
,�.��6PLWK���,�.�6PLWK#FLW\�DF�XN ���

35263(&76�)25�(1(5*<�&219(56,21�()),&,(1&<�,03529(0(176�%<�7+(�86(�2)�7:,1�6&5(:�7:2�3+$6(�(;3$1'(56
,�.�6PLWK��DQG�1�6WRVLF

&HQWUH�IRU�3RVLWLYH�'LVSODFHPHQW�&RPSUHVVRU�7HFKQRORJ\�6FKRRO�RI�(QJLQHHULQJ��&LW\�8QLYHUVLW\��/RQGRQ��(&�9��+%��8�.�
$%675$&7
,W�LV�ZHOO�NQRZQ�WKDW�WKHUH�DUH�ODUJH�VRXUFHV�RI�ORZ�JUDGH�KHDW�IURP�ZKLFK�SRZHU�FDQ�EH�UHFRYHUHG�E\�PHDQV�RI�WZR�SKDVH�H[SDQVLRQ�SURFHVVHV�� �+LWKHUWR�SURSRVDOV� WR�GR� VR�KDYH� UDUHO\�EHHQ�HFRQRPLFDOO\�YLDEOH�HLWKHU�GXH� WR� WKH� ORZ�DGLDEDWLF�HIILFLHQFLHV�RI�WKH�H[SDQGHUV�RU�WKHLU�UHODWLYHO\�KLJK�PDQXIDFWXULQJ�FRVW�7KLV�SDSHU�GHVFULEHV�WKH�UHVXOWV�RI�D�ORQJ�WHUP�5�DQG�'�SURJUDPPH�FDUULHG�RXW�DW�&LW\�8QLYHUVLW\��/RQGRQ��ZKLFK�KDV�UHVXOWHG� LQ� WKH� GHYHORSPHQW� RI� WZLQ� VFUHZ� PDFKLQHV� RI� JUHDW� VLPSOLFLW\� ZKLFK� FDQ� H[SDQG� WZR�SKDVH� IOXLGV� ZLWK�DGLDEDWLF��HIILFLHQFLHV�RI�PRUH��WKDQ�����DQG�DUH�FKHDS�WR�SURGXFH�7ZR� DSSOLFDWLRQV� DUH� JLYHQ� IRU� WKHVH�� 7KH� ILUVW� LV� LQ� D� KLJK� HIILFLHQF\� V\VWHP� IRU� WKH� UHFRYHU\� RI� SRZHU� IURP� ORZ�WHPSHUDWXUH�VHQVLEOH�KHDW�VRXUFHV��VXFK�DV OLTXLG�JHRWKHUPDO�EULQHV��7KH�VHFRQG�LV�WR�UHSODFH�WKURWWOH�YDOYHV�LQ�ODUJH�UHIULJHUDWLRQ�YDSRXU�FRPSUHVVLRQ�V\VWHPV���+HUH�D�GHYLFH�LV�EHLQJ�GHYHORSHG�ZKLFK�UHFRYHUV�SRZHU�IURP�WKH�WZR�SKDVH�H[SDQVLRQ�SURFHVV�DQG�UHFRPSUHVVHV�SDUW�RI�WKH�YDSRXU�WKXV�IRUPHG�LQ�D�VHOI�GULYHQ�VHDOHG�XQLW�FRQWDLQLQJ�RQO\�D�VLQJOH�SDLU�RI�URWRUV���7KH�DXWKRUV�KDYH�FDOOHG�WKLV�DQ�³H[SUHVVRU´�'HWDLOV�DUH�JLYHQ�RI�ERWK�DQDO\WLFDO�DQG�H[SHULPHQWDO�ZRUN�RQ�ERWK�H[SDQGHU�DQG�H[SUHVVRU�XQLWV�.(<:25'6
([SDQGHUV��7ZR�SKDVH��7ZLQ�VFUHZ��([SUHVVRU
���,1752'8&7,21
����3UHYLRXV�:RUN�RQ�7ZR�3KDVH�([SDQGHUV7KH�QHHG�IRU� WZR�SKDVH�H[SDQVLRQ�DV�D�ZRUN�SURGXFLQJ�SURFHVV�KDV�EHHQ�UHFRJQLVHG�IRU�TXLWH�D�ORQJ�SHULRG���$Q�HDUO\�H[DPSOH�RI� WKLV�ZDV�D�SURSRVDO�E\�5XWKV� >�@�ZKR�ILOHG� D� SDWHQW� LQ ����� WR� LQFUHDVH� WKH� HQHUJ\� VWRUDJH�FDSDFLW\� RI� VWHDP� DFFXPXODWRUV� E\� LQWHUPLWWHQW�H[SDQVLRQ� RI� WKH� ZDWHU� VWRUHG� LQ� WKHP� UDWKHU� WKDQ� WKH�VWHDP�DV�VKRZQ�LQ�)LJXUH�����7KH�W\SH�RI�H[SDQGHU�ZDV�QRW� FRQVLGHUHG� LQ� JUHDW� GHWDLO� DQG� DOWHUQDWLYH� GHVLJQV�ZHUH� VKRZQ� XVLQJ� HLWKHU� D� UHFLSURFDWLQJ� PDFKLQH� RU�D[LDO� IORZ� WXUELQH� IRU� WKLV� SXUSRVH�� �7KH�DXWKRUV� IRXQG�QR� UHFRUG� RI� VXFK� D� WZR�SKDVH� H[SDQVLRQ� V\VWHP�EHLQJ�XVHG� DQG�� DSDUW� IURP� OLPLWDWLRQV� GXH� WR� WKH� LQWHUPLWWHQW�QDWXUH� RI� WKH� GHYLFH�� LW� LV� GRXEWIXO� LI� VDWLVIDFWRU\�HIILFLHQFLHV� ZRXOG� KDYH� EHHQ� SRVVLEOH� IURP� VXFK�PDFKLQHV� DW� WKDW� WLPH�� � 7KH� WKHUPRG\QDPLF� SURFHVV�GHVFULEHG�E\�VXFK�D�F\FOH�LV�DOVR�VKRZQ�RQ�WHPSHUDWXUH�HQWURS\�FRRUGLQDWHV�,Q� WKH� HDUO\� QLQHWHHQ� VHYHQWLHV�� LQWHUHVW� LQ� XVLQJ�JHRWKHUPDO� VWHDP� IRU� JHQHUDWLQJ� HOHFWULFDO� SRZHU� JUHZ�UDSLGO\�LQ�WKH�8QLWHG�6WDWHV�ZKHUH�LW�ZDV�IRXQG�WKDW�GU\�VWHDP�GUDZQ�IURP�WKH�&DOLIRUQLD�JH\VHUV�FRXOG�EH�XVHG�WR� SURGXFH� EDVH� ORDG� HOHFWULFLW\� IRU� DQ� HFRQRPLFDOO\�YLDEOH�SULFH�� � ,W�ZDV� VRRQ� UHFRJQLVHG� WKDW�QHDUO\�QLQHW\�SHUFHQW RI� JHRWKHUPDO� UHVRXUFHV�ZHUH� HLWKHU�ZHW� VWHDP�RU� ZDWHU� GRPLQDWHG� DQG� WKDW� IODVK� H[SDQVLRQ� WR� GHULYH�GU\� VWHDP� IURP� WKHP� UHVXOWHG� LQ� D� ODUJH� ORVV� LQ� SRZHU�

UHFRYHU\�SRWHQWLDO�,Q�������6SUDQNOH�>�@�ZDV�JUDQWHG�D�SDWHQW�IRU�WKH�XVH�RI�D� WZLQ� VFUHZ� PDFKLQH� WR H[SDQG� ZHW� VWHDP� RU� HYHQ�SUHVVXULVHG� KRW� ZDWHU� DV� D� PHDQV� RI� UHFRYHULQJ� SRZHU�IURP� OLTXLG� RU� ORZ� GU\QHVV� IUDFWLRQ� JHRWKHUPDO� EULQHV���7KLV� SURFHVV� LV� VKRZQ� LQ� )LJXUH� �� DQG�� DV� PD\� EH�REVHUYHG�� LW� LV� WKHUPRG\QDPLFDOO\� HTXLYDOHQW� WR� 5XWKV¶�HQHUJ\� UHFRYHU\� FRQFHSW�ZLWK� GLUHFW� FRQWDFW� KHDWLQJ� RI�WKH� ZDWHU� LQ� WKH� JHRWKHUPDO� UHVHUYRLU�� � 7KH� WHPSRUDU\�FULVLV�LQ�RLO�VXSSOLHV�DW�WKDW�WLPH�JDYH�D�VWURQJ�LQFHQWLYH�WR� LQYHVWLJDWH� WKLV� GHYLFH� DQG� DOWHUQDWLYH� PRGHV� RI�H[SDQGLQJ� WZR�SKDVH� IOXLGV� LQ� ZKDW� ZDV� WHUPHG� WKH�³WRWDO� IORZ´�SURFHVV�� �0XFK�RI� WKH�HDUO\�ZRUN�RQ� WKHVH�WRWDO�IORZ�VWXGLHV�LV�GHVFULEHG�E\�.HVWLQ�>�@���,Q�SDUDOOHO�ZLWK� WKH� ZRUN� RQ� WZLQ� VFUHZ� PDFKLQHV�� RWKHU�LQYHVWLJDWLRQV�ZHUH�FDUULHG�RXW�RQ�D[LDO�IORZ�WXUELQHV�>���@�� ELSKDVH� WXUELQHV� >���@� DQG� PRUH� UHFHQWO\� RQ� WZR�SKDVH� UHDFWLRQ� WXUELQHV�RI� WKH�+HUR�W\SH�>���@� LQ�ZKLFK�WR�H[SDQG�ZDWHU�VWHDP�PL[WXUHV�PRUH�HIILFLHQWO\�$SDUW� IURP� JHRWKHUPDO� SRZHU� DSSOLFDWLRQV�� LW� ZDV� DOVR�UHFRJQLVHG�WKDW� WKURWWOLQJ�SURFHVVHV�LQ�FKHPLFDO�SURFHVV�SODQW�DQG�LQ�ODUJH�YDSRXU�FRPSUHVVLRQ�SODQW�XVHG�IRU�DLU�FRQGLWLRQLQJ� DQG� KHDW� SXPS� XQLWV� FRXOG� EH�PDGH�PRUH�HIILFLHQW� E\� SRZHU� UHFRYHU\� IURP� WKHP� XVLQJ� UDGLDO�LQIORZ�WXUELQHV��DV�VKRZQ�E\�6ZHDULQJHQ�>��@�DQG�VFUHZ�H[SDQGHUV�DV�VKRZQ�E\�6KDZ�>��@�DQG�/LQGH�>��@�$OO� SUDFWLFDO� GHPRQVWUDWLRQV� RI� WKHVH� SURSRVDOV� ZHUH�FKDUDFWHULVHG� E\� UHODWLYHO\� SRRU� H[SDQVLRQ� HIILFLHQFLHV���7KH� KLJKHVW� YDOXHV� ZHUH� IRU� UDGLDO� LQIORZ� WXUELQHV� IRU�ZKLFK�DGLDEDWLF�HIILFLHQFLHV�RI�����ZHUH�FODLPHG�
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���� 5HYLHZ� RI� :RUN� RQ� 7ZR�3KDVH� 7ZLQ� 6FUHZ�([SDQGHUV7KH� ILUVW� WHVW� UHVXOWV� REWDLQHG� IURP� VPDOO� WZLQ� VFUHZ�H[SDQGHUV� ZKLFK� RSHUDWHG� RQ� ZDWHU� RU� ZDWHU�VWHDP�PL[WXUHV� DUH� JLYHQ� E\� 6WHLGHO� HW� DO� >��@�� � 7KLV� ZDV�IROORZHG�E\�IXUWKHU�SXEOLFDWLRQV�>�����@�LQ�ZKLFK�VRPH�OLPLWHG� HIIRUWV� ZHUH� PDGH� WR� PRGHO� WKH� H[SDQVLRQ�SURFHVV� HLWKHU� E\� HPSLULFDO� FXUYH� ILWWLQJ� RU� KLJKO\�VLPSOLILHG�DQG�OLPLWHG�PRGHOOLQJ���7KH�KLJKHVW�DGLDEDWLF�HIILFLHQF\�REWDLQHG�IURP�WKHVH�WHVWV�ZDV�RQO\�����7DQLJXFKL� HW� DO�� DIWHU� XQVXFFHVVIXO� DWWHPSWV� WR�LQFRUSRUDWH� WZLQ�VFUHZ�H[SDQGHUV� LQ�HQJLQH�GULYHQ�KHDW�SXPSV� IRU� GLVWULFW� KHDWLQJ� >��@�� FDUULHG� RXW� D� GHWDLOHG�DQDO\WLFDO� DQG� H[SHULPHQWDO� VWXG\� RI� WZR�SKDVH� VFUHZ�H[SDQGHUV� XVLQJ� 5��� DV� WKH� ZRUNLQJ� IOXLG� >��@�� � 7KH�PHWKRG�RI�DQDO\VLV�XVHG�ZDV�LGHQWLFDO�WR�WKDW�GHYHORSHG�IRU� VFUHZ� FRPSUHVVRU� SHUIRUPDQFH� SUHGLFWLRQ� DQG� LV�EDVHG�RQ� WKH�DVVXPSWLRQ�RI� WKH�QRQ�VWHDG\�IORZ�HQHUJ\�HTXDWLRQ�DSSOLHG�WR�WKH�YROXPH�RI�IOXLG�WUDSSHG�EHWZHHQ�WKH� URWRUV� DQG� WKH� FDVLQJ� DQG� TXDVL� VWHDG\� RQH�GLPHQVLRQDO�IORZ�DVVXPSWLRQV�IRU�WKH�IOXLG�IORZ�WKURXJK�DOO� SRUWV� DQG� OHDNDJH� SDVVDJHV�� � 7KH� SHUIRUPDQFH�SUHGLFWLRQV�DSSHDUHG�WR�FRLQFLGH�ZHOO�ZLWK�WKH�PHDVXUHG�YDOXHV� RQ� D� VPDOO� VFDOH� XQLW� ZLWK� URWRUV� RI� ��� PP�GLDPHWHU�� �7KHVH�OHG�WR�SUHGLFWLRQV�RI�LQWHUQDO�DGLDEDWLF�HIILFLHQFLHV�DSSURDFKLQJ�����LQ� ODUJHU�PDFKLQHV�ZKLFK�ZRXOG� EH� UHGXFHG� E\� EHDULQJ� DQG� WLPLQJ� JHDU� IULFWLRQ�ORVVHV�
,Q�������WKH�DXWKRUV�EHJDQ�DQ�LQGHSHQGHQW�LQYHVWLJDWLRQ�RI� WZR�SKDVH� H[SDQVLRQ� SURFHVVHV� EDVHG� RQ� WKH� XVH� RI�WKH�WZLQ�VFUHZ�PDFKLQH�DV�WKH�SULPH�PRYHU���,W�ZDV�VRRQ�IRXQG� WKDW�VXFK�H[SDQGHUV�ZHUH�XQVXLWDEOH�IRU� WKH�KXJH�YROXPH� IORZ� UDWHV� DQG� YROXPH� UDWLRV� UHTXLUHG� IRU� WKH�H[SDQVLRQ�RI�ZDWHU� WR�QRUPDO�FRQGHQVLQJ� WHPSHUDWXUHV���)URP� WKH�RXWVHW�� WKHUHIRUH�HIIRUWV�ZHUH�FRQFHQWUDWHG�RQ�SURFHVVHV�LQYROYLQJ�RUJDQLF�IOXLGV�ZKHUH��IRU�HTXDO�KHDW�XWLOLVDWLRQ�RYHU�WKH�VDPH�WHPSHUDWXUH�UDQJH��H[LW�YROXPH�IORZ� UDWHV� FRXOG� EH� UHGXFHG� E\� D� IDFWRU� RI� ���RU�PRUH�DQG�H[SDQVLRQ�UDWLRV�E\�WZR�RUGHUV�RI�PDJQLWXGH�7KH�ZRUN��ZKLFK�ZDV�FDUULHG�RXW�RYHU�D�ORQJ�SHULRG��KDV�EHHQ�UHSRUWHG�LQ�GHWDLO�>�����@���7KH�PDLQ�UHVXOWV�RI�WKH�VWXGLHV�UHSRUWHG�DUH�DV�IROORZV�L� 3URYLGHG� WKDW� WZR�SKDVH� DGLDEDWLF� H[SDQVLRQ�HIILFLHQFLHV�RI�DW�OHDVW�����FRXOG�EH�DWWDLQHG��D�FORVHG�F\FOH�V\VWHP�XVLQJ�OLJKW�K\GURFDUERQV�DV�ZRUNLQJ� IOXLGV�� DV� VKRZQ� LQ� )LJXUH� �� FRXOG�UHFRYHU� DOPRVW� GRXEOH� WKH� SRZHU� IURP� D� KRW�OLTXLG� VWUHDP� WKDQ� ZDV� SRVVLEOH� IURP� HLWKHU�IODVKHG� VWHDP� RU� LQGLUHFWO\� KHDWHG� VLPSOH�RUJDQLF� 5DQNLQH� F\FOH� V\VWHPV�� � 7KH� DXWKRUV�GHVFULEHG� LW� DV� D� 7ULODWHUDO� )ODVK�&\FOH� �7)&��V\VWHP�� � 6XEVHTXHQWO\�� WKH\� IRXQG� WKDW� VXFK� D�V\VWHP� KDG� SUHYLRXVO\� EHHQ� SURSRVHG� ZLWK� D�WXUELQH� DV� WKH� H[SDQGHU� >�@�� � +RZHYHU�� WKH�DGLDEDWLF� HIILFLHQFLHV� DWWDLQDEOH� ZLWK� D� WXUELQH�ZHUH�WRR�ORZ�WR�PDNH�LW�ZRUWKZKLOH���

LL� 7KH� NH\� IHDWXUH� WR� REWDLQLQJ� KLJK� DGLDEDWLF�HIILFLHQFLHV� ZLWK� SRVLWLYH� GLVSODFHPHQW�PDFKLQHV� DV� H[SDQGHUV� LV� IRU� WKH� EXLOW� LQ�YROXPH�UDWLR�RI�WKH�H[SDQGHU�WR�EH�VXEVWDQWLDOO\�OHVV� WKDQ� WKH�DFWXDO�YROXPHWULF�H[SDQVLRQ�UDWLR�RI� WKH� WKH� IOXLG� EHLQJ� H[SDQGHG� >��@�� �%\� WKLV�PHDQV�LW�LV�SRVVLEOH�IRU�WZLQ�VFUHZ�PDFKLQHV�WR�H[SDQG� WZR�SKDVH� IOXLGV� ZLWK� DGLDEDWLF�HIILFLHQFLHV�LQ�H[FHVV�RI�����LLL� ,Q� ODUJH� YDSRXU� FRPSUHVVLRQ� DLU� FRQGLWLRQLQJ�DQG� UHIULJHUDWLRQ� V\VWHPV� WKHUH� LV� FRQVLGHUDEOH�VFRSH�IRU�UHSODFLQJ�WKH�WKURWWOH�YDOYH�E\�D�WZR�SKDVH�H[SDQGHU���$�YDULHW\�RI��RSWLRQV�H[LVW�RQ�KRZ�WR�XVH�WKH�UHFRYHUHG�SRZHU���2QH�PHWKRG��ZKLFK�RIIHUV�PDQ\�DGYDQWDJHV��LV�WR�XVH�D�VFUHZ�H[SDQGHU� WR� GULYH� D� VFUHZ� FRPSUHVVRU� LQ� D�VHDOHG� XQLW�� DV� VKRZQ� LQ� )LJXUH� ��� � 7KH�URWDWLRQDO�VSHHG�RI� WKLV�XQLW��ZKLFK�WKH�DXWKRUV�GHVFULEHG�DV�DQ�³H[SUHVVRU´� >������@��FDQ�YDU\�DFFRUGLQJ� WR� WKH� UHIULJHUDWLRQ� ORDG�ZLWKRXW� WKH�QHHG�IRU�D�VHSDUDWH�FRQWUROOHU�
��� ,03529(0(176� ,1� 7:,1� 6&5(:�0$&+,1(�'(6,*1
���� 0DLQ� 3UREOHPV� RI� 7ZR�3KDVH� 7ZLQ� 6FUHZ�([SDQGHU�'HVLJQ$� WZLQ� VFUHZ� PDFKLQH� LV� RI� WKH� SRVLWLYH� GLVSODFHPHQW�W\SH��,W�FRPSULVHV�D�PHVKLQJ�SDLU�RI�KHOLFDO�OREHG�URWRUV�FRQWDLQHG� LQ� D� FDVLQJ� ZKLFK� WRJHWKHU� IRUP� D� ZRUNLQJ�FKDPEHU�� WKH� YROXPH� RI� ZKLFK� GHSHQGV� RQO\� RQ� WKH�DQJOH�RI�URWDWLRQ���'HSHQGLQJ�RQ�LWV�GLUHFWLRQ�RI�URWDWLRQ��LW�PD\�EH�XVHG�HLWKHU�IRU�H[SDQVLRQ�RU�FRPSUHVVLRQ�DQG�LWV� PRGH� RI� RSHUDWLRQ� LQ� WKH� IRUPHU�PRGH� LV� VKRZQ� LQ�)LJXUH���
7KH� PDLQ� IHDWXUH� RI� LWV� GHVLJQ�� ZKLFK� GHWHUPLQHV� LWV�DGLDEDWLF�HIILFLHQF\�� LV� WKH�SURILOH�RI� WKH�URWRUV��� �7KHVH�PXVW� IRUP� D� JRRG� VHDO� ERWK� EHWZHHQ� HDFK� RWKHU� DQG�EHWZHHQ�WKH�FDVLQJ�DW�DOO�URWDWLRQDO�SRVLWLRQV�LQ�RUGHU�WR�PLQLPLVH LQWHUQDO� OHDNDJH�� �7KH�SLRQHHULQJ�ZRUN�ZKLFK�OHG� WR� SURILOHV� ZLWK� ERWK� HIIHFWLYH� VHDOLQJ� DQG� D� ODUJH�IORZ� DUHD� WKURXJK� ZKLFK� WKH� ZRUNLQJ� IOXLG� FRXOG� IORZ�ZDV� FDUULHG� RXW� E\� WKH� 6ZHGLVK� FRPSDQ\�� 650�� DQG�PRVW� URWRU� GHVLJQV� XVHG� WRGD\� DUH� GHULYDWLYHV� RI� WKHVH���7KH� UHODWLYH�PRWLRQ�EHWZHHQ� WKH� OREHV� LQ� WKHVH�SURILOHV�LV�D�PL[WXUH�RI� UROOLQJ�DQG�VOLGLQJ�� �7KXV�GLUHFW�FRQWDFW�EHWZHHQ� WKH� OREH� VXUIDFHV� PXVW� EH� DYRLGHG� WR� SUHYHQW�VHL]XUH�
$�FRQVHTXHQFH�RI� WKLV�KDV�EHHQ� WKH�GHYHORSPHQW�RI�RLO�LQMHFWHG�DQG�RLO� IUHH� W\SHV�DV� VKRZQ� LQ�)LJXUH���� � �7KH�RLO�LQMHFWHG�PDFKLQH�UHOLHV�RQ�UHODWLYHO\�ODUJH�PDVVHV�RI�RLO�LQMHFWHG�ZLWK�WKH�FRPSUHVVHG�JDV�LQ�RUGHU�WR�OXEULFDWH�WKH� URWRU� PRWLRQ�� VHDO� WKH� JDSV� DQG� UHGXFH� WKH�WHPSHUDWXUH� ULVH� GXULQJ� FRPSUHVVLRQ�� � ,W� UHTXLUHV� QR�LQWHUQDO� VHDOV�� LV� VLPSOH� LQ�PHFKDQLFDO�GHVLJQ�� FKHDS� WR�PDQXIDFWXUH� DQG� KLJKO\� HIILFLHQW�� &RQVHTXHQWO\� LW� LV�ZLGHO\�XVHG�DV�D�FRPSUHVVRU�LQ�ERWK�WKH�FRPSUHVVHG�DLU�
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DQG�UHIULJHUDWLRQ�LQGXVWULHV�
,Q� WKH� RLO� IUHH� PDFKLQH�� WKHUH� LV� QR� PL[LQJ� RI� WKH�ZRUNLQJ�IOXLG�ZLWK�RLO�DQG�FRQWDFW�EHWZHHQ�WKH�URWRUV�LV�SUHYHQWHG� E\� WLPLQJ� JHDUV� ZKLFK� PHVK� RXWVLGH� WKH�ZRUNLQJ� FKDPEHU� DQG� DUH� OXEULFDWHG� H[WHUQDOO\�� � ,Q�DGGLWLRQ�� WR� SUHYHQW� OXEULFDQW� HQWHULQJ� WKH� ZRUNLQJ�FKDPEHU�� LQWHUQDO� VHDOV� DUH� UHTXLUHG� RQ� HDFK� VKDIW�EHWZHHQ� WKH�ZRUNLQJ� FKDPEHU� DQG� WKH� EHDULQJV�� ,Q� WKH�FDVH� RI� SURFHVV� JDV� FRPSUHVVRUV�� GRXEOH� PHFKDQLFDO�VHDOV�DUH�XVHG�� �(YHQ�ZLWK�HODERUDWH�DQG�FRVWO\�V\VWHPV�VXFK�DV�WKHVH��VXFFHVVIXO�LQWHUQDO�VHDOLQJ�LV�VWLOO�UHJDUGHG�DV� D� SUREOHP� E\� HVWDEOLVKHG� SURFHVV� JDV� FRPSUHVVRU�PDQXIDFWXUHUV�� ,W� IROORZV� WKDW� VXFK� PDFKLQHV� DUH�FRQVLGHUDEO\�PRUH�H[SHQVLYH� WR�PDQXIDFWXUH�WKDQ�WKRVH�ZKLFK�DUH�RLO�LQMHFWHG�
$�KLJK�SHUFHQWDJH�RI�RLO�FRQWDLQHG�LQ�WKH�ZRUNLQJ�IOXLG�ZLOO�LQKLELW�WKH�WZR�SKDVH�IODVKLQJ�SURFHVV���+HQFH��WZLQ�VFUHZ�PDFKLQHV�PXVW�EH�RI�WKH�RLO�IUHH�W\SH�LI�WKH\�DUH�WR�H[SDQG�WZR�SKDVH�IOXLGV�HIILFLHQWO\���'HWDLOHG�VWXGLHV�RI�VXFK�PDFKLQHV� VKRZHG� WKDW� IRU� ODUJH� XQLWV�� DV� UHTXLUHG�IRU�D�7)&�JHRWKHUPDO�SRZHU�SODQW� �� WKH�XQLW�FRVW�RI�WKH�H[SDQGHU�DORQH�ZRXOG�EH�RI� WKH�RUGHU�RI�86������N:���7KLV� LV� KLJKHU� WKDQ� WKH�DFFHSWDEOH�FRVW�RI� WKH�FRPSOHWH�V\VWHP�� LQFOXGLQJ� SXPSV� DQG� KHDW� H[FKDQJHUV�� � ,Q� WKH�FDVH� RI� VPDOOHU� XQLWV� UHTXLUHG� IRU� WKURWWOH� YDOYH�UHSODFHPHQW� DSSOLFDWLRQV�� WKH� XQLW� FRVWV� ZHUH� HYHQ�KLJKHU�� � ,W� IROORZHG� WKDW�� GHVSLWH� WKHLU� JRRG� DGLDEDWLF�HIILFLHQFLHV�� WZLQ� VFUHZ� WZR�SKDVH� H[SDQGHUV� ZHUH� QRW�FRVW�HIIHFWLYH��
���� ,PSURYHPHQWV� LQ� 6FUHZ� ([SDQGHU� 'HVLJQ� IRU�3RZHU�*HQHUDWLRQ7ZR� UHFHQW� GHYHORSPHQWV� KDYH� OHG� WR� JUHDW�VLPSOLILFDWLRQ� LQ� WZR�SKDVH� VFUHZ�H[SDQGHU�PHFKDQLFDO�GHVLJQ�)LUVWO\��0DWKHPDWLFDO�VWXGLHV�RI�URWRU�SURILOLQJ�EDVHG�RQ�JHDU� WRRWK� JHQHUDWLRQ� WKHRU\� >�����@� KDYH� OHG� WR� WKH�GHYHORSPHQW�RI�D�QHZ�IDPLO\�RI�URWRU�SURILOHV��DV�VKRZQ�LQ� )LJXUH� ��� � 7KHVH� RIIHU� PDQ\� DGYDQWDJHV� RYHU� PRUH�WUDGLWLRQDO� VKDSHV� EXW� IURP� WKH� YLHZSRLQW� RI� WKH�H[SDQGHU� GHVLJQ�� WKH�PRVW� VLJQLILFDQW� DUH� WKH� ORZ� URWRU�FRQWDFW�VWUHVVHV�EHWZHHQ�WKH�PDOH�DQG�IHPDOH�URWRUV�DQG�DOPRVW� SXUH� UROOLQJ� PRWLRQ� DORQJ� WKH� FRQWDFW� EDQG�EHWZHHQ� WKHP�� �7KH� DXWKRUV� FRQFOXGHG� WKDW� URWRUV�ZLWK�WKHVH� SURILOHV� ZRXOG� QRW� UHTXLUH� WLPLQJ� JHDU� SURYLGHG�WKDW�HYHQ�D�ORZ�YLVFRVLW\�IOXLG�LV�SUHVHQW�LQ�WKH�ZRUNLQJ�FKDPEHU��7KLV�ZDV�FRQILUPHG�E\�H[WHQVLYH�WHVWLQJ�LQ�DQ�DLU� FRPSUHVVRU� GHVLJQHG� IRU� RLO� LQMHFWLRQ� ZLWK� URWRUV�OXEULFDWHG�E\�ZDWHU�RQO\�>��@�����6HFRQGO\�� DGYDQFHV� LQ� WKH� GHVLJQ� RI� UROOLQJ� HOHPHQW�EHDULQJV� >��@�� KDYH� VKRZQ� WKDW� WKHVH� PD\� EH� XVHG� LQ�WZLQ� VFUHZ� UHIULJHUDQW� FRPSUHVVRUV� WR� WDNH� ERWK� UDGLDO�DQG� D[LDO� ORDGV� ZLWKRXW� DQ� RLO� VXSSO\�� SURYLGHG� WKDW�WKHUH�LV�D�VPDOO�WUDFH�RI�RLO�LQ�WKH�UHIULJHUDQW���,Q�WKH�FDVH�RI�FRPSUHVVRUV��WKH�RLO�ZRXOG�EH�SUHVHQW�LQ�WKH�IRUP�RI�D�ILQH� PLVW� EXW� LQ� WKH� FDVH� RI� D� WZR�SKDVH� H[SDQGHU�� LW�ZRXOG� EH� ZKROO\� GLVVROYHG� LQ� WKH� RLO�� � ,W� ZDV� QRW�WKHUHIRUH�FHUWDLQ�KRZ�WKH�EHDULQJV�ZRXOG�SHUIRUP�

$Q�H[SHULPHQWDO�VFUHZ�H[SDQGHU�ZDV�WKHUHIRUH�GHVLJQHG�DQG� EXLOW� E\� WKH� DXWKRUV� ZLWKRXW� WLPLQJ� JHDU� EXW� ZLWK�URWRUV� EDVHG� RQ� WKHLU� QHZ� ³1´� SURILOH� DQG� ZKLFK� XVHG�VWDQGDUG� VWHHO� UROOLQJ� HOHPHQW� EHDULQJV� ZLWKRXW� RLO�OXEULFDWLRQ� >��@�� � /LTXLG� UHIULJHUDQW�� ZKLFK� FRQWDLQHG�OHVV� WKDQ� ��� RLO�� ZDV� SHUPLWWHG� WR� IORZ� IDLUO\� IUHHO\�WKURXJK� WKH� EHDULQJV� E\�PHDQV� RI� GULOOHG� SDVVDJHV� DQG�QR�LQWHUQDO�VHDOV�ZHUH�LQFOXGHG�LQ�LW��7KH�RQO\�VHDO�XVHG�ZDV� ORFDWHG� DW� WKH� GULYH� VKDIW� H[LW� DQG� WKLV�ZDV� RI� WKH�VWDQGDUG�UHIULJHUDWRU�FRPSUHVVRU�VKDIW�W\SH���7KLV�ZKROO\�SURFHVV�OXEULFDWHG�PDFKLQH�KDG�WKH�DGGHG�DGYDQWDJH�WKDW�DGGLWLRQDO�SXPSV��KHDW�H[FKDQJHUV�DQG�ILOWHUV�QHHGHG�IRU�WKH�RLO�OXEULFDWLRQ�V\VWHP�ZHUH�WKHUHE\�HOLPLQDWHG�7HVW� UHVXOWV�ZLWK� WKLV�PDFKLQH�ZHUH� KLJKO\� VDWLVIDFWRU\���)LUVWO\�� LW� ZDV� IRXQG� WKDW� ORFDO� IULFWLRQDO� KHDWLQJ� LQ� WKH�EHDULQJV� KDG� WKH� HIIHFW� RI� HYDSRUDWLQJ� WKH� UHIULJHUDQW�ZKLOH� OHDYLQJ� WKH� RLO� EHKLQG� VR� WKDW� RQ� VWULS� GRZQ�� WKH�EHDULQJ� KRXVLQJV� ZHUH� IRXQG� WR� EH� IXOO� RI� RLO���&RQVHTXHQWO\�WKHUH�ZDV�QR�GHWHFWDEOH�ZHDU�IRXQG�HLWKHU�RQ� WKHP� RU� WKH� URWRUV DIWHU� VHYHUDO� KXQGUHG� KRXUV�UXQQLQJ�� � $OWKRXJK� WKH� GHVLJQ� ZDV� QRW� IXOO\� RSWLPLVHG�IURP� WKH� WKHUPRG\QDPLF� YLHZSRLQW�� SHDN� DGLDEDWLF�HIILFLHQFLHV� RI� ���� ZHUH� REWDLQHG�� WKH� KLJKHVW� HYHU�UHFRUGHG�IRU�DQ\�W\SH�RI�WZR�SKDVH�H[SDQGHU�7KH�FRVW� VDYLQJV�DFKLHYHG�E\� WKLV�GHVLJQ�VLPSOLILFDWLRQ�ZHUH� LPSUHVVLYH�� � ,Q� ������ WKH� DXWKRUV� SXUFKDVHG� WKHLU�ILUVW� VFUHZ� H[SDQGHU� ZKLFK� ZDV� VLPSO\� D� VWDQGDUG� RLO�IUHH�UHIULJHUDWLRQ�FRPSUHVVRU�UXQ�LQ�UHYHUVH���7KLV�KDG�D�VZHSW� YROXPH� RI� DSSUR[LPDWHO\� ����� O�UHY� DQG� FRVW�86�������� DW� WKH� WKHQ� VWHUOLQJ�GROODU� UDWH�RI� H[FKDQJH���7KH� H[SHULPHQWDO� H[SDQGHU�� DV� GHVFULEHG�ZDV�GHVLJQHG�DQG�PDQXIDFWXUHG�LQ������DV�D�RQH�RII�XQLW���7KLV�KDG�D�VZHSW�YROXPH�RI������O�UHY�DQG��H[FOXGLQJ�URWRU�WRROLQJ�DQG� SDWWHUQ� FRVWV�� ZKLFK� ZHUH� QRW� ODUJH�� LWV�PDQXIDFWXULQJ� FRVW� ZDV� RQO\� 86�������� � $OORZLQJ� IRU�WKH�XVXDO�VFDOLQJ�IDFWRU�RI�FRVW�UDWLR� �VL]H�UDWLR������WKHQ��DSDUW� IURP� WKH� IXUWKHU� JDLQV� GXH� WR� WKH� HIIHFWV� RI�LQIODWLRQ� RYHU� D� SHULRG� RI� ��� \HDUV�� WKLV� DPRXQWV� WR� D�VL[IROG�UHGXFWLRQ�LQ�SULFH����7KHUH LV�OLWWOH�GRXEW�WKDW�WKLV�ILJXUH� FRXOG� EH� IXUWKHU� LPSURYHG� LI� VXFK� XQLWV� ZHUH�PDGH�RQ�D�EDWFK�SURGXFWLRQ�EDVLV�����,PSURYHPHQWV�LQ�7ZLQ�6FUHZ�'HVLJQ�IRU�7KURWWOH�9DOYH�5HSODFHPHQW$OWKRXJK�� WKH� DXWKRUV¶� HIIRUWV� WR� GHYHORS� HIILFLHQW� FRVW�HIIHFWLYH� WZR�SKDVH� H[SDQGHUV� ZHUH� RULJLQDOO\� PDLQO\�LQWHQGHG� IRU� ODUJH� VFDOH� SRZHU� JHQHUDWLRQ� DSSOLFDWLRQV��VLQFH������ WKH�PDLQ�HPSKDVLV�RI� WKH�ZRUN�KDV�EHHQ�RQ�WKURWWOH�YDOYH�UHSODFHPHQW��SDUWLFXODUO\�LQ�ODUJH�VFDOH�DLU�FRQGLWLRQLQJ� FKLOOHU� XQLWV�� � +HUH� WKH� PDLQ� DLP� ZDV� WR�LPSURYH� WKH� FRHIILFLHQW� RI� SHUIRUPDQFH� RI� XQLWV�RSHUDWLQJ�RQ�5���D�ZKLFK�LV�WKHUPRG\QDPLFDOO\�LQIHULRU�WR� RWKHU� UHIULJHUDQWV� XVHG� DV� &)&� UHSODFHPHQWV� HYHQ�WKRXJK� VXSHULRU� WR� WKHP� LQ� LWV� R]RQH� GHSOHWLQJ�WHQGHQFLHV�,Q�VXFK�V\VWHPV��WKH�SRZHU�UHFRYHUHG�IURP�WKH�WKURWWOLQJ�SURFHVV� PD\� EH� XVHG� HLWKHU� WR� GULYH� DQ� HOHFWULFDO�JHQHUDWRU��DV�DQ�DX[LOLDU\�GULYH� WR� WKH�PDLQ�FRPSUHVVRU�RU� WR� GULYH� LWV� RZQ� DGGLWLRQDO� FRPSUHVVRU� XVLQJ� WKH��³H[SUHVVRU´� SULQFLSOH�� DOUHDG\� VKRZQ� LQ� )LJXUH� ��� � 2I�
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WKHVH� WKUHH� RSWLRQV�� WKH� H[SUHVVRU� DSSHDUHG� WR� EH� WKH�PRVW� DWWUDFWLYH� VLQFH� LW� DFWXDOO\� ERRVWV� WKH� FDSDFLW\� RI�WKH� V\VWHP�E\�FLUFXODWLQJ�PRUH� UHIULJHUDQW� IRU� WKH�VDPH�SRZHU� LQSXW� WR� WKH� PDLQ� FRPSUHVVRU�� � &RVW� VDYLQJ� LV�WKHUHIRUH� SRVVLEOH� QRW� RQO\� IURP� UHGXFHG� HQHUJ\�FRQVXPSWLRQ� SHU� XQLW� RI� UHIULJHUDWLRQ� EXW� DOVR� IURP�ORZHULQJ�WKH�SODQW�FRVW�SHU�XQLW�RXWSXW�7KLV�DSSOLFDWLRQ�KDV�KRZHYHU��WKH�DGGLWLRQDO�FRVW�RI�WZR�SDLUV�RI� URWRUV�� � ,QGXVWULDO� VSRQVRUV�RI� WKH� LQYHVWLJDWLRQ�WKHQ�HQTXLUHG�ZKHWKHU� LW�ZHUH�SRVVLEOH� WR�XVH� WKH�VDPH�SDLU� RI� URWRUV� ERWK� WR� H[SDQG� WKH�ZRUNLQJ� IOXLG� DQG� WR�UHFRPSUHVV�VRPH�RI�WKH�YDSRXU�WKXV�IRUPHG���$IWHU�VRPH�FRQVLGHUDWLRQ�� WKLV�ZDV�GHHPHG� WR�EH�SRVVLEOH�SURYLGHG�WKDW�L� WKH� ZUDS� DQJOH� RI� WKH� VFUHZ� URWRUV� ZDV�LQFUHDVHG� VXEVWDQWLDOO\� LQ� RUGHU� WR� SHUPLW�WKH�H[SDQGHG� OLTXLG�DQG�SDUW�RI� WKH�YDSRXU�IRUPHG� WR� OHDYH� WKH� � PDFKLQH� EHIRUH�UHFRPSUHVVLRQ�RI�WKH�YDSRXU�EHJDQ�DQGLL� WKH� URWRU� SURILOH�ZDV�PRGLILHG� WR�PLQLPLVH�OHDNDJH� EHWZHHQ� WKH� URWRUV� GXULQJ� WKH�UHFRPSUHVVLRQ�SURFHVV�7KH�UHVXOWLQJ�FRQFHSW�LV�VKRZQ�LQ�)LJXUH���� $�SURWRW\SH�XQLW�VXLWDEOH�IRU�LQVWDOODWLRQ�LQ�D�����WRQ�FKLOOHU�XQLW�KDV�EHHQ� EXLOW� XVLQJ� WKLV� SULQFLSOH�� � ,W� IRUPV� D� IXOO\� VHDOHG�V\VWHP� LQ� ZKLFK� WKH� H[SDQVLRQ� SRZHU� LV� DEVRUEHG� LQ�UHFRPSUHVVLQJ� WKH� YDSRXU� ZKLOH� WKH� VSHHG� YDULHV�DXWRPDWLFDOO\� WR� PHHW� WKH ORDG� UHTXLUHPHQWV� RI� WKH�V\VWHP�� � /LNH� WKH� H[SHULPHQWDO� H[SDQGHU� DOUHDG\�GHVFULEHG�� LW� KDV� QR� WLPLQJ�JHDU� DQG� LV� HQWLUHO\�SURFHVV�OXEULFDWHG�ZLWK�QR�VHDOV�RI�DQ\�NLQG�FRQWDLQHG� LQ� LW�� �$�SKRWRJUDSK�RI�WKH�XQLW�FRPSRQHQWV�LV�VKRZQ�LQ�)LJXUH���DQG� ILUVW� WHVW� UHVXOWV� KDYH� DOUHDG\� EHHQ� UHSRUWHG� >��@���7KHVH� DUH� TXLWH� HQFRXUDJLQJ�� � ,Q� SDUWLFXODU�� LW� ZRXOG�DSSHDU� WKDW� WKH� LQFOXVLRQ� RI� VXFK� D� XQLW� DV� D� WKURWWOH�YDOYH�UHSODFHPHQW�ZRXOG�EH�FRVW�HIIHFWLYH�
���&21&/86,216
$V� D� UHVXOW� RI� D� ORQJ� WHUP� UHVHDUFK� DQG� GHYHORSPHQW�SURJUDPPH�� LW� KDV� QRZ� EHFRPH� SRVVLEOH� WR� GHVLJQ� DQG�EXLOG� WZLQ� VFUHZ� PDFKLQHV� DV� HIILFLHQW� WZR�SKDVH�H[SDQGHUV� DW� DQ� HFRQRPLFDOO\� YLDEOH� FRVW�� � $OWKRXJK�RWKHU�DSSOLFDWLRQV�IRU�VXFK�GHYLFHV�PD\�EH�SRVVLEOH��WKH�PRVW�VLJQLILFDQW�DUH�L� ,Q� WKH�7ULODWHUDO� )ODVK�&\FOH� V\VWHP�� � 7KLV�PD\� QRZ� EH� FRQVLGHUHG� DV� D� SRVVLEOH�FRQWHQGHU�IRU�FRVW�HIIHFWLYH�SRZHU�UHFRYHU\�IURP� UHODWLYHO\� ORZ� WHPSHUDWXUH� OLTXLG�VWUHDPV�VXFK�DV�JHRWKHUPDO�EULQHV�LL� ,Q� ODUJH� LQGXVWULDO� DLU� FRQGLWLRQLQJ� FKLOOHU�V\VWHPV� ZKHUH� SUHOLPLQDU\� VWXGLHV� RQ� WKH�WZR� URWRU� H[SUHVVRU� VKRZ� SURPLVH� RI� LWV�EHLQJ�HFRQRPLFDOO\�YLDEOH�
$&.12:/('*(0(176
7KH� ZRUN� GHVFULEHG� LQ� WKLV� SDSHU� VXPPDULVHV� RYHU�

HLJKWHHQ� \HDUV� RI� LQYHVWLJDWLRQ� IRU� ZKLFK� IXQGLQJ� DQG�WHFKQLFDO� DVVLVWDQFH� KDYH� EHHQ� UHFHLYHG� IURP� PDQ\�VRXUFHV���,Q�SDUWLFXODU��WKH�DXWKRUV�ZLVK�WR�WKDQN�736��D�YHQWXUH�FDSLWDO�FRPSDQ\�ZKR�IXQGHG� WKH� LQLWLDO�VWXGLHV��WKH�6(5&��ZKR�VXSSRUWHG�WKH�DQDO\WLFDO�VWXGLHV�WRJHWKHU�ZLWK� WKH� 75$1(� FRPSDQ\� RI� /D� &URVVH�� :LVFRQVLQ��86$�� ZKRVH� KHOS� FDPH� DW� D� SDUWLFXODUO\� FULWLFDO� WLPH���2QJRLQJ� VXSSRUW� KDV� EHHQ� PDLQWDLQHG� E\� +ROUR\G� RI�0LOQURZ��/DQFV��8.��ZKR�PDQXIDFWXUHG�WKH�URWRUV�RI�DOO�WKH� ODWWHU� PDFKLQHV�� � 6LQFH� ������ WKH� ZRUN� KDV� EHHQ�ZKROO\�IXQGHG�E\�&DUULHU�&RUSRUDWLRQ�RI�6\UDFXVH��1<��86$�DQG� WKH� DXWKRUV�ZLVK� WR�DFNQRZOHGJH�ZLWK� WKDQNV�WKHLU� SHUPLVVLRQ� WR� SXEOLVK� GHWDLOV� RI� WKH� WZLQ� URWRU�H[SUHVVRU� RQ� ZKLFK� &DUULHU� KDYH� DSSOLHG� IRU� ZRUOG�SDWHQW�ULJKWV�
5()(5(1&(6��� 5XWKV�� -�� � 0HWKRG� DQG� PHDQV� RI� GLVFKDUJLQJ�KHDW� VWRUDJH� FKDPEHUV� FRQWDLQLQJ� KRW� OLTXLG� XVHG� LQ�VWHDP�SRZHU�DQG�KHDWLQJ�SODQWV��8.�3DW������������������� 6SUDQNOH�� 5�6�� (OHFWULFDO� SRZHU� JHQHUDWLQJ�V\VWHPV���86�3DW�������������$XJXVW��������� .HVWLQ�� -�� � 6RXUFHERRN� RQ� WKH� SURGXFWLRQ� RI�HOHFWULFLW\� IURP� JHRWKHUPDO� HQHUJ\� � '2(�5$���������$XJXVW��������� (OOLRWW�� '�*�� � 7KHRU\� DQG� WHVWV� RI� WZR�SKDVH�WXUELQHV��3XEOLFDWLRQ���������-HW�3URSXOVLRQ�/DERUDWRU\��0D\��������� &RPIRUW��:�� 7KH� GHVLJQ� DQG� HYDOXDWLRQ� RI� D� WZR�SKDVH� WXUELQH� IRU� ORZ� TXDOLW\� VWHDP�ZDWHU� PL[WXUHV���8&5/� ������� /DZUHQFH� /LYHUPRUH� /DERUDWRU\�� 0D\��������� 6WXGKDOWHU��:�5���5RWDU\�VHSDUDWRU�WXUELQH�HQKDQFHV�JHRWKHUPDO� SRZHU� UHFRYHU\�� �0RGHUQ� 3RZHU� 6\VWHPV�SS���������6HSWHPEHU��������� &HULQL�� '�� -�� 'LGGOH�� &�� 3�� DQG� *RQVHU�� :�� &��3URMHFW� GHYHORSPHQW�� 'HVHUW� 3HDN� ��0:�SRZHU� SODQW���3URFHHGLQJV� RI� (LJKWK� $QQXDO� *HRWKHUPDO� 