN�ZDV�FRPSOHWHG�E\�&KLWZRRG�(QHUJ\�0DQDJHPHQW�RQ�)HEUXDU\����������7RWDO�GXFW�OHDNDJH�ZDV�UHGXFHG�IURP�����FIP��DW����3DVFDOV��WR�����FIP��GXFW�OHDNDJH�WR�RXWVLGHZDV�UHGXFHG������IURP�����WR�����FIP����0HDVXUHG�VXSSO\�DLUIORZ�LQFUHDVHG������IURP����� FIPWR������FIP���(QYHORSH�OHDNDJH�ZDV�UHGXFHG�E\������IURP������ FIP��DW����3DVFDOV��WR������FIP�)LJXUH���SORWV�GDLO\�¦SUH§�DQG�¦SRVW§�UHPHGLDWLRQ�HQHUJ\�XVDJH�DV�D�IXQFWLRQ�RI�LQGRRU�WR�RXWGRRUWHPSHUDWXUH�GLIIHUHQFH���7KH�7��GDWD�VKRZV�D�PXFK�FOHDUHU�UHPHGLDWLRQ�EHQHILW�WKDQ�VLWH�7��VLQFH�WKH�RZQHU�GLG�QRW�XVH�VXSSOHPHQWDO�KHDWLQJ�GXULQJ�WKH�PRQLWRULQJ�SHULRG�
7KH�¦SUH§�DQG�¦SRVW§�UHJUHVVLRQ�UHODWLRQVKLSV�ZHUH�XVHG�ZLWK�WKH�(O\��1HYDGD�ZHDWKHU�GDWD�WRJHQHUDWH�DQQXDO�KHDWLQJ�HQHUJ\�XVDJH�SURMHFWLRQV���7KH�UHJUHVVLRQ�UHODWLRQVKLSV�UHVXOWHG�LQ�D����DQQXDO�VDYLQJV�HVWLPDWH�������N:K�SHU�\HDU��DPRXQWLQJ�WR�D�WRWDO�FRVW�VDYLQJV�RI������SHU�\HDU�:LWK�D��������UHPHGLDWLRQ�H[SHQGLWXUH�DW�VLWH�7���D�VLPSOH�SD\EDFN�RI����\HDUV�LV�SURMHFWHG�
������� 6LWH�7��5HPHGLDWLRQ�6XPPDU\
6LWH�7��LV�D�������IW�������\HDU�ROG�KRXVH�ORFDWHG�LQ�7UXFNHH���7KH�KRXVH�KDV�EHHQ�UHPRGHOHGUHVXOWLQJ�LQ�FRQVWUXFWLRQ�DQRPDOLHV�EHWZHHQ�WKH�RULJLQDO�KRXVH�DQG�WKH�DGGLWLRQ ����7KH�KRXVH�KDVWZR�*+3�XQLWV��D�����WRQ�D���WRQ���WKH�VPDOOHU�RI�ZKLFK�ZDVQ©W�RSHUDWLRQDO�DW�WKH�VWDUW�RI�WKHSURMHFW�GXH�WR�D�OHDNLQJ�JURXQG�ORRS���$�GHSUHVVXUL]HG�IORZ�FHQWHU�ZDV�LQVWDOOHG�DV�SDUW�RI�WKLVSURMHFW�WR�UHPHG\�WKDW�SUREOHP���7KH�RFFXSDQWV�KDYH�DOVR�KDG�JHQHUDO�FRPSODLQWV�UHODWLQJ�WR
�� $GGLWLRQV�FDQ�RIWHQ�FRPSURPLVH�WKH�SHUIRUPDQFH�RI�D�KRXVH��LI�QRW�SURSHUO\�LQWHJUDWHG�WR�LQVXUH�WKDW�WKHWKHUPDO�SUHVVXUH�EDUULHU�VHSDUDWLQJ�FRQGLWLRQHG�DQG�XQFRQGLWLRQHG�VSDFH�UHPDLQV�LQWDFW�

)LJXUH���� 6LWH�7��0RQLWRUHG�(QHUJ\�8VH3UH��DQG�3RVW�5HWURILW

\� �������[���������5�  �������

\� �������[���������5�  �������

�
��
��
��
��
��
��
��
��
��

� �� �� �� �� �� ��,QGRRU�WR�2XWGRRU�7HPSHUDWXUH�'LIIHUHQFH��)�

'DLO\
�(QHU

J\�8V
H��N:

K�GD\
�

3UH�UHWURILW
3RVW�UHWURILW

3UH

3RVW



608'�7'38'�*+3�3URMHFW�����������0RQLWRULQJ�5HSRUW

'DYLV�(QHUJ\�*URXS 3DJH��� 0D\���������

FRPIRUW��KLJK�HQHUJ\�ELOOV��DQG�WKH�*+3�V\VWHPV�LQDELOLW\�WR�NHHS�XS�ZLWK�ORDGV�XQGHU�H[WUHPHO\FROG�ZHDWKHU�FRQGLWLRQV��7��SURMHFWHG�DQQXDO�KHDWLQJ�XVDJH�LV�RQ�WKH�KLJK�VLGH�IRU�WKH�7UXFNHHVLWHV�DW�����N:K�IW��\HDU���7KH�GLDJQRVWLF�DXGLW�LGHQWLILHG�IRXU�NH\�DUHDV�IRU�UHPHGLDWLRQ�

�� /RZ�+9$&�DLUIORZ��UHGXFH�GXFW�OHDNDJH��UHPRYH�GDPSHUV�IURP�IORRU�JULOOHV��� 6HDO�FUDZOVSDFH�YHQWV�DQG�DQ\�H[LVWLQJ�IORRU�SHQHWUDWLRQV�WKDW�FRQWULEXWH�WR�LQILOWUDWLRQ�� 8VH�WKH�EORZHU�GRRU�WR�LGHQWLI\�DQG�VHDO�HQYHORSH�OHDNDJH�SUREOHP�DUHDV�� 5HSDLU�DFFHVVLEOH�LQVXODWLRQ�GHIHFWV�LGHQWLILHG�E\�WKH�LQIUDUHG�FDPHUD�
&KLWZRRG�(QHUJ\�0DQDJHPHQW�FRPSOHWHG�WKH�UHPHGLDWLRQ�ZRUN�RQ�)HEUXDU\������������2QHSUREOHP�DUHD��ZKLFK�FRXOG�QRW�EH�DFFHVVHG�DV�ZHOO�DV�KRSHG�ZHUH�WKH�WRQJXH�DQG�JURRYHFHLOLQJ���
5HPHGLDWLRQ�ZRUN�UHVXOWHG�LQ�D�UHGXFWLRQ�LQ�WRWDO�8QLW����GXFW�OHDNDJH�IURP����� FIP��DW���3DVFDOV��WR�����FIP��GXFW�OHDNDJH�WR�RXWVLGH�ZDV�UHGXFHG������IURP�����WR���� FIP���8QLW����GXFWOHDNDJH�ZDV�UHGXFHG�IURP�����FIP��DW����3DVFDOV��WR�����FIP��GXFW�OHDNDJH�WR�RXWVLGH�ZDVUHGXFHG������IURP�����WR����FIP����0HDVXUHG�8QLW����VXSSO\�DLUIORZ�LQFUHDVHG������IURP�����FIP�WR������FIP��DQG�8QLW����ZDV�UHGXFHG�IURP�����FIP�WR�����FIP���(QYHORSH�OHDNDJH�ZDVUHGXFHG�E\������IURP������FIP��DW����3DVFDOV��WR������FIP�
)LJXUH���SORWV�GDLO\�¦SUH§�DQG�¦SRVW§�UHPHGLDWLRQ�HQHUJ\�XVDJH�DV�D�IXQFWLRQ�RI�LQGRRU�WR�RXWGRRUWHPSHUDWXUH�GLIIHUHQFH��7KH�UHPHGLDWLRQ�EHQHILW�LV�YHU\�HYLGHQW�LQ�)LJXUH���
�� 7	*�FHLOLQJV�DUH�RIWHQ�YHU\�OHDN\���,W�LV�GLIILFXOW�WR�VHDO�IURP�WKH�LQVLGH�ZLWKRXW�OHDYLQJ�D�YLVLEOH�FDXONEHDG�RQ�WKH�ZRRG�PHPEHUV�

)LJXUH���� 6LWH�7��0RQLWRUHG�(QHUJ\�8VH�3UH��DQG�3RVW�5HPHGLDWLRQ�(IIRUW
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608'�7'38'�*+3�3URMHFW�����������0RQLWRULQJ�5HSRUW

'DYLV�(QHUJ\�*URXS 3DJH��� 0D\���������

7KH�¦SUH§�DQG�¦SRVW§�UHJUHVVLRQ�UHODWLRQVKLSV�ZHUH�XVHG�ZLWK�WKH�(O\��1HYDGD�ZHDWKHU�GDWD�WRJHQHUDWH�DQQXDO�KHDWLQJ�HQHUJ\�XVDJH�SURMHFWLRQV���7KH�UHJUHVVLRQ�UHODWLRQVKLSV�UHVXOWHG�LQ�D����DQQXDO�VDYLQJV�HVWLPDWH�������N:K�SHU�\HDU��DPRXQWLQJ�WR�D�WRWDO�FRVW�VDYLQJV�RI������SHU�\HDU�:LWK�D��������UHPHGLDWLRQ�H[SHQGLWXUH�DW�VLWH�7���D�VLPSOH�SD\EDFN�RI����\HDUV�LV�SURMHFWHG�

������� 6LWH�7��5HPHGLDWLRQ�6XPPDU\
6LWH�7��LV�D�������IW�������\HDU�ROG�KRXVH�ORFDWHG�LQ�7UXFNHH��7KH�KRXVH�KDV�RQH�*+3�XQLW��GXHRQH�RI�ZKLFK�ZDVQ©W�RSHUDWLRQDO�DW�WKH�VWDUW�RI�WKH�SURMHFW�GXH�WR�D�OHDNLQJ�JURXQG�ORRS���$GHSUHVVXUL]HG�IORZ�FHQWHU�ZDV�LQVWDOOHG�WR�UHPHG\�WKLV�SUREOHP��7��SURMHFWHG�DQQXDO�KHDWLQJXVDJH�LV�YHU\�ORZ�IRU�WKH�7UXFNHH�VLWHV�DW�����N:K�IW��\HDU�GXH�WR�VLJQLILFDQW�VXSSOHPHQWDOKHDWLQJ���7KH�GLDJQRVWLF�DXGLW�LGHQWLILHG�WKUHH�NH\�DUHDV�IRU�UHPHGLDWLRQ�
�� /RZ�+9$&�DLUIORZ��UHGXFH�GXFW�OHDNDJH��UHPRYH�GDPSHUV�RQ�IORRU�JULOOHV��� 6HDO�FUDZOVSDFH�YHQWV�DQG�DQ\�H[LVWLQJ�IORRU�SHQHWUDWLRQV�WKDW�FRQWULEXWH�WR�LQILOWUDWLRQ�� 8VH�WKH�EORZHU�GRRU�WR�LGHQWLI\�DQG�VHDO�HQYHORSH�OHDNDJH�SUREOHP�DUHDV
&KLWZRRG�(QHUJ\�0DQDJHPHQW�FRPSOHWHG�WKH�UHPHGLDWLRQ�ZRUN�RQ�)HEUXDU\����������5HPHGLDWLRQ�ZRUN�UHVXOWHG�LQ�D�UHGXFWLRQ�LQ�WRWDO�GXFW�OHDNDJH�IURP����� FIP��DW����3DVFDOV��WR���FIP��GXFW�OHDNDJH�WR�RXWVLGH�ZDV�UHGXFHG������IURP����WR���� FIP���0HDVXUHG�VXSSO\�DLUIORZLQFUHDVHG������IURP�����FIP�WR������FIP���(QYHORSH�OHDNDJH�ZDV�UHGXFHG�E\������IURP�����FIP��DW����3DVFDOV��WR������FIP�
)LJXUH���SORWV�GDLO\�¦SUH§�DQG�¦SRVW§�UHPHGLDWLRQ�HQHUJ\�XVDJH�DV�D�IXQFWLRQ�RI�LQGRRU�WR�RXWGRRUWHPSHUDWXUH�GLIIHUHQFH���7KH�7��¦SRVW§�GDWD�DFWXDOO\�VKRZV�KLJKHU�XVDJH�WKDQ�SULRU�WRUHPHGLDWLRQ���3DUW�RI�WKLV�LV�GXH�WR�DQ�DYHUDJH�� q)�ZDUPHU�LQGRRU�WHPSHUDWXUH�DIWHU�WKH

)LJXUH���� 6LWH�7��0RQLWRUHG�(QHUJ\�8VH��3UH��DQG�3RVW�5HWURILW
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608'�7'38'�*+3�3URMHFW�����������0RQLWRULQJ�5HSRUW

'DYLV�(QHUJ\�*URXS 3DJH��� 0D\���������

UHPHGLDWLRQ�ZRUN�KDG�EHHQ�FRPSOHWHG��1R�DGGLWLRQDO� DQDO\VHV�ZDV�FRPSOHWHG�IRU�7���VLQFH�WKHUHJUHVVLRQ�UHODWLRQVKLSV�GR�QRW�LQGLFDWH�DQ\�VDYLQJV�

������� 6LWH�7��5HPHGLDWLRQ�6XPPDU\
6LWH�7��LV�D�������IW�������\HDU�ROG�KRXVH�ORFDWHG�LQ�7UXFNHH��7KH�KRXVH�ZDV�WKH�KLJKHVW�KHDWLQJHQHUJ\�XVHU�¦SHU�IW�§�RI�WKH����7UXFNHH�VLWHV�DW����N:K�IW��\HDU���+RPHRZQHU�FRPSODLQWVLQFOXGHG�KLJK�HQHUJ\�ELOOV��H[FHVVLYH�DX[LOLDU\�KHDW�XVH�XQGHU�FROG�FRQGLWLRQV��DQG�RYHUDOO�V\VWHPUHOLDELOLW\���7KH�GLDJQRVWLF�DXGLW�LGHQWLILHG�IRXU�NH\�DUHDV�IRU�UHPHGLDWLRQ�
�� 5HSODFH�WKH�GXFW�V\VWHP��WKH�V\VWHP�ZDV�UXQQLQJ�RQ�ORZ�IDQ�VSHHG�GXH�WR�QRLVH�FRQFHUQV�DWKLJK�VSHHG�DQG�DSSDUHQWO\�XQGHUVL]HG�GXFWV���� 5HGXFH�GXFW�OHDNDJH�DQG�UHPRYH�GDPSHUV�RQ�WKH�IORRU�JULOOHV�� 6HDO�FUDZOVSDFH�YHQWV�DQG�DQ\�H[LVWLQJ�IORRU�SHQHWUDWLRQV�WKDW�FRQWULEXWH�WR�LQILOWUDWLRQ�� 8VH�WKH�EORZHU�GRRU�WR�LGHQWLI\�DQG�VHDO�HQYHORSH�OHDNDJH�SUREOHP�DUHDV�� 5HSDLU�DFFHVVLEOH�LQVXODWLRQ�GHIHFWV
&KLWZRRG�(QHUJ\�0DQDJHPHQW�FRPSOHWHG�WKH�UHPHGLDWLRQ�ZRUN�RQ�)HEUXDU\����������

)LJXUH���� 6LWH�7��0RQLWRUHG�(QHUJ\�8VH3UH��DQG�3RVW�5HWURILW
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'DYLV�(QHUJ\�*URXS 3DJH��� 0D\���������

5HPHGLDWLRQ�ZRUN�UHVXOWHG�LQ�D�UHGXFWLRQ�LQ�GXFW�OHDNDJH�WR�RXWVLGH�IURP����� FIP��DW����3DVFDOV�WR�����FIP��D�����LPSURYHPHQW���0HDVXUHG�VXSSO\�DLUIORZ�PRUH�WKDQ�GRXEOHG�IURP����� FIP�WR�����FIP�����(QYHORSH�OHDNDJH�ZDV�UHGXFHG�E\������IURP������ FIP��DW����3DVFDOV��WR������FIP�
)LJXUH����SORWV�GDLO\�¦SUH§�DQG�¦SRVW§�UHPHGLDWLRQ�HQHUJ\�XVDJH�DV�D�IXQFWLRQ�RI�LQGRRU�WR�RXWGRRU�WHPSHUDWXUH�GLIIHUHQFH���7KH�UHPHGLDWLRQ�EHQHILW�LV�PDJQLILHG�E\�WKH�IDFW�WKDW�VLWH�7�ZDV�WKH�KLJKHVW�7UXFNHH�HQHUJ\�XVHU�

7KH�¦SUH§�DQG�¦SRVW§�UHJUHVVLRQ�UHODWLRQVKLSV�ZHUH�XVHG�ZLWK�WKH�(O\��1HYDGD�ZHDWKHU�GDWD�WRJHQHUDWH�DQQXDO�KHDWLQJ�HQHUJ\�XVDJH�SURMHFWLRQV���7KH�UHJUHVVLRQ�UHODWLRQVKLSV�UHVXOWHG�LQ�D����DQQXDO�VDYLQJV�HVWLPDWH�������N:K�SHU�\HDU��DPRXQWLQJ�WR�D�WRWDO�FRVW�VDYLQJV�RI������SHU�\HDU�:LWK�D��������UHPHGLDWLRQ�H[SHQGLWXUH�DW�VLWH�7���D�VLPSOH�SD\EDFN�RI���\HDUV�LV�SURMHFWHG�
������� 6LWH�6���5HPHGLDWLRQ�6XPPDU\
6LWH�6���ZDV�WKH�RQO\�6DFUDPHQWR�VLWH�ZKHUH�D�PDMRULW\�RI�WKH�UHPHGLDWLRQ�ZRUN�ZDV�FRPSOHWHGE\�WKH�HQG�RI�0DUFK�����/LPLWHG�GDWD�LV�DYDLODEOH�WR�FRPSDUH�WR�SUH�PRQLWRULQJ�GDWD��EXWXQIRUWXQDWHO\�WKH�GDWD�DUH�DW�VPDOO�¦LQGRRU�WR�RXWGRRU�WHPSHUDWXUH�GLIIHUHQFHV§�ZKLFK�GRHVQ©W
�� 7KH�PDMRU�UHVWULFWLRQ�RQ�WKH�GXFW�V\VWHP�ZDV�ZRHIXOO\�XQGHUVL]HG�UHWXUQ�JULOOHV���7KH�UHWXUQ�JULOOHFRQILJXUDWLRQ�ZDV�PRGLILHG�WR�DOORZ�WKH�V\VWHP�WR�RSHUDWH�DW�KLJK�VSHHG�ZLWKRXW�H[FHVVLYH�QRLVH��� 8QOLNH�WKH�7UXFNHH�VLWHV��ZKHUH�&KLWZRRG�(QHUJ\�0DQDJHPHQW�UHSUHVHQWHG�¦RQH�VWRS�VKRSSLQJ§�IRUVXFFHVVIXO�UHPHGLDWLRQ�ZRUN��ZH�KDG�PRUH�GLIILFXOW\�FRPSOHWLQJ�WKH�ZRUN�LQ�6DFUDPHQWR���([SHULHQFHGFRQWUDFWRUV�ZLWK�¦ZKROH�KRXVH§�UHPHGLDWLRQ�DELOLWLHV�DUH�IHZ�DQG�IDU�EHWZHHQ���3HUIRUPDQFH�(QHUJ\SURYLGHG�WKH�PRVW�FRPSUHKHQVLYH�VHUYLFH�IRU�WKH�6DFUDPHQWR�VLWHV�

)LJXUH����� 6LWH�7��0RQLWRUHG�(QHUJ\�8VH3UH��DQG�3RVW�5HWURILW
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SURYLGH�JUHDW�FRQILGHQFH�LQ�H[WUDSRODWLQJ�WR�KLJKHU�WHPSHUDWXUH�GLIIHUHQFHV�IRU�XVH�LQ�IXOO�\HDUVDYLQJV�SURMHFWLRQV�
6LWH�6���LV�D�������IW���RQH�\HDU�ROG�KRXVH�ORFDWHG�VRXWK�RI�6DFUDPHQWR��7KH�KRXVH�KDV�WZR�*+3XQLWV��D���WRQ�DQG�D���WRQ���7KH���WRQ�XQLW�LV�FOHDUO\�XQGHUVL]HG�DQG�LV�VXSSOHPHQWHG�E\�D�SHOOHWVWRYH�LQ�WKH�ZLQWHU���2XU�KRSH�LQ�SXUVXLQJ�UHPHGLDWLRQ�IRU�VLWH�6���ZDV�WKDW�WKH�HIIRUWV�ZRXOGSURYLGH�VXIILFLHQW�ORDG�UHGXFWLRQ�EHQHILW�WR�DOORZ�WKH���WRQ�XQLW�WR�PHHW�WKH�UHGXFHG�VSDFHFRQGLWLRQLQJ�ORDGV��7KH�KRPHRZQHUV�KDYH�DOVR�H[SUHVVHG�FRQFHUQ�RYHU� KLJK�HQHUJ\�ELOOV�LQ�WKHLUQHZ�KRXVH��6���SURMHFWHG�DQQXDO�KHDWLQJ�XVDJH�ZDV�GHWHUPLQHG�WR�EH�WKH�VHFRQG�KLJKHVW�DW����N:K�IW��\HDU���7KH�GLDJQRVWLF�DXGLW�LGHQWLILHG�IRXU�NH\�DUHDV�IRU�UHPHGLDWLRQ�
�� /RZ�+9$&�DLUIORZ��UHGXFH�GXFW�OHDNDJH��XSVL]H�UHWXUQ�GXFW�RQ�WKH���WRQ�XQLW�DQG�DGGVXSSOLHV�WR�ERWK�V\VWHPV�WR�UHGXFH�GXFW�UHVWULFWLRQ���� 6HYHUDO�LQWHULRU�ZDOO�FDYLWLHV��LGHQWLILHG�ZLWK�WKH�LQIUDUHG�FDPHUD��UHSUHVHQW�D�PDMRU�GHIHFW�LQWKH�WKHUPDO�HQYHORSH���7KHVH�FDYLWLHV�QHHG�WR�EH�LVRODWHG��LQVWDOO�GUDIW�VWRSSLQJ��DQGLQVXODWHG��� 8VH�WKH�EORZHU�GRRU�WR�LGHQWLI\�DQG�VHDO�HQYHORSH�OHDNDJH�SUREOHP�DUHDV�����OHDN\�UHFHVVHGOLJKWV�DUH�D�SULPH�OHDNDJH�SRLQW���� $GG�DWWLF�LQVXODWLRQ�DQG�UHSDLU�SRRU� NQHHZDOO�DQG�RWKHU�FHLOLQJ�LQVXODWLRQ�GHIHFWV�
3HUIRUPDQFH�(QHUJ\�RI�6DFUDPHQWR�FRPSOHWHG�D�PDMRULW\�RI�WKH�UHPHGLDWLRQ�ZRUN�LQ�ODWH�0DUFKDQG�HDUO\�$SULO���2QH�UHPHGLDWLRQ�UHFRPPHQGDWLRQ�IURP�3HUIRUPDQFH�(QHUJ\�ZDV�WR�LQVWDOOZKROH�KRXVH�IDQV���7KUHH�ZHUH�LQVWDOOHG�ZLWK�WZR�SDLG�IRU�E\�WKLV�SURMHFW���7KHVH�IDQV��LI�XVHGSURSHUO\�E\�WKH�KRPHRZQHUV��ZLOO�DOORZ�IRU�VXPPHU�SUH�FRROLQJ�RI�WKH�KRXVH��UHGXFLQJVXEVHTXHQW�GD\�FRROLQJ�ORDGV�DQG�ORDGLQJ�RQ�WKH�JURXQG�ORRS�
,Q�HDUO\�0D\��)LYH�6WDU�3HUIRUPDQFH�,QVXODWLRQ�FRPSOHWHG�WKHLU�ZRUN�ZKLFK�LQFOXGHG�VLJQLILFDQWDWWLF�NQHHZDOO�UHSDLUV��GUDIWVWRSSLQJ�LQWHULRU�FROXPQV�FRQQHFWHG�WR�WKH�DWWLF��DQG�DGGLWLRQ�RIEORZQ�FHLOLQJ�LQVXODWLRQ�WR�DOO�DFFHVVLEOH�DWWLF�DUHDV���2QH�FULWLFDO�DUHD�QRW�DGGUHVVHG�ZDV�WKHWKHUPDO�VKRUW�FLUFXLW�WKURXJK�WKH�VWHHO�IUDPHG�H[WHULRU�ZDOOV���$OWKRXJK�7LWOH����UHTXLUHV�ULJLGLQVXODWLRQ�RQ�WKH�H[WHULRU�RI�VWHHO�IUDPLQJ�� WKLV�ZDV�DSSDUHQWO\�QRW�UHTXLUHG�E\�WKH�EXLOGLQJLQVSHFWRUV�GXULQJ�FRQVWUXFWLRQ���7R�UHWURILW�WKH�KRXVH�ZLWK�LQVXODWLRQ�ZRXOG�EH�YHU\�FRVWO\�
)LJXUH����SORWV�GDLO\�¦SUH§�DQG�¦SRVW§�UHPHGLDWLRQ�HQHUJ\�XVDJH�DV�D�IXQFWLRQ�RI�LQGRRU�WR�RXWGRRU�WHPSHUDWXUH�GLIIHUHQFH���7KH�PLOG�ZHDWKHU�VLQFH�WKH�HQG�RI�0DUFK�KDV�UHVXOWHG�LQ�RQO\WKUHH�GDWD�SRLQWV�DW�JUHDWHU�WKDQ���q)�WHPSHUDWXUH�GLIIHUHQFH���:LWK�WKLV�OLPLWHG�GDWD�ZH�DUHXQDEOH�WR�PDNH�UHOLDEOH�IXOO�\HDU�KHDWLQJ�SURMHFWLRQV�
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������� 6LWHV�6���DQG�6���5HPHGLDWLRQ�6XPPDU\
7KH�WZR�UHPDLQLQJ�608'�VLWHV�GLG�QRW�FRPSOHWH�UHPHGLDWLRQ�HIIRUWV�HDUO\�HQRXJK�WR�JDWKHU�JRRGSRVW�UHPHGLDWLRQ�GDWD���$�EULHI�GHVFULSWLRQ�RI�WKH�SUREOHPV�DQG�WKH�UHPHGLDWLRQ�ZRUN�IROORZV�
6LWH�6����ORFDWHG�FORVH�WR�GRZQWRZQ�6DFUDPHQWR��LV�D�r���\HDU�ROG�KRXVH�ORFDWHG�LQ�DQ�DUHD�ZLWKPDWXUH�WUHHV���7KH�������IW� KRXVH�LV�ZRRG�IUDPHG�FRQVWUXFWLRQ�ZLWK�DQ�H[WHULRU�EULFN�YHQHHU�DQGXQLQVXODWHG�ZDOOV���7KH�KRXVH�DOVR�KDV�VLQJOH�JOD]HG�ZLQGRZV�UHVXOWLQJ�LQ�DQ�LQHIILFLHQW�EXLOGLQJHQYHORSH�ZLWK�VSDFH�FRQGLWLRQLQJ�ORDGV�VWURQJO\�KHDWLQJ�GRPLQDWHG���7ZR�*+3�XQLWV��ORFDWHG�LQWKH�EDVHPHQW��VHUYH�WKH�KRXVH�ZLWK�RQH�XQLW�VHUYLQJ�WKH�GRZQVWDLUV�IORRU�DQG�RQH�WKH�XSVWDLUV�7KH�V\VWHPV�VKDUH�D�VLQJOH�UHWXUQ�GXFW�V\VWHP�����$QRWKHU�NH\�WKHUPDO�GHIHFW�LV�WKH�ODFN�RI�D�GRRURQ�WKH�VWDLUV�OHDGLQJ�WR�WKH�EDVHPHQW���7KH�UHPHGLDWLRQ�ZRUN�FRPSOHWHG�DW�6���LQFOXGHGLQVWDOODWLRQ�RI�D�FXVWRP�GRRU�LVRODWLQJ�WKH�EDVHPHQW�IURP�WKH�KRXVH�DQG�JHQHUDO�LQILOWUDWLRQUHPHGLDWLRQ�RQ�WKH�EXLOGLQJ�HQYHORSH���7KH�QHW�LPSDFW�RI�WKHVH�PHDVXUHV�ZDV�WR�UHGXFH�EORZHUGRRU�LQILOWUDWLRQ�E\������ZLWK�D�ODUJH�IUDFWLRQ�RI�WKH�EHQHILW�OLNHO\�DWWULEXWHG�WR�WKH�FXVWRP�GRRU�'XFW�OHDNDJH�ZDV�UHGXFHG������EXW�OHDNDJH�LV�VWLOO�IDLUO\�KLJK�VLQFH�PXFK�RI�WKH�UHWXUQ�GXFWV\VWHP�ZDV�QRW�DFFHVVLEOH��GXH�WR�XVLQJ�LQWHULRU�ZDOO�FDYLWLHV����2QH�VXJJHVWLRQ�IURP�DQ�+9$&FRQWUDFWRU�ZDV�WR�PRYH�WKH�VHFRQG�IORRU�XQLW�WR�WKH�DWWLF�DQG�UHFRQILJXUH�WKH�JURXQG�ORRS�DQGGXFWLQJ���$OWKRXJK�WKLV�ZRXOG�LPSURYH�V\VWHP�SHUIRUPDQFH��WKH�FRVW�ZRXOG�EH�YHU\�KLJK�DQG�WKHPRGLILFDWLRQ�ZRXOG�QRW�DGGUHVV�WKH�SULPDU\�SUREOHP�ZKLFK�LV�WKH�IXQGDPHQWDO�LQDGHTXDF\�RI�WKHEXLOGLQJ�HQYHORSH�
6LWH�6���LV�ORFDWHG�LQ�D�VHPL�UXUDO�DUHD�VRXWK�RI�6DFUDPHQWR���7KLV�� �����IW� KRXVH�KDV�WKUHH�*+3XQLWV���7KH�SULPDU\�SUREOHP�ZLWK�WKH�XQLWV�SULRU�WR�WKH�SURMHFW�ZDV�XQUHOLDEOH�RSHUDWLRQ��V\VWHPV
�� 7KH�GXFW�V\VWHP�XVHV�EXLOGLQJ�FDYLWLHV�DV�SDUW�RI�WKH�UHWXUQ�V\VWHP���7KHVH�FDYLWLHV�DUH�QRWRULRXVO\�OHDN\�

)LJXUH����� 6LWH�6���0RQLWRUHG�(QHUJ\�8VH��3UH��DQG�3RVW�5HWURILW
\� �������[��������5�  �������
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ZRXOG�VKXW�GRZQ�XQGHU�KLJK�ORDG�VLWXDWLRQV����7KH�LQVWDOOLQJ�+9$&�FRQWUDFWRU�ZDV�FRQWLQXLQJ�WRZRUN�RQ�WKH�XQLWV�DQG�ILQDOO\�LGHQWLILHG�ZKDW�PD\�EH�WKH�SULPDU\�FDXVH�RI�WKH�SUREOHP���7KHSLSLQJ�IURP�WKH�JURXQG�ORRS�IORZ�FHQWHU�WR�WKH�WKUHH�XQLWV��DOO�ORFDWHG�LQ�D�PHFKDQLFDO�URRP��ZDVVLJQLILFDQWO\�XQGHUVL]HG���7KLV�ZRXOG�¦VWDUYH§�RQH�RU�PRUH�RI�WKH�XQLWV��ZKHQ�DOO�WKUHH�ZHUHFDOOLQJ�IRU�KHDWLQJ�RU�FRROLQJ���/RZ�IORZ�ZRXOG�FDXVH�WKH�XQLW�WR�¦WULS�RII§�RQ�ORZ�RU�KLJKSUHVVXUH��GHSHQGLQJ�XSRQ�ZKLFK�RSHUDWLQJ�PRGH�LW�ZDV�LQ���2WKHU�LVVXHV�DGGUHVVHG�E\UHPHGLDWLRQ�LQ�WKLV�SURMHFW�LQFOXGHG�GXFW�OHDNDJH�UHGXFWLRQ�RQ�DOO�WKUHH�XQLWV�DQG�HQYHORSHLQILOWUDWLRQ�UHPHGLDWRQ���'XFW�OHDNDJH�ZDV�UHGXFHG�E\�����������DQG������UHVSHFWLYHO\��RQ�WKHWKUHH�XQLWV�ZLWK�WKH�ODUJHVW�EHQHILW�GXH�WR�WKH�UHSDLU�RI�8QLW���©V�GLVFRQQHFWHG�UHWXUQ�GXFW�LQ�WKHFUDZOVSDFH���(QYHORSH�OHDNDJH�ZDV�UHGXFHG�E\������ZLWK�URXJKO\�D�WKLUG�RI�WKH�EHQHILW�GXH�WR�WKHGXFW�OHDNDJH�UHGXFWLRQ�
������ '2(���3HUIRUPDQFH�3URMHFWLRQV
7KH�'2(���SURMHFWLRQV�SUHVHQWHG�LQ�WKLV�VHFWLRQ�XSGDWH�WKH������VWXG\�EDVHG�RQ�FXUUHQW�XWLOLW\UDWHV���8WLOLW\�UDWHV�KDYH�EHHQ�YRODWLOH�RYHU�WKH�SDVW�\HDU�DQG�LW�LV�QRW�FOHDU�ZKDW�WKH�IXWXUHUHODWLRQVKLS�EHWZHHQ�UHWDLO�HOHFWULF�DQG�JDV�UDWHV�ZLOO�EH�
7DEOHV���DQG���VXPPDUL]H�'2(���UHVXOWV�IRU�7UXFNHH�DQG�6DFUDPHQWR��UHVSHFWLYHO\�0LVFHOODQHRXV��¦0LVF§��HQHUJ\�XVH�LQFOXGHV�EORZHU�IDQ�HQHUJ\��FUDQNFDVH�KHDWHU�HQHUJ\��DQG*+3�JURXQG�ORRS�SXPS�HQHUJ\�XVH���/LVWHG�SHDN�GHPDQG�IRU�7'38'�LV�WKH�DYHUDJH�RI�WKH����30�*+3�GHPDQG�RQ�DQ�DVVXPHG���)�ZLQWHU�GHVLJQ�GD\���608'�SHDN�GHPDQG�LV�WKH�����30DYHUDJH�IRU�WKH�SHDN�6DFUDPHQWR�VXPPHU�GD\���7KH�WRWDO�DQQXDO�XWLOLW\�FRVW�LQFOXGHV�KRXVHKROGOLJKWLQJ�DQG�PLVFHOODQHRXV�HOHFWULF�XVH�RI������N:K�\HDU�LQ�DOO�FDVHV�
,Q�7UXFNHH��SURMHFWHG�*+3�QHZ�FRQVWUXFWLRQ�VDYLQJV�DUH�URXJKO\������\HDU�YV��D�VWDQGDUGHIILFLHQF\�IXUQDFH�DQG������\HDU�YV��D�FRQGHQVLQJ�IXUQDFH���7KH�H[SHFWHG�LPSDFW�GXH�WRSHUIRUPDQFH�YDULDWLRQV��EHVW�DQG�ZRUVW�VFHQDULRV��UHVXOWV�LQ�D�������FKDQJH�LQ�WKH�H[SHFWHGVDYLQJV��$V�EXLOGLQJ�ORDGV�LQFUHDVH��WKH�H[SHFWHG�DQQXDO�VDYLQJV�DOVR�LQFUHDVH���5HWURILW�VDYLQJVDUH�VOLJKWO\�KLJKHU�GXH�WR�JUHDWHU�SURMHFWHG�DQQXDO�KHDWLQJ�ORDGV���$�IDYRUDEOH�HOHFWULF�UDWHUHODWLYH�WR�H[LVWLQJ�QDWXUDO�JDV�FRVWV�LV�WKH�SULPDU\�IDFWRU�LQIOXHQFLQJ�*+3�HFRQRPLFV�LQ7UXFNHH�
7DEOH�����'2(���3HUIRUPDQFH�3URMHFWLRQV�IRU�7UXFNHH/RDG /RRS *+3 +HDWLQJ $QQXDO�N:K�8VDJH 3HDN $QQXDO6\VWHP�7\SH &DVH 7\SH &DVH WKHUPV &OJ +WJ 0LVF N: &RVW���1HZ�&RQVWUXFWLRQ*DV������ 0HG Q�D Q�D ���� � � ���� ��� �����*DV������ +LJK ¦ ¦ ���� � � ���� ��� �����*DV������ 0HG ¦ ¦ ��� � � ���� ��� �����*+3 0HG 9HUW 7\S � � ���� ���� ��� �����¦ ¦ %HVW � � ���� ���� ��� �����¦ ¦ :RUVW � � ���� ���� ��� �����+LJK ¦ 7\S � � ���� ���� ��� �����5HWURILW*DV������ 0HG Q�D Q�D ���� � � ���� ��� �����*DV������ +LJK ¦ ¦ ���� � � ���� ��� �����*+3 0HG 9HUW 7\S � � ���� ���� ��� �����+LJK ¦ 7\S � � ���� ���� ��� �����
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7DEOH�����'2(���3HUIRUPDQFH�3URMHFWLRQV�IRU�6DFUDPHQWR��XSGDWH�IRU�������/RDG /RRS *+3 +HDWLQJ $QQXDO�N:K�8VDJH 3HDN $QQXDO6\VWHP�7\SH &DVH 7\SH &DVH WKHUPV &OJ +WJ 0LVF N: &RVW���1HZ�&RQVWUXFWLRQ*DV�$&����6((5 0HG Q�D Q�D ��� ���� � ��� ��� �����*DV�$&����6((5 +LJK ¦ ¦ ��� ���� � ���� ��� �����*DV�$&����6((5 0HG ¦ ¦ ��� ���� � ��� ��� �����$6+3����6((5 0HG ¦ ¦ � ���� ���� ��� ��� �����*+3 0HG 9HUW 7\S � ���� ���� ��� ��� �����¦ ¦ %HVW � ���� ���� ��� ��� ����¦ ¦ :RUVW � ���� ���� ���� ��� �����+LJK ¦ 7\S � ���� ���� ���� ��� �����0HG +RU] 7\S � ���� ���� ��� ��� �����+LJK ¦ 7\S � ���� ���� ���� ��� �����5HWURILW*DV�$&����6((5 0HG Q�D Q�D ��� ���� � ��� ��� �����*DV�$&����6((5 +LJK ¦ ¦ ��� ���� � ���� ��� �����$6+3����6((5 0HG ¦ ¦ � ���� ���� ��� ��� �����*+3 0HG 9HUW 7\S � ���� ���� ��� ��� �����+LJK ¦ 7\S � ���� ���� ���� ��� �����0HG +RU] 7\S � ���� ���� ���� ��� �����+LJK ¦ ¦ � ���� ���� ���� ��� �����
,Q�6DFUDPHQWR��SURMHFWHG�*+3�QHZ�FRQVWUXFWLRQ�VDYLQJV�DUH�URXJKO\������\HDU�YV��D�VWDQGDUG*DV�$&�V\VWHP�DQG������\HDU�YV��DQ�$6+3���7KH�H[SHFWHG�LPSDFW�GXH�WR�SHUIRUPDQFH�YDULDWLRQVUHVXOWV�LQ�D�����LQFUHDVH�LQ�DQQXDO�FRVWV�IRU�WKH�¦ZRUVW§�FDVH�DQG�VDYLQJV�RI������\HDU�LQ�WKH¦EHVW§�FDVH��YV��*DV�$&����$V�EXLOGLQJ�ORDGV�LQFUHDVH��WKH�H[SHFWHG�DQQXDO�VDYLQJV�LQFUHDVHVOLJKWO\���5HWURILW�VDYLQJV�DUH�DSSUR[LPDWHO\�����KLJKHU�WKDQ�WKH�SURMHFWHG�QHZ�FRQVWUXFWLRQVDYLQJV�GXH�WR�WKH�KLJKHU�ORDGV���7KH�608'�VDYLQJV�ZLOO�YDU\�ZLWK�KRXVH�VL]H�DQG�XVDJH�GXH�WRWKH�WKUHH�OHYHO�WLHUHG�UHVLGHQWLDO�UDWH�VWUXFWXUH���%LJJHU�KRXVHV�ZLWK�KLJKHU�XVDJH�ZLOO�W\SLFDOO\KDYH�VOLJKWO\�VPDOOHU�VDYLQJV�DQG�VPDOOHU��ORZHU�XVDJH�KRXVHV�ZLOO�KDYH�KLJKHU�VDYLQJV ���
������ 'HVXSHUKHDWHU�DQG�'*:+�(YDOXDWLRQ�5HVXOWV
$QQXDO�VDYLQJV��LQFOXGLQJ�GHVXSHUKHDWHU�SXPSLQJ�HQHUJ\�FRVWV��UDQJH�IURP�����WR������LQ6DFUDPHQWR��DQG�����WR������LQ�7UXFNHH���:LWK�WKH�HVWLPDWHG������LQFUHPHQWDO�FRVW�IRULQVWDOODWLRQ�RI�WKH�GHVXSHUKHDWHU��VLPSOH�SD\EDFNV�DUH�SURMHFWHG�WR�EH���DQG����\HDUV�IRU6DFUDPHQWR�HOHFWULF�DQG�JDV�'+:�LQVWDOODWLRQV��UHVSHFWLYHO\��DQG���DQG����\HDUV�IRU�7UXFNHHLQVWDOODWLRQV���'*:+�SHUIRUPDQFH�ZDV�EDVHG�RQ�PRQLWRULQJ�SHUIRUPHG�XQGHU� 3*	(©V�����*HRWKHUPDO�+HDW�3XPS�'HPRQVWUDWLRQ�3URJUDP���)LJXUH����EHORZ�SORWV�PRQLWRUHG�HIILFLHQF\�� LQWHUPV�RI�&23��DV�D�IXQFWLRQ�RI�WKH�ZDWHU�WHPSHUDWXUH�HQWHULQJ�WKH�'*:+���3HUIRUPDQFH�LV�EHVWZKHQ�LQOHW�ZDWHU�WHPSHUDWXUHV�DUH�ORZ���$W�QRUPDO�¦KRW§�LQOHW�ZDWHU�WHPSHUDWXUHV�DURXQG���� q)�&23©V�IDOO�WR�DERXW������PXFK�ORZHU�WKDQ�WKH�����&23�DW��� q)�LQOHW�ZDWHU�WHPSHUDWXUH�
�� ,Q�FRPSDULVRQ�WR�WKH�IXUQDFH�DLU�FRQGLWLRQHU�EDVH�FDVH��*+3�VDYLQJV�ZLOO�LQFUHDVH�YV��$6+3�EDVH�FDVH�
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7DEOH������'HVXSHUKHDWHU�5HVXOWV�6XPPDU\8WLOLW\ %DVH�'+:�&RVW 'HVXSHUKHDWHU���VDYLQJV 6LPSOH�3D\EDFN�\HDUV�*DV (OHFWULF *DV (OHFWULF YV��*DV YV��(OHF608' ���� ���� ��� ���� �� �7'38' ���� ���� ��� ��� �� �

$Q�DQQXDO�SHUIRUPDQFH�PRGHO�ZDV�GHYHORSHG�EDVHG�RQ�WKH�3*	(�UHVXOWV���6LPXODWLRQV�ZHUHFRPSOHWHG�XVLQJ�608'�DQG�7'38'�XWLOLW\�UDWHV���7DEOH����VXPPDUL]HV�WKH�UHVXOWV���,Q�608'WHUULWRU\��WKH�'*+:�LV�PRUH�H[SHQVLYH�WR�RSHUDWH�WKDQ�D�VWDQGDUG�QDWXUDO�JDV�ZDWHU�KHDWHU�KRZHYHU�YHUVXV�HOHFWULF�ZDWHU�KHDWLQJ�WKH�'*:+�ZLOO�SD\�IRU�LWVHOI�LQ�HLJKW�\HDUV���,Q�7UXFNHH�SURMHFWHG�SD\EDFNV�DUH���\HDUV�YV��HOHFWULF�DQG����\HDUV�YV��QDWXUDO�JDV�
7DEOH������'*:+�5HVXOWV�6XPPDU\8WLOLW\ %DVH�'+:�&RVW '*:+���VDYLQJV 6LPSOH�3D\EDFN�\HDUV�*DV (OHFWULF YV��*DV YV��(OHF YV��*DV YV��(OHF608' ���� ���� ������ ���� Q�D �7'38' ���� ���� ���� ���� �� �
������ 9HUWLFDO�+HOL[�$VVHVVPHQW
7KH�YHUWLFDO�KHOL[�JURXQG�ORRS�RIIHUV�WKH�SRWHQWLDO�RI�VLJQLILFDQWO\�ORZHU�FRVW�WKDW�WUDGLWLRQDOYHUWLFDO�ERUH�V\VWHPV�ZKLFK�W\SLFDOO\�FRVW� URXJK\�������SHU�IRRW��LQFOXGLQJ�PDQLIROGLQJ�FRVWV�)LYH�RI�WKH�QLQHWHHQ�PRQLWRULQJ�VLWHV�KDG�YHUWLFDO�KHOL[�JURXQG�ORRSV���7KH�YHUWLFDO�KHOL[�LQYROYHV

)LJXUH������0RQLWRUHG�'*:+�&23�YV��,QOHW�:DWHU�7HPSHUDWXUH
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XVLQJ�D������§�DXJHU�ELW�WR�ERUH����WR����GHHS���$������§�SUH�IDEULFDWHG�VSLUDO�RI�×©�RU�Ù§SRO\HWK\OHQH�SLSH�LV�WKHQ�ORZHUHG��ZLWK�WKH�VSLUDO�VXSSRUWHG�WR�PDLQWDLQ�VSDFLQJ��LQWR�WKH�KROHDQG�WKH�KROH�LV�FDUHIXOO\�EDFNILOOHG���7KH�PDLQ�DGYDQWDJH�RI�WKH�YHUWLFDO�KHOL[�LV�PXFK�TXLFNHULQVWDOODWLRQ�WLPH�WKDQ�FRQYHQWLRQDO�YHUWLFDO�ERUHV���7KH�SULPDU\�GLVDGYDQWDJHV�DUH�WKH�QHHG�WR�
x KDYH�QRQ�URFN\�VRLOV��WR�DOORZ�IRU�DXJHULQJ�x KDYH�VRLOV�ZKLFK�DUH�QRW�RYHUO\�VDQG\��WKH�KROH�ZLOO�FROODSVH��x PDLQWDLQ�XQLIRUP�YHUWLFDO�VSDFLQJ�RI�WKH�VSLUDO�DIWHU�LW�LV�SODFHG�DQG�EDFNILOOHG
0DUFK�(TXLSPHQW�&RPSDQ\�LQ�6DFUDPHQWR�LV�WKH�SULPDU\�VXSSOLHU�RI�YHUWLFDO�KHOL[�JURXQG�ORRSVLQ�1RUWKHUQ�&DOLIRUQLD��DOWKRXJK�DW�WKH�FXUUHQW�WLPH�WKH\�DUH�QRW�DJJUHVVLYHO\�SURPRWLQJ�WKHV\VWHP���$FFRUGLQJ�WR�0DUFK��W\SLFDO�UHVLGHQWLDO� VL]LQJV�LQGLFDWH�D����LQFK��WKLUW\�IRRW�GHHS�KHOL[LV�HTXLYDOHQW�WR�RQH�WRQ�RI�YHUWLFDO�JURXQG�ORRS����������IRRW�GHHS�ERUH����,QVWDOOHG�FRVWV�DUH�IRUWKH�KHOL[�DUH�a�����SHU�WRQ��RU�URXJKO\�����������OHVV�WKDQ�D�YHUWLFDO�ERUH���6LQFH�WKH�*+3PDUNHW�LV�VWLOO�QRW�IXOO\�GHYHORSHG�LQ�1RUWKHUQ�&DOLIRUQLD�WKHVH�FRVWV�VKRXOG�FRPH�GRZQ�ZLWKLQFUHDVHG�YROXPH�
7ZR�VLWHV��6���DUH�6����ZHUH�IHOW�WR�KDYH�LQDGHTXDWHO\�VL]HG�YHUWLFDO�KHOL[�JURXQG�ORRSV�SULRU�WRWKH�VWDUW�RI�WKLV�SURMHFW���%RWK�RI�WKHVH�ZHUH�HYDOXDWHG�ZLWK�WKH�5LJKW�6XLWH� ORDG�DQG�ORRS�VL]LQJVRIWZDUH���6LWH�6����DV�GLVFXVVHG�LQ�VHFWLRQ������ ���VXIIHUHG�IURP�XQGHUVL]HG�SLSLQJ�SUREOHPVZKLFK�FDXVHG�D�IORZ�UHVWULFWLRQ�XQGHU�KLJK�GHPDQG�VLWXDWLRQV���/RRS�VL]LQJ�UHVXOWV��LQFOXGHG�LQ$SSHQGL[�-��GHPRQVWUDWH�WKH�QHHG�IRU�QLQH� ����IRRW�YHUWLFDO�ERUHV���%DVHG�RQ�WKH�0DUFK�KHOL[HTXLYDOHQFH��WKLV�LV�URXJKO\�HTXDO�WR�QLQH� WKLUW\�IRRW�KHOL[���7KH�VHYHQ�VL[W\�IRRW�KHOL[�ORRSVLQVWDOOHG�DUH�PRUH�WKDQ�DGHTXDWH��SURYLGHG�WKH�ORFDO�VRLO�FRQGLWLRQV�DUH�FRQVLVWHQW�ZLWK�WKH�ORRSVL]LQJ�DVVXPSWLRQV�
6LWH�6���ORRS�VL]LQJ�LQGLFDWHV�HLJKW�����IRRW�YHUWLFDO�ERUHV��HTXDO�WR���RU���WKLUW\�IRRW�KHOL[ORRSV����(LJKW����IRRW�KHOL[�ORRSV�ZHUH�LQVWDOOHG�DW�6���ZKLFK�DSSHDUV�WR�EH�PDUJLQDO���:LQWHUORRS�WHPSHUDWXUH�PLQLPXPV�DW�6LWH�6���ZHUH�VOLJKWO\�EHORZ��� q)��EXW�QRW�DV�ORZ�DV�VRPH�RI�WKHRWKHU�6DFUDPHQWR�DUHD�VLWHV���,I�DGGLWLRQDO�FDSDFLW\�EHFRPHV�QHFHVVDU\�DW�VLWH�6����PRUH�KHOL[ORRSV�ZLOO�QRW�WR�EH�LQVWDOOHG��KRZHYHU�LI�WKH�UHPHGLDWLRQ�HIIRUWV�SURYLGH�VXIILFLHQW�ORDGUHGXFWLRQ��WKH�H[LVWLQJ�JURXQG�ORRS�VKRXOG�EH�DGHTXDWH�
������ *+3©V��&RQVWUXFWLRQ�4XDOLW\��DQG�5HPHGLDWLRQ
*HRWKHUPDO�KHDW�SXPSV�UHSUHVHQW�DQ�HIILFLHQW�VSDFH�FRQGLWLRQLQJ�WHFKQRORJ\�ZKLFK�JDLQV�DVLJQLILFDQW�RSHUDWLQJ�HIILFLHQF\�DGYDQWDJH�IURP�WKH�UHIULJHUDQW�WR�ZDWHU�FRQQHFWLRQ�ZLWK�WKHJURXQG�ORRS���:LWK�IDLUO\�KLJK�*+3�LQFUHPHQWDO�FRVWV�LQ�&DOLIRUQLD����������������SHU�WRQ���KLJKVSDFH�FRQGLWLRQLQJ�ORDGV�DQG�IDYRUDEOH�JDV�HOHFWULF�XWLOLW\�UDWHV�DUH�QHHGHG�WR�SURYLGH�UHDVRQDEOHKRPHRZQHU�SD\EDFNV���,Q�7UXFNHH��VLJQLILFDQW�RSHUDWLQJ�FRVW�VDYLQJV�DUH�SURMHFWHG�EDVHG�RQ�WKHSUHVHQFH�RI�ERWK�RI�WKHVH�IDFWRUV���,Q�WKH�6DFUDPHQWR�DUHD��DQG�PXFK�RI�WKH�SRSXODWHG�DUHDV�RI&DOLIRUQLD��WKHVH�IDFWRUV�DUH�QRW�SUHVHQW�UHVXOWLQJ�LQ�OHVV�HFRQRPLF�MXVWLILFDWLRQ�IRU�*+3 �����,QHLWKHU�FDVH��LW�LV�VLJQLILFDQW�WR�UHFRJQL]H�WKDW�D�VXFFHVVIXO�*+3�LQVWDOODWLRQ�LV�FKDUDFWHUL]HG�E\FOLPDWH�DSSURSULDWH�EXLOGLQJ�GHVLJQ��TXDOLW\�FRQWURO�GXULQJ�FRQVWUXFWLRQ�� D�WLJKW�EXLOGLQJ
�� 2WKHU�QRQ�HFRQRPLF�EHQHILWV�RI�*+3©V�LQFOXGH�QRLVH�UHGXFWLRQ��HOLPLQDWLRQ�RI�RXWGRRU�FRQGHQVLQJ�XQLW�UHGXFHG�SHDN�GHPDQG��DQG�UHGXFHG�HQYLURQPHQWDO�LPSDFWV�GXH�WR�ORZHU�DQQXDO�HQHUJ\�FRQVXPSWLRQ�
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HQYHORSH�DQG�GXFW�V\VWHP��SURSHU�*+3�V\VWHP�DQG�GXFW�VL]LQJ��DQG�V\VWHP�FRPPLVVLRQLQJ���)RUUHWURILW�DSSOLFDWLRQV��LW�EHFRPHV�PRUH�FRPSOLFDWHG�VLQFH�WKH�*+3�V\VWHP�PXVW�EH�LQWHJUDWHG�LQWRDQ�H[LVWLQJ�KRPH��ZLWK�XQNQRZQ�HQYHORSH�DQG�GXFW�GHIHFWV����&DUH�VKRXOG�EH�WDNHQ�WR�LQVXUH�WKDWWKH�EXLOGLQJ�HQYHORSH�LV�RI�DGHTXDWH�WKHUPDO�¦TXDOLW\§�DQG�WKDW�WKH�*+3�V\VWHP�ZLOO�LQWHJUDWHZHOO�ZLWK�WKH�H[LVWLQJ�KRXVH�DQG�WKH�RFFXSDQWV©�FRPIRUW�UHTXLUHPHQWV���$�¦KRXVH�DV�D�V\VWHP§LQWHJUDWHG�DSSURDFK�LV�HVVHQWLDO�WR�PD[LPL]H�WKH�H[WHQW�WR�ZKLFK�WKH�KRXVH�LV�LPSURYHG�SULRU�WRGHVLJQLQJ�DQG�LQVWDOOLQJ�DQ�H[SHQVLYH�*+3�V\VWHP�
7R�TXDQWLI\�WKH�SRWHQWLDO�RI�¦ZKROH�KRXVH§�LPSURYHPHQWV�UHODWLYH�WR�LQFUHPHQWDO�*+3�FDSDFLW\�D�IHZ�HQHUJ\�HIILFLHQF\�PHDVXUHV�ZHUH�HYDOXDWHG�IRU�FRVW�HIIHFWLYHQHVV���,Q�7UXFNHH��WLJKW�GXFWVDQG�D�WLJKW�EXLOGLQJ�HQYHORSH�ZHUH�HYDOXDWHG�DQG�LQ�6DFUDPHQWR��WLJKW�GXFWV�DQG�ORZ� (�� JOD]LQJ�7KH�$6+5$(�VL]LQJ�DOJRULWKP�LQ�0,&523$6��ZDV�XVHG�WR�SURMHFW�WKH�SRWHQWLDO�VL]LQJUHGXFWLRQ�RQ�D�������IW� KRXVH�FRPSO\LQJ�ZLWK�WKH�FXUUHQW�5HVLGHQWLDO�%XLOGLQJ�6WDQGDUGV���)RUQHZ�FRQVWUXFWLRQ��WLJKW�GXFWV��ZLWK�WKLUG�SDUW\�YHULILFDWLRQ�RI�GXFW�OHDNDJH��ZHUH�DVVXPHG�WR�FRVW�����PRUH�DQG�UHGXFH�GXFW�OHDNDJH�IURP�����WR����RI�WRWDO�+9$&�DLUIORZ���$�EORZHU�GRRUWHVWHG�WLJKW�HQYHORSH�ZDV�HVWLPDWHG�WR�FRVW������PRUH �����/RZ�(�� JOD]LQJ�LQFUHPHQWDO�FRVW�ZDVHVWLPDWHG�DW�������SHU�IW� RI�JOD]LQJ�
7DEOH����VXPPDUL]HV�WKH�FRVWV�DQG�EHQHILWV�RI�LPSOHPHQWDWLRQ�RI�WKHVH�NH\�IHDWXUHV�LQ�QHZFRQVWUXFWLRQ�DSSOLFDWLRQV���7KH�EHQHILWV�ZHUH�FRPSXWHG�EDVHG�RQ�WKH�SRWHQWLDO�FDSDFLW\�UHGXFWLRQDW�DQ�LQFUHPHQWDO�FRVW�RI��������SHU�WRQ���)RU�QHZ�FRQVWUXFWLRQ��WKH�LQFRUSRUDWLRQ�RI�WKHVHVHOHFWHG�PHDVXUHV�ZDV�IRXQG�WR�EH�KLJKO\�FRVW�HIIHFWLYH��HVSHFLDOO\�LQ�7UXFNHH�ZKHUH�WKHFDSDFLW\�EHQHILW�LV�JUHDWHU���)RU�UHWURILW�DSSOLFDWLRQV��VLPLODU�WR�WKH�ZRUN�FRPSOHWHG�LQ�WKLVSURMHFW��WKH�FRVW�IRU�LPSOHPHQWLQJ�WKHVH�PHDVXUHV�ZRXOG�EH�DW�OHDVW�WZLFH�WKH�FRVW�VKRZQ�LQ�7DEOH�������*HWWLQJ�WKLQJV�ULJKW�WKH�ILUVW�WLPH�LV�WKH�NH\�PHVVDJH���3URSHU�KRXVH�GHVLJQ�DQG�FRQVWUXFWLRQTXDOLW\�FRQWURO�DUH�YLWDO�WR�LQVXULQJ�DGHTXDWH�ZKROH�KRXVH�SHUIRUPDQFH�DQG�FRPIRUW�
7DEOH������0HDVXUH�&RVW�(IIHFWLYHQHVV(VWLPDWHG�&RVW &DSDFLW\�%HQHILW7UXFNHH 7LJKW�GXFWV ���� �����7LJKW�(QYHORSH ���� �����6DFUDPHQWR7LJKW�GXFWV ���� ����/RZ�(� JOD]LQJ ���� ����
���� &RQFOXVLRQV
7KLV�SURMHFW�H[SDQGHG�RQ�WKH������VWXG\�GRFXPHQWLQJ�*+3�V\VWHP�SHUIRUPDQFH�LQ�608'�DQG7'38'�VHUYLFH�WHUULWRULHV���$�NH\�FRPSRQHQW�RI�WKH������SURMHFW�ZDV�WR�SHUIRUP�DQG�DVVHVV�WKHYDOXH�RI�UHPHGLDWLRQ�HIIRUWV�DW�HLJKW�XQGHUSHUIRUPLQJ�VLWHV���6SHFLILF�WDVNV�LQFOXGHG�
�� 7R�DFKLHYH�D�WLJKWHU�HQYHORSH��PRUH�HIIRUW�LV�QHHGHG�LQ�GUDIWVWRSSLQJ�LQWHULRU�ZDOO�FDYLWLHV�DQG�IORRUDVVHPEOLHV��VHDOLQJ�SHQHWUDWLRQV��DQG�FDXONLQJ�DW�IORRU�ZDOO�FHLOLQJ�LQWHUIDFHV��� ,Q�DOPRVW�DOO�FLUFXPVWDQFHV��WKH�LPSDFW�RI�WKH�UHPHGLDWLRQ�ZRUN�ZRXOG�QRW�EH�DV�JUHDW�DV�LI�WKH�ZRUN�ZHUHRULJLQDOO\�SHUIRUPHG�FRUUHFWO\���5HGXFHG�DFFHVV�UHVXOWV�LQ�UHGXFHG�EHQHILWV�
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x ,GHQWLI\�VLWHV�ZLWK�RSHUDWLRQDO�SUREOHPVx 0RQLWRU�WKH�VLWHV�LQ�GHWDLO�WR�GHWHUPLQH�EDVH�FDVH�SHUIRUPDQFHx 3HUIRUP�GLDJQRVWLF�DXGLW�WR�DVVHVV�UHPHGLDWLRQ�SRWHQWLDOx ,PSOHPHQW�UHFRPPHQGHG�UHPHGLDWLRQ�PHDVXUHVx 3HUIRUP�SRVW�UHPHGLDWLRQ�PRQLWRULQJx 4XDQWLI\�WKH�EHQHILW
7KH�UHPHGLDWLRQ�FRPSRQHQW�ZDV�WKH�PRVW�LQWHUHVWLQJ�DVSHFW�RI�WKH�SURMHFW�DV�LW�DOORZHG�IRU¦FORVLQJ�WKH�ORRS§�EHWZHHQ�VDYLQJV�SURMHFWLRQV�DQG�DFWXDO�EHQHILW�WR�WKH�KRPHRZQHU���7KH�UHDOLW\RI�WKLV�H[HUFLVH�ZDV�WKDW�WKH�UHPHGLDWLRQ�ZRUN�DW�WKH�6DFUDPHQWR�VLWHV�FDPH�WRR�ODWH�LQ�WKH�SURMHFWWR�DOORZ�IRU�DQ\�GHILQLWLYH�VDYLQJV�SURMHFWLRQV���7UXFNHH�VLWHV�KDG�VLJQLILFDQW�SRVW�PRQLWRULQJGDWD��EXW�VXSSOHPHQWDO�KHDW�XVH�DW�VRPH�RI�WKH�VLWHV�FORXGHG�DQ\�TXDQWLILFDWLRQ�RI�WKH�EHQHILW�
.H\�FRQFOXVLRQV�IURP�WKH�UHPHGLDWLRQ�ZRUN�
�� 4XDOLILHG�FRQWUDFWRUV�ZLWK�H[SHULHQFH�LQ�¦ZKROH�KRXVH§�SHUIRUPDQFH�LVVXHV�DUH�QRW�FRPPRQ�&KLWZRRG�(QHUJ\�0DQDJHPHQW�LV�D�XQLTXH�FRQWUDFWRU�ZKR�FDQ�SURYLGH�D�ZLGH�UDQJH�RIVHUYLFHV�UHODWHG�WR�+9$&�LVVXHV��LQVXODWLRQ�LQVWDOODWLRQ��DQG�HQYHORSH�OHDNDJH�PLWLJDWLRQ�&KLWZRRG�ZDV�DEOH�WR�SHUIRUP�UHPHGLDWLRQ�ZRUN�DW�WKH�ILYH�7UXFNHH�VLWHV�LQ�RQH�ZHHN���,QFRQWUDVW��LQ�6DFUDPHQWR�ZH�GHDOW�ZLWK�QXPHURXV�FRQWUDFWRUV �� LQ�WU\LQJ�WR�LPSOHPHQW�WKHUHPHGLDWLRQ�ZRUN�
�� 5HPHGLDWLRQ�RI�H[LVWLQJ�VLWHV�LV�JHQHUDOO\�D�GLIILFXOW�DQG�FRVWO\�SURSRVLWLRQ���,W�LV�H[WUHPHO\LPSRUWDQW�WR�LPSURYH�WKH�TXDOLW\�RI�QHZ�KRPHV�DV�LW�UHODWHV�WR�+9$&�DLUIORZ��GXFW�OHDNDJH�DQG�HQYHORSH�OHDNDJH���7KLV�LV�HVSHFLDOO\�WUXH�IRU�FRVWO\�*+3�V\VWHPV�IRU�WZR�UHDVRQV���)LUVW�JDV�IXUQDFHV�DUH�PXFK�KLJKHU�FDSDFLW\�WKDQ�KHDW�SXPSV�DOORZLQJ�WKHP�WR�EHWWHU�PDVN�VL]LQJVKRUWFRPLQJV��DQG�VHFRQG��SURSHUO\�LQVWDOOHG�HQHUJ\�IHDWXUHV�ZLOO�RIWHQ�EH�PRUH�FRVW�HIIHFWLYH�WKDQ�DGGLQJ�LQFUHPHQWDO�*+3�FDSDFLW\�
�� $W�WKH�ILYH�7UXFNHH�VLWHV��PRQLWRULQJ�GDWD�GHPRQVWUDWHG�D�FOHDU�EHQHILW�IURP�WKH�UHPHGLDWLRQZRUN�DW�WKUHH�RI�WKH�VLWHV���$W�WZR�RI�WKH�WKUHH��VLPSOH�SD\EDFNV�RI�DURXQG����\HDUV�ZHUHSURMHFWHG���$W�WKH�WKLUG��WKH�KLJKHVW�SHU�IW � HQHUJ\�XVHU���IDYRUDEOH�SD\EDFNV�RI�DURXQG�VHYHQ\HDUV�DUH�SURMHFWHG���$OO�ILYH�7UXFNHH�VLWHV�KDG�IDYRUDEOH�FRPPHQWV�UHJDUGLQJ�WKHUHPHGLDWLRQ�ZRUN�
2WKHU�FRQFOXVLRQV�IURP�WKLV�SURMHFW�LQFOXGH�
�� 3URMHFWHG�IXOO�\HDU�*+3�KHDWLQJ�HQHUJ\�XVH�UDQJHG�IURP�����WR�����N:K�IW ��\HDU�ZLWK�DYHUDJH7'38'�XVDJH�DSSUR[LPDWHO\�WZR�DQG�KDOI�WLPHV�WKDW�RI�WKH�608'�VLWHV���7'38'�XVDJHYDULHG�IURP�����WR�����N:K�IW��\HDU��DYHUDJH�RI������DQG�608'�YDULHG�IURP�����WR����N:K�IW��\HDU��DYHUDJH�����
�� 0RQLWRUHG�UHWXUQ�ZDWHU�WHPSHUDWXUHV�GXULQJ�IXOO�ORDG�RSHUDWLRQ�LQGLFDWH�D�*+3�DGYDQWDJH�RI��WR��q)�YV��FRUUHVSRQGLQJ�RXWGRRU�DLU�WHPSHUDWXUHV���7KH�ZDUPHU�WHPSHUDWXUHV�FRQWULEXWH�WRKLJKHU�*+3�RSHUDWLQJ�HIILFLHQFLHV�
�� $OO�EXW�RQH�RI�ZKLFK�ZHUH�ODFNLQJ�DQ�XQGHUVWDQGLQJ�RI�WKH�¦KRXVH�DV�D�V\VWHP§�FRQFHSW�
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�� 1R�HYLGHQFH�RI�KHDWLQJ�VHDVRQ�JURXQG�FUHHS�HIIHFWV�ZHUH�REVHUYHG�LQ�FRPSDULQJ�WKH�����GDWD�ZLWK�WKH�FXUUHQW������GDWD���,Q�7UXFNHH��UHWXUQ�ZDWHU�WHPSHUDWXUHV�W\SLFDOO\�DSSURDFK��q)�LQ�'HFHPEHU�DQG�YDU\�RQO\�D�IHZ�GHJUHHV�WKURXJK�WKH�FRXUVH�RI�WKH�KHDWLQJ�VHDVRQ���,Q608'�WHUULWRU\�ZKHUH�KHDWLQJ�V\VWHP�RSHUDWLRQ�LV�OHVV�FRQVLVWHQW�GD\�WR�GD\��UHWXUQ�ZDWHUWHPSHUDWXUHV�UHDFK�D�PLQLPXP�GXULQJ�SHULRGV�RI�KHDY\�ORDGLQJ��EXW�WKHQ�UHFRYHU�TXLFNO\�
�� '2(���SHUIRUPDQFH�SURMHFWLRQV�LQGLFDWH�DQQXDO�VDYLQJV�RI�DSSUR[LPDWHO\������IRU�WKH¦W\SLFDO§�7'38'�FDVH���$�FRPELQDWLRQ�RI�HIILFLHQW�*+3�SHUIRUPDQFH�DQG�IDYRUDEOHJDV�HOHFWULF�XWLOLW\�UDWHV�FRQWULEXWHG�WR�WKH�VDYLQJV�OHYHO���7\SLFDO�608'�VDYLQJV�RI�DERXW������YV��JDV�IXUQDFH��DLU�FRQGLWLRQHU�EDVH�FDVH��DUH�ODUJHO\�GXH�WR�VXPPHU�FRROLQJ�VDYLQJV �UHODWLYHO\�ORZ�QDWXUDO�JDV�UDWHV�UHVXOW�LQ�VPDOO�KHDWLQJ�VHDVRQ�VDYLQJV���5HODWLYH�WR�DQ�$6+3EDVH�FDVH��¦W\SLFDO§�608'�*+3�FXVWRPHUV�FDQ�H[SHFW�DQQXDO�VDYLQJV�RI�a�����SHU�\HDU�
�� '2(���SURMHFWHG�¦W\SLFDO§�608'�GHPDQG�VDYLQJV��DYHUDJHG�RYHU�WKH�����30�SHDN�SHULRG�ZHUH�a�������������N:��YV��VWDQGDUG����6((5�FRROLQJ�HTXLSPHQW���:LWK� 7'38'©V�ZLQWHUSHDN�SHULRG��PD[LPXP�SURMHFWHG�GHPDQG�ZDV�H[SHFWHG�WR�LQFUHDVH�IURP�����WR�DERXW�����N:UHODWLYH�WR�WKH�VWDQGDUG�����$)8(�JDV�IXUQDFH�
�� $�GHVXSHUKHDWHU�PRGHO�GHYHORSHG�EDVHG�RQ�ILHOG�PRQLWRUHG�SHUIRUPDQFH�LQGLFDWHV�IDYRUDEOHFXVWRPHU�HFRQRPLFV����\HDU�SURMHFWHG�VLPSOH�SD\EDFN�LQ�608'�WHUULWRU\����\HDUV�LQ7'38'��ZKHQ�FRPSDUHG�WR�HOHFWULF�ZDWHU�KHDWLQJ��EXW�QRW�UHODWLYH�WR�JDV�ZDWHU�KHDWLQJ�SD\EDFNV�UDQJLQJ�IURP����WR����\HDUV����2QH�GRZQVLGH�WR� GHVXSHUKHDWHUV�LQ�7UXFNHH�LV�WKDWWKH\�VFDYHQJH�KHDW�QRUPDOO\�XVHG�IRU�VSDFH�KHDWLQJ���*LYHQ�WKDW�FRPSODLQWV�RI�ORZ�VXSSO\�DLUWHPSHUDWXUH�DUH�QRW�XQFRPPRQ��D�GHVXSHUKHDWHU�PD\�DFFHQWXDWH�WKDW�SUREOHP�
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