
'HVLJQLQJ�$QG�3HUIRUPDQFH�7HVWLQJ�2I�0HDWEDOO�
)RUPLQJ 0DFKLQH

, 0DGH�$UVDQD�
'HSDUWPHQW�RI�0HFKDQLFDO�(QJLQHHULQJ

8QLYHUVLWDV�1HJHUL�6XUDED\D
6XUDED\D��(DVW�-DYD��,QGRQHVLD

PDGHDUVDQD#XQHVD�DF�LG
RUFLG�RUJ���������������������

,�:D\DQ�6XVLOD
'HSDUWPHQW�RI�0HFKDQLFDO�(QJLQHHULQJ

8QLYHUVLWDV�1HJHUL�6XUDED\D
6XUDED\D��(DVW�-DYD��,QGRQHVLD

ZD\DQVXVLOD#XQHVD�DF�LG

0RFKDPDG�&KROLN
'HSDUWPHQW�RI�0HFKDQLFDO�(QJLQHHULQJ

8QLYHUVLWDV�1HJHUL�6XUDED\D
6XUDED\D��(DVW�-DYD��,QGRQHVLD
PRFKDPDGFKROLN#XQHVD�DF�LG

$EVWUDFW² ,QGRQHVLD�LV�D�FRXQWU\�WKDW�LV�IDPRXV�ZLWK�YDULHW\�RI�
FXOLQDULHV��RQH�RI�WKHP�LV�PHDWEDOOV��0HDWEDOOV�DUH�SURFHVVHG�IRRGV�
IURP�EHHI�ZLWK�D�PL[WXUH�RI�WDSLRFD�IORXU�LQ�D�URXQG�VKDSH��0HDWEDOOV�
FDQ� EH� IRXQG� HDVLO\� DV� IRRGVWUHHW� RU� HYHQ� UHVWDXUDQW¶V� PHQX�� ,Q�
SURGXFLQJ�WKH�PHDWEDOOV��PDQXDO�PHWKRG�LV�VWLOO�DGRSWHG�ZKLFK�LV�LQ�
IRUPLQJ�WKH�PHDWEDOOV�LQWR�D�URXQG�EDOO�VKDSH�E\�XVLQJ�KDQGV�ZKLFK�
LV� QRW�K\JLHQLF� DQG� DOVR� WDNHV� D� ORQJ� WLPH��6R� WKLV� VWXG\� DGRSWHG�
GHVLJQ� DQG� H[SHULPHQW�PHWKRG��ZKLFK� LV� VWDUWHG E\�GHVLJQLQJ WKH�
PHDWEDOO�IRUPLQJ�PDFKLQH�ZKLFK�LV�JRRG�LQ�VWUHQJWK��GXUDELOLW\��DQG�
VDIHW\��DQG�DOVR�DSSURULDWH ZLWK�WKH�VHFXULW\�VWDQGDUGV�DQG�VFLHQWLILF�
SULQFLSOHV�RI�D�SURGXFW�GHVLJQ��WKHQ�IROORZHG�E\�GRLQJ�H[SHULPHQW�
WR�ILQG�WKH�EHVW�SDUDPHWHUV�DQG�WKHQ�SHUIRUPDQFH�WHVWLQJ��7KH�WHVWLQJ�
SURFHVV� ZDV� GRQH� E\� DQDO\]LQJ� WKH� FDOFXODWLRQV� RI� WKH� PHDWEDOO�
IRUPLQJ�PDFKLQH�LQ�RUGHU�WR�REWDLQ�WHVW�SHUIRUPDQFH�WKDW�PHHWV�WKH�
HQJLQH�FULWHULD��LQ�DFFRUGDQFH�ZLWK�WKH�GHVLJQ�UHVXOWV��6R�LW�ZLOO�JHW�
D� PDFKLQH� ZLWK� D� PRUH� VDWLVI\LQJ� SURGXFWLRQ� FDSDFLW\�� 0HDWEDOO�
IRUPLQJ PDFKLQH� ZLWK� SHUIRUPDQFH� WHVWLQJ� FDQ� DFFRPPRGDWH�
PHDWEDOO�GRXJK�ZLWK�D�ODUJHU�FDSDFLW\��DQG�LV�DEOH�WR�SURGXFH�D�PRUH�
SHUIHFW�PHDWEDOOV�XVLQJ���EODGHV�WKDW�FDQ�EH�UHSODFHG�DV�GHVLUHG�ZLWK�
WKH�UHVXOWV�RI�FXWWLQJ�RQ�D�NQLIH�LQ�OHQJWK�RI����PP��WKH�PHDWEDOOV�
FDQ�SURGXFH�����LWHP ��PLQXWH��DQG���PHDWEDOOV�ZLWK�NQLIH�OHQJWK�RI�
���PP�ZKLFK�LV�DEOH�WR�SURGXFH�����LWHP��PLQXWH��ZKLOH���PHDWEDOOV�
ZLWK����PP�PHDWEDOOV�FDQ�SURGXFH�����LWHP ��PLQXWH�

.H\ZRUGV²0HDWEDOO IRUPLQJ PDFKLQH��SHUIRUPDQFH�WHVWLQJ��
SURGXFWLRQ�FDSDFLW\

,� ,1752'8&7,21

,QGRQHVLD� LV� YHU\� IDPRXV� IRU� D� YDULHW\ RI� FXOLQDU\� DQG�
WUDGLWLRQDO� IRRGV� RQH� RI� ZKLFK� LV� PHDWEDOOV�� 0HDWEDOOV� DUH�
SURFHVVHG�IRRGV�IURP�EHHI�ZLWK�D�PL[WXUH�RI�WDSLRFD�IORXU�LQ�D�
URXQG�VKDSH��,Q�,QGRQHVLD��WKLV�IRRG�LV�YHU\�SRSXODU�ZLWK�WKH�
FRPPXQLW\��EHFDXVH�WKH�PHDWEDOOV�DUH�VHUYHG�ZLWK�FOHDU EHHI�
EURWK��PL[HG�ZLWK� YHUPLFHOOL� FHOHU\�� IULHG� RQLRQV� DQG� FKLOL�
VDXFH�WKDW�ILWV�WKH�,QGRQHVLDQ�WRQJXH��7KLV�IRRG�FDQ�EH�IRXQG�
DV� IRRGVWUHHW�DQG�DOVR�DV UHVWDXUDQW¶V PHQX� 7KH SURGXFWLRQ
SURFHVV�RI�PHDWEDOOV� LV� VWLOO�PDQXDO� XVLQJ�KDQG� WR� IRUP� WKH�
EDOOV� LQWR�D�EDOO�VKDSHG�URXQG�� ,W� WDNHV�D� ORQJ� WLPH�ZLWK� WKH�
UHVXOWV�REWDLQHG�DUH�QRW�SHUIHFWO\�URXQG�DQG�DOVR�XQK\JLHQLF��
EHFDXVH�RI�GRXEWIXO�FOHDQOLQHVV��VR�PDQ\�SHRSOH�DUH�KHVLWDQW�
WR�HDW�LW�DIWHU�NQRZLQJ�WKH�SURFHVV�RI�PDNLQJ�WKH�PHDWEDOOV�

$V�WHFKQRORJ\�GHYHORSV��WKH�PDQXDO�WKLQJV�DUH�QRZ�VORZO\�
EHLQJ�DEDQGRQHG�DQG�UHSODFHG�ZLWK�PDFKLQHV�WKDW�FDQ�LQFUHDVH�
WKH�HIILFLHQF\�RI�SURGXFWLRQ�

$� PHDWEDOO� SURGXFWLRQ ZDV� RQFH� GHYHORSHG� E\ <XVUDQ�
$KPDG���������ZLWK� WKH�XVH�RI�D�PHDWEDOO�IRUPLQJ� WRRO�� WKH�

UHVXOWV�RI� WKH�PHDWEDOOV�DUH�����JUDLQV� ��PLQXWH�� IURP� WKHVH�
UHVXOWV�LW�LV�REWDLQHG�WKDW�WKH�PHDWEDOOV�DUH�QRW�URXQG�EHFDXVH�
WKH�FXWWLQJ�NQLIH�RQO\�FLUFXODWHV�WKH�IDOO�RI�WKH�PHDWEDOO�GRXJK�
VR� WKDW� LW� GRHV� QRW� VDWLVI\� WKH� PHDWEDOO� WUDGHU� DV� DQ� 60(�
SDUWQHU�

6LPLODU�UHVHDUFK�ZDV�DOVR�FDUULHG�RXW�E\�-XQHG���������WKH�
UHVXOWV�RI�WKH�VWXG\�ZHUH�REWDLQHG�DW�D�URWDWLQJ�VSHHG�RI�����
USP�VKDIW� UHVXOWV�RI�PHDWEDOOV����� LWHP��PLQXWH�� IURP� WKHVH�
UHVXOWV�WKH�GRXJK�EHIRUH�EHLQJ�SXW�LQWR�WKH�PDFKLQH�PXVW�EH�
JLYHQ� WKH� DGGLWLRQ�ZDWHU� VR WKDW� WKH�SURGXFW LV� VRIW� DQG�QRW�
VSKHULFDO�LQ�VKDSH�

,Q� UHVHDUFK� FRQGXFWHG� E\� $EUDP �������� WKH� XVH� RI� D�
PHDWEDOO� IRUPLQJ� PDFKLQH� ZDV� DEOH� WR� SURGXFH� ��� LWHP��
PLQXWH� DQG WKH� UHVXOWV� REWDLQHG� ZHUH� IHZHU� WKDQ� SUHYLRXV
VWXGLHV�

%DVHG�RQ�UHVHDUFK�E\�%DQGDUWD ��������WKH�PDFKLQH�XVHG�
LV� LQ� WKH IRUP� RI� DQ� DXWRPDWLF� IRUPLQJ� PDFKLQH� WKDW� FDQ�
SURGXFH�PHDWEDOOV�RI����LWHP��PLQXWH��,Q�WKLV�FDVH�WKH�UHVXOWLQJ�
PHDWEDOOV�DUH�QRW�LQ�DFFRUGDQFH�ZLWK�WKH�GHVLUHG�VKDSH�DQG�WKH�
UDZ�PDWHULDO� IRU� WKH� IRUPHG�PHDWEDOOV� VWLOO� RIWHQ�JHWV� VWXFN�
EHFDXVH�WKH�EHHI�WR�EH�IRUPHG�LV�VWLOO�LQ�WKH�IRUP�RI�ILEHUV�VR�
WKH�PRWRU�JHWV�VWXFN�

%DVHG�RQ�UHVHDUFK�E\�*XVULDG\���������WKH�GHVLJQ�RI�WKH�
PHDWEDOO� IRUPLQJ� PDFKLQH� XVHG� LV� FDSDEOH� WR� SURGXFH� ����
PHDWEDOOV��PLQXWH��7KH�PDFKLQH�RQO\ KDV�RQH�NQLIH�WKDW�FDQQRW�
EH�UHSODFHG��VR�WR�YDU\�WKH�VL]H�RI�WKH�H[LVWLQJ�PHDWEDOOV�FDQQRW�
EH�GRQH�

%DVHG� RQ� WKH� GHVFULSWLRQ� DERYH�� WKLV� VWXG\ FRQGXFWHG D�
UHVHDUFK�WRZDUGV WKH�XVH�RI�WKH�PHDWEDOO�IRUPLQJ�PDFKLQH�E\�
XVLQJ���FXWWLQJ�EODGHV�ZLWK�WKH�WHVWLQJ�RI�WKH�SHUIRUPDQFH�RI�
WKH�PHDWEDOO�IRUPLQJ PDFKLQH��

7KH�EHQHILW RI�WKLV�UHVHDUFK�LV WR�GHYHORS WKH�GHILFLHQFLHV�
WKDW� KDYH� EHHQ� GRQH� E\� SUHYLRXV� UHVHDUFKHUV� VR� WKDW� DQ�
HIILFLHQW�PHDWEDOO�IRUPLQJ�PDFKLQH�FDQ�EH REWDLQHG�
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7KH� UHVHDUFK� PHWKRG� XVHG� LQ� WKLV� VWXG\� LV� GHVLJQ� DQG�
H[SHULPHQW�PHWKRG�ZKLFK�FRQVLVWV�RI�WKUHH�VWDJHV�

$� &RQFHSW�'HYHORSPHQW

3UHSDUDWLRQ�RI�GHVLJQ�FRQFHSWV� LV�QHHGHG� LQ�D�GHVLJQ� WR�
GHWHUPLQH�WKH PRGHO�DQG�PHFKDQLVP�LQ�WKH�VSHFLILFDWLRQV�DQG�
FRPSRQHQWV� WKDW� ZLOO� EH� XVHG� WR� EXLOG� WKH� SURGXFW� WR� EH�
SURGXFHG�

%� 3URGXFW�'HVLJQ�3URFHVV

$W� WKLV� VWDJH� WKH� GHVLJQ� LV� GRQH� E\� PHDVXULQJ� RU�
GLPHQVLRQLQJ�DQG�FKRRVLQJ� WKH�PDWHULDO� WR�EH�XVHG� LQ�HDFK�
FRPSRQHQW� E\� WDNLQJ� LQWR� DFFRXQW� WKH� VWUHQJWK�� GXUDELOLW\��
DQG� VDIHW\� RI� WKH�PDFKLQH� WR� EH�PDGH�� ,W� DLPV� WR� SURGXFH�
GHVLJQV� WKDW� PHHW� WKH� VHFXULW\� VWDQGDUGV� DQG� VFLHQWLILF�
SULQFLSOHV�RI�D�SURGXFW�GHVLJQ��

&� 0DFKLQH�7HVWLQJ�3URFHVV

7KH�WHVWLQJ�SURFHVV�LV�GRQH�E\�DQDO\]LQJ WKH�FDOFXODWLRQV�
RI� WKH� PHDWEDOO� IRUPLQJ PDFKLQH� LQ� RUGHU� WR� REWDLQ� WHVW�
SHUIRUPDQFH�WKDW�PHHWV�WKH�HQJLQH�FULWHULD�LQ�DFFRUGDQFH�ZLWK�
WKH�GHVLJQ�UHVXOWV�

,,,� 5(68/76 $1'',6&866,21

)URP� WKH� DQDO\VLV� RI� WKH� GDWD� WKDW� KDV� EHHQ� GRQH�� LW� LV�
REWDLQHG� WKH� GHVLJQ� DQG� SHUIRUPDQFH� WHVW� RI� WKH� PHDWEDOO�
IRUPLQJ PDFKLQH�DV�GHVFULEHG�LQ�)LJXUH���ZKLFK�LV�H[SODLQHG�
LQ�7DEOH���

)LJXUH ���0HDWEDOO�)RUPLQJ 0DFKLQH

7DEOH����'HVFULSWLRQ�RI�)LJXUH��

$�3HUIRUPDQFH�$QDO\VLV�RI�0HDWEDOOV�)RUPLQJ 0DFKLQH

���&DOFXODWLRQ�RI�&RQWDLQHU�)XQQHO

D��$QDO\VLV�RI�3XVK�6FUHZ�&DOFXODWLRQV

7KH�GLDPHWHU�RI�WKH�ILOOHG�IXQQHO�LV�NQRZQ�WR�EH����PP��
$QG������DV�WKH�SURYLVLRQV�RI�FRQYH\RU�OHDYHV��7KH�HTXDWLRQ�
WR�GHWHUPLQH�LW�FDQ�EH�H[SODLQHG�DV�IROORZV�
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S  �������PP

E��$QDO\VLV�RI�&DSDFLW\�&ROOHFWLRQ�RI�)XQQHO�)XQQHOV

7KH�HTXDWLRQ�XVHG�WR�GHWHUPLQH�FDSDFLW\�XVLQJ�XQLW�ZHLJKW�
LV�DV�IROORZV�
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D��'HWHUPLQH�WKH�YDOXH�RI�WKH�IRUFH LI�WKH�GDWD�P� �������
NJ�LV�DVVXPHG�WR�KROG�WKH�FDSDFLW\�RI�WKH�IXQQHO�ZLWK�D�YDOXH�
RI�J  ����P�V��
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1RWH�
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J�� (DUWK
V�JUDYLW\�DFFHOHUDWLRQ��P�V��

7KHQ�LW�FDQ�EH�REWDLQHG���

)� �������NJ�[����P�V�

 ������1

E��'HWHUPLQLQJ� WRUTXH� FDQ�EH� FDOFXODWHG�E\� ILQGLQJ� WKH�
UHTXLUHG�WRUTXH�YDOXH�LQ�WKH�IROORZLQJ�ZD\�

7� �)�[�U�

1RWH�

7� �7RUTXH��1�P�

)� �)RUFH��1�

U� 'LVWDQFH�WR�WKH�SRLQW�RI�ORDGLQJ��P�

.QRZQ�GDWD��

)� ������1

U� ������P

7KHQ�LW�FDQ�EH�REWDLQHG��

7� �)�[�U

3DUW�/LVW

,WHP 3DUW�1DPH

� )UDPHZRUN

� 3URFHVVLQJ�8QLW

� 7UDQVPLVLRQ�DQG�0RYHPHQW�
8QLW

� &RYHU�3ODW�0DFKLQH
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 ������1�[������P

 ������1�P

)URP� WKH� FDOFXODWLRQ� RI� WRUTXH� RI� �����1P�� DQ� HOHFWULF�
PRWRU�ZKLFK�KDV�D�JUHDWHU�WRUTXH�LQ�WKH�PDUNHW�ZLOO�EH�IRXQG��
QDPHO\� D� ��SKDVH� HOHFWULF�PRWRU�ZLWK� WRUTXH����1P�������
USP����+S�����9�

����8VH�RI�WKH�7UDQVPLVVLRQ�6\VWHP

D��5RWDWLQJ�6SHHG

%DVHG�RQ�WKH�GDWD�REWDLQHG�IRU�WKH�GULYH�PRWRU�SXOOH\���
����PP�� SXOOH\� UHGXFHU� �,QSXW� JHDUER[�� ¡� ��� PP�� SXOOH\�
UHGXFHU��RXWSXW�JHDUER[��¡����PP��SXOOH\�VSLQQHU�¡����PP��
SXOOH\�VFUHZ�ERRVWHU�¡�����PP��7KH�HTXDWLRQ�IRU�ILQGLQJ�WKH�
SXOOH\�URWDWLRQDO�VSHHG�LV�DV�IROORZV�

Q��G�� �Q��G�

1RWH�

Q�� �0RWRU�URWDWLRQ��USP�

Q�� �6KDIW�URWDWLRQ��USP�
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7KH�������PP�PRWRU�SXOOH\�URWDWLRQ�LV������USP�DQG�WKH�
�����PP�UHGXFHU�SXOOH\�URWDWLRQ��RXWSXW�JHDU��LV������USP��
7KH� HTXDWLRQ� IRU� ILQGLQJ� WKH� SXOOH\� URWDWLRQDO� VSHHG� LV� DV�
IROORZV�
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F��%HOW�/HQJWK��/�

%DVHG� RQ� WKH� GDWD� REWDLQHG� WR� GHWHUPLQH� WKH�
FLUFXPIHUHQFH�RI�WKH�EHOW��WKH�D[LV�GLVWDQFH�EHWZHHQ�VKDIWV�LV�
DV�IROORZV�

�� 7KH� GLVWDQFH� RI� WKH� GULYLQJ�PRWRU� VKDIW� WR� WKH� UHGXFHU�
�LQSXW��VKDIW�LV�����PP�

�� 7KH�GLVWDQFH�RI� WKH� UHGXFHU� �RXWSXW�� VKDIW� WR� WKH�SXOOH\�
VKDIW��&���LV�����PP�

�� 7KH�GLVWDQFH�RI� WKH�SXOOH\�VKDIW� �&��� WR� WKH�VFUHZ�VKDIW�
D[LV��&���LV�����PP�

7KH�D[LV�RI�WKH�D[LV�RI�WKH�VFUHZ�VKDIW��&���ZLWK�WKH�VWLUUHU�
VSLQQHU��&���LV�����PP�

)XUWKHUPRUH��WKH�OHQJWK�RI�WKH�FLUFXPIHUHQFH�RI�WKH�EHOW�
FDQ�EH�GHWHUPLQHG�E\�WKH�IROORZLQJ�HTXDWLRQ�
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7KHQ�

D�� 7KH� OHQJWK� RI� WKH� FLUFXPIHUHQFH� RI� WKH� EHOW� WKDW�
FRQQHFWV�WKH�GULYH�PRWRU�WR�WKH�UHGXFHU��LQSXW�
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/� �ʹܿ ൅
గ

ଶ
ሺ݀݌ ൅ ሻ݌ܦ ൅

ଵ

ସ௖
ሺ݌ܦ െ ሻଶ݌݀

/� �ʹ ݔ ͳͷ͸ ൅
ଷǡଵସ

ଶ
ሺͳͶͶ ൅ ͺͶሻ ൅

ଵ

ସ ௫ ଵହ଺
ሺͳͶͶ െ ͺͶሻଶ
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/� �͵ͳʹ ൅ ʹͲ͵ǡͺ ൅ ͷǡ͹ ൌ ͷʹͳǡͷ PP

&��� �����PP

/� �ʹܿ ൅
గ

ଶ
ሺ݀݌ ൅ ሻ݌ܦ ൅

ଵ

ସ௖
ሺ݌ܦ െ ሻଶ݌݀

/� ʹ ݔ ͵ʹͲ ൅
ଷǡଵସ

ଶ
ሺͳͳʹ ൅ ͹Ͷሻ ൅

ଵ

ସ ௫ ଷଶ଴
ሺͳͳʹ െ ͹Ͷሻଶ

/� ͸ͶͲ ൅ ʹͻʹ ൅ ͳǡͳʹ ൌ ͻ͵͵ǡͳʹ PP

7KHQ�REWDLQHG�WKH�OHQJWK�RI�WKH�FLUFXPIHUHQFH�RI�WKH�EHOW�
WKDW�FRQQHFWV�WKH�UHGXFHU��LQSXW��ZLWK�WKH�VWLUULQJ�VFUHZ�DQG�
VSLQQHU�

/� ��ͳ ൅ �ʹ ൅ �͵

 �ͺ͹Ͳǡͺ ൅ ͷʹͳǡͷ ൅ ͻ͵͵ǡͳ

 �ʹ͵ʹͷǡͶPP

G��%HOW�/LQHDU�6SHHG

$IWHU�NQRZLQJ�WKH�OHQJWK�RI�WKH�FLUFXPIHUHQFH�RI�WKH�EHOW��
WKHQ�GHWHUPLQH�WKH�OLQHDU�YHORFLW\�RI�WKH�EHOW��7R�GHWHUPLQH�
WKH� OLQHDU� YHORFLW\� RI� WKH� EHOW� RQH� FDQ� XVH� WKH� IROORZLQJ�
HTXDWLRQ�

9� �
ௗ௣ ௫ ௡ଵ

଺଴ ௫ ଵ଴଴଴

1RWH�

GS� �'LDPHWHU�RI�PRWRU�SXOOH\��PP�

Q�� �0RWRU�SXOOH\��USP��

7KHQ�

9� �
ௗ௣ ௫ ௡ଵ

଺଴ ௫ ଵ଴଴଴

9� �
ଵସସ ௫ ଶ଼଴଴

଺଴ ௫ ଵ଴଴଴
ൌ ͸ǡ͹ʹ P�V

���&DOFXODWLRQ�RI�*HDUV��5DFN�DQG�3LQLRQ�

,Q�SODQQLQJ�WKH�H[LVWLQJ�UDFN�DQG�SLQLRQ XVLQJ�D�ODUJH������
PRGXOH� DQG� ZDQWV� WKH� QXPEHU� RI� JHDUV� LQ� WKH� JHDUV� LV� ���
SLHFHV��7KH�JHDU�FDOFXODWLRQ�IRUPXOD�LV�DV�IROORZV�

3LWFK�GLDPHWHU� �]�[�P

$GGHQGXP� ���[�P

2XWVLGH�GLDPHWHU� ��]������P

&XWWLQJ�GHSWK� ������[�P

'HWHUPLQDWLRQ�RI�GLYLGLQJ�KHDG� ������]

6KLIWLQJ�WKH�PLOOLQJ�WDEOH�WR�SLQLRQ� �P�[

1RWH����

]� �1XPEHU�RI�WHHWK

P� �0RGXOH�VL]H

ߨ  �0DWKHPDWLFDO�FRQVWDQW�������

'DWD�NQRZQ��

]� ����SLHFHV��������

P� �����

����� ߨ

7KHQ�REWDLQHG�

3LWFK�GLDPHWHU� ����[������ ����PP

$GGHQGXP� ���[������ ������PP

2XWVLGH�GLDPHWHU� ��������������� ������PP

&XWWLQJ�GHSWK� ������[�����  ��������PP

'HWHUPLQDWLRQ�RI�WKH�GLYLGLQJ�KHDG� �
ସ଴

଺଴
 �

ଶ

ଷ

6R�LW�LV�REWDLQHG�WKDW�WKH�FRPSDULVRQ�RI�JHDU�LV�����ZLWK�
WKH�VDPH�DPRXQW�RI�JHDU�ZKLFK�LV����

�� &DOFXODWLRQ�RI�3URGXFWLRQ�&DSDFLW\�

D��&DOFXODWLQJ�RI�3RZHU�3ODQQLQJ

%DVHG�RQ�H[LVWLQJ�GDWD��WKH�SRZHU�SODQ�RQ�D[LV��3G� FDQ�
DGRSW�WKLV�IRUPXOD�

3G  IF�3

1RWH�

IF� �&RUUHFWLRQ�)DFWRU

3� �1RUPDO�3RZHU��NZ��

7KHQ�

3G� �IF�3

3G� �����[������NZ�

3G� ������NZ

E��7ZLVWLQJ�0RPHQWV

$IWHU�NQRZLQJ�WKH�SODQQHG�SRZHU�RQ�WKH�VKDIW�WKHQ�IXUWKHU�
GHWHUPLQH� WKH� DPRXQW� RI� WKH�PRPHQW� RI� WKH� SXQWHU� RQ� WKH�
VKDIW��7KH�HTXDWLRQ�WR�FDOFXODWH�LW�LV�DV�IROORZV�

7� �ͻǡ͹Ͷ ݔ ͳͲହ
ௗ௣

௡

1RWH�

3G� �3ODQ�SRZHU��ZDWWV�

Q� �6KDIW�URWDWLRQ��USP�

WKHQ�

���7ZLVWLQJ�PRPHQW�RQ�WKH�VSLQQHU 7� �ͻǡ͹Ͷ ݔ ͳͲହ
ௗ௣

௡ଵ

7� �ͻǡ͹Ͷ ݔ ͳͲହ
଴ǡଷହ

ଵଽ଴ଵ ௥௣௠

7� �ͳ͹ͻǡ͵ʹ NJ�PP

��� 7ZLVWLQJ� PRPHQW� RQ� WKH� VWLUULQJ� VFUHZ 7�  �

ͻǡ͹Ͷ ݔ ͳͲହ
ௗ௣

௡ଶ

7� �ͻǡ͹Ͷ ݔ ͳͲହ
଴ǡଷହ

ଵଶହ଺ ௥௣௠

7� �ʹ͹ͳǡͶͳ NJ�PP

F���/RDG�6KDIW�5RWDWLRQ

,Q�WKH�FDOFXODWLRQ�RI�WKH�URWDWLRQ�RI�WKH�VKDIW�ORDGHG�ZLWK�
WRUTXH�PRPHQW�PXVW�EH�WLPHV�ZLWK�WKH�IRUFH�RI�JUDYLW\��,I�WKH�
JUDYLWDWLRQDO�IRUFH�LV�����P���V���WKH�DPRXQW�RI�WRUTXH�DW�WKH�
VSLQQHU�LV��������NJ�PP�[�����P���V�� �������1P�ZKLOH�WKH�
PDJQLWXGH�RI�WKH�VWLUULQJ�VFUHZ�WRUTXH�LV��������NJ�PP�[�����
P���V�� �������1P��$IWHU�NQRZLQJ�WKH�DPRXQW�RI�WRUTXH�RQ�
WKH� URWDWLQJ� VKDIW�� WKHQ� ORRN� IRU� WKH� URWDWLRQ� DFWLQJ� RQ� WKH�
VKDIW�� 7KH� HTXDWLRQ� IRU� FDOFXODWLQJ� WKH� ORDG� VKDIW� WXUQV� DV�
IROORZV�
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3� �
ଶ ௫ గ ௫ ௡ ௫ ்

଺଴

1RWH�

3� �3RZHU��ZDWWV�

Q� �6KDIW�5RWDWLRQ��USP�

7� �5RWDWLQJ�VKDIW�WRUTXH��1P�

7KHQ�

�� 2Q�D�VSLQQHU

3� �
ଶ ௫ గ ௫ ௡ ௫ ்

଺଴
 ��Q� �

௉ ௫ ଺଴

ଶ ௫ గ ௫ ்

Q� �
ଶଶ଴ ௫ ଺଴

ଶ ௫ ଷǡଵସ ௫ ଵ଻ହ଻

Q� ������USP

���2Q�VFUHZ�PL[HU

3� �
ଶ ௫ గ ௫ ௡ ௫ ்

଺଴
 ��Q� 

௉ ௫ ଺଴

ଶ ௫ గ ௫ ்

Q� �
ଶଶ଴ ௫ ଺଴

ଶ ௫ ଷǡଵସ ௫ ଶ଺ହଽ

Q� �����USP

G��3URGXFWLRQ�&DSDFLW\

7KH�DPRXQW�RI�SURGXFWLRQ�FDSDFLW\�LV�WKH�DPRXQW�RI�VSLQ�
RQ� WKH� VSLQQHU� WKDW� PRYHV� WKH� FXWWLQJ� NQLIH� ZKLFK� LV�
LQIOXHQFHG� E\� WKH� DPRXQW� RI� WRUTXH� RQ� WKH� URWDWLQJ� VKDIW�
PRYLQJ WKH�FXWWLQJ�EODGH�RQ�WKH�PHDWEDOO� IRUPLQJ PDFKLQH��
7KH� HTXDWLRQ� IRU� FDOFXODWLQJ� WKH� DPRXQW� RI� SURGXFWLRQ�
FDSDFLW\�LV�DV�IROORZV�

.S� �
௡ଵ

௡ଶ
ݔ ��

1RWH�

.S� �3URGXFWLRQ�FDSDFLW\

.V� �5RXQG�SHHOHU�VFUHZ

Q�� �/RDG�URWDWLRQ

Q�� �1R�ORDG�URWDWLRQ

WKHQ�

.S� �
௡ଵ

௡ଶ
ݔ ݏܭ

.S� �
ଵଵଽ଺

ଶ଼଴଴
ݔ ͳͻͲͳ

.S� �����USP

0HDWEDOO� IRUPLQJ PDFKLQH� KDV� �� EODGHV� IRU� IRUPLQJ
PHDWEDOO�ZLWK�VL]H�RI������������PP�FDQ�SURGXFH�

���%\�XVLQJ�D����PP�PHDWEDOO�VL]H

.S� �����USP

.S� �
ହ଴ଽହ୫୧୬୳୲ୣ

ଶଶ୫୫

.S� �����LWHPV���PLQXWH

���%\�XVLQJ����PP�PHDWEDOO�VL]H

.S� �����USP

.S� �
ହ଴ଽହ୫୧୬୳୲ୣ

ଶ଻୫୫

.S� �����LWHPV�PLQXWH

���%\�XVLQJ����PP�PHDWEDOO�VL]H

.S� �����USP

.S� �
ହ଴ଽହ ୫୧୬୳୲ୣ

ଷହ ୫୫

.S� �����LWHPV ��PLQXWH

6R�� D� NQLIH�ZLWK� D�PHDWEDOOV ZLWK� ���PP�GLDPHWHU� FDQ�
SURGXFH�����LWHPV���PLQXWH��DQG�D�NQLIH�ZLWK���PHDWEDOOV�ZLWK�
D�GLDPHWHU�RI����PP�FDQ�SURGXFH�����LWHPV���PLQXWH��ZKLOH�
D�NQLIH�ZLWK���PP�PHDWEDOOV�ZLWK�D�GLDPHWHU�RI����PP�FDQ�
SURGXFH� ���� LWHPV� �� PLQXWH� 7KLV� UHVXOW� KDV� EHWWHU�
SHUIRUPDQFH� WKDQ� SUHYLRXV� UHVHDUFK� FRQGXFWHG� E\� 5HEHW�
�������ZKLFK�LV�RQO\�DEOH�WR�SURGXFH����LWHP��PLQXWH�

,9� &21&/86,21

%DVHG� RQ� WKH� UHVXOWV� RI� WKH� GHVLJQ� DQG� DQDO\VLV� RI� WKH�
SHUIRUPDQFH� WHVWLQJ� PDFKLQH� PHDWEDOOV� IRUPLQJ� FDQ� EH�
FRQFOXGHG�DV�IROORZV�

���0HDWEDOOV�)RUPLQJ�0DFKLQH�6SHFLILFDWLRQV

D� 7KH�IUDPH�VWUXFWXUH�XVHV�KROORZ�LURQ�ZLWK�GLPHQVLRQV�RI�
���PP�[����PP�[���PP�

E� 7KH�GLPHQVLRQV�RI�WKH�PDFKLQH�DUH�PDGH�OHQJWK�����PP�
[�ZLGWK�����PP�[�KHLJKW������PP��

F� 8VLQJ� �� FXWWLQJ� EODGHV� ZLWK� �� NQLIH� ZLWK� ��� PP�
GLDPHWHU����EODGH�ZLWK����PP�GLDPHWHU����EODGH�ZLWK����
PP�GLDPHWHU�

G� 'RXJK�EODGHV�DQG�IXQQHO�KROGHUV�XVH�VWDLQOHVV�VWHHO�VR�LW�
LV�PRUH�K\JLHQLF�DQG�IRRG�JUDGH�

����$QDO\VLV�RI�WKH�SHUIRUPDQFH�WHVWLQJ�RI�WKH�PHDWEDOO�IRUPLQJ�
PDFKLQH�IRXQG�WKDW�

D� (OHFWULF�PRWRUV�DUH�XVHG�ZLWK������1P�RI� WRUTXH�VR� WKDW�
JUHDWHU�WRUTXH�LV�REWDLQHG�LQ�WKH�PDUNHW��QDPHO\�D���SKDVH�
HOHFWULF�PRWRU�ZLWK�WRUTXH�RI����1P�������USP����+S�����
9�

E� 3XOOH\�UHGXFHU�URWDWLRQ�VSHHG�REWDLQHG�DW������USP�

F� 7KH�WXUQLQJ�VSHHG�RI�WKH�GULYH�VKDIW�RQ�WKH�FXWWLQJ�EODGH�LV�
����USP�

G� 7KH�URWDWLRQ�VSHHG�RI�WKH�PDFKLQH�ZLWKLQ�����KRXUV�RI�XVH�
ZLWK�YDULDWLRQV�LQ�WKH�VPDOO�ORDG�RI�WKH�EHOW�RU�EHOW�RI�����

��� 3URGXFWLRQ� FDSDFLW\� REWDLQHG� E\� WKH� PHDWEDOO� IRUPLQJ�
PDFKLQH� ZLWK� SHUIRUPDQFH WHVWLQJ� FDQ� DFFRPPRGDWH� WKH�
PHDWEDOO�GRXJK�ZLWK�D�ODUJH�FDSDFLW\��DQG�LV�DEOH�WR�SURGXFH�
PRUH�SHUIHFW�PHDWEDOOV�XVLQJ���EODGHV�WKDW�FDQ�EH�UHSODFHG�DV�
GHVLUHG�ZLWK�WKH�UHVXOWV�RI�FXWWLQJ�RQ�D�NQLIH���PHDWEDOOV����
PP�LQ�GLDPHWHU�FDQ�����LWHP��PLQXWH�ZHUH�SURGXFHG��DQG���
PP�PHDWEDOOV�ZLWK���PP PHDWEDOOV�FRXOG�SURGXFH�����LWHP ��
PLQXWH��ZKLOH����PP�PHDWEDOOV�ZLWK���PP�PHDWEDOOV�FRXOG�
SURGXFH�����LWHP ��PLQXWH�
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>�@ $EUDP��7���HW�DO��������-XUQDO�6LQHUJL�3ROLWHNQLN�1HJHUL�
8MXQJ�3DQGDQJ��8MXQJ�3DQGDQJ�

>�@ $PLQ\�� $KPDG�� <�� ������ 5DQFDQJ� %DQJXQ� 0HVLQ�
3HQFHWDN�%DNVR��3URFHHGLQJ�6HPLQDU 1DVLRQDO�7DKXQDQ�
7HNQLN�0HVLQ 8QLYHUVLWDV�/DPSXQJ� /DPSXQJ�

>�@ %DQGDUWD�� 5�� ������ 0HVLQ� 3HQFHWDN� %DNVR� 2WRPDWLV��
7XJDV�$NKLU�3ROLWHNQLN�1HJHUL�%DWDP��%DWDP

>�@ &DOLVVWHU� -U�� :�'�� ������ 0DWHULDO� 6FLHQFH� DQG�
(QJLQHHULQJ��-KRQ�:LOOH\�DQG�6RQ�,QF��1HZ�<RUN�

>�@ 'HXWVFKPDQ�� $DURQ� '�� ������ 0DFKLQH� 'HVLJQ� 7KHRU\�
DQG�3UDFWLFH��0DFPLOODQ�3XEOLVKLQJ�,QF��1HZ�<RUN�

>�@ 'REURYROVN\�� 9�� ������ 0DFKLQH� (OHPHQW�� 3HDFH�
3XEOLVKHU��0RVFRZ�

>�@ *XVULDG\��6���HW�DO� ������-RP�)7(.1,.�YRO�����QG HGLWLRQ�
-XO\�'HVHPEHU��������5LDX

>�@ -XQHG��(�:��������5DQFDQJ�%DQJXQ�3HPEXDW�%ROD�%ROD�
%DNVR� 2WRPDWLV� %HUEDVLV�0LNURNRQWUROHU�� 7XJDV� $NKLU�
3ROLWHNQLN�$7,�0DNDVVDU��0DNDVVDU��

>�@ .XOLQRZVNL��3LRWU��������%HOW�&RQYH\RU�IRU�%XON�0DWHULDO�
&DOFXODWLRQ��&HPD��WK�(GLWLRQ��6KDQJKDL�

>��@0DELH�� +�� +�� DQG� )�:�� 2FYLUN�� ������ 0HFKDQLF� DQG�
'\QDPLF� 0DFKLQHU\�� -KRQ� :LOOH\� DQG� 6RQ� ,QF�� 1HZ�
<RUN�

>��@0RRW��5REHUW�/��������0DFKLQH�(OHPHQW� LQ�0HFKDQLFDO�
'HVLJQ��3UHFWLFH�+DOO��1HZ�-HUVH\�

>��@5HEHW�� ,� HW� DO�� ����� 5DQFDQJDQ�0HVLQ�3HQFHWDN�%DNVR�
'HQJDQ�.DSDVLWDV�������%XWLU�-DP��8QWXN�3HUXVDKDDQ�;��
6HPLQDU� 1DVLRQDO� 7HNQLN� 0HVLQ� 3ROLWHNQLN� 1HJHUL�
-DNDUWD��-DNDUWD

>��@5�&��+LEEHODU��������0HFKDQLF�RI�0DWHULDO��0F*UDZ�+LOO�
%RRN�&R��6LQJDSRUH�
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