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$%675$&7

&$/&8/$7('�5$',2$&7,9,7<�<,(/'6�2)�*$//,80����86,1*�0$7/$%�&2'(6�

,Q� QXFOHDU�PHGLFLQH�� JDOOLXP���� ���*D�� LV�SRWHQWLDOO\� DSSOLHG� IRU� LPDJLQJ�D� FHUWDLQ� W\SH� RI� WLVVXH�� ,Q� WKLV

LQYHVWLJDWLRQ����*D�LV�WKHRUHWLFDOO\�VWXGLHG�LQ�WHUPV�RI�LWV�SRWHQWLDO�UDGLRDFWLYLW\�\LHOGV�DW�WKH�HQG�RI�YDULRXV

HQHUJHWLF� SURWRQ� ERPEDUGPHQWV�� � 1XFOHDU� FURVV�VHFWLRQV� GHULYHG� IURP� WKH�7DO\V� (YDOXDWHG�1XFOHDU�'DWD

/LEUDU\��7(1'/�������ZHUH�XVHG�DV�WKH�LQSXW�ILOHV��ZKLOH�D�0DWODE�FRGH�ZDV�GHYHORSHG�WR�SHUIRUP�WKH�\LHOG

FDOFXODWLRQV�RI���=Q�S�Q���*D�DQG� ��=Q�S��Q���*D�QXFOHDU�UHDFWLRQV�WR�SURGXFH� ��*D��7ZR�GLIIHUHQW�WDUJHWV�±

HQULFKHG���=Q�DQG�QDW=Q�WDUJHWV�±�ZHUH�VLPXODWHG�LQ�WKH�FDOFXODWLRQV��7KH�FDOFXODWHG�\LHOGV�VXJJHVWHG�WKDW�D

PD[LPXP�RI� ������0%T��$K� FRXOG�EH� DFKLHYHG�ZKHQ� HQULFKHG� ��=Q� WDUJHW�ZDV� LUUDGLDWHG�ZLWK� ���0H9

SURWRQV��ZKHUHDV�������0%T��$K�FRXOG�EH�JHQHUDWHG�IROORZLQJ�D����0H9�SURWRQ�ERPEDUGPHQW�RI�HQULFKHG
��=Q� WDUJHW��9DULRXV� UDGLRDFWLYH� JDOOLXP� LPSXULWLHV�� L�H�� �����������������*D� DQG� VWDEOH� ��*D� LVRWRSH�ZHUH� DOVR

H[SHFWHG�WR�EH�JHQHUDWHG�PRVWO\�YLD��S�Q��DQG��S��Q��UHDFWLRQV�ZKHQ�QDW=Q�WDUJHW�ZDV�XVHG�LQ�WKH���*D�SURGXFWLRQ�

,Q�FRQWUDVW��UDGLRDFWLYH���*D�DQG���*D�LPSXULWLHV�ZHUH�PDLQO\�SURGXFHG�IROORZLQJ�ERPEDUGPHQW�RI�HQULFKHG
��=Q�DQG���=Q�WDUJHWV��7KLV�VWXG\�FDQ�EH�XVHG�DV�D�UHIHUHQFH�IRU�IXWXUH���*D�UDGLRQXFOLGH�SURGXFWLRQ�

.H\ZRUGV��*D�����1XFOHDU�FURVV�VHFWLRQ��3URWRQ�ERPEDUGPHQW��5DGLRDFWLYLW\�\LHOG��7(1'/�����

$%675$.

3(5+,781*$1�<,(/'�5$',2$.7,9,7$6�*$//,80����0(1**81$.$1�0$7/$%�

'DODP�NHGRNWHUDQ�QXNOLU��JDOOLXP�������*D��EHUSRWHQVL�XQWXN�GLDSOLNDVLNDQ�GDODP�SHQFLWUDDQ�MDULQJDQ�WHUWHQWX

\DQJ�DGD�GL�GDODP�WXEXK��'DODP�SHQHOLWLDQ�LQL����*D�GLSHODMDUL�VHFDUD�WHRULWLV�WHUXWDPD�PHQJHQDL�SRWHQVL�\LHOG

UDGLRDNWLYLWDVQ\D�SDGD�VDDW�DNKLU�LUDGLDVL�GHQJDQ�EHUNDV�SURWRQ�GHQJDQ�EHUEDJD�HQHUJL��7DPSDQJ�OLQWDQJ�UHDNVL

QXNOLU�\DJ�GLSHUROHK�GDUL�7DO\V�(YDOXDWHG�1XFOHDU�'DWD�/LEUDU\��7(1'/�������GLJXQDNDQ�VHEDJDL�GDWD�LQSXW�

VHGDQJNDQ�VRIWZDUH�0DWODE�GLJXQDNDQ�XQWXN�PHQJKLWXQJ�\LHOG�UHDNVL�QXNOLU���=Q�S�Q���*D�GDQ���=Q�S��Q���*D

XQWXN�PHPSURGXNVL���*D��'XD�WDUJHW�\DQJ�EHUEHGD�±����=Q�\DQJ�GLSHUND\D�DQG�=Q�DODP��QDW=Q��±�GLVLPXODVLNDQ

GDODP�SHUKLWXQJDQ� WHUVHEXW��+DVLO� SHUKLWXQJDQ�PHQXQMXNNDQ� EDKZD�SURWRQ� GHQJDQ� HQHUJL� ���0H9� \DQJ

GLWHPEDNNDQ�NH�WDUJHW�GLSHUND\D���=Q�GDSDW�PHQJKDVLONDQ�\LHOG�UDGLRDNWLYLWDV�VHEHVDU�������0%T��$MDP�

VHGDQJNDQ�XQWXN�HQHUJL�SURWRQ�VHEHVDU����0H9�GDSDW�GLKDVLONDQ�\LHOG�VHEHVDU�������0%T��$MDP��%HUEDJDL

LPSXULWDV�UDGLRDNWLI�*D��DQWDUD�ODLQ������������������*D�GDQ�LPSXULWDV�LVRWRS�VWDELO���*D�GDSDW�GKDVLONDQ�PHODOXL

UHDNVL�QXNOLU��S�Q��GDQ��S��Q��MLND�=Q�DODP�GLJXQDNDQ�GL�GDODP�SURGXNVL����*D��6HEDOLNQ\D��LPSXULWDV�UDGLRDNWLI

��*D�GDQ���*D�GLSUHGLNVLNDQ�GDSDW�GLKDVLONDQ�GDUL�LUDGLDVL�WDUJHW�GLSHUND\D���=Q�GDQ���=Q��+DVLO�VWXGL�LQL

GDSDW�GLMDGLNDQ�VHEDJDL�UHIHUHQVL�XQWXN�SURGXNVL�UDGLRQXNOLGD���*D�GL�PDVD�\DQJ�DNDQ�GDWDQJ�

.DWD�NXQFL��*D�����1XFOHDU�FURVV�VHFWLRQ��3URWRQ�ERPEDUGPHQW��5DGLRDFWLYLW\�\LHOG��7(1'/�����

$NUHGLWDWLRQ�1R������(�.37�����

'DWH���-XO\�����

,661����������

(�,661���������;

,1752'8&7,21

*DOOLXP���� ���*D�� LV� D� JDPPD�HPLWWLQJ

UDGLRLVRWRSH�ZLWK�D�KDOI� OLIH�RI�����GD\V� VXLWDEOH�DV�D

GLDJQRVWLF� UDGLRLVRWRSH� IRU� 6LQJOH� 3KRWRQ� (PLVVLRQ

&RPSXWHG� 7RPRJUDSK\� �63(&7�� PRGDOLW\� RU

VFLQWLJUDSK\�LQ�QXFOHDU�PHGLFLQH��5HFHQW�GHYHORSPHQW

VXJJHVWV� WKDW� ��*D� LV� SRWHQWLDOO\� HPSOR\HG� WR� VWXG\� D



���

-XUQDO�6DLQV�0DWHUL�,QGRQHVLD�9RO������1R�����2NWREHU�������KDO�������

ZLGH�UDQJH�RI�GLVHDVHV��LQFOXGLQJ�IRU�GHWHFWLRQ�RI�.DSRVL

VDUFRPD� OHVLRQV� >�@�� 3XOPRQDU\� 0\FREDFWHULXP

PXFRJHQLFXP� DQG� 0\FREDFWHULXP� SKRFDLFXP

,QIHFWLRQ� >�@�� RVWHRP\HOLWLV� LQ� WKH� GLDEHWLF� IRRW� >�@�

6SRQG\ORGLVFLWLV�LPDJLQJ�>�@�DQG�VRPH�RWKHU�GLVHDVHV

>����@��:KHQ���*D�LV�ODEHOHG�WR�FKHPLFDO�FRPSRXQG�VXFK

DV�FLWUDWH��LW�FDQ�EH�DSSOLHG�IRU�HDUO\�DVVHVVPHQW�RI�SVRDV

PXVFOH� DEVFHVV� >��@��<HW�� ��*D� FRXOG� DOVR� EH� XVHG� WR

PRQLWRU� WKHUDSHXWLF� HIIHFWLYHQHVV� LQ� D� SDWLHQW� ZLWK

UHODSVLQJ�3RO\FKRQGULWLV�>��@��)XUWKHUPRUH����*D�FRXOG

HYHQ� EH� HPSOR\HG� DV� D� WKHUDSHXWLF� UDGLRLVRWRSH� DV

UHFHQWO\� UHSRUWHG� E\�2WKPDQ�DQG�FR�ZRUNHUV� >��@�� LQ

ZKLFK�WKH\�GLVFRYHUHG�WKDW���*D�FRXOG�EH�DV�HIIHFWLYH�DV
���,Q� UDGLRLVRWRSH� IRU� WKHUDS\�� 3UHYLRXV� UHVHDUFK

VXJJHVWHG�YDULRXV�W\SHV�RI�FKHPLFDO�FRPSOH[HV�ZKLFK

FRXOG�EH�ODEHOOHG�ZLWK���*D�>�����@��WKXV�PDNHV�LW�PRUH

IOH[LEOH�WR�EH�XVHG�LQ�QXFOHDU�PHGLFLQH�DSSOLFDWLRQV�

:KLOH� SRWHQWLDO� XVH� RI� ��*D� KDV� EHHQ� ZHOO

GHPRQVWUDWHG� HOVHZKHUH�� LWV� SURGXFWLRQ� UHTXLUHPHQWV

VWLOO� QHHG� IXUWKHU� DWWHQWLRQ� WR� REWDLQ� PXFK� EHWWHU

UDGLRDFWLYLW\�\LHOG��/DWHVW�H[SHULPHQWDO�FURVV�VHFWLRQV

IRU���=Q�S��Q���*D�QXFOHDU�UHDFWLRQ�KDV�EHHQ�SXEOLVKHG

E\� 3XSLOOR� HW� DO� >��@��ZKLFK� LQGLFDWHV� WKH�PD[LPXP

H[FLWDWLRQ�IXQFWLRQ�DURXQG����0H9�LQFLGHQW�SURWRQV��7KH

LQFRPLQJ�LRQ�EHDP�FDQ�EH�JHQHUDWHG�XVLQJ�F\FORWURQV

RU�DFFHOHUDWRUV�ZKLFK�KDYH�DOVR�EHHQ�DSSOLHG�IRU� WKLQ

OD\HU�DFWLYDWLRQ�DQDO\VLV�>��@�DQG�DGVRUSWLRQ�VWXGLHV�>���

��@�DV�ZHOO�DV���)�UDGLRQXFOLGH�SURGXFWLRQ�>�����@�

5HFHQW� WKHRUHWLFDO� VWXG\� XVLQJ� D�0RQWH�&DUOR

FRGH� �0&13;� FRGH�� >��@�SUHGLFWHG� WKDW� IRU� LQFLGHQW

SURWRQ� HQHUJ\� UDQJH� EHWZHHQ� ��� DQG� ���0H9�� WKH

H[SHFWHG�UDGLRDFWLYLW\�\LHOG�ZDV��������0%T��$K�IRU
��=Q�S��Q���*D�QXFOHDU�UHDFWLRQ��ZKHUHDV�ORZHU�\LHOG�RI

������ 0%T��$K� ZDV� H[SHFWHGO\� REWDLQHG� IRU
��=Q�S�Q���*D� QXFOHDU� UHDFWLRQ�� 7KHRUHWLFDO� DQG

H[SHULPHQWDO�GDWD�RQ�WKH�HQG�RI�ERPEDUGPHQW��(2%�

\LHOG�RI���*D�KDYH�EHHQ�OLPLWHG��WKXV�IXUWKHU�VWXGLHV�DUH

UHTXLUHG�

,Q�WKLV�WKHRUHWLFDO�ZRUN��UDGLRDFWLYLW\�\LHOG�RI�WZR

GLIIHUHQW�QXFOHDU�UHDFWLRQV�UHOHYDQW�IRU���*D�SURGXFWLRQ

±���=Q�S�Q���*D�DQG���=Q�S��Q���*D�±�DUH�FDOFXODWHG�XVLQJ

0DWODE� FRGH��ZKLOH� WKH� FRUUHVSRQGLQJ� QXFOHDU� FURVV�

VHFWLRQV� DUH� FDOFXODWHG� XVLQJ� WKH� 7(1'/� ������ � ,Q

DGGLWLRQ��YDULRXV�LPSXULWLHV�DUH�DOVR�SUHGLFWHG�LQ� ��*D

SURGXFWLRQ��ZKLFK�KDYH�QRW�EHHQ�UHSRUWHG�HOVHZKHUH�

0$7(5,$/6�$1'�0(7+2'6

,Q� WKLV� SUHVHQW� VWXG\�� WZR� GLIIHUHQW� WDUJHWV� ±

QDWXUDO�]LQF��QDW=Q��WDUJHW�DQG�HQULFKHG�]LQF�WDUJHWV����=Q

DQG���=Q�WDUJHWV��±�ZHUH�VLPXODWHG�LQ�WKH�FDOFXODWLRQV�

7KH� UDQJH� RI� YDULRXV� HQHUJHWLF� SURWRQV� LQ� WKH

LQYHVWLJDWHG�WDUJHWV�ZHUH�FDOFXODWHG�XVLQJ�WKH�6WRSSLQJ

DQG�5DQJH�RI�,RQV�LQ�0DWWHUV��65,0�������FRGH��ZKLOH

WKH� QXFOHDU� FURVV�VHFWLRQV� IRU� ��=Q�S�Q���*D� DQG
��=Q�S��Q���*D�DQG�WKH�RWKHU�UHOHYDQW�QXFOHDU�UHDFWLRQV

ZHUH�FDOFXODWHG�XVLQJ�WKH�7DO\V�(YDOXDWHG�1XFOHDU�'DWD

/LEUDU\��7(1'/�������>���±���@��,Q�DGGLWLRQ��D�0DWODE

FRGH�ZDV� GHYHORSHG� IRU� FDOFXODWLRQV� RI� WKH� HQG�RI�

ERPEDUGPHQW��(2%��\LHOGV�RI�WKH�LQYHVWLJDWHG�QXFOHDU

UHDFWLRQV�XVLQJ� WKH�VWRSSLQJ�SRZHU�GDWD�GHULYHG�IURP

WKH� 65,0� FDOFXODWLRQV� DQG� WKH� H[FLWDWLRQ� IXQFWLRQV

REWDLQHG� IURP� WKH� 7(1'/� ������ 7KH� FDOFXODWLRQ

SURFHGXUHV�KDYH�EHHQ�GHVFULEHG�HOVHZKHUH�>�����@�

7KH� FRPSXWHU� KDUGZDUH� VSHFLILFDWLRQV� XVHG� LQ

WKHVH�FDOFXODWLRQV�DUH�DV�IROORZV�

,Q� RUGHU� WR� VWXG\� WKH� GHSHQGHQFH� RI� SURWRQ

EHDP�GRVH�RQ� WKH�UDGLRDFWLYLW\�\LHOG�� WKH�FDOFXODWLRQV

ZHUH�VLPXODWHG�IRU�D�IL[HG�SURWRQ�EHDP�FXUUHQW�RI�����$

ZKLOH� WKH� LUUDGLDWLRQ� WLPH� ZDV� YDULHG� IURP� ��� WR

����PLQXWHV��FUHDWLQJ�SURWRQ�GRVHV�UDQJLQJ�IURP����WR

�����$K��)RU�WKHVH�SXUSRVHV��VHYHUDO�SURWRQ�HQHUJLHV

���0H9�����0H9�����0H9�����0H9�DQG����0H9��ZHUH

VLPXODWHG�EDVHG�RQ� WKH� FXUUHQWO\�DYDLODEOH�F\FORWURQV

LQ� ,QGRQHVLD�� ,Q� DGGLWLRQ�� LQ� WKHVH� FDOFXODWLRQV�

0DWODE�FRGH�ZDV�XVHG�VLQFH�LW� LV� UHODWLYHO\�HDV\�IRU�D

VLPSOH�\LHOG�HTXDWLRQ��LW�LV�D�KLJK�SHUIRUPDQFH�ODQJXDJH

IRU� WHFKQLFDO� FRPSXWLQJ� WKDW� LQWHJUDWHV� FRPSXWDWLRQ

LQ� DQ� HDV\�WR�XVH�HQYLURQPHQW� ZKHUH� SUREOHPV

DQG� VROXWLRQV� DUH� H[SUHVVHG� LQ� IDPLOLDU�PDWKHPDWLFDO

QRWDWLRQ�

5(68/76�$1'�',6&866,21

7$/<6�(YDOXDWHG�1XFOHDU�&URVV�VHFWLRQV

$V�PHQWLRQHG�LQ�6HFWLRQ����WZR�QXFOHDU�UHDFWLRQV

DUH�FRQVLGHUHG�LQ�WKLV�ZRUN��QDPHO\���=Q�S�Q���*D�DQG
��=Q�S��Q���*D��WKXV�WZR�HQULFKHG�WDUJHWV����=Q�DQG���=Q

WDUJHWV�� DUH� VWXGLHG��$FFRUGLQJ� WR� WKH� 65,0� ����

FDOFXODWLRQV�� �����PP�WKLFN� ��=Q� WDUJHW� VKRXOG� EH

SUHSDUHG� IRU� ��*D� SURGXFWLRQ� ZKHQ� WKH� WDUJHW� LV

ERPEDUGHG�ZLWK� ���0H9� SURWRQ� EHDP��+RZHYHU�� D

VOLJKWO\� WKLFNHU� HQULFKHG� ��=Q� WDUJHW� ������PP� WKLFN�

VKRXOG�EH�XVHG�LQ�WKH���*D�SURGXFWLRQ�IRU�LUUDGLDWLQJ�LW

ZLWK����0H9�SURWRQV�

%DVHG�RQ�WKH�7(1'/������HYDOXDWHG�H[FLWDWLRQ

IXQFWLRQ�RI���=Q�S�Q���*D�UHDFWLRQ�WKH�WKUHVKROG�HQHUJ\

LV������0H9�ZLWK�D�PD[LPXP�QXFOHDU�FURVV�VHFWLRQ�RI

�������PEDUQ�DW�SURWRQ�LQFLGHQW�HQHUJ\�RI���0H9�DV�FDQ

EH�VHHQ�LQ�)LJXUH����,Q�FRQWUDVW��KLJKHU�WKUHVKROG�HQHUJ\

�������0H9�� LV� UHTXLUHG� IRU� ��=Q�S��Q���*D� UHDFWLRQ�

WKRXJK�LWV�PD[LPXP�QXFOHDU�FURVV�VHFWLRQ�LV�KLJKHU�WKDQ

WKDW�RI���=Q�S�Q���*D�UHDFWLRQ��ZKLFK�LV��������PEDUQ�DW

SURWRQ�HQHUJ\�RI����0H9�

'HYLFH�QDPH� /$3723��$�53/'/�

3URFHVVRU� ,QWHO�&RUH�� L������+� &38#�

�����*+]������*+]�

,QVWDOOHG�5$0� �����*%�

'HYLFH�,'� ���&)(%���$�����������&�

�'�(�$��(��$�

6\VWHP�W\SH� ���ELW�RSHUDWLQJ�V\VWHP��[���EDVHG�

SURFHVVRU�
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)LJXUH� ���&DOFXODWHG� (2%� \LHOGV� RI� ��=Q�S�Q���*D� DQG
��=Q�S��Q���*D� QXFOHDU� UHDFWLRQV�
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)LJXUH� ���&DOFXODWHG� ��*H� \LHOGV� DW� VHOHFWHG� SURWRQ� GRVHV

DQG� HQHUJLHV� IRU� ��=Q�S��Q���*D� QXFOHDU� UHDFWLRQ�
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(2%� <LHOGV� RI� ��=Q�S�Q���*D� DQG
��=Q�S��Q���*D�1XFOHDU�5HDFWLRQV

7KH� SURWRQ� HQHUJ\� GHSHQGHQFH� RI� ��*D

UDGLRDFWLYLW\� \LHOG� DW� WKH�(2%� IRU� ��=Q�S�Q���*D� DQG
��=Q�S��Q���*D�QXFOHDU�UHDFWLRQV�LV�VKRZQ�LQ�)LJXUH���

,Q�WKH�FDVH�RI���=Q�S�Q���*D�UHDFWLRQ��DV�ORZ�DV������0%T�

�$K� FRXOG� EH�SURGXFHG�ZKHQ� HQULFKHG� ��=Q� WDUJHW� LV

LUUDGLDWHG�ZLWK���0H9�SURWRQV��7KH�(2%�\LHOG�LQFUHDVHV

ZLWK�LQFUHDVLQJ�SURWRQ�HQHUJ\�DQG�UHDFKHV�LWV�PD[LPXP

\LHOG�RI�������0%T��$K�DW����0H9�SURWRQV��7KH�\LHOG

VDWXUDWHV� IRU� SURWRQ� LQFLGHQW� HQHUJ\� RI� JUHDWHU� WKDQ

���0H9�

$JDLQ� IURP� )LJXUH� ��� WKH� (2%� \LHOG� IRU
��=Q�S��Q���*D�QXFOHDU�UHDFWLRQ�UHPDLQV�ORZ��DV�ORZ�DV

�����0%T��$K��ZKHQ�HQULFKHG���=Q�WDUJHW�LV�ERPEDUGHG

ZLWK����0H9�SURWRQV��+RZHYHU��WKH���*D�UDGLRDFWLYLW\

\LHOG�LQFUHDVHV�GUDPDWLFDOO\�WR�D�PD[LPXP�YDOXH�RI������

0%T��$K�DV�WKH�SURWRQ�HQHUJ\�LV�LQFUHDVHG�WR����0H9�

7KH�(2%�\LHOG�LV�H[SHFWHG�WR�OHYHO�RII�IRU�SURWRQ�HQHUJ\

RI�JUHDWHU�WKDQ����0H9��QRW�VKRZQ�LQ�)LJXUH����

7R� DFKLHYH� D� KLJK� OHYHO� RI� UDGLRDFWLYLW\� \LHOG

DSSOLFDEOH� IRU� VFLQWLJUDSK\� LQ� QXFOHDU�PHGLFLQH�� RQH

VKRXOG� SOD\� DURXQG� ZLWK� WKH� SURWRQ� GRVH�� )RU
��=Q�S�Q���*D� UHDFWLRQ�� WKH� H[SHFWHG� (2%� \LHOGV� RI

YDULRXV�SURWRQ�GRVHV�UDQJLQJ�IURP����WR������$K�IRU��

0H9�����0H9�����0H9�����0H9�DQG����0H9�SURWRQV�FDQ

EH�IRXQG�LQ�)LJXUH����:KHQ���=Q�WDUJHW�LV�LUUDGLDWHG�ZLWK

��0H9�SURWRQV�DW�D�SURWRQ�GRVH�RI������$K��WKH�(2%

\LHOG�FRXOG�UHDFK�XS� WR��������0%T�ZKLFK�ZRXOG�EH

VXIILFLHQW� IRU� GLDJQRVLQJ� ��� SDWLHQWV��$W� WKH� VDPH

LUUDGLDWLRQ�SDUDPHWHUV��IRU�LQFLGHQW�SURWRQV�RI����0H9�

WKH�H[SHFWHG�(2%�\LHOG�LV������0%T��ZKLFK�FRXOG�EH

XVHG�IRU�GLDJQRVLQJ�XS�WR����SDWLHQWV��0RUHRYHU��WKHUH

LV�QR�VLJQLILFDQW�GLIIHUHQW�LQ�WKH�(2%�\LHOG�ZKHQ���=Q

WDUJHW�LV�ERPEDUGHG�ZLWK����0H9�����0H9�DQG����0H9

SURWRQV�� LQ�ZKLFK�DURXQG������0%T� LV� UHVXOWHG� IURP
��*D�SURGXFWLRQ�DW������$K�SURWRQ�GRVH�

)RU���=Q�S��Q���*D�UHDFWLRQ��WKH�FDOFXODWHG�(2%

\LHOGV�RI�YDULRXV�SURWRQ�GRVHV�UDQJLQJ�IURP����WR����

�$K�IRU����0H9�����0H9�DQG����0H9�SURWRQV�DUH�VKRZQ

LQ�)LJXUH����1RWH�WKDW�WKHUH�ZRXOG�EH�QR�UDGLRDFWLYLW\

\LHOG�UHVXOWHG�IURP�SURWRQ�ERPEDUGPHQW�RI���=Q�WDUJHW

ZKHQ�WKH�LQFLGHQW�SURWRQ�HQHUJ\�LV�ORZHU�WKDQ����0H9�

:KHQ� ���0H9�� ���0H9� DQG� ���0H9� SURWRQV� DUH

ERPEDUGHG�LQWR���=Q�WDUJHW�DW������$K�SURWRQ�GRVH��WKH

H[SHFWHG�UDGLRDFWLYLW\�\LHOGV�DUH��������0%T��������

0%T� DQG� �����0%T� UHVSHFWLYHO\�� ZKLFK�ZRXOG� EH

HQRXJK�WR�GLDJQRVH�������DQG����SDWLHQWV�UHVSHFWLYHO\�

3UHGLFWHG�,PSXULWLHV

3RVVLEOH� LPSXULWLHV� LQ� F\FORWURQ�EDVHG

UDGLRQXFOLGH� SURGXFWLRQ� FDQ� EH� SUHGLFWHG� IURP� WKHLU

FRUUHVSRQGLQJ�QXFOHDU�UHDFWLRQV�DQG�FURVV�VHFWLRQV��)RU
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)LJXUH� ���&DOFXODWHG� ��*D� \LHOGV� DW� VHOHFWHG� SURWRQ� GRVHV

DQG� HQHUJLHV� IRU� ��=Q�S�Q���*D� QXFOHDU� UHDFWLRQ�
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)LJXUH� � �� 7(1'/� ����� H[FLWDWLRQ� IXQFWLRQV� RI
��=Q�S��Q���*D� DQG� ��=Q�S�Q���*D� QXFOHDU� UHDFWLRQV�

)LJXUH� ���7(1'/� ����� H[FLWDWLRQ� IXQFWLRQV� RI� SURWRQ�

LUUDGLDWHG� QDW=Q� WDUJHW�
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7DEOH����9DULRXV� LPSXULWLHV� SUHGLFWHG� GXULQJ� SURGXFWLRQ� RI���*D� UDGLRQXFOLGH

,VRWRSHV�RI�
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7DEOH� ��� &RPSDULVRQ� RI� FDOFXODWHG� DQG� VHPL�H[SHULPHQWDO
��*D� \LHOGV� IURP� ��=Q�S��Q���*D� QXFOHDU� UHDFWLRQ�

(S�UDQJH�

�0H9��

5DGLRDFWLYLW\�\LHOG��0%T��$K��

7KLV�

FDOFXODWHG�

ZRUN�

6HPL�

H[SHULPHQW�
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HQULFKHG� ��=Q� WDUJHW�� WKH� H[SHFWHG� LPSXULW\� LV� ��*D

UDGLRQXFOLGH�ZKLFK� LV� GXH� WR� ��=Q�S��Q���*D� QXFOHDU

UHDFWLRQ��7KH���*D�LPSXULW\�HPLWV�SRVLWURQ�ZLWK�D�KDOI�OLIH

RI������KRXUV��$V�FDQ�EH�VHHQ� LQ�)LJXUH���� WKH�SURWRQ

WKUHVKROG�HQHUJ\�IRU���=Q�S��Q���*D�QXFOHDU�UHDFWLRQ�LV

������0H9��WKXV�QR���*D�LPSXULW\�ZRXOG�EH�JHQHUDWHG�DW

SURWRQ�HQHUJ\�ORZHU�WKDQ����0H9�

)RU� HQULFKHG� ��=Q� WDUJHW�� ��*D� UDGLRQXFOLGH� LV

H[SHFWHG�WR�EH�DQ�LPSXULW\�DV�D�UHVXOW�RI���=Q�S�Q���*D

QXFOHDU�UHDFWLRQ��6LPLODU�WR���*D�LPSXULW\����*D�LPSXULW\

DOVR�HPLWV�SRVLWURQ��WKRXJK�WKH�KDOI�OLIH�LV�PXFK�VKRUWHU

�������PLQXWHV���$JDLQ��DV�VKRZQ�LQ�)LJXUH����WKH�SURWRQ

WKUHVKROG�HQHUJ\�IRU� ��=Q�S�Q���*D�QXFOHDU� UHDFWLRQ� LV

�����0H9�� WKHUHIRUH� ��*D� LPSXULW\�ZRXOG� DOZD\V� EH

JHQHUDWHG�ZKHQ�SURGXFLQJ���*D�WKURXJK���=Q�S��Q���*D

QXFOHDU�UHDFWLRQ�

:KHQ�WKH�WDUJHW�RI�LQWHUHVW�LV�QDWXUDO�]LQF��QDW=Q�

FRQWDLQLQJ� VHYHUDO� =Q� DWRPV� VXFK� DV� ��=Q�� ��=Q�� ��=Q�
��=Q�DQG���=Q��WKHUH�ZRXOG�EH�VHYHUDO�QXFOHDU�UHDFWLRQV

LQYROYHG�LQ�WKH���*D�SURGXFWLRQ��ZKLFK�HYHQWXDOO\�FUHDWH

YDULRXV� LPSXULWLHV�� 7KH�7(1'/� ����� QXFOHDU� FURVV�

VHFWLRQV�IRU���=Q����=Q����=Q�DQG���=Q�IROORZLQJ��S�Q��DQG

�S��Q��QXFOHDU�UHDFWLRQV�DUH�GHSLFWHG�LQ�)LJXUH����7KH

ORZHVW� WKUHVKROG� HQHUJ\� ������0H9�� LV� SUHGLFWHG� IRU
��=Q�S�Q���*D�UHDFWLRQ�ZKLOH�WKH�KLJKHVW�WKUHVKROG�HQHUJ\

�������0H9��LV�H[SHFWHG�IRU���=Q�S��Q���*D�UHDFWLRQ�

$FFRUGLQJ� WR� WKH� (2%� \LHOG� FDOFXODWLRQV�� D

PD[LPXP�RI�����0%T��$K�UDGLRDFWLYLW\�\LHOG�LV�SURGXFHG

ZKHQ�QDW=Q�LV�LUUDGLDWHG�ZLWK����0H9�SURWRQV�����0H9

SURWRQV� DQG� ���0H9�SURWRQV� UHVSHFWLYHO\��:KLOH� WKH

(2%�\LHOG�LV�UHODWLYHO\�KLJK�DQG�VXIILFLHQW�IRU�GLDJQRVLQJ

VHYHUDO�SDWLHQWV��GHHS�DWWHQWLRQ�VKRXOG�EH�WDNHQ�FDUH�RI

SDUWLFXODUO\�GHDOLQJ�ZLWK�LPSXULWLHV�VXFK�DV������������������*D

DQG� VWDEOH� LVRWRSH� ��*D� DV� OLVWHG� LQ� 7DEOH� ���0RVW

LPSXULWLHV�ZRXOG�EH�SRVLWURQ�HPLWWLQJ�UDGLRQXFOLGHV�ZLWK

KDOI�OLYHV�UDQJLQJ�IURP�DV�VKRUW�DV������VHFRQGV�WR�����

GD\V�DV�D�UHVXOW�RI��S�Q��DQG��S��Q��QXFOHDU�UHDFWLRQV�

&RPSDULVRQ�ZLWK�3XEOLVKHG�:RUN

7KHUH�KDYH�EHHQ�D�OLPLWHG�QXPEHU�RI�SXEOLFDWLRQV

UHODWHG� WR� ��*D� SURGXFWLRQ� \LHOG�� WKRXJK� DYDLODEOH

H[SHULPHQWDO�ZRUN�DQG�WKHRUHWLFDO�FDOFXODWLRQV�FDQ�EH

FROOHFWHG� IRU� FRPSDULVRQV��$V� VHHQ� LQ� 7DEOH� ��� WKLV

FDOFXODWHG�ZRUN�FORVHO\�DJUHHV�ZLWK�VHPL�H[SHULPHQWDO

GDWD�>�����@�DV�ZHOO�DV�WKH�0&13;�FDOFXODWLRQ�>��@�ZLWK

GLIIHUHQFHV�UDQJLQJ�IURP�������WR��������IRU�SURWRQ
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&DOFXODWHG�5DGLRDFWLYLW\�<LHOGV�RI�*DOOLXP����8VLQJ�0DWODE�&RGHV��,�.DPEDOL�

LPSXULWLHV�SUHVHQW�GXULQJ�WKH�SURGXFWLRQ�GHSHQG�RQ�WKH

W\SH�RI�F\FORWURQ�

$&.12:/('*(0(176

7KH�DXWKRU�ZRXOG�OLNH�WR�DFNQRZOHGJH�IXQGLQJ

IURP�7KH�,QGRQHVLDQ�1DWLRQDO�1XFOHDU�(QHUJ\�$JHQF\

�%$7$1��ILVFDO�\HDU�������'LVFXVVLRQ�ZLWK�UHVHDUFKHUV

DQG�WHFKQLFDO�VWDII�RI�WKH�&HQWHU�IRU�5DGLRLVRWRSH�DQG

5DGLRSKDUPDFHXWLFDO� 7HFKQRORJ\�� %$7$1� LV� DOVR

JUDWHIXOO\�DFNQRZOHGJHG�

5()(5(1&(6

>�@� -�� 6X]XNL� HW� DO�� � ³8VHIXOQHVV� RI� ��)�

)OXRURGHR[\JOXFRVH�SRVLWLRQ� HPLVVLRQ

WRPRJUDSK\� ZLWK� FRPSXWHG� WRPRJUDSK\� DQG

JDOOLXP���� VFLQWLJUDSK\� IRU� GHWHFWLRQ� RI�.DSRVL

VDUFRPD�OHVLRQV�LQ�D����\HDU�ROG�-DSDQHVH�PDQ�ZLWK

$,'6�´�,'&DVHV��YRO�����QR�����SS����±���������

>�@� 6��+DPDGD��1��2NDPRWR��DQG�0��7VXNLQR��³'LIIXVH

3XOPRQDU\�8SWDNH� RI� *DOOLXP���� ,QGXFHG� E\

3XOPRQDU\�0\FREDFWHULXP�PXFRJHQLFXP� DQG

0\FREDFWHULXP� SKRFDLFXP� ,QIHFWLRQ�´�$UFK�

%URQFRQHXPRO�� �(QJOLVK�(G���YRO������QR�����SS�

���±����������

>�@� $�� 'HOFRXUW� HW� DO� � � ³&RPSDULVRQ� EHWZHHQ

/HXNRVFDQ���6XOHVRPDE��DQG�*DOOLXP����IRU�WKH

GLDJQRVLV� RI� RVWHRP\HOLWLV� LQ� WKH�GLDEHWLF� IRRW�´

'LDEHWHV�0HWDE���YRO������QR�����SS�����±����������

>�@� 0��5DJKDYDQ��(��/D]]HUL��DQG�&��-��3DOHVWUR��³,PDJLQJ

RI�6SRQG\ORGLVFLWLV�´�6HPLQ��1XFO��0HG���YRO�����

QR�����SS�����±����������

>�@� $��0��-��/��YDQ�.URRQHQEXUJK��:��/��YDQ�GHU�0HHU�

5��-��3��%RWKRI��0��YDQ�7LOEXUJ��-��YDQ�7RQJHUHQ�

DQG�$��$��3RVWPD��³$GYDQFHG�,PDJLQJ�7HFKQLTXHV

LQ�6NXOO�%DVH�2VWHRP\HOLWLV�'XH�WR�0DOLJQDQW�2WLWLV

([WHUQD�´�&XUU��5DGLRO��5HS���YRO�����QR����������

>�@� &�� -�� 3DOHVWUR� DQG� &�� /RYH�� ³5ROH� RI� 1XFOHDU

0HGLFLQH� IRU�'LDJQRVLQJ� ,QIHFWLRQ� RI� 5HFHQWO\

,PSODQWHG�/RZHU�([WUHPLW\�$UWKURSODVWLHV�´�6HPLQ�

1XFO��0HG���YRO������QR�����SS�����±����������

>�@� -��$��,RSSROR�HW�DO���³��*D�ODEHOHG�GHIHUR[DPLQH

GHULYDWLYHV� IRU� LPDJLQJ� EDFWHULDO� LQIHFWLRQ�

3UHSDUDWLRQ� DQG� VFUHHQLQJ� RI� IXQFWLRQDOL]HG

VLGHURSKRUH�FRPSOH[HV�´�1XFO��0HG��%LRO���YRO�����

SS����±���������

>�@� &�� /RYH�DQG�&�� -�� 3DOHVWUR�� ³1XFOHDU�PHGLFLQH

LPDJLQJ� RI� ERQH� LQIHFWLRQV�´�&OLQ�� 5DGLRO��

YRO������QR�����SS�����±����������

>�@� &�� -�� 3DOHVWUR�� ³5DGLRQXFOLGH� LPDJLQJ� RI

RVWHRP\HOLWLV�´�LQ�6HPLQDUV�LQ�1XFOHDU�0HGLFLQH�

������SS����±���

>��@� -��6HUUDQR�9LFHQWH�HW�DO���³���*DOOLXP�63(&7�&7

LQ�IHEULOH�V\QGURPHV�RI�XQNQRZQ�RULJLQ�´�5HY��(VS�

0HG�� 1XFO�� ,PDJHQ� 0RO� � � YRO�� ���� QR�� ��

SS�����±����������

HQHUJ\� UDQJH� EHWZHHQ� ��� DQG� ���0H9�� ,Q� WKH� VHPL�

H[SHULPHQWDO�ZRUN�E\�7DNiFV�HW�DO�>��@�DQG�6]HOHFVpQ\L

HW�DO�>��@��WKLFN�WDUJHW�\LHOGV�ZHUH�FDOFXODWHG�IURP�WKHLU

H[SHULPHQWDO�QXFOHDU�FURVV�VHFWLRQV��7KHUHIRUH��IXUWKHU

H[SHULPHQWDO� LQYHVWLJDWLRQV� DUH� UHTXLUHG� IRU� EHWWHU

FRPSDULVRQV�

,Q�,QGRQHVLD��FXUUHQWO\�WKHUH�DUH�WKUHH�F\FORWURQV

ZKLFK�DFFHOHUDWH�SURWRQV�XS�WR���0H9�LQ�*DGLQJ�3OXLW

+RVSLWDO��-DNDUWD�����0H9�LQ�'KDUPDLV�&DQFHU�+RVSLWDO�

-DNDUWD�DQG����0H9�LQ�6LORDP�+RVSLWDO��-DNDUWD��%DVHG

RQ�WKH�FDOFXODWHG�QXFOHDU�FURVV�VHFWLRQV�DQG�WKUHVKROG

HQHUJLHV� IRU� ��*D� SURGXFWLRQ�� WKH� WKUHH� DYDLODEOH

F\FORWURQV� FDQ� EH� XVHG� WR� JHQHUDWH� ��*D� UDGLRQXFOLGH

YLD�=Q�S�Q���*D�QXFOHDU�UHDFWLRQ��,Q�FRQWUDVW��RQO\�6LORDP

+RVSLWDO¶V� F\FORWURQ� LV� FDSDEOH� RI� SURGXFLQJ� ��*D

UDGLRQXFOLGH�YLD���=Q�S��Q���*D�QXFOHDU�UHDFWLRQ�VLQFH

WKH�WKUHVKROG�HQHUJ\�LV�������0H9��,Q�DGGLWLRQ��SUHGLFWHG

LPSXULWLHV�DOVR�JUHDWO\�GHSHQG�RQ�WKH�F\FORWURQ�HPSOR\HG

LQ���*D�SURGXFWLRQ��8VLQJ�*DGLQJ�3OXLW�F\FORWURQ��WKUHH

UDGLRQXFOLGHV��VXFK�DV���*D����*D�DQG���*D�PD\�FRQWULEXWH

WR�WKH�SUHVHQFH�RI�LPSXULWLHV��ZKHUHDV�WZR�PRUH�LVRWRSHV�

VXFK�DV���*D�DQG���*D�FRXOG�EH�SUHVHQW�LQ���*D�SURGXFWLRQ

XVLQJ�'KDUPDLV�+RVSLWDO¶V�F\FORWURQ��)XUWKHUPRUH��DOO

OLVWHG�LVRWRSHV�LQ�7DEOH���FRXOG�EHFRPH�LPSXULWLHV�ZKHQ
��*D�LV�SURGXFHG�XVLQJ�6LORDP�+RVSLWDO¶V�F\FORWURQ�

&21&/86,21

3URGXFWLRQ�\LHOGV�RI���*D�UDGLRQXFOLGH�KDYH�EHHQ

FDOFXODWHG� XVLQJ� D� GHYHORSHG� 0DWODE� FRGH� IRU
��=Q�S�Q���*D�DQG���=Q�S��Q���*D�QXFOHDU�UHDFWLRQV�� ,Q

WKH�(2%�\LHOG�FDOFXODWLRQV�� WKH�VWRSSLQJ�SRZHUV�ZHUH

GHULYHG� IURP� WKH� 65,0������ FDOFXODWLRQV�ZKLOH� WKH

QXFOHDU�FURVV�VHFWLRQV�ZHUH�GHULYHG�XVLQJ�WKH�7(1'/

������7KH�7(1'/������H[FLWDWLRQ�IXQFWLRQV�LQGLFDWH�WKDW

WKH�WKUHVKROG�HQHUJ\�LV������0H9�ZLWK�D�PD[LPXP�QXFOHDU

FURVV�VHFWLRQ�RI��������PEDUQ�DW�SURWRQ�LQFLGHQW�HQHUJ\

RI� ��0H9� IRU� ��=Q�S�Q���*D� UHDFWLRQ�� ZKHUHDV� IRU
��=Q�S��Q���*D�UHDFWLRQ�WKH� �WKUHVKROG�HQHUJ\�LV������

0H9�ZLWK�PD[LPXP�QXFOHDU� FURVV�VHFWLRQ�RI� ������

PEDUQ�DW�SURWRQ�HQHUJ\�RI����0H9��7KH�H[SHFWHG�PD[LPXP

(2%�\LHOGV�RI���=Q�S�Q���*D�DQG���=Q�S��Q���*D�UHDFWLRQV

DUH�������0%T��$K�DW����0H9�SURWRQV�DQG�������0%T�

�$K� DW� ���0H9�SURWRQV�� UHVSHFWLYHO\�� %DVHG� RQ� WKH

FDOFXODWHG� QXFOHDU� FURVV�VHFWLRQV�� YDULRXV� LPSXULWLHV

FRXOG�EH�JHQHUDWHG�IROORZLQJ�ERPEDUGPHQW�RI�HQULFKHG
��=Q��HQULFKHG���=Q�DQG�QDW=Q�WDUJHWV��7ZR�LPSXULWLHV����*D

DQG���*D��DUH�SUHGLFWHG�WR�EH�SURGXFHG�ZKHQ�SURWRQV�KLW

HQULFKHG� ��=Q� DQG� ��=Q� WDUJHWV�� 2Q� WKH� RWKHU� KDQG�
�����������������*D�DQG�VWDEOH���*D�LVRWRSH�DUH�H[SHFWHG�WR�EH

JHQHUDWHG�PRVWO\�YLD� �S�Q�� DQG� �S��Q�� UHDFWLRQV�ZKHQ
QDW=Q�WDUJHW�LV�XVHG�LQ�WKH���*D�SURGXFWLRQ��&RPSDULVRQV

ZLWK�RWKHU�WKHRUHWLFDO�DQG�VHPL�H[SHULPHQWDO�ZRUN�LQGLFDWH

WKDW�WKLV�ZRUN�LV�LQ�D�JRRG�DJUHHPHQW�ZLWK�RWKHU�SXEOLVKHG

ZRUNV��WKRXJK�IXUWKHU�H[SHULPHQWDO�ZRUN�LV�QHHGHG�IRU

EHWWHU�FRPSDULVRQV���,Q�DGGLWLRQ��DOO�DYDLODEOH�F\FORWURQV
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