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$%675$&77KH�HQJLQHHULQJ�SURIHVVLRQ�GHPDQGV�PRUH�HQHUJ\�HIILFLHQW�V\VWHPV�DQG�WKH�WULSOH�HIIHFW�ZDWHU�OLWKLXP�EURPLGH�YDSRXU�DEVRUSWLRQ�UHIULJHUDWLRQ�V\VWHP�LV�XQGHU�DFWLYH�GHYHORSPHQW�ZKLFK�LV�H[SHFWHG�WR�EH�DERXW�����PRUH�HIILFLHQW�WKDQ�WKDW�RI� WKH� GRXEOH� HIIHFW� V\VWHP�� 7KH� HTXLOLEULXP� WHPSHUDWXUHV� DW� ORZ� DQG�PHGLXP� SUHVVXUH� JHQHUDWRUV� DUH� REWDLQHG� E\�HQHUJ\� EDODQFH� DQG� VLPXOWDQHRXVO\� WKH� V\VWHP� SHUIRUPDQFH� LV� DOVR� SUHGLFWHG�� 7KH� HTXLOLEULXP WHPSHUDWXUHV� DQG�SHUIRUPDQFH� PDSV� DUH� JHQHUDWHG� IRU� YDU\LQJ� RSHUDWLQJ� FRQGLWLRQV�� %RWK� WKH� HTXLOLEULXP� WHPSHUDWXUHV� DUH� IRXQG� WR�LQFUHDVH�ZLWK�LQFUHDVH�LQ�VXSSO\�KHDW�DQG�FRQGHQVLQJ�WHPSHUDWXUHV��DQG�GHFUHDVH�LQ�KHDW�H[FKDQJHU�HIIHFWLYHQHVV��6XE�RSWLPDO�SHUIRUPDQFHV�DUH�REVHUYHG�DW�RII�GHVLJQ�FRQGLWLRQV��7KH�DQDO\VLV�LV�XVHIXO�LQ�JXLGLQJ�WKH�DEVRUSWLRQ�V\VWHP�WR�REWDLQ�WKH�EHVW�SHUIRUPDQFH�DW�DOO�RSHUDWLQJ�FRQGLWLRQV�
.(<:25'6$EVRUSWLRQ�UHIULJHUDWLRQ��7ULSOH�HIIHFW��6HULHV�IORZ��:DWHU �OLWKLXP�EURPLGH��(TXLOLEULXP�WHPSHUDWXUHV��3HUIRUPDQFH�DQDO\VLV

���,1752'8&7,21
:DWHU� � OLWKLXP� EURPLGH� YDSRXU� DEVRUSWLRQ� V\VWHPV��ERWK� VLQJOH� DQG� GRXEOH� HIIHFW�� DUH� EHLQJ� XVHG�H[WHQVLYHO\� IRU� DLU� FRQGLWLRQLQJ� SXUSRVH��'RXEOH� HIIHFW�V\VWHPV� DUH� DERXW� ����PRUH� HQHUJ\� HIILFLHQW� WKDQ� WKDW�RI� WKH� VLQJOH� HIIHFW� V\VWHPV�� %RWK� VHULHV� DQG� SDUDOOHO�IORZ� GRXEOH� HIIHFW� V\VWHPV� KDYH� EHHQ� VWXGLHG� >���@�VXJJHVWLQJ�FRQWUROOLQJ�HTXDWLRQV�WR�JXLGH�WKH�V\VWHP�IRU�WKH� EHVW� SHUIRUPDQFH� DW� RII�GHVLJQ� FRQGLWLRQV�� � 7ULSOH�HIIHFW� F\FOHV� DUH� H[SHFWHG� \LHOG� DERXW� ���� PRUH�HIILFLHQF\�WKDQ�WKDW�RI�WKH�GRXEOH�HIIHFW�F\FOH��+RZHYHU��UHODWLYHO\� IHZ�ZRUNV� DUH� DYDLODEOH� RQ� WKHVH� F\FOHV� DQG�WKH� SXEOLVKHG� OLWHUDWXUHV� DUH� VLOHQW� RQ� WKH� HVWLPDWLRQ�RI�HTXLOLEULXP�WHPSHUDWXUHV�
)LJXUH� �� VKRZV� WKH� VFKHPDWLF�RI WKH� WULSOH�HIIHFW� VHULHV�IORZ� F\FOH�� ,W� FRQVLVWV� RI� DQ� HYDSRUDWRU�� DQ� DEVRUEHU��WKUHH� FRQGHQVHUV�� WKUHH� JHQHUDWRUV�� WKUHH� KHDW�H[FKDQJHUV�� D� VROXWLRQ� � SXPS�� IRXU� H[SDQVLRQ� YDOYHV�DQG� WKUHH� SUHVVXUH� UHGXFLQJ� YDOYHV� �359��� 7KH� KLJK�SUHVVXUH��+3��FRQGHQVHU�DQG�WKH�PHGLXP�SUHVVXUH��03��JHQHUDWRU� DUH�FRXSOHG�DQG�VR�DOVR� WKH�PHGLXP�SUHVVXUH��03��FRQGHQVHU�DQG�WKH�ORZ�SUHVVXUH��/3��JHQHUDWRU�
,Q�WULSOH�HIIHFW�F\FOH�WKH�YDSRXU�LV�JHQHUDWHG�WKULFH��7KH�ILUVW� JHQHUDWLRQ� LV� E\� H[WHUQDO� KHDW� LQSXW� �VXSSO\�KHDW� �TJ��DW�WKH�KLJK�SUHVVXUH��+3��JHQHUDWRU�DV�VKRZQ�LQ�)LJ����� �7KH� VHFRQG� DQG� WKLUG� JHQHUDWLRQV� DUH�DFFRPSOLVKHG�E\�LQWHUQDO�KHDW�H[FKDQJH�DW�PHGLXP�SUHVVXUH��03��DQG�ORZ� SUHVVXUH� �/3�� JHQHUDWRUV� UHVSHFWLYHO\�� 7KXV� PRUH�

YDSRXU�LV�JHQHUDWHG�IRU�D�XQLW�KHDW�LQSXW�DV�FRPSDUHG�WR�WKH�VLQJOH�DQG�GRXEOH�HIIHFW�F\FOHV��9DSRXU�JHQHUDWHG�DW�WKH� ILUVW� JHQHUDWRU� LV� FRPSOHWHO\� FRQGHQVHG� DW� WKH� +3�FRQGHQVHU�� WKHUHE\� XWLOLVLQJ� DOO� WKH� DYDLODEOH� KHDW� IRU�VHFRQG� JHQHUDWLRQ�� 6LPLODUO\� DOO� WKH� YDSRXU� WKXV�JHQHUDWHG� LV� FRQGHQVHG� DW WKH� 03� FRQGHQVHU� IRU� WKH�WKLUG�JHQHUDWLRQ��7KLV�LV�DFKLHYHG�LQ�WKH�SUDFWLFDO�V\VWHP�ZLWK� D� VWHDP� WUDS�� ZKLFK� UHVWULFWV� WKH� YDSRXU� IURP�HVFDSLQJ� WKH� FRQGHQVHU�� 7KH� 03� DQG� /3� JHQHUDWRUV�DGMXVW� WKHPVHOYHV� DFKLHYLQJ� WKH� HTXLOLEULXP�WHPSHUDWXUHV�DQG�IDFLOLWDWLQJ�WKH�FRPSOHWH�FRQGHQVDWLRQ�DW� WKH� +3� DQG� 03� FRQGHQVHUV�� 7KH� FRQGHQVDWH� LV�WKURWWOHG�� ZKLFK� HYDSRUDWHV� LQ� WKH� HYDSRUDWRU�� 7KH�VWURQJ� VROXWLRQ� LQ� WKH�DEVRUEHU�DEVRUEV� WKH�YDSRXU� WKXV�IRUPHG�� 7KH� ZHDN� VROXWLRQ� LV� SXPSHG� EDFN� WR� WKH� +3�JHQHUDWRU� WKURXJK� WKUHH� KHDW� H[FKDQJHUV�� ZKLFK� JHWV�VWULSSHG�RII� IURP�ZDWHU�VHTXHQWLDOO\� LQ� WKUHH�JHQHUDWRUV�EHIRUH�HQWHULQJ�WKH�DEVRUEHU�����$1$/<6,6
7KH� WULSOH� HIIHFW� F\FOH�PDNHV� XVH� RI� WKH� DYDLODELOLW\� RI�KLJK�WHPSHUDWXUH�KHDW�VRXUFH��7KH�DQDO\VLV�LV�SHUIRUPHG�IRU� VWHDG\� VWDWH� FRQGLWLRQV� XVLQJ� NQRZQ�FRPSXWHG�WKHUPRG\QDPLF� SURSHUW\� FRUUHODWLRQ� IRU� KLJK�WHPSHUDWXUHV� >���@� WR� FDOFXODWH� SUHVVXUH�� WHPSHUDWXUH��HQWKDOS\��FRQFHQWUDWLRQV��HWF�WRJHWKHU�ZLWK�HQHUJ\��PDVV�DQG�PDWHULDO�EDODQFH�HTXDWLRQV�7KH�PDVV�IORZ�UDWH�RI�UHIULJHUDQW� LV�REWDLQHG�E\�HQHUJ\�EDODQFH�DW�WKH�HYDSRUDWRU�DQG�LV�JLYHQ�DV�
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���&20387$7,21�352&('85(
7KH�HTXLOLEULXP�WHPSHUDWXUHV�DQG�FRQFHQWUDWLRQV�DW�03�DQG� /3� JHQHUDWRUV� DUH� REWDLQHG� E\� VXFFHVVLYH�VXEVWLWXWLRQ� PHWKRG� VLPXOWDQHRXVO\� SUHGLFWLQJ� WKH�SHUIRUPDQFH��7KH�FRPSXWDWLRQ�SURFHGXUH�LV�DV�IROORZV�
�� 7KH� RSHUDWLQJ� SDUDPHWHUV� DUH�� HYDSRUDWRU�WHPSHUDWXUH�WH��FRQGHQVHU�WHPSHUDWXUH�WF��DEVRUEHU�WHPSHUDWXUH�WD��+3�JHQHUDWRU�WHPSHUDWXUH�WJK���DQG�HIIHFWLYHQHVV�RI�KHDW�H[FKDQJHUV��� )L[HG� SDUDPHWHUV� DUH�� 8QLW� N:� RI� UHIULJHUDWLRQ��TH��� HIILFLHQF\� RI� WKH� VROXWLRQ� SXPS� ¢S�  � �����JHQHUDWRU�FRQGHQVHU� WHPSHUDWXUH� GLIIHUHQWLDO�  ��R&�� HIILFLHQF\� RI� JHQHUDWRUV� DQG� DEVRUEHU�  �������� &DOFXODWH� HYDSRUDWRU� SUHVVXUH� SH�� FRQGHQVHU�SUHVVXUH� SF�� DQG� WKH� ZHDN� VROXWLRQ� FRQFHQWUDWLRQ�[Z�

�� (VWLPDWH� PLQLPXP� /3� JHQHUDWRU� WHPSHUDWXUH� WJO��PLQ�� PLQLPXP� 03� JHQHUDWRU� WHPSHUDWXUH� WJP��PLQ�DQG�FXW�RII�WHPSHUDWXUH�WFXW�RII��� (VWLPDWH� FU\VWDOOLVDWLRQ� WHPSHUDWXUH� WFU\��FRUUHVSRQGLQJ��WR�SF��� $VVXPH�LQLWLDO�YDOXH�RI�WJO DQG�WJP��� )LQG� WKH�+3� JHQHUDWRU� SUHVVXUH� SJK DQG� LWV� VWURQJ�VROXWLRQ�FRQFHQWUDWLRQ�[VK��� )LQG� WKH�03�JHQHUDWRU�SUHVVXUH�SJP DQG� LWV�VWURQJ�VROXWLRQ�FRQFHQWUDWLRQ�[VP DQG�WKH�FRQFHQWUDWLRQ�RI�VWURQJ�VROXWLRQ�OHDYLQJ�WKH�/3�JHQHUDWRU�[VO��� &DOFXODWH� WKH� FLUFXODWLRQ� UDWLR� &5� DQG� PDVV� IORZ�UDWH�RI�UHIULJHUDQW�PU���� &DOFXODWH� WKH�PDVV� IORZ� UDWH� RI�ZHDN� VROXWLRQ�PZDQG� PDVV� IORZ� UDWH� RI� VWURQJ� VROXWLRQ� IURP� /3�JHQHUDWRU�PVO���� &DOFXODWH� WKH�HQWKDOSLHV�DW� VWDWH�SRLQWV��������DQG������ (VWLPDWH� WKH� SXPS�ZRUN�:� DQG� HQWKDOS\� DW� VWDWH�SRLQWV���DQG������ &DOFXODWH�WKH�HQWKDOSLHV�DW�VWDWH�SRLQWV�DW���������������DQG������� (VWLPDWH� WKH� PDVV� IORZ� UDWH� RI� VWURQJ� VROXWLRQ�IURP� +3� DQG� 03� JHQHUDWRUV�� L�H��� PVK DQG� PVPUHVSHFWLYHO\���� &DOFXODWH� WKH� PDVV� RI� UHIULJHUDQW� ERLOHG� RII� IURP�WKH�03�JHQHUDWRU�L�H���P���DQG�PDVV�RI�UHIULJHUDQW�YDSRXU� IODVKHG� RII� GXH� WR� WKURWWOLQJ� RI� WKH�FRQGHQVDWH� IURP� WKH� +3� JHQHUDWRU� L�H��� P��� DQG�PDVV� RI� UHIULJHUDQW� ERLOHG� RII� IURP� WKH� +3�JHQHUDWRU�L�H���P������ )LQG� WKH�HQWKDOS\�DW� VWDWH�SRLQW���DQG� WKH�PDVV�RI�UHIULJHUDQW�ERLOHG�RII�IURP�WKH�/3�JHQHUDWRU���� )LQG� WJO��E\�HQHUJ\�EDODQFH�DFURVV�/3�JHQHUDWRU� WR�WKH�GHVLUHG�DFFXUDF\����� ,I� HQHUJ\� EDODQFH� LV� QRW� RFFXUUHG� WR� WKH� GHVLUHG�DFFXUDF\�� LQFUHDVH�GHFUHDVH� WJO DV� UHTXLUHG� DQG�UHSHDW� VWHSV� IURP� �YLLL�� WR� �[YLL��ZLWK� WKH� QHZ� WJO��WLOO�HQHUJ\�EDODQFH�RFFXUV�DFURVV�WKH�/3�JHQHUDWRU������ ,I� HQHUJ\� EDODQFH� LV� RFFXUUHG�� DFURVV� WKH� /3�JHQHUDWRU��ILQG�WKH�HQWKDOSLHV�DW�VWDWH�SRLQWV������������DQG������� )LQG�HQHUJ\�EDODQFH�DFURVV�WKH�03�JHQHUDWRU���� ,I� HQHUJ\� EDODQFH� LV� QRW� RFFXUUHG� WR� WKH� GHVLUHG�DFFXUDF\�� LQFUHDVH�GHFUHDVH� WJP