5HVRXUFHV�&RXQFLO��5HQR��1HY���������� )DEULV�� *�� 7ZR�3KDVH� UHDFWLRQ� WXUELQH� � 86� 3DW������������$XJXVW��������� )DEULV�� *�� 'KLOORQ�� -�6� DQG� :RUWPDQ�� $�� � 7ZR�SKDVH�+HUR� WXUELQH�ZLWK� FXUYHG� QR� VHSDUDWLRQ� QR]]OHV��(QHUJ\� UHODWHG� LQYHQWLRQ� UHFRPPHQGDWLRQ� 1R� �����1,67��86$�'HSW�RI�&RPPHUFH����������� 6ZHDULQJHQ��-��6��)ODVKLQJ�IOXLG�UXQV�WXUERH[DQGHU���2LO�DQG�*DV�-� �����������������-XO\���������� 6KDZ��'��1�� ,PSURYHPHQWV� LQ� KHDW� SXPS� V\VWHPV���8.�3DW����������������-XO\���������� /LQGH�� $�� *�� � .RPSUHVVLRQVNDOWHPDVFKLQH� PLW�HLQHP�6FKUDXEHQYHUGLFKWHU�XQG�GHUHQ�$QWULHE���*HUPDQ�3DW���������������-XQH���������� 6WHLGHO�� 5�� )�� :HLVV�� +� DQG� )ORZHU�� -�� (���&KDUDFWHULVWLFV� RI� WKH� /\VKROP� HQJLQH� DV� WHVWHG� IRU�JHRWKHUPDO� DSSOLFDWLRQV� LQ� WKH� ,PSHULDO� 9DOOH\�� � -��(QJQJ�IRU�3RZHU� ��������������-DQXDU\������
���� 6WHLGHO��5��)��3DQNRZ��'��+�DQG�%URZQ��.��$���7KH�HPSLULFDO� PRGHOOLQJ� RI� D� /\VKROP� VFUHZ� H[SDQGHU���3URFHHGLQJV� RI� (LJKWHHQWK� ,QWHUVRFLHW\� (QHUJ\�&RQYHUVLRQ�&RQIHUHQFH��SS���������������
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���� +RXVH�� 3�� $�� � +HOLFDO�URWRU� H[SDQGHU� DSSOLFDWLRQV�IRU�JHRWKHUPDO�HQHUJ\�FRQYHUVLRQ���///�5HSRUW�8&5/��������$SULO���������� 0DUJROLV�� '�� /�� � $QDO\WLFDO� PRGHOOLQJ� RI� KHOLFDO�VFUHZ� WXUELQHV� IRU� SHUIRUPDQFH� SUHGLFWLRQ�� � 7UDQV�$60(�� -�� (QJQJ� IRU� 3RZHU�� Y����� SS� ��������� -XO\���������� 'XQEDU��0��.�� �$OWHULQJ� WKH� YROXPHWULF� H[SDQVLRQ�UDWLR�RI�D�/\VKROP�KHOLFDO�VFUHZ�H[SDQGHU���5HSRUW�1R��86�'2(�(7�������7����������� 1J��.��&�� /LP��7�%� DQG�%RQJ��7��<�� �$QDO\VLV� RI�VFUHZ�H[SDQGHU�SHUIRUPDQFH���� 3URF�,QVWQ�0HFK�(QJUV��3DUW�(��-UQO�RI�3URF�0HFK�(QJ� ����$�������������������� 7DQLJXFKL��+��*LHGW��:��+��.XGR��.��.DVDKDUD��.��2KWD�� -� DQG� .DZDPXUD�� .�� � (QHUJ\�FRQVHUYLQJ� KHDW�SXPS�ERLOHU�V\VWHPV�IRU�GLVWULFW�KHDWLQJ��3URFHHGLQJV�RI�(LJKWHHQWK� ,QWHUVRFLHW\�(QHUJ\�&RQYHUVLRQ�&RQIHUHQFH��Y���SS���������������������� 7DQLJXFKL�� +�� .XGR�� .�� *LHGW��:�� +�� 3DUN�� ,� DQG�.XPD]DZD�� 6�� � $QDO\WLFDO� DQG� H[SHULPHQWDO�LQYHVWLJDWLRQ� RI� WZR�SKDVH� IORZ� VFUHZ� H[SDQGHUV� IRU�SRZHU� JHQHUDWLRQ�� � 7UDQV� $60(�� -�� (QJQJ� IRU� *DV�7XUELQHV�DQG�3RZHU������ ���������� 6PLWK�� ,�� .�� � 'HYHORSPHQW� RI� WKH� WULODWHUDO� IODVK�F\FOH�V\VWHP���3DUW����IXQGDPHQWDO�FRQVLGHUDWLRQV�� 3URF�,QVWQ�0HFK�(QJUV��3DUW�$������$������������ ���������� 6PLWK�� ,�� .�� DQG� 3LWDQJD� 0DUTXHV� GD� 6LOYD�� 5��'HYHORSPHQW�RI�WKH�WULODWHUDO�IODVK�F\FOH�V\VWHP���3DUW�����LQFUHDVLQJ� SRZHU� RXWSXW� ZLWK� ZRUNLQJ� IOXLG� PL[WXUHV���3URF� ,QVWQ� 0HFK� (QJUV�� 3DUW� $� ����$���� ������������������ 6PLWK�� ,�� .�� 6WRVLF�� 1� DQG� $OGLV�� &�� $���'HYHORSPHQW�RI�WKH�WULODWHUDO�IODVK�F\FOH�V\VWHP��3DUW�����WKH� GHVLJQ� RI� KLJK� HIILFLHQF\� WZR�SKDVH� VFUHZ�H[SDQGHUV�� 3URF� ,QVWQ� 0HFK� (QJUV�� 3DUW� $��� ����$�������������������� 6PLWK�� ,�� .� DQG� 6WRVLF�� 1�� 5�� � 86� 3DW� �����������1RYHPEHU���WK ���������� 6PLWK��,��.��DQG�6WRVLF��1��5�� �7KH�([SUHVVRU���$Q�HIILFLHQF\� ERRVW� WR� YDSRXU� FRPSUHVVLRQ� V\VWHPV� E\�
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