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$EVWUDFW7KLV�SDSHU� LQGLFDWHV� WKDW�DFWLYDWHG�VOXGJH�XQGHU�FHUWDLQ�FRQGLWLRQV�FDQ�DFKLHYH�OHYHOV�RI� SRO\K\GUR[\DONDQRDWHV� �3+$�� DFFXPXODWLRQ� ZKLFK� ZRXOG� HQDEOH� WKH� HFRQRPLF�UHFRYHU\� RI� WKLV� SUHFXUVRU� RI� ELRGHJUDGDEOH� SODVWLFV�� 7KH� HIIHFWV� RI� &�1� UDWLR� DQG�WHPSHUDWXUH� RQ� SRO\K\GUR[\DONDQRDWHV� SURGXFWLRQ� ZHUH� HYDOXDWHG�� $FHWDWH� XSWDNH��DPPRQLXP� FRQVXPSWLRQ�� R[\JHQ� XSWDNH� DQG� 3+$� SURGXFWLRQ� ZHUH� VWXGLHG� XQGHU�DHURELF��JURZWK�UDWH�OLPLWLQJ�FRQGLWLRQV��6OXGJH�IHG�ZLWK�DFHWDWH�VKRZHG�WKH�FDSDELOLW\�WR�DFFXPXODWH�3+$�WR�DERXW����DQG�������RI�FHOO�GU\�ZHLJKW�DW�����&�DQG�&�1� ������DIWHU� ��� DQG� ��� K�� UHVSHFWLYHO\�� 7KH� DFFXPXODWLRQ� RI� 3+$� VWURQJO\� GHSHQGV� RQ�WHPSHUDWXUH�� ZLWK� OHVV� 3+$� IRUPDWLRQ� DW� KLJKHU� WHPSHUDWXUH�� 7KH� DYHUDJH� YDOXHV� RI�PD[LPXP�JURZWK�UDWH��TPD[Â&[ ���DIILQLW\�FRQVWDQW��.2���DQG�N/D�ZHUH�GHWHUPLQHG�������PJO��V����������PJO�� DQG��������V����UHVSHFWLYHO\�.H\ZRUGV� 0L[HG�FXOWXUH��SRO\K\GUR[\DONDQRDWHV��3+$���DFWLYDWHG�VOXGJH


 � $XWKRU�IRU�FRUUHVSRQGHQFH��(�PDLO��+B6DOHKL]DGHK#HQJ�XL�DF�LU

,QWURGXFWLRQ3RO\K\GUR[\DONDQRDWHV� �3+$V�� DUH� WKH�SRO\PHUV�RI�K\GUR[\DONDQRDWHV�WKDW� DFFXPX�ODWH�DV�FDUERQ�HQHUJ\�RU� UHGXFLQJ�SRZHU�VWR�UDJH� PDWHULDOV� LQ� YDULRXV� PLFURRUJDQLVPV��3+$V� KDYH� EHHQ� DWWUDFWLQJ� FRQVLGHUDEOH�DWWHQWLRQ� DV� ELRGHJUDGDEOH� VXEVWLWXWHV� IRU�FRQYHQWLRQDO� SRO\PHUV�� 7R� UHGXFH� WKHLU� SUR�GXFWLRQ�FRVWV��D�JUHDW�GHDO�RI�HIIRUW� KDV�EHHQ�GHYRWHG�WR�GHYHORSLQJ�EHWWHU�EDFWHULDO�VWUDLQV�DQG�PRUH�HIILFLHQW�IHUPHQWDWLRQ�UHFRYHU\�SUR�FHVVHV�� 7KH� XVH� RI�PL[HG� FXOWXUH� DQG� FKHDS�VXEVWUDWHV� FDQ� UHGXFH� WKH� SURGXFWLRQ� FRVW� RI�3+$�� 7KH� LGHD� RI� 3+$� SURGXFWLRQ� XVLQJ�PL[HG� FXOWXUH� DURVH� IURP� UHFRJQLWLRQ� RI� WKH�3+$¶V� UROH� DV� D� PHWDEROLF� LQWHUPHGLDWH� LQ�PLFURELDO�SURFHVVHV�IRU�ZDVWHZDWHU�WUHDWPHQW��$FWLYDWHG� VOXGJH�� D� ZHOO�NQRZQ� PL[HG� FXO�

WXUH�� LV� DEOH� WR� VWRUH� 3+$� DV� FDUERQ� DQG�HQHUJ\� VWRUDJH� PDWHULDO� XQGHU� XQVWHDG\�FRQGLWLRQV� DULVLQJ� IURP� DQ� LQWHUPLWWHQW� IH�HGLQJ�UHJLPH�DQG�YDULDWLRQ�LQ�WKH�SUHVHQFH�RI�DQ�HOHFWURQ�DFFHSWRU�>������������������@�%LRORJLFDO� ZDVWHZDWHU� WUHDWPHQW� XVXDOO\� RF�FXUV� XQGHU� G\QDPLF� FRQGLWLRQV�� 8QGHU� WKHVH�FRQGLWLRQV��JURZWK�RI�ELRPDVV�DQG�VWRUDJH�RI�SRO\PHUV�RFFXU�VLPXOWDQHRXVO\�ZKHQ�WKHUH�LV�DQ�H[FHVV�RI�H[WHUQDO�VXEVWUDWH��IHDVW�SHULRG���:KHQ�DOO�WKH�H[WHUQDO�VXEVWUDWH�LV�FRQVXPHG��VWRUHG� SRO\PHU� FDQ� EH� XVHG�DV� D� FDUERQ� DQG�HQHUJ\�VRXUFH�GXULQJ� WKH� IDPLQH�SHULRG��7KH�PLFURRUJDQLVPV� LQYROYHG� H[SHULHQFH� UDSLGO\�FKDQJLQJ� FRQGLWLRQV� RI� QXWULHQW� DYDLODELOLW\�DQG� FDQ� DGDSW� FRQWLQXRXVO\� WR� FKDQJHV� LQ�VXEVWUDWH��0LFURRUJDQLVPV�ZKLFK� DUH� DEOH� WR�TXLFNO\�VWRUH�DYDLODEOH�VXEVWUDWH�DQG�FRQVXPH�
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WKH� VWRUDJH� WR� DFKLHYH� D� PRUH� EDODQFHG�JURZWK� KDYH� D� VWURQJ� FRPSHWLWLYH� DGYDQWDJH�RYHU� RUJDQLVPV� ZLWKRXW� WKLV� FDSDFLW\� >��@��$FWLYDWHG� VOXGJH� DFFXPXODWHV� 3+$� WR� FD������ RI� GU\� ZHLJKW� XQGHU� DQDHURELF� FRQ�GLWLRQV��7KH�3+$�FRQWHQW�RI�DFWLYDWHG�VOXGJH�FDQ� EH� LQFUHDVHG� WR� ���� LQ� D� PLFUR�DHURSKLOLF±DHURELF� VOXGJH� SURFHVV� >�����@��:KHQ� FRPSDUHG� ZLWK� D� SXUH� FXOWXUH� �!����RI� FHOO� GU\� ZHLJKW�>�@�� WKH� PHULWV� RI� 3+$�SURGXFWLRQ� LQ� RSHQ� PL[HG� FXOWXUH� ZRXOG� EH�HQKDQFHG� HFRQRP\�� VLPSOHU� SURFHVV� FRQWURO��QR� UHTXLUHPHQW� RI� PRQRVHSWLF� SURFHVVLQJ��DQG� DQ� LPSURYHG� XVH� RI� ZDVWHV� >��@�� &RQ�VLGHUDEOH�HIIRUW�KDV�JRQH�LQWR�SURGXFLQJ�3+$�XVLQJ�PL[HG�FXOWXUH� >��� ��� �� ��� �� ��� ����� ��� ��� ��@�
0DWHULDOV�DQG�PHWKRGV([SHULPHQWDO�VHW�XS$� ��/� 6%5� �VHTXHQFLQJ� EDWFK� UHDFWRU�� ZDV�XVHG�DQG�RSHUDWHG�FRQWLQXRXVO\�LQ�F\FOHV�RI���K�� 2QH� 6%5� F\FOH� FRQVLVWHG� RI� VHYHUDO�SKDVHV�� LQIOXHQW� DGGLWLRQ�� UHDFWLRQ�� DQG�HIIOXHQW� ZLWKGUDZDO� �7DEOH� ���� 7KH� UHDFWRU�ZDV� DHUDWHG� DQG� PL[HG� FRQWLQXRXVO\� H[FHSW�GXULQJ�WKH�HIIOXHQW�ZLWKGUDZDO��6OXGJH�IURP�D�FRQYHQWLRQDO� DFWLYDWHG� VOXGJH� ZDVWHZDWHU�WUHDWPHQW� SODQW� LQ� WKH�1HWKHUODQGV�ZDV� XVHG�DV� LQRFXOXP��7KH� WHPSHUDWXUH� RI� WKH� UHDFWRU�ZDV�DGMXVWHG�XVLQJ�D�WKHUPRVWDW�EDWK��WKH�S+�ZDV� NHSW� DW� ���� XVLQJ� ��0� 