
&HOHVWLQR�5XLYR��FUXLYR#XDOJ�SW ���

$,5�&21',7,21,1*�5()5,*(5$7,21�3/$176�:,7+�,&(�6725$*(�,1�+27(/6�,1�63$,1�$1'�32578*$/��'(6,*1�$1'�(&2120,&�$1$/<6,6�
&HOHVWLQR�5��5XLYR���-RVp�0��3LQD]R�� DQG�$QJHO�%DUUDJiQ��

��ÈUHD�'HSDUWDPHQWDO�GH�(QJHQKDULD�0HFkQLFD��(VFROD�6XSHULRU�GH�7HFQRORJLD�GD8QLYHUVLGDGH�GR�$OJDUYH��&DPSXV�GD�3HQKD�������)DUR��3RUWXJDO� 'HSDUWDPHQWR�GH�7HUPRGLQDPLFD�$SOLFDGD��8QLYHUVLGDG�3ROLWpFQLFD�GH�9DOHQFLD���(VSDxD

$%675$&77KH�FRROLQJ�QHHGV�LQ�KRWHOV�� OLNH� LQ�D� ORW�RI�EXLOGLQJV��DUH�XVXDOO\�KLJK�GXULQJ WKH GD\�ZKHQ�WKH�SULFH�RI�HOHFWULFLW\� LV�KLJK�7KH�LQWHJUDWLRQ�RI�D�WKHUPDO�VWRUDJH�V\VWHP�LQ�D�+9$&�UHIULJHUDWLRQ�SODQW�FDQ�EH�DGYDQWDJHRXV��EHFDXVH�WKH�VWRUDJH�V\VWHP�FDQ�EH�FKDUJHG�DW�QLJKW��ZLWK�WKH�FKLOOHU�UXQQLQJ�DW�PD[LPXP�FDSDFLW\�ZLWK�ORZ�HOHFWULF�HQHUJ\�FRVWV��7KH�RWKHU�PDLQ�DGYDQWDJH�LV�GXH�WR�WKH�SRVVLEOH�UHGXFWLRQ�RI�HOHFWULF�SRZHU�WKDW�RQH�QHHGV�LQ�WKH�UHIULJHUDWLRQ�SODQW�7KLV� FKDQJH� LQ� WKH�HOHFWULFLW\� FRQVXPSWLRQ�� WKH� UHGXFWLRQ�RI� WKH�FRQVXPSWLRQ�GXULQJ� WLPHV�H[SHQVLYH�HOHFWULFLW\�SULFH�DQG�WKH�LQFUHDVH�LQ�XVDJH�GXULQJ�ORZ�FRVW�SHULRGV�RI�HOHFWULFLW\��LV�DOVR�DGYDQWDJHRXV�IRU�WR�WKH�HOHFWULFLW\�SURGXFWLRQ�DQG�GLVWULEXWLRQ�FRPSDQLHV�EHFDXVH�WKH�FRQVXPSWLRQ�LV�PRUH�VWDEOH�:KHQ�GHVLJQLQJ�D�UHIULJHUDWLRQ�SODQW�ZLWK�DQ�LFH�EDQN�IRU�DLU�FRQGLWLRQLQJ�SXUSRVHV��IRU�H[DPSOH�LQ�D�KRWHO��LW�LV�ILUVW�QHFHVVDU\�WR�HVWLPDWH�WKH�FRROLQJ�QHHGV�FRQVLGHULQJ�DQ�DGHTXDWH�VFHQDULR�IRU�GHVLJQ�SXUSRVHV�DQG�D�UHDOLVWLF�VFHQDULR�IRU� HQHUJ\� FRQVXPSWLRQ��7KH� KLVWRJUDP� VKRZLQJ� FRROLQJ�QHHGV� RQ� DQ�KRXUO\� EDVLV� RYHU� VHYHUDO� GD\V�� IRU� H[DPSOH� D�W\SLFDO�GD\�HDFK�PRQWK��PXVW�EH�FRQVLGHUHG�LQ�RUGHU�WR�VL]H�WKH�UHIULJHUDWLRQ�SODQW��FKLOOHU�DQG�WKH�LFH�EDQN�7KLV� ZRUN� SUHVHQWV� VRPH� UHVXOWV� RI� D� FDVH� VWXG\� RI� WZR� VLPLODU� KRWHOV� VLWXDWHG� LQ� 6RXWK� 6SDLQ� DQG� 6RXWK� 3RUWXJDO�UHVSHFWLYHO\�� 7KH� FRROLQJ� ORDGV� LQ� VHYHUDO� ]RQHV� RI� WKH� EXLOGLQJ� DUH� FDOFXODWHG�ZLWK� WKH� SURJUDP�³'3&OLPD´��7KHQ��XVLQJ� WKH� SURJUDP� 6,3IULR�� ILUVW� WKH� UHIULJHUDWLRQ� ORDGV� RI� WKH� FHQWUDO� SODQW� DUH� HVWLPDWHG�� DQG� WKHQ� WKH� SUHOLPLQDU\�VL]LQJ�RI�WKH�UHIULJHUDWLRQ�SODQW�LPSRVLQJ�DQ�DGHTXDWH�VWRUDJH�VWUDWHJ\�LV�HVWLPDWHG�DQG�QH[W�WKH�SUHOLPLQDU\�VL]LQJ�E\�G\QDPLF�VLPXODWLRQ�SURFHVVHV�LV�FRQILUPHG�RU�UHFWLILHG��$W�WKH�HQG��WKH�HFRQRPLF�DQDO\VLV�LV�GRQH�FRQVLGHULQJ�D�UHDOLVWLF�VFHQDULR�IRU�HQHUJ\�FRROLQJ�QHHGV�.(<:25'6.H\ZRUGV��5HIULJHUDWLRQ�3ODQWV��,FH�%DQNV��6WRUDJH�6WUDWHJLHV��'\QDPLF�6LPXODWLRQ��(FRQRPLF�$QDO\VLV
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)LJ���� *HQHUDO�VFKHPD�RI�+9$&�SODQW
7KH� +HDW� 7UDQVIHU� )OXLG� �+7)�� XVHG� LV� DQ� HWK\OHQH�JO\FRO� DQG� ZDWHU� VROXWLRQ� DQG� WKH� FKLOOHU� LV� XVXDOO\� RI�WKH�FRPSUHVVLRQ�W\SH��SRZHUHG�E\�DQ�HOHFWULF�HQJLQH��$�

WKUHH�ZD\V� YDOYH� FRQWUROV� WKH� RXWOHW� +7)� WHPSHUDWXUH�IRU�WKH�GLVWULEXWLRQ�7KH� +7)� IORZ� WKURXJK� WKH� LFH� EDQN� LV� YDULDEOH� DQG�FKDQJHV� FLUFXODWLRQ� GLUHFWLRQ� ZKHQ� D� WUDQVLWLRQ� IURP�FKDUJH� PRGH� WR� GLVFKDUJH� PRGH� RFFXUV� RU� YLFH�YHUVD��7KH�+7)�IORZ�LV�FRQVWDQW�WKURXJK�WKH�KHDW�H[FKDQJHU�7KH� FKLOOHU� XVXDOO\� KDV� VHYHUDO�ZRUNLQJ� VWDJHV� DQG� WKH�+7)� IORZ� WKURXJK� WKH� HYDSRUDWRU� DVVXPHV� D� GLIIHUHQW�FRQVWDQW�YDOXH��ZKHQ�HYHQ�KDSSHQV�D�FKDQJH�LQ�ZRUNLQJ�DFFRUGLQJ�WKH�DOWHUDWLRQ�7KH�LFH�EDQN�LV�D�VSHFLDO�KHDW�H[FKDQJHU�OLNH�D�UHVHUYRLU�ILOOHG� ZLWK� SODVWLF� FDSVXOHV�� 7KH� FRQWHQW� RI� WKH� SODVWLF�FDSVXOHV� LV� WKH� 3KDVH�&KDQJH� 6XEVWDQFH� 3&6��$QRWKHU�SRVVLELOLW\�LV�D�WDQN�ILOOHG�ZLWK�WXEHV�WKDW�DUH�VXUURXQGHG�E\�3&6�WKDW�DFFXPXODWHV�WKH�HQHUJ\�DV�ORQJ�DV�WKH�+7)�FLUFXODWHV� LQVLGH�RI� WKH�WXEHV��7KRVH�WZR�FRQILJXUDWLRQV�DUH�VKRZQ�LQ�ILJXUH���

)LJXUH� ��� 7ZR� FRQILJXUDWLRQV� RI� ODWHQW� VWRUDJH�XQLW
7LPH�GHSHQGHQFH�FKDUDFWHULVDWLRQ�RI� WKH�KHDW�DQG�PDVV�WUDQVIHU�SURFHVVHV�WKDW�RFFXU�LQ�WKH GLIIHUHQW�SDUWV�RI�WKH�LQVWDOODWLRQ� VKRZQ� LQ� ILJXUH� �� LV� GRQH� E\� QXPHULFDO�VLPXODWLRQ� LPSRVLQJ� DQ� DGHTXDWH� KHDW� WUDQVIHU�FRHIILFLHQW�EHWZHHQ�WKH�+7)�DQG�WKH�3&6��DQG�NQRZLQJ�VRPH�SURSHUWLHV�RI�ERWK�PHGLXP�����7+(50$/�/2$'6�&$/&8/$7,217KH�KRWHO�ZDV�GLYLGHG� LQ� VHYHUDO� ]RQHV� WR� VLPSOLI\� WKH�FDOFXODWLRQ� RI� WKH� FRROLQJ� ORDGV�� 7KLV� ZDV� GRQH� XVLQJ�WKH� SURJUDP� '3&OLPD� >�@�� ,W� ZDV� QHFHVVDU\� WR� VHOHFW�VHYHUDO� W\SHV� RI� HQYLURQPHQWV� �ZDOOV�� URRIV�� ZLQGRZV��DQG�VKDGRZ�GHYLFHV��� WR�FKDUDFWHUL]H�LQWHUQDO�JDLQV�DQG�DOVR YHQWLODWLRQ� QHHGV� LQ� HDFK� ]RQH� DFFRUGLQJ� WR� WKH�RFFXSDQF\� RU� W\SH� RI� ]RQH�� ,QGRRU� WHPSHUDWXUH� DQG�UHODWLYH� KXPLGLW\� ZHUH� IL[HG� UHVSHFWLYHO\� DW� ���� DQG����� UHVSHFWLYHO\�� 7KH� RXWGRRU� FRQGLWLRQV�� �LQFLGHQW�UDGLDWLRQ� WKURXJKRXW� EXLOGLQJ�� DLU� WHPSHUDWXUH� DQG�UHODWLYH� KXPLGLW\�� ZHUH� JHQHUDWHG� LQ� DQ� KRXUO\� EDVLV�DXWRPDWLFDOO\�E\�WKH�SURJUDP�'3&OLPD��,Q�WKLV�FDVH�ZH�DUH�WDONLQJ�DERXW�D�WRZQ�LQ�6RXWK�6SDLQ�QHDU�3RUWXJDO�7KH� RFFXSDWLRQ� ORDGV� ZHUH� FDOFXODWHG� E\� WKH� SURJUDP�'3&OLPD� FRQVLGHULQJ� WKH� RFFXSDWLRQ� VFKHGXOH LQ� HDFK�]RQH��7KH�DVVRFLDWHG�YHQWLODWLRQ�UDWHV�LQ�HDFK�]RQH�ZHUH�DOVR� FDOFXODWHG� DFFRUGLQJ� WR� WKH� RFFXSDWLRQ� VFKHGXOH�DQG�W\SH�RI�VSDFH��5HVWDXUDQW��%HGURRPV��HWF��7KH�ILUVW�FRROLQJ�ORDG�FDOFXODWLRQ�ZDV�GRQH�FRQVLGHULQJ�KLJK� RFFXSDWLRQ�� KLJK� YHQWLODWLRQ� UDWHV� DQG� VHYHUH�ZHDWKHU�FRQGLWLRQV�IRU�HDFK�PRQWK��7KH�UHVXOWV�REWDLQHG�ZLWK�WKHVH�ILUVW�FRQGLWLRQV�ZHUH�XVHIXO�LQ�WKH�GHVLJQ�VWHS�RI� WKH�+9$&� SODQW�� LQ� SDUWLFXODU� IRU� VL]LQJ� WKH� FKLOOHU�DQG�WKH�HQHUJ\�VWRUDJH�V\VWHP��)LJXUHV� �� DQG� �� LOOXVWUDWH� VRPH� JUDSKLFDO� UHVXOWV�REWDLQHG� E\� UXQQLQJ� WKH� SURJUDP� '3&OLPD�� )LJXUH� ��
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VKRZV� VHYHUDO� FRPSRQHQWV� RI� FRROLQJ� ORDGV� IRU� D�SDUWLFXODU� ]RQH�� H�J�� DWWLF�EHGURRPV��DQG� IRU� WKH�GHVLJQ�GD\� RQ� -XO\�� )LJXUH� �� VKRZV� WKH� JOREDO� UHVXOWV� RI� WKH�FRROLQJ� ORDGV� FDOFXODWLRQV� IRU� WKH� KRWHO� �%XLOGLQJ� DQG�YHQWLODWLRQ� ORDG�� IRU� WKH� GHVLJQ� GD\� RQ� HDFK� PRQWK��IURP�$SULO�WR�2FWREHU��
����'(7(50,1$7,21� 2) 7+(� +27(/�&22/,1*�1(('60RVW�RI�WKH�WLPH��WKH�LQVWDQWDQHRXV�FRROLQJ�QHHGV�LQ�WKH�KRWHO�DUH�QRW�HTXDO�WR�WKH�FRROLQJ�ORDGV�FDOFXODWHG�E\�WKH�SURJUDP�'3&OLPD��7KLV� LV� EHFDXVH� WKH�+9$&�V\VWHP��UHSUHVHQWHG� DERYH� LQ� ILJXUH� ��� GRHV� QRW� FRQWURO� WKH�UHODWLYH� KXPLGLW\�� LW� RQO\� FRQWUROV� WKH� LQGRRU�WHPSHUDWXUH��+RZHYHU�� XVLQJ� D� VLPSOLILHG� DOJRULWKP�� LW�LV�SRVVLEOH�WR�GHWHUPLQDWH�WKH�UHDO�FRROLQJ�QHHGV�RI�HDFK�]RQH�EDVHG�RQ�WKH�FRROLQJ�ORDGV�FDOFXODWHG�E\�'3&OLPD�,Q�UHDOLW\��WKH�LQVWDQWDQHRXV�FRROLQJ�QHHGV�RI�HDFK�]RQH�FDQ�EH�UHODWHG�WR�WKH�ODWHQW�DQG�VHQVLEOH�FRPSRQHQWV�RI�WKH�FRROLQJ�ORDGV�FDOFXODWHG�E\�'3&OLPD�IRU�HDFK�]RQH��VSDFH�DQG�YHQWLODWLRQ�ORDGV���7KH�DOJRULWKP�XVHG�WR�GR�WKLV� FRUUHFWLRQ� SURFHGXUH� DOVR� QHHGV� WKH� ZRUNLQJ�SDUDPHWHUV� RI� WKH� +9$&� LQVWDOODWLRQ�� H�J�� WKH� FRQWDFW�IDFWRU�DQG�VXUIDFH�WHPSHUDWXUH�RI�HDFK�FRROLQJ�FRLO�,Q� WKLV� FDVH� VWXG\�� LW� ZDV� VXSSRVHG� WKDW� WKH� VXSSO\�DLUIORZ� LV� FRQVWDQW�� DQG� WKH� VXSSO\� WHPSHUDWXUH� ZKHQ�ZRUNLQJ�DW�PD[LPXP�FDSDFLW\�LV����&�$W�WLPHV�ZLWK�RQO\�SDUWLDO�ORDGV��WKH�VXSSO\�WHPSHUDWXUH�LV� REYLRXVO\� KLJKHU� WKDQ� ���&� DQG� GHSHQGLQJ� RQ� WKH�VXUIDFH� WHPSHUDWXUH� RI� WKH� FRROLQJ� FRLO�� LQ� FRPSDULVRQ�WR� WKH� GHZ� SRLQW� RI WKH� LQOHW� DLUIORZ�� WKH� FRLO� FDQ� EH�WRWDOO\�ZHW��SDUWLDOO\�ZHW�RU� FRPSOHWHO\�GU\�� ,I� WKH�GHZ�SRLQW� RI� WKH� LQOHW� DLUIORZ� LV� ORZHU� WKDQ� WKH� VXUIDFH�WHPSHUDWXUH�RI� WKH�FRLO�� WKH�FRROLQJ�FRLO� ORDG� LV�H[DFWO\�HTXDO� WR� WKH� VHQVLEOH� FRPSRQHQW� RI� WKH� FRROLQJ� ORDG�]RQH� �6SDFH� DQG� YHQWLODWLRQ� ORDG�� FDOFXODWHG� E\�'3&OLPD�� ,Q� RWKHU� VLWXDWLRQV�� ZKHQ� WKH� VXUIDFH� LV�SDUWLDOO\�RU�FRPSOHWHO\�ZHW��WKH�FRROLQJ�FRLO�ORDG�FDQ�EH�ORZHU�RU�KLJKHU�WKDQ�WKH�FRROLQJ�ORDG�]RQH�FDOFXODWHG�E\�'3&OLPD��,I�LW�LV�KLJKHU��WKH�DLU�UHODWLYH�KXPLGLW\�ZLOO�EH�ORZHU�WKDQ������DQG�LI�LW�LV�ORZHU��WKH�UHODWLYH�KXPLGLW\�LV�REYLRXVO\�KLJKHU�WKDQ������7KH�LPSRUWDQW�LVVXH�LV�WR�JXDUDQW\� WKDW� WKH� KXPLGLW\� GRHV� QRW� DVVXPH� FULWLFDOO\�ORZ�DQG�KLJK�YDOXHV�

)LJ� �� $WWLF� EHGURRPV� FRROLQJ� ORDGV� RQ� -XO\��3URJUDP�'3&OLPD�

)LJ��� +RWHO�FRROLQJ�ORDGV�RQ�-XO\��3URJUDP�'3&OLPD�
7KH�DOJRULWKP�GHYHORSHG�ZDV�LPSOHPHQWHG�LQWR�WKH�VXE�SURJUDP� ³6LSIULRB3RWB,3)´�� %DVLFDOO\� WKH� DOJRULWKP�ZRUNV�ZLWK�PDQLSXODWLRQ�RI�PDWKHPDWLFDO�UHODWLRQV�XVHG�LQ�SV\FURPHWU\��DQG�VLPSOH�HQHUJ\�DQG�PDVV�EDODQFHV�WR�FKDUDFWHUL]HG� FRROLQJ� SURFHVV� LQ� WKH� HDFK� ]RQH� DQG�DVVRFLDWHG�WHUPLQDO�DLU�FRQGLWLRQLQJ�7KH�YHQWLODWLRQ�UDWHV�LQ�WKH�HQYLURQPHQWV��H�J��EHGURRPV�DQG� PDQDJHPHQW� RIILFHV�� ZHUH� FRQVLGHUHG� FRQVWDQW�GXULQJ�DOO����KRXUV��EXW�LQ�WKH UHVWDXUDQWV�DQG�EDOO�URRPV�WZR�YHQWLODWLRQ�UDWHV�ZHUH�FRQVLGHUHG��D�PD[LPXP�UDWH�ZKHQ�RFFXSLHG�DQG�D�PLQLPXP�UDWH�ZKHQ�HPSW\�7KH� FRROLQJ� FRLO� LQ� HDFK� WHUPLQDO� XQLW�� WKH� IDQ�FRLO� IRU�H[DPSOH� LQ� WKH�EHGURRPV��KDV�D�FRQVWDQW�FRQWDFW� IDFWRU�YDOXH� RI� �����7KH WHPSHUDWXUH� RI� WKH� FRLO�V� VXUIDFH� LV�FRQWUROOHG� LQ� RUGHU� WR� DVVXUH� WKDW� WKH� LQWHULRU� ]RQH�WHPSHUDWXUH�LV����&�7KH�UHVXOWV�SUHVHQWHG�LQ�ILJXUHV���DQG���LOOXVWUDWH��IRU�WKH�GHVLJQ�GD\�RQ� -XO\�� DUH� WKH� YDOXHV�RI� FRROLQJ�FRLO� ORDG�YHUVXV� WKH� FRROLQJ� ORDG� ]RQH�� )LJXUH� �� VKRZV� WKH� DWWLF�EHGURRP�]RQH�DQG� ILJXUH��� VKRZV� WKH�JOREDO� UHVXOWV�RI�WKH�KRWHO��)RU�WKH�RWKHU�PRQWKV�DQG�RWKHU�]RQHV�VLPLODU�UHVXOWV�ZHUH�REWDLQHG�
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Time [h]

-XO\Coo ling Coil

Zone ( RH=50%)

)LJ� �� $WWLF� EHGURRPV� FRROLQJ� ORDGV� IRU� WKH�GHVLJQ� GD\� RQ� -XO\� &RROLQJ� FRLO� DQG� ]RQH��5+ ����
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�������������������

� � � �� �� �� ��
Time  [h]

-XO\Total Coo ling Coils

Total Zones ( RH=50%)

)LJ��� +RWHO�FRROLQJ�ORDGV�IRU�WKH�GHVLJQ�GD\�RQ� -XO\� 7RWDO� FRROLQJ� FRLO� DQG� WRWDO� ]RQHV��5+ ����
)LJXUH� �� UHSUHVHQWV� WKH� WRWDO� FRROLQJ� FRLO� ORDGV� IRU� WKH�GHVLJQ� GD\� RQ� HDFK� PRQWK�� 7KHVH� FRROLQJ� ORDGV� DUH�XVHIXO�WR�VL]H�ZLWK�PRUH�DFFXUDF\�D�FHQWUDO�UHIULJHUDWLRQ�SODQW�ZLWK�D�VWRUDJH�HQHUJ\�V\VWHP�+RZHYHU�� LI�ZH� DUH� LQWHUHVWHG� LQ� HYDOXDWLQJ� WKH� HQHUJ\�FRQVXPSWLRQ� LQ� WKH�+9$&�SODQW�� IXOO� ORDG� VFHQDULR�� LQ�ZKLFK� ZH� KDYH� H[WUHPH� GHVLJQ� FRQGLWLRQV�� LV� QRW�DGHTXDWH� EHFDXVH� WKH� HQHUJ\� FRQVXPSWLRQ�ZLOO� EH� YHU\�KLJK�DQG�QRW�UHDOLVWLF��6R��WR�NQRZ�WKH�HQHUJ\�FRQVXPSWLRQ�RI�D�+9$&�SODQW��ZH�PXVW� FRQVLGHU� D� VHFRQG� VFHQDULR� KDYLQJ� D�PHGLXP�GD\�RQ�HDFK�PRQWK�FKDUDFWHUL]HG�E\�DQ�RFFXSDQF\�ORZHU�WKDQ� WKH� PD[LPXP� OLPLW� DQG� PHGLXP� ZHDWKHU� GDWD��WHPSHUDWXUH� DQG� UDGLDWLRQ�YDOXHV��� )LJXUH� �� UHSUHVHQWV�WKH�ILQDO�FRROLQJ�FRLO�ORDGV�IRU�WKH�PHGLXP�GD\�RQ�HDFK�PRQWK��7KH�FDOFXODWLRQ�SURFHGXUH�IROORZHG�ZDV�HTXDO�WR�WKH�SURFHGXUH�XVHG�LQ�WKH�ILUVW�VFHQDULR�
����35(/,0,1$5<� 6,=,1*� 2)� 7+(� &+,//(5�$1'�,&(�%$1.�
,Q� WKLV�FDVH� VWXG\�ZDV� VHOHFWHG�D�FKLOOHU�FDSDFLW\� ORZHU�WKDQ� WKH�PD[LPXP� WRWDO� FRROLQJ� FRLO� ORDG� WR� JHW� VRPH�UHGXFWLRQ� LQ� HOHFWULFDO� SRZHU� FRVWV� LQ� FRPSDULVRQ� WR� D�FRQYHQWLRQDO� SODQW�� 7R� VLPSOLI\� WKH� DFWXDO� DQDO\VLV� LW�ZDV�DVVXPHG� WKDW� WKH�FRHIILFLHQW�RI�SHUIRUPDQFH�RI� WKH�FKLOOHU�LV�D�FRQVWDQW�PHGLXP�YDOXH��7KLV�DVVXPSWLRQ�KDV�LQ�IDFW�D�FHUWDLQ�UHDOLVP�LI�WKH�FKLOOHU�KDV�DQ�H[WHULRU�DLU�FRQGHQVHU�EHFDXVH�GXULQJ� WKH�FKDUJH�PRGH�DW�QLJKW� WKH�H[WHULRU�DLU� LV�DW� ORZHU� WHPSHUDWXUHV� LQ� VSLWH�RI� WKH� IDFW�WKDW� WKH�+7)� IOXLG� WURXJK� WKH�HYDSRUDWRU� LV� DW� QHJDWLYH�WHPSHUDWXUHV��+RZHYHU�� WKH� LQIOXHQFH�RI� WKH�+7)� IOXLG�WHPSHUDWXUH�LQ�WKH�UHIULJHUDWLRQ�ORDG�DQG�HOHFWULFDO�LQSXW�SRZHU�RI�WKH�FKLOOHU�ZDV�FRQVLGHUHG��'XULQJ�WKH�LFH�EDQN�FKDUJH� PRGH� WKH� PD[LPXP� UHIULJHUDWLRQ� ORDG� RI� WKH�FKLOOHU� LV� UHGXFHG� WR� DERXW� ���� RI� WKH� YDOXH� WKDW� ZDV�UHDFK� GXULQJ� WKH� GLVFKDUJLQJ�PRGH�� ,Q� ERWK�PRGHV� WKH�FKLOOHU�KDV�IRXU�ZRUNLQJ�VWDJHV�7KH� LFH� EDQN� FDSDFLW\� ZLOO� GHSHQG� RQ� WKH� RSHUDWLRQDO�VWUDWHJ\� VHOHFWHG�� OLNH� WRWDO� VWRUDJH�� SDUWLDO� VWRUDJH��GHPDQG�OLPLWHG� VWRUDJH� RU� D� PRGH� PDWFKLQJ� VRPH� RI�WKHVH�WKUHH�
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)LJ� �� 7RWDO� FRROLQJ� FRLO� ORDGV� IRU� WKH�PHGLXP�GD\�RQ�HDFK�PRQWK
:LWK� WKH� KLVWRJUDPV� RI� FRROLQJ� ORDGV� DQG� WKH� FKLOOHU�UHIULJHUDWLRQ ORDG�� GXULQJ� WKH� FKDUJH� DQG� GLVFKDUJH�PRGHV�RI� WKH� LFH� EDQN�� DQG� DOVR� FRQVLGHULQJ� WKH� DFWXDO�WULSOH� HOHFWULFDO� WDULII� VFKHGXOH�� LQ� 6RXWK� 6SDLQ� DQG�3RUWXJDO�� WKH� EHVW� VWUDWHJ\� RQ� HDFK� PRQWK� ZDV� FKRVHQ�DFFRUGLQJ�WR�WKH�IROORZLQJ�SULRULWLHV��VW� 3ULRULW\�� &KLOOHU� LV� ZRUNLQJ� GXULQJ� RII� SHDN�HQHUJ\�HOHFWULFDO�SULFH�KRXUV�QG�3ULRULW\��&KLOOHU�LV�ZRUNLQJ�GXULQJ�RII�SHDN�DQG�PLG�HQHUJ\�HOHFWULFDO�SULFH�KRXUV�WK�3ULRULW\��&KLOOHU�LV�ZRUNLQJ�RII�SHDN��PLG�DQG�RQ�SHDN�HQHUJ\�HOHFWULFDO�SULFH�KRXUV7KH�PDLQ�REMHFWLYH�RI� WKLV�SODQ�LV� WR�VKLIW� WKH�HOHFWULFDO�HQHUJ\� FRQVXPSWLRQ� LQ� WKH� FHQWUDO� UHIULJHUDWLRQ� WR�SHULRGV� WKDW� KDYH� WKH�FKHDSHU�SULFH�SHU�N:K��7KHQ� WKH�KLVWRJUDP� ORDGV� LQ� WKH� LFH� EDQN�� IRU� WKH� GHVLJQ�GD\�RQ�HDFK�PRQWK��ZHUH�REWDLQHG�WR�FDOFXODWH�WKH�TXDQWLWLHV�RI�HQHUJ\�VWRUHG�DQG�GLVFKDUJHG�RQ�HDFK�F\FOH�GD\��8VLQJ�WKH� IROORZLQJ� H[SUHVVLRQ�� LW� LV� SRVVLEOH� WR� HVWLPDWH� WKH�LFH�EDQN�YROXPH�RQ�HDFK�PRQWK�
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� � � ��>� �� � �@PLQPD[ISIIPLQSKDVHVROV�S
/SKDVHPD[OLTV�SIVVWRUHG 77F7�7F T77F49 ��H�U�� ���H��U � ���

7KLV� FDOFXODWLRQ� SURFHGXUH� SHUPLWV� XV� WR� REWDLQ� WKH�YROXPH�RI�WKH�VWRUDJH�V\VWHP��7KH�YROXPH�WKDW�PXVW�EH�FRQVLGHUHG� WR� YHULI\� WKH� HQHUJ\� FULWHULXP� LV� WKH�PD[LPXP� RI� WKH� YDOXHV� FDOFXODWHG�� WR� EH� VXUH� WKDW� ZH�KDYH� FDSDFLW\� RQ� HDFK� GD\� WR� VWRUH� DQG� GLVFKDUJH� WKH�GHVLUHG�TXDQWLWLHV�RI�HQHUJ\�+RZHYHU��WKH�LFH�EDQN�QHHGV�WR�KDYH��DW�HDFK�LQVWDQW�LQ�FKDUJH� RU� GLVFKDUJHG� PRGHV�� FDSDFLW\� WR� FKDQJH� WKH�HQHUJ\� WUDQVIHU� UDWH�� FKDUJH�RU�GLVFKDUJH� ORDG��EHWZHHQ�WKH� +7)� IOXLG� DQG� WKH� 3&6� VXEVWDQFH�� 7KLV� LV� D� ORDG�FULWHULXP�WKDW�PXVW�DOVR�EH�VDWLVILHG�&RQVLGHULQJ�WKH�LFH�EDQN�OLNH�D�FODVVLFDO�KHDW�H[FKDQJHU�KDYLQJ�D�ILQLWH�KHDW�WUDQVIHU�DUHD�DQG�NQRZLQJ�WKH�JOREDO�KHDW� WUDQVIHU� FRHIILFLHQWV� DQG� WKH� PHDQ� ORJDULWKP�WHPSHUDWXUH� GLIIHUHQFH� IRU� ERWK� RSHUDWLRQ� PRGHV�� ZH�FDQ�XVH�WKH� IROORZLQJ�HTXDWLRQ�WR�REWDLQ�WKH�YROXPH�RI�WKH�LFH�EDQN�DFFRUGLQJ�WKLV�VHFRQG�FULWHULXP�
FKGLVFK�L�78 49 LOQ
L

LL  '� � ���
7KH�ILQDO� VWHS� WKDW�PXVW�EH�FRQVLGHUHG�UHVXOWV� IURP�WKH�YHULILFDWLRQ�RI�WKHVH�WZR�FULWHULD��,Q� WKH� SUHVHQW� FDVH� VWXG\� WKH� IROORZLQJ� PDLQ� GDWD� DUH�XVHG��0D[LPXP�WRWDO�FRROLQJ�FRLO�ORDG������N:��0D[LPXP� FKLOOHU� FDSDFLW\�� ���� N:� DW� SRVLWLYH�WHPSHUDWXUH�DQG�����N:�DW�QHJDWLYH�WHPSHUDWXUHV��1XPEHU�RI�FKLOOHU�ZRUNLQJ�VWDJHV����VWDJHV��SRVLWLYH�WHPSHUDWXUHV�� ���� ����� ���� DQG� ���� N:�� QHJDWLYH�WHPSHUDWXUHV���������������DQG�����N:���&RHIILFLHQW�RI�SHUIRUPDQFH�RI�WKH�FKLOOHU��&23 �����+HDW� WUDQVIHU� FRHIILFLHQWV� EHWZHHQ� WKH� +7)� DQG�3&6�� 
FK8  
GLVFK8  ����N:�P��&��
:LWK� WKLV� IRUPXODWLRQ� LW� LV� SRVVLEOH� WR� DFKLHYH� WKH�VWRUDJH� VWUDWHJ\� WKDW� PLQLPL]HV� WKH� YROXPH� RI� WKH� LFH�EDQN�DQG�DOVR FKRRVH�WKH�EHVW�VWUDWHJ\�IRU�YROXPHV�WKDW�DUH� ODUJHU� WKDQ� WKH� FULWLFDO� YROXPH�� ,Q� RUGHU� WR� GR� WKLV�SUHOLPLQDU\� VL]LQJ� RI� WKH� UHIULJHUDWLRQ� SODQW� FRQWDLQLQJ�DQ�LFH�EDQN��D�VLPSOH�DOJRULWKP�WKDW�LV�XVHG�E\�WKH�VXE�SURJUDP�³6LSIULRB3UHB'LP´�ZDV�GHYHORSHG�
8VLQJ� WKLV� VLPSOH� SURJUDP� DQG� DFFRUGLQJ� WR� WKH� ILUVW�VFHQDULR� RI� FRROLQJ� ORDGV� D� FULWLFDO� YROXPH� RI� �����P�ZDV�FDOFXODWHG��)RU�RWKHU�YROXPHV�������������H����P���WKH�FRUUHVSRQGLQJ�EHVW�VWRUDJH�VWUDWHJLHV�ZHUH�DFKLHYHG��)LJXUHV���DQG����VKRZ�WKH�KLVWRJUDP�ORDGV��FKLOOHU�� LFH�EDQN�DQG�GLVWULEXWLRQ���FRQFHUQLQJ�WKH�SDUWLFXODU�FDVH�RI�WKH����P� YROXPH�LFH�EDQN��UHVSHFWLYHO\��IRU�WKH�GHVLJQ�GD\V�RQ�$SULO�DQG�RQ�-XO\��7KHVH�ILJXUHV�VKRZ�KRZ�WKH�ZRUNLQJ�VWUDWHJ\�FDQ�EH�GLIIHUHQW�IURP�$SULO�WR�-XO\�2Q�$SULO��WKH�FRROLQJ�QHHGV�DUH�QRW�YHU\�KLJK��+RZHYHU��ZH�YHULI\�WKDW�WKH�FKLOOHU�QHHGV�WR�ZRUN�GXULQJ�WKH�GD\��,Q� WKLV� FDVH� WKHUH� DUH� WZR� UHDVRQV� WKDW� MXVWLI\� WKLV�VWUDWHJ\��7KH� ILUVW� LV� WKH� IDFW� WKDW� DW� QLJKW� WKH� LFH� EDQN�KDV� QR� FDSDFLW\� WR� DEVRUE� WKH� PD[LPXP� FKDUJH� ORDG�

IURP�WKH�FKLOOHU����K�WR���K���7KH�VHFRQG�LV�WKH�IDFW�WKDW�WKH�LFH�EDQN�GRHV�QRW�KDYH�HQRXJK�FDSDFLW\�WR�VWRUH�DOO�WKH�HQHUJ\�WKDW�LV�GLVWULEXWHG�GXULQJ�WKH�GD\��SHULRGV�RI�KLJK�HOHFWULFDO�SULFHV��
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)LJ���� /RDG�KLVWRJUDPV� IRU� WKH�GHVLJQ�GD\�RQ�$SULO��3ODQW�ZLWK����P� LFH�EDQN�YROXPH�
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)LJ����� /RDG�KLVWRJUDPV�IRU�WKH�GHVLJQ�GD\�RQ�-XO\��3ODQW�ZLWK����P� LFH�EDQN�YROXPH
2Q�WKH�GHVLJQ�GD\�RQ�-XO\��WKH�FRROLQJ�QHHGV�DUH�JUHDWHU��:H� FDQ� VHH� WKDW� WKH� FKLOOHU� ZRUNV� PRVW� RI� WKH� WLPH�GXULQJ� WKH� FKDUJH� SHULRG� DW� PD[LPXP� ORDG� ��� VWDJHV���RQO\� EHWZHHQ� �� KRXUV� DQG� �� KRXUV� LW� ZRUNV� DW� SDUWLDO�ORDG����VWDJHV��WR�VDWLVI\�WKH�LQVWDQWDQHRXV�FULWHULD�ORDG��'XULQJ�WKH�GD\��GHSHQGLQJ�RQ�WKH�GLVWULEXWLRQ�ORDG�� WKH�FKLOOHU� DOZD\V� ZRUNV� ZLWK� WKH� PD[LPXP� QXPEHU� RI�VWDJHV�SRVVLEOH��$QRWKHU� IDFW� LQ� WKLV�SDUWLFXODU� FDVH� LV� WKDW� WKH� LFH�EDQN�VWRUHV�PRUH�HQHUJ\�RQ�$SULO�WKDQ�-XO\�
���� '<1$0,&� 6,08/$7,21� 2)� 7+(�&(175$/�5()5,*(5$7,21�3/$17
7KH� G\QDPLF� VLPXODWLRQ� RI� D� SDUWLFXODU� FHQWUDO�UHIULJHUDWLRQ� SODQW� ZLWK� D� VWRUDJH� V\VWHP�� H�J�� DQ� LFH�EDQN�� VXSSOLHV� H[WUHPHO\� LPSRUWDQW� LQIRUPDWLRQ� WR�GHILQH� WKH� EHWWHU� RSHUDWLRQDO� VWUDWHJ\� WKDW� PXVW� EH�IROORZHG�� WR� UHILQH� WKH� VL]LQJ� RI� WKH� FKLOOHU�� VWRUDJH�V\VWHP� DQG� WKH� FRQWURO� V\VWHP�� 7KLV� SUREOHP� ZDV�IRUPXODWHG�ZLWK�VRPH�VLPSOLILFDWLRQV��DOWKRXJK�ZLWKRXW�ORVV� RI� DFFXUDF\�� FRQVLGHULQJ� D� FHQWUDO� UHIULJHUDWLRQ�
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SODQW� KDYLQJ� RQH� VWRUDJH� XQLW� DQG� RQH� FKLOOHU� LQ� D�SDUDOOHO�OD\RXW�DV�VKRZQ�LQ�ILJXUH���%DVLFDOO\��WKH�FKDQJHV�REVHUYHG�LQ�WKH�+7)�WHPSHUDWXUH�DUH�DVVRFLDWHG�ZLWK�WKH�SDUWLFXODU�SURFHVVHV�WKDW�RFFXU�LQ�WKH�GLIIHUHQW�VXEV\VWHPV�RI� WKH�SODQW��$W�WKH�FKLOOHU��WKH�+7)�IORZ�LV�FRROHG�DQG�DW�WKH�DLU�FRQGLWLRQLQJ�VLGH��WKH�+7)�GLVWULEXWLRQ�IORZ�LV�REYLRXVO\�KHDWHG��$�PL[LQJ�RI�WKH�WZR�IORZV�LQ�WKH�WKUHH�ZD\V�YDOYH�FRQWUROV�WKH�+7)�WHPSHUDWXUH� WR� WKH� GLVWULEXWLRQ�� 7KH� DQDO\VLV� RI� WKHVH�ODVW� WKUHH� SURFHVVHV� FDQ� EH� GRQH� LQ� D� VLPSOLILHG�PRGH��7KH� DQDO\VLV� RI� WKH� KHDW� VWRUDJH� XQLW� LV� PRUH� FRPSOH[�EHFDXVH� WKH�SKHQRPHQD�DVVRFLDWHG�ZLWK� LW��7R� VLPSOLI\�WKLV� WDVN��QXPHULFDO�PRGHO� WR�VLPXODWH� WKH�KHDW�WUDQVIHU�SKHQRPHQD� RFFXUULQJ� LQVLGH� WKH� VWRUDJH� XQLW� ZDV�GHYHORSHG�� 7KH� QXPHULFDO� VSDWLDO� GRPDLQ� DGRSWHG� LV�UHSUHVHQWHG�LQ�ILJXUH����7KLV� QXPHULFDO� GRPDLQ� KDV� DQ� HTXLYDOHQW� JHRPHWU\� WR�WKH�UHDO�FRQILJXUDWLRQV��OLNH�WKH�H[DPSOHV�UHSUHVHQWHG�LQ�ILJXUH����VLQFH�WKH�VSHFLILF�WUDQVIHU�DUHD�DQG�WKH�YROXPH�IUDFWLRQ� RI� HDFK�PHGLXP� KDYH� WKH� VDPH� YDOXHV�� )LJXUH����VKRZV�WKH�JHRPHWU\�RI�WKH�QXPHULFDO�GRPDLQ�LQ�PRUH�GHWDLO�7KH� FKDUDFWHULVDWLRQ� RI� WKH� WLPH� GHSHQGHQFH� RI� WKH�SURFHVV�WKDW�RFFXUV�LQVLGH�WKH�EDQN�LV�GRQH�E\�PHDQV�RI�D� KHDW� WUDQVIHU� FRHIILFLHQW� EHWZHHQ� WKH� +7)� DQG� WKH�3&6�� DQG� DOVR� E\� PHDQV� RI� VRPH� SURSHUWLHV� RI� ERWK�PHGLXPV�7KH� WKHUPDO� LQWHUDFWLRQ�EHWZHHQ� WKH�+7)�DQG� WKH�3&6�LV�FKDUDFWHUL]HG�E\�WKH�IROORZLQJ�HTXDWLRQ�� � � � � �� ���\�W7\�W78\ \�W7FY VIII3II �� ww���U ���
7KH� WKHUPDO� EHKDYLRU� LQVLGH� WKH� 3&6� GRPDLQ� LV�H[SUHVVHG� LQ� D� VLPSOLILHG� ZD\� E\� WKH� IROORZLQJ�HTXDWLRQV� � � � �
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 ww��U ¸̧¹·¨̈©§ wwww ���
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 ww�ww ���
3&6

+7)
+7)

+7)
���� <�)LJ�� ���� 1XPHULFDO� GRPDLQ� RI� WKH� VWRUDJH�XQLW

+7) \�
]
V /V��

)XVLRQ���FU\VWDOOL]DWLRQ�LQWHUIDFH
/I

3&6

)LJ� ��� 'HWDLO� RI� WKH LFH� EDQN� QXPHULFDO�GRPDLQ
$Q� DOJRULWKP� WR� PDNH� D� WLPH� DGYDQFH� FDOFXODWLRQ�SURFHVV�ZDV�GHYHORSHG��ZKLFK�DOORZ�RQHV�WR�ILQG�RXW�WKH�WLPH� HYROXWLRQ� RI� WKH� +7)� DQG� 3&6� WHPSHUDWXUHV� DV�ZHOO�DV�WKH�PDVV�IUDFWLRQV��OLTXLG�DQG�VROLG��RI�3&6��7KLV�DOJRULWKP� LV� WKH� EDVLV� RI� WKH� VXE�SURJUDP�³6LSIULRB6LPB'LQ´� ZKLFK� FDQ� EH� XVHG� WR� G\QDPLFDOO\�VLPXODWH�WKH�VWRUDJH�XQLW\��EXW�DOVR�WR�VLPXODWH�WKH�RWKHU�VXE�SURFHVVHV� LQ� WKH�FHQWUDO� UHIULJHUDWLRQ�SODQW�� H�J�� WKH�+7)�FRROLQJ�LQ�WKH�FKLOOHU�DQG�WKH�PL[LQJ�LQ�WKH�WKUHH�ZD\�YDOYH��7KH� FRQILUPDWLRQ� RU� UHFWLILFDWLRQ� RI� WKH� SUHOLPLQDU\�VL]LQJ�LV�EDVLFDOO\�GRQH�E\�VSHFLI\LQJ�WKH�YROXPH�RI�WKH�LFH� EDQN�� WKH� KLVWRJUDP� ORDGV� RQ� HDFK� GHVLJQ� GD\�� DQG�VRPH� WHPSHUDWXUH� YDOXHV�� ,Q� VRPH� FDVHV�� WKH� VWUDWHJ\�DGRSWHG� LQ� WKH� SUHOLPLQDU\� VL]LQJ� VWHS� FDQ� QRW� EH�LPSOHPHQWHG� LI� ZH� GHWHFW� WKDW� WKH� VHFRQG� FULWHULD�� E\�PHDQV� RI� WKH� G\QDPLF� VLPXODWLRQ�� LV� QRW� VDWLVILHG�� IRU�H[DPSOH� E\� D� VHTXHQFH� RI� VHYHUDO� KRXUV� DW� PD[LPXP�FKDUJH� ORDG� RU� DW�PD[LPXP� GLVFKDUJH� ORDG��:KHQ� WKLV�KDSSHQV�LQ�WKH�FKDUJH�PRGH��D�VXGGHQO\�UHGXFWLRQ�LQ�WKH�WHPSHUDWXUHV�RI� WKH�+7)�FURVVLQJ� WKH� LFH�EDQN�DQG� WKH�FKLOOHU� RFFXUV� WKDW� FDQ� VWURQJO\� SHQDOL]H� WKH� FKLOOHUV�SHUIRUPDQFH� RU� FDQ� LQ� PRUH� H[WUHPH� WHPSHUDWXUHV�GLVDEOH� WKH� FKLOOHU�� ,Q� WKH� RSSRVLWH� PRGH�� D� VXGGHQO\�ULVLQJ� LQ� WKH� +7)� WHPSHUDWXUH� DW� WKH� RXWOHW� RI� WKH� LFH�EDQN� FDQ� RFFXU� WKDW� FRPSURPLVHV� WKH� WHPSHUDWXUH�FRQWURO�GRQH�E\�WKH�WUHH�ZD\V�YDOYH�)LJXUHV��������������������DQG����LOOXVWUDWH�VRPH�UHVXOWV�REWDLQHG�E\�G\QDPLF�VLPXODWLRQ�XVLQJ� WKH�VXE�SURJUDP�³6LSIULRB6LPB'LQ´� FRQFHUQLQJ� WKH� SDUWLFXODU� GHVLJQ�GD\V� DQG� DQ� LFH� EDQN�PHDVXULQJ� ���P��� 7KH� ILJXUH� ���UHSUHVHQWV�WKH�HYROXWLRQ�RI�VWRUHG�HQHUJ\�LQ�WKH�LFH�EDQN��7KH� RWKHU� JUDSKLFDO� UHVXOWV� DUH� WKH� HYROXWLRQV� RI� +7)�PDVV�IORZ�UDWHV�DQG�+7)�WHPSHUDWXUHV�DW�VSHFLILF�SRLQWV�LQ�WKH�FHQWUDO�UHIULJHUDWLRQ�SODQW��LQOHW�DQG�RXWOHW�RI� WKH�FKLOOHU��LQOHW�DQG�RXWOHW�RI�WKH�LFH�EDQN��LQOHWV�DQG�RXWOHW�RI�WKH�WUHH�ZD\�YDOYH��7KLV�VLPXODWLRQ�SURFHVV�ZDV�H[WHQGHG�WR�DOO�GHVLJQ�DQG�PHGLXP� GD\V� WR� FRQILUP� RU� UHFWLI\� WKH� VL]LQJ� VWRUDJH�VWUDWHJ\� LQ� ERWK� VFHQDULRV� �VL]LQJ� VFHQDULR� DQG� HQHUJ\�FRQVXPSWLRQ�VFHQDULR��
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���� (&2120,&�$1$/<6,6�
7KH� HFRQRPLF� DQDO\VLV� FRQVLVWV� EDVLFDOO\� LQ� FRPSDULQJ�WZR� UHIULJHUDWLRQ� SODQWV� VROXWLRQV�� RQH� FRQYHQWLRQDO�ZLWKRXW� DQ� LFH� EDQN�� DQG� WKH� RWKHU�ZLWK� DQ� LFH� VWRUDJH�V\VWHP�� 7KH� RQO\� H[SORLWDWLRQ� FRVWV� FRQVLGHUHG� ZHUH�HOHFWULFDO� HQHUJ\� DQG� SRZHU� FRVWV�� 2Q� WKH� RWKHU� KDQG��WKH� LQLWLDO� FRVWV� ZHUH� WKH� DFTXLVLWLRQ� FRVWV� RI� WKH� LFH�VWRUDJH� V\VWHP� DQG� WKH� FKLOOHUV�� 7KH� VXE�SURJUDP�³6LSIULRB$QDB(FRQ´� GRHV� WKLV� WDVN� FRQVLGHULQJ� WKH�DFWXDO�HOHFWULFLW\�SULFHV�LQ�3RUWXJDO�DQG�6SDLQ��7KH�FRVWV�RI� DFTXLVLWLRQ� RI� WKH� FKLOOHUV� �&� &RVW�� DQG� RI� WKH� LFH�EDQN� �,%� &RVW�� ZHUH� HVWLPDWHG� E\� WKH� IROORZLQJ�FRUUHODWLRQV�� REWDLQHG� IURP� D� SDUWLFXODU� FRPPHUFLDO�FRPSDQ\� ����/RDG0D[�5HI����&RVW& �� �������9ROXPH,%����&RVW,% �� ���)LJXUH����VKRZV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�RSHUDWLRQDO�FRVWV� RI� WKH� FHQWUDO� UHIULJHUDWLRQ� SODQW�� ERWK� ZLWK� DQG�ZLWKRXW�DQ� LFH�VWRUDJH� V\VWHP�LQ�ERWK�FRXQWULHV��)LJXUH����VKRZV� WKH�3D\EDFN�YDOXHV�DVVRFLDWHG�ZLWK� LQYHVWLQJ�LQ�D� UHIULJHUDWLRQ�SODQW�KDYLQJ�DQ� LFH�EDQN��%DVHG�RQO\�RQ�WKH�UHVXOWV�RI�WKH�SUHVHQW�FDVH�VWXG\��ZH�FDQ�VD\�WKDW�WKH� LQYHVWPHQW� LQ� 3RUWXJDO� LV� PRUH� DWWUDFWLYH� WKDQ� WKH�RQH� LQ� 6SDLQ�� DQG� WKH� 3D\EDFN� YDOXHV� IRXQG� DUH�UHDVRQDEOH��7KH�EHVW HFRQRPLFDO�VROXWLRQV�DUH�IRU�VPDOO�YROXPHV�RI�WKH�VWRUDJH�V\VWHP��+RZHYHU��LQ�WKRVH�FDVHV�
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)LJ� ��� 3D\EDFN� RI� LQYHVWPHQW� LQ� D� SODQW�ZLWK�DQ�LFH�EDQN
��&21&/86,216
$� FDVH� VWXG\� RI� DQ� DLU�FRQGLWLRQLQJ� LQVWDOODWLRQ� LQ� WZR�VLPLODU�KRWHOV��RQH�VLWXDWHG�LQ�6RXWK�6SDLQ�DQG�WKH�RWKHU�LQ�6RXWK�3RUWXJDO�ZDV� VROYHG��7KH�FHQWUDO� UHIULJHUDWLRQ�SODQW�KDV�DQ�LFH�EDQN�DV�DQ�HQHUJ\�VWRUDJH�V\VWHP�7KH�WKHUPDO�FRROLQJ�ORDGV�ZHUH�VXSSRVHG�HTXDO�LQ�ERWK�KRWHOV� DQG� ZHUH� FDOFXODWHG� XVLQJ� WKH� SURJUDP�³'3&OLPD´�� 7KH� UHVXOWLQJ� FRROLQJ� ORDG� YDOXHV� ZHUH�XVHG� WR� VL]H� WKH� UHIULJHUDWLRQ� SODQW� DQG� DOVR� WR� JHW� D�SUHPRQLWLRQ� RI� WKH� HQHUJ\� FRQVXPSWLRQ� LQ� WKH� FHQWUDO�UHIULJHUDWLRQ�SODQW�3DUWLFXODU� FKLOOHU� ZRUNLQJ� FRQGLWLRQV� ZDV� VHOHFWHG� WR�REWDLQ�DGHTXDWH�UHODWLRQV�RI�WKH�SUHOLPLQDU\�VL]LQJ�RI�WKH�EDQN�� WKH� EHVW� VWRUDJH� VWUDWHJ\� IRU� HDFK�PRQWK� DQG� IRU�VHYHUDO�YDOXHV�RI�WKH�LFH�EDQN��7KH�VLPXODWLRQ�XVLQJ�WKH�SURJUDP� ³6LSIULR´� ZDV� GRQH� WR� FRQILUP� RU� UHFWLI\� WKH�VWUDWHJ\�LPSRVHG�RQ�HDFK�W\SLFDO�GD\�)LQDOO\�� DQ� HFRQRPLF� DQDO\VLV� RI� WKH� LQYHVWPHQW� LQ� D�FHQWUDO� UHIULJHUDWLRQ� SODQW� ZLWK� DQ� LFH� EDQN� ZDV� GRQH�FRQVLGHULQJ� WKH� DFWXDO� HOHFWULFDO� WULSOH� WDULII� IRU� ERWK�KRWHOV�7KH� OLEHUDOL]DWLRQ� RI� WKH� HOHFWULFDO� VHFWRU� WKDW� LV�RFFXUULQJ� FDQ� VLJQLILFDQWO\� FKDQJH� WKH� HFRQRPLFDO�DQDO\VLV�� 6R�� LW� LV� YHU\� LPSRUWDQW� IRU� D� ODUJHU� HOHFWULFDO�FRQVXPHU�� OLNH� D� JUDQG� KRWHO�� WR� WDNH� VRPH� FDXWLRQ� LQ�WKLV�NLQG�RI�LQYHVWPHQW��+RZHYHU��EHIRUH�WKH�GHFLVLRQ�RI�WKH� LQVWDOODWLRQ� RI� D� VWRUDJH� V\VWHP�� LW� LV� LPSRUWDQW� WR�QHJRWLDWH�WKH�HOHFWULFLW\�SULFHV�RI�HQHUJ\�DQG�SRZHU�ZLWK�

WKH� HOHFWULFDO� FRPSDQ\�� FRQVLGHULQJ� WKH� WZR� SRVVLEOH�RSWLRQV��D�SODQW�ZLWK�RU�ZLWKRXW�D VWRUDJH�V\VWHP�7KH� DSSOLFDWLRQ� RI� WKLV� WHFKQRORJ\� WR� DLU� FRQGLWLRQLQJ�V\VWHPV�� SDUWLFXODUO\� LQ� KRWHOV�� LQWHJUDWLQJ� IRU� H[DPSOH�WKH� KHDW� UHFRYHU\� FRQGHQVHU� IRU� SUH�KHDWLQJ� VDQLWDU\�ZDWHU� RU� WR� KHDW� DQ� LQWHULRU� VZLPPLQJ�SRRO� FDQ�JLYH� D�JRRG�FRQWULEXWLRQ�WR WKH�UDWLRQDO�XVH�RI�WKH�HQHUJ\���5()(5(1&(6
��$6+5$(�+DQGERRN� �������� )XQGDPHQWDOV� 9ROXPH��$PHULFDQ� 6RFLHW\� RI� +HDWLQJ�� 5HIULJHUDWLQJ� DQG� $LU�FRQGLWLRQLQJ��,QF���$WODQWD��*$���3DWU\�� -�� 6WRFNDJH� SDU� &KDOHXU� /DWHQWH�� 3\F� eGLWLRQ��������5XLYR�� &HOHVWLQR�� &RPSRUWDPHQWR� 7pUPLFR� GH� XPD�8QLGDGH� 3HUPXWDGRUD�$FXPXODGRUD� GH�&DORU� 6HQVtYHO��7HVH�GH�0HVWUDGR��&RLPEUD��)&78&���������5DPRV�� -RmR�� &DUYDOKR�� 0�� *UDoD�� $FXPXODomR� GH�&DORU�(VWUDWpJLDV�GH�*HVWmR��5HYLVWD�*UDX�&HOVLXV��SDJ�����$3,5$&���������&5,6723,$ (QHUJ\� 6\VWHPV�� ([SHULPHQWV� /LEUDU\��&5,6/,%�VRIWZDUH����������&HOHVWLQR�5RGULJXHV�5XLYR�0RGHODomR�1XPpULFD�GRV�6LVWHPDV� GH� 3URGXomR� GH� )ULR� FRP� $FXPXODomR� GH�(QHUJLD� HP�%DQFRV� GH�*HOR�� &RQJUHVVR� ,EpULFR� GH�$U�&RQGLFLRQDGR�H�5HIULJHUDomR��/LVERD��������� '3&OLPD�� 9HUVLyQ� ����� -XQLR� ������ 8QLYHUVLGDG�3ROLWpFQLFD� GH� 9DOHQFLD�� &DPLQR� 9HUD� V�Q� ������9DOHQFLD��(VSDxD��3LQD]R�2MHU�� -RVp�0DQXHO��0DQXDO� GH�&OLPDWL]DFLyQ��7RPR� ,,�� &DUJDV� 7pUPLFDV�� 6HUYLFLR� 3XEOLFDFLRQHV�839�������
120(1&/$785(

OLTV�SF &RQVWDQW�SUHVVXUH�VSHFLILF�KHDW RI�WKH�OLTXLG�SKDVH�FKDQJH�VXEVWDQFH��-�NJ��&
VROV�SF &RQVWDQW�SUHVVXUH�VSHFLILF�KHDW RI�WKH�VROLG�SKDVH�FKDQJH�VXEVWDQFH��-�NJ��&

ISF &RQVWDQW�SUHVVXUH� VSHFLILF� KHDW RI� WKH� KHDW�WUDQVIHU IOXLG��-�NJ��&&�&RVW &KLOOHU�FRVW��(XURV,%�&RVW ,FH�EDQN�FRVW��(XURV,% 9ROXPH�,FH�EDQN�9ROXPH��P�0D[�5HI�/RDG� 0D[LPXP�FKLOOHU�UHIULJ��ORDG��N:
/T )XVLRQ�ODWHQW�KHDW RI�WKH�SKDVH�FKDQJH�VXEVWDQFH��-�NJVWRUHG4 6WRUHG�GLVFKDUJHG� HQHUJ\� LQ� WKH� LFH� EDQN� RQ�HDFK�GHVLJQ�GD\��-
FK4� � GLVFK4� �0D[LPXP� ORDGV� LQ� WKH� LFH� EDQN�UHVSHFWLYHO\�LQ�FKDUJH�DQG�GLVFKDUJH�PRGHV��:
PD[7 0D[LPXP�WHPSHUDWXUH�RI�WKH�V\VWHP�DW�WKH�HQG�RI�WKH�GLVFKDUJH�PRGH���&
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PLQ7 0LQLPXP�WHPSHUDWXUH�RI�WKH�V\VWHP�DW�WKH�HQG�RI�WKH�FKDUJH�PRGH���&
FK8 � 
GLVFK8 +HDW� WUDQVI�� FRHI�� EHWZHHQ� WKH� +7)� DQG�3&6� UHVSHFWLYHO\� LQ� FKDUJH� DQG� GLVFKDUJH�PRGHV��:�P��&
FKOQ7' �� GLVFKOQ7' � 0HDQ� ORJDULWKP� WHPSHUDWXUH�GLIIHUHQFH�UHVSHFWLYHO\�LQ�FKDUJH�DQG�GLVFKDUJH�PRGHV���&

IH 9ROXPH� IUDFWLRQ� RI� WKH� KHDW� WUDQVIHU� IOXLG�YROXPH
VU 'HQVLW\� RI� WKH� SKDVH� FKDQJH� VXEVWDQFH� 3&6��ZDWHU�� NJ�P�
IU 'HQVLW\� RI� WKH� KHDW� WUDQVIHU� IOXLG� +7)��HWK\OHQH�JO\FRO�DQG�ZDWHU�VROXWLRQ���NJ�P�

5e680e
/HV�EHVRLQV�GH�UHIURLGLVVHPHQW�GHV�K{WHOV��FRPPH�HQ�EHDXFRXS�G¶DXWUHV�FDV��VRQW�pOHYpHV�TXDQG�OH�SUL[�GH�O¶pOHFWULFLWp�HVW�DXVVL�SOXV�pOHYp�/¶LQWpJUDWLRQ�GHV�V\VWqPHV�GH�VWRFNDJH�GH�IURLG�GDQV�OHV�LQVWDOODWLRQV�GH�FOLPDWLVDWLRQ�SHUPHWV�GH�SURILWHU�GH�TXHOTXHV�DYDQWDJHV�DVVRFLpHV�j�OD�H[SORLWDWLRQ�GHV�GLIIpUHQWHV�WDULILFDWLRQV�GH�O¶pOHFWULFLWp�HW�G¶XQH�SXLVVDQFH�pOHFWULTXH�LQVWDOOpH�SOXV�EDVVH��2Q�SHXW�SURILWHU�DXVVL�GHV�UpJLPHV�GH�IRQFWLRQQHPHQW�GHV�JURXSHV�IULJRULILTXHV�VWDEOHV�SURFKHV�GH�OD�SOHLQH�FKDUJH��VDQV�OHV�GpPDUUDJHV�H�GHV�DUUrWHV��SHUPHWWDQW�XQH�PHLOOHXUH�HIILFDFLWp�pQHUJpWLTXH�/H� GpSODFHPHQW� GH� OD� FRQVRPPDWLRQ� GH� pOHFWULFLWp� REWHQXH� LQWpUHVVH� DXVVL� DX[� HQWUHSULVHV� GH� SURGXFWLRQ� HW� GH�GLVWULEXWLRQ�GH�O�pQHUJLH�pOHFWULTXH�4XDQG�RQ�IDLW�OH�GLPHQVLRQQHPHQW�G¶XQH�LQVWDOODWLRQ�GH�FOLPDWLVDWLRQ�DYHF�GHV�EDQF�j�JODFH��SDU�H[HPSOH�GDQV�XQ�K{WHO��LO� IDXW� IDLUH� GHX[� HVWLPDWLRQV� GH� OD� FKDUJH� WKHUPLTXH� GH� UHIURLGLVVHPHQW�� XQH� HVW� YDODEOH� SRXU� GLPHQVLRQQHU� OHV�pTXLSHPHQWV�HW�O¶DXWUH�SRXU�IDLUH�OHV�DQDO\VHV�GH�FRQVRPPDWLRQ�G¶pQHUJLH�HW�pFRQRPLTXH��,O�HVW�VXIILVDQW�GH�FRQVLGpUHU�GHV�KLVWRJUDPPHV�DYDQW�XQH�EDVH�KRUDLUH�'DQV�FH� WUDYDLO�RQ�SUpVHQW�GHV�UpVXOWDWV�G¶XQH�pWXGH�FRQVLGpUDQW�GHX[�K{WHOV� LGHQWLTXHV��XQ�DX�3RUWXJDO�HW� O¶DXWUH�HQ�(VSDJQH��/HV�FKDUJHV�WKHUPLTXHV�GH�UHIURLGLVVHPHQW�DX[�GLIIpUHQWHV�]RQHV�VRQW�HVWLPpHV�SDU�OH�ORJLFLHO�³'3&OLPD´��2Q�FDOFXOH� HQVXLWH� OHV� EHVRLQV� IULJRULILTXHV� UpHOOHV� GH� O¶LQVWDOODWLRQ� GH� FOLPDWLVDWLRQ� DYHF� OH� ORJLFLHO� 6,3)5,2�SRXU� SUq�GLPHQVLRQQHU�O¶LQVWDOODWLRQ�LPSRVDQW�XQH�VWUDWpJLH�DGpTXDW�G¶DFFXPXODWLRQ��/D�VLPXODWLRQ�G\QDPLTXH�SHUPHW�DORUV�GH�FRQILUPHU� HW� G¶� RSWLPLVHU� OH� GLPHQVLRQQHPHQW� HW� OD� VWUDWpJLH� G¶DFFXPXODWLRQ�� /¶DQDO\VH� pFRQRPLTXH� HVW� HQILQ�SUpVHQWpH��
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