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$%675$&77KH� XVH� RI� ORZ� WHPSHUDWXUH� KHDW� �EHWZHHQ� ��� �&� DQG� ��� �&�� LV� VWXGLHG� WR� RSHUDWH� DEVRUSWLRQ� PDFKLQHV� LQ� WZR�GLIIHUHQW� DSSOLFDWLRQV�� UHIULJHUDWLRQ� DQG� KHDW� SXPS� F\FOHV�� $� GRXEOH� VWDJH� DEVRUSWLRQ�PDFKLQH� LV�PRGHOOHG� DQG�VLPXODWHG��5HVXOWV�DUH�FRPSDUHG�IRU�WZR�GLIIHUHQW�DEVRUEHQW�UHIULJHUDQW�SDLUV��+�2�1+� DQG�/L12��1+���LQ�RUGHU�WR�GHWHUPLQH�ZKLFK�RQH�LV�PRUH�DGHTXDWH�IRU�HDFK�DSSOLFDWLRQ��7KH�UHVXOWV�REWDLQHG�VKRZ�WKDW�LQ�WKH�UHIULJHUDWLRQ�F\FOH�WKH�+�2�1+� VROXWLRQ�RSHUDWHV�ZLWK�D�&23�RI������DQG�WKH�/L12��1+� VROXWLRQ�ZLWK�D�&23�RI�������ZKHQ�LW�HYDSRUDWHV�DW�±����&��FRQGHQVHV�DQG�DEVRUEV�UHIULJHUDQW�DW�����&�DQG�JHQHUDWHV�YDSRXU�DW�����&� 7KH�UHVXOWV�DUH�SUHVHQWHG�IRU�HYDSRUDWLRQ�WHPSHUDWXUHV�YDU\LQJ�EHWZHHQ�±���&�DQG�±����&�DQG�FRQGHQVDWLRQ�WHPSHUDWXUHV�UDQJLQJ�IURP�����&�WR�����&��)RU�WKH�DEVRUSWLRQ�PDFKLQH�RSHUDWLQJ�DV�D�KHDW�SXPS��WKH�/L12��1+� VROXWLRQ�UHDFKHV�D�&23�RI������DQG�WKH�+�2�1+� VROXWLRQ�D�&23�RI�������ZKHQ�LW�FRQGHQVHV�DQG��DEVRUEV�UHIULJHUDQW�DW�����&��HYDSRUDWHV�DW� �� �&�� DQG� JHQHUDWHV� YDSRXU� DW� ��� �&�� )RU� WKH� KHDW� SXPS� F\FOH�� WKH� UHVXOWV� DUH� SUHVHQWHG� IRU� HYDSRUDWLRQ�WHPSHUDWXUHV� UDQJLQJ� EHWZHHQ� �� �&� DQG� �� �&�� 7KH� PLQLPXP� WHPSHUDWXUH� UHTXLUHG� LQ� WKH� JHQHUDWRUV� IRU� ERWK�F\FOHV��UHIULJHUDWLRQ�DQG�KHDW�SXPS��DUH�DOVR�VKRZHG�.(<:25'6/RZ�WHPSHUDWXUH�KHDW��'RXEOH�VWDJH�DEVRUSWLRQ�F\FOH��+HDW�SXPS��5HIULJHUDWLRQ��+�2�1+���/L12��1+�

���,1752'8&7,21,Q� WKH� ODVW�\HDUV�� WKH� LQWHUHVW�RQ�UHIULJHUDWLRQ�V\VWHPV�RSHUDWHG�ZLWK� ORZ� WHPSHUDWXUH� KHDW� KDV� FRQVLGHUDEO\�LQFUHDVHG�� 7R� WDNH� DGYDQWDJH� RI� WKLV� KHDW� DW� ORZ�HYDSRUDWLRQ� WHPSHUDWXUHV�� DGYDQFHG� DEVRUSWLRQ�F\FOHV�� VXFK� DV� WKH� PXOWLVWDJH� DEVRUSWLRQ� F\FOHV��VKRXOG�EH�DGRSWHG�5HFHQW� H[SHULHQFHV� UHODWHG� WR� WKH� XVH� RI� ORZ�WHPSHUDWXUH� KHDW� XVLQJ� GRXEOH� VWDJH� DEVRUSWLRQ�PDFKLQHV� LQFOXGH� WKH� SURMHFWV� GHYHORSHG� E\�6FKZHLJOHU�HW�DO� ����������������������� DQG�/DPS�HW�DO� ��������� 1HYHUWKHOHVV�� QRQH� RI� WKHVH� H[SHULPHQWV�ZRUN�ZLWK�WHPSHUDWXUHV�EHORZ����&�LQ�WKH�HYDSRUDWRU��2QO\� (ULFNVRQ� ������� DQG� 0RVWRIL]DGHK� DQG� %XW]�������� GHVFULEH�H[SHULPHQWV�ZLWK�ORZHU�WHPSHUDWXUHV�XVLQJ� GRXEOH� VWDJH� DEVRUSWLRQ� PDFKLQHV�� ,Q� DOO� WKH�FDVHV�RQO\�D�+�2�1+� VROXWLRQ�LV�XVHG�=LHJOHU� DQG� 5LHVFK� ������� WKHRUHWLFDOO\� HYDOXDWH�GRXEOH� VWDJH� DEVRUSWLRQ� F\FOHV�� 7KH\� FRQVLGHU� WZR�GLIIHUHQW� DSSOLFDWLRQV�� D� UHIULJHUDWLRQ� F\FOH� XVLQJ� D�KHDW�VRXUFH�DW������&�ZLWK�DQ�HYDSRUDWLRQ�WHPSHUDWXUH�RI� ±��� �&� DQG� D� FRQGHQVDWLRQ� WHPSHUDWXUH� RI� ��� �&��DQG�D�KHDW�SXPS�F\FOH� WKDW� HPSOR\V�D� KHDW� VRXUFH�DW������&�ZLWK�DQ�HYDSRUDWLRQ�WHPSHUDWXUH�RI�±����&�DQG�D�FRQGHQVDWLRQ�WHPSHUDWXUH�RI�����&��)XUWKHUPRUH� 7KLR\H� �����D�� ����E���� GHYHORSHG�VHYHUDO�VWXGLHV�WKDW�SUHGLFW�WKH�EHKDYLRXU�RI�PXOWLVWDJH�

DEVRUSWLRQ� F\FOHV� DQG�� PRUH� LQ� GHWDLO�� WKRVH� RI� ��DEVRUSWLRQ�VWDJHV��XVHG�LQ�UHIULJHUDWLRQ��+RZHYHU��LW�KDV�QRW�EHHQ�IRXQG�DQ\�HQHUJ\�DQDO\VLV�RI�GRXEOH�VWDJH�DEVRUSWLRQ�F\FOHV�XVHIXO�WR�GHWHUPLQH�WKH�RSHUDWLQJ� FRQGLWLRQV� RI� WKRVH� PDFKLQHV�� HLWKHU�ZRUNLQJ� DV� KHDW� SXPSV� RU� DV� UHIULJHUDWRUV� XVLQJ�GLIIHUHQW�DEVRUEHQW�UHIULJHUDQW�SDLUV�:LWK� HYDSRUDWLRQ� WHPSHUDWXUHV� EHORZ� �� �&�� WKH�DEVRUEHQW�UHIULJHUDQW� FRPELQDWLRQ� PRUH� ZLGHO\� XVHG�LQ� DEVRUSWLRQ� PDFKLQHV� LV� WKH� +�2�1+� VROXWLRQ��+RZHYHU�� RWKHU� SDLUV� VXFK� DV� WKH� /L12��1+��� DUH�WKHRUHWLFDOO\� DQG� H[SHULPHQWDOO\� NQRZQ�� 7KH� PDLQ�DGYDQWDJH� RI� WKH� ILUVW� RYHU� WKH� VHFRQG� LV� WKDW�FU\VWDOOLVDWLRQ� QHYHU� RFFXUV�� RQ� WKH� RWKHU� KDQG�� WKH�/L12��1+�� VROXWLRQ� GRHV� QRW� UHTXLUH� D� UHFWLI\LQJ�FROXPQ��7KXV��WKH�&23�RI�WKH�F\FOH�LV�LPSURYHG�DQG��DW�WKH�VDPH�WLPH��WKH�V\VWHP�LV VLPSOLILHG�,Q� WKH� SUHVHQW� ZRUN�� D� VLPXODWLRQ� RI� D� GRXEOH� VWDJH�DEVRUSWLRQ� PDFKLQH� LV� SHUIRUPHG� WR� GHWHUPLQH� LWV�RSHUDWLQJ�FRQGLWLRQV�ZRUNLQJ�RQ�WKH�UHIULJHUDWLRQ�DQG�RQ�WKH�KHDW�SXPS�F\FOHV��ERWK�XVLQJ�D�ORZ�WHPSHUDWXUH�KHDW� VRXUFH� �EHORZ� ��� �&��� 7KH� VLPXODWLRQ� LV�GHYHORSHG�XVLQJ�+�2�1+� DQG�/L12��1+� VROXWLRQV�
���7+(502'<1$0,&�3523(57,(67KH� WKHUPRG\QDPLF� SURSHUWLHV� RI� WKH� VROXWLRQV� KDYH�EHHQ�REWDLQHG�XVLQJ�WKH�FRUUHODWLRQV�GHILQHG�E\�3iWHN�DQG� .ORPIDU� ���������� ,QIDQWH� )HUUHLUD� ����������
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0RQJH\� HW� DO� ���������� DV� ZHOO� DV� E\� QXPHULFDO�LQWHUSRODWLRQ� RI� WKH� GDWD� WDEXODWHG� LQ� $6+5$(�����������$PRQJ� WKH� DYDLODEOH� FRUUHODWLRQV� QRW� DOO� RI�WKHP� SUHVHQW� WKH� VDPH� DFFXUDF\� DQG� FDOFXODWLRQ�VLPSOLFLW\� IRU� WKH� GLIIHUHQW� SURSHUWLHV� WKH\� SURYLGH��'HSHQGLQJ� RQ� WKHVH� FULWHULD�� WKH� IROORZLQJ� VHOHFWLRQ�KDV�EHHQ�SHUIRUPHG�)RU� WKH� /L12��1+� VROXWLRQ�� WKH� IRUPXODWLRQV�SUHVHQWHG� E\� ,QIDQWH� )HUUHLUD� �������� DQG�$JJDUZDO�DQG� $JDUZDO� �������� JLYH� VLPLODU� UHVXOWV� IRU� WKH�YDSRXU�OLTXLG� HTXLOLEULXP� UHODWLRQVKLSV�� +RZHYHU��,QIDQWH�)HUUHLUD�RIIHUV�HTXDWLRQV� IRU� WKH�HVWLPDWLRQ�RI�PRUH� WKHUPRG\QDPLF� SURSHUWLHV�� 7KHUHIRUH� WKHVH�HTXDWLRQV�KDYH�EHHQ�ZLGHO\�XVHG��:DQJ�HW�DO�����������7KLR\H������E���$OWDPXVK�6LGGLTXL����������$\DOD�HW�DO��������� DQG�.DXVKLN�DQG�.XPDU�����������WKXV�WKH\ZLOO�EH�DOVR�XVHG�LQ�WKH�SUHVHQW�ZRUN�0XOWLSOH� FRUUHODWLRQV� DUH� DYDLODEOH� WR� FDOFXODWH� WKH�SURSHUWLHV� RI� WKH� +�2�1+� VROXWLRQ�� EHJLQQLQJ� ZLWK�WKH�HTXDWLRQV�GHYHORSHG�E\�6FKXO]� �������� DQG� ODWHU�H[WHQGHG�E\�=LHJOHU�DQG�7UHSS��������� IRU�SUHVVXUHV�EHORZ� ��� EDU�� 0RUH� UHFHQWO\�� 3iWHN� DQG� .ORPIDU����������� 7LOOQHU�5RWK� DQG� )ULHQG� ���������� ZLWK� D�IRUPXODWLRQ�EDVHG�RQ�WKH�+HOPKROW]�IUHH�HQHUJ\��DOVR�0RQJH\�HW�DO���������� DQG�;X�DQG�*RVZDPL���������KDYH� GHYHORSHG� RWKHU� HTXDWLRQV� WR� FDOFXODWH� WKH�WKHUPRG\QDPLF�SURSHUWLHV�,Q�WKH�SUHVHQW�ZRUN�WKH�HTXDWLRQV�GHYHORSHG�E\�3iWHN�DQG�.ORPIDU�DUH� XVHG� WR�GHWHUPLQH� WKH�YDSRXU�OLTXLG�HTXLOLEULXP� SURSHUWLHV� DQG� WKH� HQWKDOS\� RI� WKH� OLTXLG�DQG�JDVHRXV�SKDVHV��7KH\�DUH�SUHIHUUHG�GXH�WR�x 7KH�DFFXUDF\�RI� WKH� UHVXOWV� LQ� WKH�ZRUNLQJ�UDQJH�RI� WKH� VLPXODWHG� DEVRUSWLRQ� PDFKLQH�� 7KLV� KDV�EHHQ� YHULILHG� E\� FRPSDULVRQ� ZLWK� WKH� GDWD� LQ�$6+5$(����������x 7KHLU�PDWKHPDWLFDO�VLPSOLFLW\��7KH� VSHFLILF� KHDW� IRU� WKH� OLTXLG� DQG� JDVHRXV� SKDVHV�KDYH� EHHQ� FDOFXODWHG� E\� LQWHUSRODWLRQ� RI� WKH� GDWD�JLYHQ� LQ� $6+5$(� ���������� 7KH� VROXWLRQ� VSHFLILF�YROXPH� KDV� EHHQ� FRPSXWHG� XVLQJ� WKH� HTXDWLRQ�SURSRVHG� E\�0RQJH\� HW� DO� ��������ZKLFK� LV� LQ� YHU\�JRRG�DJUHHPHQW�ZLWK�WKH�GDWD�WDEXODWHG�LQ�$6+5$(�
��� 0$66� $1'� (1(5*<�&216(59$7,21�(48$7,2167KH�GLDJUDP�RI� WKH� GRXEOH� VWDJH� DEVRUSWLRQ�PDFKLQH�XVHG� LQ� WKH� VLPXODWLRQ� LV� UHSUHVHQWHG� LQ� )LJXUH� �� IRU�WKH�/L12��1+� VROXWLRQ�DQG�LQ�)LJXUH���IRU�WKH�+�2�1+� VROXWLRQ�� $� FRUUHVSRQGLQJ� 37;� GLDJUDP� RI� WKH�GRXEOH� VWDJH� DEVRUSWLRQ� F\FOH� IRU� WKH� /L12��1+�VROXWLRQ�LV�UHSUHVHQWHG�LQ�)LJXUH���7KH� RSHUDWLQJ� SUHVVXUH� DW� WKH� LQWHUPHGLDWH� OHYHO�FRUUHVSRQGV� WR� WKH� SUHVVXUH� PD[LPLVLQJ� WKH� &23� RI�WKH� F\FOH�� 7KH� FDOFXODWHG� SUHVVXUH� UHVXOWV� WR� EH� WKH�JHRPHWULF�DYHUDJH�RI�WKH�SUHVVXUH�DW�WKH�SUHYLRXV�DQG�VXEVHTXHQW�OHYHOV��7KXV�

FH03*03$ 3�333   ���7KH�FRQVHUYDWLRQ�HTXDWLRQV�RI�PDVV�DQG�HQHUJ\�XVHG�LQ� WKH�PRGHO�RI�HDFK�FRPSRQHQW� IRU� WKH�GRXEOH�VWDJH�PDFKLQH�DUH�GHWDLOHG�EHORZ�

)LJXUH����'RXEOH�VWDJH�DEVRUSWLRQ�PDFKLQH�XVLQJ�WKH�/L12��1+� VROXWLRQ

)LJXUH� ��� 'RXEOH VWDJH� DEVRUSWLRQ�PDFKLQH�XVLQJ�WKH�+�2�1+� VROXWLRQ
����/L12��1+� PDFKLQH&RQGHQVHU��&��

�� PP  ���
���� KPKPTF � ���
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6XE�FRROHU��6&��
�� PP  ���

)LJXUH����7KHUPRG\QDPLF�F\FOH�RI�WKH�/L12��1+� GRXEOH�VWDJH�DEVRUSWLRQ�PDFKLQH
�� PP  ���

�������� KPKPKPKP � � ���(YDSRUDWRU��(��
�� PP  ���

���� KPKPTH � ���0LGGOH�SUHVVXUH�DEVRUEHU��03$��
PDD PPP � �� ���

PPDDDDPSD KPKPKPT ��� ���� ����
)RU�WKH�ORZ�SUHVVXUH�DEVRUEHU��/3$��WKH�SRLQWV��D���D�DQG�P DUH�UHSODFHG�E\��E���E�DQG���UHVSHFWLYHO\��DQG�PSDT E\� OSDT �+LJK�SUHVVXUH�KHDW�H[FKDQJHU��+3+(��

DD PP ��  ����
DD PP ��  ����

DDDDDDDD KPKPKPKP �������� � � ����)RU� WKH�PLGGOH�SUHVVXUH�KHDW� H[FKDQJHU� �03+(����E���E�� �E� DQG� �E� UHSODFHV� WKH� SRLQWV� �D�� �D�� �D� DQG� �D��UHVSHFWLYHO\�0LGGOH�SUHVVXUH�JHQHUDWRU��03*��
EPE PPP �� � ����

EEEEPPPSJ KPKPKPT ���� �� ����

)RU�WKH�KLJK�SUHVVXUH�JHQHUDWRU��+3*���WKH�SRLQWV��E���E� DQG� P DUH� UHSODFHG� E\� SRLQWV� �D�� �D� DQG� ��UHVSHFWLYHO\��DQG� PSJT E\� KSJT �
7KH�VROXWLRQ�IORZ�LQ�WKH�DEVRUEHUV�DQG�JHQHUDWRUV��SHU�XQLW� RI� FRRODQW� PDVV� VHSDUDWHG� LQ� WKH� JHQHUDWRUV�� LV�REWDLQHG�IURP�D�PDVV�EDODQFH�LQ�HDFK�FRPSRQHQW��)RU�H[DPSOH��IRU�WKH�KLJK�SUHVVXUH�]RQH�

DD DD [[ [[P �� ��� �� ����
,Q�DOO�WKH�FDVHV�x 7KH� KHDW� H[FKDQJHUV� HIILFLHQF\� KDV� EHHQ�FRQVLGHUHG�HTXDO�WR�������x 7KH� FRQFHQWUDWLRQV� RI� WKH� ZHDN� DQG� VWURQJ�VROXWLRQV� FRUUHVSRQG� WR� WKH� HTXLOLEULXP�FRQFHQWUDWLRQV� DW� WKH� JLYHQ� SUHVVXUH� DQG�WHPSHUDWXUH�x 7KH� DEVRUSWLRQ� WHPSHUDWXUH� LQ� ERWK� DEVRUEHUV� LV�HTXDO�WR�WKH�FRQGHQVDWLRQ�WHPSHUDWXUH�
����+�2�1+� PDFKLQH7KH� HTXDWLRQV� RI� WKH� FRQGHQVHU�� PLGGOH�SUHVVXUH�DEVRUEHU�� PLGGOH�SUHVVXUH� JHQHUDWRU� DQG� KHDW�H[FKDQJHUV� XVHG� LQ� WKH� PRGHO� RI� WKH� +�2�1+� DUH�WKRVH�GHVFULEHG�IRU�WKH�/L12��1+��,Q�WKH�SUHVHQW�FDVH��+�2�1+����WKH�IROORZLQJ�HTXDWLRQ�LV� DOVR� WR� EH� VDWLVILHG� EHFDXVH�RI� WKH� SUHVHQFH�RI� WKH�GLVWLOODWLRQ�FROXPQ�

ccc � ��� PPP ����ZKHUH� c�P LV�WKH�FRRODQW�PDVV�FLUFXODWLQJ�WKURXJK�WKH�HYDSRUDWRU�ZLWK�D���������RI�DPPRQLD��HVWDEOLVKHG�DV�D� GHVLJQ� FULWHULRQ��� cc�P LV� WKH� UHIOX[�� FDOFXODWHG� IRU�WKH�ZRUVW�RSHUDWLQJ�FRQGLWLRQV�)RU� WKH�PDVV� DQG� HQHUJ\� EDODQFHV� LQ� WKH� VXE�FRROHU��WKH�HTXDWLRQV� ����� ����DQG�����DUH�VWLOO�YDOLG��SURYLGHG�WKDW� VXEVFULSW� ��� UHSODFHV� WKH� VXEVFULSW� �� LQ� HTXDWLRQ����� DQG� ����� 7KH� PDVV� DQG� HQHUJ\� EDODQFHV� LQ� WKH�UHPDLQLQJ�FRPSRQHQWV�DUH�WKH�IROORZLQJ�(YDSRUDWRU��(��
����� PPP � ����

���������� KPKPKPTH �� ����7KH� HYDSRUDWRU� SXUJH� SDUDPHWHUV� DUH� GHWHUPLQHG�DFFRUGLQJ� WR� D� �� �� SUHVVXUH� FKDQJH� DOORZHG� LQ� WKH�HYDSRUDWRU��:LWK�WKLV�FULWHULRQ��ZH�FDOFXODWH�[�� XVLQJ�WKH�UHODWLRQVKLS�JLYHQ�E\�%RJDUW����������� � �������������� [SH � ' ����:LWK� WKLV� YDOXH�� ��. LV� GHWHUPLQHG� IRU� GLIIHUHQW�HYDSRUDWLRQ� WHPSHUDWXUHV�� 7KH� FRPSRVLWLRQ� RI� WKH�VWHDP�WKDW�H[LWV�WKH�HYDSRUDWRU�LV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�UHODWLRQ�
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���� ��� [.[ � � ����/RZ�SUHVVXUH� DEVRUEHU� �/3$� �LQFOXGLQJ� DEVRUEHU�WDQN��7���
EE PPPPP �������  ��� ����

EEEEOSD KPKPKPKPKPT �������������� ���� ����
+LJK�SUHVVXUH�JHQHUDWRU��+3*� �LQFOXGLQJ�GLVWLOODWLRQ�FROXPQ��'&���

���� PPPP DD � � cc ����
cccc��� �������� KPKPKPKPT DDDDKSJ ����

7KH�ZRUVW�RSHUDWLQJ�FRQGLWLRQV�KDYH�EHHQ�FRQVLGHUHG�WR� FDOFXODWH� WKH� UHIOX[� YDOXH�� 7KRVH� RFFXU� ZKHQ� WKH�VROXWLRQ�WKDW�HQWHUV�WKH�KLJK�SUHVVXUH�JHQHUDWRU�KDV�WKH�PLQLPXP� FRQFHQWUDWLRQ� RI� 1+��� ZKLFK� RFFXUV� DW� D�FRQGHQVDWLRQ�DQG�DEVRUSWLRQ�WHPSHUDWXUHV�RI�����&�7KH� FDOFXODWLRQ� RI� WKH� UHIOX[� YDOXH� KDV� EHHQ�SHUIRUPHG� DFFRUGLQJ� WR� WKH� SURFHGXUH� GHVFULEHG� E\�%RJDUW����������
� � ����� �� �� � cc KK K$FP ����

ZKHUH� � � � �
�� ������ [\ \[K[[+$F � ��� ����

7KH� FRQGLWLRQV� LQ� SRLQW� �� FRUUHVSRQG� WR� WKH� LQLWLDO�ERLOLQJ�WHPSHUDWXUH�LQ�WKH�KLJK�SUHVVXUH�JHQHUDWRU�6HSDUDWRU��6� DQG�SXUJH�VXE�FRROHU��36&��
��� PP  ����

������ PPP � ����
������������������ KPKPKPKPKP � �� ����

���5(68/76�$1'�',6&866,21����5HIULJHUDWLRQ�F\FOH,Q� )LJXUH� �� WKH� PD[LPXP� &23� RI� WKH� GRXEOH� VWDJH�F\FOH� DW� GLIIHUHQW� HYDSRUDWLRQ� WHPSHUDWXUHV� LV� VKRZQ�IRU� ERWK� VROXWLRQV�� FRQGHQVLQJ� DQG� DEVRUELQJ�UHIULJHUDQW� YDSRXU� DW� ��� �&� ZLWK� D� JHQHUDWLRQ�WHPSHUDWXUH� RI� ��� �&� �WHPSHUDWXUH� RI� WKH� YDSRXU�H[LWLQJ�WKH�JHQHUDWRU���)RU� HTXDO� DEVRUSWLRQ� DQG� FRQGHQVDWLRQ� WHPSHUDWXUHV��7DF��� WKH� WKHRUHWLFDO� WHPSHUDWXUH� UHODWLRQVKLS� IRU� WKHLGHDO�GRXEOH�VWDJH�PDFKLQH��$QQH[����)LQDO�5HSRUW���LV�
�� DFHJ 777  � ����

$FFRUGLQJ� WR� WKLV� HTXDWLRQ�� IRU� D� JHQHUDWLRQ�WHPSHUDWXUH� RI� ��� �&� DQG� DQ� DEVRUSWLRQ� DQG�

FRQGHQVDWLRQ� WHPSHUDWXUH� RI� ��� �&�� D� WKHRUHWLFDO�HYDSRUDWLRQ� WHPSHUDWXUH� RI� ±��� �&� LV� REWDLQHG�� )RU�WKHVH�FRQGLWLRQV�WKH�LGHDO�&23�LV�����

)LJXUH����0D[LPXP�&23�RI�WKH�UHIULJHUDWLRQ�F\FOH$V�LW�LV�H[SHFWHG�WKH�UHDO�HYDSRUDWLRQ�WHPSHUDWXUHV�DUH�KLJKHU�� )RU� ERWK� VROXWLRQV� DQG� DQ� HYDSRUDWLRQ�WHPSHUDWXUH�RI�±����&�WKH�UHDO�&23�LV����)LJXUH����7KH�/L12��1+� VROXWLRQ�\LHOGV�D�KLJKHU�&23�IRU�WKH�ZKROH� UDQJH� RI� HYDSRUDWLRQ� WHPSHUDWXUHV�� ,W� FDQ� EH�VHHQ� WKDW� WKH� /L12��1+� SDLU� GRHV� QRW� ZRUN� IRU�HYDSRUDWLRQ� WHPSHUDWXUHV� ORZHU� WKDQ� ±��� �&�� 7KH�+�2�1+� VROXWLRQ� SUHVHQWV� D� QDUURZHU� RSHUDWLQJ�UDQJH��OLPLWHG�WR�HYDSRUDWLRQ�WHPSHUDWXUHV�KLJKHU�WKDQ�±��� �&� IRU� VLPLODU� FRQGLWLRQV�� 7KLV� OLPLW� LQ� WKH�HYDSRUDWLRQ�WHPSHUDWXUH�LV�GXH�WR�WKH�IDFW�WKDW�WKH�KHDW�VXSSOLHG� WR� WKH� JHQHUDWRUV� LV� QRW� HQRXJK� WR� VHSDUDWH�UHIULJHUDQW�YDSRXU�LQ�WKHVH�FRQGLWLRQV�)XUWKHUPRUH�� WKH� /L12��1+� VROXWLRQ� UHTXLUHV� ORZHU�WHPSHUDWXUHV� LQ� WKH� JHQHUDWRUV� WR� EHJLQ� LWV� RSHUDWLRQ�WKDQ� WKH� +�2�1+� VROXWLRQ� �)LJXUH� ���� IRU� DOO� WKH�UDQJH� RI� HYDSRUDWLRQ� WHPSHUDWXUHV� FRQVLGHUHG� DQG� D�FRQGHQVDWLRQ� DQG� � DEVRUSWLRQ� � WHPSHUDWXUHV� HTXDO� WR��� �&�)LJXUH� �� SUHVHQWV� WKH� JHQHUDWLRQ� WHPSHUDWXUH� QHHGHG�WR� RSHUDWH� D� GRXEOH� VWDJH� UHIULJHUDWLRQ� PDFKLQH� DV� D�IXQFWLRQ� RI� WKH� FRQGHQVDWLRQ� WHPSHUDWXUH�� IRU� ERWK�VROXWLRQV��DQG���DQ��HYDSRUDWLRQ��WHPSHUDWXUH�HTXDO�WR�±���q&�

)LJXUH� ��� 0LQLPXP� JHQHUDWLRQ�WHPSHUDWXUHV�LQ�WKH�UHIULJHUDWLRQ�F\FOH

mailto:mizquier@ing.uc3m.es
mailto:mizquier@ing.uc3m.es


0��,]TXLHUGR��PL]TXLHU#LQJ�XF�P�HV ���

)LJXUH� ��� 0LQLPXP� JHQHUDWLRQ�WHPSHUDWXUHV�WR�HYDSRUDWH�DW� ±����&
,W� FDQ� EH� REVHUYHG� WKDW� IRU� WKH� ZKROH� UDQJH� RI�FRQGHQVDWLRQ� WHPSHUDWXUHV� WKH� /L12��1+� PDFKLQH�UHTXLUHV�D�ORZHU�JHQHUDWLRQ�WHPSHUDWXUH�WKDQ�WKH�+�2�1+� V\VWHP�� )RU� ORZHU� FRQGHQVDWLRQ� WHPSHUDWXUHV�ERWK�VROXWLRQV�DSSUR[LPDWH�WKHLU�EHKDYLRXU��7KHUHIRUH�ZH�FDQ�FRQFOXGH� WKDW� WKH�/L12��1+� VROXWLRQ�ZRXOG�EH�PRUH� DGYDQWDJHRXV� LQ� FOLPDWLF� UHJLRQV� ZKHUH� WKH�DPELHQW� WHPSHUDWXUH� LV� PRGHUDWHO\� KLJK�� DV� IRU�H[DPSOH�WKH�WURSLFDO�]RQHV�
����+HDW�SXPS�F\FOH)RU�WKH�PDFKLQH�RSHUDWLQJ�DV�D�KHDW�SXPS��WKH�UHVXOWV�REWDLQHG� DUH� VKRZQ� LQ� )LJXUH� �� DQG� )LJXUH� ��� ,Q�)LJXUH� �� WKH� PD[LPXP� &23� WKDW� ZRXOG� UHDFK� WKH�PDFKLQH� DW� GLIIHUHQW� HYDSRUDWLRQ� WHPSHUDWXUHV� LV�VKRZQ� IRU� ERWK� VROXWLRQV�� D� FRQGHQVDWLRQ� DQG�DEVRUSWLRQ� WHPSHUDWXUHV� HTXDO� WR� �� �&� DQG� D�JHQHUDWLRQ�WHPSHUDWXUH�HTXDO�WR�����&��

)LJXUH����0D[LPXP�&23�RI�WKH�KHDW�SXPS�F\FOH
7KH�HYDSRUDWLRQ�WHPSHUDWXUHV�FRQVLGHUHG�H[WHQG�RQO\�WR� �� �&� EHFDXVH� WKLV� LV� WKH� ORZHVW� WHPSHUDWXUHDWWDLQDEOH� XVLQJ� ZDWHU� DV� WKH� KHDW� VRXUFH� LQ� WKH�HYDSRUDWRU��

$JDLQ�� WKH� KHDW� SXPS� F\FOH� XVLQJ� D� /L12��1+�VROXWLRQ�\LHOGV�D�KLJKHU�HIILFLHQF\�LQ�WKH�ZKROH�UDQJH�RI� HYDSRUDWLRQ� WHPSHUDWXUHV� DQG� UHTXLUHV� ORZHU�WHPSHUDWXUHV� LQ� WKH� JHQHUDWRUV� WKDQ� WKH� +�2�1+�VROXWLRQ��)LJXUH�����

)LJXUH� ��� 0LQLPXP� JHQHUDWLRQ�WHPSHUDWXUHV�LQ�WKH�KHDW�SXPS�F\FOH
����/L12��1+� FU\VWDOOLVDWLRQ�FKDUDFWHULVWLFV,Q�JHQHUDO� WKH�GLIILFXOW\� WKDW� WKH�/L12��1+� VROXWLRQ�SUHVHQWV� LV� WKH�SRVVLELOLW\�RI�FU\VWDOOLVDWLRQ�� ,Q�)LJXUH���� IRU WKH� UHIULJHUDWLRQ� F\FOH�� WKH� ]RQH� EHWZHHQ� ERWK�VLPLODU� OLQHV� UHSUHVHQWV� WKH� YDOLG� UDQJH� RI� JHQHUDWLRQ�WHPSHUDWXUH� ZLWKRXW� SUREOHPV� RI� FU\VWDOOLVDWLRQ�� IRU�GLIIHUHQW� FRQGHQVDWLRQ� WHPSHUDWXUHV� DQG� WKUHH�HYDSRUDWLRQ�WHPSHUDWXUHV�

)LJXUH����:RUNLQJ�WHPSHUDWX UH�UDQJH�SRVVLEOH�LQ�WKH�JHQHUDWRUV�RI�WKH�/L12 ��1+� UHIULJHUDWLRQ�F\FOH)LJXUH� �� VKRZV� WKDW�� ORZ� FRQGHQVDWLRQ� WHPSHUDWXUHV�UHTXLUH�ORZ�JHQHUDWLRQ�WHPSHUDWXUHV��LQ�DFFRUGDQFH�WR�ZKDW� LV� H[SHFWHG�DV� WKH� WHPSHUDWXUH� OLIW� LV�GHFUHDVHG��,Q� D� VLPLODU�ZD\�� KLJK� HYDSRUDWLRQ� WHPSHUDWXUHV�ZLOO�UHTXLUH�ORZHU�JHQHUDWLRQ�WHPSHUDWXUHV�2Q� WKH� RWKHU� KDQG�� ZKLOH� WKH� FRQGHQVDWLRQ�WHPSHUDWXUH� LQFUHDVHV� DQG�RU� WKH� HYDSRUDWLRQ�WHPSHUDWXUH�GHFUHDVHV�� WKH�XVHIXO� UDQJH�RI�JHQHUDWLRQ�WHPSHUDWXUHV� DOVR� GHFUHDVHV�� EHFDXVH� WKH� WHPSHUDWXUH�
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OLIW� LV� LQFUHDVHG�� 7KH� VROXWLRQ� FU\VWDOOLVDWLRQ� OLQH�VKRZQ� LQ�)LJXUH����HVWDEOLVKHV� WKH�XSSHU� OLPLW� WR� WKH�JHQHUDWLRQ�WHPSHUDWXUH�)LJXUH� ��� VKRZV� D� W\SLFDO� GRXEOH� VWDJH� DEVRUSWLRQ�UHIULJHUDWLRQ� F\FOH� LQ� H[WUHPH� RSHUDWLQJ� FRQGLWLRQV��L�H�� HYDSRUDWLRQ� DW� ±��� �&�� FRQGHQVDWLRQ� DQG�DEVRUSWLRQ� DW� ��� �&� DQG� D� JHQHUDWLRQ� WHPSHUDWXUH� RI���� �&�� ,W� FDQ� EH� VHHQ� WKDW� WKH� RSHUDWLQJ� UHJLRQ� LV�ORFDWHG�IDU�DZD\�IURP�WKH�FU\VWDOOLVDWLRQ�OLQH�

)LJXUH�����7\SLFDO�/L12��1+� GRXEOH�VWDJH�DEVRUSWLRQ�UHIULJHUDWLRQ�F\FOH$V� D� ILQDO� UHVXOW�� LQ� )LJXUH� ��� WKH� UDQJH� RI� SRVVLEOH�ZRUNLQJ� WHPSHUDWXUHV� LQ� WKH� JHQHUDWRUV� IRU� WKH� KHDW�SXPS�LV�UHSUHVHQWHG��IRU�FRQGHQVDWLRQ�DQG�DEVRUSWLRQ�WHPSHUDWXUHV�HTXDO�WR�����&�DQG�GLIIHUHQW�HYDSRUDWLRQ�WHPSHUDWXUHV�� ,W� FDQ� EH� DSSUHFLDWHG� WKDW�� ZKLOH� WKH�HYDSRUDWLRQ� WHPSHUDWXUH� GHFUHDVHV�� WKH� WHPSHUDWXUH�UDQJH�DOVR�GHFUHDVHV�

)LJXUH� ���� :RUNLQJ� WHPSHUDWXUH� UDQJH�SRVVLEOH� LQ� WKH� JHQHUDWRUV� RI� WKH� KHDW�SXPS�F\FOH

���(&2120,&�$1$/<6,62QH� SURWRW\SH� RI� D� GRXEOH� VWDJH� DEVRUSWLRQ�PDFKLQH�RI� �� N:� RI QRPLQDO� SRZHU� ZLOO� EH� FRQVWUXFWHG� WKLV�\HDU� E\� WKH� 8QLGDG� $VRFLDGD� GH� ,QYHVWLJDFLyQ� HQ�(QHUJtD�\�0HGLRDPELHQWH�GHO�&6,&�\� OD�8QLYHUVLGDG�&DUORV�,,,�GH�0DGULG�7KH�HVWLPDWHG�FRVW�RI� WKH�SURWRW\SH� LV��������(XURV��7KLV� FRVW� LQFOXGHV� WKH� KHDW� H[FKDQJH� DQG� DX[LOLDU\�HTXLSPHQW��FRQWURO�DQG�PHDVXUHPHQW�WRROV��PDQSRZHU�DQG�PDLQWHQDQFH��,W�FRXOG�IRUHVLJKWHG�WKDW�WKH�XQLWDU\�FRVWV�ZLOO�GHFUHDVH�ZKHQ�WKH�QRPLQDO�SRZHU�LQFUHDVHV�
���&21&/86,216�7KH�VLPXODWLRQ�SHUIRUPHG�SHUPLWV�WR�FRQFOXGH�$� 5HIULJHUDWLRQ�F\FOH��� 7KH� GRXEOH� VWDJH� UHIULJHUDWLRQ� F\FOH� UHDFKHV� D�KLJKHU� &23� XVLQJ� D� /L12��1+� VROXWLRQ� WKDQ�XVLQJ�D�+�2�1+� VROXWLRQ��,W�FDQ�DOVR�ZRUN�ZLWK�ORZHU�HYDSRUDWLRQ�WHPSHUDWXUHV��� ,Q� UHIULJHUDWLRQ� F\FOHV� WKH� /L12��1+� VROXWLRQ�UHTXLUHV� ORZHU� WHPSHUDWXUHV� WR� IHHG� WKH�JHQHUDWRUV�WKDQ�WKH�+�2�1+� VROXWLRQ��$Q�XSSHU�OLPLW�H[LVWV� WR� WKH�JHQHUDWLRQ� WHPSHUDWXUH�VHWWOHG�E\�WKH�/L12��1+� FU\VWDOOLVDWLRQ�FKDUDFWHULVWLFV��� 7R�IHHG�WKH�JHQHUDWRUV�RI�WKH�UHIULJHUDWLRQ�F\FOH��IRU� PRGHUDWHO\� KLJK� FRQGHQVDWLRQ� WHPSHUDWXUHV��WKH� /L12��1+� VROXWLRQ� UHTXLUHV� VXEVWDQWLDOO\�ORZHU�WHPSHUDWXUHV�WKDQ�WKH�+�2�1+� VROXWLRQ��,W�FRXOG� EH� H[SHFWHG� WR� EH� D� JRRG� V\VWHP� IRU�WURSLFDO�]RQHV��%� +HDW� SXPS� F\FOH� FRQGHQVLQJ� DQG� DEVRUELQJ�UHIULJHUDQW�YDSRXU�DW����q&��� 7KH� GRXEOH� VWDJH� KHDW� SXPS� DEVRUSWLRQ� F\FOH�UHDFKHV� D� KLJKHU� &23� XVLQJ� D� /L12��1+�VROXWLRQ�WKDQ�WKH�RQH�XVLQJ�D�+�2�1+� VROXWLRQ��� 7R� IHHG� WKH� KHDW� SXPS� JHQHUDWRUV�� IRU�HYDSRUDWLRQ� WHPSHUDWXUHV� UDQJLQJ� EHWZHHQ� �� q&�DQG� ��� q&�� WKH� /L12��1+� VROXWLRQ� UHTXLUHV�ORZHU�WHPSHUDWXUHV�WKDQ�WKH�+�2�1+� VROXWLRQ�&� 5HIULJHUDWLRQ�DQG�KHDW�SXPS�F\FOHV��� 7KH� GRXEOH� VWDJH� DEVRUSWLRQ� F\FOHV� IRU�UHIULJHUDWLRQ� DQG� KHDW� SXPS� SXUSRVHV� DUH�DGHTXDWH� IRU� UHFRYHULQJ� ORZ� WHPSHUDWXUH� KHDW��EHORZ����q&��� *LYHQ� WKH� KLJK� DYDLODELOLW\� RI� ORZ� WHPSHUDWXUH�UHVLGXDO� KHDW� VRXUFHV� DQG�RWKHU VRXUFHV� RI� WKHVH�FKDUDFWHULVWLFV�� LW� LV� SRVVLEOH� WR� XVH� WKLV� KHDW� IRU�UHIULJHUDWLRQ� DQG� KHDW� SXPS� DSSOLFDWLRQV� XVLQJ�PXOWLVWDJH� PDFKLQHV�� 7KH� DGHTXDF\� RI� WULSOH�VWDJH� DEVRUSWLRQ� PDFKLQHV� PD\� EH� VWXGLHG� WRR��DLPLQJ� WR� XVH� HYHQ� ORZHU� WHPSHUDWXUH� KHDW�VRXUFHV�
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���$&.12:/(*0(1767KH� DXWKRUV� ZLVK� WR� H[SUHVV� WKHLU� JUDWLWXGH� WR� WKH�0LQLVWHULR� GH� &LHQFLD� \� 7HFQRORJtD� IRU� WKHLU� LQWHUHVW�LQ� WKH� GHYHORSPHQW� RI� DEVRUSWLRQ� UHIULJHUDWLRQ�WHFKQRORJ\��DQG� WKH� ILQDQFLDO�VXSSRUW�RI� WKLV� UHVHDUFK�WKURXJK� WKH� (QHUJ\� 3URMHFW� 352),7� ���� DQG� WKH�3URMHFW� $0%�����������0�� 9HQHJDV� DOVR� ZLVKHV� WR�WKDQN� WR� WKH� $JHQFLD� (VSDxROD� GH� &RRSHUDFLyQ�,QWHUQDFLRQDO�IRU�WKH�VFKRODUVKLS�JUDQWHG�
���5()(5(1&(6>�@ &�� 6FKZHLJOHU�� 3�� 5LHVFK� DQG�*�� $OHIHOG�� 8VLQJ�GLVWULFW� KHDWLQJ� QHWZRUNV� IRU� DLU� FRQGLWLRQLQJ��3URF�� ��WK ,QW�� &RQJUHVV� RI� 5HIULJHUDWLRQ�� 9RO��,,,E��SS����������,6%1���������������������>�@ &�� 6FKZHLJOHU�� 3�� 5LHVFK�� 6�� 'HPPHO� DQG� *��$OHIHOG�� $� QHZ� DEVRUSWLRQ� FKLOOHU� WR� HVWDEOLVK�FRPELQHG� FROG�� KHDW�� DQG� SRZHU� JHQHUDWLRQ�XWLOL]LQJ� ORZ�WHPSHUDWXUH� KHDW�� $6+5$(�7UDQVDFWLRQV�� 9RO�� ����� 3W�� ��� SS� ����������������>�@ &�� 6FKZHLJOHU�� +�� +HOOPDQ�� 0�� 3UHLVVQHU�� 6��'HPPHO� DQG� )�� =LHJOHU�� 2SHUDWLRQ� DQG�SHUIRUPDQFH� RI� D� ���� N:� ����� 57�� VLQJOH�HIIHFW�GRXEOH�VWDJH�DEVRUSWLRQ�FKLOOHU�LQ�D�GLVWULFW�KHDWLQJ� QHWZRUN� $6+5$(� 7UDQVDFWLRQV�� 9RO�������3W�����%���SS�����������������>�@ 3�� /DPS�� &�� 6FKZHLJOHU� DQG� )�� =LHJOHU��2SSRUWXQLWLHV� IRU� VRUSWLRQ� FRROLQJ� XVLQJ� ORZ�JUDGH� KHDW�� $SSOLHG� 7KHUPDO� (QJLQHHULQJ�� 9RO������SS����������,661�����������������>�@ '�&��(ULFNVRQ��:DVWH�KHDW�SRZHUHG�LFHPDNHU�IRU�LVRODWHG� ILVKLQJ�YLOODJHV��$6+5$(�7UDQVDFWLRQV��6\PSRVLD��&+����������SS�����������������>�@ &K�� 0RVWRIL]DGHK� DQG� (�� %XW]�� 8VH� RI� ORZ�WHPSHUDWXUH� KHDW� WR� SURGXFH� GHHSHU� WHPSHUDWXUH�UHIULJHUDWLRQ� E\�PHDQV� RI� D� QHZ� W\SH� DEVRUSWLRQ�UHIULJHUDWLRQ� SODQW�� 3URF�� ,QW�� $E�VRUSWLRQ� +HDW�3XPS�&RQIHUHQFH��0RQWUHDO��9RO��,,��SS����������,6%1���������������������>�@ )�� =LHJOHU� DQG� 3�� 5LHVFK�� $EVRUSWLRQ� F\FOHV�� $�UHYLHZ� ZLWK� UHJDUG� WR� HQHUJHWLF� HIILFLHQF\�� +HDW�5HFRYHU\� 6\VWHPV� 	� &+3�� 9RO�� ���� 1R�� ��� SS����������,661�����������������>�@ 0�� 7KLR\H�� 3HUIRUPDQFH� LPSURYHPHQW� RI�DEVRUSWLRQ� FRROLQJ� V\VWHPV� E\� XVLQJ� VWDJH�DEVRUSWLRQ� DQG� GHVRUSWLRQ� F\FOHV�� ,QW�� -�� 5HIULJ���9RO�� ���� 1R�� ��� SS� ��������� ,661� ����������������D�>�@ 0��7KLR\H��3HUIRUPDQFH�VWXG\�RI�FRROLQJ�V\VWHPV�XVLQJ�ORZ�JUDGH�KHDW�HQHUJ\�IRU�UHIULJHUDWLRQ��,QW��-�� 5HIULJ��� 9RO�� ���� 1R�� ��� SS� ��������� ,661����������������E�>��@ -��3iWHN�DQG�-��.ORPIDU��6LPSOH�IXQFWLRQV�IRU�IDVW�FDOFXODWLRQV� RI� VHOHFWHG� WKHUPRG\QDPLF�SURSHUWLHV� RI� WKH� DPPRQLD�ZDWHU� V\VWHP�� ,QW�� -�

5HIULJ���9RO������1R�����SS����������,661�����������������>��@&�$�� ,QIDQWH� )HUUHLUD�� 7KHUPRG\QDPLF� DQG�SK\VLFDO� SURSHUW\� GDWD� HTXDWLRQV� IRU� DPPRQLD�OLWKLXP� QLWUDWH� DQG� DPPRQLD�VRGLXP� WKLRF\DQDWH�VROXWLRQV��6RODU�(QHUJ\��9RO������1R�����SS����������,661���������;�������>��@%��0RQJH\�� -�7��0F0XOODQ�� 1�-�� +HZLWW� DQG� *��0RO\QHDX[�� $Q� HTXDWLRQ� RI� VWDWH� IRU� 1+��+�2�PL[WXUHV��3URF��,,)�,,5�� 6HFWLRQV�%�DQG�(�� 2VOR��1RUZD\��SS� ��������������>��@$6+5$(�� )XQGDPHQWDOV� +DQGERRN�� 6,� HG���,6%1������������������>��@0�.�� $JJDUZDO� DQG� 5�6�� $JDUZDO��7KHUPRG\QDPLF� SURSHUWLHV� RI� OLWKLXP� QLWUDWH�DPPRQLD�PL[WXUHV��(QHUJ\�5HVHDUFK��9RO������SS��������,661���������;�������>��@ -��:DQJ��*��&KHQ�DQG�+��-LDQJ��6WXG\�RQ�D�VRODU�GULYHQ�HMHFWLRQ�DEVRUSWLRQ�UHIULJHUDWLRQ�F\FOH��,QW��-��(QHUJ\�5HV���9RO������SS����������,661���������;�������>��@0��$OWDPXVK�6LGGLTXL��(FRQRPLF�DQDO\VHV�RI�WKH�RSHUDWLQJ� FRVWV� LQ� IRXU� DEVRUSWLRQ� F\FOHV� IRU�RSWLPL]LQJ� WKH� JHQHUDWRU� DQG� FRQGHQVLQJ�WHPSHUDWXUHV�� (QHUJ\� &RQYHUV�� 0JPW�� 9RO�� ����1R�����SS����������,661�����������������>��@5��$\DOD��-�/��)ULDV��/��/DP��&�/��+HDUG�DQG�)�$��+ROODQG�� ([SHULPHQWDO� DVVHVVPHQW� RI� DQ�DPPRQLD�OLWKLXP� QLWUDWH� DEVRUSWLRQ� FRROHU�RSHUDWHG� RQ� ORZ� WHPSHUDWXUH� JHQHUDWLRQ�� +HDW�5HFRYHU\� 6\VWHPV� 	� &+3�� 9RO�� ���� 1R�� ��� SS����������,661�����������������>��@6�&�� .DXVKLN� DQG� 5�� .XPDU�� 7KHUPRG\QDPLF�VWXG\� RI� D� WZR�VWDJH� YDSRXU� DEVRUSWLRQ�UHIULJHUDWLRQ� V\VWHP� XVLQJ� 1+� UHIULJHUDQW� ZLWK�OLTXLG�VROLG� DEVRUEHQWV�� (QHUJ\� &RQYHUV�� 0JPW��9RO�� ���� 1R�� ��� SS� ��������� ,661� ����������������>��@6�&�*��6FKXO]��(TXDWLRQV� RI� VWDWH IRU� WKH� V\VWHP�DPPRQLD�ZDWHU� IRU� XVH� ZLWK� FRPSXWHUV�� 3URF��;,,WK� ,QW�� &RQJUHVV� 5HIULJHUDWLRQ�� :DVKLQJWRQ��9RO�����SS���������������>��@%�� =LHJOHU� DQG� &K�� 7UHSS�� (TXDWLRQ� RI� VWDWH� IRU�DPPRQLD�ZDWHU� PL[WXUHV�� ,QW�� -�� 5HIULJ��� 9RO�� ���1R�� ��� 0DUFK�� SS� ��������� ,661� ����������������>��@5�� 7LOOQHU�5RWK� DQG� '�*�� )ULHQG�� $� +HOPKROW]�IUHH� HQHUJ\� IRUPXODWLRQ� RI� WKH� WKHUPRG\QDPLF�SURSHUWLHV�RI� WKH�PL[WXUH� ^ZDWHU��� DPPRQLD`�� -��3K\V��&KHP��5HI��'DWD��9RO������1R����SS��������,661�����������������>��@)�� ;X� DQG� <�� *RVZDPL�� 7KHUPRG\QDPLF�SURSHUWLHV�RI�DPPRQLD�ZDWHU�PL[WXUHV�IRU�SRZHU�F\FOH� DSSOLFDWLRQV�� (QHUJ\�� 9RO�� ���� 1R�� ��� SS����������,661�����������������>��@0��%RJDUW��$PPRQLD�$EVRUSWLRQ�5HIULJHUDWLRQ�LQ�,QGXVWULDO� 3URFHVVHV�� *XOI� 3XEOLVKLQJ� &RPSDQ\��7H[DV��,6%1���������������������
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0��,]TXLHUGR��PL]TXLHU#LQJ�XF�P�HV ���

>��@+3&��$QQH[����)LQDO�5HSRUW��+HDW�3XPS�&HQWUH�������
1RPHQFODWXUH�'SH � SUHVVXUH�ORVV�LQ�WKH�HYDSRUDWRU���$F � 3RQFKRQ� VZLQJ�SRLQW� RUGLQDWH� DW�RYHUKHDG�FRQGHQVHU��N-�NJ&�� FRQGHQVHU&23�� FRHIILFLHQW�RI�SHUIRUPDQFH'&�� GLVWLOODWLRQ�FROXPQ(�� HYDSRUDWRUK � OLTXLG�VSHFLILF�HQWKDOS\��N-�NJ+ � YDSRXU�VSHFLILF�HQWKDOS\��N-�NJ+3*��KSJ � KLJK�SUHVVXUH�JHQHUDWRU+3+(�� KLJK�SUHVVXUH�KHDW�H[FKDQJHU. � YDSRXU�OLTXLG�HTXLOLEULXP�UDWLR��\�[/3$��OSD � ORZ�SUHVVXUH�DEVRUEHUP � VSHFLILF�PDVV�IORZ��NJ�NJ03$��PSD � PLGGOH�SUHVVXUH�DEVRUEHU

03*��PSJ � PLGGOH�SUHVVXUH�JHQHUDWRU03+(�� PLGGOH�SUHVVXUH�KHDW�H[FKDQJHU3� SUHVVXUH��EDU36&�� SXUJH�VXE�FRROHUT � KHDW�SHU�PDVV�XQLW��N-�NJ6�� VHSDUDWRU6&�� VXE�FRROHU7�� VROXWLRQ�WDQN��WHPSHUDWXUH��q&[ � OLTXLG� SKDVH� FRPSRVLWLRQ�� ZW� ��DPPRQLD\ � YDSRXU� SKDVH� FRPSRVLWLRQ�� ZW� ��DPPRQLD
6XEVFULSWV�D���E���D���E���D���E���D���E�� SRLQWV�LQ�)LJXUH����� FRQGLWLRQV� DW� WKH� LQLWLDO� ERLOLQJ�WHPSHUDWXUH�LQ�WKH�+3*���������������������������������������� SRLQWV�LQ�)LJXUH��F�� FRQGHQVHUH�� HYDSRUDWRU
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