1D2+� DQG� +&O�VROXWLRQV��7KH� UHDFWRU�ZDV�ZHOO� DHUDWHG�ZLWK�DQ� DLUIORZ�RI���/�PLQ� FRQWUROOHG�E\�D�PDVV�IORZ�FRQWUROOHU�DQG�VWLUUHG�ZLWK�WZR�VWDQGDUG�JHRPHWU\� VL[�EODGH� WXUELQHV�� 7KH� UHVLGHQFH�WLPH� ZDV� ����� K�� 8QGHU� VWHDG\�VWDWH� FRQ�GLWLRQV�� WKH� SURFHVV� ZDV� H[WHQVLYHO\� PRQL�WRUHG� �S+��'2��DQG�VDPSOHG� �DFHWDWH��1+����32����� 3+$�� DVK� FRQWHQW�� &':�� GXULQJ�VHYHUDO�F\FOHV�
,QRFXOXP$FWLYDWHG� VOXGJH� ZDV� VDPSOHG� IURP� D�PXQLFLSDO� ZDVWHZDWHU� WUHDWPHQW� SODQW� LQ� WKH�1HWKHUODQGV� DQG�XVHG�DV�D�PRGHO�SRSXODWLRQ�

LQ�ZKLFK�WR�DWWDLQ�3+$�DFFXPXODWLRQ�
0HGLXP$� V\QWKHWLF� ZDVWHZDWHU� ZLWK� WKH� IROORZLQJ�FRPSRVLWLRQ� ZDV� XVHG�� +$F� ����� .+�32������ 1+�&O� ����� 0J62� ���� �JO����� WUDFH�HOHPHQW� VROXWLRQ� DFFRUGLQJ� WR� 9LVKQLDF� DQG�6WDQHU�PHGLD���PO�/�>��@�
$QDO\WLFDO�SURFHGXUHV7KH� GLVVROYHG� R[\JHQ� FRQFHQWUDWLRQ� LQ� WKH�UHDFWRU�ZDV�PHDVXUHG�RQOLQH�DV�D�SHUFHQWDJH�RI� DLU� VDWXUDWLRQ� XVLQJ� D� '2� HOHFWURGH��6DPSOHV� WDNHQ� IURP� WKH� UHDFWRU� ZHUH FHQ�WULIXJHG� IRU����PLQ�DW������� USP�DW��� R&� WR�VHSDUDWH� WKH� EDFWHULDO� FHOOV� IURP� WKH� OLTXLG��7KH� DFHWDWH� FRQFHQWUDWLRQ� RI� WKH� VXSHUQDWDQW�ZDV�PHDVXUHG�E\�JDV�FKURPDWRJUDSK\��1+��DQG� 32��� ZHUH� DQDO\]HG� VSHFWURSKRWRPHW�ULFDOO\� ZLWK� DQ� DXWRDQDO\VHU� �6NDODU� �������7KH�ELRPDVV�FRQFHQWUDWLRQ�DQG�DVK�FRQWHQW�RI�ELRPDVV� ZHUH� GHWHUPLQHG� DFFRUGLQJ� WR�VWDQGDUG�PHWKRGV� >��@�� 7KH�3+$�FRQWHQW� RI�WKH�ZDVKHG� �.3� EXIIHU� VROXWLRQ�� DQG� IUHH]H�GULHG�ELRPDVV�ZDV�GHWHUPLQHG�E\�H[WUDFWLRQ�K\GURO\]DWLRQ��DQG�HVWHULILFDWLRQ�LQ D�PL[WXUH�RI� K\GURFKORULF� DFLG�� ��SURSDQRO� DQG�GLFKORURHWKDQH� DW� ���� R&�� 5HVSLUDWLRQ� H[�SHULPHQWV� ZHUH� FDUULHG� RXW� XVLQJ� DQ� RQOLQH�UHVSLURPHWHU� >��@�� 7KH� UHVSLURPHWHU� LV� D�VWLUUHG��QRQ�DHUDWHG��WKHUPRVWDWHG�����PO�YHV�VHO�ZLWK� D�'2�HOHFWURGH�� FRQQHFWHG�ZLWK� WKH�6%5�� :KHQ� WKH� SXPS� ZDV� VWRSSHG�� WKH�GHFUHDVH� LQ� R[\JHQ� FRQFHQWUDWLRQ� LQ� WKH�UHVSLURPHWHU� GXH� WR� UHVSLUDWLRQ� FRXOG� EH�PHDVXUHG�
5HVXOWV�DQG�GLVFXVVLRQ$Q� DQDO\VLV� RI� WKH� H[SHULPHQWDO� UHVXOWV�LQGLFDWHV� WKH� VWURQJ� LQIOXHQFH� RI� &�1� UDWLR�DQG�WHPSHUDWXUH�RQ�3+$�IRUPDWLRQ�LQ�PL[HG�FXOWXUH�� ,Q� WKLV� ZRUN�� DFHWDWH� XSWDNH�� DP�PRQLXP�FRQVXPSWLRQ��ELRPDVV�FRQFHWUD�WLRQ�DQG� 3+$� SURGXFWLRQ� ZHUH� PHDVXUHG� DW�GLIIHUHQW�&�1�UDWLRV����������������������DQG�������� DQG� WHPSHUDWXUHV ���� ��� ����&��
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7DEOH��� 7LPH�VHTXHQFH RI�RQH�F\FOH����K�6XFFHVVLYH�SKDVHV 7LPH�LQ�F\FOH��PLQ�
)HHGLQJ��+$F������PO�
(IIOXHQW�ZLWKGUDZDO������/�
)LOOLQJ��0LQHUDO�PHGLD������/�
0L[LQJ�	�$HUDWLRQ
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�F� �G�)LJXUH����D� (IIHFW�RI�&�1�UDWLR�RQ�DPPRQLXP�FRQVXPSWLRQ�LQ�VHOHFWLRQ�JURZWK�UHDFWRU��&�1 �������i���������v���������x���������î��E� (IIHFW�RI�&�1� UDWLR�RQ�ELRPDVV�FRQFHQWUDWLRQ� LQ� VHOHFWLRQ�JURZWK� UHDFWRU��&�1 �������i���������v���������x���������î��F� (IIHFW�RI�&�1�UDWLR�RQ�DFHWDWH�XSWDNH�LQ�VHOHFWLRQ�JURZWK�UHDFWRU��&�1 �������i���������v���������x�������� î��G� (IIHFW�RI�&�1�UDWLR�RQ�3+$�SURGXFWLRQ�LQ�VHOHFWLRQ�JURZWK�UHDFWRU��&�1 �������i���������v���������x���������î�
/RRNLQJ�WR�WKH�)LJXUHV����D��E��F���LW�EHFRPHV�FOHDU� WKDW� ZLWK� LQFUHDVLQJ� &�1� UDWLR�� WKH�DPPRQLXP�DQG�DFHWDWH�XSWDNH�UDWHV�GHFUHDVH�GXH� WR� WKH� SRRU� ELRPDVV� FRQFHQWUDWLRQ�� 7KH�

3+$� SURGXFWLRQ� F\FOH� LV� FOHDUO\� GLYLGHG� LQ�WZR�SKDVHV��)LUVW��D�IHDVW�SKDVH�ZKHQ�DFHWDWH�FDQ� EH� WDNHQ� XS� DQG� XVHG� IRU� JURZWK�� 7KLV�SKDVH� LV� IROORZHG� E\� IDPLQH� SKDVH� �ZLWKRXW�
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H[WHUQDO� DFHWDWH��� $FHWDWH� XSWDNH� LV� FRP�SOHWHG� RQO\� IRU� &�1� ������ DQG� ������� DQG�WKHUH� LV� QR� FOHDU� IHDVW� SKDVH� IRU� RWKHU� &�1�UDWLRV�� EHFDXVH� RI� LQVXIILFLHQW� ELRPDVV� FRQ�FHQWUDWLRQ� RU� ORZ� JURZWK� UHVXOWLQJ� IURP�QLWURJHQ�VRXUFH�OLPLWDWLRQ��)LJXUHV���E�F��7KH� DFFXPXODWHG� 3+$� LV� FRQVXPHG� DV� D�FDUERQ�HQHUJ\� VRXUFH� GXULQJ� WKH� IDPLQH�SKDVH� IRU� &�1� ������ DQG� ������� 6LQFH� WKH�DFFXPXODWHG� 3+$� LV� HQRXJK� WR� VDWLVI\� WKH�PDLQWHQDQFH� HQHUJ\� GHPDQG�� ELRPDVV� ZLOO�QRW� EH� EURNHQ� GRZQ� IRU� PDLQWHQDQFH� LQ� WKH�

IDPLQH� SKDVH� �)LJXUHV� ��F�� G��� $V� VKRZQ� LQ�)LJXUH� ���G��� WKH� PD[LPXP� JURZWK� UDWH� LV�REVHUYHG� DW� WKH� OLPLWLQJ� &�1� UDWLR� ������ LQ�WKH� VHOHFWLRQ�JURZWK� UHDFWRU�� 7DEOH� �� FRP�SDUHV� VSHFLILF� DFHWDWH� XSWDNH� UDWH� ��T$F���VSHFLILF�3+$�SURGXFWLRQ�UDWH��T3+$���ELRPDVV�SURGXFWLRQ� UDWH� �U%LR�� DQG� 3+$� SURGXFWLRQ�UDWH��U3+$��IRU YDULRXV�&�1�UDWLRV��7KH�R[\JHQ�FRQVXPSWLRQ� RI� ELRPDVV� GXULQJ� D� F\FOH� ZDV�PHDVXUHG� RQOLQH� DW� RSWLPXP� &�1� UDWLR� DQG�7 ���� �&�DQG�WKH�UHVXOWV�RI� WKHVH�UHVSLUDWLRQ�H[SHULPHQWV�SUHVHQWHG�LQ�)LJXUH���
7DEOH��� &RPSDULVRQ�RI�ELRPDVV�SURGXFWLRQ�UDWH� �U%LR�� 3+$ SURGXFWLRQ� UDWH��U3+$��� VSHFLILF�DFHWDWH� XSWDNH� UDWH��T$F���VSHFLILF�3+$�SURGXFWLRQ�UDWH��T3+$���DQG�WKHLU�UDWLR�LQ�VHOHFWLRQ��JURZWK�UHDFWRU��7 �����&��657 �����K��
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)LJXUH� �� 6%5� VWHDG\� VWDWH� F\FOH� UHVSLUDWLRQ�PHDVXUHPHQWV� ±6ORSH��i��'LVVROYHG� R[\JHQ� �'2����¸�� N/D��x��N/D�EDVHG�RQ�285��¨�
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$Q� DQDO\VLV� RI� GDWD� LQGLFDWHV� WKDW� DW� WKH� HQG�RI� WKH� IHDVW� SKDVH� �W ���� PLQ��� WKHUH� LV� D�VKDUS� ULVH� LQ� WKH�'2� FXUYH��ZKHQ� WKH� DFHWLF�DFLG� FRQFHQWUDWLRQ� GHFOLQHV� WR� ]HUR�� 7KH�R[\JHQ� XSWDNH� UDWH� �285�� LQFUHDVHV� GXH� WR�JURZWK� DQG� DFHWDWH� XSWDNH�� DFKLHYHV� D� FRQ�VWDQW�YDOXH�DQG�WKHQ�VXGGHQO\�GHFUHDVHV�DW�WKH�HQG� RI� WKH� IHDVW� SKDVH�� 7KH� R[\JHQ� WUDQVIHU�FRHIILFLHQW��N/D��EDVHG�RQ�2� SUREH�PHDVXUH�PHQW� ZDV� GHWHUPLQHG� DV� FD�� ������� V�� LQ�DFFRUGDQFH� ZLWK� WKH� FDOFXODWHG� N/D� YDOXH�EDVHG� RQ� 285� �������� V����� )RU� PL[HG�FXOWXUH�� WKH� DYHUDJH� YDOXH� RI� WKH� PD[LPXP�JURZWK� UDWH� �TPD[Â&[�� DQG� WKH� DIILQLW\�FRQVWDQW� �.2��� ZHUH� FDOFXODWHG� WR� EH� ������PJO��V����������PJO����UHVSHFWLYHO\��)LJXUH�����

7DEOH� �� VKRZV� WKDW� WKH� EDFWHULD� DFFXPXODWH�3+$� XS� WR� FD�� ������ XQGHU� JURZWK� UDWH�OLPLWLQJ� FRQGLWLRQ�� +RZHYHU�� 3+$�DFFXPXODWLRQ� LV� UHODWLYHO\� ORZ�XQGHU� JURZWK�UDWH� OLPLWDWLRQ� FRQGLWLRQV�� 7KH� HIIHFW� RI�WHPSHUDWXUH� RQ� ELRORJLFDO� QXWULHQW� UHPRYDO�DQG� 3+$� VWRUDJH� KDV� EHHQ� VWXGLHG� GXULQJ�UHFHQW�\HDUV >�����@�� ,Q DJUHHPHQW�ZLWK�RWKHU�UHSRUWV�� WKH� DFFX�PXODWLRQ� RI�3+$� LQFUHDVHV�ZLWK� GHFUHDVLQJ� WHPSHUDWXUH� LQ� DQ�DFFXPXODWLRQ� UHDFWRU�� 7KH� PD[LPXP� 3+$�DFFXPXODWLRQ� REVHUYHG� ZDV� DERXW� ������ DW�����&�DIWHU����K��0D\EH�DW�KLJK�WHPSHUDWXUHV�WKH�DFHWDWH�XSWDNH�LV�WKH�OLPLWLQJ�VWHS�LQVWHDG�RI�WKH�PD[LPXP�JURZWK�UDWH��7DEOH����
7DEOH����(IIHFW�RI�&�1�UDWLR�RQ�3+$�VWRUDJH�LQ�WKH�DFFXPXODWLRQ�UHDFWRU��7 �����&��S+ ���7LPH��K� 0/966��P&0� 3+$��P&0� 3+$PD[ ��%DVHG�RQ�FHOO�GU\�ZHLJKW�&�1 ������
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)LJXUH��� 9DULDWLRQ�RI�PD[LPXP�VSHFLILF�JURZWK�UDWH�DQG�DIILQLW\�FRQVWDQWV��±6ORSH��i��TPD[�&[�����.2���x�

7DEOH��� (IIHFW�RI�WHPSHUDWXUH�RQ�3+$�VWRUDJH�LQ�WKH�DFFXPXODWLRQ�UHDFWRU��&�1 ��������S+ ���
7HPSHUDWXUH��7LPH�K� 0/966��P&0� 3+$��P&0� 3+$���%DVHG�RQ�FHOO�GU\�ZHLJKW7 �����&�������
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&RQFOXVLRQ,Q�WKLV�UHVHDUFK��D�PXQLFLSDO�DFWLYDWHG�VOXGJH�ZLWK�JRRG�3+$�DFFXPXODWLQJ�FKDUDFWHULVWLFV�ZDV� XVHG� DV� D� PRGHO� SRSXODWLRQ�� $Q� RYHU�
YLHZ� RI� UHVXOWV� SURYHG� WKDW 3+$� DFFXPXOD�WLRQ�E\�DFWLYDWHG�VOXGJH�IHHGLQJ�ZLWK�DFHWDWH��UHDFKHV�DERXW�������DIWHU����K�XQGHU�FHUWDLQ�FRQGLWLRQV� �7 ��� �&� DQG� &�1 ������� LQ� DQ�



6RPH�LQYHVWLJDWLRQV�RQ�3+$�SURGXFWLRQ�XVLQJ�DFWLYDWHG�VOXGJH�DV�LQRFXOXP
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DFFXPXODWLRQ� UHDFWRU�� 7KH� DFFXPXODWLRQ� RI�3+$� VWURQJO\� GHSHQGV� RQ� WKH� WHPSHUDWXUH�DQG� &�1� UDWLR�� 7KH� JURZWK� DQG� 3+$� DFFX�PXODWLRQ� UDWHV� GHFUHDVH�ZKHQ�3+$�DFFXPX�ODWHV�LQ�WKH�FHOOV��7KH�DFFXPXODWLRQ�OHYHOV�DUH�VLJQLILFDQWO\� ORZHU� WKDQ� SXUH� FXOWXUHV�JURZQ�XQGHU� IHG�EDWFK� FRQGLWLRQV�� 3RVVLEOH� SURFHVV�HFRQRPLHV�FDQ�EH�PDGH�ZKLFK�PD\�PDNH�WKLV�SURGXFW� UHODWLYHO\� DFFHSWDEOH� �HFRQRPL�FDOO\"��
$FNQRZOHGJHPHQWV7KH� DXWKRU� LV� JUDWHIXO� WR� 3URIHVVRU� 0�&�0��9DQ� /RRVGUHFKW� DQG� 0U� 0�� )DGKL� IRU� WKHLU�DVVLVWDQFH DQG�WR�WKH�DQDO\WLFDO�DQG�WHFKQLFDO�VWDII� RI� WKH� .OX\YHU� ODERUDWRU\� IRU� %LR�WHFKQRORJ\��78�'HOIW��+ROODQG�
5HIHUHQFHV�� $QGHUVRQ��$� -���'DZHV��(� $���´2FFXUUHQFH�0HWDEROLVP�� 0HWDEROLF� 5ROH� DQG ,QGXVWULDO�8VHV�RI�%DFWHULDO�3+$�´�0LFURELRO��5HY�������SS��������������� %HXQ�� -� -��� 'LUNV��.���9DQ� /RRVGUHFKW��0�&�0���+HLMQHQ�� -� -��� ³3RO\� �K\GUR[\EXW\UDWH��0HWDER�OLVP� LQ� '\QDPLFDOO\� )HG� 0L[HG� 0LFURELDO� &XO�WXUHV�´�:DW��5HV�� ����SS� �������������� %UGMDQRYLF�� '��� /RJHPDQQ�� 6��� 9DQ� /RRVGUHFKW��0� &� 0��� +RRLMPDQV�� &�� 0��� $ODHUWV�� *� -���+HLMQHQ�� -� -��� ³,QIOXHQFH� RI� 7HPSHUDWXUH� RQ�%LRORJLFDO� 3KRVSKRUXV� 5HPRYDO�� 3URFHVV� DQG�0ROHFXODU�(FRORJLFDO�6WXGLHV�´�:DW��5HV�������SS��������������� &KDX�� +��� <X�� 3� + �)��� ³3URGXFWLRQ� RI�ELRGHJUDGDEOH� SODVWLFV� IURP� FKHPLFDO� ZDVWH�ZDWHU�´�:DW��6FL��7HFK�� ����SS� ������������� +X��:� )��� &KXD�� +��� <X� �3�+�)��� ³6\QWKHVLV� RI�3RO\��K\GUR[\� EXW\UDWH�FR�K\GUR[\YDOHUDWH�� IURP�$FWLYDWHG�$VOXGJH�´�%LRWHFKQRO��/HWW�������SS� ������������� .ULVKQD� &���9DQ�/RRVGUHFKW��0�&�0���³(IIHFW�RI�7HPSHUDWXUH� RQ� 6WRUDJH� RI� 3RO\PHUV� DQG�6HWWOHDELOLW\� RI� $FWLYDWHG� 6OXGJH�´�:DW� 5HV�� ����SS���������������� /HH�� 6�<��� ³%DFWHULDO� SRO\K\GUR[\DONDQRDWHV�´�

%LRWHFKQRO��%LRHQJ�� ����SS��������D���� /HH�� 6�<��� ³3ODVWLF� %DFWHULD�� 3URJUHVV� DQG� 3URV�SHFWV� IRU� 3RO\K\GUR[\DONDQRDWH� 3URGXFWLRQ� LQ�%DFWHULD�´� 7UHQGV� %LRWHFKQRO�� ���� SS� ���������E���� 0DPDLV�� '��� -HQNLQV�� '��� ³7KH� (IIHFW� RI�0&57�DQG 7HPSHUDWXUH� RQ� (QKDQFHG� %LRORJLFDO�3KRVSKRUXV� 5HPRYDO�´�:DW�� 6FL�� 7HFK�� ���� SS���������������� 11,�� 1(1� ������ %HSDOLQJ� YDQ� GH� DVUHVW��1HGHUODQGV� 1RUPDOLVDWLH� ,QVWLWXXW�� 'HOIW�� 7KH�1HWKHUODQGV������������ 3RLULHU�� <��� 1DZUDWK�� &��� 6RPHUYLOOH�� &���³3URGXFWLRQ� RI 3RO\K\GUR[\DONDQRDWHV�� D� )DPLO\�RI� %LRGHJUDGDEOH� 3ODVWLFV� DQG� (ODVWRPHUV�� LQ�%DFWHULD� DQG� 3ODQWV�´� %LRWHFKQRO��� ���� SS� �������������� 6DLWR�� <��� 6RHMLPD�7��� 7RPR]DZD�� 7��� 'RL� �<���.L\D�� )��� � ³3URGXFWLRQ� RI� %LRGHJUDGDEOH� 3ODVWLFV�IURP� 9RODWLOH� $FLGV� 8VLQJ� $FWLYDWHG� 6OXGJH�´��(QYLURQ��6\V��(QJ��� ����SS� �������������� 6DOHKL]DGHK�� +��� DQG� 9DQ� /RRVGUHFKW�� 0�&�0���³3URGXFWLRQ� RI� 3RO\K\GUR[\DONDQRDWHV� E\�0L[HG�&XOWXUH�� 5HFHQW� 7UHQGV� DQG� %LRWHFKQRORJLFDO�,PSRUWDQFH�´�%LRWHFK��DGY�������SS� �������������� 6DWRK�� +��� ,ZDPRWR�� <��� 0LQR� �7��� 0DWVXR�� 7���³$FWLYDWHG� 6OXGJH� DV� D� 3RVVLEOH� 6RXUFH� RI�%LRGHJUDGDEOH� 3ODVWLF�´�:DW�� 6FL�� 7HFK�� ���� SS��������������� 6PROGHUV�� *� -� )��� 9DQGHU� 0HLM�� -��� 9DQ�/RRVGUHFKW�� 0�&�0��� +HLMQHQ�� -�-��� ³0RGHO� RI�$QDHURELF�0HWDEROLVP�RI�%LRORJLFDO�3KRVSKRURXV�5HPRYDO� 3URFHVVHV�� 6WRLFKLRPHWU\� DQG� S+�,QIOXHQFH�´ %LRWHFKQRO�� %LRHQJ�� ���� SS� ������������� 7DNDEDWDNH��+���6DWRK� �+���0LQR��7���0DWVXR��7���³5HFRYHU\� RI� %LRGHJUDGDEOH� 3ODVWLF� IURP� $F�WLYDWHG� 6OXGJH�3URFHVV´��:DW�� 6FL�� 7HFK�� ���� SS���������������� 7DNDEDWDNH��+���6DWRK� �+���0LQR��7���0DWVXR��7���³3+$� 3URGXFWLRQ� 3RWHQWLDO� RI� $FWLYDWHG� 6OXGJH�7UHDWLQJ� :DVWHZDWHU�´� :DW�� 6FL�� 7HFK�� ���� SS���������������� 7RK\DPD��0���3DWDULQVND��7���4LDQJ���=���6KLPL]X��.��� ³0RGHOLQJ� RI� 0L[HG� &XOWXUH� DQG� 3HULRGLF�&RQWURO� IRU� 3+%� 3URGXFWLRQ�´� %LRWHFKQRO�� (QJ�������SS�������������
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��� 7VXQHPDVD��1���³8WLOL]DWLRQ�RI�([FHVV�6OXGJH�IRU�WKH� 3URGXFWLRQ� RI� %LRGHJUDGDEOH� 3ODVWLFV�´�:DW��:DVWH� ����SS���������������� 8HQR�� 7��� 6DWRK�� +��� 0LQR�� 7��� 0DWVXR�� 7���³3URGXFWLRQ�RI�%LRGHJUDGDEOH�3ODVWLFV�´�3RO\PHU��3UHSULQW�� ����SS� �������������� 9DQ� /RRVGUHFKW�� 0�&�0��� 3RW�� 0�$��� +HLMQHQ�-�-���³,PSRUWDQFH�RI�%DFWHULDO�6WRUDJH�3RO\PHUV�LQ�%LRSURFHVV�´�:DW��6FL��7HFK�� ����SS� ������������� 9DQ� /RRVGHUFKW�� 0�&�0��� +HLMQHQ� �-�-��� ³0RGH�OLQJ� RI� $FWLYDWHG� 6OXGJH� 3URFHVVHV� ZLWK�6WUXFWXUHG�%LRPDVV�´�:DW�� 6FL��7HFK�� ���� SS� ������������� 9LVKQLDF�� :��� 6WDQHU�� 0��� ³7KH� 7KLREDFLOOL�´�%DFWHULRO��5HY�� ����SS�������������


