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1LFNHO� VXOILGH�1L6� FDXVHV� VSRQWDQHRXV� FUDFNV� LQ� WRXJKHQHG� IODW� JODVV� HYHQ� DIWHU� \HDUV�
EHFDXVH�RI�D�GHOD\HG�SKDVH�WUDQVLWLRQ�ZLWK�LQFUHDVH�RI�WKH�YROXPH��7KHUHIRUH��WKH�KHDW�VRDN�
WHVW�PXVW�EH�SURYLGH�IRU�WKHVH�SURGXFWV��7KH�FRPPRQ�IODW�IORDW�JODVV�LV�D�VRGD�OLPH�VLOLFDWH�
JODVV�� 6LQFH� LW� VHHPV� WR� EH� LPSRVVLEOH� WR� HOLPLQDWH� HYHU\� VRXUFH� RI� QLFNHO� IURP� WKH� JODVV�
EDWFK��WKH�SUHVHQFH�RI�QLFNHOVXOILGLF�LQFOXVLRQV�LV�D�SURYHQ�IDFW��8QWLO�WRGD\��WKH�LQWHUDFWLRQ�
ZLWK� WKH� JODVV� PHOW� DQG� QLFNHO� UHVS�� QLFNHO� VXOILGHV� LV� QRW� XQGHUVWRRG� LQ� DOO� GHWDLOV�� 6RPH�
LQYHVWLJDWLRQV�ZHUH�GRQH� WR�FOHDU� WKHVH�SURFHVVHV��ZKLFK�FDQ�SUHYHQW� WKH�GHVWUR\LQJ�RI� WKH�
WRXJKHQHG�IODW�JODVV�E\�WKH�1L6�GXULQJ�SKDVH�WUDQVIRUPDWLRQ����������'XULQJ�WKH�ODVW�\HDUV��WKH�
ERURVLOLFDWH�JODVV�W\SH�JHW�PRUH�LQWHUHVWLQJ�DV�DQ�DFWLYH�FRQVWUXFWLRQ�HOHPHQW�LQ�WKH�EXLOGLQJ�
VHFWRU��DERYH�DOO�EHFDXVH�RI�LWV�LPSURYHG�SURSHUWLHV�UHODWHG�WR�QRUPDO�VRGD�OLPH�JODVV��PXFK�
ORZHU� WKHUPDO� H[SDQVLRQ� FRHIILFLHQWV�� KLJKHU� VWUHQJWK� DQG� UHVLVWDQFH� DJDLQVW� KLJK�
WHPSHUDWXUHV�IRU�ILUH�SUHYHQWLQJ�DQG�EORFNLQJ�V\VWHPV���

7KH�JRDO�RI�WKLV�SURMHFW�ZDV�WR�FOHDU�ZKDW�KDSSHQV�ZLWK�QLFNHO�VXOILGHV�LQ�ERURVLOLFDWH�JODVV�
PHOWV��ZKLFK� LQWHUDFWLRQV�EHWZHHQ�PHOW� DQG�QLFNHO� VXOILGHV�ZLOO�RFFXU�� DQG�ZKHWKHU� D�KHDW�
VRDN�WHVW�LV�QHFHVVDU\�RU�QRW��

)RUPHU� LQYHVWLJDWLRQV� VKRZHG�� WKDW� LW� LV� QRW� SRVVLEOH� WR� IRUP� QLFNHO� VXOILGH� SKDVHV� LQ�
ERURVLOLFDWH� JODVV�PHOWV�� HYHQ� LI� VWURQJ� FRQGLWLRQV�ZHUH� DSSOLHG� ����� %XW�� ZKDW� LV� WR� H[SHFW��
ZKHQ��LQVHUWHG�QLFNHO�VXOILGHV�RFFXU�LQ�WKH�ERURVLOLFDWH�JODVV"�
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���([SHULPHQWDO�SURFHGXUHV�

)RU�WKH�SODQQHG�LQYHVWLJDWLRQV��WZR�GLIIHUHQW�FRPSRVLWLRQV�RI�QLFNHO�VXOILGHV��1L�6��DQG�
1L6��ZKHUH�SUHSDUHG�LQ�D�VHDOHG�6L2��JODVV�WXEH�DW�WHPSHUDWXUHV�RI�����&�UHVS������&�LQ�DQ�
HOHFWULF�RYHQ��$IWHU�TXHQFKLQJ��WKH�UHJXOXV�ZDV�FUDVKHG�DQG�VPDOO�VSKHUHV�IRUPHG�IURP�WKH�
SLHFHV� LQ� D�.&O�PHOW� DW� �����&�� 7KH� QLFNHO� VXOILGH� VSKHUHV�ZHUH� LPEHGGHG� LQWR� D� VSHFLDO�
UHVLQ�� WKHLU� VXUIDFH� JULQGHG� DQG� SROLVKHG� DQG� DIWHU� FRYHULQJ�ZLWK� FDUERQ�� FKDUDFWHUL]HG� E\�
6FDQQLQJ�(OHFWURQ�0LFURVFRS\��=HLVV�'60�����$��DQG�PLFURSUREH�DQDO\VLV�V\VWHP��/,1.�
H[O������7KH�(';�DQDO\VHV�ZHUH�GRQH�DW����N9�ZLWK�%H�ZLQGRZ��WKH�FDOFXODWLRQ�ZDV�PDGH�
ZLWK�JDLQ�FDOLEUDWLRQ�E\�D�&REDOW�VWDQGDUG�DQG�)H6��HWDORQ�DIWHU�3+,�5+2�=�PRGXV��7KHQ�
WKH�VSKHUHV�ZHUH�LVRODWHG�IURP�WKH�UHVLQ��FOHDQHG��ZHLJKWHG�DQG�ILQDOO\�LQVHUWHG����VSKHUH�IRU�
HDFK�FUXFLEOH��LQWR�WZR�GLIIHUHQW�W\SHV�RI�ERURVLOLFDWH�JODVV�PHOWV��%RURIORDW����DQG�%RURIORDW�
���� DW� GLIIHUHQW� WHPSHUDWXUHV� �������� ������� RU� �����&�� DQG� GLIIHUHQW� WLPHV� ���� RU� ���
PLQXWHV��RI�H[SRVXUH�LQ�DQ�HOHFWULF�KHDWHG�IXUQDFH��7KHUH�ZHUH�XVHG�RQO\�RULJLQDO�FXOOHWV�IRU�



UHPHOWLQJ��FUXFLEOH�PDWHULDO�ZDV�6L2����$IWHU�H[SHULPHQW��WKH�JODVV�PHOWV�ZHUH�UDSLGO\�FRROHG�
DW� DLU� WR� IUHH]H�LQ� WKH� REWDLQHG� VWDWH� RI� WKH� QLFNHO� VXOILGLF� SKDVH�V��� 'RFXPHQWDWLRQ� ZLWK�
RSWLFDO�PLFURVFRS\�� LVRODWLRQ� RI� WKH� QLFNHO� LQFOXVLRQV� IURP� WKH� JODVV��ZHLJKWLQJ� DQG� D� QHZ�
SUHSDUDWLRQ� SURFHGXUH� IRU� WKH� LQYHVWLJDWLRQ� XQGHU� WKH� 6FDQQLQJ� (OHFWURQ�0LFURVFRSH� DQG�
PLFURSUREH�DQDO\VHV�IROORZHG��VHH�DERYH���7KH�QLFNHO�VXOILGH�VSKHUHV�ZHUH�RQO\�XVHG�IRU�RQH�
PHOW�H[SHULPHQW����F\FOH���7KH�UHODWLRQ�EHWZHHQ�QLFNHO�DQG�VXOSKXU�ZDV�GHWHUPLQHG�IRU�HDFK�
RI� WKH� REWDLQHG� PLFURSKDVHV� LQVLGH� WKH� VSKHUHV�� LI� SKDVH� VHSDUDWLRQ� ZDV� IRXQG�� $OVR�� D�
UHSUHVHQWDWLYH�DUHD�ZDV�PHDVXUHG�WR�ILW�WKH�UHODWLRQ�EHWZHHQ�WKH�SKDVHV���

�

���5HVXOWV�RI�H[SHULPHQWV�

����&KHPLFDO�FRPSRVLWLRQ�RI�WKH�QLFNHO�VXOILGHV�EHIRUH�DQG�DIWHU��PHOW�SURFHGXUH�

1LFNHO�VXOILGHV�ZLOO�XQGHUJR�FKDQJHV�LQ�FKHPLFDO�FRPSRVLWLRQ��ZKHQ�WKH\�KDYH�FRQWDFW�
ZLWK� DLU� DW� KLJK� WHPSHUDWXUHV��7KH\�ZLOO� R[LGL]H� VSRQWDQHRXVO\� ���ZKHUH� WKH� QLFNHO� VXOILGHV�
HOLPLQDWH���62���DQG�IRUP�1L2��ILQDOO\��

� ��1L�6������2���� !����1L2�����62�� ⇒   ∆ *5� �������N-�PRO
���1L�������&��

� ��1L6�������2���� !����1L2�����62�� ⇒� ∆ *5� �������N-�PRO
��1L�������&��

7KLV�DOVR�GHSHQGV�SULPDU\�RQ�WKH�FRQWDFW�ZLWK�R[\JHQ�WKURXJK�WKH�VXUIDFH�RI�WKH�VSKHUHV��E\�
WKLV� UHDVRQ�� WKH� R[\GDWLRQ� SURFHVV� FDQ� EH� RQO\� SDUWLDOO\��%XW�� DW� WKHVH� WHPSHUDWXUHV� LQ� WKH�
JODVV�PHOWV��WKH�QLFNHO�VXOILGHV�DUH�OLTXLG��7KH�VXEVWDQFH�FRQWDFW�DQG�WUDQVSRUW�LV�QRW�KLQGHUHG�
NLQHWLFDOO\�� VR� WKH� UHDFWLRQV� RFFXU� LQ� D� VKRUW� WLPH�� 7KH� UHVXOW� RI� R[LGDWLRQ� SURFHVV� RQO\�
GHSHQGV� RQ� RIIHU� RI� �DFWLYH�� R[\JHQ� LQ� WKH� JODVV� PHOW�� 6HFRQGO\�� WKH� HTXLOLEULD� EHWZHHQ�
R[\JHQ� DQG� VXOSKXU� VSHFLHV� ZLOO� GHWHUPLQH� WKH� R[\GDWLRQ� URXWH�� 8QGHU� VWURQJO\� UHGXFLQJ�
FRQGLWLRQV�� QR� �RU� QHDUO\� QR�� R[\JHQ� LV� DYDLODEOH� IRU� WKH� R[\GDWLRQ� SURFHVVHV�� 6R�� YHU\�
GLIIHUHQW� � LQWHUDFWLRQV�ZLWK�WKH�QLFNHO� VXOILGHV�DQG� WKH�PHOW�ZLOO�EH�REWDLQHG� LQ�WKHVH�FDVHV��
7KH� XVHG� ERURVLOLFDWH� JODVV� PHOWV� GR� QRW� FRQWDLQ� DQ\� VXOSKXU� VSHFLHV� DQG� WKH� ILQLQJ� DQG�
PHOWLQJ�LV�R[LGL]LQJ��VR�D�FRPSOHWH�GLIIHUHQW�EHKDYLRXU�RI�WKH�QLFNHO�VXOILGHV�LQ�WKH�JODVV�PHOW��
UHODWHG�WR�QRUPDO�VRGD�OLPH�JODVV��LV�WR�H[SHFW��

:KHQ�SDUWLDO� R[\GDWLRQ� SURFHVVHV� WRRN� SODFH�� WKH� VWUXFWXUHV� RI� WKH� QLFNHO� VXOILGHV� EHFRPH�
LQKRPRJHQLRXVO\����DERYH�DOO��WKH�SUHSDUHG�1L6�SDUWLFOHV��ILUVW�GXULQJ�VSKHUH�IRUPLQJ�LQ�WKH�
.&O� PHOW� DQG� DIWHU� PXFK� VWURQJHU�� LQ� WKH� JODVV� PHOW�� 'HSHQGLQJ� RQ� UHDO� FRQGLWLRQV�� WKH�
UHODWLRQ�EHWZHHQ�WKH�IRXQG�SKDVHV�LV�GLIIHUHQW��IRU�H[DPSOH��

6DPSOH�7HPSHUDWXUH� 7LPH� 6��1L�EHIRUH�PHOWLQJ� 6��1L�DIWHU�PHOWLQJ� 'LIIHUHQFH�
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��� �����&����PLQ�1L6������� 1L6�����������



7KH� VWDUWLQJ� FRPSRVLWLRQ�ZDV�1L6����� LQ� DOO� FDVHV��7KH� ORVV� RI� VXOSKXU�GXULQJ� H[SHULPHQWDO�
SURFHGXUH� FKDUDFWHUL]HV� WKH� LQWHQVLW\� DQG� FRPSOHWHQHVV� RI� WKH� SDUWLDO� R[LGDWLRQ� SURFHVVHV�
ZLWKLQ�WKH�ERURVLOLFDWH�JODVV�PHOW��:KHQ��XVLQJ�1L�6���ZH�IRXQG��

��� �����&����PLQ�1L6������� 1L6������ � �����

��� �����&����PLQ�1L6������� 1L6������ � �����
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�

�����0LFURVWUXFWXUH�RI�WKH�QLFNHO�VXOILGH�VSKHUHV�EHIRUH�DQG�DIWHU�SURFHVVLQJ�

7KH�DQDO\VLV�RI�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�PLFURSKDVHV�LV�QHFHVVDU\�WR�FKHFN�WKH�
R[LGDWLRQ�URXWH��6R�LW�ZLOO�EH�SRVVLEOH�WR�IRUPXODWH�VSHFLILF�UHDFWLRQ�HTXDWLRQV�E\�KHOS�RI�WKH�
FRPSRVLWLRQV� EHIRUH� DQG� DIWHU�� %HIRUH� WKH� SURFHVVLQJ�� WKH� 1L�6�� VSKHUHV� PRVWO\� ZHUH�
KRPRJHQLRXVO\� ZLWK� H[DFWO\� WKLV� FRPSRVLWLRQ�� 2QO\� LQ� VRPH� FDVHV�� WKH� 1L�6�� SKDVH� ZDV�
IRXQG�DV�WKH�PLQRU�FRPSRQHQW��7KHVH�H[SHULPHQWV�ZHUH�GRQH�RQO\�ZLWK�VLQJOH�SKDVH�1L�6��
VSKHUHV��

&RQFHUQLQJ�1L6��DOUHDG\�LQ�WKH�.&O�PHOW�DW������&��D�FKDQJH�LQ�VWUXFWXUH�DQG�FRPSRVLWLRQ�
ZDV�REWDLQHG��:H�JRW�VSKHUHV�ZLWK�PRVWO\���SKDVHV��1L6�DQG�1L�6���7KLV�LV�FDXVHG�E\�SDUWLDO�
R[\GDWLRQ�RI�WKH�1L6�SKDVH��H�J���

� ���1L6���2��� !���1L6���1L�6����62���� ∆�*5� �������N-�PRO
���1L�������&��

7KLV�SDUWLDO�R[\GDWLRQ��DOVR�LV�WKHUPRG\QDPLF�SUHIHUUHG��7KH�YDOXH�RI�*,%%6�IUHH�UHDFWLRQ�
HQWKDOS\�GHSHQGV�RQ�UHODWLRQ�EHWZHHQ�WKH�IRUPHG�SKDVHV�DQG�WHPSHUDWXUH��7KLV�ZD\��LW�LV�QRW�
VXUSULVLQJO\�� WKDW� DW�PHOW� H[SRVXUH�FRQGLWLRQV� WKH�QLFNHO�ZLOO�R[LGL]H� LQWR�1L2�� ILQDOO\��7KH�
SURFHVVHV�RI�WKH�SDUWLDO�R[LGDWLRQ�DV�ZHOO�RI�WKH�ILQDO�IRUPLQJ�RI�1L2�WXUQ�RXW�SDUDOOHO��%XW��LW�
LV�QRW�SRVVLEOH�ZLWK�RXU�DQDO\VLQJ�V\VWHP�WR�GHWHUPLQH�WKH�YDOXH�RI�1L2�LQ�WKH�VDPSOHV�DQG�
WKH�UHODWLRQ�EHWZHHQ�HOHPHQWDU\�QLFNHO�DQG�QLFNHO�R[LGH��

5HVXOWLQJ�FKHPLFDO�UHDFWLRQV��

6DPSOH����� ���1L6�����1L�6��������[��2��� !����1L�6��������1L�[1L2�������62��

6DPSOH����� ���1L6�����1L�6��������\��2��� !����1L�6��������1L�\1L2�������62��
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6DPSOH����� ���1L�6���������������������D��2��� !����1L�6��������1L�D1L2��������62��

6DPSOH����� ���1L�6���������������������E��2��� !����1L�6���������1L�E1L2�������62��

6DPSOH����� ���1L�6���������������������F��2��� !����1L�6���������1L�F1L2�������62�����������
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7KH�IRXQG�SKDVHV�DUH�WKH�VDPH��LQGHSHQGHQG�RQ�VWDUWLQJ�FRPSRVLWLRQ��1L6�UHVS��1L�6����,Q�
DOO� FDVHV�� 1L�6��� HOHPHQWDU\� 1L�� DQG� 1L2� ZHUH� LGHQWLILHG�� VHH� H[DPSOHV� DERYH�� %\� 6(0�
LQYHVWLJDWLRQV�� � LW� LV� FOHDUO\� VHHQ�� WKDW� WKH� UHODWLRQ�EHWZHHQ� WKH� UHVXOWLQJ�SKDVHV� LV� GLIIHUHQW�
DIWHU�GLIIHUHQW�H[SHULPHQWDO�FRQGLWLRQV��$W�ORZHU�WHPSHUDWXUHV�DQG�ORQJHU�WLPHV�RI�H[SRVXUH��
WKH�QLFNHO�VXOILGLF�SKDVH�GHFUHDVHV��ZKHUH�WKH�HOHPHQWDU\�QLFNHO�DQG�WKH�QLFNHO�R[LGH�LQFUHDVH��
7KH� PLFURVWUXFWXUH� RI� WKH� QLFNHO� VXOILGH� VSKHUHV� DIWHU� WKH� GRQH� H[SHULPHQWV� FRQVWLVWV� RI�
VRPH�1L�6�� DV� WKH�PDWUL[�SKDVH�� UHODWLYHO\�ELJ� FU\VWDOV� RI�1L� DQG� D� ILQH�JUDLQHG�GLVWULEXWHG�
HOHPHQWDU\�QLFNHO�SKDVH��DV�ZHOO�DV�D�GHQGULWLF�FU\VWDOOL]HG�1L2�SKDVH��7KLV�SKDVH�KDV�D�KLJK�
PHOWLQJ�SRLQW��DURXQG������&��DQG�RFFXUV�DOZD\V�LQ�VROLG�IRUP��ZKLFK�OHDGV�WR�WKH�ILVVXUH�RI�
WKH� VSKHUHV�� 7KH� IRUPHG� VPDOOHU� SDUWLFOHV� ZLOO� GLVVROYH� PRUH� UDSLGO\� LQ� WKH� PHOW�� VR� WKH�
SURFHVV� RI� WKH� � GHFRPSRVLWLRQ� E\� R[LGDWLRQ� ZLOO� EH� HQKDQFHG�� ,Q� VRPH� PHOWV�� PRVWO\� DW�
�����&�DQG�WLPHV�KLJKHU�WKDQ����PLQXWHV��QR�UHVLGXDO�RI�D�WKH�LQVHUWHG�VSKHUH�ZDV�IRXQG��
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���&RQFOXVLRQV�

,Q�ERURVLOLFDWH�JODVVHV��WKHUH�LV�QR�SUREOHP�ZLWK�1L6��VLQFH��

� �WKLV�SKDVH�ZLOO�EH�WUDQVIRUPHG�YHU\�UDSLGO\�LQWR�1L�6���ZKLFK�KDV�QR�FUDFN�
� SRWHQWLDO�

� �WKH�R[LGDWLRQ�RI�WKH�QLFNHO�VXOILGHV�LQ�WKLV�W\SH�RI�JODVV�ILQDOO\�OHDGV�WR�1L2��

7KH� WHPSHUDWXUH� � ZLWKLQ� WKH� ERURVLOLFDWH� JODVV� PHOW� LV� YHU\� KLJK� UHODWHG� WR� WKH� VRGD�OLPH�
JODVVHV�� ,Q� IOLQW� VRGD�OLPH� JODVVHV� �IODW� JODVV� W\SH��� WKH� SURFHVV� RI� WUDQVIRUPDWLRQ� UHVXOWV� LQ�
1L6��FDXVHG�E\�WKH�VXOSKXU�FRQWHQW�RI�WKH�PHOWV�DQG�WKH�ORZ�YDOXH�RI�DYLDODEOH�DFWLYH�R[\JHQ��
7KLV� LV� LPSRVVLEOH� LQ� WKH� ERURVLOLFDWH� V\VWHPV�� ZKHQ� WKH\� GR� QRW� FRQWDLQ� �VXOSKXU���
$GGLWLRQDOO\�� WKH� GLVVROXWLRQ� RI� WKH� QLFNHO� VXOILGLF� VSHFLHV� LV� FOHDUO\� WKHUPRG\QDPLFDOO\�
SUHIHUUHG�UHODWHG�WR�LWV�IRUPDWLRQ���

%\�WKHVH�UHDVRQV��WKH�KHDW�VRDN�WHVW�LV�QRW�QHFHVVDU\�IRU�WRXJKHQHG�ERURVLOLFDWH�IORDW�
JODVV��
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�(�5��%DOODQW\QH��)UDFWXUH�RI�WRXJKHQHG�JODVV�ZDOO�FODGGLQJ��,�&�,��+RXVH��0HOERXUQH��
� &RPPHQZHDOWK�6FLHQWLILF�DQG�,QGXVWULDO�5HVHDUFK�2UJDQLVDWLRQ��&6,52���'LY��%XLOG��
� 5HV��0HOERXUQH��$XVWUDOLD���5HSRUW���������������

��$��.DVSHU��)��%RUGHDX[��/��'XIIUHQH��1LFNHO�VXOSKLGH��QHZ�UHVXOWV�WR�RSWLPLVH�WKH�KHDW�VRDN�W
� HVW��IRU�WHPSHUHG�EXLOGLQJ�JODVV��*ODVWHFKQ�%HU���*ODVV�6FLHQFH�DQG�7HFKQRO�����������������
� ��������

��$��.DVSHU��+��6WDGHOPDQQ��&KHPLFDO�EHKDYLRXU�RI�QLFNHO�VXOILGH�LQ�VRGD�OLPH�VLOLFD�JODVV�PHOWV��
� *ODVV�6FL�7HFKQRO�������������������



�� $�� .DVSHU�� 6WDELOLW\� RI� 1LFNHO� 6XOILGH� 6WRQHV� LQ� *ODVV� 0HOWV�� *ODVWHFKQ�� %HU�� *ODVV�
� 6FL�7HFKQRO�����&������������������

�� 0�� .UDX��� 1LFNHOVXOILGELOGXQJ� LQ� %RURVLOLFDWJOlVHUQ�� ���� *ODVWHFKQLVFKH� 7DJXQJ�� 8OP� ������
� .XU]UHIHUDWH�6����������

�� '�� 6WDFKHO�� 1LFNHO� 6XOSKLGLF� ,QFOXVLRQV� ZLWK� +HWHURJHQLRXV� 6WUXFWXUH�� *ODVWHFKQ�� %HU�� *ODVV�
� 6FL�7HFKQRO�����&������������������

��'��6WDFKHO��(��7HVVPDQQ��6��7UDXIHOGHU��:��%UDXQ��1RQ�R[LGLF�LQFOXVLRQV�LQ�JODVV��3URF��RI�WKH��WK�
(6*�&RQIHUHQFH��3UDJ�������$������$�����

��2��.QDFNH��2��.XEDVFKHZVNL��.��+HVVHOPDQQ��7KHUPRFKHPLFDO�3URSHUWLHV� RI� ,QRUJDQLF�6XEVWDQFHV��
9RO��,�,,��6SULQJHU�9HUODJ������
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