DV� UHTXLUHG�� DQG�UHSHDW�VWHSV�IURP��YLL��WR��[[��ZLWK�WKH�QHZ�WJP DQG�WKH�WJO��DW��ZKLFK�HQHUJ\�EDODQFH�RFFXUUHG�DFURVV�WKH�/3�JHQHUDWRU��WLOO�HQHUJ\�EDODQFH�RFFXUV�DFURVV�WKH�03�JHQHUDWRU���� ,I� HQHUJ\� EDODQFH� LV� RFFXUUHG�� WR� WKH� GHVLUHG�DFFXUDF\�� FDOFXODWH� WKH� KHDW� LQSXW� WR� WKH� +3�JHQHUDWRU� IURP� WKH�(T�� �����DQG� WKH�FRHIILFLHQW�RI�SHUIRUPDQFH�RI�WKH�V\VWHP�XVLQJ�(T��������
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7DEOH���2SHUDWLQJ�SDUDPHWHUV�DQG�WKHLU�PHDQ�YDOXHV
6O��1R� 2SHUDWLQJ�SDUDPHWHUV 5DQJH 0HDQ�YDOXH� (YDSRUDWRU WHPSHUDWXUH ����WR������& ��&� &RQGHQVHU�WHPSHUDWXUH ���WR����& ���&$EVRUEHU�WHPSHUDWXUH ���WR����& ���&� *HQHUDWRU�WHPSHUDWXUH ���WR�����& (QWLUH�GRPDLQ� (IIHFWLYHQHVV�RI�KHDW�H[FKDQJHUV ��WR����� ���

���5(68/76�$1'�',6&866,21
$QDO\VLV� RI� WKH� F\FOH� KDV� EHHQ� FDUULHG� RXW� RYHU� D�MXGLFLRXVO\� VHOHFWHG� UDQJH� RI� RSHUDWLQJ� SDUDPHWHUV� DV�OLVWHG� LQ�7DEOH� ��� � 7KH� JHQHUDWRU� WHPSHUDWXUH� LV� YDULHG�IURP� FXW�RII� WHPSHUDWXUH� WR� WKH� FU\VWDOOLVDWLRQ� OLPLW� IRU�HDFK�VHW�RI�RSHUDWLRQDO�SDUDPHWHUV�)LJXUHV� �� WR� �� VKRZ� WKH� HIIHFW� RI� VXSSO\� KHDW�WHPSHUDWXUH�RQ� WKH�HTXLOLEULXP� WHPSHUDWXUHV�RI�/3�DQG�03� JHQHUDWRUV� IRU� IRXU� RSHUDWLQJ� SDUDPHWHUV� QDPHO\�HYDSRUDWRU�� DEVRUEHU� DQG� FRQGHQVHU� WHPSHUDWXUHV�� DQG�KHDW�H[FKDQJHU�HIIHFWLYHQHVV�UHVSHFWLYHO\���,W�LV�VHHQ�WKDW�WKH� HTXLOLEULXP� WHPSHUDWXUHV� LQFUHDVH� OLQHDUO\� DV� WKH�VXSSO\� KHDW� WHPSHUDWXUH� LQFUHDVHV��:KHQ� WJK LQFUHDVHV��PRUH�YDSRXU�WHQGV�WR�ERLO�RXW�DW�WKH�+3�JHQHUDWRU��6LQFH�DOO� WKH� YDSRXU� KDV� WR� EH� FRQGHQVHG��PRUH� KHDW�ZLOO� EH�DYDLODEOH� DW� WKH� 03� JHQHUDWRU�� ZKLFK� LQ� WXUQ� WHQGV� WR�JHQHUDWH�PRUH�YDSRU�DW� WKH�03�JHQHUDWRU��6LPLODUO\��DV�DOO� WKH�YDSRXU�JHQHUDWHG�LQ�WKH�03�JHQHUDWRU��LQFOXGLQJ�WKH� YDSRXU� IODVKHG� GXH� WR� WKURWWOLQJ� RI� WKH� FRQGHQVDWH�IURP�WKH�+3�JHQHUDWRU��KDV�WR�EH�FRQGHQVHG��PRUH�KHDW�ZLOO� EH� DYDLODEOH� DW� WKH� /3� JHQHUDWRU�� ZKLFK� IXUWKHU�WHQGV� WR� JHQHUDWH� � PRUH� YDSRXU� DW� WKH� /3� JHQHUDWRU��ZKLFK� LV� QRW� SRVVLEOH� IRU� D� JLYHQ� XQLW� UHIULJHUDWLRQ��0RUH� RYHU�� WKH� GHJDVVLQJ� ZLGWK� DW� WKH� 03� DQG� /3�JHQHUDWRUV� VKRXOG� DOVR� LQFUHDVH� SURSRUWLRQDWHO\� WR� WKDW�RI� YDSRXU� ERLOV� RXW�� ZKLFK� LV� DOVR� QRW� SRVVLEOH�� 7KLV�ZRXOG� OHDG� WR� DQ� LPEDODQFH� EHWZHHQ� WKH� KHDW� HQHUJ\�DYDLODEOH� DQG� WKDW� UHTXLUHG� DW� WKH� JHQHUDWRUV�� DQG� WKH�EDODQFH�YDSRXU� IURP� WKH�+3�DQG�/3�JHQHUDWRUV� WHQG� WR�HVFDSH��ZKLFK�WKH�SUDFWLFDO�V\VWHP�GR�QRW�DOORZ��7KXV��D�QHZ� HTXLOLEULXP� WJP DQG� WJO ZLWK� QHZ� SUHVVXUH� SJK DQG�SJP UHVSHFWLYHO\� ZLOO� EH� UHDFKHG�� RSSRVLQJ� WKH�JHQHUDWLRQ� RI� YDSRXU� LQ� WKH� LPPHGLDWH� KLJK� SUHVVXUH�JHQHUDWRU��RQ�RQH�KDQG�DQG�IDFLOLWDWLQJ�WKH�FRQGHQVDWLRQ�RI� WKDW� YDSRXU� DQG� FRQVHTXHQW� JHQHUDWLRQ� RI� YDSRXU LQ�WKH� UHVSHFWLYH�JHQHUDWRUV��RQ� WKH�RWKHU�KDQG�� �7KXV�� WKH�LQFUHDVH�RI�+3�JHQHUDWRU� WHPSHUDWXUH�FDXVHV�D�FKDLQ�RI�DFWLRQ�DQG�UHDFWLRQ� WR�VWULNH�HQHUJ\�DQG�PDVV�EDODQFHV��UHVXOWLQJ�LQ�DQ�LQFUHDVH�RI�WJP DQG�WJO OLQHDUO\�)LJXUH���DOVR�VKRZV�WKH�HIIHFW�RI HYDSRUDWRU�WHPSHUDWXUH�RQ� WKH�HTXLOLEULXP� WHPSHUDWXUHV�� ,W� LV� VHHQ� WKDW� WKH� WZR�HTXLOLEULXP� WHPSHUDWXUHV� LQFUHDVH� ZLWK� WKH� HYDSRUDWRU�WHPSHUDWXUH�� ,QFUHDVH� LQ� WH GHFUHDVHV� WKH� FRQFHQWUDWLRQ�RI�ZHDN�VROXWLRQ�IRU�D�JLYHQ�DEVRUEHU�WHPSHUDWXUH��7KH�GHFUHDVH� LQ�FRQFHQWUDWLRQ�LQFUHDVHV�WKH�ERLOLQJ�ZLGWK�DW�WKH�+3�JHQHUDWRU�IRU�D�FRQVWDQW�VXSSO\�KHDW�WHPSHUDWXUH��

7KLV�FDXVHV� WKH�HTXLOLEULXP�WHPSHUDWXUHV� WR� LQFUHDVH�DV�H[SODLQHG� LQ� WKH� SUHFHGLQJ� SDUDJUDSK�� 7KH� HIIHFW� RI�LQFUHDVH�RI�WD LV�WKH�VDPH�DV�WKDW�RI�GHFUHDVH�RI�WH��7KXV��DV� )LJ�� �� LQGLFDWHV�� � ERWK� WKH� HTXLOLEULXP� WHPSHUDWXUHV�GHFUHDVH�ZKHQ� WKH� DEVRUEHU� WHPSHUDWXUH� LQFUHDVHV��7KH�LQFUHDVH� LQ� FRQGHQVHU� WHPSHUDWXUH� LQFUHDVHV� WKH� WJOZKLFK�LQ�WXUQ�LQFUHDVHV�WKH�WJP PDUJLQDOO\���)LJ������7KH�LQFUHDVH�RI�WJO LV�PRUH�SURQRXQFHG�WKDQ�WKDW�RI�WJP DV�WKH�LQFUHDVH�RI�WJP LV�GXH�WR�LQGLUHFW�HIIHFW�RI�WKH�LQFUHDVH�RI�WKH�WJO�)LJXUH� �� VKRZV� WKDW� WKH� LQFUHDVH� LQ� HIIHFWLYHQHVV� RI� DOO�WKH� WKUHH� KHDW� H[FKDQJHUV�� GHFUHDVHV� WKH� HTXLOLEULXP�WHPSHUDWXUHV��,QFUHDVH�LQ�HIIHFWLYHQHVV�UHGXFHV�ERWK�WKH�WHUPLQDO� WHPSHUDWXUH� GLIIHUHQWLDOV�� &RQVHTXHQWO\�� WKH�HQWKDOS\�RI�VROXWLRQ�HQWHULQJ�03�DQG�/3�JHQHUDWRUV�DUH�ORZ�DQG�WKDW�RI�ZHDN�VROXWLRQ�HQWHULQJ�WKH�+3�JHQHUDWRU�LV� KLJK��7KHUHIRUH��PRUH� KHDW� LV� UHTXLUHG� WR� VXVWDLQ� WKH�VDPH� DPRXQW� RI� ERLOLQJ� UDWH� DW� WKH� 03� DQG� /3�JHQHUDWRUV��7KLV�LV�SRVVLEOH�HLWKHU�E\�LQFUHDVH�RI�YDSRXU�JHQHUDWHG� DW� WKH� +3� JHQHUDWRU� RU� E\� GHFUHDVH� RI�WHPSHUDWXUH�DW�WKHVH�JHQHUDWRUV��7KRXJK�WKH�ERLOLQJ�UDWH�RI� +3� JHQHUDWRU� LQFUHDVHV� VOLJKWO\� GXH� WR� LQFUHDVH� LQ�HQWKDOS\�RI�ZHDN� VROXWLRQ�HQWHULQJ� WKH�+3�JHQHUDWRU�� LW�DORQH� FDQQRW� QXOOLI\� WKH� HIIHFW�RI� HQWKDOS\� UHGXFWLRQ�RI�VWURQJ� VROXWLRQV� HQWHULQJ� WKH� 03� DQG� /3� JHQHUDWRUV��7KXV�� WKH�HTXLOLEULXP�WHPSHUDWXUHV�GHFUHDVH�PDUJLQDOO\�WR� DVVLVW� WKH� JHQHUDWLRQ� UDWH� RI� YDSRXU� DW ERWK� WKH�JHQHUDWRUV�DQG�WKHUHE\��VWULNLQJ�D�EDODQFHG�VWDWH��
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)LJXUH���(IIHFW�RI�VXSSO\�KHDW�WHPSHUDWXUH�RQ�HTXLOLEULXP�WHPSHUDWXUHV�IRU�YDULRXV�KHDW�H[FKDQJHU�HIIHFWLYHQHVV

)LJXUHV� �� WR� �� VKRZ� WKH� HIIHFW� RI� VXSSO\� KHDW�WHPSHUDWXUH� RQ� WKH� &23� IRU� IRXU� RSHUDWLQJ� SDUDPHWHUV�QDPHO\� HYDSRUDWRU�� DEVRUEHU� DQG� FRQGHQVHU�WHPSHUDWXUHV�� DQG� KHDW� H[FKDQJHU� HIIHFWLYHQHVV�UHVSHFWLYHO\�� 7KH� &23� LQFUHDVHV� VKDUSO\� IURP� ]HUR� DW�VRPH� PLQLPXP� WHPSHUDWXUH�� WKHQ� OHYHOV� RII� WR� VRPH�FRQVWDQW� YDOXH DW� D� KLJKHU� WHPSHUDWXUH�� DQG� GHFUHDVHV�VOLJKWO\�ZLWK�D�IXUWKHU�LQFUHDVH�LQ�WKH�WHPSHUDWXUH���7KLV�YDULDWLRQ� LV� W\SLFDO� RI� DQ\� DEVRUSWLRQ� UHIULJHUDWLRQ�V\VWHP�� 7KH� LQLWLDO� VKDUS� LQFUHDVH� LV� GXH� WR� WKH�FRUUHVSRQGLQJ� H[SRQHQWLDO� GHFUHDVH� LQ� WKH� FLUFXODWLRQ�UDWLR� �)LJ�� �����ZKLFK� UHGXFHV� WKH� XQ�UHFRYHUHG�KHDW� LQ�WKH�KHDW�H[FKDQJHUV���7KH�VXEVHTXHQW�PDUJLQDO�GHFUHDVH�LV� HVVHQWLDOO\� GXH� WR� WKH� YDULDWLRQ� RI� VROXWLRQ� SURSHUW\���$W� FRQVWDQW� WHPSHUDWXUH� LWV� HQWKDOS\� LQFUHDVHV�ZLWK� WKH�LQFUHDVH� LQ� FRQFHQWUDWLRQ� DQG� KHQFH� DW� KLJK� JHQHUDWRU�WHPSHUDWXUHV�HQWKDOS\�RI� VROXWLRQ�HQWHULQJ� WKH�DEVRUEHU�LV�PRUH��7KLV�PHDQV� OHVV�KHDW� WUDQVIHU��SHU�NJ�VROXWLRQ��LQ�WKH�KHDW�H[FKDQJHUV�DQG�OHVV�&23�
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)LJXUH����(IIHFW� RI� VXSSO\�KHDW� WHPSHUDWXUH�RQ� FLUFXODWLRQ�UDWLR� IRU�YDULRXV�HYDSRUDWRU� �D��DQG�FRQGHQVHU��E��WHPSHUDWXUHV
,QFUHDVH� RI� HYDSRUDWRU� WHPSHUDWXUH� LQFUHDVHV� WKH� &23��)LJ�� ���� � 7KH� HYDSRUDWRU� DQG� DEVRUEHU� SUHVVXUHV�LQFUHDVH� ZLWK� WKH� HYDSRUDWRU� WHPSHUDWXUH�� � 7KH� [ZGHFUHDVHV� DQG� VR� DOVR� WKH� &5� WKHUHE\� LQFUHDVLQJ� WKH�&23�� )RU� VLPLODU� UHDVRQV�� &23� DOVR� LQFUHDVHV� ZLWK�GHFUHDVH� LQ� WKH� DEVRUEHU� WHPSHUDWXUH� �)LJ�� ���� � 7KH�LQFUHDVH�LQ�FRQGHQVHU�WHPSHUDWXUH�LQFUHDVHV�WKH�VROXWLRQ�IORZ�UDWH��)LJ����E��DQG�KHQFH�UHGXFHV�WKH�&23��)LJ�������$V� VKRZQ� LQ�)LJ�� ��� LQFUHDVH� LQ�HIIHFWLYHQHVV�RI� DOO� WKH�WKUHH�KHDW�H[FKDQJHUV�ZLOO�OHDG�WR�LQFUHDVH�LQ�&23��7KLV�LV�SULPDULO\�GXH�WR�UHGXFWLRQ�LQ�WKH�XQ�UHFRYHUHG�KHDW�LQ�WKH�KHDW�H[FKDQJHUV�
���35$&7,&$/�,03/,&$7,216
,W� LV� FOHDU�� IURP� WKH� DERYH�� WKDW� WKHUH� H[LVWV� D� XQLTXH�HTXLOLEULXP�WHPSHUDWXUH�DW�03�DQG�/3�JHQHUDWRUV�IRU�D�JLYHQ� VHW� RI� RSHUDWLQJ� SDUDPHWHUV�� 7KH� WKHUPRG\QDPLF�DQDO\VLV�RI�WKH�WULSOH�HIIHFW�F\FOH�SUHVHQWHG�KHUH�LV�EDVHG�RQ�WKH�DERYH�IDFW��,W�QRW�RQO\�JLYHV�WKH�WUXH�DQG�UHDOLVWLF�WKHUPRG\QDPLF� DQDO\VLV� EXW� DOVR� JLYHV� WKH� GHVLJQ� GDWD�IRU�WKH�03�DQG�/3�JHQHUDWRUV��

,W�FDQ�EH�REVHUYHG�IURP�)LJV����WR���WKDW�IRU�D�JLYHQ�VHW�RI� RSHUDWLQJ� SDUDPHWHUV�� WKHUH� H[LVWV� DQ� RSWLPXP�WHPSHUDWXUH� RI� +3� JHQHUDWRU� DW� ZKLFK� WKH� &23� RI� WKH�F\FOH� UHDFKHV�PD[LPXP�� ([DPLQLQJ� WRJHWKHU� ZLWK� )LJ������LW�FDQ�EH�REVHUYHG�WKDW��WKH�&23�SHDNV�ZKHQ�WKH�&5�EHJLQV� WR� OHYHO� XS�� � %\� DQG� ODUJH�� RQO\� VXE�RSWLPDO�FRQGLWLRQ�H[LVWV�DW� WKH�RII�GHVLJQ�FRQGLWLRQV�DULVLQJ�GXH�WR� OHVV� FRROLQJ� ORDG�RU�YDULDWLRQ�RI� DPELHQW�FRQGLWLRQV��7KH�VROXWLRQ�IORZ�UDWH��ZKLFK�LV�JRYHUQHG�E\�UHVLVWDQFH�WR�IORZ�DQG�WKH�SUHYDLOLQJ�SUHVVXUH�GLIIHUHQWLDO�EHWZHHQ�WKH�JHQHUDWRUV�DQG�DEVRUEHU��ZLOO�QRW�EH�DW�RSWLPDO�OHYHO��7KH�DQDO\VLV�QRW�RQO\�ILQGV�WKH�PD[LPXP�&23�DW�YDULHG�RSHUDWLQJ� FRQGLWLRQV� EXW� DOVR� JHQHUDWHV� XVHIXO� LQSXWV�QHHGHG�WR�EXLOG�D�WDLORU�PDGH�FRQWURO�V\VWHP�IRU�JXLGLQJ�WKH� UHIULJHUDWLRQ� V\VWHP� WR� RSHUDWH� DW� WKHVH� FRQGLWLRQV�\LHOGLQJ� WKH� PD[LPXP� SHUIRUPDQFH� DW� DOO� RSHUDWLQJ�FRQGLWLRQV�
���&21&/86,216
$� WULSOH�HIIHFW� VHULHV�IORZ� ZDWHU�OLWKLXP� EURPLGH�YDSRXU� DEVRUSWLRQ� UHIULJHUDWLRQ� V\VWHP� LV� DQDO\VHG�
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ILQGLQJ�WKH�HTXLOLEULXP�WHPSHUDWXUHV�DW�ORZ�DQG�PHGLXP�SUHVVXUH� JHQHUDWRUV�� 7KH� WZR� HTXLOLEULXP� WHPSHUDWXUHV�LQFUHDVH� ZLWK� HYDSRUDWRU�� FRQGHQVHU� DQG� VXSSO\� KHDW�WHPSHUDWXUHV�� 7KHUH� H[LVWV� DQ� RSWLPXP� VXSSO\� KHDW�WHPSHUDWXUH� DW� ZKLFK� WKH� FRHIILFLHQW� RI� SHUIRUPDQFH� LV�PD[LPXP� IRU� HDFK� VHW� RI� RSHUDWLQJ� SDUDPHWHUV�� 7KH�SUHVHQW� DQDO\VLV� LV� XVHIXO� LQ� JHQHUDWLQJ� WKH� GHVLJQ� GDWD�IRU�PHGLXP�DQG�ORZ�SUHVVXUH�JHQHUDWRUV�DQG�GHYLVLQJ�D�FRQWURO� V\VWHP� IRU� JXLGLQJ� WKH� UHIULJHUDWLRQ� V\VWHP� WR�\LHOG�WKH�EHVW�SHUIRUPDQFH�DW�DOO�RSHUDWLQJ�FRQGLWLRQV�
5()(5(1&(6
�� $UXQ��0�%����0DL\D��0�3��DQG�6ULQLYDVD�0XUWK\��6���2SWLPDO� SHUIRUPDQFH� RI� GRXEOH�HIIHFW� VHULHV�IORZ�YDSRXU� DEVRUSWLRQ� UHIULJHUDWLRQ� V\VWHPV� ZLWK� QHZ�ZRUNLQJ� IOXLGV�� ,QW�� -�� (QHUJ\� 5HVHDUFK�� ���� SS�������� �������������� $UXQ��0�%����0DL\D��0�3��DQG�6ULQLYDVD�0XUWK\��6���(TXLOLEULXP� ORZ� SUHVVXUH� JHQHUDWRU� WHPSHUDWXUHV�IRU� GRXEOH�HIIHFW� VHULHV�IORZ� DEVRUSWLRQ�UHIULJHUDWLRQ� V\VWHPV�� $SSOLHG� 7KHUPDO�(QJLQHHULQJ������SS������� ������������� $UXQ�� 0�%��$QDO\VLV� RI� GRXEOH�HIIHFW� DQG� +\EULG�$EVRUSWLRQ� 5HIULJHUDWLRQ 6\VWHPV�� 0�6�� 7KHVLV��'HSDUWPHQW� RI� 0HFKDQLFDO� (QJLQHHULQJ�� ,,7�0DGUDV��,QGLD���������� $UXQ��0�%����0DL\D��0�3��DQG�6ULQLYDVD�0XUWK\��6���3HUIRUPDQFH� FRPSDULVRQ� RI� GRXEOH�HIIHFW� SDUDOOHO�IORZ� DQG� VHULHV�IORZ� ZDWHU�OLWKLXP� EURPLGH�DEVRUSWLRQ�V\VWHPV��UHYLVHG�SDSHU�FRPPXQLFDWHG�WR�$SSOLHG�7KHUPDO�(QJLQHHULQJ��� $6+$5(�+DQG�ERRN�RI�IXQGDPHQWDOV��5HIULJHUDQWV�3URSHUWLHV��SS����������������������� /HQDUG�� -�/�<��� -HWHU�� 6�0�� DQG� 7HMD�� $�6���3URSHUWLHV� RI� OLWKLXP� EURPLGH�ZDWHU� VROXWLRQV� DW�KLJK� WHPSHUDWXUHV� DQG� FRQFHQWUDWLRQV� SDUW� LY��YDSRU�SUHVVXUH��$6+$5(�7UDQVDFWLRQV��� ����3DUW� ,��SS�������������������� -HWHU��6�0����0RUDQ��-�3��DQG�7HMD��$�6���3URSHUWLHV�RI� OLWKLXP� EURPLGH�ZDWHU� VROXWLRQV� DW� KLJK�WHPSHUDWXUHV� DQG� FRQFHQWUDWLRQV� � SDUW� LY�� YDSRU�SUHVVXUH�� $6+$5(� 7UDQVDFWLRQV��� ��� 3DUW� ,�� SS�������������������� 'KDV�� $�$��� (TXLOLEULXP� WHPSHUDWXUHV� DQG�SHUIRUPDQFH� RI� WULSOH� HIIHFW� VHULHV� IORZ� ZDWHU�OLWKLXP� EURPLGH� DEVRUSWLRQ� UHIULJHUDWLRQ� V\VWHP��0�7HFK�� 7KHVLV�� 'HSDUWPHQW� RI� 0HFKDQLFDO�(QJLQHHULQJ� ,,7�0DGUDV��,QGLD��������
120(1&/$785(
&23 &RHIILFLHQW�RI�SHUIRUPDQFH����&5 &LUFXODWLRQ�UDWLR����( (IIHFWLYHQHVV�RI�KHDW�H[FKDQJHU����+3 +LJK�SUHVVXUHK 6SHFLILF�HQWKDOS\��N-�NJ���/3 /RZ�SUHVVXUH03 0HGLXP�SUHVVXUHP 0DVV�IORZ�UDWH��NJ�V���3 3UHVVXUH��3D�T +HDW�WUDQVIHU��N:�

W 7HPSHUDWXUH��R&�: 3XPS�ZRUN��N:�[ 6ROXWLRQ�FRQFHQWUDWLRQ��PDVV�RI�DEVRUEHQW�PDVV�RI�VROXWLRQ�����Y 6SHFLILF�YROXPH��P�� NJ���
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