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/RZ�3UHVVXUH�&DUEXUL]DWLRQ��/3&��LV ZLGHO\�XVHG�LQ�WKH�DHURVSDFH�LQGXVWU\�IRU�KDUGHQLQJ�FRPSRQHQWV�PDGH�RI�VWHHOV�
ZLWK�KLJK�DOOR\�FRQWHQW�DQG�KLJK�KHDW� UHVLVWDQW�SURSHUWLHV�� �7KH� WUDGLWLRQDO�JDV�FDUEXUL]LQJ�SURFHVV�RIWHQ�JHQHUDWHV�
,QWHUJUDQXODU�2[LGDWLRQ��,*2��QHDU�WKH�VXUIDFH�GXH�WR�WKH�H[LVWHQFH�RI�R[\JHQ�LQ�WKH�IXUQDFH�DWPRVSKHUH��ZKLFK�QHHGV�
WR�EH�UHPRYHG�E\�JULQGLQJ�DIWHU�KDUGHQLQJ�WR�UHVWRUH�EHQGLQJ�DQG�FRQWDFW�IDWLJXH�SHUIRUPDQFH���/3&�SURFHVVLQJ�LV�
GRQH� LQ� D� ORZ� SUHVVXUH� FKDPEHU� ZLWKRXW� WKH� H[LVWHQFH� RI� R[\JHQ�� VR� WKH� VXUIDFH� PLFURVWUXFWXUH� LV� LPSURYHG� E\�
HOLPLQDWLQJ�,*2���+LJK�WHPSHUDWXUH�UHVLVWDQW�VWHHOV�UHTXLUH�KLJK�DOOR\�HOHPHQW�FRQWHQWV��DQG�VRPH�HOHPHQWV�DUH�VWURQJ�
FDUELGH�IRUPHUV��VXFK�DV�&U��0Q��0R��DQG�9��HWF���'XULQJ�/3&�SURFHVVLQJ��ERWK�LURQ�DQG�DOOR\�FDUELGHV�FDQ�EH�IRUPHG��
ZKLFK�VLJQLILFDQWO\�DIIHFW�WKH�FDUEXUL]DWLRQ�WLPH�UHTXLUHG�WR�UHDFK�D�VSHFLILHG�FDVH�GHSWK�DQG�VXUIDFH�FDUERQ�� �7KH�
FDUELGHV�IRUPHG�GXULQJ�WKH�/3&�SURFHVV�PD\�QRW�GHFRPSRVH�FRPSOHWHO\�SULRU�WR�TXHQFK�KDUGHQLQJ��DQG�WKHVH�SULPDU\�
FDUELGHV�ZLOO�HQG�XS�LQ�WKH�ILQDO�SURFHVVHG�SDUWV���,I�WKH�VL]H�RI�WKHVH�SULPDU\�FDUELGHV�LV�QRW�FRQWUROOHG��ERWK�EHQGLQJ�
DQG�FRQWDFW� IDWLJXH�SHUIRUPDQFH�PD\�EH�GHFUHDVHG�� �,Q�RUGHU�WR�FRQWURO�FDUELGH�IRUPDWLRQ�GXULQJ�/3&��WKH�FDUERQ�
GLIIXVLYLW\�RI�D�PDWHULDO�PXVW�EH�FKDUDFWHUL]HG���7KLV�FKDUDFWHUL]DWLRQ�ZDV�UHFHQWO\�SHUIRUPHG�XQGHU�D�SURJUDP�EHWZHHQ�
'$17(�6ROXWLRQV�DQG�WKH�&RPEDW�&DSDELOLWLHV�'HYHORSPHQW�&RPPDQG�$YLDWLRQ�DQG�0LVVLOH�&HQWHU��&&'&�$Y0&��
,Q�WKLV�UHVHDUFK��D�VSHFLILFDOO\�GHVLJQHG�FRXSRQ�ZDV�XVHG�WR�FKDUDFWHUL]H�WKH�FDUERQ�GLIIXVLYLW\�DQG�FDUELGH�IRUPLQJ�
SURSHUWLHV�GXULQJ�/3&�SURFHVVHV���8VLQJ�WKH�FKDUDFWHUL]HG�PDWHULDO�SURSHUWLHV��/3&�SURFHVV�UHFLSHV�FDQ�EH�GHVLJQHG�
E\�XVLQJ�PRGHOLQJ� WR�DFKLHYH�VSHFLILF�FDVH�GHSWK�DQG�VXUIDFH�FDUERQ�FRQWHQW�� �7KH�ZRUN�ZDV�GHPRQVWUDWHG�XVLQJ�
3\URZHDU�����VWHHO�DQG�'$17(�FRPPHUFLDO�KHDW�WUHDWPHQW�PRGHOLQJ�VRIWZDUH�
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&ULWLFDO� FRPSRQHQWV� LQ� DHURVSDFH� SURSXOVLRQ� V\VWHPV� RIWHQ�
IDYRU�XVLQJ�KLJK�WHPSHUDWXUH�UHVLVWDQW�VWHHOV���7KHVH�VWHHOV�DUH�
GHVLJQHG�WR�KDYH�KLJK�WHPSHULQJ�WHPSHUDWXUHV�DERYH������&�
������)����7R�DFKLHYH�KLJK�WHPSHUDWXUH�UHVLVWDQW�SURSHUWLHV��D�
KLJK�DOOR\�FRQWHQW�LV�XVHG�WR�IRUP�VWDEOH�DOOR\�FDUELGHV�DW�KLJK�
WHPSHUDWXUH�� � 3\URZHDU� ���� �3����� LV� RQH� RI� WKHVH� KLJK�
WHPSHUDWXUH� UHVLVWDQW� VWHHOV�� DQG� LWV� QRPLQDO� FKHPLFDO�
FRPSRVLWLRQ�LV�OLVWHG�LQ�7DEOH����

7DEOH����1RPLQDO�FKHPLFDO�FRPSRVLWLRQ�RI�3����

& 0Q 6L &U 1L 0R 9 &R )H
���� ���� ��� ���� ��� ��� ��� ��� %DO�

3��� FRQWDLQV�VWURQJ�FDUELGH�IRUPLQJ�HOHPHQWV��LQFOXGLQJ�&U��
0Q�� 0R�� DQG� 9�� ZKLFK� PDNHV� WKH� FDUEXUL]DWLRQ� SURFHVV�
GLIILFXOW�� �7R� UHGXFH� WKH� DPRXQW�RI� FDUELGHV� IRUPHG�GXULQJ�
FDUEXUL]DWLRQ��D�IXUQDFH�WHPSHUDWXUH�RI������&��������)� RU�
ORZHU�LV�W\SLFDOO\�XVHG�IRU�JDV�FDUEXUL]DWLRQ�RI�3������6XUIDFH�

3UHVHQWHG� DW� WKH� 9HUWLFDO� )OLJKW� 6RFLHW\¶V ��WK� $QQXDO� )RUXP� 	�
7HFKQRORJ\� 'LVSOD\�� 3KLODGHOSKLD�� 3$�� 86$�� 0D\� ������� ������
&RS\ULJKW��������E\�WKH�9HUWLFDO�)OLJKW�6RFLHW\��$OO�ULJKWV�UHVHUYHG�

SUHR[LGL]DWLRQ�LV�DOVR�XVHG�SULRU�WR�JDV�FDUEXUL]DWLRQ�WR�UHGXFH�
WKH� DOOR\� FRQWHQW� RQ� WKH� VXUIDFH�� VR� WKH� DPRXQW� RI� FDUELGH�
IRUPDWLRQ�LV�FRQWUROOHG���$OOR\�FDUELGHV�WHQG�WR�IRUP�DQG�JURZ�
ZLWK� PRUH� DYDLODEOH� FDUERQ�� DQG� WKH� FDUELGHV� WHQG� WR�
GHFRPSRVH�LI�WKH�FDUERQ�LV�GHSOHWHG���7KH�DPRXQW�RI�QDVFHQW�
FDUERQ� RQ� WKH� SDUW� VXUIDFH� LV� FRQWUROOHG� E\� WKH� DWPRVSKHUH�
FDUERQ� SRWHQWLDO� XVLQJ� D� IXUQDFH� R[\JHQ� SUREH� GXULQJ� JDV�
FDUEXUL]DWLRQ��DQG�WKH�SDUW�VXUIDFH�FDUERQ�FDQ�EH�UHGXFHG�E\�
LQFUHDVLQJ� WKH� R[\JHQ� FRQWHQW� RI� WKH� DWPRVSKHUH�� 7KH�
DGMXVWPHQW� RI� WKH� FDUERQ� SRWHQWLDO� LV� QRW� LQVWDQWDQHRXV
WKRXJK��DQG�FDUERQ�ZLOO� IORZ�RXW�RI� WKH�SDUW� VXUIDFH�GXH� WR�
FKHPLFDO�UHDFWLRQV�ZLWK�DWPRVSKHUH�R[\JHQ�ZKHQ�WKH�FDUERQ�
SRWHQWLDO�LV�ORZ >5HI���@���,Q�VXPPDU\��WKH�DPRXQW�RI�QDVFHQW�
FDUERQ�LQ�WKH�SDUW�VXUIDFH�LV�GLIILFXOW�WR�FRQWURO�IOH[LEO\�GXULQJ�
D�JDV�FDUEXUL]DWLRQ�SURFHVV���'LIIHUHQW�IURP�JDV�FDUEXUL]DWLRQ��
WKH�/3&�SURFHVV�XVHV�D�VHULHV�RI�ERRVW�GLIIXVH�VWHSV��DV�VKRZQ�
VFKHPDWLFDOO\�LQ�)LJXUH�����'XULQJ�D�ERRVW�VWHS��WKH�FDUERQ�LV�
LQWURGXFHG� LQWR� WKH�SDUW�VXUIDFH�E\�IORZLQJ�DFHW\OHQH� LQ� WKH�
IXUQDFH� FKDPEHU�� � 'XULQJ� D� GLIIXVH� VWHS�� WKH� DFHW\OHQH� LV�
SXPSHG� RXW� DQG� WKH� IXUQDFH� FKDPEHU� LV� LQ� D� YDFXXP�

'LVWULEXWLRQ�6WDWHPHQW�$��$SSURYHG�IRU�SXEOLF�UHOHDVH��
GLVWULEXWLRQ�LV�XQOLPLWHG�
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FRQGLWLRQ�� VR� WKHUH� LV� QR� FDUERQ� IOX[� LQ� RU� RXW� RI� WKH� SDUW�
VXUIDFH���7KH�FDUERQ�FRQWHQW�RQ�WKH�VXUIDFH�GHFUHDVHV�ZLWK�WKH�
FDUERQ�GLIIXVLQJ�LQZDUG�IURP�WKH�VXUIDFH��DQG�WKH�DPRXQW�RI�
VXUIDFH� FDUERQ� LV� FRQWUROOHG� E\� WKH� WLPH� RI� GLIIXVLRQ�� � 7KH�
FDUELGHV� IRUPHG� GXULQJ� WKLV� SURFHVV� DUH� PRUH� IOH[LEO\�
FRQWUROOHG� WKDQ� JDV� FDUEXUL]DWLRQ� E\� DGMXVWLQJ� WKH� WLPH�
GXUDWLRQV� RI� WKH� ERRVW� DQG� GLIIXVH� VWHSV� %HFDXVH� VXUIDFH�
FDUERQ� DQG� FDUELGHV� FDQ� EH� PRUH� IOH[LEO\� FRQWUROOHG�� WKH�
IXUQDFH�WHPSHUDWXUH�XVHG�IRU�DQ�/3&�SURFHVV�FDQ�EH�KLJKHU�
WKDQ�WKDW�RI�D�JDV�FDUEXUL]DWLRQ�SURFHVV���8VLQJ�3����VWHHO�DV�
DQ� H[DPSOH�� ����� &� ������� )� LV� RIWHQ� XVHG� IRU� JDV�
FDUEXUL]DWLRQ��ZKLOH��������&��������)� LV�DFFHSWDEOH�IRU�DQ�
/3&�SURFHVV���$V�VKRZQ�LQ�)LJXUH�� VFKHPDWLFDOO\��WKH�;�D[LV�
UHSUHVHQWV�WKH�SURFHVVLQJ�WLPH��DQG�WKH�<�D[LV�UHSUHVHQWV�WKH�
SDUWLDO� SUHVVXUH� RI� WKH� FDUERQ� JDV� RI� WKH� FDUEXUL]DWLRQ�
FKDPEHU� 'XULQJ�D�ERRVW�VWHS��DFHW\OHQH�LV�LQWURGXFHG�LQWR�WKH�
FKDPEHU��DQG�DFHW\OHQH�FUDFNV�RQ�WKH�SDUW�VXUIDFH�WR�SURYLGH�
QDVFHQW� FDUERQ�� �$� W\SLFDO� ERRVW� VWHS�PD\� ODVW� EHWZHHQ� ���
VHFRQGV� WR� VHYHUDO�PLQXWHV�� � $� FDUULHU� JDV�PD\� EH� XVHG� WR�
PDNH� WKH� DFHW\OHQH� IORZ� LQ� WKH� FKDPEHU� PRUH� XQLIRUP���
'XULQJ� D� GLIIXVH� VWHS�� WKH� DFHW\OHQH� LV� SXPSHG� RXW� RI� WKH�
FKDPEHU��:LWK� WKH� FKDPEHU� EHLQJ� LQ� D� YDFXXP� FRQGLWLRQ��
WKHUH� LV� QR� FDUERQ� IOX[� LQ� RU� RXW� RI� WKH� SDUW� VXUIDFH�� � 7KH�
FDUERQ�FRQWHQW�RQ�WKH�SDUW�VXUIDFH�GHFUHDVHV�GXULQJ�WKH�GLIIXVH�
VWHS�� �2QFH� WKH�VXUIDFH�FDUERQ�GURSV�EHORZ�D�FHUWDLQ�YDOXH��
WKH�QH[W�ERRVW�VWHS�ZLOO VWDUW���,Q�JHQHUDO��WKH�WLPH�GXUDWLRQ�RI�
WKH�GLIIXVH�VWHSV�VKRXOG�LQFUHDVH�DV�WKH�/3&�SURFHVV�SURFHHGV��
DV�VKRZQ�LQ�)LJXUH����

)LJXUH����6FKHPDWLF�SORW�RI�%RRVW�'LIIXVH�VFKHGXOH�IRU�
/3&�SURFHVV�

6$03/(�35(3$5$7,21�$1'�+($7�
75($7�(;3(5,0(176

'$17( 6ROXWLRQV GHVLJQHG� D� FRXSRQ� WR� FKDUDFWHUL]H� WKH�
PDWHULDO� SURSHUWLHV� QHHGHG� IRU� PRGHOLQJ� WKH� /3&� SURFHVV���
)DFWRUV FRQVLGHUHG�IRU�WKH�FXVWRP�FRXSRQ�GHVLJQ LQFOXGHG�����
HDV\�PDFKLQLQJ�����FRQVLVWHQW�UHVXOWV�IURP�/3&�SURFHVVLQJ�����
HDVH� RI� FDUERQ� PHDVXUHPHQW�� DQG� ��� FRQYHQLHQW� IRU�
PLFURVWUXFWXUH� DQG� PLFURKDUGQHVV� FKDUDFWHUL]DWLRQ�� � 7KH�
GUDZLQJ�RI�WKH�GHVLJQHG�/3&�FRXSRQ�LV�VKRZQ�LQ�)LJXUH���D���
DQG�D�SLFWXUH�RI�WKH�PDFKLQHG�FRXSRQ�LV�VKRZQ�LQ�)LJXUH���E����
7KH�RXWHU�GLDPHWHU�RI�/3&�FRXSRQ� LV����PP��DQG� WKH� WRWDO�
OHQJWK� LV� ����PP�� � 7KLQ� GLVNV� DUH� XVHG� IRU� PHDVXULQJ� WKH�

DPRXQW�RI�FDUERQ�ZKLFK�HQWHUHG�WKH�GLVNV�DQG�FKHFNLQJ�WKHLU�
KDUGQHVV�DQG�PLFURVWUXFWXUH�� 7KH�GLVNV�KDYH�WZR�VL]HV������
PP�DQG�����PP���7KH�DYHUDJH�FDUERQ�LQWR�WKH�����PP�GLVN�
ZDV�H[SHFWHG�WR�EH KLJKHU�WKDQ�WKDW�LQWR�WKH�����PP�GLVN�IURP�
WKH� VDPH� SURFHVV�� ZKLOH� WKH� DYHUDJHG� FDUERQ� FRQWHQW� ZDV�
H[SHFWHG�WR�EH ORZHU LQ�WKH�����PP�GLVN�GXH�WR�LWV�ODUJHU�PDVV��
7ZR�GLVNV�DQG�WKH�HQG�VWXG�ZHUH GHVLJQHG�IRU�KDUGQHVV�DQG�
PLFURVWUXFWXUH�FKDUDFWHUL]DWLRQ��7KH�HQG�VWXG�ZDV GHVLJQHG�WR�
UHSUHVHQW�WKH�KDUGQHVV�DQG�PLFURVWUXFWXUH�IRXQG�LQ�WKH�ODUJH�
F\OLQGHU�HQG���

8VLQJ� WKH� PHDVXUHG� FDUERQ� GLVWULEXWLRQV� RI� YDULRXV� /3&�
SURFHVVHG�FRXSRQV��WZR�FDWHJRULHV�RI�GDWD�ZHUH�FKDUDFWHUL]HG��
��� DPRXQW� RI� FDUERQ� DQG� UDWHV� LQWR� WKH� SDUW� VXUIDFH� GXULQJ�
ERRVW� VWHSV�� DQG� ��� WKH� FDUERQ� GLIIXVLYLW\� DQG� FDUELGH�
IRUPLQJ�GHFRPSRVLQJ�SURSHUWLHV�LQ�WHUPV�RI�GLIIHUHQW�FDUERQ�
YDOXHV���7KH�PHDVXUHG�FDUERQ�GLVWULEXWLRQV�RI�WKH�SURFHVVHG�
FRXSRQV�IURP�YDULRXV�/3&�VFKHGXOHV�ZHUH�ILW�LQWR�WKH�FDUERQ�
GLIIXVLYLW\� SURSHUWLHV� DQG� FDUELGH� IRUPLQJ�GHFRPSRVLQJ�
PRGHO� SDUDPHWHUV� LQ� D� IRUPDW� ZKLFK� FRXOG� EH� XVHG� E\� WKH�
'$17(�FDUEXUL]DWLRQ�PRGHOV >5HI�����@���:LWK�WKH�YDOLGDWHG�
PRGHO� DQG� PDWHULDO� SURSHUWLHV�� /3&� SURFHVV� UHFLSHV� ZHUH
GHVLJQHG�WR�DFKLHYH�VSHFLILHG�HIIHFWLYH�FDVH�GHSWK�DQG�VXUIDFH�
FDUERQ�
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)LJXUH�����D��/3&�FRXSRQ�GUDZLQJ �XQLW��PP���DQG��E��
3LFWXUH�RI�IDEULFDWHG�FRXSRQ�

7ZHQW\������/3&�IXUQDFH�UXQV�ZHUH�SODQQHG�XQGHU�WKLV�VWXG\��
DQG�WZR�FRXSRQV�ZHUH�XVHG�IRU�HDFK�UXQ���7ZR�FDUEXUL]DWLRQ�
WHPSHUDWXUHV� ZHUH� XVHG�� ������� &� ������� )�� DQG� ������ &�
�������)��� �)RU�HDFK� IXUQDFH� UXQ��D�XQLTXH�/3&�SURFHVVLQJ�
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UHFLSH�ZDV�GHVLJQHG�XVLQJ�'$17(�FRPSXWHU�PRGHOLQJ�ZLWK�
WKH� LQWHUPHGLDWH� PDWHULDO� SURSHUWLHV� ILW� IURP� WKH� REWDLQHG�
H[SHULPHQWDO� GDWD�� � 7KH� DFFXUDF\� RI� WKH� ILWWHG� PDWHULDO�
SURSHUWLHV�ZDV�LPSURYHG�XSRQ�DV�PRUH�H[SHULPHQWDO�GDWD�ZDV�
REWDLQHG��

$IWHU�/3&�SURFHVVLQJ��WKH�FRXSRQV�ZHUH�TXHQFKHG�XVLQJ���EDU�
QLWURJHQ��IROORZHG�E\�D�GHHS�IUHH]H�DW�������& �a�����)���DQG�
WHPSHULQJ�DW������& �a�����)����)LJXUH���VKRZV�WZR�FRXSRQV�
LQ� D� WUD\� IRU� /3&� DQG� KLJK� SUHVVXUH� JDV� TXHQFK� �+3*4��
SURFHVVLQJ��7KH�FRXSRQV�ZHUH�KXQJ�YHUWLFDOO\�LQ�WKH�WUD\�E\�D�
WKLQ�ZLUH��ZKLFK�SUHYHQWV�WKH�SRVVLELOLW\�RI�FRQWDFW�ZLWK�WKH�
WUD\�DQG�EORFNLQJ�WKH�FDUERQ�IOX[�LQWR�WKH�VXUIDFH���

)LJXUH����7ZR�/3&�FRXSRQV LQ�D�WUD\�IRU�/3&�DQG�
+3*4�SURFHVV�

/3&�352&(66�02'(/,1* $1'�
%2267�',))86(�5(&,3( '(6,*1�

&RPSXWHU�PRGHOLQJ�ZDV�XVHG�IRU�ERWK�/3&�UHFLSH�GHVLJQ�DQG�
GDWD�ILWWLQJ���$��'�D[LV\PPHWULF�PRGHO�ZDV�GHYHORSHG�XVLQJ�
WKH�FURVV�VHFWLRQ�VKRZQ�LQ�)LJXUH���D��E\�DVVXPLQJ�D�XQLIRUP�
FDUEXUL]DWLRQ� ERXQGDU\� FRQGLWLRQ� LQ� WKH� FLUFXPIHUHQWLDO�
GLUHFWLRQ�RI�WKH�FRXSRQ���7KH�ILQLWH�HOHPHQW�PHVKLQJ�LV�VKRZQ�
LQ�)LJXUH���E���DQG�LW�FRQWDLQV����������VLGHG�OLQHDU�HOHPHQWV���
7KH� DYHUDJH�PHVK� VL]H� LV� �����PP�� DQG� ILQHU� HOHPHQWV� DUH�
XVHG� LQ� WKH� VXUIDFH� OD\HU�RI� WKH�FRXSRQ� WR�FDWFK� WKH�FDUERQ�
JUDGLHQW�GXULQJ� WKH�/3&�SURFHVV�� �$�PDJQLILHG�YLHZ�RI� WKH�
VXUIDFH�PHVK�LV�VKRZQ�LQ�)LJXUH���F���

)LJXUH�����D���'�VHFWLRQ�RI�WKH�/3&�FRXSRQ���E��)LQLWH�
HOHPHQW�PHVKLQJ��DQG��F��0DJQLILHG�YLHZ�RI�WKH�PHVK�
VKRZLQJ�ILQH�HOHPHQWV�XVHG�LQ�QHDU�VXUIDFH�UHJLRQ��

)LJXUH���D��VKRZV� WKH�SUHGLFWHG�FDUERQ�GLVWULEXWLRQ�FRQWRXU�
IURP� RQH� /3&� SURFHVV� PRGHO�� � 7KH� FDUERQ� FRQWHQW� RQ� WKH�
FRUQHU�RI�WKH�FRXSRQ�LV�KLJKHU��DV�VKRZQ�E\�WKH�JUH\�FRORU�LQ�
WKH�FRQWRXU�� �7KH�UHDVRQ�IRU�WKH�KLJKHU�FDUERQ�YDOXH�RQ�WKH�
FRUQHU�LV�EHFDXVH�WKH�FDUERQ�IOX[�LQWR�WKH�FRUQHU�LV�IURP�WZR�
VXUIDFHV��ZKLFK�LV�FRQVLGHUHG�D�JHRPHWU\�HIIHFW���,I�WKH�VXUIDFH�
WR�PDVV� UDWLR� LV�KLJKHU�� WKH� VXUIDFH�ZLOO� HQG�XS�ZLWK�KLJKHU�
FDUERQ�FRQWHQW���)RU�H[DPSOH��D�FRQFDYH�VKDSH��JHDU�URRW��KDV�
D�ORZHU�FDUERQ�FRQWHQW�WKDQ�WKDW�RI�D�FRQYH[�VKDSH��JHDU�WRRWK�
IODQN�� IURP� WKH� VDPH� /3&� SURFHVV�� $Q� H[DPSOH� RI� WKH�
SUHGLFWHG�FDUERQ�FRQWRXU�LV�VKRZQ�LQ�WKH�ORZHU�)LJXUH���D���
DQG� LW� FOHDUO\� VKRZV�� ��� WKH� WKLQQHU� GLVN� KDV� KLJKHU� FDUERQ�
FRQWHQW�WKDQ�WKH�WKLFNHU�GLVN��DQG����WKH�RXWHU�VXUIDFH�RI�WKH�
GLVNV� KDV� KLJKHU� FDUERQ� FRQWHQW��7KH� FDUERQ� FRQWHQW� RI� WKH�
SURFHVVHG�FRXSRQV�ZDV�PHDVXUHG�XVLQJ�/(&2�EXUQV��)RU�WKH�
ODUJH�F\OLQGHU�� WKH�FDUERQ�YDOXHV�ZHUH�PHDVXUHG� LQ� WHUP�RI�
GHSWK�IURP�WKH�2'�VXUIDFH��+RZHYHU��WKH�PDVV�RI�WKH�GLVNV�
DOORZV�RQO\�WKH�DYHUDJHG�FDUERQ�FRQWHQW WR�EH�PHDVXUHG���7R�
UHGXFH�WKH�FRUQHU�HIIHFW����PP�RI�PDWHULDO�IURP�WKH�2'�RI WKH�
GLVNV�ZDV� GLVFDUGHG�� DQG� WKH� FKLSV� FROOHFWHG� IRU� WKH�/(&2�
PHDVXUHPHQW�DUH�EHWZHHQ���PP�WR���PP�GHSWK��DV�VKRZQ�LQ�
)LJXUH���E����7KH�FDUERQ�GLVWULEXWLRQ�LQ�WKH�WKLFNQHVV�GLUHFWLRQ�
RI� WKH� GLVN� LV� QRW� XQLIRUP�� DQG� WKH� SUHGLFWHG� FDUERQ� LV�
DYHUDJHG�WR�FRPSDUH�ZLWK�WKH�H[SHULPHQWDO�GDWD��
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)LJXUH�����D��([DPSOH�RI�SUHGLFWHG�FDUERQ�GLVWULEXWLRQ�
FRQWRXU�RI�/3&�FRXSRQ� DQG��E��5HJLRQ�RI�WKLQ�GLVN�XVHG�

WR�FROOHFW�FKLS�WR�PHDVXUH�FDUERQ�FRQWHQW�

$V�GHVFULEHG�LQ�)LJXUH����WKH�/3&�SURFHVV�FRQWDLQV�D�VHULHV�RI�
ERRVW�GLIIXVH�VWHSV� WR�FRQWURO�WKH�DPRXQW�RI�FDUERQ� LQWR� WKH�
SDUW�VXUIDFH��DQG�WKH�DPRXQW�RI�FDUERQ�GLIIXVLQJ�DZD\�IURP�
WKH�VXUIDFH�LQZDUG���,I�WKH�ERRVW�WLPH�LV�WRR�ORQJ��FDUELGHV�ZLOO�
JURZ�DQG�IRUP�ODUJH��VWDEOH�FDUELGHV�RQ�WKH�VXUIDFH��ZKLFK�LV�
GHWULPHQWDO�WR�IDWLJXH�SHUIRUPDQFH���,I�WKH�GLIIXVH�WLPH�LV�WRR�



�

ORQJ��WKH�VXUIDFH�FDUERQ�FDQ�EH�WRR�ORZ�WR�DFKLHYH�WKH�UHTXLUHG�
KDUGQHVV�� ZKLFK� PD\� DOVR� LQFUHDVH� WKH� IXUQDFH� WLPH�
XQQHFHVVDULO\���%\�XVLQJ�FRPSXWHU�PRGHOLQJ��WKH�FDUERQ�YDOXH�
DQG�FDUELGH�DPRXQW�LQ�WKH�SDUW�DUH�SUHGLFWHG�GXULQJ�WKH�HQWLUH�
/3&�SURFHVV���)LJXUH���VKRZV�DQ�H[DPSOH�RI�SUHGLFWHG�FDUERQ�
DQG�FDUELGH�HYROXWLRQ�DW�D�QHDU�VXUIDFH�SRLQW�RI� WKH�FRXSRQ�
GXULQJ�ERRVW�GLIIXVH�VWHSV���'XULQJ�D�ERRVW�VWHS�IRU�3����VWHHO��
FDUELGHV�DUH�IRUPHG�LQ�WKH�VXUIDFH��7KH�FDUELGHV�GHFRPSRVH�
DQG� SURYLGH� D� FDUERQ� VRXUFH� IRU� WKH� GLIIXVH� VWHS�� � ,W� LV�
LPSRUWDQW�WR�DFFXUDWHO\�GHVLJQ�WKH�ERRVW�GLIIXVH�VWHS�GXUDWLRQV�
WR� SURYLGH� HQRXJK� FDUERQ� DQG� WR� GHFRPSRVH� FDUELGHV�
HIIHFWLYHO\�

)LJXUH����3UHGLFWHG�VXUIDFH�FDUERQ�GXULQJ�DQ�/3&�UXQ�
VKRZLQJ�FDUERQ�WKDW�LV�LQ�VROXWLRQ�DQG�FDUERQ�WKDW�LV�WLHG�

XS�DV�D�FDUELGH�

5(68/7�$1'�$1$/<6,6�

7K�SODQQHG�WZHQW\������/3&�IXUQDFH�UXQV�DQG�GDWD�FROOHFWLRQ�
KDYH�EHHQ�FRPSOHWHG�� �8VLQJ� WKH�PHDVXUHG�GDWD�� WKH�FDUERQ�
GLIIXVLYLW\�DQG�FDUELGH�IRUPLQJ�GHFRPSRVLQJ�SURSHUWLHV�ZHUH�
ILW�LQWR�'$17(�FDUEXUL]DWLRQ�PRGHOV���7ZR�/3&�SURFHVVLQJ�
WHPSHUDWXUHV�� ������� &� ������� )�� DQG� ������ &� ������� )���
ZHUH� XVHG� WR� JHQHUDWH� PDWHULDO� SURSHUWLHV� DQG� ERXQGDU\�
FRQGLWLRQV�IRU�WKH�'$17(�FDUEXUL]DWLRQ�PRGHO���$V�VKRZQ�LQ�
)LJXUH� ��� WKH� PHDVXUHG� FDUERQ� GLVWULEXWLRQV� DUH� FRPSDUHG�
ZLWK�WKH�PRGHO�SUHGLFWLRQV���7ZR�FRXSRQV�ZHUH�SURFHVVHG�IRU�
HDFK�RI�WKH�IXUQDFH�UXQV�DW�6RODU�$WPRVSKHUHV���7KH�PHDVXUHG�
FDUERQ� GLVWULEXWLRQV� LQ� WHUPV� RI� GHSWK� DUH� IURP� WKH� ORQJ�
F\OLQGHU�2'�VXUIDFH���([SHULPHQW���DQG�([SHULPHQW���DUH�WKH�
FDUERQ� GLVWULEXWLRQ� GDWD� PHDVXUHG� IURP� WKH� WZR� FRXSRQV�
SURFHVVHG� WRJHWKHU� DW� ������� &�� � ([SHULPHQW��� DQG�
([SHULPHQW��� DUH� IURP� WZR�FRXSRQV�SURFHVVHG� DW� ������&���
3UHGLFWLRQ��� LV� WKH� PRGHOLQJ� UHVXOW� IRU� ([SHULPHQW��� DQG�
([SHULPHQW���� DQG� 3UHGLFWLRQ��� LV� WKH� PRGHOLQJ� UHVXOW� IRU�
([SHULPHQW��� DQG� ([SHULPHQW���� � 7KH� DYHUDJH� FDUERQ�
PHDVXUHG� IURP� WKH� WKLFN�GLVN� IURP� WKH��������&�SURFHVV� LV�
�������FRPSDUHG� WR� WKH SUHGLFWHG�YDOXH�RI�������� �)RU� WKH�
WKLQ�GLVN�IURP�WKH�VDPH�SURFHVV��WKH�PHDVXUHG�DQG�SUHGLFWHG�
FDUERQ� YDOXHV� DUH� ������ DQG� ������� UHVSHFWIXOO\�� � 7KH�
H[SHULPHQWV� DQG� WKH� SUHGLFWLRQV� DJUHH� ZHOO�� � $OO� WZHQW\�

IXUQDFH� UXQV� XVHG� GLIIHUHQW� UHFLSHV�� HLWKHU� ZLWK� GLIIHUHQW�
ERRVW�GLIIXVH�VFKHGXOHV��RU�DW�GLIIHUHQW�WHPSHUDWXUHV���)LJXUH�
�� RQO\� VKRZV� WKH� FRPSDULVRQ� EHWZHHQ� H[SHULPHQWV� DQG�
SUHGLFWLRQV�IRU�WZR�RI�WKH�WZHQW\�IXUQDFH�UXQV���+RZHYHU��DOO�
WZHQW\�IXUQDFH�UXQV�ZHUH�FRPSDUHG�EHWZHHQ�WKH�H[SHULPHQWV�
DQG� SUHGLFWLRQV�� DQG� WKH\� DOO� DJUHH� UHDVRQDEO\� ZHOO�� � 7KH�
KRUL]RQWDO�GDVK�OLQH�LQ�)LJXUH���UHSUHVHQWV�D�FRQVWDQW�FDUERQ�
YDOXH�RI��������ZKLFK�ZLOO�JLYH�D�KDUGQHVV�YDOXH�RI�DERXW����
+5&�ZLWK�WKH�FXUUHQW�KDUGHQLQJ�DQG�WHPSHULQJ�FRQGLWLRQV���$�
KDUGQHVV� RI� ���+5&� LV� FRQVLGHUHG� WKH� HIIHFWLYH� FDVH� GHSWK�
�(&'��LQ�JHDU�KDUGHQLQJ�SURFHVVHV����

)LJXUH����&RPSDULVRQ�RI�SUHGLFWHG�DQG�PHDVXUHG�FDUERQ�
GLVWULEXWLRQ�IURP�WZR�/3&�SURFHVVHV�DW��������&�DQG�

������&�

,Q�)LJXUH����WKH�VDPH�ERRVW�GLIIXVH�VFKHGXOH�ZDV�XVHG�IRU�WKH�
WZR�/3&� IXUQDFH� UXQV�DW��������&�DQG�������&�SURFHVVLQJ�
WHPSHUDWXUHV����7KH�(&'�IURP�WKH��������&�SURFHVV�LV�DERXW�
�����PP��DQG�WKH�(&'�IURP�WKH�������&�SURFHVV�LV�DERXW������
PP�� ZKLFK� LV� DERXW� ���� GHHSHU�� � 3���� LV� NQRZQ� IRU� ORZ�
FDUERQ�GLIIXVLYLW\� UDWHV�� DQG� ORQJHU�/3&�SURFHVVLQJ� WLPH� LV�
UHTXLUHG� ZKHQ� FRPSDUHG� WR� PRVW� RWKHU� DOOR\� VWHHOV�� � ,W� LV�
LPSRUWDQW� WR� UHGXFH� WKH� IXUQDFH� WLPH� DV� PXFK� DV� SRVVLEOH��
ZKLOH�PDLQWDLQLQJ�DFFHSWDEOH�PLFURVWUXFWXUH�DQG�KDUGQHVV������

7R� LPSURYH� EHQGLQJ� DQG� FRQWDFW� IDWLJXH� SHUIRUPDQFH�� WKH�
FDUERQ�FRQWHQW�DQG�KDUGQHVV�RI�WKH�FDUEXUL]HG�VXUIDFH�VKRXOG�
EH�GHVLJQHG�IRU�VSHFLILF�DSSOLFDWLRQV���,Q�JHQHUDO��+5&����RU�
DERYH� LV� UHTXLUHG� RQ� WKH� VXUIDFH� IRU� JRRG� FRQWDFW� IDWLJXH�
SHUIRUPDQFH�� � 6OLJKWO\� ORZHU� KDUGQHVV� RQ� WKH� VXUIDFH� PD\�
EHQHILW�WKH�EHQGLQJ�IDWLJXH�SHUIRUPDQFH���([SHULPHQWV�LQ�WKLV�
VWXG\� KDYH� EHHQ� VXFFHVVIXOO\� XVHG� WR� FRUUHODWH� WKH� UHODWLRQ�
EHWZHHQ�KDUGQHVV�YDOXHV� DQG� FDUERQ� FRQWHQW� IRU�3���� VWHHO�
EDVHG�RQ� WKH�FXUUHQW�DXVWHQLWL]LQJ�DQG WHPSHULQJ�VFKHGXOHV��
)RU� PDUWHQVLWH� WHPSHUHG� DW� ����� &�� ������ FDUERQ� KDV� D�
KDUGQHVV� RI� a+5&� ���� DQG� ����� FDUERQ� KDV� D� KDUGQHVV� RI�
a+5&�����7KH� WZR�/3&�H[SHULPHQWV� VKRZQ� LQ�)LJXUH���DW�
�������&�DQG�������&�ZHUH�GHVLJQHG�WR�KDYH�D�VXUIDFH�FDUERQ�
RI� DERXW� ������ � )LJXUH� �� VKRZV� D� UHSUHVHQWDWLYH�
PLFURVWUXFWXUH� DW� D� SRLQW� QHDU� WKH� 2'� VXUIDFH� IURP� WKH�
([SHULPHQW��� FRXSRQ�� � )RU� ERWK� SURFHVVHV�� WKH� DPRXQW� RI�
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FDUELGHV�LQ�WKH�FDVH�LV�ORZ��DQG�WKH�KDUGQHVV�YDOXHV�DUH�EHORZ�
+5&������7R�DFKLHYH�KDUGQHVV�YDOXHV�DERYH�+5& ����KLJKHU�
VXUIDFH� FDUERQ� FRQWHQW� LV� UHTXLUHG�� � $� KLJKHU� DXVWHQLWL]LQJ�
WHPSHUDWXUH� PD\� DOVR� EH� XVHG� WR� LQFUHDVH� WKH� KDUGQHVV� E\�
UHGXFLQJ�WKH�DPRXQW�RI�SULPDU\�FDUELGHV���+RZHYHU��WKLV�ZDV�
QRW�FRYHUHG�LQ�WKLV�VWXG\�

)LJXUH����0LFURVWUXFWXUH�DW�QHDU�2'�VXUIDFH�IURP�
([SHULPHQW���SURFHVV�DW��������&��������)���

:LWK�WKH�REWDLQHG�FDUERQ�DQG�KDUGQHVV�GDWD�IURP�DOO�IXUQDFH�
UXQV�� WKH� UHODWLRQ� EHWZHHQ� WKH� KDUGQHVV� RI� WHPSHUHG�
PDUWHQVLWH� DQG� WKH� FDUERQ� FRQWHQW� LV� REWDLQHG�� DV� VKRZQ� LQ�
)LJXUH� ��D��� � 7KH� EOXH� FXUYH� ZLWK� GLDPRQG� PDUNV� LV� WKH�
DYHUDJHG� KDUGQHVV�GDWD� IURP�PXOWLSOH� H[SHULPHQWV�� DQG� WKH�
RUDQJH�FXUYH�ZLWK�KROORZ�PDUNV�LV�WKH�ILWWHG�GDWD���7KH�FXUYHV�
VKRZQ�LQ�)LJXUH���D��VXJJHVW�WKDW�D�FDUERQ�FRQWHQW�RI������RU�
KLJKHU�LV�UHTXLUHG�WR�DFKLHYH�D�KDUGQHVV�RI�+5& �����3ULPDU\�
FDUELGHV� DUH� GHILQHG� DV� WKRVH� FDUELGHV� IRUPHG� GXULQJ�
FDUEXUL]DWLRQ��DQG�WKH\�DUH�QRW�GLVVROYHG�GXULQJ�UHKHDWLQJ�IRU�
KDUGHQLQJ���,W�LV�H[SHFWHG�WKDW�WKH�UHKHDWLQJ�WHPSHUDWXUH�DQG�
WLPH� ZLOO� DIIHFW� WKH� DPRXQW� RI� FDUELGHV� GLVVROYHG� DQG� WKH�
KDUGQHVV�RI�WHPSHUHG�PDUWHQVLWH�LQ�WKH�ILQDO�SDUW���)LJXUH���D��
LV� OLPLWHG� WR� WKH� FXUUHQW� SURFHVV� XVHG� LQ� WKLV� VWXG\�� ZLWK� D�
UHKHDWLQJ� WHPSHUDWXUH� RI� �������� &� DQG� D� WHPSHULQJ�
WHPSHUDWXUH�RI������&���������

%\� PRGLI\LQJ� WKH� /3&� ERRVW�GLIIXVH� VFKHGXOH�� KDUGQHVV�
YDOXHV�RYHU�+5&����ZHUH�DFKLHYHG�RQ�WKH�VXUIDFH ZLWK�KLJKHU�
FDUERQ�FRQWHQW��DV�VKRZQ�LQ�)LJXUH���E��� �7KH�/3&�SURFHVV�
WHPSHUDWXUH� VKRZQ� LQ� )LJXUH� �E�� ZDV� ������� &� ������� )����
'XULQJ�WKH�KHDW�WUHDWPHQW�SURFHVV��DQ�H[WUD�FRXSRQ�ZDV�XVHG�
WR�FKHFN�WKH�KDUGQHVV�FKDQJH�FDXVHG�E\�WHPSHULQJ���7KH�H[WUD�
FRXSRQ�ZHQW�WKURXJK�WKH�H[DFW�/3&��+3*4��DQG�GHHS�IUHH]H�
SURFHVVHV�DV�WKH�RWKHU�FRXSRQV��EXW�LW�ZDV�SXOOHG�RXW�EHIRUH�
WHPSHULQJ� IRU� PLFURVWUXFWXUH� DQG� PLFURKDUGQHVV� FKHFNLQJ��
7KH� FRPSDULVRQ� RI� WKH� KDUGQHVV� YDOXHV� EHIRUH� DQG� DIWHU�
WHPSHULQJ� VKRZHG� WKDW� WKH� WHPSHULQJ� SUDFWLFH� XVHG� LQ� WKLV�
VWXG\�ZLOO�GHFUHDVH�WKH�KDUGQHVV�E\�DSSUR[LPDWHO\�����+5&�
SRLQWV���%\�FRPSDULQJ�WKH�PLFURVWUXFWXUHV�EHWZHHQ�WHPSHUHG�
DQG� DV�TXHQFKHG� FRXSRQV�� LW� ZDV� IRXQG� WKDW� WHPSHULQJ� LV�
HIIHFWLYH� LQ� UHGXFLQJ� WKH� FDUELGH� QHWZRUN� PLFURVWUXFWXUH�
DORQJ�WKH�JUDLQ�ERXQGDULHV���7KH�KDUGQHVV�GLVWULEXWLRQ�VKRZQ�

LQ� )LJXUH� ��E�� VKRZV� D� ORZHU� KDUGQHVV� ULJKW� RQ� WKH� SDUW�
VXUIDFH�� DQG� SHDNV� DW� D� GHSWK� RI� DERXW� ����PP�� 7KH� H[DFW�
UHDVRQ� IRU� WKLV� LV� XQNQRZQ�� EXW� WKH� SRVVLEOH� UHDVRQV� DUH�
GHVFULEHG� EULHIO\�� ��� HIIHFW� RI� WKH�PHDVXUHPHQW�SRLQW� EHLQJ�
WRR� FORVH� WR� WKH� VXUIDFH�� ��� SRVVLELOLW\� RI� WHQVLOH� UHVLGXDO�
VWUHVVHV�LQ�WKH�VKDOORZ�VXUIDFH��DQG����KLJK�DPRXQW�RI�SULPDU\�
FDUELGHV� LQ� WKH� VKDOORZ� VXUIDFH� KDYH� QR� RU� PLQLPXP�
FRQWULEXWLRQ�WR�KDUGQHVV�������

�D�

�E�

)LJXUH�����D��5HODWLRQ�EHWZHHQ�KDUGQHVV�DQG�FDUERQ�
FRQWHQW�REWDLQHG�IURP��������&��������)��/3&�SURFHVV��
DQG��E��([DPSOH�RI�KDUGQHVV�GLVWULEXWLRQ�REWDLQHG�DIWHU�

/3&�DQG�+3*4�KDUGHQLQJ�SURFHVV��

7KH� PLFURVWUXFWXUHV� RI� WKH� WHPSHUHG� PDUWHQVLWH� IURP� WKH�
([SHULPHQW��� SURFHVV DW� �������&� DUH� VKRZQ� LQ� )LJXUH� ����
ZLWK� )LJXUH� ���D�� UHSUHVHQWLQJ� WKH� VXUIDFH� PLFURVWUXFWXUH��
)LJXUH� ���E�� UHSUHVHQWLQJ� WKH� PLFURVWUXFWXUH� DW� a���� PP�
������´�� GHSWK�� DQG� )LJXUH� ���F�� UHSUHVHQWLQJ� WKH�
PLFURVWUXFWXUH�DW�a�����PP�������´��GHSWK���7KH�VXUIDFH�KDV�
D� KLJK� DPRXQW� RI� FDUELGHV�� DQG� LW� LV� EHOLHYHG� WKDW� WKH\� DUH�
PRVWO\� SULPDU\� FDUELGHV� 7KLV� FRQFOXVLRQ� ZDV� UHDFKHG� E\�
FRPSDULQJ� WKH� PLFURVWUXFWXUH� GLIIHUHQFHV� EHWZHHQ� WKH�
WHPSHUHG�DQG�DV�TXHQFKHG�PLFURVWUXFWXUH��QRWLQJ�WKH�FDUELGHV�
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ORRNHG�OLNH�FDUELGHV�LQ�WKH�DV�TXHQFKHG�FRXSRQ�� 7KH�VXUIDFH�
PLFURVWUXFWXUH� VKRZQ� LQ� )LJXUH� ���D�� LV� FRQVLGHUHG� DV� D�
W\SLFDO�FDUEXUL]HG�PLFURVWUXFWXUH�RI�3����VWHHO������������

�D�

�E�

�F�

)LJXUH�����0LFURVWUXFWXUHV�IURP�([SHULPHQW���SURFHVV
DW��������&��������)����D��DW�QHDU�VXUIDFH���E��DW�GHSWK�
DERXW�����PP�������´���DQG��F��DW�GHSWK�DERXW������PP�

������´��

)LJXUH����E��LV�WKH�PLFURVWUXFWXUH�DW�DERXW�����PP�GHSWK�IURP�
WKH�2'�VXUIDFH��ZKLFK�LV�DOVR�D�W\SLFDO�PLFURVWUXFWXUH�RI�3����
ZLWK� PHGLXP� FDUERQ�� � 7KH� JUDLQ� ERXQGDU\� KDV� PRUH� DOOR\�
FDUELGHV� WKDQ� LQVLGH� WKH� JUDLQV�� � 7KH� FDUELGHV� RQ� WKH� JUDLQ�

ERXQGDU\� DUH� LQ� EURNHQ� IRUP�� ZKLFK� LV� DQ� DFFHSWDEOH�
PLFURVWUXFWXUH� IRU� 3���� VWHHO�� � $W� D� GHSWK� RI� a����� PP�
������´���WKHUH�LV�QR�JUDLQ�ERXQGDU\�FDUELGHV�IRXQG��DV�VKRZQ�
LQ�)LJXUH����F����)LQH�GLVSHUVHG�FDUELGHV�DUH�IRXQG�LQVLGH�WKH�
JUDLQV��DQG�WKH\�DUH�IRUPHG�GXULQJ�WHPSHULQJ��������

)LJXUH����VKRZV�WKH�PLFURVWUXFWXUH��DW�D�GHSWK�IURP�WKH�2'�
VXUIDFH�RI�DERXW�����PP��IURP�WKH�FRXSRQ�SURFHVVHG�DW�������
&��([SHULPHQW����XVLQJ�WKH�VDPH�/3&�ERRVW�GLIIXVH�VFKHGXOH�
DV�([SHULPHQW���� %\�FRPSDULQJ�)LJXUH����E��DQG�)LJXUH�����
XVLQJ��������&�DQG�������&�/3&�SURFHVVLQJ� WHPSHUDWXUHV��
UHVSHFWIXOO\�� LW� LV� FRQFOXGHG� WKDW� WKH� FDUELGHV� DUH� LQ�EURNHQ�
IRUP�IRU�ERWK�FDVHV� 7KHUH�LV�DOVR�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�
WKH�JUDLQ�VL]H�EHWZHHQ�WKH�WZR�FDVHV�� �)XUWKHU�HYDOXDWLRQ�RI�
WKH� PLFURVWUXFWXUHV� DW� WKH� QHDU� VXUIDFH� VKRZHG D� KLJKHU�
DPRXQW� RI� SULPDU\� FDUELGHV� IRU� WKH� ������ & SURFHVVLQJ�
WHPSHUDWXUH��ZLWK�QR�QRWLFHDEOH�PLFURVWUXFWXUDO�GLIIHUHQFH�DW�
DQ\�GHHSHU�GHSWK���2QH�FRQFOXVLRQ�LV�WKDW ������&�VKRXOG�EH�
DQ DFFHSWDEOH�/3&�SURFHVVLQJ�WHPSHUDWXUH�IRU�3�����EXW�WKH�
ERRVW�GLIIXVH�VFKHGXOH�VKRXOG�EH�DGMXVWHG�IURP�WKH��������&�
ERRVW�GLIIXVH� VFKHGXOH� EHFDXVH� RI� WKH� KLJKHU� FDUERQ�
GLIIXVLYLW\�DW�������&�DQG�EHFDXVH�RI� WKH� LQFUHDVHG�FDUELGH�
IRUPDWLRQ�GXULQJ�WKH�ERRVW�VWHSV������������

)LJXUH�����0LFURVWUXFWXUH�DW�D�GHSWK�RI������´�IURP�
([SHULPHQW���SURFHVV�DW ������&��������)��

$33/,&$7,21�2)�/3&�352&(66�'(6,*1�
$1'�&$5%21�',675,%87,21�86,1*�

02'(/,1*�)25�*,9(1�3$576�

2QH� JRDO� RI� WKLV� VWXG\� ZDV� WR� GHVLJQ /3&� ERRVW�GLIIXVH�
UHFLSHV� WR�PHHW� WKH� KHDW� WUHDWPHQW� VSHFLILFDWLRQ DQG�SUHGLFW�
WKH�FDUERQ�GLVWULEXWLRQ�IRU�JLYHQ�SDUWV���:LWK�WKH�FKDUDFWHUL]HG�
PDWHULDO� SURSHUWLHV� DQG FDUEXUL]DWLRQ� ERXQGDU\� FRQGLWLRQV�
REWDLQHG�IURP�WKLV�VWXG\��WKH�IROORZLQJ�VSHFLILFDWLRQV VKRXOG�
EH�FRQVLGHUHG�DV�/3&�SURFHVV�GHVLJQ�JRDOV�IRU�DQ\ JLYHQ�SDUW�
JHRPHWU\ XVLQJ�FRPSXWHU�PRGHOLQJ�

x 6XUIDFH�FDUERQ�DQG�VXUIDFH�KDUGQHVV�
x (IIHFWLYH�FDVH�GHSWK �(&'��
x 9DULDWLRQ�RI�FDUERQ�GLVWULEXWLRQ�RQ�GLIIHUHQW�

ORFDWLRQV�RI�WKH�JLYHQ�SDUW�
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)LJXUH��� VKRZV�D�&$'�PRGHO�RI�D�EHDULQJ�FDVH�PDGH�RI�3����
XVHG� WR�GHPRQVWUDWH� WKH�/3&�SURFHVV�GHVLJQ�DQG�PRGHOLQJ�
7KH�RXWHU�GLDPHWHU�RI�WKH�EHDULQJ�FDVH�LV�����PP��WKH�LQQHU�
GLDPHWHU�LV�����PP��WKH�KHLJKW�LV����PP��DQG�D�ILOOHW�UDGLXV
RI���� PP�LV�XVHG�IRU�DOO�WKH�FRUQHUV���'XULQJ�WKH�/3&�SURFHVV��
WKH�HQWLUH�VXUIDFH�LV�FDUEXUL]HG�

)LJXUH�����&$'�PRGHO�DQG�EULHI�GLPHQVLRQV�RI�D�EDOO�
EHDULQJ�FDVH XVHG�IRU�GHPRQVWUDWLQJ�/3&�SURFHVV�GHVLJQ�

FDUERQ�GLVWULEXWLRQ�PRGHOLQJ��

7KH�KHDW�WUHDWPHQW�VSHFLILFDWLRQ�UHTXLUHV�D�KDUGQHVV�RI�+5&�
���RU�DERYH�RQ�WKH�EDOO�SDWK�VXUIDFH� ZLWK�DQ�(&'�DERXW�����
PP�� � ,Q� WKLV� GHPRQVWUDWLRQ�� WKH� VHOHFWHG� FDUEXUL]DWLRQ�
WHPSHUDWXUH� ZDV� ������� &�� DQG� WKH� FDUEXUL]DWLRQ� ERXQGDU\�
FRQGLWLRQV�FKDUDFWHUL]HG�IURP�6RODU $WPRVSKHUHV¶ SURGXFWLRQ�
IXUQDFH�ZHUH�XVHG���,W�VKRXOG�EH�QRWHG�WKDW GLIIHUHQW�IXUQDFH�
W\SHV�ZLOO�EHKDYH�GLIIHUHQWO\�GXH�WR�WKH�W\SH�RI�JDV�XVHG��WKH�
HIIHFWLYH�WLPH�UHTXLUHG�IRU�WKH�FDUERQ�JDV�DWPRVSKHUH�WR�UHDFK�
HTXLOLEULXP��DQG�WKH�HIIHFWLYH�WLPH�WR�YDFXXP�WKH�FKDPEHU�DW�
WKH�EHJLQQLQJ�RI�GLIIXVH�VWHSV��DQG�RWKHU�IDFWRUV���7KHUHIRUH��D�
IXUQDFH�VKRXOG�EH�FKDUDFWHUL]HG�EHIRUH�LW�FDQ�EH�XVHG�WR�GHVLJQ�
WKH�/3&�SURFHVV�XVLQJ�FRPSXWHU�PRGHOLQJ�

8VLQJ�FRPSXWHU�PRGHOLQJ��WKH�GHVLJQHG�/3&�SURFHVV�UHFLSH�
FRQWDLQHG� VL[� ���� ERRVW�GLIIXVH� VWHSV�� DQG� WKH� WRWDO� IXUQDFH�
WLPH�ZDV����KRXUV� 7KH�SUHGLFWHG�FDUERQ�GLVWULEXWLRQ�FRQWRXU�
LV�VKRZQ�LQ�)LJXUH������

)LJXUH�����3UHGLFWHG�FDUERQ�GLVWULEXWLRQ�FRQWRXU XVLQJ�
WKH�GHVLJQHG�/3&�UHFLSH�DW��������&��

$�ILOOHW� UDGLXV�RI� ����PP�ZDV�XVHG� IRU� DOO� WKH� FRUQHUV�� DQG�
KLJKHU�FDUERQ�YDOXHV�ZHUH�SUHGLFWHG�RQ�WKH�FRUQHUV���7KH�VL]H�
RI�WKH�ILOOHW�UDGLXV�DIIHFWV�WKH�VHYHULW\�RI�FRUQHU�HIIHFW��DQG�WKH�
ILOOHW� GLPHQVLRQ� FDQ� EH� DGMXVWHG� LQ� WKH� DOORZDEOH� UDQJH� WR�
PLQLPL]H�WKH�FRUQHU�HIIHFW���$V�VKRZQ�LQ�)LJXUH�����WKUHH�����
ORFDWLRQV� ZHUH� VHOHFWHG� WR� SRVW�SURFHVV� WKH� FDUERQ�
GLVWULEXWLRQV� LQ� WHUPV�RI�GHSWK� IURP� WKH� VXUIDFH�� �7KH� WKUHH�
ORFDWLRQV� DUH� ODEHOHG� DV�� ³$%´� UHSUHVHQWLQJ� WKH� EDOO� SDWK�
VXUIDFH�� ³&'´� UHSUHVHQWLQJ� WKH� FRUQHU� ZLWK� ���� PP� ILOOHW�
UDGLXV��DQG�³()´�UHSUHVHQWLQJ�WKH�WRS�IODW�VXUIDFH�

7KH�UHVXOWV�RI�FDUERQ�GLVWULEXWLRQ�LQ�WHUPV�RI�GHSWK�DORQJ�WKH�
WKUHH� OLQHV� ³$%´�� ³&'´� DQG� ³()´� VKRZQ� LQ� )LJXUH� ��� DUH�
SORWWHG� LQ� )LJXUH� ��� IRU� WKH� WKUHH� ORFDWLRQV�� � ,Q� WKLV�
GHPRQVWUDWLRQ�� WKH� KHDW� WUHDWPHQW� UHTXLUHPHQWV� VSHFLI\� WKH�
PLQLPXP�KDUGQHVV�RI�+5&����RQ�WKH�EDOO�SDWK�VXUIDFH��DQG�
WKH�(&'�LV�DSSUR[LPDWHO\�����PP���7R�UHDFK�D�KDUGQHVV�RI�
+5&����DIWHU�WHPSHULQJ��LW�LV�H[SHFWHG�WKDW�WKH�FDUERQ�FRQWHQW�
VKRXOG� EH� ����� RU� DERYH�� XVLQJ� WKH� KDUGQHVV� DQG� FDUERQ�
UHODWLRQ�LQ�)LJXUH���D����

)LJXUH�����&DUERQ�GLVWULEXWLRQV�LQ�WHUPV�RI�GHSWK�IURP�
GLIIHUHQFH�EHDULQJ�FDVH�VXUIDFHV��

7KH�SXUSOH�FXUYH�ZLWK�WULDQJOH�PDUNV�LQ�)LJXUH����UHSUHVHQWV�
WKH� FDUERQ� GLVWULEXWLRQ� DORQJ� OLQH� ³$%´� IURP� WKH� EDOO� SDWK�
VXUIDFH�� DQG� WKH� SUHGLFWHG� VXUIDFH� FDUERQ� LV� ������� ZKLFK�
PHHWV�WKH�UHTXLUHPHQW�� �7KH�SUHGLFWHG�(&'�RI�WKH�EDOO�SDWK�
VXUIDFH�LV�DERXW�����PP�XVLQJ�������(&'�FDUERQ�FULWHULRQ��
ZKLFK�DOVR�PHHWV� WKH� UHTXLUHPHQW�� �7KH�FDUERQ�GLVWULEXWLRQ�
DORQJ�OLQH�³()´�IURP�WKH�WRS�IODW�VXUIDFH�LV�SORWWHG�E\�WKH�EOXH�
FXUYH�ZLWK� URXQG�PDUNV�� DQG� WKH� FDUERQ�YDOXHV� DUH� VOLJKWO\�
DERYH�WKRVH�RI�WKH�EDOO�SDWK�VXUIDFH��ZKLFK�LV�FDXVHG�E\�WKH�
JHRPHWU\�HIIHFW���$OO�WKH�FRUQHUV�KDYH�KLJKHU�FDUERQ�YDOXHV��
DQG�WKH�FDUERQ�GLVWULEXWLRQ�DORQJ�WKH�OLQH�³&'´�LV�SORWWHG�E\�
WKH�EURZQ�FXUYH�ZLWK�GLDPRQG�PDUNV� 7KH�SUHGLFWHG�VXUIDFH�
FDUERQ� RQ� WKH� FRUQHU� LV� ������� YV�� ������ RQ� WKH� EDOO� SDWK�
VXUIDFH���7KH�PRVW�HIIHFWLYH�ZD\�RI�UHGXFLQJ�WKH�KLJK�FDUERQ�
SKHQRPHQRQ�RQ�WKH�FRUQHU�VXUIDFH�LV�E\�XVLQJ�D�ODUJHU�FRUQHU�
ILOOHW� RU� FKDPIHU�� � &DUEXUL]DWLRQ� RI� VHOHFWLYH� VXUIDFHV� RQO\�
XVLQJ� FRSSHU�SODWLQJ� WR�EORFN� WKH�QRQFDUEXUL]HG� VXUIDFHV� LV�
RIWHQ�XVHG�WR�UHGXFH�WKH�FRUQHU�HIIHFW�LQ�DHURVSDFH�LQGXVWU\���



�

7KLV�VWXG\�DOVR�IRXQG�WKDW�WKH�FDUEXUL]DWLRQ�WHPSHUDWXUH�DQG�
/3&�ERRVW�GLIIXVH�VFKHGXOH�ZLOO�DIIHFW�WKH�VHYHULW\�RI�WKH�KLJK
FDUERQ�SKHQRPHQRQ�RQ�WKH�FRUQHU�����������������������

&21&/86,216

,Q�WKLV�VWXG\��D�VHULHV�RI�/3&�IXUQDFH�UXQV�ZHUH�GHVLJQHG�DQG�
H[HFXWHG� WR� FKDUDFWHUL]H� WKH� FDUERQ� GLIIXVLYLW\� DQG� FDUELGH�
IRUPLQJ�GHFRPSRVLQJ� SURSHUWLHV� RI� 3���� VWHHO� DW� WZR�
SURFHVVLQJ� WHPSHUDWXUHV���������&�DQG�������&� 8VLQJ� WKH�
FKDUDFWHUL]HG�GDWD��FRPSXWHU�PRGHOLQJ�FDQ�EH�XVHG�WR�GHVLJQ�
WKH� /3&� SURFHVV� UHFLSH� DQG� SUHGLFW� WKH� FDUERQ� GLVWULEXWLRQ�
LQFOXGLQJ�WKH�JHRPHWU\�HIIHFW�IRU�JLYHQ�SDUWV���7KH�VWXG\�KDV�
IRXQG� WKDW� GLIIHUHQW� IXUQDFH� W\SHV SURGXFH� GLIIHUHQW� FDUERQ�
GLVWULEXWLRQ� UHVXOWV IURP� WKH� VDPH� UHFLSH�� � 7KHUHIRUH� WKH�
IXUQDFH� EHKDYLRU� VKRXOG� EH� FKDUDFWHUL]HG� EHIRUH� GHVLJQLQJ�
ERRVW�GLIIXVH�UHFLSHV�XVLQJ�FRPSXWHU�PRGHOLQJ���7KH�FDUERQ�
GLIIXVLRQ�UDWH�LV�PXFK�KLJKHU�DW�������&�WKDQ�WKDW DW��������&��
DQG� WKH� DFKLHYHG� (&'� LV� DERXW� ���� KLJKHU IRU� ������ &�
SURFHVVLQJ�� � 7KH� H[SHULPHQWV� GLGQ¶W� ILQG� QRWLFHDEOH�
PLFURVWUXFWXUH� GLIIHUHQFH� EHWZHHQ� WKH� UHVXOWV� IURP� WKH� WZR�
FDUEXUL]DWLRQ� WHPSHUDWXUHV�� LQFOXGLQJ� ERWK� JUDLQ� VL]H� DQG�
VXUIDFH�FDUELGHV�� ,W�LV�VXJJHVWHG�IURP�WKLV�VWXG\�WKDW�������&�
/3&�FDUEXUL]DWLRQ� WHPSHUDWXUH� IRU�3����VWHHO� LV�DFFHSWDEOH���
+RZHYHU�� WKH� ERRVW�GLIIXVH� UHFLSH� DW� ������ &� VKRXOG� EH�
DGMXVWHG� IURP� ������� &� SURFHVV� GXH� WR� LWV� KLJKHU� FDUERQ�
GLIIXVLYLW\� DQG� KLJKHU� DPRXQW� RI� FDUELGHV� IRUPHG� GXULQJ�
ERRVW� VWHSV�� �8VLQJ� WKH� FKDUDFWHUL]HG�PDWHULDO� SURSHUWLHV� RI�
3���� VWHHO� DQG� FDUEXUL]DWLRQ� ERXQGDU\� FRQGLWLRQV� RI� 6RODU�
$WPRVSKHUH¶V� SURGXFWLRQ� IXUQDFH�� WKH� /3&� SURFHVV� GHVLJQ�
DQG� FDUEXUL]DWLRQ� SURFHVV� SUHGLFWLRQ� ZHUH� VXFFHVVIXOO\�
GHPRQVWUDWHG�XVLQJ�'$17(�VRIWZDUH��'$17(�FDQ�WKHUHIRUH�
EH�XVHG�WR�VXFFHVVIXOO\�GHVLJQ�WKH�ORZ�SUHVVXUH�FDUEXUL]DWLRQ�
SURFHVV�IRU�FRPSRQHQWV�PDGH�RXW�RI�3����

$XWKRU�FRQWDFW��=KLFKDR��&KDUOLH��/L��&KDUOLH�/L#'DQWH�
6ROXWLRQV�FRP

$&.12:/('*0(176�

7KH� YLHZV� DQG� FRQFOXVLRQV� FRQWDLQHG� LQ� WKLV� GRFXPHQW� DUH�
WKRVH� RI� WKH� DXWKRUV� DQG� VKRXOG� QRW� EH� LQWHUSUHWHG� DV�
UHSUHVHQWLQJ�WKH�RIILFLDO�SROLFLHV��HLWKHU�H[SUHVVHG�RU�LPSOLHG�
RI�WKH�8�6��*RYHUQPHQW��$XWKRUV�DOVR�ZLVK�WR�DFNQRZOHGJH�
6RODU� $WPRVSKHUHV�� ,QF�� IRU� KHDW� WUHDWLQJ� WKH� H[SHULPHQWDO�
FRXSRQV�� DQG� 7HQVLOH� 7HVWLQJ�0HWDOOXUJLFDO� /DERUDWRU\� IRU�
PHDVXULQJ� WKH�FDUERQ�SURILOHV�� FKHFNLQJ�PLFURVWUXFWXUH�DQG�
KDUGQHVV�RI�SURFHVVHG�FRXSRQV�

5()(5(1&(6�

�� +HUULQJ��'DQLHO�+���DQG�5REHUW�9��3HWHUV�-U���7HFKQLFDO�
DQG� 3URFHVV� $GYDQWDJHV� RI� /RZ� 3UHVVXUH� 9DFXXP�

&DUEXUL]LQJ� 8VLQJ� &KHPLFDO� $FHW\OHQH� ZLWK� '0)�
6ROYHQW��*HDU�7HFKQRORJ\��6HSWHPEHU�����

�� *HRIIUH\� 3DUULVK�� ³&DUEXUL]LQJ�� 0LFURVWUXFWXUHV� DQG�
SURSHUWLHV´��<HDU�������,6%1�������������������

�� /\QQ�)HUJXVRQ��=KLFKDR�/L��-XVWLQ�6LPV��DQG�7LDQ\X�<X��
³9DFXXP�&DUEXUL]DWLRQ�6WHHO�$OOR\V�&RQWDLQLQJ�6WURQJ�
&DUELGH�)RUPHUV´��<HDU�������3URFHHGLQJV�RI� WKH���WK�
$60�+HDW�7UHDWLQJ�6RFLHW\�&RQIHUHQFH��$W�&ROXPEXV��
2KLR��86$


