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0HFKDQLFDO�(QJLQHHULQJ�'HSDUWPHQW��+DUUDQ��8QLYHUVLW\������� ùDQOÕXUID� 785.(<
$%675$&7
'RXEOH� HYDSRUDWLYH� FRROLQJ� V\VWHP� KDV� EHHQ� VXJJHVWHG� DV� DQ� DOWHUQDWLYH� FRROLQJ� V\VWHP� DQG�LQYHVWLJDWHG�DFFRUGLQJ�WR�FRPIRUW�FRQGLWLRQV�IRU�D�W\SLFDO�GHWDFKHG�GZHOOLQJ�DQG�D�ODUJH�EXLOGLQJ�XVHG�DV�D�FRQIHUHQFH�KDOO�LQ�DQ�DULG�FOLPDWH��'RXEOH�HYDSRUDWLYH�FRROLQJ�V\VWHP�PDLQO\�LQYROYHV�D� KHDW� H[FKDQJHU� DQG� WZR� GLUHFW� HYDSRUDWLYH� FRROHUV�� 7KH� V\VWHP� LV� LQWHJUDWHG� ZLWK� WKH�FRQGLWLRQHG�VSDFH�
&RPSUHKHQVLYH�HQHUJ\�DQDO\VLV�KDV�EHHQ�FDUULHG�RXW�RQ�WKH�V\VWHP�IRU GHWHUPLQLQJ�WKH�VXLWDELOLW\�RI� WKH� SURSRVHG� V\VWHP�� $FFRUGLQJ� WR� � GHWDLOHG� FRPSXWHU� VLPXODWLRQ� UHVXOWV�� WKH� GRXEOH�HYDSRUDWLYH� FRROLQJ� V\VWHP� SURYLGHV� GHVLUHG� FRPIRUW� FRQGLWLRQV� VXFK� DV� LQGRRU� WHPSHUDWXUH��UHODWLYH� KXPLGLW\�� DLU� TXDOLW\�� DQG� DLU� PRWLRQ� IRU� ERWK� D� ODUJH�YROXPHG� FRQIHUHQFH� KDOO� DQG� D�W\SLFDO�GHWDFKHG�GZHOOLQJ�LQ�DQ�DULG�FOLPDWH��:KLOH�LQGRRU�WHPSHUDWXUH�LV�DW�FRPIRUW�OHYHO��LQGRRU�UHODWLYH�KXPLGLW\�YDULHV�EHWZHHQ�����DQG�������,QGRRU�DLU�FKDQJHV�SHU�KRXU�LV�EHWZHHQ���DQG�����7KLV� LV� � VDWLVIDFWRU\� IRU� FRPIRUW� FRQGLWLRQV��$� UHPDUNDEOH�SURSHUW\�RI� WKH� V\VWHP� LV� WKH�XVH�RI������RI�RXWVLGH�DLU�FRQWLQXRXVO\��7KHUHIRUH���WKH�V\VWHP�FDQ�SURYLGH�DGHTXDWH�FOHDQ�DQG�IUHVK�DLU�LQWR� WKH� �RFFXSLHG�VSDFH��7KH� UHVXOWV� LQGLFDWH� � WKDW� WKH�GRXEOH�HYDSRUDWLYH�FRROLQJ�V\VWHP� �FDQ�DFKLHYH�DOO�FRPIRUW�FRQGLWLRQV�ZLWKRXW�XVLQJ�DQ\� FRQYHQWLRQDO�DLU�FRQGLWLRQLQJ�V\VWHP�DQG�LW�LV�VXLWDEOH�DQG�DSSOLFDEOH�LQ�DULG�UHJLRQV�
,1752'8&7,21
(YDSRUDWLYH�FRROLQJ�LV�RQH�RI�WKH�ROGHVW�IRUPV�RI�FRROLQJ�NQRZQ�DQG�KDV�EHHQ�XVHG�E\ PDQ�VLQFH������ %�&>���@�� 1RZDGD\V�� HYDSRUDWLYH� FRROLQJ� V\VWHPV� DUH� VXJJHVWHG� DV� DOWHUQDWLYH� FRROLQJ�V\VWHPV�DQG�XVHG�LQ�PDQ\�UHJLRQV�RI�WKH�ZRUOG>���������@��7KHVH�UHQHZHG�LQWHUHVW�LQ�HYDSRUDWLYH�FRROLQJ�KDV� VRPH�GHVHUYHG� UHDVRQV� RI� LWV� RZQ��)LUVW�� WKH� FRVW� RI� HQHUJ\� IRU� FRROLQJ� LV� VWHDGLO\�ULVLQJ�� (YDSRUDWLYH� FRROLQJ� V\VWHPV� DUH� HQHUJ\�HIILFLHQW� V\VWHPV�� 6HFRQG�� HYDSRUDWLYH� FRROLQJ�V\VWHPV�DUH�HQYLURQPHQWDOO\�EHQLJQ�DQG�QR�QHJDWLYH�LPSDFW� WR�HQYLURQPHQW��7KLUG��HYDSRUDWLYH�FRROLQJ�V\VWHPV�FDQ�SURYLGH�HDVLO\�WKH�GHPDQG�IRU�EHWWHU�DLU�TXDOLW\��)RXUWK��HYDSRUDWLYH�FRROLQJ�V\VWHPV�GR�QRW�XVH�FKRORURIOXRURFDUERQV�&)&V���ZKLFK�DUH� UHVSRQVLEOH� IRU�GHSOHWLRQ�RI�HDUWK¶V�SURWHFWLYH�R]RQH�OD\HU�
$�QXPEHU�RI� VWXGLHV�KDYH�VKRZQ� WKDW�HYDSRUDWLYH�FRROLQJ�V\VWHPV�KDYH� WKH�SRWHQWLDO� WR� VDWLVI\�FRPIRUW� FRQGLWLRQV� HVSHFLDOO\� LQ� DULG� UHJLRQV� DQG� FDQ� EH� DSSOLHG� � WR� ERWK� FRPPHUFLDO� DQG�UHVLGHQWLDO� EXLOGLQJV>���@�� ,W� ZDV� DOVR� UHSRUWHG� WKDW� HYDSRUDWLYH� FRROLQJ� V\VWHPV� FDQ� EH�



FRPELQHG�ZLWK�PHFKDQLFDO�UHIULJHUDWLRQ�DQG�ODUJH�+9$&�V\VWHPV�IRU�SUHFRROLQJ�VXSSO\�DLU�DQG�UHGXFLQJ�LQYHVWPHQW�DQG�HQHUJ\�FRVWV>�����@��
(YDSRUDWLYH� FRROLQJ� LV� HVSHFLDOO\� XVHG� VXFFHVVIXOO\� LQ� KRW� DQG� GU\� UHJLRQV� DQG� LV� VXLWDEOH� LQ�FOLPDWHV� ZKLFK� KDYH� KLJK� GU\�EXOE� WHPSHUDWXUH� DQG� ORZ� ZHW�EXOE� WHPSHUDWXUH� RYHUWLPH>���@��7KHUHIRUH�� WKH�GRXEOH� HYDSRUDWLYH� FRROLQJ� V\VWHP�KDV�EHHQ� VXJJHVWHG� DV� DQ�DOWHUQDWLYH�FRROLQJ�V\VWHP� IRU� � DULG� FOLPDWHV�� 7KH� V\VWHP� � KDV� EHHQ� HYDOXDWHG� DFFRUGLQJ� WR� FRPIRUW� FRQGLWLRQV� LQ�6RXWK�(DVWHUQ�$QDWROLD�ZKLFK�KDV�DQ�DULG�FOLPDWH�
(9$325$7,9(�&22/,1*
(YDSRUDWLYH�FRROLQJ�LV�EDVHG�RQ�D�VLPSOH�SULQFLSOH��DV�ZDWHU�HYDSRUDWHV�LQWR�DLU�VWUHDP��WKH�ODWHQW�KHDW� RI� YDSRUL]DWLRQ� LV� DEVRUEHG� IURP� DLU� VWUHDP�� $V� D� UHVXOW�� GU\�EXOE� WHPSHUDWXUH� RI� DLU� LV�ORZHUHG�DQG�VR�FRROLQJ�FDQ�EH�DFKLHYHG��
(YDSRUDWLYH�FRROLQJ�V\VWHPV�FDQ�EH�GLYLGHG�LQWR�WKUHH�PDLQ�FDWHJRULHV�DFFRUGLQJ�WR�WKH�PHWKRG�XVHG�WR�FRRO�WKH�DLU�VXSSOLHG�WR�WKH�FRQGLWLRQHG�VSDFH��7KH�ILUVW�LV�GLUHFW�HYDSRUDWLYH�FRROLQJ��,Q�GLUHFW� HYDSRUDWLYH� FRROLQJ�� WKH� DLU� VWUHDP� LV� FRROHG� E\� HYDSRUDWLRQ� RI� ZDWHU� LQWR� DLU� DQG� WKH�PRLVWXUH� FRQWHQW� RI� DLU� LV� LQFUHDVHG�� 7KLV� LVHQWKDOS� SURFHVV� RFFXUV� DORQJ� FRQVWDQW� ZHW�EXOE�WHPSHUDWXUH�OLQH�RQ�WKH�SV\FKURPHWULF�FKDUW��7KH�ORZHVW�SRVVLEOH�GU\�EXOE�WHPSHUDWXUH�RI�OHDYLQJ�DLU�LV�HTXDO�WR�WKH�ZHW�EXOE�WHPSHUDWXUH�RI�WKH�LQOHW�DLU��,QGLUHFW�HYDSRUDWLYH�FRROLQJ�LV�WKH�VHFRQG�W\SH�RI�HYDSRUDWLYH�FRROLQJ�V\VWHP��,W�LV�SRSXODU�EHFDXVH�WKH�PRLVWXUH�FRQWHQW�RI�DLU�WR�EH�FRROHG�VWD\V�FRQVWDQW�� ,Q� LQGLUHFW�HYDSRUDWLYH�FRROLQJ�V\VWHP�� WKHUH�DUH� WZR�DLU� IORZV��SULPDU\�DLU� WKDW�IORZV�LQWR�WKH�EXLOGLQJ�DQG�VHFRQGDU\�DLU�ZKLFK�FRROV�WKH�SULPDU\�DLU��7KH�SULPDU\�DLU�LV�FRROHG�VHQVLEO\�ZKHQ�LW�IORZV�WKURXJK�RQH�VLGH�RI�D�KHDW�H[FKDQJHU��7KH�RWKHU�VLGH�RI�WKH�KHDW�H[FKDQJHU�LV� XVHG� IRU� WKH� VHFRQGDU\� DLU� ZKLFK� LV� FRROHG� E\� GLUHFW� HYDSRUDWLRQ� RI� ZDWHU�� 7KH� PLQLPXP�SRVVLEOH� RXWOHW� WHPSHUDWXUH� RI� SULPDU\� DLU� LQ� DQ� LQGLUHFW� FRROHU� LV� HTXDO� WR� WKH� ZHW�EXOE�WHPSHUDWXUH�RI�WKH�VHFRQGDU\�DLU�IORZ��7KLV�FDQ�EH�DFKLHYHG�RQO\�ZKHQ�ERWK�WKH�HIIHFWLYHQHVV�RI�GLUHFW�HYDSRUDWLYH�FRROHU�DQG�KHDW�H[FKDQJHU�DUH������ ��7KH� WKLUG� W\SH�RI�HYDSRUDWLYH� FRROLQJ�V\VWHPV�LV�FRPELQHG�HYDSRUDWLYH�FRROLQJ�ZKLFK�FRPELQHV�GLUHFW�DQG�LQGLUHFW�FRROLQJ�DW�GLIIHUHQW�VWDJHV�� *HQHUDOO\�� FRPELQHG� HYDSRUDWLYH� FRROLQJ� V\VWHPV� DUH� LQWHJUDWHG� ZLWK� WKH� FRQGLWLRQHG�VSDFH��'28%/(�(9$325$7,9(�&22/,1*�6<67(0
'RXEOH�HYDSRUDWLYH�FRROLQJ�V\VWHP�ZKLFK�FRQVLVWV�RI� WZR�GLUHFW�HYDSRUDWLYH�FRROHUV�DQG�D�KHDW�H[FKDQJHU� KDV� EHHQ� SURSRVHG� DV� DQ� DOWHUQDWLYH� FRROLQJ� V\VWHP� IRU� WKH� 6RXWK�(DVWHUQ� SDUW� RI�7XUNH\� ZKLFK� KDV� DQ� DULG� FOLPDWH�� )LJXUH� �� VKRZV� GRXEOH� HYDSRUDWLYH� FRROLQJ� V\VWHP�VFKHPDWLFDOO\�DQG��ILJXUH���VKRZV�WKH�V\VWHP�RQ�WKH�SV\FKURPHWULF�FKDUW�



� � �

���

+HDW�H[FKDQJHU 'LUHFW�HYDSRUDWLYHFRROHUV
([KDXVW�IDQ

6XSSO\��IDQ

&21',7,21('
63$&(

2XWVLGHDLU

)LJXUH����'RXEOH�HYDSRUDWLYH�FRROLQJ��V\VWHP

��
��
��
��
��
��
��
��
��
�
�

7�R&�

� �� �� �� �� ��;��JU�NJ�

�

�

� �

�
�

�

)LJXUH����'RXEOH�HYDSRUDWLYH�FRROLQJ�V\VWHP�RQ�SV\FKURPHWULF�FKDUW��7KH� V\VWHP�RSHUDWHV� DV� IROORZV��:KHQ� WKH�RXWGRRU� DLU� SDVVHV� WKURXJK� WKH�KHDW� H[FKDQJHU�� LW� LV�FRROHG� WR� D� FHUWDLQ� YDOXH� GHSHQG� RQ� WKH� HIILFLHQF\� RI� WKH� KHDW� H[FKDQJHU� �SURFHVV� ������ 7KLV�SUHFRROHG�DLU�LV�KXPLGLILHG�LQ�WKH�ILUVW�GLUHFW�HYDSRUDWLYH�FRROHU��SURFHVV������DQG�WKHQ�LV��JLYHQ�WR�WKH�RFFXSLHG�VSDFH�E\� WDNLQJ� LQWR�DFFRXQW�RI� WKH� VHQVLEOH�KHDW� UDWLR�RI� WKH� URRP��SURFHVV��������7KH�URRP�DLU�LV�GUDZQ�LQWR�WKH�VHFRQG�GLUHFW�HYDSRUDWLYH�FRROHU�DQG�VR��PRUH�KXPLGLILHG�DQG�FRRO�



DLU�LV�DWWDLQHG��SURFHVV�������7KLV�KXPLGLILHG�DQG�FRRO�DLU�IORZV�LQWR�WKH�KHDW�H[FKDQJHU�DQG�FRROV�GRZQ�WKH��RXWGRRU�DLU�DQG�LW�LV�GLVFKDUJHG�LQWR�RXWVLGH�VSDFH�DV�H[KDXVW�DLU��SURFHVV������
(9$/8$7,21�2)�7+(�6<67(0
&RPSUHKHQVLYH� HQHUJ\� DQDO\VLV� PXVW� EH� FDUULHG� RXW� IRU� GHWHUPLQLQJ� WKH� VXLWDELOLW\� RI� WKH�SURSRVHG� V\VWHP�� ,W� LV� NQRZQ� WKDW�RXWGRRU� FOLPDWH� FRQGLWLRQV�KDYH� JUHDW� LQIOXHQFH�RQ� WKH� WRWDO�KHDW�JDLQV�RI�EXLOGLQJV��+HQFH��WKH�FOLPDWH�GDWD�RI�WKH�FLW\�RI� ùDQOÕXUID ZKLFK�LV�RQH�RI�WKH�PDLQ�SURYLQFHV� RI� 6RXWK�(DVWHUQ� � 7XUNH\� DQG� LQYROYHV� 6RXWK�(DVWHUQ� $QDWROLD� 3URMHFW� �*$3�� DUH�GHVFULEHG� ZLWK� PDWKHPDWLFDO� IXQFWLRQV>��@�� 7KH� GDWD� UHTXLUHG� ZHUH� WDNHQ� IURP� 6WDWH�0HWHRURORJLFDO�2IILFH��'0ø���7KH�GDWD�UHFRUGHG�IRU����\HDUV��EHWZHHQ������DQG������ZHUH�XVHG�IRU� REWDLQLQJ� IXQFWLRQV�� $�&RPSXWHU� SURJUDP�KDV� EHHQ� GHYHORSHG� IRU� FDOFXODWLQJ� �KRXUO\� WRWDO�KHDW�JDLQ�RI�EXLOGLQJV GXULQJ�FRROLQJ�VHDVRQ��0D\ �� 6HSWHPEHU ����7KH�V\VWHP�ZHUH�H[DPLQHG�DFFRUGLQJ� WR� FRPIRUW� FRQGLWLRQV� XVLQJ� DQRWKHU� FRPSXWHU� SURJUDP� GHYHORSHG� WKDW� VKRZV� WKH�SURFHVVHV� RQ� WKH� SV\FKURPHWULF� FKDUW�� 7KH� RXWVLGH� FOLPDWH� FRQGLWLRQV�� FRROLQJ� ORDG� DQG� VRPH�SURSHUWLHV� RI WKH� FRROLQJ� V\VWHP� VXFK� DV� HIILFLHQF\� RI� KHDW� H[FKDQJHU� ZHUH� HQWHUHG� LQWR� WKH�FRPSXWHU� � VLPXODWLRQ�SURJUDP�� ,W� LV�DVVXPHG� WKDW� WKH�HIIHFWLYHQHVV�RI� WKH� ILUVW�DQG� WKH� � VHFRQG�GLUHFW�HYDSRUDWLYH�FRROHUV�LV�������DQG�WKH�HIILFLHQF\�RI��KHDW�H[FKDQJHU�LV������DQG�QR�FRROLQJ�LV�UHTXLUHG��ZKHQ�RXWGRRU�GU\�EXOE�WHPSHUDWXUH�LV�EHORZ����R&�
,Q�FDOFXODWLRQ�RI�FRROLQJ�ORDG�RI��WKH�GHWDFKHG�GZHOOLQJ��LW�LV�DVVXPHG�WKDW�WKHUH�DUH���RFFXSDQWV��OLJKW�SRZHU� LV����:DWW� �SHU�PHWHU� � VTXDUH�RI� IORRU�� WRWDO�SRZHU�RI�HOHFWULFDO�DSSOLDQFHV� VXFK�DV�WHOHYLVLRQ��UHIULJHUDWRU�LV�����:DWW�DQG�OLJKWLQJ�LV�RQ�IURP�������S�P��WR������D�P�
,Q�FDOFXODWLRQ RI�WRWDO�KHDW�JDLQ�RI� WKH�PHHWLQJ�KDOO�� LW� LV�DVVXPHG�WKDW�����RFFXSDQWV�DUH�LQ�WKH�PHHWLQJ�URRP��OLJKW�SRZHU�LV����ZDWW�SHU�PHWHU�VTXDUH�RI�IORRU��WRWDO�SRZHU�RI�VRXQG�GHYLFHV�LV������:DWW��DQG�OLJKWLQJ�LV�RQ�IURP�������S�P��WR������D�P�
%RWK�LQGRRU�UHODWLYH�KXPLGLW\�DQG�DLU�FKDQJHV�SHU�KRXU�DUH�GLYLGHG�LQWR�IRXU�LQWHUYDOV�LQ�RUGHU�WR�DVVHVV�WKH�FRPIRUW�OHYHO��7DEOH���DQG�WDEOH���VKRZ�WKHVH�LQWHUYDOV�
7DEOH����,QWHUYDOV�IRU�LQGRRU��UHODWLYH�KXPLGLW\� 7DEOH����,QWHUYDOV�IRU�DLU�FKDQJHV�SHU�KRXU,QWHUYDO ,QGRRU�5HODWLYH�KXPLGLW\ ,QWHUYDO $LU�FKDQJHV�SHU�KRXU� ����d 5+�d��� � ���Q�d�� ������5+�d��� � ���Q�d��� ������5+�d��� � ����Q�d��� ������5+����� � ����Q�d��)LJXUH���DQG����VKRZ�WKH�SODQ�RI�WKH�W\SLFDO�GHWDFKHG�GZHOOLQJ�DQG��WKH�PHHWLQJ�KDOO��UHVSHFWLYHO\�
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6,08/$7,21�5(68/76�)25�7+(��'(7$&+('�':(//,1*��7DEOH���VKRZV�WKHUPDO�FRPIRUW�DQDO\VLV�RI��WKH�GRXEOH�HYDSRUDWLYH�FRROLQJ�V\VWHP�GXULQJ�FRROLQJ�VHDVRQ�IRU�WKH�GHWDFKHG�GZHOOLQJ���7DEOH� ��� 7KHUPDO� FRPIRUW� DQDO\VLV� RI� GRXEOH� HYDSRUDWLYH� FRROLQJ� V\VWHP� IRU� WKH� GHWDFKHG�GZHOOLQJ�� 0RQWK� 7RWDO�GD\V� 7RWDO�KRXUV� 7RWDO��QR�FRROLQJ�KRXUV�
7RWDO��FRROLQJ�KRXUV�

,QWHUYDO� +RXUV�IRU�UHODWLYH�KXPLGLW\�
+RXUV�IRU�DLU�FKDQJHV��� � � 7RXW����R&� 7RXW�t���R&� � � �� � � � � �� �� ���0D\� ��� ���� ���� ���� �� ���� ����� � � � � �� ��� ��� � � � � �� �� ��� � � � � �� ��� ���-XQH� ��� ���� ���� ���� �� ���� ����� � � � � �� ��� ��� � � � � �� �� ��� � � � � �� �� ���-XO\� ��� ���� ���� ���� �� ���� ����� � � � � �� ���� ��� � � � � �� �� ��� � � � � �� ��� ���$XJXVW� ��� ���� ���� ���� �� ���� ����� � � � � �� ���� ��� � � � � �� �� ��� � � � � �� �� ����6HSWHPEHU� ��� ���� ���� ���� �� ���� ����� � � � � �� ��� ��� � � � � �� �� ���7KH� IRXUWK� LQWHUYDO� IRU� LQGRRU� UHODWLYH� KXPLGLW\� ZDV� QRW� HQFRXQWHUHG� DW� DOO� GXULQJ� WKH� FRROLQJ�VHDVRQ��)RU�LQGRRU�UHODWLYH�KXPLGLW\�����WRWDO�FRROLQJ�KRXUV�LV�LQ�WKH�ILUVW�LQWHUYDO������RI�WRWDO�FRROLQJ�KRXUV� LV� LQ� WKH� VHFRQG� LQWHUYDO�� DQG�����RI� WRWDO� FRROLQJ�KRXUV� LV� LQ� WKH� WKLUG� LQWHUYDO��)LJXUH���VKRZV�KRXUO\�YDULDWLRQ�RI�LQGRRU�UHODWLYH�KXPLGLW\�IRU�YDULRXV�GD\V�RI�FRROLQJ�VHDVRQ��7KH� UHODWLYH� KXPLGLW\� VWD\V� LQ� D� FHUWDLQ� EDQG� DQG� � YDULHV� EHWZHHQ� � ���� DQG����� ,W� GRHV� QRW�IOXFWXDWH�GXULQJ�GD\�WLPH���$V�RQH�FDQ�VHH�IURP�WDEOH����WKH�WKLUG�DQG�IRXUWK�LQWHUYDOV�IRU�DLU�FKDQJHV�ZHUH�QRW�HQFRXQWHUHG�HW�DOO� GXULQJ� FRROLQJ� VHDVRQ�� ���� RI� WRWDO� FRROLQJ� KRXUV� LV� LQ� WKH� ILUVW� LQWHUYDO� DQG� ���� RI� WRWDO�FRROLQJ� KRXUV� LV� LQ� WKH� VHFRQG� LQWHUYDO�� 7KLV� VKRZV� WKDW� WKH� V\VWHP� SURYLGHV� FRPIRUW�� 7KH� DLU�



TXDOLW\� LV� HVVHQWLDO�� QRW� MXVW� IRU� FRPIRUW� EXW� DOVR� IRU� KHDOWK� DQG� SURGXFWLYLW\�� )LJXUH� �� VKRZV�KRXUO\�YDULDWLRQ�RI�LQGRRU�DLU�FKDQJHV�SHU�KRXU���

+RXU
� � �� �� �� �� �� �� ����

��

��

��

�� 0D\��� -XQH��� -XO\���
$XJXVW��� 6HSWHPEHU���

�)LJXUH����9DULDWLRQ�RI�LQGRRU�UHODWLYH�KXPLGLW\�GXULQJ�GD\WLPH��

+RXU
� � �� �� �� �� �� �� ���

�
�
�
�

�� 0D\��� -XQH��� -XO\���
$XJXVW��� 6HSWHPEHU���
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� )LJXUH���9DULDWLRQ�RI�,QGRRU�'U\�EXOE�7HPSHUDWXUH�GXULQJ�GD\WLPH��7KH�IDQ�SRZHU�UHTXLUHPHQW�RI��WKH�SURSRVHG�V\VWHP�ZDV�GHWHUPLQHG�E\��WDNLQJ�LQWR�FRQVLGHUDWLRQ�RI�WKH�SUHVVXUH�GURS�LQ�WKH�KHDW�H[FKDQJHU�DQG�LQ�WKH�FKDQQHOV��7KH�FRHIILFLHQW��RI�SHUIRUPDQFH��&23�� IRU� WKLV� V\VWHP� FDQ� EH� GHILQHG� DV� WKH� UDWLR� RI� WKH� FRROLQJ� FDSDFLW\� WR� WKH� UHTXLUHG� IDQ�SRZHU��&23�IRU�WKH�GHWDFKHG��GZHOOLQJ�UDQJHV�IURP����WR����DQG�IURP����WR����IRU�WKH�PHHWLQJ�KDOO��7KHVH�YDOXHV�DUH�YHU\�KLJK�FRPSDUHG�ZLWK�WKH�&23�YDOXHV�RI�FRQYHQWLRQDO�FRROLQJ�V\VWHPV����&21&/86,21��7KH� PDLQ� DLP� RI� DLU� FRQGLWLRQLQJ� LV� WR� VXSSO\� D� FRPIRUWDEOH� HQYLURQPHQW� IRU� KXPDQ� EHLQJV��,QGRRU� DLU� WHPSHUDWXUH�� UHODWLYH� KXPLGLW\�� YHORFLW\�� DQG� DLU� TXDOLW\� PXVW� EH� DW� GHVLUHG� FRPIRUW�FRQGLWLRQV���7KHUH�DUH�PDQ\�W\SHV�RI�DLU�FRQGLWLRQLQJ�V\VWHPV�DQG��WKHUH�H[LVW��VRPH�OLPLWDWLRQV�VXFK�DV�HQYLURQPHQWDO�LPSDFW��FRPIRUW�FRQGLWLRQV��HFRQRPLFV���DQG�LQLWLDO�DQG�PDLQWHQDQFH�FRVWV�WR� VHOHFW� DSSURSULDWH� RQH�� (QYLURQPHQWDO� SUREOHPV� DQG� HFRQRPLFDO� FRQVLGHUDWLRQV� DUH� RQ� WKH�DJHQGD�QRZDGD\V��(QYLURQPHQWDOO\�VDIH�DOWHUQDWLYH�FRROLQJ�V\VWHPV�PXVW�EH�LQYHVWLJDWHG�LQVWHDG�RI��FRQYHQWLRQDO�V\VWHPV�ZKLFK�FRQVXPH��D�VLJQLILFDQW�DPRXQW�RI�HQHUJ\�DQG�DUH�UHVSRQVLEOH�IRU�GDPDJLQJ� WKH� HQYLURQPHQW�� ,Q� WKLV� YLHZ�� WKH� GRXEOH� HYDSRUDWLYH� FRROLQJ� V\VWHP� KDV� EHHQ�VXJJHVWHG�DV�DQ�DOWHUQDWLYH�FRROLQJ�V\VWHP�DQG�LQYHVWLJDWHG�DFFRUGLQJ�WR�FRPIRUW�FRQGLWLRQV�IRU�D�W\SLFDO� GHWDFKHG� GZHOOLQJ� DQG� D� ODUJH� EXLOGLQJ� XVHG� DV� FRQIHUHQFH� KDOO� LQ� DQ� DULG� FOLPDWH��$FFRUGLQJ� WR� � FRPSXWHU� VLPXODWLRQ� UHVXOWV�� WKH� GRXEOH� HYDSRUDWLYH� FRROLQJ� V\VWHP� DFKLHYHV�LQGRRU�WHPSHUDWXUH��UHODWLYH�KXPLGLW\��DLU�TXDOLW\��DQG�DLU�PRWLRQ��DW�FRPIRUW��FRQGLWLRQV�IRU�ERWK�WKH� ODUJH�YROXPHG� FRQIHUHQFH� KDOO� DQG� WKH� GHWDFKHG� GZHOOLQJ�� :KLOH� LQGRRU� WHPSHUDWXUH� LV� DW�FRPIRUW� OHYHO�� LQGRRU� UHODWLYH� KXPLGLW\� YDULHV� EHWZHHQ�����DQG����� �� ,QGRRU� DLU� FKDQJHV� SHU�KRXU�LV�EHWZHHQ���DQG�����7KLV�LV��VDWLVIDFWRU\�IRU�FRPIRUW��$�UHPDUNDEOH�SURSHUW\�RI�WKH�V\VWHP�LV��WKH�XVH������RI�RXWVLGH�DLU�FRQWLQXRXVO\��7KHUHIRUH���WKH�V\VWHP�FDQ�JLYH�DGHTXDWH�FOHDQ�DQG�IUHVK�DLU�LQWR�RFFXSLHG�VSDFH��,W�KDV�EHHQ�DVFHUWDLQHG��WKDW�WKH�GRXEOH�HYDSRUDWLYH�FRROLQJ�V\VWHP��

�



FDQ� DFKLHYH� DOO� WKH� FRPIRUW� FRQGLWLRQV�ZLWKRXW� XVLQJ� DQ\� FRQYHQWLRQDO� DLU�FRQGLWLRQLQJ� V\VWHP�DQG�LW�LV�VXLWDEOH�DQG�DSSOLFDEOH�LQ�DULG�UHJLRQV����5()(5(1&(6����� +DUULV�� &�1��� ������ 0RGHUQ� $LU� &RQGLWLRQLQJ� 3UDFWLFH�� 0F*UDZ� +LOO�� ,QWHUQDWLRQDO� 6WXGHQW�(GLWLRQ�����$EUDPV��'�:���������/RZ�(QHUJ\�&RROLQJ��9DQ�1RVWUDQG�5HLQKROG��1HZ�<RUN�����0DWKHZV��(�+���.OHLQJHOG��0�DQG�*UREOHU��/�-���������³,QWHJUDWHG�6LPXODWLRQ�RI�%XLOGLQJV�DQG�(YDSRUDWLYH�&RROLQJ�6\VWHPV´��%XLOGLQJ�DQG�(QYLURQPHQW��9RO�����1R����SS�������������6XSSOH��5�*���������(YDSRUDWLYH�&RROLQJ�)RU�&RPIRUW��$6+5$(��-RXUQDO�$XJXVW��SS�����������6FROILHOG��&�0��DQG�6WHUOLQJ��(���������³'U\�&OLPDWH�(YDSRUDWLYH�&RROLQJ�:LWK�5HIULJHUDWLRQ�%DFNXS´��$6+5$(��-RXUQDO�-XQH���SS����������� 5DNRF]\�� 7��� ������ ³.�KOXQJ� GXUFK� )RUWOXIWEHIHXFKWXQJ� EHL� 57/�$QODJHQ´�� .L� /XIW�XQG�.lOWHWHFKQLN��9RO������SS��������������6FKQHLGHU��0���������³%HIHXFKWXQJV�.�KOXQJ´��7HFKQLN�DP�%DX��9RO�����SS������������+XDQJ��<�-���HW�DO���������³7KH�(QHUJ\�DQG�&RPIRUW�3HUIRUPDQFH�RI�(YDSRUDWLYH�&RROHUV�IRU�5HVLGHQWLDO�%XLOGLQJV�LQ�&DOLIRUQLD�&OLPDWHV´��$6+5$(�7UDQVDFWLRQ��SS�������������:LOOLDPV��/�0��DQG�HW�DO���������³�$�7HFKQRHFRQRPLF�,QYHVWLJDWLRQ�RI� �(YDSRUDWLYH�&RROLQJ�6\VWHPV� IRU� 5HVLGHQWLDO� $SSOLFDWLRQV� ´�� 3URFHHGLQJV� RI� WKH� )LUVW� ,QWHUQDWLRQDO� (QHUJ\� DQG�(QYLURQPHQW�6\PSRVLXP��.�7�h���7UDE]RQ��SS�������������%DUWOHWW�7�$�������³,QGLUHFW�(YDSRUDWLYH�&RROLQJ�LQ�5HWDLO´���+HDWLQJ�3LSLQJ�$LU&RQGLWLRQLQJ��'HFHPEHU��SS�������������%URZQ��:�.���������³$SSOLFDWLRQ�RI�(YDSRUDWLYH�&RROLQJ�WR�/DUJH�+9$&�6\VWHPV��$6+5$(�7UDQVDFWLRQ��9RO�������3DUW����SS���������������<ÕOPD]��7���%XOXW��+���������³7KH�H[SUHVVLRQ�RI�\HDUO\�DQG�GDLO\�FOLPDWH�GDWD�IRU�ùDQOÕXUID��SURYLQFH� ZLWK� PDWKHPDWLFV� IXQFWLRQV´�� 3URFHHGLQJV� RI� 7KH� )RXUWK� 1DWLRQDO� &RROLQJ� DQG� $LU�&RQGLWLRQLQJ�7HFKQLTXH�&RQJUHVV��SS�����������,Q�7XUNLVK�����


