
$��0RUWDO��DPRUWDO#XDOJ�SW ��

'20(67,&�62/$5�32:(5('�+($7�3803�6,08/$7,21�6800(57,0(�&21',7,216
$��0RUWDO� DQG�/��5RUL]�� DQG�/��0HQGHV�

� (VFROD�6XSHULRU�GH�7HFQRORJLD��(67�����������)DUR��3RUWXJDO� ,QVWLWXWR�6XSHULRU�7pFQLFR��,67�����������/LVERD��3RUWXJDO$%675$&77KLV� SDSHU� SUHVHQWV� WKH� VLPXODWLRQ� RI� WKH� SHUIRUPDQFH� RI� D� VPDOO� VFDOH�ZDWHU�DPPRQLD� DEVRUSWLRQ� KHDW�SXPS�XVLQJ�VRODU�HQHUJ\�DV�KHDW�VRXUFH��7KH�KHDW�SXPS�LV�FXUUHQWO\�EHLQJ�WHVWHG�DW�,67�DQG�WKH�UHVXOWV�VKRZ�WKDW�WKH�V\VWHP�FDQ�EH�XVHG�IRU�DPELHQW�FRROLQJ�SURYLGLQJ�FRPIRUW�FRQGLWLRQV�DOWKRXJK�DGGLWLRQDO�HTXLSPHQW�LV�QHFHVVDU\�
5e680e&HW�DUWLFOH�SUpVHQWH�OD�VLPXODWLRQ�GX�IRQFLRQQHPHQW�G¶XQH�SHWLWH�SRPSH�GH�FKDOHXU�j�DEVRUSWLRQ�IRQFWLRQQDQW�j�O¶HDX�DPPRQLDTXH�HW�TXL�XWLOLVH�O¶HQHUJLH�VRODLUH�FRPPH�VRXUFH�GH�FKDOHXU��$FWXHOOHPHQW�FHWWH�PDFKLQH�HVW�WHVWpH�j�O¶�,67��HW�OHV�UpVXOWDWV�SURXYHQW�TXH�OH�V\VWpPH�SHXW�rWUH�XWLOLVp�SRXU�OH�UHIURLGLVVHPHQW�G¶XQH�KDELWDWLRQ��ELHQ�TX¶LO�VRLW�QpFHVVDLUH�XQ�pTXLSHPHQW�G¶DSSXL�FRPSOpPHQWDLUH�
.(<:25'6+HDW�3XPS��6RODU�&RROLQJ��%XLOGLQJV��&RPIRUW��$EVRUSWLRQ

���,1752'8&7,21
����$LU�FRQGLWLRQLQJ�XVH�RI�DEVRUSWLRQ�+HDW�3XPSV,QGRRU�FRQGLWLRQV�LQ�3RUWXJDO�KDYH�VWHDGLO\�LPSURYHG�LQ�WKH� ODVW� GHFDGHV�� 7KLV� LPSURYHPHQW� LV� GXH� WR� EHWWHU�EXLOGLQJ� HQYHORSHV�� DV� HQIRUFHG� E\� WKH� 3RUWXJXHVH�UHJXODWLRQV� DV� ZHOO� DV� DQ� LQFUHDVLQJ� XVH� RI� DLU�FRQGLWLRQLQJ� V\VWHPV�� 7KH� SUHVHQW� LQFUHDVH� LQ� WKH�QXPEHU� RI� XQLWV� VROG� LV� DURXQG����SHU� \HDU��:LWK� IHZ�H[FHSWLRQV� DOO� V\VWHPV� XVH� HOHFWULFLW\�� DQG� DOWKRXJK�3RUWXJDO� KDV� DQ� LPSRUWDQW� SHUFHQWDJH� RI� K\GUR�HOHFWULFLW\�� PRVW� RI� WKH� HOHFWULFLW\� XVHG� LV� SURGXFHG� LQ�FRQYHQWLRQDO� SRZHU� VWDWLRQV�� 7KH� UHVXOW� KDV� EHHQ� DQ�LQFUHDVH�LQ�HOHFWULFLW\�GHPDQG�DQG�D�UHVXOWLQJ�LQFUHDVH�LQ�&2� DQG�12[�HPLVVLRQV�6RODU� HQHUJ\� LQ� 3RUWXJDO� LV� DQ� LPSRUWDQW� HQGRJHQRXV�HQHUJ\�VRXUFH��+RZHYHU�LW�LV�VHOGRP�XVHG�DQG�LWV�XVH�IRU�FRROLQJ� V\VWHPV� LV� DOPRVW� QRQ�H[LVWHQW�� 7KH� XVH� RI�DGVRUSWLRQ� V\VWHPV� KDV� WKH� EHQHILW� RI� QRW� XVLQJ�KDORFDUERQV� DQG� KHDW� FDQ� EH� SURYLGHG� E\� FRQYHQWLRQDO�IXHOV��ELRPDVV�RU�VRODU�HQHUJ\��
����6LPXODWLRQ�XVLQJ�WKH�H[SHULPHQWDO ULJ�$W� ,67� D� SURWRW\SH� LV� EHLQJ� GHYHORSHG�� 7KH� FRROLQJ�SRZHU� LV��N:�DQG� WKH�KHDWLQJ�SRZHU� LV��N:��7KH�KHDW�VRXUFH� WR� EH� XVHG� LV� WKH� VRODU� HQHUJ\�� &RPSOHPHQWLQJ�WKH� H[SHULPHQWDO� ZRUN�� D� SURFHGXUH� WR� VLPXODWH� WKH�ZRUNLQJ� FRQGLWLRQV� RI� WKH� V\VWHP�ZDV� GHYHORSHG�� 7KLV�

WRRO�SURYLGHV�WKH�LQIRUPDWLRQ�RQ�WKH�V\VWHP�SHUIRUPDQFH�XQGHU�RXWGRRU�DQG�LQGRRU�FRQGLWLRQV�GLIIHUHQW�WKDQ�WKRVH�XVHG�ZKHQ�PDNLQJ�WKH�ULJ�H[SHULPHQWV�7KH� PRGHO� GHVFULELQJ� WKH� V\VWHP� DQG� WKH� GHYHORSHG�SURJUDP� XVH� FOLPDWLF� SDUDPHWHUV� DV�ZHOO� DV� WKH� V\VWHP�FKDUDFWHULVWLFV�DQG�PL[WXUH�SURSHUWLHV��7KH�SURJUDP�XVHV�WKH� ((6� �(QJLQHHULQJ� (TXDWLRQ� 6ROYHU�� XWLOLW\� IRU�GHWHUPLQLQJ� VHYHUDO� SURSHUW\� GDWD�� 7KH� EDVLF� IXQFWLRQ�SURYLGHG� E\� ((6� LV� WKH� QXPHULFDO� VROXWLRQ� RI� D� VHW� RI�DOJHEUDLF� HTXDWLRQV�� 7KH� UHVXOWV RI� VLPXODWLRQ� SURJUDP�DUH� SUHVHQWHG� LQ� WKLV� SDSHU�� 7KH\� VKRZ� WKDW� WKH� V\VWHP�EHLQJ� GHYHORSHG� FDQ� FRSH� ZLWK� WKH� KHDW� DQG� FRROLQJ�ORDGV�LQ�KRXVHKROGV����6,08/$7,21�02'(/�3$5$0(7(56
����6RODU�FROOHFWRUV$� SURWRW\SH� RI� D� FRPSRXQG� SDUDEROLF� FRQFHQWUDWRUV��&3&�� VRODU� FROOHFWRU� ZDV� GHYHORSHG� E\� $R6RO� �(QHUJLDV� 5HQRYiYHLV� /GD�� VSHFLDOO\� IRU� WKLV� SXUSRVH��7KH�VRODU�UDGLDWLRQ�FRQVLGHUHG�LV�EDVHG�RQ�WKH�HTXDWLRQV�LQ�����IRU�D�&3&�FROOHFWRU��ZLWK�D�WLOW������VXUIDFH�IDFLQJ�VRXWK�LQ�-XO\��7KH� � FROOHFWRUV� ZHUH� GLPHQVLRQHG� WR� SURYLGH� HQRXJK�KHDW� WR� WKH�JHQHUDWRU�GXULQJ�WKH�SHDN�RI�UDGLDWLRQ��$V�D�UHVXOW� ��� FROOHFWRUV� ZLWK� DQ� DUHD� RI� ��� P� DQG� WKH�IROORZLQJ� FKDUDFWHULVWLFV�� RSWLFDO� HIILFLHQF\� �)�K��� RI������ DQG� D� KHDW� ORVV� IDFWRU� �)�8/�� RI� ���� :�P���.����7DEOH� �� VKRZV� WKH� KRXUO\� UDGLDWLRQ� RQ� WKH� &3&�FROOHFWRUV��WKH�DLU�WHPSHUDWXUH��WKH�LQOHW��7����DQG�RXWOHW�
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�7����ZDWHU�WHPSHUDWXUHV��WKH�ZDWHU�IORZ��WKH�FROOHFWRUV�SRZHU� RXWSXW� DQG� WKHLU� HIILFLHQF\� IRU� D� W\SLFDO� GD\� LQ�-XO\�7DEOH���±6RODU�FROOHFWRUV�RXWSXW�IRU�D�GD\�LQ -XO\6RODU�KRXU 5DG�>:�P�@ 7DLU>�&@ 7��>�&@ 7��>�&@ P��>NJ�V@ 4XWLO>N:@���� ����� ���� ���� ���� ���� �������� ����� ���� ����� ���� ���� �������� ����� ���� ����� ����� ���� ��������� ����� ���� ����� ����� ���� ��������� ����� ���� ����� ����� ���� ��������� ����� ���� ����� ���� ���� �������� ����� ���� ���� ���� ���� �������+HDW�ORDGV7KH�FRQGLWLRQHG�VSDFH�ZDV�FRQVLGHUHG�KDV�D�VLQJOH�URRP�KDYLQJ� DQ� DUHD� ���P� DQG� D� KHLJKW� RI� ���P�� 7KH�EXLOGLQJ� KDV� D� OLJKW� WKHUPDO� LQHUWLD� DQG� WKH JOREDO� KHDW�WUDQVIHU� FRHIILFLHQW� RI� WKH� URRI�� ZDOOV� DQG� ZLQGRZV� LV������ ���� DQG� ���� :�P���.���� UHVSHFWLYHO\�� 7KH� H[WHUQDO�ZDOOV� IDFH� WKH� PDLQ� GLUHFWLRQV� �1�� (�� 6�:�� DQG� DUH�VLPLODU��ZLWK�DQ�RSDTXH�DUHD�RI���P� DQG�D�ZLQGRZ�DUHD�RI��P���7KH�URRI�KDV�DQ�DUHD�RI����P��7KH� H[WHUQDO� KHDW� ORDGV�ZHUH�GHWHUPLQHG�XVLQJ� WKH� VRO�DLU� WHPSHUDWXUH� GLIIHUHQFH� GDWD� LQ� ���� DQG� ���� DQG� DQ�LQGRRU� WHPSHUDWXUH� RI� ���&�� 7KH� LQWHUQDO� ORDGV�FRQVLGHUHG�DQ�RFFXSDWLRQ�RI���SHUVRQV�ZLWK�D�PRGHUDWH�DFWLYLW\��OLJKWLQJ�RI���:�P�� DQG�DQ�HTXLSPHQW�KHDW�ORDG�RI������:��7KH�IUHVK�DLU�UDWH�LV�FRQVLGHUHG�HTXDO�DV�WKH�RQH�LPSRVHG�E\�WKH�3RUWXJXHVH�UHJXODWLRQ��H�J�����P��K���SHUVRQ�� 7KH� LQWHUQDO� KHDW� ORDGV� ZHUH� GHWHUPLQHG�DFFRUGLQJ�WR�$6+5$(�����7KH�FDOFXODWHG�KHDW�ORDGV�LQ�-XO\�FDQ�EH�YLHZHG LQ�ILJXUH���

)LJXUH���± 7KHUPDO�KHDW�ORDG�LQ�-XO\
����$EVRUSWLRQ�PDFKLQH7KH� DEVRUSWLRQ� PDFKLQH� LV� D� VLQJOH� HIIHFW� KHDW� SXPS�XVLQJ�ZDWHU�DPPRQLD�ZLWK�D�FRROLQJ�FDSDFLW\�RI���N:��7KLV� HTXLSPHQW� LV� XQGHU� WHVW� DV� GHVFULEHG� LQ� ���� DQG� LV�UHSUHVHQWHG�LQ�ILJXUH����5HIULJHUDWHG�ZDWHU�SURGXFHG�E\�WKH�V\VWHP�LV�FDUULHG�RXW�WR�IDQ�FRLOV�LQ�WKH�YROXPH�XQGHU�VWXG\��7KH�KHDWHG�ZDWHU�LQ�WKH�VRODU�FROOHFWRUV�LV�XVHG�WR�SURYLGH� WKH� QHFHVVDU\� KHDW� WR� WKH� JHQHUDWRU�� +HDW� LV�

UHMHFWHG� E\�PHDQV� RI� D�ZDWHU� FLUFXLW� WKDW� JRHV� WKURXJK�WKH� FRQGHQVHU�� WKH� DEVRUEHU� DQG� DQ� DLU�ZDWHU� KHDW�H[FKDQJHU�LQ�VXFFHVVLRQ�DV�VKRZQ�LQ�ILJXUH���

)LJXUH���± /D\RXW�RI�WKH�DEVRUSWLRQ�PDFKLQH
$� PRGHO� WKDW� VLPXODWHV� WKH� ZRUNLQJ� FRQGLWLRQV� RI� WKH�PDFKLQH�ZDV�GHYHORSHG� WR�ZRUN� LQ� WKH�((6��7KH� LQSXWGDWD� DUH� WKH� LQOHW� ZDWHU� WHPSHUDWXUH� LQ� WKH� GHVRUEHU��7����� WKH� RXWVLGH� DLU� WHPSHUDWXUH� �7���� DQG� WKH� LQOHW�ZDWHU� WHPSHUDWXUH� LQ� WKH� HYDSRUDWRU� �7����� 7KH� KHDW�H[FKDQJH� LQ� WKH� GLIIHUHQW� HTXLSPHQWV� RI� WKH� V\VWHP� LV�GHWHUPLQHG� FRQVLGHULQJ� WKH� JHQHULF� HTXDWLRQ� �� IRU� KHDW�WUDQVIHU� LQ� KHDW�H[FKDQJHUV� DQG� WKH� HTXDWLRQ� �� IRU� WKH�HYDSRUDWRU� OQ'7uu $84 ���

0$84 '7uu ���
7KH�8$�YDOXHV�ZHUH�REWDLQHG�IURP�H[SHULPHQWDO�UHVXOWV��DQG� UHODWHG� WKURXJK� HPSLULFDO� H[SUHVVLRQV� IRU� WKH�FRQGHQVHU� DQG� WKH� HYDSRUDWRU�� EHFDXVH� WKH� PDVV� IORZ�ZHUHQ¶W�FRQVWDQWV��7KHVH�HPSLULFDO�H[SUHVVLRQV� LV�JLYHQ�LQ�WDEOH���7DEOH���±8$�YDOXHV�RI�WKH�HTXLSPHQW8$�>:�.@'HVRUEHU ����&RQGHQVHU �������������4FRQG$EVRUEHU ����+;�DLU�ZDWHU ����(YDSRUDWRU �������������4HYDS
7KH� V\VWHP� GRHV� QRW� XVH� D� UHFWLI\LQJ� FROXPQ�� DV� LW� LV�XQGHU� VWXG\� WKH� HFRQRPLFDO� HIIHFWV� �FRVWV� YHUVXV�HIILFLHQF\�� RI� WKLV� FRQFHSWLRQ�� $V� D� UHVXOW� WKH� YDSRXU�FRQFHQWUDWLRQ� OHDYLQJ� WKH� JHQHUDWRU� LV� ������ DQG� WKH�WHPSHUDWXUH� LQ� WKH� HYDSRUDWRU� �7���7���� LV� ��&�� 7KH�VROXWLRQ� LV� VWLOO� HYDSRUDWHG� LQ� WKH� KHDW�H[FKDQJHU� �3&���VXE�FRROLQJ� WKH� OLTXLG� OHDYLQJ� WKH� FRQGHQVHU�� ,W� LV�
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FRQVLGHUHG� WKDW� WKH� IORZ� WKURXJK� WKH� SXPS� LV� FRQVWDQW�DQG�HTXDO�WR������NJ�V�� 7KH�V\VWHP�&23�XQGHU�QRPLQDO�FRQGLWLRQV LV� ����� 7DEOHV� �� DQG� �� SUHVHQW� WKH� UHVXOWV�REWDLQHG�ZLWK�WKH�PRGHO�IRU�QRPLQDO�UXQQLQJ�FRQGLWLRQV���7��� ����&�DQG�7�� ���&��7DEOH���± 1RPLQDO�UXQQLQJ�FRQGLWLRQV3W� )OXLG 7>�&@ ; 3>EDU@ P>NJ�V@ K>N-�NJ@� 1+��+�2 ���� ����� ���� ����� ������ 1+��+�2 ���� ����� ����� ����� ������ 1+��+�2 ���� ����� ����� ����� ������ 1+��+�2 ����� ����� ����� ����� ������ 1+��+�2 ���� ����� ����� ����� ����� 1+��+�2 ���� ����� ���� ����� ����� 1+��+�2 ���� ����� ����� ����� ������� 1+��+�2 ���� ����� ����� ����� ������ 1+��+�2 ���� ����� ����� ����� ������ 1+��+�2 ��� ����� ���� ����� ������ 1+��+�2 ���� ����� ���� ����� �������� 1+��+�2 ���� ����� ���� ����� �������� :DWHU ����� ������ :DWHU ����� ������ :DWHU ���� ������ :DWHU ���� ������ :DWHU ���� ������ :DWHU ���� ������ :DWHU ���� ������ :DWHU ���� ������ $LU ���� ������ $LU ���� ����
7DEOH� �� ± (TXLSPHQW� SRZHU� RXWSXW� IRU�QRPLQDO�FRQGLWLRQV(TXLSPHQW 4�>.:@(YDSRUDWRU ���*HQHUDWRU ���&RQGHQVHUU ���$EVRUEHU ���+;�DLU�ZDWHU ����
��7+(�02'(/7KH� PRGHO� GHYHORSHG�� XVHV� WKH� VRODU� FROOHFWRU�WHPSHUDWXUH�GHWHUPLQDWLRQ��WKH�KHDW�ORDG�FDOFXODWLRQ�DQG�WKH� RSHUDWLQJ� WHPSHUDWXUH� FDOFXODWLRQ� RI� WKH� V\VWHP� WR�GHWHUPLQH�WKH�RYHUDOO�ZRUNLQJ�FRQGLWLRQV��IRU�SUHGHILQHG�RXWVLGH�FRQGLWLRQV�DQG�VSDFH�XVH�7KH�ZDWHU�KHDWHG�LQ�WKH�VRODU�SDQHO�HQWHUV�WKH�JHQHUDWRU�DW� 7��� DQG� OHDYHV� DW� 7���� HQWHULQJ� DJDLQ� LQ� WKH� VRODU�FROOHFWRU�� 7KH� ZDWHU� IORZ� LQ� WKH� FROOHFWRU� DQG� WKH�JHQHUDWRU�LV�WKXV�WKH�VDPH�,W� LV� FRQVLGHUHG� WKDW� WKH� DEVRUSWLRQ� PDFKLQH� FDQ� RQO\�RSHUDWH�LI�WKH�ZDVWHU�WHPSHUDWXUH�OHDYLQJ�WKH�FROOHFWRU�LV�

DERYH� ���&�� $V� D� UHVXOW� WKH�PDFKLQH� FDQ� RQO\� RSHUDWH�IURP����WR����KRXUV��VRODU��DV�FDQ�EH�VHHQ�IURP�7DEOH���7KH� FRROLQJ� SRZHU� RI� WKH� DEVRUSWLRQ� PDFKLQH� LV�FRQVLGHUHG� HTXDO� WR� WKH� KHDW� ORDG�� 7KH� PRGHO� GRHV�FDOFXODWH� D� PLQLPXP� SRVVLEOH� LQGRRU� WHPSHUDWXUH�&RXSOLQJ� WKH� KHDW� ORDG� FDOFXODWLRQV� ZLWK� WKH� PDFKLQH�SRZHU� RXWSXW�� DQ� RSHUDWLQJ� FRQGLWLRQ� FXUYH� FDQ� EH�GHWHUPLQHG�)URP� WKH� YDOXHV� LQ�)LJXUH� ��DQG�7DEOH���� D� FRUUHODWLRQ�EHWZHHQ� WKH� RXWVLGH�DLU� WHPSHUDWXUH�DQG� VRODU� UDGLDWLRQ�DQG� WKH� WKHUPDO� ORDGV� FDQ� EH� HVWDEOLVKHG��+RZHYHU� WKH�FRROLQJ� ORDGV�FDQ� WDNH�SODFH� IRU�SHULRGV�ZKHQ�QR� VRODU�UDGLDWLRQ� H[LVWV�� 7KXV� WKH� DEVRUSWLRQ�PDFKLQH� FDQ� RQO\�UHPRYH�WKH�WKHUPDO�ORDGV�WKURXJKRXW�WKH�VXPPHU�GD\V�LI�DQRWKHU� KHDW� VRXUFH� RWKHU� WKHQ� VRODU� UDGLDWLRQ� LV� XVHG��7KLV�DOWHUQDWLYH�KHDW�VRXUFH�VKRXOG�EH�XVHG�DV�EDFN�XS�7KH� UHVXOWV� RI� WKH�PRGHO� FDQ� EH� YLHZHG� LQ� WDEOH� �� IRU�-XO\��7KH�LQOHW�ZDWHU�LQ�WKH�JHQHUDWRU�YDULHV�IURP����� WR�������&��7KH�KHDW� SURYLGHG�E\� WKH� VRODU�SDQHOV�� WKDW� LV�WKH�JHQHUDWRU�KHDW�LQSXW�YDULHV�IURP�����WR������N:��7KH�LQOHW� WHPSHUDWXUH� LQ� WKH� HYDSRUDWRU� LV� ���&�� ZKLOH� WKH�RXWOHW� WHPSHUDWXUH�YDULHV� IURP����� WR������&��7KH�&23�LQFUHDVHV� ZLWK� GHFUHDVLQJ� FRROLQJ� SRZHU� RXWSXW�� D�QDWXUDO�UHVXOW�LQ�DEVRUSWLRQ�PDFKLQHV�7KH�PLQLPXP� LQGRRU� WHPSHUDWXUH� FKDQJHV� IURP� ���� DW������� D�P�� WR� �����&�DW�������S�P��2QO\�DW�������S�P��WKH�LQGRRU�WHPSHUDWXUH�LV�VXSHULRU�DW�FRPIRUW�FRQGLWLRQV��WKLV� LV� EHFDXVH� WKH� KHDW� ORDG� LV� VXSHULRU� DW� FRROLQJ�SRZHU�7DEOH���± ,QGRRU�WHPSHUDWXUH�IRU�D�GD\�LQ�-XO\6RODU�KRXU &23� 7��>�&@ 7��>�&@ 4HYDS>N:@ +HDW/RDG>N:@
7LQGRRU>�&@

���� ���� �� ���� ��� ��� ��������� ���� �� ���� ��� ��� �������� ���� �� ��� ��� ��� �������� ���� �� ��� ��� ��� �������� ���� �� ���� ��� ��� ��������� ���� �� ���� ��� ��� ��������� ���� �� ���� ��� ��� ����
��&21&/86,217KH� DERYH� UHVXOWV� VKRZ� WKDW� WKH� XVH� RI� DEVRUSWLRQ�UHIULJHUDWLRQ� V\VWHPV� IRU� DLU� FRQGLWLRQLQJ� PXVW� EH�YLHZHG�ZLWK� FDUH�� SDUWLFXODUO\� LI� RQH� LV� XVLQJ� WKH� XVXDO�PHWKRGRORJ\�IRU�YDSRXU�FRPSUHVVLRQ�V\VWHPV��7KH�ILUVW�UHDVRQ� LV� WKDW� WKH� FRROLQJ� FDSDFLW\� RI� D� YDSRXU�FRPSUHVVLRQ� V\VWHP� ZLWK� DLU� FRROHG� FRQGHQVHU� LV�GHWHUPLQHG� IRU� WKH� RXWVLGH� DLU� FRQGLWLRQV� FORVH� WR� WKH�PD[LPXP� DLU� WHPSHUDWXUH�� $V� D� UHVXOW� GXULQJ� FRROHU�WHPSHUDWXUHV�RI�WKH�RXWVLGH�DLU��WKH�V\VWHP�FDQ�SURYLGH�D�KLJKHU� FRROLQJ� FDSDFLW\�� ,Q� WKH� DEVRUSWLRQ� V\VWHP� WKH�PD[LPXP� FRROLQJ� FDSDFLW\� WDNHV� SODFH� IRU� WKH� ORZHVW�RXWVLGH� DLU� WHPSHUDWXUH�� $V� D� UHVXOW� PLQLPXP� FRROLQJ�RXWSXW� LV� WR�EH�H[SHFWHG� LQ� WKH�SHULRG�ZKHUH�FRROLQJ� LV�PRUH�QHFHVVDU\��H�J���IURP����WR����KRXUV��XVXDOO\�
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7KH� DEVRUSWLRQ� V\VWHP� WR� RSHUDWH� HIILFLHQWO\� VKRXOG� EH�FRXSOHG� ZLWK� DQ� FROG� VWRUDJH� YHVVHO�� ,I� WKLV� VROXWLRQ� LV�SURYLGHG�� WKH� H[FHVV� FRROLQJ� FDSDFLW\� RI� WKH� V\VWHP�GXULQJ� WKH� PRUQLQJ� KRXUV� ZLOO� SURYLGH� WKH� DGGLWLRQDO�FRROLQJ� QHFHVVDU\� IRU� WKH� SHULRG� IURP� ��� KRXUV� WLOO� WKH�HQG�RI� WKH�GD\�� ,I� WKLV�VROXWLRQ�LV�QRW�XVHG�� WKH�LQFUHDVH�RI� WHPSHUDWXUH� QHHGHG� IRU� WKH� JHQHUDWRU� FRXOG� RQO\� EH�REWDLQHG� XVLQJ� ODUJH DUHDV� RI� VRODU� SDQHOV� RU� ZLWK� DQ�EDFN�XS�KHDWLQJ� �IURP�D� FRQYHQWLRQDO� ERLOHU��� DQG�ERWK�WKHVH� VROXWLRQV� DUH� OHVV� LQWHUHVWLQJ� WKDQ� WKH� XVH� RI� D�VWRUDJH�YHVVHO��,I��FROG�VWRUDJH�LV�XVHG��DQ�HIILFLHQF\�KLJKHU�WKDQ������LV�WR� EH� H[SHFWHG� IRU� WKH� DEVRUSWLRQ� V\VWHP�� ZKLOH� WKH�QHFHVVDU\� KHDW� VRXUFH� LV� IUHHO\� SURYLGHG� E\� WKH� VRODU�UDGLDWLRQ�XQGHU�FOHDU�VN\�FRQGLWLRQV�

5()(5(1&(6>�@�'XIILH��-��$�H�%HFNPDQ��:�$��� 6RODU�(QJLQHHULQJ�RI�7KHUPDO�3URFHVVHV��-RKQ�:LOH\�	�6RQV�������>�@�5RUL]�/��± (ODERUDomR�GH�WDEHODV�GH�WHPSHUDWXUD�VRO�DU�SDUD�SDUHGHV��SDUD�D� UHJLmR�GH�3RUWXJDO�FRQWLQHQWDO��7pFQLFD�����������>�@�5RUL]�/��± (ODERUDomR�GH�WDEHODV�GH�WHPSHUDWXUD�VRO�DU� SDUD� WHUUDFoRV� H� WHOKDGRV�� SDUD� D� UHJLmR� GH� 3RUWXJDO�FRQWLQHQWDO��&7$0)87/�������>�@� $6+5$(�� &RROLQJ� DQG� +HDWLQJ� /RDG� &DOFXODWLRQ�0DQXDO�� $PHULFDQ� 6RFLHW\� RI� +HDWLQJ� �� 5HIULJHUDWLQJ�DQG�$LU�&RQGLWLRQLQJ�(QJLQHHUV��,QF���$WODQWD>�@� 0HQGHV�� /�)��� &ROODUHV�3HUHLUD�� 0�� � $� 6RODU�$VVLVWHG�DQG�$LU�&RROHG�$EVRUSWLRQ�0DFKLQH�WR�3URYLGH�6PDOO� 3RZHU� +HDWLQJ� DQG� &RROLQJ�� 3URFHHGLQJV� RI� WKH�,QWHUQDWLRQDO�6RUSWLRQ�+HDW�3XPS�&RQIHUHQFH��0XQLFK������
120(1&/$785()�K�± &ROOHFWRU�RSWLFDO�HIILFLHQF\�IDFWRU)�8/ ± &ROOHFWRU�KHDW�ORVV�IDFWRU8�� JOREDO�KHDW�WUDQVIHU�FRHIILFLHQW$�± KHDW�H[FKDQJHU�DUHD' 7OQ�� PHDQ�ORJDULWKPLF�WHPSHUDWXUH�GLIIHUHQFH' 70�� PHDQ�WHPSHUDWXUH�GLIIHUHQFH
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