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7KH� ODUJH� DPRXQW� RI� XVHG� IOXLGV� ZKLFK� LV� UHOHDVHG� HYHU\� GD\� LQ� WKH� DWPRVSKHUH� E\� WKH� LQGXVWULDO� SODQWV� DQG�FXUUHQW�DFWLYLW\��FRXOG�PRGLI\��LQ�WKH�PHGLXP�WR�ORQJ�WHUP�WKH�ORFDO�FOLPDWH��DQG�WKLV�FRXOG��LQ�GLIIHUHQW�ZD\V��VWURQJO\�LPSDFW�WKH�KXPDQ�DFWLYLWLHV��&RQFHUQLQJ�WKH�HPLVVLRQ�IURP�WKH�LQGXVWULDO�SODQWV��HVSHFLDOO\�IURP�WKH�SRZHU�SODQWV�DQG�FKHPLFDO�OD\RXW��ZKLFK�XVH�WKH�LPSRUWDQW�TXDQWLWLHV�RI�IRVVLO�IXHOV�DQG�URZ�PDWHULDOV��WKH�LPSRUWDQW�DPRXQWV�RI�IOXLGV�FRQWDLQLQJ� WKH� YDSRXU�JDV�PL[WXUH�� KDYLQJ� D� ORZ� RU�PRGHUDWH� WHPSHUDWXUH� �LQ� WKH� UDQJH� RI� ���� �&� WR� ���� �&��� DUH�HYDFXDWHG� LQWR� WKH� VXUURXQGLQJV��7KH� OLPLWDWLRQ�RI� WKLV�QHJDWLYH� LPSDFW�PD\�E\� UHDOLVHG�E\�DQ�DGYDQFHG� UHFRYHU\�RI�DYDLODEOH�KHDW�RI�WKH�PXOWLSKDVH�PL[WXUH��DQG�DOVR�E\�WKH�FRQGHQVDWLRQ�RI�YDSRXU�FRPSRQHQWV�IURP�JDV�YDSRXU�V\VWHP��,Q�WKLV�PRGH�D�SDUW�RI�WKH�SROOXWDQW�RU�RI�WKH�UHXVDEOH�IOXLGV��PD\�EH�VWRUHG�LQ�WKH�VSHFLDO�UHVHUYRLUV�RU�UHFRYHUHG��DQG�UHLQVHUWHG�LQ�WKH�WHFKQRORJLFDO�OD\RXW�,Q� WKLV� SDSHU� LV� SURSRVHG� D� FRPELQHG� V\VWHP� IRU� WKH DGYDQFHG� UHFRYHU\� RI� KHDW� DQG� RI� WKH� FRQGHQVDEOH�FRPSRQHQWV� IURP� JDV�YDSRXU� PL[WXUH�� 7KH� SURSRVHG� V\VWHP� FRQVLVWV� LQ� WKH� LQLWLDO� FRPSUHVVLRQ� RI� WKH� JDV�YDSRXU�PL[WXUH�LQ�DLP�WR�LQFUHDVH�WKH�PHDQ�WHPSHUDWXUH�DQG�WKH�GHZ�SRLQW�RI�WKH�PHGLXP��2Q�WKLV�ZD\��WKH�OHYHO�RI�WHPSHUDWXUH�GXULQJ� WKH� KHDW� WUDQVIHU� SURFHVVHV� LQFUHDVHV�� WKH� DPRXQW� RI� UHFRYHUHG� KHDW� LQFUHDVHV� WRR�� GXH� RI� WKH� KHDW� RI�FRQGHQVDWLRQ�H[WUDFWHG�IURP�WKH�YDSRXU�SKDVH��%\�WKLV�V\VWHP�ZH�ILQG�WKH�SRVVLELOLWLHV�WR�XVH�LWV�WKHUPDO�HQHUJ\�E\�FR�JHQHUDWLRQ�LQ� WKH�RZQ�SODQW��RU� LQ� WKH�RWKHU�FRROLQJ��UHIULJHUDWLRQ�RU�KHDWLQJ�V\VWHPV��7KH�GU\�JDV�REWDLQHG�DIWHU� WKH�FRQGHQVDWLRQ�LV�H[SDQGHG�LQ�D�WXUELQH��2Q�WKLV�ZD\�D�UHGXFWLRQ�RI�H[WHUQDO�ZRUN�LQSXW�IRU�FRPSUHVVLRQ�LV�UHDOLVHG�7KH�SDSHU�SUHVHQWV�WKH�UDQJH�RI�WKH�HIILFLHQF\�RI�WKH�SURSRVHG�V\VWHP�LQ�IXQFWLRQ�RI�WKH�PL[WXUH�FRPSRVLWLRQ��RI�WKH�FRPSUHVVLRQ�UDWLR��7KH�HYROXWLRQ�RI�WKH�UHFRYHUHG�KHDW�DQG�RI�WKH�PDVV�IUDFWLRQ�RI�UHFRYHUHG�OLTXLG�LV�SUHVHQWHG��LQ�IXQFWLRQ�RI�LQLWLDO�FRPSRVLWLRQ�RI�JDV�YDSRXU�PL[WXUH.(<:25'6&RQGHQVDWLRQ��FRPSUHVVLRQ��YDSRXU�JDV�PL[WXUH��PXOWLSKDVH�IOXLG��FR�JHQHUDWLRQ�
���,1752'8&7,21

7HFKQRORJLFDO� SURFHVVHV�� HVSHFLDOO\� IURP�FKHPLFDO� DQG� HQHUJ\� SODQWV�� KDYH� WR� VDWLVI\� WKH�UHVWULFWLYH� HFRQRPLF� DQG� HQYLURQPHQWDO� FULWHULD�� 7KHVH�GHDOV�PD\�EH�UHDFKHG�XVLQJ�WKH�LQWHUQDO�FR�JHQHUDWLRQ�RI�WKH� HQHUJ\� DQG� UHFRYHULQJ� WKH� UHQHZDEOH� PDWHULDOV��&RXSOLQJ� WKHVH�SURFHVVHV�DQ� LPSRUWDQW� HQKDQFHPHQW�RI�RYHUDOO�HIILFLHQF\�RI�WHFKQRORJLFDO�OD\RXW�LV�H[SHFWHG�,Q� WKH� SODQWV� PHQWLRQHG� DERYH�� ZH KDYH� WKH�LPSRUWDQW� IORZ� UDWHV� RI� ZRUNLQJ� IOXLGV� LQ� GLIIHUHQW�SKDVHV�� )URP� WKH� VSHFLILF� WHFKQRORJLFDO� SURFHVVHV� WKH�ODUJH�DPRXQWV�RI�XVHG�IOXLGV��FDOOHG�RIWHQ�³ZDVWH´�IOXLGV�DQG� DUH� UHOHDVHG� HYHU\� GD\� LQ� WKH� DWPRVSKHUH�� :H�REVHUYH�WRGD\�DQ�LPSRUWDQW�PRGLILFDWLRQ�RI�WKH�ORFDO�RU�]RQH�FOLPDWH LQ�WKH�PHGLXP�WR�ORQJ�WHUP��DQG�WKLV�FRXOG��LQ� GLIIHUHQW�ZD\V�� VWURQJO\� LPSDFW� WKH� KXPDQ� DFWLYLWLHV�>�@��&RQFHUQLQJ�WKH�HPLVVLRQV�IURP�WKH�LQGXVWULDO�SODQWV��ZKLFK� XVH� IRVVLO� IXHOV� DQG� URZ� PDWHULDOV�� WKH� ³ZDVWH�JDV´� HYDFXDWHG� LQWR� WKH� DWPRVSKHUH�� UHSUHVHQWV� LQ� IDFW�WKH� JDV�YDSRXU� PL[WXUH� KDYLQJ� D� PHGLXP� RU� ORZ�WHPSHUDWXUH��XVXDOO\�LQ�WKH�UDQJH�RI������&�WR������&���2IWHQ�� WKHVH� IOXLGV� KDYH�� EHIRUH� WKH� HQWUDQFH� LQ� WKH�HYDFXDWLRQ� V\VWHP� RI� WKH� SODQW�� DQ� LPSRUWDQW� JDJH�SUHVVXUH��VHH�UHI��>�@�DQG>�@��

)URP� WKH� JDV�YDSRXU�PL[WXUH� DQDO\VLV� ZH� REVHUYH� WKDW�WKH�YDSRXU�PRODU�IUDFWLRQ�LV�XVXDOO\�LQ�WKH�UDQJH�RI�����WR������'XH�RI�WKH�LPSRUWDQW�K\GURJHQ�FRQWHQW�LQ�IRVVLO�IXHOV� RU� RI� WKH� LQLWLDO� PRLVWXUH� FRQWDLQV� E\� URZ�PDWHULDOV�� LQ� WKH� ZDVWH� JDV� WKH� ZDWHU� YDSRXU� PRODU�IUDFWLRQ�LV�LPSRUWDQW� 2Q�WKH�RWKHU�KDQG��WKH�PRLVWXUH�LQ�WKH� VXUURXQGLQJV� LQFUHDVHV� VLJQLILFDQWO\� ZKLFK� PD\�DIIHFW� RFFDVLRQDOO\� HYHQ� VRPH� WHFKQRORJLFDO� SURFHVVHV��EHLQJ� QHFHVVDU\� WKH� VXSSOHPHQWDU\� GU\� V\VWHPV��([FHSWLQJ� WKH� ZDWHU� YDSRXU� IURP� WKH� ZDVWH� JDV�� DQ�LPSRUWDQW� FRQWHQW� RI� FDUERQ� GLR[LGH� H[LVWV� LQ� WKLV��$FWXDOO\�� WKH� SUREOHP�RI� FDSWLYDWLRQ�� WUDQVIRUPDWLRQ� LQ�OLTXLG�DQG�LFH��DQG�WR�VWRUH�WKLV�FRPSRQHQW��UHSUHVHQWV�D�SULRULW\�LQ�WKH�HQYLURQPHQWDO�SURWHFWLRQ��VHH�UHI��>�@�DQG�>�@��� %\� IUHH]LQJ� WKH� FDUERQ� GLR[LGH� WKH� LPSRUWDQW�VHQVLEOH� DQG� ODWHQW� KHDW� PD\� EH� REWDLQHG�� EXW� WKH�WHPSHUDWXUH�LV�YHU\�ORZ�DQG�LW�LV�GLIILFXOW�WR�XVH�LW��$OVR��D�FHUWDLQ�GHJUHH�UHJDUGLQJ�WKH�XWLOLVDWLRQ�RI�WKLV�WKHUPDO�HQHUJ\�LQ�RWKHU�GHYLFHV�PXVW�EH�WDNH�LQWR�FRQVLGHUDWLRQ�$FWXDOO\�� LQ� WKH� KHDWLQJ� RU� SRZHU� V\VWHPV�� WKH�UHFRYHU\� RI� KHDW� LV� UHDOL]HG� XQWLO� LQ� WKH� YLFLQLW\� RI� WKH�ZDWHU�GHZ�SRLQW��EXW�WKH�IUDFWLRQ�RI�FRQGHQVHG�YDSRXU�LV�UHGXFHG� DQG� WKH�PHDQ� WHPSHUDWXUH� RI� H[KDXVWHG� JDV� LV�DERYH�WKH�GHZ�SRLQW��,Q�IDFW��WKH�SDUWLDO�FRQGHQVDWLRQ�RI�YDSRXU� RFFXUV� RQO\� LQ� WKH� VXEOD\HU� RI� WKH� KHDW� WUDQVIHU�
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ERXQGDU\�OD\HU�DQG�WKH�EXON�WHPSHUDWXUH�RI�WKH�JDVHRXV�SKDVH�LV�JUHDWHU�WKDQ�WKH�GHZ�SRLQW�WHPSHUDWXUH�>�@�,Q� WKLV� ZRUN� ZH� SURSRVH� D� PL[HG� V\VWHP� RI�FRPSUHVVLRQ�FRQGHQVDWLRQ�RI�WKH�JDV�YDSRXU�PL[WXUH��LQ�DLP�WR�KDYH�DQ�DGYDQFHG�UHFRYHU\�RI�KHDW��HVSHFLDOO\�RI�WKH� ODWHQW� KHDW� RI� FRQGHQVDEOH� FRPSRQHQW�� 'LIIHUHQW�PRGXOHV� LQ� WKH� KHDWLQJ� RU� UHKHDWLQJ� SURFHVVHV� RI� WKH�WHFKQRORJLFDO� OD\RXW� PD\� XVH� WKLV� TXDQWLW\� RI� KHDW��KDYLQJ� DQ� DFFHSWDEOH� WHPSHUDWXUH� RI� WKH� PL[WXUH�� 7KH�VFRSH� RI� WKH� FRPSUHVVLRQ� RI� JDV�YDSRXU�PL[WXUH�� LV� WR�REWDLQ� DQ� DXJPHQWDWLRQ� RI� WKH� PHDQ� WHPSHUDWXUH� RI��PL[WXUH�GXULQJ�WKH�KHDW� WUDQVIHU�SURFHVV��&RQVHTXHQWO\��DQ�LPSRUWDQW�TXDQWLW\�RI�UHFRYHUHG�KHDW�UHVXOWV�IURP�WKH�ODWHQW�KHDW�GXH�RI�WKH�YDSRXU�FRQGHQVDWLRQ����(67,0$7,21�2)�*$6�9$3285�+($7�&217(17
7DNLQJ� DFFRXQW� RI� WKH� DERYH� DVVXPSWLRQV�� ZH�PD\� FRQVLGHU� WKH� ZDVWH� JDV� DV� WZR� PDLQ� FRPSRQHQWV�IOXLG�� WKH� RQH� EHLQJ� WKH� FRQGHQVDEOH� FRPSRQHQW� �L�� H��ZDWHU� YDSRXU�� DQG� DQRWKHU� LV� UHSUHVHQWHG� E\� WKH� QRQ�FRQGHQVDEOH�FRPSRQHQW��L��H��PL[WXUH�RI�SHUIHFW�JDVHV�RU�GU\�JDV��5HIHUHQFH� VWDWH� RI� WKH� PL[WXUH� ZLOO� EH�FRQVLGHUDWH� DW� WKH� H[LW� RI� WKH� WHFKQRORJLFDO� SODQW�� RU� DW�WKH� LQOHW� LQ� WKH� SURSRVHG� KHDW� UHFRYHU\� V\VWHP��&RQVHTXHQWO\�� WKH� SURSHUWLHV� DQG� SDUDPHWHUV� RI� IOXLGV�ZLOO� EH� VSHFLILHG� E\� WKH� VXEVFULSW� ³U´�� 7KH� FDOFXOXV� RI�WKH� HYROXWLRQ� RI� WKHUPRG\QDPLF� SURSHUWLHV� RI� JDV�YDSRXU�PL[WXUH�ZDV�GHYHORSHG�LQ�>�@�DQG�>�@��7KH�PRODU�HQWKDOS\� RI� YDSRXU�JDV� PL[WXUH� DERYH� WKH� GHZ� SRLQW�WHPSHUDWXUH�LV�+0  ����± <YU��+J ��<YU +U ���

$QG�WKH�PRODU�HQWKDOS\�RI�WKH�PL[WXUH��RQO\�WKH�JDVHRXV�SKDVH��EHORZ�WKH�GHZ�SRLQW�EHFRPHV�+0  ����± <YU��+J ��<YU �+Y � � UY 0U� ���
:KHUH�+J DQG +Y UHSUHVHQW� WKH�PRODU� HQWKDOS\� RI� GU\�JDV�DQG�RI�YDSRXU��UY LV�WKH�ODWHQW�KHDW�RI�YDSRXU��0Y�±PRODU�ZHLJKW�RI�YDSRXU��7KH�FRQGHQVHG� OLTXLG� IUDFWLRQ���� ZKLFK� DSSHDUV� EHORZ� WKH� GHZ� SRLQW� WHPSHUDWXUH� RI�PL[WXUH��LV�JLYHQ�E\�WKH�UHODWLRQ�� �� �YSSYU< YU<�YS�� ��� ���
ZKHUH� SY UHSUHVHQWV� WKH� VDWXUDWLRQ� SUHVVXUH� RI� YDSRXU�FRUUHVSRQGLQJ� WR� WKH� WHPSHUDWXUH�PL[WXUH� DQG�S LV� WKH�WRWDO�SUHVVXUH�RI�PL[WXUH��:H�REVHUYH�WKDW�IRU��  ���WKH�YDSRXU�LV�WRWDOO\�FRQGHQVHG�7KH� HYROXWLRQ� RI� PRODU� HQWKDOS\� RI� JDV�YDSRXU�PL[WXUH�LQ�IXQFWLRQ�RI�WHPSHUDWXUH��DW�GLIIHUHQW�YDOXHV�RI�LQLWLDO�YDSRXU� IUDFWLRQ�RI�PL[WXUH� LV�VKRZQ� LQ�)LJXUH����:H� REVHUYH� WKDW� DQ� LPSRUWDQW� DPRXQW� RI� KHDW� LV�REWDLQHG� XQGHU� GHZ� SRLQW� WHPSHUDWXUH� 7V �L�� H�� 7V  ��������&�IRU <YU  �������,W� LV�NQRZQ�WKDW� WKH�GHZ�SRLQW�WHPSHUDWXUH� LQFUHDVHV� ZLWK� WKH� YDSRXU� IUDFWLRQ�� 7KH�

QRQ�FRQGHQVLQJ� JDV� LV� FRQVLGHUHG� KDYLQJ� WKH� GU\� DLU�SURSHUWLHV��ZKLFK�LV� WKH�FDVH�RI� WKH�PDMRULW\�RI� WKH�IOXH�JDVHV� REWDLQHG� E\� WKH� EXUQLQJ� SURFHVVHV�� 7KH� KHDW�REWDLQHG� E\� WKH� SDUWLDO� FRQGHQVDWLRQ� RI� YDSRXU� KDV� DQ�LPSRUWDQW� DPRXQW�� EXW� XQIRUWXQDWHO\� WKH� WHPSHUDWXUH�OHYHO� LV� ORZ��DQG� LWV�XVH� LQ� WKH� UHJHQHUDWLRQ� V\VWHPV�� LV�GUDVWLFDOO\� OLPLWHG��2Q� WKH� RWKHU� KDQG��ZH�REVHUYH� WKDW�WKH�DPRXQW�RI�UHQHZDEOH�KHDW�LQFUHDVHV�ZLWK�WKH�YDSRXU�IUDFWLRQ<YU��DQG�WKH�PHDQ�WHPSHUDWXUH�RI�PL[WXUH�LQ�WKH�FRQGHQVDWLRQ�]RQH�WRR�)LJXUH� �� VKRZV� WKH� FRUUHVSRQGLQJ� HYROXWLRQ� RI�FRQGHQVDWH�IUDFWLRQ�E�E�LQ�IXQFWLRQ�RI�WKH�WHPSHUDWXUH�DQG�LQLWLDO� YDSRXU� FRQFHQWUDWLRQ� <YU�� $W� D� FHUWDLQ�WHPSHUDWXUH��IRU�H[DPSOH�DW�����&��WKH�ELJJHVW�YDOXH�RI�EE LV�REWDLQHG�IRU�WKH�KLJK�YDSRXU�IUDFWLRQ�DW�WKH�LQOHW�LQ�UHFRYHU\� V\VWHP�<YU�� &RQVHTXHQWO\�� IRU� WKH� KLJK� YDOXH�RI� <YU�� ZH� KDYH� D� KLJK� YDOXHV� RI� UHQHZDEOH� WKHUPDO�HQHUJ\�DW�D�KLJK�PHDQ�WHPSHUDWXUHV�

)LJXUH� ��� 7KH� LQIOXHQFH� RI� YDSRXU� IUDFWLRQ�<YU RI� WKH�PRODU�HQWKDOS\�RI�PL[WXUH� �S ���EDU�

)LJXUH� ��� &RQGHQVHG� OLTXLG� IUDFWLRQ� EEYHUVXV� WHPSHUDWXUH� DW� GLIIHUHQW� LQLWLDOPRODU�YDSRXU�IUDFWLRQ�<YU �S� ���EDU�7KH� LQIOXHQFH� RI� PL[WXUH� SUHVVXUH� LV� DOVR�VLJQLILFDQW��$W�WKH�KLJK�YDOXHV�RI�PL[WXUH�SUHVVXUH�S WKH�DPRXQW�RI�UHFRYHUHG�KHDW�LQFUHDVHV�VLJQLILFDQWO\��)LJXUH��� VKRZV� WKH� HYROXWLRQ� RI� UHQHZDEOH� KHDW�� RQO\� IRU�
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JDVHRXV� SKDVH�� 7KH� WHPSHUDWXUH� YDOXHV� RI� WKH� FRROLQJ�LQWHUYDO� DUH� IURP� ���� �&� WR� ��� �&� DW� �� EDU� RI�PL[WXUH�SUHVVXUH��:H�REVHUYH�WKDW�WKH�WRWDO�UHFRYHUHG�KHDW�TW DQG�WKH� KHDW� UHFRYHUHG�GXULQJ� WKH�FRQGHQVDWLRQ�SURFHVV�TFGULVH� ZLWK� WKH� PRODU� YDSRXU� IUDFWLRQ�<YU DQG� ZLWK� WKH�PL[WXUH� SUHVVXUH�� ,W� LV� YHU\� LQWHUHVWLQJ� WR� REVHUYH� WKDW�WKH� GLIIHUHQFH�EHWZHHQ� WKH� UHFRYHUHG�KHDWV� IRU� WKH� WZR�SUHVVXUHV� LV� SUDFWLFDOO\� WKH� VDPH� IRU� WKH� FRQGHQVLQJ�]RQH�� 7KDW� LPSOLHV� WKDW� TXDQWLWDWLYHO\�� WKH� PDVV� RI�FRQGHQVH�� REWDLQHG� VXSSOHPHQWDU\� DW� WKH� KLJK� YDOXH� RI�SUHVVXUH� PL[WXUH�� LV� QRW� D� IXQFWLRQ� RI� YDSRXU� IUDFWLRQ�<YU��$V�D�VHFRQGDU\�HIIHFW��GXH�RI�WKH�ULVH�RI�GHZ�SRLQW�WHPSHUDWXUH� ZLWK� WKH� SUHVVXUH�� WKH� VHQVLEOH� KHDW� RI�FRQGHQVH�OLTXLG�LQFUHDVHV�WRR�7KH� LQIOXHQFHV� RI� WKH�PRODU� YDSRXU� IUDFWLRQ�<YUSUHVVXUH�PL[WXUH�DQG�RI�WKH�S RQ�WKH�FRQGHQVDWH�IUDFWLRQ�EE DUH� VKRZQ� LQ� WKH� )LJXUH� �� DQG� )LJXUH� ���:H� UHPDUNWKDW�DW�ORZ�YDOXHV�RI�PL[WXUH�SUHVVXUH�DQG�PRODU�YDSRXU�IUDFWLRQ�� WKH� YDOXHV� RI� FRQGHQVDWH� IUDFWLRQ� DUH� VWURQJO\�DIIHFWHG�

)LJXUH� ��� (YROXWLRQ� RI� UHFRYHUHG� KHDW� LQ�IXQFWLRQ�RI�YDSRXU� IUDFWLRQ�<YU DW�GLIIHUHQW�WRWDO�SUHVVXUHV��IURP�����&�WR����&�

)LJXUH� ��� &RQGHQVHG� OLTXLG� IUDFWLRQ� EEYHUVXV�YDSRXU�PRODU�IUDFWLRQ�PL[WXUH�< YU DW�GLIIHUHQW�SUHVVXUHV

)LJXUH� ��� &RQGHQVHG� OLTXLG� IUDFWLRQ� EEYHUVXV� PL[WXUH� SUHVVXUH� S� DW� GLIIHUHQW�PRODU�YDSRXU�IUDFWLRQ�<YU7KHVH�DGYDQWDJHV�RI�WKH�FRPSUHVVLRQ�FRQGHQVLQJ�SURFHVVHV� DUH� GLVSOD\HG� RQ� WKH� )LJXUH� �� DQG� )LJXUH� ���)LJXUH���VKRZV�WKDW�GXH�RI�WKH�LQLWLDO�FRPSUHVVLRQ�RI�WKH�GU\� PL[WXUH�� WKH� WHPSHUDWXUH LQFUHDVHV�� DQG�FRQVHTXHQWO\��WKH�HQWKDOS\�RI�WKH�PL[WXUH��WKH�GHZ�SRLQW�WHPSHUDWXUH�� WKH� DPRXQW� RI� VHQVLEOH� KHDW� DQG� RI� WKH�UHFRYHUDEOH� KHDW� LQ� WKH� FRQGHQVLQJ� ]RQH�� LQFUHDVH� WRR��)RU�WKH�GDWD�HPSOR\HG�LQ�WKLV�H[DPSOH��IRU�FRPSUHVVLRQ�UDWLR� RI� ��� WKH� HIIHFWLYH� LQSXW� ZRUN� IRU� FRPSUHVVLRQ�_ZNHI_ ���� N-� NJ���� 7KH� FRUUHVSRQGLQJ� DPRXQW� RI�UHFRYHUHG� KHDW� LV� RI� ���� N-� NJ�� �WKH� UDQJH� RI�WHPSHUDWXUH�IRU�WKH�UHFRYHUHG�KHDW�LV�IURP������&�WR�����&�DW�D�PL[WXUH�SUHVVXUH�S  ���EDU���$OVR��ZH�KDYH�D�ULVH�RI�GHZ�SRLQW�WHPSHUDWXUH�IURP��������&�WR��������&�DQG�WKH�FRUUHVSRQGLQJ�JURZWK�RI�WKH�FRQGHQVDWLRQ�IUDFWLRQ�EEYDULHV�IURP������WR�������

)LJXUH����0RODU�HQWKDOS\�RI�JDVHRXV�SKDVH�DW�GLIIHUHQW�FRPSUHVVLRQ�SUHVVXUHV��<YU �����
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)LJXUH���VKRZV�WKH�HYROXWLRQ�RI�PHDQ�WHPSHUDWXUH�LQ�WKH�FRQGHQVDWLRQ� ]RQH� YHUVXV� PL[WXUH� SUHVVXUH�� IRU� WZR�YDOXHV�RI�LQLWLDO�YDSRXU�IUDFWLRQ�<YU��,W�LV�REYLRXV�WKDW�DW�WKH�KLJK�YDOXHV�RI�PL[WXUH�SUHVVXUH��ZH�REWDLQ�WKH�KLJK�YDOXHV� RI� PHDQ� WHPSHUDWXUH� LQ� FRQGHQVLQJ� ]RQH� DQG�FRQVHTXHQWO\�� WKH� GHJUHH� RI� UHFRYHUHG� KHDW� LQFUHDVHV�WRR�� $QRWKHU� HIIHFW� RI� WKH� FRPSUHVVLRQ� SURFHVV� LV�UHSUHVHQWHG�E\�WKH�UHGXFWLRQ�RI�HYDFXDWHG�YDSRXU�LQ�WKH�VXUURXQGLQJV�� ,W� LV� NQRZQ� RIWHQ�� WKDW� WKH� YDSRXU� PD\�KDYH�WKH�QHJDWLYH�LPSDFW�RQ�WKH�HQYLURQPHQW��+HQFH��E\�UHGXFWLRQ� RI� WKH� YDSRXU� TXDQWLW\� HYDFXDWHG� LQWR� WKH�VXUURXQGLQJV�� WKH� SROOXWLRQ� ZLWK� WKLV� FRPSRQHQW�GLPLQLVKHV�$OO�WKHVH�DGYDQWDJHV�PD\�EH�H[SORLWHG�E\�DQ�DGHTXDWH�UHFRYHU\�V\VWHP�RI�WKHUPDO�HQHUJ\�IURP�ZDVWH�JDV��,W�LV�UHFRPPHQGDEOH�WR�LQFOXGH�WKLV�V\VWHP�LQ�WKH�WHFKQRORJLFDO�SODQWV��VHH�>�@�DQG�>�@��

)LJXUH� ��� 0HDQ� WHPSHUDWXUH� LQ� WKH�FRQGHQVDWLRQ�]RQH�YHUVXV�PL[WXUH�SUHVVXUH�S���$'9$1&('�&2035(66,21�&21'(16,1*�6<67(0�2)�+($7�5(&29(5<
$V� ZH� KDYH� VHHQ� DERYH�� LQ� DLP� WR� LQFUHDVH� WKH�HIILFLHQF\� RI� KHDW� UHFRYHU\� IURP� WKH� PXOWLFRPSRQHQW�IOXLGV� ZLWK� FRQGHQVDEOH� FRPSRQHQW�� DQG� WR� UHGXFH� WKH�SROOXWLRQ� HIIHFW� RI� GLIIHUHQW� FRPSRQHQWV�� WKH� IROORZLQJ�PHWKRGV�DUH�UHFRPPHQGDEOH�x WKH�ULVLQJ�WKH�SUHVVXUH�RI�JDV�YDSRXU�PL[WXUHx WKH� HQKDQFHPHQW� RI� LQLWLDO� YDSRXU� FRQFHQWUDWLRQ� LQ�WKH� PL[WXUH�� LI� LW� LV� SRVVLEOH�� IRU� H[DPSOH� E\� WKH�VXFWLRQ� RI� ZDVWH� YDSRXU� SURYLGHG� E\� GLIIHUHQW�PRGXOHV�RI�WKH�SODQWx WKH�XVH�RI�GURS�VHSDUDWRUV�WR�PRYH�WKH�OLTXLG�SKDVH�DQG�FRQVHTXHQWO\��WR�GU\�WKH�JDV�x LQWURGXFH� WKH� DGHTXDWH� SDUDPHWHUV� RI� FRROLQJ� IOXLG�WR�UHGXFH�WKH�H[HUJ\�ORVVHVx WKH�LQWHUQDO�FR�JHQHUDWLRQ�LV�SUHIHUDEOHx XVH�WKH�SRWHQWLDO�HQHUJ\�RI�WKH�GU\�JDV�E\�LQMHFWLRQ�LQ�WKH�DGHTXDWH�SRLQW�RI�WKH�WHFKQRORJLFDO�OD\RXW�RI�WKH�SULQFLSDO�SODQW��RU�E\�H[SDQVLRQ�LQ�D�WXUELQHx LQFOXGH� WKH� SURSRVHG� KHDW� UHFRYHU\� V\VWHP� LQ� WKH�SODQW� OD\RXW�� FRPELQLQJ� LW� ZLWK� WKH� KHDWLQJ� DQG�

FRROLQJ�V\VWHPV��ZKLFK�DUH�RIWHQ�PHW�LQ�WKH�HQHUJ\�RU�FKHPLFDO�SODQWV�7DNLQJ� LQWR� FRQVLGHUDWLRQ� WKHVH� H[LJHQFLHV�� ZH�KDYH� SURSRVHG� WKH� GLDJUDP� RI� WKH� DGYDQFHG� KHDW�UHFRYHU\� V\VWHP�� VKRZQ� LQ )LJXUH� ��� 7KH� ZDVWH� JDV�FRPLQJ�IURP�WKH�ERLOHUV�RU�RWKHU�WHFKQRORJLFDO�PRGXOHV��LV� PL[HG� ZLWK� WKH� ZDVWH� YDSRXU�� LI� LW� H[LVWV�� DQG� LV�LQWURGXFHG� LQ� WKH� FRPSUHVVRU� .�� 'XH� RI� WKH�FRPSUHVVLRQ�� WKH� WHPSHUDWXUH� RI�PL[WXUH� LQFUHDVHV� DQG�WKH� GLIIHUHQFH� EHWZHHQ� WKLV� DQG� WKH� GHZ� SRLQW�WHPSHUDWXUH� LQFUHDVHV� WRR� �VHH� LQ� WKH� )LJXUH� �� WKH�HQWKDOS\� HYROXWLRQ� IRU� WKH�PL[WXUH� SUHVVXUH� RI� �� EDUV���2Q�WKH�)LJXUH���ZH�REVHUYH�D�ULVH�RI�VHQVLEOH�KHDW�RI�WKH�PL[WXUH�� 7KDQ�� WKH� PL[WXUH� LV� GULYHQ� WR� WKH� FRQGHQVHU�&G, RI�WKH�ILUVW VWDJH�RI�KHDW�UHFRYHU\�V\VWHP��+HUH��GXH�RI� WKH� KLJK� WHPSHUDWXUH� RI� WKH� SULQFLSDO� IOXLG�� D� SDUWLDO�YDSRULVDWLRQ�RI�WKH�FRROLQJ�IOXLG�PD\�RFFXUV��LQ�WKH�FDVH�RI� ORZ� SUHVVXUH� RI� WKH� FRROLQJ� IOXLG�� L�� H�� ZDWHU� DW� WKH�DWPRVSKHULF�SUHVVXUH���7KH�PXOWLSKDVH�PL[WXUH�RXWJRLQJ�IURP�FRQGHQVHU�LV�LQWURGXFHG�LQ�WKH�GURS�VHSDUDWRU�'6,��DQG�DIWHU�VHSDUDWLRQ��WKH�OLTXLG�SKDVH�LV�LQWURGXFHG�LQ�WKH�OLTXLG�FRROHU�&/,��ZKHUH�LWV�VHQVLEOH�KHDW� LV�UHFRYHUHG��7KH�JDVHRXV�SKDVH�OHDYLQJ�WKH�WRS�RI�WKH�VHSDUDWRU�'6,LV� GULYHQ� WR� WKH� VHFRQG� VWDJH� RI� WKH� KHDW� UHFRYHU\�V\VWHP�� +HUH�� DQRWKHU� FRQGHQVDWLRQ� RFFXUV� LQ� WKH�FRQGHQVHU�&G,,��7KH�FRROLQJ�OLTXLG�GRHV�QRW�FKDQJH�WKH�SKDVH� LQ� WKLV� PRGXOH� EHFDXVH� WKH� PL[WXUH� KDV� D�PRGHUDWH�WHPSHUDWXUH��7KDQ��LQ�WKH�GURS�VHSDUDWRU�'6,,�WKH� VHSDUDWLRQ�RI� JDVHRXV� SKDVH� DQG� OLTXLG� SKDVH� WDNHV�SODFH��7KH� UHFRYHU\� RI� VHQVLEOH� KHDW� RI� OLTXLG� SKDVH� LV�UHDOLVHG� LQ� WKH� OLTXLG�FRROHU�&/,,�� ,Q� WKH�KHDW� UHFRYHU\�V\VWHP�LW�LV�SUHIHUDEOH�WR�XVH�WKH�ZDWHU�DV�FRROLQJ�OLTXLG��LQVWHDG� RI� JDV� �L�� H�� DLU��� EHFDXVH� WKH� KHDW� WUDQVIHU�FRHIILFLHQW� IRU� WKH�OLTXLG�LV�JUHDWHU� WKDQ�IRU� WKH�JDV��2Q�WKLV� ZD\� ZH� PD\� KDYH� D� UHGXFHG� GLIIHUHQFH� RI�WHPSHUDWXUH� DW� SLQFK� SRLQW�� &RQVHTXHQWO\� WKH� H[HUJ\�ORVVHV�GLPLQLVK�7KH� JDVHRXV�PL[WXUH� OHDYLQJ� WKH� GURS� VHSDUDWRU�'6,,��DW�ORZ�WHPSHUDWXUH�DQG�DW�D�SUHVVXUH�JUHDWHU�WKDQ�WKH� DWPRVSKHULF� SUHVVXUH�� KDV� D� UHGXFHG� IUDFWLRQ� RI�YDSRXU�� ,Q� WKH� UHDOLVHG� H[DPSOH�� DW� ���&� WKH� PRODU�YDSRXU� IUDFWLRQ� LQ�PL[WXUH� LV� �����IRU�<YU ����DQG�����IRU� <YU ����� +HQFH�� ZH� PD\� FRQVLGHU� WKH� RXWJRLQJ�PL[WXUH� IURP� '6,,� DV� D� GU\� JDV�� )LJXUH� �� VKRZV� WKH�HYROXWLRQ� RI� WKH� PL[WXUH� WHPSHUDWXUH� DQG� WKH�FRUUHVSRQGLQJ� PRODU� HQWKDOS\� LQ� WKH� KHDW� WUDQVIHU�PRGXOHV��IRU�WKH�SURSRVHG�KHDW�UHFRYHU\�V\VWHP�7KH� GU\� JDV� RXWJRLQJ� IURP� WKH� VHFRQG� GURS�VHSDUDWRU� '6,,�� PD\� EH� XVHG� LQ� WKH� VSHFLILF�WHFKQRORJLFDO� SURFHVVHV� �FKHPLFDO� RU� GU\LQJ� SODQWV��� DV�LV�VKRZQ�E\�WKH�FDVH�$ �)LJXUH�����$QRWKHU�SRVVLELOLW\�LV�WR�XVH�WKH�GU\�JDV�LQ�WKH�H[SDQVLRQ�WXUELQH�7 �)LJXUH����FDVH�%���,Q�WKLV�FDVH�WKH�RXWOHW� WHPSHUDWXUH�RI�JDV�IURP�WKH� WXUELQH� LV�RIWHQ�XQGHU� WKH� VXUURXQGLQJ� WHPSHUDWXUH��DQG� LW� PD\� UHSUHVHQW� D� ZRUNLQJ� IOXLG� IRU� UHIULJHUDWLRQ�V\VWHPV��$FWXDOO\��WKH�HPLVVLRQ�RI�FDUERQ�GLR[LGH�LQ�WKH�HQYLURQPHQW� ULVHV�� DQG� WKH� FDSWLYDWLRQ� RI� WKLV�FRPSRQHQW�� LQ� WKH� OLTXLG�SKDVH�RU�DV�&2� LFH��EHFRPHV�WR� EH� DQ� LPSRUWDQW�PHWKRG� WR� UHGXFH� LWV� LPSDFW� >�@�� ,Q�WKLV�VLWXDWLRQ� WKH�JDVHV�HYDFXDWHG�IURP�WKH�WXUELQH�PD\�UHSUHVHQW� WKH� ILUVW� VWDJH� RI� WKH� FDUERQ� GLR[LGH�OLTXHIDFWLRQ�SODQW�
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)LJXUH����6FKHPDWLF�KHDW�UHFRYHU\�V\VWHP�XVLQJ�ODWHQW�KHDW�RI�FRQGHQVDEOH�FRP SRQHQW.�� FRPSUHVVRU��&G�,�� ILUVW�VWDJH�FRQGHQVHU��'6�,�� GURS�VHSDUDWRU�,���&/�,� � OLTXLG�FRROHU�,��7�� H[SDQVLRQ�WXUELQH��&G�,,�� VHFRQG�VWDJH�FRQGHQVHU��'6�,,� � GURS�VHSDUDWRU�,,��&/�,,� � OLTXLG�FRROHU�,,
,Q� WKH� FDVH�ZKHQ� WKH� GU\� JDV� LV� HYDFXDWHG� LQWR�WKH� DWPRVSKHUH� WKH� LPSDFW� RI� YDSRXU� GLPLQLVKHV�VLJQLILFDQWO\�� %\� WKH� VHSDUDWLRQ� SURFHVV� RI� FDUERQ�GLR[LGH�LQ�OLTXLG�SKDVH�RU�LFH�SKDVH��WKH�QHJDWLYH�HIIHFW�DW�WKH�KLJK�OHYHOV�RI�WKH�DWPRVSKHUH�UHGXFHV�WRR�

�� 7+(�()),&,(1&<�2)�&2035(66,21�± &21'(16,1*�6<67(0
7KH� FRPSUHVVLRQ� RI� WKH� JDV�YDSRXU� PL[WXUH�LQYROYHV� FRQVXPSWLRQ� RI� ZRUN�� $Q� HOHFWULF� RU�PHFKDQLFDO�GHYLFH�DV�D�PRWRU�RU�WXUELQH��)LJXUH����PD\�GULYH� WKH� FRPSUHVVRU� .�� 7KH� HIIHFWLYH� FRPSUHVVLRQ�ZRUN��IRU���NJ�RI�LQOHW�PL[WXUH�>�@��LV�
_Z.HI_ ��KNU ± KU��KPN ���

ZKHUH�KNU� UHSUHVHQWV� WKH� VSHFLILF� HQWKDOS\� DW� WKH� H[LW�IURP�WKH�FRPSUHVVRU��KU LV� WKH�VSHFLILF�HQWKDOS\�DW� WKH�VXFWLRQ� VHFWLRQ� RI� WKH� FRPSUHVVRU� DQG� KPN LV� WKH�PHFKDQLFDO�HIILFLHQF\�RI�WKH�FRPSUHVVRU��KPN �����7KH� HIIHFWLYH� ZRUN� REWDLQHG E\� WKH� JDV�H[SDQVLRQ�LQ�WKH�WXUELQH�7 LV�Z7HI JGJ FSGJ 7GJ >�±�SR�SGJ��N����N @�KL7 KP7 ���
ZKHUH� JGJ UHSUHVHQWV� WKH� PDVV� IUDFWLRQ� RI� GU\� JDV�PL[WXUH�UHVXOWHG�DIWHU�WKH�YDSRXU�FRQGHQVDWLRQ��FSGJ LV�WKH�VSHFLILF�KHDW�RI�GU\�PL[WXUH�GXULQJ�WKH�H[SDQVLRQ LQ�WXUELQH��7GJ LV� WKH�GU\�JDV�PL[WXUH� WHPSHUDWXUH�DW� WKH�LQOHW� LQ� WXUELQH�� SGJ ± SUHVVXUH� RI GU\� JDV�PL[WXUH� DW�

WKH� LQOHW� LQ� WXUELQH�� SR ± WKH� SUHVVXUH� RI� WKH�VXUURXQGLQJ�� KKL7 ± LQWHUQDO� HIILFLHQF\� RI� WKH� WXUELQH��KKL7 ������ DQG� KKP7 ± PHFKDQLFDO� HIILFLHQF\� RI� WKH�WXUELQH��KKP7 ����� &RQVHTXHQWO\��WKH�QHW�VSHFLILF�ZRUN�LQSXW�LQ�WKH�FRPSUHVVLRQ�FRQGHQVLQJ�V\VWHP�UHVXOWV�
_ZHIV_� �_Z.HI_�� Z7HI ���

7KH� HIILFLHQF\� RI� XWLOLVDWLRQ� RI� WKH� QHW� VSHFLILF�ZRUN� LQ� WKH� KHDW� UHFRYHU\� V\VWHP� LV� GHILQHG� VLPLODUO\�ZLWK� WKH�FRHIILFLHQW�RI�SHUIRUPDQFH�IRU� WKH�KHDW�SXPS��VHH�>�@�DQG�>�@���DQG�UHSUHVHQWV� WKH�UDWLR�RI�UHFRYHUHG�KHDW�WR�WKH�LQSXW�RI�ZRUN�LQ�WKH�V\VWHP��KHQFH�H&236� �TW�_ZHIV_ ���

)LJXUH����7HPSHUDWXUH�� HQWKDOS\�GLDJUDP�IRU�KHDW�UHFRYHU\�V\VWHP
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7KH� HYROXWLRQ� RI� WKH� HIILFLHQF\� HH&236 LV�UHSUHVHQWHG�LQ�)LJXUH����:H�REVHUYH�DQ�LPSRUWDQW�ULVH�RI� HH&236 IRU� WKH� KLJK� YDOXHV� RI� YDSRXU� LQOHW� IUDFWLRQ�<YU��7KLV� IDFW� RFFXUV� GXH�RI� WKH� LPSRUWDQW� HQKDQFH�RI�WKH�UHFRYHUDEOH�KHDW��HVSHFLDOO\�E\�WKH�DPRXQW�RI�ODWHQW�KHDW� UHOHDVHG� GXULQJ� WKH� FRQGHQVDWLRQ�� LQ� FRPSDULVRQ�ZLWK� WKH� PRGHUDWH� UDWH� RI� JURZWK� RI� WKH� QHW� VSHFLILF�LQSXW�ZRUN�

)LJXUH�����(IILFLHQF\�HYROXWLRQ�RI�WKH�KHDW�UHFRYHU\�V\VWHP�YHUVXV�PL[WXUH�SUHVVXUH���&21&/86,2167KH�UHFRYHU\�RI�VHQVLEOH�DQG�HVSHFLDOO\�RI�WKH�ODWHQW� KHDW� RI� FRQGHQVDEOH� FRPSRQHQWV� IURP� WKH� JDV�YDSRXU� PL[WXUH� UHSUHVHQWV� DQ� LPSRUWDQW� ZD\� WR�LPSURYH�WKH�HIILFLHQF\�RI�KHDW�UHFRYHU\�V\VWHPV�7KH� LQSXW� RI� FRPSUHVVLRQ� ZRUN� LQ� WKH� V\VWHP�OHDGV� DW� DQ� LPSRUWDQW� HQKDQFHPHQW� RI� WKH� UHFRYHUDEOH�KHDW� KDYLQJ� DQ� DFFHSWDEOH� WHPSHUDWXUH�� ZKLFK� DOORZV�DQ�HIILFLHQW�UHJHQHUDWLRQ�RI�KHDW�7KH�DXJPHQWDWLRQ�LQ�YDSRXU�IUDFWLRQ�RI�PL[WXUH�JLYHV�WKH�KLJK�YDOXHV�RI�UHFRYHUHG�KHDW�DQG�RI�WKH�PHDQ�WHPSHUDWXUH�GXULQJ�WKH�KHDW�WUDQVIHU�SURFHVVHV�&RPELQLQJ� WKH� LQLWLDO� FRPSUHVVLRQ� RI� JDV�YDSRXU�PL[WXUH�ZLWK� WKH� VXFWLRQ�RI� WKH� DYDLODEOH� ORZ�SUHVVXUH� YDSRXU�� WKH� KLJK� UDWHV� RI� OLTXLG� IUDFWLRQ� DUH�REWDLQHG�E\�FRQGHQVDWLRQ��DQG�WKH�GU\�JDV�UHVXOWV�IURP�WKH�SURSRVHG�KHDW�UHFRYHU\�V\VWHP��$OVR��WKH�SROOXWLRQRI�WKH�VXUURXQGLQJV�ZLWK�YDSRXU�GLPLQLVKHV�GUDVWLFDOO\��:LWKRXW�D�UHFRYHU\�RI�KHDW��WKH�H[SDQVLRQ�RI�WKH�GU\� JDV� LQ� WKH� WXUELQH� KDV� DV� UHVXOW� D� UHGXFWLRQ�RI� WKH�QHW� LQSXW� ZRUN� LQ� WKH� SURSRVHG� V\VWHP�� DQG� DQ�LPSRUWDQW�LQFUHDVH�RI�WKH�FRHIILFLHQW�RI�SHUIRUPDQFH�RI�SURSRVHG� LV� UHDOLVHG�� $� VHFRQGDU\� XWLOLVDWLRQ� RI� WKH�H[KDXVWHG�JDV� IURP�WXUELQH�LQ�UHIULJHUDWLRQ�PRGXOHV�LV�UHFRPPHQGHG�8VLQJ� WKH� SURSRVHG� DGYDQFHG� KHDW� UHFRYHU\�V\VWHP�E\�LWV�DGHTXDWH�LQWHJUDWLRQ�LQ�WKH�WHFKQRORJLFDO�OD\RXW�� WKH� RYHUDOO� HIILFLHQF\� RI� WKLV� LQFUHDVHV�VLJQLILFDQWO\�� ,Q� VRPH� WHFKQRORJLHV� WKH� OLTXLG� SKDVH��REWDLQHG�E\�YDSRXU�FRQGHQVDWLRQ�LV�UHQHZV�WRR�

5HIHUHQFHV
>�@�-DXG��3���)DXW�LO�SLpJHU� OH�JD]�FDUERQLTXH�pPLV�SDU�OHV� FHQWUDOHV� WKHUPLTXHV� "�� (SXUH�� HG� (G)� 'LYLVLRQ�5pFKHUFKH�HW�'pYHORSSHPHQW��SS��������Q������2FWREUH��������>�@� &KHYHQQHPHQW�� (�� DQG� 5RQFR�� 7��� /��� /D�JD]pLILFDWLRQ�LQWpJUpH�j�XQ�F\FOH�FRPELQp��"��(SXUH��HG�(G)� 'LYLVLRQ� 5pFKHUFKH� HW� 'pYHORSSHPHQW�� SS� ���������Q������2FWREUH��������>�@�&KLVDFRI��$��DQG�0DULQHVFX��0���5HFRYHU\�V\VWHPV�RI� ORZ� OHYHO� WKHUPDO� HQHUJ\� IURP� VRXUFHV� ZLWK� QRQ�OLQHDU� FKDUDFWHULVWLFV�� )/2:(56¶� ���� 3URF�� RI� WKH�)ORUHQFH�:RUOG�(QHUJ\�5HVHDUFK� 6\PSRVLXP�� SS� �������6*�(GLWRULDOL�3DGRYD�,WDO\�������>�@�%RWVK��7���:��DQG�6WHSKDQ��.���$�PRGHO�WR�GHVFULEH�WKH� VWHDG\�VWDWH� DQG� G\QDPLF� EHKDYLRXU� RI� YHUWLFDO�FRQGHQVHUV� IHG� E\� PL[WXUHV�� 5HYXH� *pQpUDOH� GH�7KHUPLTXH��YRO������SS����������3DULV�������>�@� &KLVDFRI�� $��� $QDO\VH� WKHUPRG\QDPLTXH� GHV�V\VWqPHV� GH� UpFXSpUDWLRQ� GH� O¶pQHUJLH� j� EDV� SRWHQWLHO�WKHUPLTXH� -(7&� ,9�� $FWHV� GHV� �HV� -RXUQpHV�(XURSpHQQH� GH� 7KHUPR�G\QDPLTXH� &RQWHPSRUDLQH��1DQF\�)UDQFH��SS���������������>�@� %DHKU�� +��� '��� 7KHUPRG\QDPLN�� �WK HG��� 6SULQJHU�%HUOLQ�������>�@� %HMDQ�� $��� $GYDQFHG� (QJLQHHULQJ� 7KHUPR�G\QDPLFV��-RKQ�:LOH\�6RQV��1HZ�<RUN��������>�@� )HLGW�� 0��� 7KHUPRG\QDPLTXH� HW� RSWLPLVDWLRQ�pQHUJpWLTXH� GHV� V\VWqPHV� HW� SURFpGpV�� 7(&� HW� '2&��3DULV�������>�@� 6FKPLGW�� (��� 3URSHUWLHV� RI� ZDWHU� DQG� VWHDP� LQ� 6,�XQLWV��6SULQJHU�%HUOLQ�������
1RPHQFODWXUHF VSHFLILF�KHDW��N-�NJ�� .��K VSHFLILF�HQWKDOS\��N-�NJ��+0 PRODU�HQWKDOS\��N-�NPRO��Z VSHFLILF�ZRUN��N-�NJ��0 PRODU�ZHLJKW��NJ�NPRO��S SUHVVXUH��EDUT KHDW��N-�NJ��UY ODWHQW�KHDW��N-�NJ��7 WHPSHUDWXUH��.<Y YDSRXU�PRODU�IUDFWLRQ
*UHHN�V\PEROEE ZHLJKW�FRQGHQVH�IUDFWLRQHH&236 FRHIILFLHQW�RI�SHUIRUPDQFH�RI�FRPSUHVVLRQ�FRQGHQVLQJ�V\VWHPK��������K��������GHYLFHV�HIILFLHQF\��FRPSUHVVRU�RU�WXUELQH�
6XEVFULSWVFG FRQGHQVH P PHFKDQLF��PHDQGJ GU\�JDV�PL[WXUH 0 PRODUHI HIIHFWLYH R HQYLURQPHQWHY HYDFXDWHG U UHIHUHQFH�VWDWHJ JDV W WRWDOL LQWHUQDO� 7 WXUELQH. FRPSUHVVRU Y YDSRXU
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5(1289(/(5�/
e1(5*,(�7+(50,48(�'(6�)/8,'(6�32/<3+$6,48(6�3$5�81�6<7Ê0(�'(�&2305(66,21�� &21'(16$7,21
5e680e� 'HV�JUDQGHV�TXDQWLWpV�GH�IOXLGHV�VRQW�pYDFXpV�WRXV�OHV�MRXUV�GDQV�O
DWPRVSKqUH�SDU�OHV�VRLW�SDU�OHV�XVLQHV� VRLW� GXH� DX[� DFWLYLWpV� FRXUDQWHV�� FH� TXL� SHXW� PRGLILHU� OH� FOLPDW� HQ� D\DQW� XQ� IRUW� LPSDFW� VXU� OHV� DFWLYLWpV�KXPDLQHV�� (Q� FH� TXL� FRQFHUQH� OHV� pPLVVLRQV� GRQQpHV� SDU� OHV� JUDQGHV� SODWHV�IRUPHV� LQGXVWULHOOHV�� HQ� VSpFLDO� SDU� OHV�XVLQHV� FKLPLTXHV� HW� OHV� FHQWUDOHV pOHFWULTXHV�� FRQVRPPDWHXUV� GHV� LPSRUWDQWHV� TXDQWLWpV� GH� FRPEXVWLEOHV� IRVVLOHV�� OHV�IXPpHV� pYDFXpHV� GDQV� O
HQYLURQQHPHQW� FRQWLHQQHQW� GHV� IUDFWLRQV� pOHYpHV� GH� YDSHXU� G
HDX� j� EDVVH� RX� PR\HQQH�WHPSpUDWXUH��GDQV�O
pFDUW�GH�����&�j�����&���'DQV�OH�EXW�GH�UpDOLVHU�XQH�OLPLWDWLRQ�VLJQLILFDWLYH�GH�FHW�LPSDFW�QpJDWLYH�VXU�O
HQYLURQQHPHQW��HVW�QpFHVVDLUH�G
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