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7KH�PDLQ� SDUDPHWHUV� RI� � 7���0� WRNDPDNV� DUH� WKH� IROORZLQJ�� � �5 ����P�� D ����P��%W �7��SODVPD�FXUUHQW�-S|����N$��QH ��y�������P����7H��� ���H9�>�������@��7KH�PDLQ�H[SHULPHQWDO�GDWHV� RI� OLWKLXP� HURVLRQ� DQG� WRNDPDN� YHVVHO� VRUSWLRQ� SURSHUWLHV� ZHUH� REWDLQHG� LQ� WKH� ILUVW�VWDJH� H[SHULPHQWV� ������������ ZLWK� WKH� GLVFKDUJH� GXUDWLRQ� ���V�� 7KH� VHFRQG� H[SHULPHQWDO�VWDJH� ������������ ZDV� SHUIRUPHG� LQ� 7���0� ZLWK� GLVFKDUJH� GXUDWLRQ� XS� WR� ���V��0RYDEOH��IURP� VKRW� WR� VKRW�� UDLO� OLPLWHU� �)LJ����ZLWK� OLWKLXP�&36�GHIHQVH� �ZDV� LQVHUWHG� LQWR�SODVPD�DERXW�WR��FP��WKXV�OLPLWLQJ�SODVPD�FROXPQ�DSHUWXUH� DQG� GHWHUPLQLQJ� SODVPD� FXUUHQW��T�D� ������7KH� WLFNQHVV�RI�&36� OD\HU�ZDV�LQ� WKH� ILUVW� VWDJH� H[SHULPDQWV� HTXDO� �FP��³PDVVLYH´� &36�� DQG� GXULQJ� VHFRQG� VWDJH�HTXDO�������PP��³WKLQ´�&36�FRDWLQJ����&RQYHQWLRQDO� JUDSKLWH� OLPLWHU� ZDV� SODFHG�LQ� WKH� RSSRVLWH� SRUW� IRU� FRPSDULVRQ� ZLWK�WKH� OLWKLXP� RQH�� 7ZR� IDVW� WKHUPRFRXSOHV�ZHUH� ILWWHG� LQ� OLWKLXP� OLPLWHU� FORVH� WR� LWV�VXUIDFH� WR� PHDVXUH� WRWDO� HQHUJ\� DEVRUEHG�E\� WKH� OLPLWHU� GXULQJ� GLVFKDUJH� 6WDQGDUG�RSWLFDO� GLDJQRVWLFV� RI� /L,�� /L,,� DQG� WRWDO�YLVLEOH� OLJKW� �,� ZDV� DSSOLHG� WR� REVHUYH�OLWKLXP�IOX[�LQWR�WKH�SODVPD��%HVLGHV��D����FKDQQHO�ERORPHWHU�V\VWHP�ZDV�VHW�XS�DQG�D�VSHFLDO�LQIUDUHG� GLDJQRVWLFV� �,5� UDGLRPHWHU� >�@� ZDV� GHYHORSHG� WR� PHDVXUH� WKH� OLPLWHU� VXUIDFH�WHPSHUDWXUH�GXULQJ�GLVFKDUJH�DQG�WR�HYDOXDWH�WKH GHSRVLWHG�SRZHU�YDOXHV�>��@��7KHUPDO�ORDG�RQ�OLPLWHU�VXUIDFH�ZDV�DERXW����0:�P��LQ�QRUPDO�GLVFKDUJHV�DQG�DFKLHYHG����y����0:�P�GXULQJ�GLVUXSWLRQ� 7KH�OLPLWHU�WHPSHUDWXUH�DGGLWLRQ�SHU�VKRW�ZDV�IURP����WR����R&��7KH�DGGHG�KHDWHUV� LQFRUSRUDWHG� LQ� WKH� OLPLWHU� VWUXFWXUH� SHUPLWWHG� WR� � FRQWURO� DQ� LQLWLDO� OLPLWHU�WHPSHUDWXUH�
0RUH�WKHQ������SODVPD�VKRWV�ZLWK�K\GURJHQ��GHXWHULXP�DQG�KHOLXP�ZHUH�FDUULHG�RXW�RQ�WKH�7���0� WRNDPDN� DQG� SODVPD� LQWHUDFWLRQ� SURFHVVHV�ZLWK� OLWKLXP�&36� KDV� EHHQ� VWXGLHG�� 7KH�QHXWUDO�OLWKLXP�OLQH�HPLVVLRQ�ZDV�PHDVXUHG�IRU�WKH�OLWKLXP�LQIOX[�HVWLPDWH�1R� FDWDVWURSKLF� HYHQWV� OHDGLQJ� WR� VSRQWDQHRXV� OLWKLXP� LQMHFWLRQ� LQ�0+'� VWDEOH� GLVFKDUJHV�ZLWKLQ�WKH�ZKROH� OLWKLXP�WHPSHUDWXUH�UDQJH��IURP���R&�WR����R&��KDYH�EHHQ�REVHUYHG�LQ�7���0�DQG�LW�ZDV�WKH�PRVW�LPSRUWDQW�UHVXOW�RI�WKH�ILUVW�VWHS�H[SHULPHQWV��/LWKLXP�DQG�JUDSKLWH�OLPLWHUV� ZRUNHG� URXJKO\� VLPLODU�� 3UHKHDWLQJ� RI� WKH� OLWKLXP� OLPLWHU� JDYH� ULVH� WR� OLWKLXP�LQMHFWLRQ�LQWR�SODVPD�GHWHFWHG�E\�DQ�LQFUHDVH�RI�OLWKLXP�OLQHV�DQG�WRWDO�UDGLDWLRQ�LQ�WKH�YLFLQLW\�RI�WKH�OLPLWHU��,W�ZDV�VKRZQ��WKDW�OLWKLXP�HPLVVLRQ�VORZ�GHSHQGV�RQ�HQHUJ\�RI�ERPEDUGPHQW�LRQV��EXW�UHYHDOV�D�FOHDU�YLVLEOH�GHSHQGHQW�IURP�OLPLWHU�WHPSHUDWXUH�>���@�
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7KH� HVWLPDWLRQV� RI� DEVROXWH� OLWKLXP� HPLVVLRQ�KDV� VKRZQ� WKDW� IRU� OLPLWHU� WHPSHUDWXUHV�7�����R&�LW�UHPDLQV�LQ�WKH�UDQJHV�H[SHFWHG�IRU�VSXWWHULQJ� E\�'� DQG�/L� LRQV�ZLWK� VSXWWHULQJ�\LHOG� IURP� ���� WR� ��� 7KLV� FRUUHODWHG� ZLWK�NQRZQ�GDWD�RQ�/L�VSXWWHULQJ�>�@�E\�LRQ�EHDPV�ERPEDUGPHQW�
,Q� )LJ��� WKHUH� DUH� SUHVHQWHG� WKH� OLWKLXP� OLJKW�LQWHQVLW\ >�@� DQG� VSXWWHULQJ� GDWHV� >�@�� DV� D�IXQFWLRQ�RI� UHDO� OLPLWHU� WHPSHUDWXUH�7/ DQG�/L�WDUJHW� WHPSHUDWXUH� 77�� 7KH� VLPLODULW\� RI� ERWK�FXUYHV� DOORZV� WR� VXSSRVH�� WKDW� LQ� WHPSHUDWXUH�UDQJH� ��������&� WKH� PDLQ� PHFKDQLVP� RI� /L�OLPLWHU�HURVLRQ�KDYH� WKH�VDPH�SK\VLFDO�QDWXUH��DV�OLTXLG�/L�HURVLRQ�GXULQJ�LRQV�ERPEDUGPHQW�
)RU�OLPLWHU�WHPSHUDWXUHV�KLJKHU�WKDQ�7�|���R&��)LJ���� /L�HYDSRUDWLRQ� DSSHDUV� DV� WKH� PDLQ�FKDQQHO� RI� OLWKLXP� HPLVVLRQ�� ZKLFK� KDYH�H[SRQHQWLDO�GHSHQGHQFH�IURP�7/)LJ����/LWKLXP�HPLVVLRQ�DV�IXQFWLRQ�D�OLPLWHU�WHPSHUDWXUH>�@ DQG�LRQ�VSXWWHULQJ��DV�IXQFWLRQ�RI�/L�WHPSHUDWXUH�>�@� $V� OLWKLXP� WHPSHUDWXUH�LQFUHDVHG� XS� WR� ����&� WKH�EXUVWV� RI� OLWKLXP� HPLVVLRQ�DQG� VDZ� WHHWK� OLNH�RVFLOODWLRQV� RI� WKH� OLPLWHU�VXUIDFH� WHPSHUDWXUH� KDYH�EHHQ�GHWHFWHG�>��@�2EYLRXVO\�� WKDW� WKH� EHVW�ZRUNLQJ� WHPSHUDWXUHV� IRU� /L�3)&� VKRXOG� EH� ��������&��XQWLO�/L�IOX[�LV�QRW�YHU\�KLJK��EXW� DOUHDG\� H[LVWV� WKH�QHJDWLYH� IHHG� EDFN�FRQQHFWLRQ� EHWZHHQ� HQHUJ\�IOX[� WR� 3)&� DQG� SODVPD�FRROLQJ�E\�/L�LQMHFWLRQ��

���'LVUXSWLRQ�UHVLVWDQFH�RI�OLWKLXP�&36�
'LVUXSWLRQ� UHVLVWDQFH� RI� /L� &36� ZDV� WHVWHG� LQ� PRGHO� H[SHULPHQW� >�@� DQG� LQ� 7���0�GLVUXSWLRQV�� ,Q� PRGHO� H[SHULPHQW� WKH� GLVUXSWLRQ� HIIHFWV� KDYH� EHHQ� VLPXODWHG� E\� SODVPD�DFFHOHUDWRU�ZLWK�HQHUJ\� ORDG�4� �����0-�P� DQG�SXOVH�GXUDWLRQ�W �������PV�� ,W�ZDV�VKRZQ�WKDW� D� GHQVH� SODVPD� OD\HU�� ������PP� WKLFNQHVV�ZLWK� QH ���� P���� LV� IRUPHG� LQ� IURQW� RI� WKH�WDUJHW�� 7KH� PDMRU� SDUW� RI� WKH� SODVPD� HQHUJ\� �a��������ZDV� DEVRUEHG� DQG� UDGLDWHG� LQ� WKLV�
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)LJ�� �� 0HDVXUHG� DQG� FDOFXODWHG� IOX[HV� RI� QHXWUDO�OLWKLXP�YV�OLPLWHU�VXUIDFH�WHPSHUDWXUH�
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OD\HU��ZKLFK�SOD\V�WKH�UROH�RI�D�VKLHOGLQJ�OD\HU��7KLV�UHVXOW KDV�EHHQ�FRQILUPHG�TXDOLWDWLYHO\�LQ�7���0�H[SHULPHQW��RQO\������-�RI�DERXW�����N-�RI�WRWDO�SODVPD�HQHUJ\�ORVV�KDV�EHHQ�IRXQG�WR�UHDFK�WKH�UDLO�OLPLWHU�GXULQJ�GLVUXSWLRQV��7KH�VROLG�EDVLV�RI�&36�OLPLWHU�KDG�QR�GDPDJHV�DIWHU�PRUH� WKDQ� ����� RI� SODVPD� VKRWV� ZLWK� ������ RI� GLVUXSWLRQV�� 5HODWLYHO\� VPDOO� DPRXQW� RI�OLWKLXP�ZDV�HYDSRUDWHG�IURP�WKH�WDUJHW�GXULQJ�WHVW�SXOVHV��7KH�UHDVRQ�RI�PDLQ�OLWKLXP�HURVLRQ�ZDV� VSODVKLQJ� >�@�� :H� KDYH� WR� QRWH�� WKDW� /L�VSODVKLQJ� GLGQ¶W� KDYH� D� GUDPDWLFDOO\�FRQVHTXHQFHV�IRU�WKH�SODVPD SHUIRUPDQFH�LQ�WKH�QH[W�VKRWV�RI�7���0�
���([SHULPHQWV�ZLWK�WKLQ�/L�&36�OLPLWHU��
$Q�LGHD�RI�WKLQ��G |���PP��&36�OD\HU�FRDWHG�D�WUDGLWLRQDO�FRROHG�EDFNLQJ�>�@�VHHPV�WR�EH�RQH�RI�VROXWLRQV�RI�&36�FRROLQJ�SUREOHP��7KH�HQGV�RI�&36�VKRXOG�VLQN�LQ�/L�UHVHUYRLU�VR�WKDW�LW�ZRUNV�DV�VWHDG\�VWDWH�/L�ZLFN��7KHQ� WKH� PDLQ� KHDW� IOX[�VKRXOG� JR� DFURVV� WKLQ� &36�OD\HU� WR� FRROHG� EDFNLQJ� DQG�OLWKLXP� FDQ� IORZ� WR� OLPLWHU�VXUIDFH�DORQJ�ZLFN��,Q�)LJ���LV�SUHVHQWHG� WKH� W\SLFDO� VFKHPD�RI� WKLQ� &36�OLPLWHU�� 7KH� UROH�RI� FRROHG� EDFNLQJ� SOD\V� WKLFN�0R�WXEH� ��PP��� ZKLFK�ZRUNHG� DV� JRRG� KHDW�DFFXPXODWRU� GXULQJ� ���PV� RI�7���0�W\SLFDO�VKRW���

2EYLRXVO\� D� FULWLFDO� HOHPHQW� RI� WKLV�VFKHPH� LV� KHDW� FRQWDFW� EHWZHHQ�&36�DQG� EDFNLQJ�� 7R� HVWLPDWH� D� WKLQ�OLPLWHU� HIILFLHQF\� ZH� PDGH� VHYHUDO�VHULHV� RI� H[SHULPHQWV� LQ� 7���0�)LJ���� VKRZV� WZR�7���0�VKRWV�ZLWK�GLIIHUHQW� WKLQ� OLPLWHU� GHVLJQ��ZLWKRXW��KHDW� FRQWDFW� &36�0R� WXEH� DQG� ZLWK�JRRG� FRQWDFW�� ,Q� WKH� ILUVW� FDVH� WKH�VXUIDFH� OLPLWHU� WHPSHUDWXUH� LQFUHDVHV�WR� ����&� DQG� VWD\� DOPRVW� FRQVWDQW�ZKHQ� VKRW� LV� ILQLVKHG�� ,Q� WKH� VHFRQG�FDVH�WKH�VXUIDFH�KHDWHG�RQO\�WR�����&�DQG� VORZ� GHFUHDVHG� GXULQJ� VKRW��SUREDEO\� DV� UHVXOW� RI� SRZHU� ORDG�GLPLQLVK�GXULQJ�GLVFKDUJH�

)LJ��� 7ZR�VKRWV��ZLWKRXW����������DQG�ZLWK����������D�JRRG��KHDW�FRQWDFW�ZLWK�EDFNLQJ

)LJ��� 6FKHPH�RI�WKLQ�&36�OLPLWHU�ZLWK�0R�DFFXPXODWRU���DQG�WXEH�IRU�ZDWHU�FRXOLQJ�
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7KH� VKRWV� ZLWK� WKLQ� FRROLQJ� &36�� ZKHQ�WKH� OLPLWHU� WHPSHUDWXUH� DQG�PDLQ� SODVPD�SDUDPHWHUV�ZHUH�DOPRVW�FRQVWDQW��VHHP�DV�TXDVL�VWDWH�GLVFKDUJH�ZLWK�/L�OLPLWHU��2QH� RI� VXFK� W\SLFDO� VKRW� LV� SUHVHQWHG� LQ)LJ��� >�����@�� ZKHUH� DUH� VKRZQ�� WRWDO�FXUUHQW�-S�W���YROWDJH�8S�W��� WRWDO�UDGLDWLRQ�IOX[� IURP� SODVPD� FHQWHU�� PHDQ� HOHFWURQ�GHQVLW\� 1H�W��� OLPLWHU� WHPSHUDWXUH� 7OLP�W���SDUDPHWHU� =HII����T���� DQG� HOHFWURQ�WHPSHUDWXUH� 7H�W��� 7KH� PRVW� LPSRUWDQW�IHDWXUH� RI� VXFK� TXDVL�VWDWH� VKRWV� LV�FRQVWDQF\�RI�SDUDPHWHU�=HII����T����| ���,I�ZH� VXSSRVH�� WKDW� T���� LV� HTXDO� ��� =HII����VKRXOG�EH�FORVH���WRR��WKDW�LV�DQ�HYLGHQW�RI�YHU\� FOHDQ� SODVPD� LQ� WKH� FHQWHU� RI�FROXPQ�7KLV� FRQFOXVLRQ� LV� VXSSRUWHG� E\�PHDVXUHPHQWV� RI� UDGLDWLRQ� GLVWULEXWLRQ�DFURVV� SODVPD� FROXPQ� �)LJ����� ZKLFK�VKRZV� WKH�YHU\� ORZ�UDGLDWLRQ� ORVVHV�IURP�SODVPD�FHQWHU�GXULQJ�/L�OLPLWHU�GLVFKDUJH��,W�ZDV�VKRZQ�WKDW�XS�WR������RI�UDGLDWLRQ�ORVVHV� DUH� UDGLDWHG� LQ� D� UDWKHU�WKLQ�SODVPD�VXUIDFH�OD\HU��|�FP��ZLWKRXW� VLJQLILFDQW� UDGLDWLRQ�FRROLQJ�RI� WKH�FRUH�SODVPD�HYHQ�DW� OLWKLXP� KLJK� LQIOX[�� %\FRQWUDVW� WKH� KLJK� OHYHO� FHQWUDO�UDGLDWLRQ� ZDV� PHDVXUHG� LQ� &�OLPLWHU� VKRWV�� :H� KDYH� WR� QRWH��WKDW� WKH� FRPPRQ� IHDWXUH� RI� DOO�GLVFKDUJHV� ZLWK� /L� OLPLWHUV� DQG�ILUVW�ZDOO��FRYHUHG�E\�OLWKLXP��7���0� >�����@�� 7)75� >��@�� &';�8� >��@��� ZDV� D� YHU\� ORZ�K\GURJHQ� UHF\FOLQJ� FRHIILFLHQW�DQG� DV� UHVXOW� WKH� KLJK� JDV�SXIILQJ��ZKLFK�ZH�QHHGHG�WR�XVH�TXDVL�VWDWH�UHJLPHV��
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OLPLWHU�VXUIDFH�WHPSHUDWXUH��DQG�WKH�ODWWHU� LWVHOI� EHJLQ� WR� RVFLOODWH� DV�ZHOO�� 7KH� SHULRG� RI� WKHVH�RVFLOODWLRQV� DUH� a��� PV� DQG� ULVH�DQG� IDOO� WLPHV���«��PV�DQG�������PV� UHVSHFWLYHO\� DW� WKH� OLWKLXP�WHPSHUDWXUH�a����K��7KH�SHULRG�RI�WKHVH�RVFLOODWLRQV�LV�PRUH�DW�KLJKHU�VXUIDFH� WHPSHUDWXUH�� $OWKRXJK� WKH�QDWXUH� RI� WKHVH� RVFLOODWLRQV� LV� QRW�FRPSOHWHO\� FOHDU�� LW� LV� SRVVLEOH� WR�DVVXPH��WKDW�WKH\�DUH�FDXVHG�E\�WKH�KLJK� LQIOX[� RI� QHXWUDO� OLWKLXP� LQWR�WKH� SHULSKHUDO� SODVPD� DUHD�UHVXOWLQJ� WR� LWV� FRROLQJ�� 7KH�HVWLPDWHG� WRWDO� LQIOX[� RI� OLWKLXP�DWRPV� IURP� WKH� OLPLWHU� LV�=a�Â����V����1RUPDOL]LQJ�WKLV�YDOXH�E\� WKH� DUHD� RI� WKH� RXWHU� PDJQHWLF�VXUIDFH� RI� D� WRNDPDN�L���F��WKH�DYHUDJH�LQIOX[�GHQVLW\�LV�DERXW�=�6a�Â����V���P���9HU\�FORVH�YDOXH�IRU�D�WKUHVKROG�RI� WUDQVLWLRQ� LQ� D� QRQ�VWDWLRQDU\�PRGH�� RU� WKUHVKROG� RI� �LRQLVDWLRQ�FRQGHQVDWLRQ�� LQVWDELOLW\�ZLWK�IRUPDWLRQ�RI�0$5)(�OLNH�UHJLRQ�ZDV�FDOFXODWHG�LQ�>��@��ZKHUH�WKH�EHKDYLRXU�RI�OLWKLXP�LQ� 62/� RI� WKH� ,7(5�OLNH� �OLWKLXP�WRNDPDN�� ZLWK� WKH� KHOS� RI� WKH� WZR�GLPHQVLRQDO� QXPHULFDO� FRGH� ZDV�VLPXODWHG��%RWK�HIIHFWV�REVHUYHG�RQ�WKH�L���F WRNDPDN� ZLWK� OLWKLXP� OLPLWHU��1DPHO\�² IRUPDWLRQ� RI� D� VFUHHQLQJ� UDGLDWLYH�VKHOO� DW� /L� LQIOX[� OHYHO� EHORZ�=�6a�Â����V���P��² GHYHORSPHQW� RI� �LRQLVDWLRQ�FRQGHQVDWLRQ�� LQVWDELOLW\� DW� /L� LQIOX[�DERYH�WKLV�OHYHO�7KHVH�UHVXOWV�DUH�LQ�D�VRPH�DJUHHPHQW�ZLWK� WKH�EHKDYLRXU RI� OLWKLXP�LQ� WKH�62/�UHJLRQ�� SUHGLFWHG� LQ� UHIHUHQFH� >��@�� $Q�RWKHU�VLJQLILFDQW�UHVXOW�LV�WKDW�VXFK�KLJK�/L�LQIOX[� =a�Â����V�� GR� QRW� JLYH� DQ\�GLVUXSWLRQV� DQG� WKH� �LRQLVDWLRQ�FRQGHQVDWLRQ��LQVWDELOLW\�JLYHV�RQO\�RVFLOODWLRQV�RQ�WKH�SODVPD�HGJH�
���'HXWHULXP�UHWHQWLRQ�DQG�UHPRYDO
7KH�PDLQ�UHDVRQ�RI�UHF\FOLQJ�GHFUHDVH�LV�WKH�KLJK�JURZWK�RI�VRUSWLRQ�RI�K\GURJHQ�VSHFLHV�'�DQG�+� RQ� WKH� OLWKLXP� FRZHUHG�ZDOO��0RUHRYHU�� KHOLXP� VRUSWLRQ�ZDV� GLVFRYHUHG� LQ� 7���0�H[SHULPHQWV�DV�ZHOO�>���@��EXW�ZLWK�D�VORZ�GHVRUSWLRQ�GXULQJ�������V�DIWHU�GLVFKDUJH��,Q�RUGHU�WR�DYRLG�KHOLXP�VRUSWLRQ�LW�ZDV�VXIILFLHQW�WR�KHDW�WKH�7���0�FKDPEHU�ZDOO�WR�������R&��)RU�GHXWHULXP�HYHQ�KLJKHVW�DWWDLQDEOH�ZDOO� WHPSHUDWXUH��������R&� WXUQHG�RXW� WR�EH� LQVXIILFLHQW��

)LJ� ��� 7KH�HYROXWLRQ�RI�SODVPD�UDGLDWLYH�ORVV��SURILOH�LQ�WKH�GLVFKDUJH��ZLWK�D��KRW��/L��OLPLWHU��WHPSHUDWXUH�a����&� 'HYHORSPHQW�RI���LRQLVDWLRQ�FRQGHQVDWLRQ��LQVWDELOLW\�
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+RZHZHU� WKH� /L�OLPLWHU� KHDWLQJ� XS� WR� ���R&� DIWHU� SODVPD� H[SHULPHQWV� VKRZQ� D� VWDUW� RI�GHXWHULXP�GHVRUEWLRQ�IURP�OLWKLXP�DW�WHPSHUDWXUHV�KLJKHU�WKDQ����R&�>���@��/LWKLXP�K\GULGHV�DUH� VXSSRVHG� WR� EH� GHFRPSRVHG� DW� WHPSHUDWXUHV� KLJKHU� WKDQ� ���R&�� 7KHUHIRUH�� RQH� PD\�FRQFOXGH� WKDW� FRQVLGHUDEOH� SDUW� RI� GHXWHULXP� ZDVQ¶W� FDSWXUHG� E\� OLWKLXP� LQ� WKH� IRUP� RI�GHXWHULGH��EXW� LW�ZDV� MXVW�GLVVROYHG� LQ� OLWKLXP��$V�LW�ZDV�VKRZQ�ODWHU�LQ�86$>��@�DQG�-DSDQ�>��@�LQYHVWLJDWLRQV�E\�GLUHFW�KHDWLQJ�RI�OLWKLXP�WR��������R&�VHHPV�WR�EH�VXIILFLHQW�WR�GHVRUE�DOO�GHXWHULXP�DQG��SUREDEO\��WULWLXP�DOVR��7KH�GLIIHUHQFH�RI�KHOLXP�DQG�GHXWHULXP�GHVRUSWLRQ�WHPSHUDWXUHV�PD\�EH�XVHG�IRU�KHOLXP�DQG�K\GURJHQ�LVRWRSHV�VHSDUDWLRQ�LQ�UHDFWRU�
���7KH�OLWKLXP�&36�VKLHOGLQJ�IRU�ILUVW�ZDOO�RI�WRNDPDN �UHDFWRU
7KH�,7(5�SURMHFW�GHYHORSPHQW�KDV�VKRZQ�WKDW�FRQVLGHUDEOH�GLIILFXOWLHV�DUH�HQFRXQWHUHG�ZKHQ�DFWXDOO\�NQRZQ�HQJLQHHULQJ�VROXWLRQV�DQG�PDWHULDOV�DUH�FRQVLGHUHG�IRU�ILUVW�ZDOO�DQG�GLYHUWRU�SODWHV�� 7KH� /L� FDSLOODU\�SRUH� V\VWHP� VHHPV� WRGD\� DV� UHDO� FDQGLGDWH� IRU� UHDFWRU� 3)&��(YDSRUDWHG�/L�ZLOO�FDUU\�RXW�WKH�UROH�RI�D�JDV�WDUJHW�DQG�ZLOO�VPRRWK�D�WKHUPDO�ORDG�E\�OLWKLXP�UDGLDWLRQ�� 7KH� 7)75� H[SHULHQFH� RI� OLWKLXP� LQMHFWLRQ� LQWR� WKH� KRW� SODVPD� VKRZHG� WKDW� LW� LV�IDYRUDEOH�IRU�SODVPD�FRQILQHPHQW�DQG�FRQWULEXWHV�WR�WKH�GHFUHDVH�RI�=HII ����GRZQ�WR�D�UHDFWRU�OHYHO�a ��������>��@��8QIRUWXQDWHO\��WKH�FRROLQJ�FLUFXLW�RI�ILUVW�ZDOO�DQG�GLYHUWRU�VHHPV�WR�EH�DVHULRXV�SUREOHP�IRU�/L�UHDFWRU��,QFRPSDWLELOLW\�RI�/L�DQG�ZDWHU�UHTXLUHV�XQXVXDO�VROXWLRQV��)RU�H[DPSOH�� LW� FDQ� EH� VXJJHVWHG� WKH� RUJDQLF� FRROHUV� �GLILQLO�� IRU� LQVWDQFH� >�@�� RU�ZDWHU� GRXEOH�FLUFXLW�V\VWHP�ZLWK�LQWHUPHGLDWH�KHDW�FRQGXFWRU��7KH�VRPH�YHUVLRQ�RI�VXFK�ZDOO�LV�SUHVHQWHG�LQ�)LJ������,WV�PDLQ�IHDWXUHV�DUH��D�WKLQ�&36�OD\HU������/L� FKDQQHO������WKH�VWHHO�GRXEOH�EHOORZV����� ZLWK� WKLFNQHVV�|�PP� DQG� LQWHUPHGLDWH� JDS�| ���PP�� ILOOHG� E\�+H� ���� RU�*D�� WXEHV� RI�ZDWHU�FRROLQJ�����
7KLV� GLYLGHG� JDS� VKRXOG� ZRUN� DV� KHDW� FRQGXFWRU� EHWZHHQ� WZR� EHOORZV�� ,QWHUQDO� EHOORZV�FRQWDFWV� ZLWK� &36� DQG� /L�� 7KH� H[WHUQDO� RQH� FRQWDFW�ZLWK�ZDWHU�� 7KH� VLPSOH� FDOFXODWLRQ� VKRZV�� WKDW� LI� WKH�/L� WHPSHUDWXUH� ZLOO� EH� ����&� DQG� ZDWHU� ���� �&�� WKH�GHQVLW\� RI� SDVVLQJ� KHDW� IOX[� VKRXOG� EH� HTXDO� WR� ����0:�P���7KH�KHDW�IOX[�FDQ�EH�LQFUHDVHG�WR��0:�P���LI�WKH�JDS�ZLOO�EH� ILOOHG�E\�*D��7KHVH�IOX[HV�VHHP�WR�EH�JRRG�HQRXJK�IRU� ILUVW�ZDOO��EXW�QRW� VR�JRRG� IRU� ,7(5�OLNH� GLYHUWRU�� 7KDW� PHDQV�� WKDW� WKH� WHQGHQF\� RI�VPRRWKLQJ�RI�KHDW�IOX[�EHWZHHQ�GLYHUWRU�DQG�ZDOO�ZLOO�EH�XVHIXO�IRU�/L� WRNDPDN�FRQFHSW��
)LJ���� 'RXEOH�ILUVW�ZDOO�ZLWK�D�ZDWHU�FRROLQJ�
���6XPPDU\�

��� /LWKLXP�� DV� ORZ=� PDWHULDO�� LV� FRPSDWLEOH� ZLWK� SODVPD� RI� VPDOO� DQG� ODUJH� WRNDPDNV��7)75��7���0��&';8������7KH�VXUIDFH�WHQVLRQ�IRUFHV�LQ�&36�PD\�EH�XVHG�WR�VROYH�WKH�SUREOHP�RI�SRQGHUR�PRWLYH�IRUFHV��VSODVKLQJ�VXSSUHVV��DQG�UHJHQHUDWLRQ�SUREOHP�RI�3)&����([SHULPHQWV�ZLWK�K\GURJHQ��GHXWHULXP��DQG�KHOLXP�SODVPDV�RQ�7���0�WRNDPDN�ZLWK�/L�± &36�OLPLWHU�KDYH�VKRZQ��1R� VSRQWDQHRXV� EXUVWV� RI� OLWKLXP� HMHFWLRQ� XQGHU� KHDW� IOX[� WR� OLPLWHU� DW� WKH� OHYHO� DERXW� ���0:�P� KDYH�EHHQ�REVHUYHG��� 7RWDO�OLWKLXP�HURVLRQ�LV�FORVH�WR�OHYHO�RI�K\GURJHQ�DQG�OLWKLXP�LRQV�VSXWWHULQJ�
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� 7KH�OLWKLXP�UDGLDWLRQ�SURWHFWHG�WKH�OLPLWHU�IURP�KLJK�SRZHU�ORDG�GXULQJ�GLVUXSWLRQV��� 7KH�VROLG�EDVLV�RI�&36�OLPLWHU�KDG�QR�GDPDJHV�DIWHU�PRUH�WKDQ������ RI�SODVPD�VKRWV��� 7KH� UHFRYHU\� WHPSHUDWXUH� RI� K\GURJHQ� LVRWRSHV� IURP� /L� LV� �������R&� �IRU� KHOLXP� ������R&��� 7KHUHIRUH�� DW� KLJK� 3)&� WHPSHUDWXUHV� ���������� &�� D� WULWLXP� FDSWXUH� FDQ� EH�PLQLPL]HG��� ,W� VKRXOG�EH�SURYLGHG�� WKDW�VHSDUDWLRQ�RI�KHOLXP�DQG�K\GURJHQ�LVRWRSHV�ZLOO�EH�SRVVLEOH� LQ�OLWKLXP�FLUFXLW�ZLWK�ORZHU�3)&�WHPSHUDWXUHV����7KHVH�UHVXOWV�DUH�PDNLQJ�D�FRQYLQFLQJ�EDVLV�IRU�WKH�DGYDQFH�RI�WKH�OLTXLG�OLWKLXP�3)&�IRU�VWHDG\�VWDWH�/L�WRNDPDN��7KH�IROORZLQJ�SUREOHPV�RI�VXFK�WRNDPDN�PLJKW�EH�GHFLGHG��ZDOO�DQG� GLYHUWRU� SODWHV� HURVLRQ�³GXVW´� DFFXPXODWLRQ� DQG� UHGHSRVLWLRQ�� WULWLXP� UHFRYHU\�� ORZ�=HII�����KHDW�UHPRYDO�GXULQJ�VWHDG\�VWDWH�DQG�GLVUXSWLRQV�:H�DVVXPH��WKH�OLWKLXP�WRNDPDN�ZLOO�EH�WKH�QH[W�VWHS�WRZDUG�'(02�UHDFWRU�
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