
3URFHVV�'HYHORSPHQW IRU /DFWLF�$FLG�3URGXFWLRQ�IURP�&DVVDYD�6WDUFK
6DURWH�6LULVDQVDQHH\DNXO
��0HHFKDL�/XGGHH��.DVRUQ�.LWWLNXVROWKXP DQG:LUDW�9DQLFKVULUDWDQD'HSDUWPHQW�RI�%LRWHFKQRORJ\��)DFXOW\�RI�$JUR�,QGXVWU\��.DVHWVDUW�8QLYHUVLW\�%DQJNRN��������7KDLODQG

$EVWUDFW7KH�FRQWLQXRXV�VLQJOH�VWDJH�IHUPHQWDWLRQ�RI�/DFWRFRFFXV�ODFWLV�,2����XVLQJ�FDVVDYDVWDUFK� K\GURO\VDWH� �6�  � ����� J� JOXFRVH� O���� DV� FDUERQ� VRXUFH� ZDV� SHUIRUPHG�� 7KHPD[LPXP�YROXPHWULF�SURGXFWLYLW\�RI� ODFWLF� DFLG� �43  ������J� O�� K���� DQG� WKH� ODFWLF� DFLGFRQFHQWUDWLRQ� RI� ����� J� O�� ZHUH� REWDLQHG� DW� ����� K�� GLOXWLRQ� UDWH�� 7KLV� YROXPHWULFSURGXFWLYLW\�ZDV������WLPHV�KLJKHU�WKDQ�WKDW�RI�EDWFK�IHUPHQWDWLRQ��43  ������J�O�� K�����,QFRQWLQXRXV�VLQJOH�VWDJH�IHUPHQWDWLRQ�ZLWK�FHOO�UHF\FOH��WKH�GLOXWLRQ�UDWH��'���WKH�EOHHG�UDWLR�%��DQG�WKH�IHHG�JOXFRVH�FRQFHQWUDWLRQ��6���ZHUH�IRXQG�WR�DIIHFW�WKH�JURZWK�DQG�WKH�ODFWLFDFLG� SURGXFWLRQ�� 7KH� YROXPHWULF� SURGXFWLYLW\� RI� ODFWLF� DFLG� �43  � ������ J� O�� K���� ZDVPD[LPL]HG�DW�'� ������K����%  ������DQG�6�  �������J�O����ZKLFK�ZDV������WLPHV�KLJKHU�WKDQWKDW�RI�WKH�EDWFK�IHUPHQWDWLRQ��43  ������J�O�� K�����7KH�ODFWLF�DFLG�FRQFHQWUDWLRQ�RI�������JO�� ZDV� DOVR� REWDLQHG�� ,Q� FRQWLQXRXV� WZR�VWDJH� IHUPHQWDWLRQ� ZLWKRXW� FHOO� UHF\FOH�� WKHRSWLPDO�FRQGLWLRQ�REWDLQHG�IRU� ODFWLF�DFLG�SURGXFWLRQ�ZHUH�GLOXWLRQ�UDWHV�RI� WKH� ILUVW� �'��DQG�WKH�VHFRQG��'���RI������K�� DQG�6� RI�������J�O����$V�D�UHVXOW��WKH�FHOOV��;����ODFWLF�DFLG�3��� FRQFHQWUDWLRQV� DQG� WRWDO� ODFWLF� DFLG�SURGXFWLYLW\� �43�7RWDO��ZHUH� ������ ������ J� O�� DQG����� J� O�� K���� UHVSHFWLYHO\�� ,Q� FRQWLQXRXV� WZR�VWDJH� IHUPHQWDWLRQ� ZLWK� FHOO� UHF\FOH�� WKHRSWLPDO� FRQGLWLRQ�ZDV� REWDLQHG� E\� FRQWUROOLQJ� WKH� GLOXWLRQ� UDWHV� DQG� EOHHG� UDWLR� �%��� DW�����������K�� DQG�������UHVSHFWLYHO\��ZLWK�DQ�LQLWLDO�JOXFRVH�FRQFHQWUDWLRQ�LQ�IUHVK�PHGLXP�6���RI�������J�O����$V�D�UHVXOW��WKH�FRQFHQWUDWLRQV�RI�FHOOV��;���DQG�ODFWLF�DFLG��3���DQG�WRWDOODFWLF� DFLG� SURGXFWLYLW\� �43�7RWDO��ZHUH�PD[LPL]HG� DW� ������ ������ J� O�� DQG� ����� J� O�� K���UHVSHFWLYHO\�
.H\� ZRUGV� �� /DFWRFRFFXV� ODFWLV� ,2���� /�ODFWLF� DFLG�� FDVVDYD� VWDUFK�� FRQWLQXRXVIHUPHQWDWLRQ��FHOO�UHF\FOH�

,QWURGXFWLRQ&DVVDYD�VWDUFK�LV�DJULFXOWXUDO�PDWHULDO�SURGXFHG�DEXQGDQWO\�LQ�7KDLODQG��7KH�VWDUFKLV� XVHG� GLUHFWO\� DV� IRRGVWXII� RU� LQGLUHFWO\� DV� UDZ�PDWHULDO� IRU� WKH�PDQXIDFWXULQJ� RI� IRRGDGGLWLYHV�� VXJDUV�DQG� IODYRULQJ�DJHQWV�DV�ZHOO� DV� IRU� WKH�SURGXFWLRQ�RI�HWKDQRO�DQG� ODFWLFDFLG��7KH�XVH�RI�FDVVDYD�IRU�ELRSODVWLFV��SRO\ODFWDWH��SURGXFWLRQ�QHHGV�SULPDULO\�HQ]\PDWLFK\GURO\VLV�RI�VWDUFK�WR�JOXFRVH�E\�D�DP\ODVH�DQG�JOXFRDP\ODVH��IROORZHG�E\�/�ODFWLF�DFLGIHUPHQWDWLRQ� IURP� VWDUFK� K\GURO\VDWH� FRQWDLQLQJ� JOXFRVH� DV� D� PDLQ� FDUERQ� VRXUFH�6LULVDQVDQHH\DNXO�HW�DO����������7KH� ODFWLF�DFLG� IHUPHQWDWLRQ�E\�/DFWRFRFFXV� ODFWLV ,2��KDV�EHHQ�SUHYLRXVO\�UHSRUWHG�DV�KLJK�SRWHQWLDO�SURFHVV�IRU� WKH�SURGXFWLRQ�RI�/�ODFWLF�DFLG

 &RUUHVSRQGLQJ�DXWKRU��VDURWH�V#NX�DF�WK
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�,VKL]DNL� DQG� 9RQNWDZHHVXN�� ������ 6LULVDQVDQHH\DNXO� HW� DO��� ������� 7KHUHIRUH�� LQ� WKLVZRUN��FDVVDYD�VWDUFK�K\GURO\VDWH�SUHSDUHG�E\�HQ]\PDWLF�K\GURO\VLV�ZDV�XVHG�DV�VXEVWUDWHDQG�WKH�FRQWLQXRXV�SURGXFWLRQ�RI�/�ODFWLF�DFLG�ZDV�WKHQ�RSWLPL]HG�LQ�ERWK�VLQJOH�VWDJH�DQGWZR�VWDJH�IHUPHQWDWLRQV�HLWKHU�ZLWK�RU�ZLWKRXW�FHOO�UHF\FOH�XVLQJ�/DFWRFRFFXV�ODFWLV ,2���IRU�HQKDQFLQJ�WKH�YROXPHWULF�ODFWLF�DFLG�SURGXFWLYLW\�
0DWHULDOV�DQG�0HWKRGV,QGXVWULDO�JUDGH�FDVVDYD�VWDUFK�ZDV�REWDLQHG�IURP�%DQJ�QD�FDVVDYD�VWDUFK�IDFWRU\�LQ&KDL\DSKXP� SURYLQFH�� 7KDLODQG�� 1RYR� 1RUGLVN� VXSSOLHG� WKH� HQ]\PHV� 7HUPDP\O� ���� /7\SH� /6� �KHDW� VWDEOH� D�DP\ODVH� IURP� %DFLOOXV� OLFKHQLIRUPLV�� ���� .18�J� /27� $71*������(&����������DQG�'H[WUR]\PH��D�PL[WXUH�RI�JOXFRDP\ODVH�IURP�$VSHUJLOOXV�QLJHU DQGSXOOXODQDVH�IURP�%DFLOOXV�DFLGRSXOOXO\WLFXV������$*8�PO�����381�PO�(Q]\PDWLF�K\GURO\VLV�RI�FDVVDYD�VWDUFK6WDUFK� VOXUULHV� FRQWDLQHG� ���� J� VWDUFK� ������� ��� PJ� &D&2� ���� SSP�� DQG� �� JEHQ]RLF�DFLG��������LQ�WDS�ZDWHU�ZLWK�WRWDO�YROXPH�RI���O��7KH�VOXUULHV�ZHUH�DGMXVWHG�WR�S+����ZLWK�����0�1D2+�DQG�SUHJHODWLQL]HG� LQ� ERLOLQJ�ZDWHU� IRU� ���PLQ��/LTXHIDFWLRQ�ZDVFDUULHG�RXW�E\�DGGLQJ�����PO�7HUPDP\O����/�7\SH�/6��������Y�Y��DQG�LQFXEDWHG�DW����R&IRU���K��)RU�VDFFKDULILFDWLRQ�� WKH�VOXUULHV�ZHUH�DGMXVWHG�WR�S+�����ZLWK�����0�+�32� DQG����PO�'H[WUR]\PH��������Y�Y��ZDV�DGGHG�WR�WKH�OLTXHILHG�VOXUULHV�DQG�LQFXEDWHG�DW����R&IRU����K��6LULVDQVDQHH\DNXO�HW�DO���������&RQWLQXRXV�SURGXFWLRQ�RI�/�ODFWLF�DFLG0LFURRUJDQLVP /DFWRFRFFXV� ODFWLV ,2��� �-&0� ������ �,VKL]DNL� HW� DO��� ������ ZDV� XVHGWKURXJKRXW� WKH� H[SHULPHQWV�� 7KH� VWRFN� FXOWXUH� ZDV� PDLQWDLQHG� LQ� WKLRJO\FRODWH� �7*&�PHGLXP��'LIFR��DQG�VXEFXOWXUHG�HYHU\�WZR�ZHHNV�0HGLXP 7KH� EDVDO�PHGLXP� LQ� �� O� FRQVLVWV� RI� ���� J�1D&O�� ���� J� \HDVW� H[WUDFW� DQG� ���� JSRO\SHSWRQH� �,VKL]DNL� DQG� 2KWD�� ������� *OXFRVH� ZDV� REWDLQHG� IURP� DQ� HQ]\PDWLFK\GURO\VLV� RI� FDVVDYD� VWDUFK� SUHSDUHG� DV� PHQWLRQHG� DERYH�� :LWK� DQ� LQLWLDO� JOXFRVHFRQFHQWUDWLRQ�RI����WR����J�JOXFRVH�O����FDVVDYD�VWDUFK�K\GURO\VDWH�ZDV�DSSURSULDWHO\�DGGHGLQWR�WKH�EDVDO�FRPSOH[�PHGLXP�$� VLQJOH�VWDJH� IHUPHQWDWLRQ� ZLWK� DQG� ZLWKRXW� FHOO� UHF\FOH 7KH� FRQWLQXRXV� IHUPHQWDWLRQZLWKRXW�FHOO�UHF\FOH�ZDV FDUULHG�RXW�ZLWK�D�ZRUNLQJ�YROXPH�RI���� PO�LQ�D���O� IHUPHQWHU�%LRVWDW�%��%�%UDXQ�%LRWHFK�,QWHUQDWLRQDO��*HUPDQ\��DW�FRQWUROOHG�S+����� WHPSHUDWXUH���R&�DQG DJLWDWLRQ�UDWH�RI�����USP ZLWKRXW�DLU IHHGLQJ��7KH�LQRFXOXP�ZDV�SUHSDUHG�IURP�D����PO�RI�7*&�VWRFN�FXOWXUH�LQ���PO�EDVDO�PHGLXP�����J�JOXFRVH�O����IRU����K�DW����R&�LQ�DVWDWLF� LQFXEDWRU�� 7KH� ���� PO� RI� WKLV� SUHFXOWXUH� ZDV� WKHQ� LQRFXODWHG� LQWR� ��� PO� RI� EDVDOPHGLXP�����J�JOXFRVH�O����DW�LQLWLDO�S+�����DQG�LQFXEDWHG�IRU����K�ZLWK�JHQWOH�VKDNLQJ�DW���R&��7KH�SUHFXOWXUH�ZDV�WKHQ�XVHG�DV����Y�Y�LQRFXOXP�IRU�VWDUWLQJ�WKH�����PO�EDWFK�FXOWXUH�$IWHU� ��� K� RI� EDWFK� FXOWLYDWLRQ�� WKH� FRQWLQXRXV� FXOWXUH�ZDV� IXUWKHU� SHUIRUPHG� DW� YDULRXVGLOXWLRQ� UDWHV� ������� ������ ������ ����� DQG� ����� K����� 7KH� VWHDG\� VWDWH� ZDV� REWDLQHGDSSUR[LPDWHO\� DIWHU� IRXU� YROXPHV� UHSODFHPHQW� ,Q� FRQWLQXRXV� IHUPHQWDWLRQ� ZLWK� FHOOUHF\FOH��)LJ����� WKH�EDWFK�FXOWLYDWLRQ ZDV� LQLWLDOO\�SHUIRUPHG XQGHU� WKH�DERYH�PHQWLRQHGFRQGLWLRQV�IRU����K��,W�ZDV�WKHQ�VZLWFKHG�WR�FRQWLQXRXV�PRGH ZLWK�FHOO�UHF\FOH�DSSO\LQJ�DKROORZ� ILEUH� PRGXOH� �.XUDUD\� 8)� 0RGXOH� ./�8�0� ������ -DSDQ��� 7KH� IHHG� JOXFRVHFRQFHQWUDWLRQ�ZHUH����DQG ���J JOXFRVH�O���DW�GLOXWLRQ�UDWH�'� ������������DQG����� K�� DQGUHF\FOH�UDWLR�RI�5  �����������DQG������
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)LJXUH����$�6FKHPH�RI�WKH�VLQJOH�VWDJH�IHUPHQWDWLRQ�ZLWK�FHOO�UHF\FOH�
$�WZR�VWDJH�IHUPHQWDWLRQ�ZLWK�DQG�ZLWKRXW�FHOO�UHF\FOH�7KH�IHUPHQWDWLRQ�ZDV�FDUULHG�RXW�DWFRQWUROOHG�FRQGLWLRQV����R&��S+����������USP�DJLWDWLRQ��IRU����K�LQ�WKH�ILUVW��%LRVWDW�%��%�%UDXQ� %LRWHFK� ,QWHUQDWLRQDO�� *HUPDQ\�� DQG� WKH� VHFRQG� �(\HOD�0������ 7RN\R� 5LNDNLNDL&R��� /WG�� -DSDQ�� IHUPHQWHUV� ZLWK� ����� DQG� ���� O� RI� ZRUNLQJ� YROXPH�� UHVSHFWLYHO\�� 7KHV\VWHP�ZDV�WKHQ�VZLWFKHG�WR�FRQWLQXRXV�WZR�VWDJH�IHUPHQWDWLRQ�ZLWK�D�FRQVWDQW�IHHG�UDWHYDU\LQJ� �6&  ����������������J�O��LQ�ZKLFK�'�  �����������K�� DQG�'�  �����������K�� ZHUHREWDLQHG��7KH�VWHDG\�VWDWH�RI�D�WZR�VWDJH�IHUPHQWDWLRQ�ZLWKRXW�FHOO�UHF\FOH�ZDV�DUULYHG�LQ��� K� RI� FXOWXUH� WLPH�� ,Q� FRQWLQXRXV� IHUPHQWDWLRQ� ZLWK� FHOO� UHF\FOH� �)LJ�� ��� WKH� EDWFKFXOWLYDWLRQ ZDV� SHUIRUPHG XQGHU� WKH� DERYH�PHQWLRQHG� FRQGLWLRQV� IRU� ��� K�� ,W� ZDV� WKHQVZLWFKHG� WR�FRQWLQXRXV�PRGH ZLWK�FHOO� UHF\FOH�DSSO\LQJ�D�KROORZ� ILEUH�PRGXOH� �.XUDUD\8)�0RGXOH�./�8�0�������-DSDQ� DW� WKH� ILUVW� IHUPHQWHU��7KH�IHHG�JOXFRVH FRQFHQWUDWLRQZHUH����DQG ���J JOXFRVH�O���DW�GLOXWLRQ�UDWH�'� ����� K�� DQG�UHF\FOH�UDWLR�RI�5  �����$QDO\WLFDO�PHWKRGV&HOO� FRQFHQWUDWLRQ�ZDV�PRQLWRUHG�E\�RSWLFDO� GHQVLW\� UHDGLQJV� DW� ���� QP� �2'�����6SHFWURSKRWRPHWHU��3KRWRPHFK�����'��2SWLPD��-DSDQ��DQG�FRQYHUWHG� WR�GU\�FHOO�ZHLJKW�'&:��IURP�FDOLEUDWLRQ�FXUYH��7KH�YLDEOH�FRXQW�GXULQJ�IHUPHQWDWLRQ�ZHUH�FDUULHG�RXW�E\SRXU�SODWH� FRXQWV�RQ� WKLRJO\FRODWH� �7*&��PHGLXP�ZLWK������DJDU� DQG�ZHUH� UHSRUWHG� DVFRORQ\� IRUPLQJ�XQLW� �&)8�PO���3ODWHV�ZHUH� LQFXEDWHG� DW� ��� R&� IRU����K�EHIRUH� FRXQWLQJ�5R\� HW� DO��� ������� *OXFRVH� DQG� /�ODFWLF� DFLG� ZHUH� GHWHUPLQHG� E\� +3/&� FROXPQ� IRURUJDQLF� DFLGV� �0HWD&DUE���+�����[����PP��� FRQWUROOHG� DW� ��� R&��+�62� �������1��ZDVXVHG�DV�PRELOH�SKDVH�DW� FRQWUROOHG� IORZ� UDWH�RI�����PO�PLQ��5HIUDFWRPHWHU� �:DWHUV��ZDVXVHG� DV� D� UHIUDFWLYH� GHWHFWRU� LQ� WKH�+3/&� V\VWHP�� /���� ODFWLF� DFLG� ���K\GUR[\SURSLRQLFDFLG���OLWLXP�VDOW��/�������6LJPD��ZDV�XVHG�DV�D�VWDQGDUG�IRU�ODFWDWH�GHWHUPLQDWLRQ�
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)� 3URGXFWUHVHUYLRU
)LJXUH����$�6FKHPH�RI�WKH�WZR�VWDJH�IHUPHQWDWLRQ�ZLWK�FHOO�UHF\FOH�

0DWKHPDWLFDO�0RGHO)RU�ODFWLF�DFLG�IHUPHQWDWLRQ�ZLWK /DFWRFRFFXV�ODFWLV ,2���XVLQJ�VWDUFK�K\GURO\VDWHVDV�VXEVWUDWH��WKH�VXEVWUDWH�DQG�SURGXFW�LQKLELWLRQ�SOD\�D�YHU\�LPSRUWDQW�UROH�RI�FHOO�JURZWK�%DVHG� RQ� RXU� SUHYLRXV� ZRUN�� WKH� FHOO� JURZWK� UDWH� LV� H[SUHVVHG� ZLWK� 0RQRG� NLQHWLFVLQFOXGLQJ�VXEVWUDWH�DQG�SURGXFW�LQKLELWLRQ��6LULVDQVDQHH\DNXO�HW�DO���������
G;�GW�� �>�PP6���.6 ��6����6��.L��@>���3�3
�@Q ; ���

:KHUH�;��6�DQG�3� UHSUHVHQW� WKH�FHOO�� VXEVWUDWH�DQG�SURGXFW�FRQFHQWUDWLRQV� �J� O����UHVSHFWLYHO\��:KLOH�PP��.6��.L��3
�DQG�Q�DUH� WKH�VSHFLILF�JURZWK�UDWH� �K����� WKH�VDWXUDWLRQFRQVWDQW��J�O�����WKH�VXEVWUDWH�LQKLELWLRQ�FRQVWDQW��J�O�����WKH�FULWLFDO�FRQFHQWUDWLRQ�RI� ODFWLFDFLG�DW�ZKLFK�FHOO�JURZWK�LV�HTXDO�WR�]HUR��J�O����DQG�WKH�FRQVWDQW�XVHG�WR�GHVFULEH�SURGXFWLQKLELWLRQ��UHVSHFWLYHO\�7KH� ODFWLF� DFLG� IRUPDWLRQ� UDWH� LV� H[SODLQHG� E\� WKH� /XHGHNLQJ�3LUHW� HTXDWLRQ�FRQVLGHULQJ�JURZWK�DQG�QRQ�JURZWK�DVVRFLDWHG�FRQVWDQWV��/XHGHNLQJ�DQG�3LUHW��������
G3�GW�� �D�G;�GW����E; ���

:KHUH�D DQG�E DUH�JURZWK� DVVRFLDWHG� FRQVWDQW� �J�J���� DQG�QRQ�JURZWK� DVVRFLDWHGFRQVWDQW��J�J���K����IRU�ODFWLF�DFLG�IRUPDWLRQ��UHVSHFWLYHO\�7KH�JOXFRVH�FRQVXPSWLRQ� UDWH� LV�GHVFULEHG�E\�EDODQFLQJ� WKH� VXEVWUDWH�XWLOL]HG� IRUFHOO�JURZWK�DQG�PDLQWHQDQFH�DQG�ODFWLF�DFLG�IRUPDWLRQ�
G6�GW�� ��>���<*��G;�GW����P6;������<3��G3�GW�@ ���

<* DQG�<3 DUH�WKH�VWRLFKLRPHWULF�FRQVWDQWV�GHVFULELQJ�WKH�WKHRUHWLFDO�\LHOGV�RI�ODFWLFDFLG���J�J����DQG�FHOO�PDVV��J�J����UHVSHFWLYHO\��ZKHUHDV�P6 LV�WKH�PDLQWHQDQFH�FRHIILFLHQW��JJ���K����RI�JOXFRVH�XVHG�IRU�FHOO�PDLQWHQDQFH�SURFHVV�,Q� FDVH� RI� FRQWLQXRXV� SURGXFWLRQ� RI� ODFWLF� DFLG�� WKH� EDODQFH� HTXDWLRQV� IRU� FHOOJURZWK��ODFWLF�DFLG�IRUPDWLRQ�DQG�VXEVWUDWH�FRQVXPSWLRQ�DUH�FRQVLGHUHG�ZLWK�WKH�IORZ�UDWHRI�IHHG�PHGLXP�LQ�WHUP�RI�GLOXWLRQ�UDWH��'� �)�9���:LWK�FHOO�UHF\FOLQJ�V\VWHP��WKH�GLOXWLRQ
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UDWH�RI�HLWKHU�VLQJOH��RU�WZR�VWDJH�IHUPHQWDWLRQ�FDQ�EH�SURSHUO\�LQFUHDVHG�GHSHQGLQJ�RQ�WKHDGMXVWPHQW�RI�D�UHF\FOH�VWUHDP��5��RU�EOHHG�VWUHDP��%���6LULVDQVDQHH\DNXO�HW�DO���������
5HVXOWV�DQG�'LVFXVVLRQ����$�VLQJOH�VWDJH�IHUPHQWDWLRQ�ZLWK�DQG�ZLWKRXW�FHOO�UHF\FOH7KH� FRQWLQXRXV� IHUPHQWDWLRQ� ZLWKRXW� FHOO� UHF\FOH ZDV� FDUULHG� RXW� XVLQJ� FDVVDYDVWDUFK� K\GURO\VDWH� ������ J� JOXFRVH� O���� DV� IHHG� VXEVWUDWH�� $IWHU� YDU\LQJ� GLOXWLRQ� UDWHV� RI������ ������ ������ ����� DQG������K���� WKH�YROXPHWULF� ODFWLF� DFLG� SURGXFWLYLW\� RI� ������ ����������������DQG������J�ODFWLF�DFLG�O�� K�� ZHUH�REWDLQHG��UHVSHFWLYHO\��)LJ������:LWKRXW�ERWKLQKLELWLRQV� RI� VXEVWUDWH� DQG� SURGXFW�� D� EDODQFH� HTXDWLRQ� IRU� FHOO� JURZWK� �(T�� ��� FDQ� EHVLPSOLILHG� WR� WKH�0RQRG� W\SH� NLQHWLFV��7KHUHIRUH��PP  ������ K�� DQG�.6  ������ J�O�ZHUHHVWLPDWHG� XVLQJ� +DQHV�:RROI� SORW�� $V� D� UHVXOW�� WKHRUHWLFDO�PD[LPDO� GLOXWLRQ� UDWH�� 'P  ����� K�� ZDV� DEVROXWHO\� FORVHG� WR� WKH� REVHUYHG� GLOXWLRQ� UDWH�� LQ� ZKLFK� WKH� PD[LPDOYROXPHWULF�SURGXFWLYLW\�RI������J�ODFWLF�DFLG�O�� K�� ZDV�DFKLHYHG�LQ�WKH�H[SHULPHQW�
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PP  ������K����.6  ������J�O��<;�6  ������J�J��<3�6  ������J�J
)XJXUH��� *OXFRVH��ODFWLF�DFLG��FHOO�FRQFHQWUDWLRQV�DQG�YROXPHWULF�ODFWLF�DFLGSURGXFWLYLW\�SORWWHG�DV�D�IXQFWLRQ�RI�GLOXWLRQ�UDWH�DW�VWHDG\�VWDWH�

&DOFXODWHG�IURP�RXV�SUHYLRXVO\�SURSRVHG�PRGHO�6LULVDQVDQHH\DNXO�HW�DO��������
&HOOV��&;�6\PEROV�� *OXFRVH��&6� /DFWLF�DFLG��&3�9ROXPHWULF�ODFWLF�DFLG�SURGXFWLYLW\��43�
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