
-��1HSDO�&KHP��6RF���9RO����������

�����

.LQHWLF�0RGHOLQJ�RI�$GVRUSWLRQ�RI�3E��,,��8VLQJ�$FWLYDWHG�&DUERQ�
3UHSDUHG�IURP�/DSVL�6HHG�6WRQH�E\�&KHPLFDO�&DUERQL]DWLRQ�

5DMHVKZDU�0DQ�6KUHVWKD
'HSDUWPHQW�RI�$SSOLHG�6FLHQFHV��,QVWLWXWH�RI�(QJLQHHULQJ��7ULEKXYDQ�8QLYHUVLW\��1HSDO�

(PDLO��UDMHVKZDU#LRH�HGX�QS�

$FWLYDWHG� FDUERQ� SUHSDUHG� IURP� /DSVL� 6HHG� 6WRQH� E\� &KHPLFDO� FDUERQL]DWLRQ� ZLWK� FRQFHQWUDWHG�
VXSOKXULF� DFLG� FRQFHQWUDWHG� QLWULF� DFLG� KDV� EHHQ� DSSOLHG� WR� VWXG\� WKH� DGVRUSWLRQ� RI� 3E� �,,�� LRQV�� 7KH�
RSWLPDO�S+�DQG�FRQWDFW�WLPH�IRU�WKH�DGVRUSWLRQ�ZHUH�IRXQG�WR�EH���DQG���KRXUV�UHVSHFWLYHO\���$GVRUSWLRQ�
HTXLOLEULXP�GDWD�KDYH�EHHQ�DQDO\]HG�E\�/DQJPXLU�DQG�)UHXQGOLFK�DGVRUSWLRQ�LVRWKHUPV��,W�LV�IRXQG�WKDW�
HTXLOLEULXP�GDWD� LV� LQ�JRRG�DJUHHPHQW�ZLWK�/DQJPXLU�DGVRUSWLRQ� LVRWKHUP�DV� FRPSDUHG� WR�)UHXQGOLFK�
DGVRUSWLRQ� LVRWKHUP� VKRZLQJ� D�PD[LPXP� XSWDNH� RI� �������PJ�J�� 7KH� NLQHWLF� RI� WKH� DGVRUSWLRQ� RI� WKH�
PHWDO�LRQV� LV�HYDOXDWHG�E\� WKH�SVHXGR�ILUVW�RUGHU�DQG�SVHXGR�VHFRQG�RUGHU��7KH�UHVXOWV� LQGLFDWH� WKDW�
SVHXGR� VHFRQG� RUGHU� SURYLGHV� D� PRUH� DSSURSULDWH� GHVFULSWLRQ� RI� WKH� PHWDO� LRQ� DGVRUSWLRQ� RQ� WKH�
DFWLYDWHG�FDUERQ��,W�KDV�EHHQ�FRQFOXGHG�WKDW�WKH�DFWLYDWHG�FDUERQ�SUHSDUHG�IURP�/DSVL�VHHG�VWRQH�FDQ�
EH�XVHG�DV�DQ�HIIHFWLYH�DGVRUEHQW�IRU�WKH�UHPRYDO�RI�3E��,,��IURP�DTXHRXV�VROXWLRQ��

.H\ZRUGV��$GVRUSWLRQ�NLQHWLFV��$GVRUSWLRQ�LVRWKHUPV��/HDG��/DSVL�VHHG�VWRQH��$GVRUSWLRQ�LVRWKHUP�

,QWURGXFWLRQ�

/HDG��RQH�RI�WKH�KLJKO\�WR[LF�KHDY\�PHWDOV�UHOHDVHG�LQWR�ZDWHU�ERGLHV�E\�DQWKURSRJHQLF�DFWLYLWLHV�VXFK�
DV� PDQXIDFWXULQJ� SURFHVV� RI� VWDLQOHVV� VWHHOV�� VXSHU� DOOR\V�� PHWDOOLF� DOOR\V�� FRLQV�� EDWWHULHV� HWF� �'LUHFW�
H[SRVXUH� WR� QLFNHO� FDXVHV� GHUPDWLWLV�� 6RPH� QLFNHO� FRPSRXQGV� DV� FDUERQ\O� DUH� FDUFLQRJHQLF� DQG� HDVLO\�
DEVRUEHG�VNLQ����$FXWH�SRLVRQLQJ�RI�1L��,,��FDXVHV�KHDGDFKH��GL]]LQHVV��QDXVHD�DQG�YRPLWLQJ��FKHVW�SDLQ��
WLJKWQHVV� RI� WKH� FKHVW�� GU\� FRXJK� DQG� VKRUWQHVV� RI� EUHDWK�� UDSLG� UHVSLUDWLRQ�� F\DQRVLV� DQG� H[WUHPH�
ZHDNQHVV���7KH�PHWDO� LRQV� WKHUHIRUH� �VKRXOG�EH�UHGXFHG�WR� ORZHU� OHYHO� � WR� WKH�SHUPLVVLEOH�EHIRUH�EHLQJ�
GLVFKDUJHG� WR� ZDWHU� ERGLHV� � 7KH� PHWKRGV� XVHG� WR� UHPRYH� WKH� KHDY\� PHWDO� LRQV� LQFOXGH� FKHPLFDO�
SUHFLSLWDWLRQ�� FKHPLFDO� R[LGDWLRQ� RU� UHGXFWLRQ�� ILOWUDWLRQ�� LRQ� H[FKDQJH�� HOHFWURFKHPLFDO� WUHDWPHQW��
PHPEUDQH�ILOWUDWLRQ��UHYHUVH�RVPRVLV�DQG�DGVRUSWLRQ���

+RZHYHU��PRVW�RI�WKHVH�PHWKRGV�KDYH�GUDZEDFNV�VXFK�DV�LQFRPSOHWH�UHPRYDO�RI�KHDY\�PHWDOV��KLJK�
RSHUDWLRQDO�FRVW�DQG�SUREOHP�IRU�GLVSRVDO�RI�PHWDOOLF�VOXGJH��

$GVRUSWLRQ� SURFHVV�� WKHUHIRUH�� KDV� EHHQ� PRVWO\� DSSOLHG� IRU� WKH� UHPRYDO� RI� SROOXWDQWV� IURP� ZDWHU��
0DQ\� UHVHDUFKHV� KDYH� EHHQ� FDUULHG� RXW� ZRUN� WR� ILQG� WKH� FKHDSHU� DG� FKHPLFR� ±SK\VLFDOO\� IHDVLEOH�
DGVRUEHQW���

0DQ\� VWXGLHV� KDYH� VKRZQ� WKH� GHYHORSPHQW� RI� � ORZ� FRVW� DFWLYDWHG� FDUERQ� SUHSDUHG� � IURP� ORFDOO\�
DYDLODEOH�DQG�FKHDSHU��PDWHULDOV�OLNH�DSULFRW�VWRQH����ROLYH�VWRQH����GDWH�VWRQH �SHDQXW�VKHOO��FRFRQXW�VKHOO����
SDOP�VKHOO����ULFH��KXVN���HWF��IRU�WKH�SURGXFWLRQ�RI�DFWLYDWHG�FDUERQ��

&RUUHVSRQGLQJ�DXWKRU
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,Q�SUHVHQW�VWXG\��NLQHWLFV�RI�3E��,,��DGVRUSWLRQ�RQWR�3$$/66&��3KRVSKRULF�DFLG�DFWLYDWHG�/DSVL�6HHG�
6WRQH�FDUERQ��KDV�EHHQ�VWXGLHG� WKURXJK�D�SVHXGR�ILUVW�RUGHU� ������D�SVHXGR�VHFRQG�RUGHU� ������$GVRUSWLRQ�
LVRWKHUP�XVXDOO\�JLYHV�DQ�LQIRUPDWLRQ�DERXW�WKH�HTXLOLEULXP�VWDWH�EHWZHHQ�WKH�DPRXQW�RI�DGVRUEHG�PHWDO�
LRQ� RQWR� WKH� DGVRUEHQW� VXUIDFH� DQG� WKH� FRQFHQWUDWLRQ� RI� PHWDO� LRQV� LQ� VROXWLRQ�� /DQJPXLU� ������ DQG�
)UHXQGOLFK����DUH�WKH�PRVW�FRPPRQO\�DSSOLHG�DGVRUSWLRQ�LVRWKHUPV�

0DWHULDOV�DQG�0HWKRGV�

0DWHULDOV�

7KH� PDWHULDOV� XVHG� IRU� WKH� SUHSDUDWLRQ� RI� DFWLYDWHG� FDUERQ� ZHUH� /DSVL� VHHG� VWRQHV� ZKLFK� ZHUH�
FROOHFWHG� IURP� 3DXQ�%KDQGDU��*RGDZDUL�� /DOLWSXU��1HSDO�� 7KH� VHHG� VWRQHV�ZHUH� ILUVW� ZDVKHG�ZLWK� WDS�
ZDWHU�DQG�WKHQ�ZLWK�GLVWLOOHG�ZDWHU�WR�UHPRYH�LPSXULWLHV��GULHG�DW���� R&�IRU����KRXUV��7KH\�ZHUH�FUXVKHG�
ZLWK�PRUWDU�DQG�HOHFWULF�JULQGHU�LQWR�ILQH�SDUWLFOHV��7KH�FUXVKHG�SDUWLFOHV�ZHUH�WKHQ�VLHYHG�WR�REWDLQ�WKH�
IUDFWLRQ�RI������P��

3UHSDUDWLRQ�RI�$FWLYDWHG�FDUERQ�

7KH� DFWLYDWHG� FDUERQ� ZDV� SUHSDUHG� E\� FKHPLFDO� FDUERQL]DWLRQ� ZLWK� WUHDWPHQW� RI� FRQFHQWUDWHG�
VXOSKXULF� DFLG��7KH� JULQGHG�SDUWLFOHV� RI�/DSVL� VHHG� VWRQH�ZHUH� WUHDWHG�ZLWK� FRQFHQWUDWHG�+�62�� LQ� ����
ZHLJKW� UDWLR�DQG�NHSW� LQ� DQ�RYHQ�PDLQWDLQHG�DW� D� WHPSHUDWXUH�RI�����&� IRU����KRXUV� >�@��7KH�SDUWLFOHV�
ZHUH�WKHQ�ZDVKHG�ZLWK�GLVWLOOHG�ZDWHU�WLOO WKH�S+�DQG�FRQGXFWLYLW\�RI�WKH�ZDVKLQJ�ZHUH�HTXDO�WR�WKDW�RI�
GLVWLOOHG�ZDWHU��7KH�SDUWLFOHV�ZHUH GULHG�LQ�DQ�RYHQ�DW�����&�IRU����KRXUV��7KH�SDUWLFOHV�ZHUH�WKHQ�JURXQG�
DQG�VLHYHG�WR�JHW�WKH SDUWLFOHV�VL]H�RI����� P��7KH�DFWLYDWHG�FDUERQ�SUHSDUHG�KDV�EHHQ�XVHG�WR�VWXG\�WKH�
DGVRUSWLRQ�NLQHWLFV�DQG�DGVRUSWLRQ�LVRWKHUPV��

$GVRUSWLRQ�VWXGLHV�

%DWFK� DGVRUSWLRQ� H[SHULPHQWV�ZHUH� FDUULHG� RXW� LQ� D� VHULHV� RI� VWRSSHUHG� UHDJHQW� ERWWOHV��$�ZHLJKHG�
DPRXQW� ������ J�� RI� DGVRUEHQW� ZDV� LQWURGXFHG� LQWR� WKH� UHDJHQW� ERWWOHV� ���� PO�� FRQWDLQLQJ� YDULRXV�
FRQFHQWUDWLRQ�RI�WKH�KHDY\�PHWDO��7KH�WRWDO�YROXPH�RI�WKH�DTXHRXV�VROXWLRQ�LV�HTXDO�WR����PO��7KH�VROXWLRQ�
RI����0�+&O�DQG����0�1D2+�KDYH�EHHQ�XVHG� WR� DGMXVW� WKH�S+�RI� WKH� VROXWLRQ��7KH�ERWWOHV ZHUH� WKHQ�

VKDNHQ� DW� URRP� WHPSHUDWXUH� ������� � &�� XVLQJ� DQ� HOHFWULF� VKDNHU� IRU� D� SUHVFULEHG� WLPH WR� DWWDLQ� WKH�
HTXLOLEULXP�� 7KH� FRQFHQWUDWLRQV� RI� PHWDO� LRQV� ZHUH� GHWHUPLQHG� E\ XVLQJ� DQ� DWRPLF� DEVRUSWLRQ�
VSHFWURSKRWRPHWHU��7KH�LQVWUXPHQW�FDOLEUDWLRQ�ZDV�FKHFNHG�E\�XVLQJ�VWDQGDUG�PHWDO�VROXWLRQV��

7KH�DPRXQW�RI�KHDY\�PHWDO�DGVRUEHG�ZDV�FDOFXODWHG�E\�WKH�IROORZLQJ�PDVV�EDODQFH�HTXDWLRQ��

�«�����

:KHUH�&R DQG�&H�DUH�LQLWLDO�DQG�HTXLOLEULXP�FRQFHQWUDWLRQ�RI�PHWDO�LRQ��PJ�/��UHVSHFWLYHO\��P�LV WKH�
PDVV�RI�DGVRUEHQW�LQ�JUDP��J��DQG�9�ZDV�WKH�YROXPH�RI�WKH�VROXWLRQ�LQ�OLWHU��/��

5HVXOWV�DQG�'LVFXVVLRQ�

(IIHFW�RI�FRQWDFW�WLPH�

7KH�SHUFHQWDJH�UHPRYDO�RI�WKH�PHWDO�LRQV�LQFUHDVHV�ZLWK�LQFUHDVH�LQ�WLPH�DQG�DWWDLQV�D�PD[LPXP�YDOXH�
DW�DERXW�����PLQXWHV�DV�VKRZ�LQ�)LJXUH����7KH�DGVRUSWLRQ�UDWH�LV�YHU\�IDVW�LQLWLDOO\�XS�WR�����PLQXWHV�DQG�
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WKHQ�DIWHU�LW�DWWDLQV�HTXLOLEULXP�YDOXH�VORZO\��7KH�IDVW�DGVRUSWLRQ�DW�LQLWLDO�VWDJH�PD\�EH�GXH�WR�WKH�KLJKHU�
GULYLQJ�IRUFH�GXH� WR� WKH�DYDLODELOLW\�RI� WKH� ODUJH�FRQFHQWUDWLRQ�RI�DFWLYH�VLWHV� IRU�DGVRUSWLRQ�� �$IWHU�����
PLQXWHV� WKH� SHUFHQWDJH� RI� UHPRYDO� LQFUHDVHV� JUDGXDOO\� DQG� DWWDLQV� SODWHDX� YDOXH� DW� ���� PLQXWHV�� $W�
HTXLOLEULXP�DOO�WKH�DFWLYH�VLWHV�ZLOO�EH�FRYHUHG�E\�WKH�PHWDO�LRQV�DQG�QR�IXUWKHU�DGVRUSWLRQ�RI�PHWDO�LRQV�
RFFXUV��+HQFH�WKH�RSWLPXP�FRQWDFW�WLPH�IRU�WKH�UHPRYDO�RI�WKH�KHDY\�PHWDO�E\�WKH�DGVRUEHQW�LV�IRXQG�WR�
EH�����PLQXWHV��
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7LPH��PLQ�

)LJXUH����(IIHFW�RI�FRQWDFW�RQ�DGVRUSWLRQ�RI�3E��,,��

(IIHFW�RI�S+�

7KH�HIIHFW�RI�S+�RQ�DGVRUSWLRQ�RI�3E��,,��RQ�WKH�DFWLYDWHG�FDUERQ�ZDV�VWXGLHG�RYHU�WKH�S+�UDQJH�RI���
���7KH�SHUFHQWDJH�UHPRYDO�RI�PHWDO�LRQV�DJDLQVW�S+�LV�VKRZQ�LQ�)LJ�����7KH�SHUFHQWDJH�UHPRYDO�RI�PHWDO�
LRQV�LQFUHDVHV�ZLWK�LQFUHDVH�LQ�S+���
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)LJXUH����(IIHFW�RI�S+�RQ�DGVRUSWLRQ�RI�3E��,,��

7KH� SHUFHQWDJH� UHPRYDO� RI� 3E� �,,�� UHDFKHG� D�PD[LPXP� DW� S+� ��� DQG� WKHQ� DIWHU� LW� UHPDLQV� DOPRVW�
FRQVWDQW��VLPLODU�UHVXOWV�ZHUH�DOVR�REVHUYHG�E\�%DUND���7KH�SHUFHQWDJH�RI�UHPRYDO�RI�3E��,,��LV�ORZ�DW�ORZ�
S+��7KLV�ORZHU�SHUFHQWDJH�RI�UHPRYDO�RI�PHWDO�LRQV�PD\�EH�GXH�WR�WKH�IDFW�WKDW�DW�ORZHU�S+�WKHUH�LV�KLJKHU�
FRQFHQWUDWLRQ�RI�K\GURJHQ�LRQV�DQG�WKDW�FRPSHWHV�ZLWK�PHWDO�LRQV��2ZLQJ�WR�WKLV�WKH�SHUFHQWDJH�UHPRYDO�
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RI�PHWDO�LRQV�IURP�DTXHRXV�VROXWLRQ�LV�ORZ��0RUHRYHU�DW�KLJKHU�S+��WKH�DFLGLF�VXUIDFH�IXQFWLRQDO�JURXSV�
�HJ�±&22+���2+�HWF���SUHVHQW�RQ�FDUERQ�VXUIDFH�SURGXFHV�±YHO\�FKDUJHG�VXUIDFH�VLWHV�GXH�WR�WKH�VKLIW�LQ�
WKH�HTXLOLEULXP�RI�LRQL]DWLRQ�RI�DFLGLF�IXQFWLRQDO�JURXSV�DQG�DW�WKLV�±YHO\�FKDUJHG�VLWH�DGVRUSWLRQ�RI�PHWDO�
LRQV�WDNH�SODFH��7KH�RSWLPXP�S+�IRU�WKH�DGVRUSWLRQ�RI�3E��,,��RQ�WKH�DFWLYDWHG�FDUERQ�LV�IRXQG�WR�EH����

$GVRUSWLRQ�LVRWKHUPV�

/DQJPXLU�LVRWKHUP�

/DQJPXLU� LVRWKHUP� H[SODLQV� WKH� IRUPDWLRQ� RI� D�PRQROD\HU KHDY\�PHWDO� LRQV� RQ� WKH� VXUIDFH� RI� WKH�
DGVRUEHQW� DQG�QR� IXUWKHU� DGVRUSWLRQ� WDNHV�SODFH� DIWHU� WKH� IRUPDWLRQ�RI� WKH� OD\HU��/DQJPXLU� LVRWKHUP� LV�
YDOLG� IRU�PRQROD\HU� DGVRUSWLRQ�RQWR� D� VXUIDFH� FRQWDLQLQJ� D� ILQLWH�QXPEHU�RI� LGHQWLFDO� VLWHV��7KH�PRGHO�
DVVXPHV�XQLIRUP�HQHUJLHV�RI�DGVRUSWLRQ�RQWR�WKH�VXUIDFH�DQG�QR�WUDQVPLJUDWLRQ�RI�DGVRUEDWH�LQ�WKH�SODQH�
RI�WKH�VXUIDFH��7KH�OLQHDU�IRUP�RI�/DQJPXLU�LVRWKHUP�HTXDWLRQ�LV�UHSUHVHQWHG�E\�

�«««««��««««���������������������������������������««««««��

:KHUH� &H� LV� WKH� HTXLOLEULXP� FRQFHQWUDWLRQ� RI� WKH� DGVRUEDWH� �PJ�/�� DQG� TH� LV� WKH� DPRXQW� RI� WKH�
DGVRUEDWH�DGVRUEHG�XQGHU�HTXLOLEULXP�ZKLOH�TP�LV�WKH�PRQROD\HU�DGVRUSWLRQ�FDSDFLW\��PJ��J��DQG�E�LV�WKH�
/DQJPXLU� FRQVWDQW�� /DQJPXLU� FRQVWDQW� DQG� DGVRUSWLRQ� FDSDFLW\� DUH� GHWHUPLQHG� IURP� WKH� VORSH� DQG�
LQWHUFHSW�RI�WKH�SORW�&H�TH�YHUVXV�&H�DV�VKRZQ�LQ�)LJ����
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)LJXUH����/DQJPXLU�LVRWKHUP�RI�3E��,,��

)UHXQGOLFK�LVRWKHUP�

7KLV�LVRWKHUP�LV�XVHG�WR�GHVFULEH�WKH�DGVRUSWLRQ�FKDUDFWHULVWLFV IRU�WKH�KHWHURJHQHRXV�VXUIDFH��/LQHDU
IRUP�RI�)UHXQGOLFK�LVRWKHUP�PD\�EH�ZULWWHQ�DV��

�««��������������������������������������������������������������������������������������������������
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:KHUH� .I� DQG� Q� DUH� )UHXQGOLFK� FRQVWDQWV� UHODWHG� WR� DGVRUSWLRQ� FDSDFLW\� DQG� DGVRUSWLRQ� LQWHQVLW\�
UHVSHFWLYHO\�7KH� YDOXHV� RI� )UHXQGOLFK� SDUDPHWHUV� FDQ� EH� FDOFXODWHG� IURP� WKH� VORSH� DQG� LQWHUFHSW� RI�
VWUDLJKW�SRUWLRQ�RI�WKH�OLQHDU�SORW�REWDLQHG�E\�SORWWLQJ�ORJ�TH�YHUVXV�ORJ�&H��DV�VKRZQ�LQ�)LJ����
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)LJXUH����)UHXQGOLFK�LVRWKHUP�RI�3E��,,��

/DQJPXLU�DQG�)UHXQGOLFK�FRQVWDQWV�DUH�JLYHQ�LQ�7DEOH����)LJ���VKRZV�WKDW�WKH�LVRWKHUP�GDWD�EHWWHU�ILWV�
WKH� /DQJPXLU� HTXDWLRQ WKDQ� )UHXQGOLFK� HTXDWLRQ� VLQFH� WKH� YDOXH� RI� FRHIILFLHQW� RI� GHWHUPLQDWLRQ� �5��  �

Ϭ͘ϵϵϰͿ�DUH�KLJKHU�WKDQ�WKDW�RI�)UHXQGOLFK�LVRWKHUPV��5�� ��������7KLV�VXSSRUWV�WKH�WKHRU\�WKDW�WKH�QXPEHU�

RI�DFWLYH�VLWHV�RQ�WKH�FDUERQ�VXUIDFH�LV�OLPLWHG�DQG�XSWDNH�RI�OHDG�LRQV�IRUPV�D�PRQROD\HU�RQ�WKH�VXUIDFH��
/DQJPXLU�DQG�)UHXQGOOLFK�SDUDPHWHUV�DUH�VKRZQ�LQ�7DEOH����

7DEOH����/DQJPXLU�DQG�)UHXQGOLFK�SDUDPHWHUV�IRU�DGVRUSWLRQ�RI�3E��,,��

+HDY\�
PHWDO�
LRQV

/DQJPXLU�SDUDPHWHUV

5�

)UHXQGOLFK�SDUDPHWHUV

5�

TPD[��PJ�J E .I��PJ�J� �Q��

3E�,,� ����� ����� ����� ����� ����� ������

$GVRUSWLRQ�NLQHWLFV�

$GVRUSWLRQ�NLQHWLF�VWXG\�SOD\V�DQ�LPSRUWDQW�UROH�WR�GHWHUPLQH�WKH�HIILFLHQF\�RI�DGVRUSWLRQ��,Q�RUGHU�WR�
DQDO\]H� WKH� UDWH� RI� DGVRUSWLRQ� SVHXGR�ILUVW�RUGHU� DQG� SVHXGR�VHFRQG�RUGHU� NLQHWLF� PRGHOV� KDYH� EHHQ�
DSSOLHG�WR�WKH�DGVRUSWLRQ�NLQHWLF�GDWD�

3VHXGR�ILUVW�RUGHU��

3VHXGR�ILUVW�RUGHU�HTXDWLRQ�ZDV�JLYHQ�E\�/HJHUJUHQ�LQ�������$FFRUGLQJ�WR�/DJHUJUHQ�WKH�SVHXGR�
ILUVW�RUGHU�HTXDWLRQ�LV�JHQHUDOO\�H[SUHVVHG�DV�IROORZV���

����͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙͙;��
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:KHUH�TH�DQG�TW�DUH�WKH�DPRXQW�DGVRUEHG�DW�HTXLOLEULXP�DQG�WLPH�W��UHVSHFWLYHO\��PJ�J��DQG�N��LV�WKH�
SVHXGR�±ILUVW�RUGHU�UDWH�FRQVWDQW��/PLQ�����

$IWHU�LQWHJUDWLRQ�WKH�HTXDWLRQ�����EHFRPHV�DV�IROORZV��

««�««««««�������������������������������������������

,Q�RUGHU�WR�WHVW�WKH�YDOLGLW\�RI�WKH�NLQHWLF�PRGHO�WKH�YDOXH�RI�ORJ��TH��TW��DJDLQVW�µWµ�LV��SORWWHG�DV�VKRZQ�LQ��)LJ�����
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7LPH��VHFRQG�

)LJXUH����3VHXGR�ILUVW�RUGHU�SORW�IRU�3E�,,��

3VHXGR�6HFRQG�RUGHU��

7KH�SVHXGR�VHFRQG�RUGHU�PRGHO�LV�RIWHQ�FDOOHG���+R�VHFRQG�RUGHU�PRGHO��7KH�SVHXGR�VHFRQG�RUGHU�UDWH�
HTXDWLRQ�LV�UHSUHVHQWHG�DV�

� ««««««««««««�����������������������

:KHUH� N�� LV� WKH� VHFRQG� RUGHU� UDWH� FRQVWDQW� RI� DGVRUSWLRQ� �J� PJ�
��� PLQ� ����� ,QWHJUDWLQJ� WKH� DERYH�

HTXDWLRQ�ZLWK�ERXQGDU\�FRQGLWLRQV�W� ���WR�W� �W�DQG�TW� ���WR�TW� TW�LW�EHFRPHV��

««««««««««««��««««««������

7KH�DERYH�HTXDWLRQ�FDQ�EH�UHDUUDQJHG�WR�REWDLQ��

««««««««««««��««««««�����

)LJXUH����3VHXGR�VHFRQG�RUGHU�SORW�IRU�3E��,,��



-��1HSDO�&KHP��6RF���9RO����������

�����

,Q�RUGHU�WR�VWXG\�WKH�DGVRUSWLRQ�NLQHWLFV�E\�SVHXGR�VHFRQG�RUGHU�PRGHO�DGVRUSWLRQ�NLQHWLF�GDWD�KDYH�

EHHQ�DSSOLHG�E\�SORWWLQJ�WKH�YDOXH�RI���W���TW�YV�µW¶��7KH�SVHXGR�VHFRQG�RUGHU�SORWV�RI�3E�,,���LV�VKRZQ�LQ�

)LJ���7KH�YDOXHV�RI�TH�DQG�N��DUH�FDOFXODWHG�IURP�WKH�VORSH�DQG�LQWHUFHSW�RI�WKH�SORW�DQG�SUHVHQWHG�LQ�7DEOH���͘

7DEOH������3VHXGR�ILUVW�DQG�VHFRQG�RUGHU�SDUDPHWHUV�IRU�3E��,,��

+HDY\�
PHWDO�
LRQV�

3VHXGR�ILUVW�RUGHU�PRGHO 3VHXGR�VHFRQG�RUGHU�PRGHO�

TH�PJ�J� .����PLQ� 5� ([SHULPHQWDO�
YDOXH���TH��PJ�J��

TH�PJ�J�� .��J�PJ�
PLQ�

5�

3E�,,�� ������ �����î����� ������ ����� ����� ������ ������

&RQFOXVLRQ�

$GVRUSWLRQ� NLQHWLF� VWXGLHV� IRU� 3E� �,,�� DGVRUSWLRQ� KDV� EHHQ� LQYHVWLJDWHG� E\� XVLQJ� DFWLYDWHG� FDUERQ�

SUHSDUHG�IURP�/DSVL�VHHG�VWRQH�E\�FKHPLFDO�FDUERQL]DWLRQ�ZLWK�FRQFHQWUDWHG�VXOSKXULF�DFLG���$GVRUSWLRQ�
RI�3E�,,��LV�IRXQG�WR�EH�S+�GHSHQGHQW�DQG�RSWLPDO�S+�IRU��DGVRUSWLRQ�LV�REVHUYHG�DW�S+���7KH�
RSWLPXP�FRQWDFW� WLPH� � IRU� WKH�DGVRUSWLRQ�RI�3E�,,��KDV�EHHQ� IRXQG� WR�EH����PLQXWHV�� � ,W� LV� IRXQG� WKDW�
HTXLOLEULXP� GDWD� ZDV� EHVW� GHVFULEHG� E\� /DQJPXLU� LVRWKHUP� ZLWK� KLJKHU� YDOXH� RI� FRHIILFLHQW� RI�
GHWHUPLQDWLRQ�DV�FRPSDUHG�WR� WKDW�RI�)UHXQGOLFK�LVRWKHUP�VKRZLQJ�D�PD[LPXP�XSWDNH�RI��������PJ�J��
7KH�SVHXGR�KDV�EHHQ�IRXQG�WKH�EHVW�DSSOLFDEOH�DGVRUSWLRQ�NLQHWLFV�WR�GHVFULEH�WKH�DGVRUSWLRQ�SURFHVV���
7KH� SUHVHQW� ZRUN� VKRZHG� WKDW� WKH� DFWLYDWHG� FDUERQ� SUHSDUHG� IURP� /DSVL� VHHG� VWRQH� E\� FKHPLFDO�
FDUERQL]DWLRQ�FDQ�EH�XVHG�DV�DQ�HIIHFWLYH�DGVRUEHQW�IRU�WKH�UHPRYDO�RI�3E��,,��IURP�DTXHRXV�VROXWLRQ��

5HIHUHQFHV�

�� &KXQJ�+VLQ�:X���&KDR�<LQ�.XR��6KX�6KLDQ�*XDQ���$GVRUSWLRQ�.LQHWLFV�RI�/HDG�DQG�=LQF�,RQVE\�
&RIIHH�5HVLGXHV��3ROLVK�-RXUQDO�RI�(QYLURQPHQWDO�6WXGLHV�������9RO������1R���������������

�� &�.DUWKLND��1�9LQQLODPDQL��6��3DWWDEKL��	�0�6HNDU��8WLOL]DWLRQ�RI�6DJR�:DVWH�DV�DQ�$GVRUEHQW�IRU�
WKH 5HPRYDO� RI� 3E�,,�� IURP� $TXHRXV� 6ROXWLRQ�� .LQHWLFV� DQG� ,VRWKHUP� 6WXGLHV�� ,QWHUQDWLRQDO�
-RXUQDO�RI�(QJLQHHULQJ 6FLHQFH�DQG�7HFKQRORJ\�������9RO�������������±������

�� .��%��3D\QH��7��0�$EGHO�)DWWDK���$GVRUSWLRQ�RI�'LYDOHQW�/HDG�,RQV�E\�=HROLWHV�DQG�
$FWLYDWHG&DUERQ��(IIHFWV�RI�S+��7HPSH�UDWXUH��DQG�,RQLF�6WUHQJWK��-��(QYLURQ��6FL��+HDOWK��3DUW�$��
�����������������±������

�� 7�*�&KXDK� ��$� -XPDVLDK� � �$]QL�.,� DQG� 6<�7KRPDV� 6<���5LFH� KXVN� DV� SRWHQWLDOO\� ORZ�FRVW�
ELRVRUEHQW� IRU�KHDY\�PHWDOV�DQG�G\H� UHPRYDO�DQ�RYHUYLHZ��'HVDOLQDWLRQ��������������
����

�� ,�� .XOD�� 0�8JXUOX� �� +� .DUDRJOX� DQG� $� &HOLN�� $GVRUSWLRQ� RI� &G� �,,�� LRQV� IURP� DTXHRXV�
VROXWLRQV� XVLQJ� DFWLYDWHG� FDUERQ� SUHSDUHG� IRUP� ROLYH� VWRQH� E\� =Q&O�� DFWLYDWLRQ��

%LRUHVRXUFH7HFKQRORJ\�������������������
�� .�6ULQLYDVDQ�� 1� %DOVXEUDPDQLDP� DQG� 7�9� 5DPNULVKQDQ�� 6WXGLHV� RQ� FKURPLXP� UHPRYDOE\� ULFH�

KXVN��,QG�-��(QJ��&KHP�5HV���������������������
�� :�.�$QQD�� *�6�5RPDQ� � DQG� 0� 6]\PRQ��� %LRVRUSWLRQ� RI� KHDY\� PHWDOV� IURP� DTXHRXV�

VROXWLRQV�RQWR�SHDQXW�VKHOO�DV�D�ORZ�FRVW�ELRVRUEHQW��'HVDOLQDWLRQ���������������������
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�� )�0DUTXH]�� &�7� 0RQWHVLQRV� DQG� -�� 5RGULJXH]�� ������ 3RZGHUHG� DFWLYDWHG� FDUERQ� IURP�
VDZGXVW�6HSDUDWLRQ�6FLHQFH�DQG�7HFKQRORJ\������� ��������������

�� 0��6HNDU��9��6DNWKL��DQG��6��5HQJDUDJ��.LQHWLFV�DQG�HTXLOLEULXP�DGVRUSWLRQ�VWXG\�RI�OHDG��,,��RQWR�
DFWLYDWHG� FDUERQ� SUHSDUHG� IURP� FRFRQXW� VKHOO�� -RXUQDO� FROORLG� DQG� ,QWHUIDFH� 6FLHQFH�� ����������
���������

��� *�0�,VVDED\HYD�.�1$URXD�DQG�0�1�6XODLPDQ����5HPRYDO�RI�OHDG�IURP�DTXHRXV�VROXWLRQ�RQ�SDOP�
VKHOO�DFWLYDWHG�FDUERQ��%LRUHVRXUFH�7HFKQRORJ\������������������������

��� 0RXQL� /�� 0HUDEHW� '�� %RX]D]D� $� DQG� � /�� %HONKLUL� ������ $GVRUSWLRQ� RI� 3E� �,,�� IURP� DTXHRXV�
VROXWLRQ�XVLQJ�DFWLYDWHG�FDUERQ�GHYHORSHG�IURP�$SULFRW�6WRQH��'HVDOLQDWLRQ����������������

��� 7��$��%RKOL���1�)��2XHGHUQL�DQG�,��9LOODHVFXVD�������8SWDNH�RI�&G����DQG�1L��0HWDO�LRQV�IURP�
$TXHRXV�VROXWLRQV�E\�$FWLYDWHG�&DUERQV�IURP�:DVWH�2OLYH�6WRQHV��,QWHUQDWLRQDO�-RXUQDO�RI�
&KHPLFDO�(QJLQHHULQJ�DQG�$SSOLFDWLRQV����������������������

��� -�$�0XWKDQQD�� 3UHSDUDWLRQ� RI� $FWLYDWHG� FDUERQV� IURP� 'DWH� 6WRQHV� E\� &KHPLFDO�
$FWLYDWLRQ�0HWKRG� XVLQJ�)H&O�� DQG�=Q&O�� DV�$FWLYDWLQJ�$JHQWV�� -RXUQDO� RI�(QJLQHHULQJ��������

����������������
��� 0�<�0LDK��.�9ROFKHN��.��:��.XDQJ��DQG�)�+�7H]HO��.LQHWLF�DQG�(TXLOLEULXP�6WXGLHV�RI�&HVLXP�

$GVRUSWLRQ� RQ� &HLOLQJ� 7LOHV� IURP� $TXHRXV� 6ROXWLRQV�� -RXUQDO� RI� +D]DUGRXV� 0DWHULDOV�������
�������������������

��� +R�� <�6�� DQG� *� 0F.D\�� 3VHXGR�6HFRQG� 2UGHU� 0RGHO� IRU� 6RUSWLRQ� 3URFHVVHV�� 3URFHVV�
%LRFKHPLVWU\������������������

��� 3�2�%RDPDK��=KDQJ��4���+XD��0���+XDQJ��<���/LX��<���:DQJ��:��DQG�/LX��<���/HDG�5HPRYDO�RQWR�
&URVV�OLQNHG�/RZ�0ROHFXODU�:HLJKW�&KLWRVDQ�3\UXYLF�$FLG�'HULYDWLYHV��&DUERK\GUDWH�3RO\PHUV��
�������������������

��� 1�&�)HQJ��;�<�*RR��/LDQJ��6���=KX��<�6��DQG�-�3�/LX��%LRVRUSWLRQ�RI�+HDY\�0HWDOV� IURP�$TXHRXV�
6ROXWLRQV�E\�&KHPLFDOO\�0RGLILHG�2UDQJH�3HHO��-RXUQDO�RI�+D]DUGRXV�0DWHULDOV�������������������

��� %DUND� 1RXUHGGLQH� �� $EGHQQRXUL� 0RKDPHG� �� (O� 0DNKIRXN� 0RKDPPHG�� 4RXU]DO� 6DPLU�� ��
%LRVRUSWLRQ� FKDUDFWHULVWLFV� RI� FDGPLXP� DQG� OHDG� RQWR� HFR�IULHQGO\� GULHG� FDFWXV� �2SXQWLD� ILFXV�
LQGLFD��FODGRGHV´��-RXUQDO�RI�(QYLURQPHQWDO�&KHPLFDO�(QJLQHHULQJ�������9RO�����������


