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�
7KLV SDSHU LV GHGLFDWHG WR 3URIHVVRU 5RPDQ 0RGLF DW KLV ��

WK
ELUWKGD\

5HFHLYHG������������

$EVWUDFW�
7KH DUWLFOH SUHVHQWV DQ HQJLQHHULQJ DSSURDFK WR WKH GHYHORSPHQW RI DQ DOWHUQDWLYH SURGXFWLRQ

ZLWK WKH H[LVWLQJ HTXLSPHQW� =HROLWH SURGXFWLRQ LV EHFRPLQJ DQ DOWHUQDWLYH WR WKH ROG

³%D\HU´ SURFHVV IRU DOXPLQXP K\GUDWH SURGXFWLRQ� %\ DSSO\LQJ DSSURSULDWH NQRZ�KRZ ROG

HTXLSPHQW ZDV XVHG IRU DQ HFRQRPLFDOO\ DV ZHOO DV HFRORJLFDOO\ DFFHSWDEOH SURGXFWLRQ� ,Q

WKLV HTXLSPHQW DGDSWDWLRQ DPRQJ RWKHU SURGXFWLRQ VWHSV WKH PXOWLVWDJH HYDSRUDWLRQ EDWWHU\

ZDV WKH PRVW FULWLFDO SDUW RI WKH SURFHVV� :H DSSOLHG VHPL HPSLULFDO DSSURDFK RQ WKH EDVLV RI

=� 5DQW LGHDV WR ILQG KHDW WUDQVIHU FRHIILFLHQWV DQG WR GHWHUPLQH ZKLFK HTXLSPHQW HOHPHQWV

DUH PRUH UHOHYDQW IRU HIILFLHQW SHUIRUPDQFH DQG QHHG VHULRXV PDLQWHQDQFH�

,QWURGXFWLRQ�

,Q� ODWH���cV� DQG� HDUO\���cV� DOXPLQRVLOLFDWH�±� ]HROLWH� DSSOLFDWLRQV� DQG�SURGXFWLRQV�

VSUHDG�UDSLGO\�ZRUOGZLGH��PDLQO\�IRU�HQYLURQPHQWDO�UHDVRQV��7KH�HQYLURQPHQWDO�UHDVRQV�

DIIHFW� ERWK� WKH� SURGXFWLRQ� DQG� WKH� DSSOLFDWLRQ� VLGH�� 0DQ\� ROG� H[WUDFWLRQ� �OHDFKLQJ��

SURFHVVHV� KDG� WR� EH� DEDQGRQHG� DQG� RQH� RI� WKH� FXUUHQW� DOWHUQDWLYHV� LV� D� UHVWUXFWXULQJ�

SURFHVV�IRU�V\QWKHVL]LQJ�RI�]HROLWH�IURP�VLOLFDWH�DQG�DOXPLQXP�FRPSRXQGV�LQ�DQ�DONDOLQH�

PHGLXP�� ,Q� WKH� FDVH� GLVFXVVHG� KHUH� WKH� HTXLSPHQW� RI� DQ� RYHU� ��� \HDUV� ROG� ª%D\HU©�

DOXPLQXP� K\GUDWH� SURGXFWLRQ� SURFHVV� ZDV� DGDSWHG� WR� DFKLHYH� HFRQRPLFDO� ]HROLWH�

SURGXFWLRQ�� ,W�ZDV�PDLQO\� WKH�HFRQRPLFDO� UHDVRQ� WKDW�GLUHFWHG� WKLV�GHFLVLRQ��5HODWLYHO\�

ORZ� DQG� VWLOO� IDOOLQJ� ZRUOG� SULFHV� RI� ]HROLWH� GLVDEOHG� PDQ\� QHZ� LQYHVWPHQWV� DQG� ROG�

SURFHVVHV� FDQ� QRZ� RIIHU� HFRQRPLFDO� SURGXFWLRQ�� )LJ�� �� SUHVHQWV� WKH� EDVLF� SURFHVV�

SULQFLSOHV�RI�]HROLWH�SURGXFWLRQ��)URP�WKH�HFRQRPLF�DQG�HQYLURQPHQWDO�SRLQWV�RI�YLHZ��D�

FUXFLDO� SDUW� RI� WKH� SURFHVV� LV� FRQFHQWUDWLRQ� RI� GLOXWH� 1D2+� �FFD� ���� VROXWLRQ� E\�

HYDSRUDWLRQ��'LVSRVDO�RI����P
�
�RI�WKH�VROXWLRQ�SHU�KRXU�LV�HFRORJLFDOO\�LPSRVVLEOH��DQG�
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UHF\FOLQJ� FDQ� QRW� EH� HFRQRPLFDOO\� HIILFLHQW�� 7KH� VROXWLRQ� WR� WKLV� LV� D� PXOWLVWDJH�

HYDSRUDWLRQ�SURFHVV��7KH�SXUSRVH�LV�KRZ�WR�WHVW��HYDOXDWH�DQG�VHW�WKH�SDUDPHWHUV�RI�ROG�

HTXLSPHQW�IRU�WKH�QHZ�SURGXFW��+HUH�ZH�SUHVHQW�D�FRQFHSW�DQG�WKH�SULQFLSOHV�RI�VROXWLRQ��

ZKLFK�HQDEOHV�HFRQRPLFDO�RSHUDWLRQ�RI�WKH�HTXLSPHQW�LQ�TXHVWLRQ��

�

)LJXUH�����3ULQFLSDO�SURFHVV�IORZ�FKDUW�RI�]HROLWH�SURGXFWLRQ�

�

7KHRUHWLFDO�SULQFLSOHV�DQG�FRQFHSWV�

7KH�EDVLF�SULQFLSOHV�DQG�HTXDWLRQV�FDQ�EH�IRXQG�HOVZHUH�
���
�EXW�KHUH�ZH�OLPLW�WKH�

GLVFXVVLRQ� WR� WKH� FULWLFDO� UHODWLRQV� DQG� SDUDPHWHUV� QHFHVVDU\� WR� XQGHUVWDQG� WKH� EDVLF�

FRQFHSW�� 7KHUPRGLQDPLF� SRWHQWLDO� RI� WKH� SURFHVV� LV� GHILQHG� ZLWK� WKH� FRQGHQVDWLRQ�

WHPSHUDWXUH�RI�IUHVK�VWHDP�LQ�WKH�ILUVW�VWDJH�DQG�WKH�ERLOLQJ�WHPSHUDWXUH�RI�WKH�VROXWLRQ�LQ�

WKH� ODVW� VWDJH�
�
� ZKLOH� WKH� ERLOLQJ±SRLQW� HOHYDWLRQ� �HEXOOLRVFRSLF�� �� %3(� RI� WKH�

LQFUHDVLQJO\�FRQFHQWUDWHG�VROXWLRQ�ORZHUV�WKH�DYDLODEOH�WHPSHUDWXUH�GLIIHUHQFH��7KH�%3(�

RI�WKH�ERLOLQJ�WHPSHUDWXUH��GXH�WR�WKH�PRUH�FRQFHQWUDWHG�VROXWLRQ�LQ�WKH�ERLOLQJ�FKDPEHU��

FDQ�EH�H[SUHVVHG�DV��
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1XPEHU� �� LQGLFDWHV� WKH� VROYHQW� �ZDWHU�� DQG� �� WKH� VROXWH��P� LV�PDVV��0� GHQRWHV�

PROHFXODU�ZHLJKW�DQG�'+�WKH� ODWHQW�KHDW�RI�HYDSRUDWLRQ��7E� LV� WKH�ERLOLQJ� WHPSHUDWXUH��

)URP�HTXDWLRQV����WKH�UHODWLRQVKLS�FDQ�EH�H[SUHVVHG��

���
� DEVH
3&I7  ' ������������������������������������������������������������������

7KH�UHODWLRQVKLS�LV�XVHG�WR�XQGHUVWDQG�WKH�EDVLF�UHODWLRQV�EHWZHHQ�WKH�ORVW�%3(��WKH�

SUHVVXUH�DQG�WKH�FRQFHQWUDWLRQ�RI�WKH�VROXWLRQ�ERLOHG��:H�IRXQG�%3(�GDWD�E\�WKH�KHOS�RI�

'XKULQJcV�UXOH��ZKLFK�VWDWHV�WKDW�WKH�ERLOLQJ�SRLQW�RI�D�JLYHQ�VROXWLRQ�LV�D�OLQHDU�IXQFWLRQ�

RI� WKH�ERLOLQJ�SRLQW�RI�ZDWHU�DW� WKH�VDPH�SUHVVXUH��7KH�UXOH� LV�DSSOLFDEOH�PDLQO\�WR� WKH�

VWURQJ�LQRUJDQLF�VROXWLRQV��ZKDW�LV�DOVR�WKH�VLWXDWLRQ�XQGHU�FRQVLGHUDWLRQ��

%HVLGHV� WKH� WKHUPRG\QDPLFDO�SRWHQWLDO��KHDW� WUDQVIHU� LV� WKH�PRVW� LPSRUWDQW�IDFWRU�

LQIOXHQFLQJ� WKH�FDSDFLW\�RI� WKH�HYDSRUDWLRQ� V\VWHP�� ,Q� WKH�GLVFXVVHG�FDVH��KHDW� WUDQVIHU�

UDWH�LV�D�OLPLWLQJ�SURFHVV�IRU�WKH�ZKROH�V\VWHP��+HDW�IORZV�IURP�WKH�ZDUPHU�WR�WKH�FROGHU�

IOXLG�VHSDUDWHG�E\�D�VROLG�ZDOO��,Q�WKLV�SURFHVV�FRQYHFWLRQ�DQG�FRQGXFWLRQ�SOD\�WKH�PD\RU�

UROH� DQG� WKXV� KDYH� EHFRPH� WKH� REMHFW� RI� WKLV� VWXG\�� 7\SLFDO� VLWXDWLRQ� LV� SUHVHQWHG� RQ�

)LJ����

:KLOH�PD\RU�SDUW�RI�WKH�HTXLSPHQW�DQG�SURFHVV�SDUDPHWHUV�DUH�QRW�NQRZQ�D�VHPL�

HPSLULFDO�DSSURDFK�WR�PRGHO�WKH�SURFHVV�LV�DSSOLHG�
�
�7KH�PRGHO�VKRXOG�HQDEOH�WR�DQDO\]H�

WKH�H[LVWLQJ�HTXLSPHQW�FRQILJXUDWLRQ�� WR�GHILQH� WKH�SURFHVV� OLPLWDWLRQV�DQG� WR�RSWLPL]H�

WKH� SURFHVV� SDUDPHWHUV�� 7KH� DSSURDFK� LV� EDVHG� RQ� D� PHWKRG� RI� =�� 5DQW�
�
� ZKHUH� LW� LV�

QHFHVVDU\�WR�HVWDEOLVK�WKH�UHODWLRQVKLS�'7� �I��T��IRU�D�XVHG�UDQJH�RI�KHDW�IORZ�±�T��:LWK�

WKLV�UHVXOW�WKH�WHPSHUDWXUH�JUDGLHQW�IURP�D�FRQGHQVLQJ�VWHDP�VLGH�WR�WKH�ERLOLQJ�VROXWLRQ�

VLGH�LV�IRXQG��%\�WKH�KHOS�RI�HTXDWLRQV�WKH�KHDW�WUDQVIHU�IURP�WKH�VXUIDFH�WR�WKH�ERLOLQJ�

VROXWLRQ�DQG�WKH�KHDW�WUDQVIHU�IURP�WKH�VWHDP�WR�VXUIDFH�LQ�ILOP�FRQGHQVDWLQJ�UHJLPH�WKH�

OLPLWLQJ�KHDW�WUDQVIHU�VLGH�DQG�WKH�FRUUHVSRQGLQJ�KHDW�IOX[�LV�GHWHUPLQHG��2Q�WKH�EDVLV�RI�

KHDW�IOX[�DQG�WRWDO�DYDLODEOH� WHPSHUDWXUH�GLIIHUHQFH��KHDW�WUDQVIHU�WKURXJK�WKH�WXEH�ZDOO�

DQG� WKH� VFDOH� �XVXDOO\� RQ� WKH� ERLOLQJ� VLGH�� FDQ� EH� GHWHUPLQHG�� )URP� WKHVH� UHVXOWV� LW� LV�

SRVVLEOH� WR� FDOFXODWH� WKH� WRWDO� KHDW� WUDQVIHU� FRHIILFLHQW� LQ� WKH� HTXLSPHQW�RU�� EDFNZDUGV�

IURP�NQRZQ�RU�HVWLPDWHG�KHDW�WUDQVIHU��LW�LV�SRVVLEOH�WR�HVWDEOLVK�WKH�VFDOLQJ�WKLFNQHVV�RQ�
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WKH�HTXLSPHQW��6XFK�DQ�DSSURDFK�DOVR�LPSOLHV�VLPXOWDQHRXV�FDOFXODWLRQ�RI�KHDW�DQG�PDVV�

EDODQFH��EHFDXVH�LW�LV�YHU\�GLIILFXOW�WR�JHW�DOO�QHFHVVDU\�GDWD�IRU�VHSDUDWH�FDOFXODWLRQV�
�
�

&ORVH�DWWHQWLRQ�KDV� WR�EH�SDLG� WR� WKH�VFDOLQJ�DQG�IRXOLQJ�SURFHVVHV�EHFDXVH�VRPH�

VLOLFRQ�GLR[LGH�DONDOL�SURGXFWV�DUH�SUHVHQW�LQ�1D2+�IHHG�H[FHHGLQJ�WUDFH�TXDQWLWLHV��7KH�

HIIHFWV�RI�VFDOLQJ�DQG�IRXOLQJ�FDQ�EH�PRQLWRUHG�WKURXJK�WKH�GHYLDWLRQ�IURP�LQLWLDO�SURFHVV�

SDUDPHWHUV�DQG�WKURXJK�GLIIHUHQW�PRGHO�VFHQDULRV��

�

VWHDP

VLGH

ERLOLQJ

VROXWLRQ

VLGH
OV 7GLII

GZ� �ZDOO�WKLFNQHVV
GV� �VFDOH�WKLFNQHVV

FRQGHQVDWH

7VDW

7E

�
)LJXUH����+HDW�WUDQVIHU�SURILOH�

�

&DOFXODWLRQ�SURFHGXUH�

7R�FDOFXODWH� WKH�PRGHO�ZH�XVHG�0DWK&$'�SURJUDP��&DOFXODWLRQV�ZHUH�SUHFHGHG�

VWHS�E\�VWHS��VWDUWLQJ�ZLWK�DQ�DSSUR[LPDWLRQ�
�
�

,Q� WKH� ILUVW� VWHS�� FRQFHQWUDWLRQ� GLVWULEXWLRQ� DPRQJ� HYDSRUDWRUV�ZDV� FDOFXODWHG� WR�

ILQG�RXW� WKH�HYDSRUDWHG�VWHDP�IORZ�LQ�HDFK�VWDJH��7KH�IHHG�RI�GLOXWH�1D2+�ZDV����W�K�

DQG� LW� FRQWDLQHG� ����� RI� 1D2+�� WKH� ILQDO� FRQFHQWUDWLRQ� VKRXOG� KDYH� EHHQ� ������� RI�

1D2+��,W�ZDV�QHFHVVDU\�WR�HYDSRUDWH������W�RI�ZDWHU�SHU�KRXU�LQ�DOO�VWDJHV��+HDW�WUDQVIHU�

DUHDV� RI� DOO� IRXU� VWDJHV� ZHUH� WKH� VDPH� �)LJ� ���� 7KH� FDOFXODWLRQ� EHJDQ� ZLWK� DQ� HTXDO�

GLVWULEXWLRQ�RI� HYDSRUDWHG�ZDWHU� IURP�HDFK�VWDJH�EXW� WKH� ILQDO� UHVXOWV�JDYH��������������

�����DQG������LQ�WKH�ODVW�IRXUWK�VWDJH��)URP�WKHVH�UHVXOWV�FRQFHQWUDWLRQ�GLVWULEXWLRQ�ZDV�

FDOFXODWHG�� ��������� ������DW� VHFRQG� �H[LW�� VWDJH�� �����DW� WKH� WKLUG� �LQSXW�� VWDJH� DQG�

������DW�WKH�IRXUWK�VWDJH�ZHUH�WKH�UHVXOWV��
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,Q� WKH� VHFRQG� VWHS�� WKH� WKHUPRG\QDPLF� VLWXDWLRQ� LQ� WKH� HYDSRUDWLRQ� SURFHVV�ZDV�

HYDOXDWHG��:LWK�WKH�KHOS�RI�'XKULQJcV�UXOH��7EVRO� �I��7EZDWHU��&VRO���UHYHUVH�$QWRLQHcV�

HTXDWLRQ� IRU� VWHDP� FRQGHQVDWLRQ� WHPSHUDWXUH�� WKH� ODWHQW� KHDW� RI� ZDWHU� HYDSRUDWLRQ� DW�

GLIIHUHQW� WHPSHUDWXUHV� DQG� HQWKDOS\� RI� VWHDP� DW� GLIIHUHQW� WHPSHUDWXUHV� HQDEOHG� XV� WR�

FDOFXODWH�SUHVVXUH�GLVWULEXWLRQ�DPRQJ�VWDJHV��7KH�SUHVVXUHV�VKRXOG�KDYH�EHHQ������������

����DQG�����EDU�UHVSHFWLYHO\��$W�WKLV�VWHS��DOO�SDUWV�RI�WKH�ORVW�'7�FDQ�EH�FDOFXODWHG��7KH�

ILUVW�RQH�ZDV�%3(��WKHQ�K\GURVWDWLF�SUHVVXUH��WKH�SLSHV�DUH�����P�KLJK���DQG�WUDQVSRUW�'7�

LV�HVWLPDWHG�WR�EH�DSSUR[����GHJ�RQ�HDFK�VWDJH��)LQDOO\�WKH�WHPSHUDWXUH�GLIIHUHQFHV�ORVW�LQ�

HDFK� VWDJH� ZHUH� FRPSXWHG�� ����� ����� ���� DQG� ����� GHJUHHV�� 7KH� ZKROH� '7� DYDLODEOH�

�QHWWR��IRU�DOO�VWDJHV�ZDV������GHJUHHV�DQG�UHSUHVHQWHG�WKH�WKHUPRG\QDPLF�SRWHQWLDO�IRU�

KHDW�WUDQVSRUW���

�)LJXUH����)ORZFKDUW�RI�IRXU�VWDJH�HYDSRUDWLRQ�SURFHVV�

�

,Q�WKH�WKLUG�SDUW��WKH�KHDW�WUDQVIHU�ZDV�HVWLPDWHG��$V�ZH�PHQWLRQHG�ZLWK�UHJDUG�WR�

WKH�SULQFLSOH�SXEOLVKHG�E\�=��5DQW
�
�'7�KDG�WR�EH�HVWDEOLVKHG�DV�D�IXQFWLRQ�RI�KHDW�IOX[��

$FFRUGLQJ�WR�SUHVHQWHG�SURFHVV�WKH�FRPSXWDWLRQ�VFKHPH�VWDUWHG�ZLWK�KHDW�IOX[�YDOXH�����
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*-�K� XS� WR� ���� *-�K�� )URP� WKH� KHDW� IOX[� ZH� FDOFXODWHG� WKH� FRUUHVSRQGLQJ� ZDWHU�

FRQGHQVDWH� IORZ� DQG� WKHQ� WKH� 5H\QROGV� QXPEHU
�
� IRU� D� GLIIHUHQW� KHDW� IOX[�� :LWK� WKH�

NQRZQ�5H� KHDW� WUDQVIHU� FRHIILFLHQW�D� IURP� WKH� VWHDP� WR� WKH� KHDW� H[FKDQJHU� WXEH�ZDOO��

IROORZLQJ�ZDV�HVWDEOLVKHG��ILOP�FRQGHQVLQJ�UHJLPH��
���
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,Q� WKH� HT�� ����O� LV� KHDW� FRQGXFWLYLW\��U� LV� VSHFLILF� JUDYLW\��K� YLVFRVLW\� DQG� FRQG�

GHQRWHV��ZDWHU��FRQGHQVDWH��

)URP�WKH�KHDW�WUDQVIHU�FRHIILFLHQW�D�DQG�NQRZQ�VSHFLILF�KHDW�IOX[�WKURXJK�WKH�WXEH�

VXUIDFH�� WKH� FRUUHVSRQGLQJ� WHPSHUDWXUH� GLIIHUHQFHV� RQ� WKH� VWHDP� VLGH�ZHUH� FDOFXODWHG��

7KLV�ZDV�WKH�ILUVW�VHW�RI�GDWD�IRU�WKH�FRQVWUXFWLRQ�RI�D�JUDSK�'7� �I��T���

$V�KHDW�IORZHG�IURP�WKH�VXUIDFH�RI�WKH�WXEH�ZDOO�WKURXJK�WKH�PHWDO�ZDOO��)LJ������

WKH�WHPSHUDWXUH�GURS�RQ�D�EDVH�RI�KHDW�FRQGXFWLYLW\�ZDV�FDOFXODWHG��:H�JRW�D�VHFRQG�VHW�

RI� GDWD� '7�  � I� �T��� $OPRVW� WKH� VDPH� VLWXDWLRQ� ZDV� RQ� WKH� VFDOH� OD\HU� LQ� WKH� KHDW�

H[FKDQJHU�WXEHV��7KLV�UHSUHVHQWHG�WKH�WKLUG�VHW�RI�GDWD�'7� �I��T���

)LQDOO\�� LW� ZDV� QHFHVVDU\� WR� FDOFXODWH�'7� IRU� WKH� FRQYHFWLRQ� KHDW� WUDQVIHU� WR� WKH�

VROXWLRQ��)RU�SXUH�ZDWHU�WKH�KHDW�WUDQVIHU�FRHIILFLHQW�D�ZDV�FDOFXODWHG�XVLQJ�DQ�HTXDWLRQ�

E\�.UXVFKOLQ�
�
�DZ  ������ 
�T

����
� 
�S

����
� DQG� FRUUHFWHG�ZLWK� IDFWRU�I� IRU� VROXWLRQ� DW� WKH�

VDPH�FRQGLWLRQV��7KH�FRUUHFWLRQ�IDFWRU�I�ZDV�FRPSXWHG�XVLQJ�DQ�HTXDWLRQ�SURSRVHG�E\�
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,Q�WKH�HT������O� LV�KHDW�FRQGXFWLYLW\��U� LV�VSHFLILF�JUDYLW\��K�YLVFRVLW\��&S�VSHFLILF�

KHDW�� '+� LV� KHDW� RI� HYDSRUDWLRQ�� V� LV� VXUIDFH� WHQVLRQ�� Z� GHQRWHV� ZDWHU�� VRO� GHQRWHV�

VROXWLRQ�DQG�JDVSKDVH�PHDQV�SURSHUWLHV�RI�JDV�SKDVH�LQ�HTXLOLEULXP�DERYH�OLTXLG��

$FFRUGLQJ�WR�WKH�VDPH�SURFHGXUH�RQ�WKH�VWHDP�VLGH��WKH�ODVW�VHW�RI�GDWD�'7� �I��T��

IRU�WKH�ERLOLQJ�VROXWLRQ�VLGH�ZDV�FDOFXODWHG���
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:KHQ� DOO� LQGLYLGXDO�'7�  � I� �T�� IXQFWLRQV�ZHUH� NQRZQ�� D� VXPPDWLRQ� JUDSK�ZDV�

IRUPHG��)LJ������

���� ���� ���� � ��
�

��� ��
�

�

�

��

��

7GLII  I �T�

T +HDW IOX[ �:�P��

7
G
LI
I
�.

�

�

�� G7 VXPP �� � ��

�� G7 VWHDP WR VROXWLRQ

�� G7 RQ VFDOLQJ

�� G7 LQ ERLOLQJ VROXWLRQ

�� G7 LQ VWHDP VLGH

�� G7 RQ WXEH ZDOO

�

�

�

�

�

)LJXUH����6XPPDWLRQ�JUDSK�RI�WKH�'7� �I��T��IXQFWLRQV�

�

$V�WKH�WHPSHUDWXUH�GLIIHUHQFH��EHWZHHQ�WKH�VWHDP�FRQGHQVLQJ�WHPSHUDWXUH�DQG�WKH�

WHPSHUDWXUH� RI� VROXWLRQ� ERLOLQJ��ZDV� NQRZQ� ���.��� IURP� WKH� VXPPDWLRQ� IXQFWLRQ�KHDW�

IOX[� ZDV� GHWHUPLQHG�� :LWK� NQRZQ� KHDW� IOX[� ������ :�P
�
��� LQGLYLGXDO� KHDW� WUDQVIHU�

FRHIILFLHQWV� ZHUH� FDOFXODWHG� DQG� ILQDOO\� WKH� RYHUDOO� KHDW� WUDQVIHU� FRHIILFLHQW� IRU� WKH�

FDOFXODWHG� VWDJH� ZDV� IRXQG�� %HFDXVH� DOO� LQGLYLGXDO� WHPSHUDWXUH� GLIIHUHQFHV� ZHUH�

FDOFXODWHG�IURP�PHDVXUHG�GDWD�EDFNZDUGV�WKH�WKLFNQHVV�RI� WKH�VFDOH�FRXOG�EH�DVVXPHG��

7KLV� SURFHGXUH�ZDV� YHU\� LPSRUWDQW� DW� WKH� EHJLQQLQJ�� LQ� RUGHU� WR� ILQG�RXW� WKH� HIIHFW� RI�

VFDOLQJ�DQG�IRXOLQJ��7KH�ODVW��WKLUG��SDUW�RI�FDOFXODWLRQ�ZDV�HYDOXDWHG�VHSDUDWHO\�IRU�HDFK�

VWDJH��

5HVXOWV�DQG�GLVFXVVLRQ��

7KH�FDOFXODWHG�RYHUDOO�KHDW� WUDQVIHU�FRHIILFLHQWV�ZLWK� WKH�DVVXPHG���PP�RI�VFDOH�

WKLFNQHVV�ZLWK�WKH�PRGHO�ZHUH������LQ�WKH�ILUVW�HYDSRUDWRU������������DQG�LQ�ODVW�IRXUWK�

VWDJH�����:�P
�
.��7KHVH� UHVXOWV�ZHUH�XVHG�RQO\� IRU�FRPSDULVRQ� WR� VRPH�GDWD�RI�RWKHU�

HTXLSPHQW�DQG�WR�HVWLPDWH�WKH�PDJQLWXGH�RI�KHDW�WUDQVIHU��$V�DOO�HYDSRUDWRUV�ZHUH�RI�WKH�

VDPH�JHRPHWU\� ����PP�LQQHU�GLDPHWHU�SLSHV������P�ORQJ������PP�WKLFN�ZDOOV�DQG�����
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SLSHV� LQ� D� EXQGOH�� WKH� KHDW� FRHIILFLHQWV� ZHUH� VXUSULVLQJO\� GLIIHUHQW�� 7KH� LQIOXHQFH� RI�

SURFHVV�SDUDPHWHUV�ZDV�YHU\�JUHDW�DQG�VKRXOG�KDYH�EHHQ�PRQLWRUHG�FDUHIXOO\��:LWK�WKH�

VLPXODWLRQ� RI� VFDOLQJ�IRXOLQJ�� ZH� IRXQG� WKDW� LWV� LQIOXHQFH� ZDV� LPSRUWDQW� DQG� WKDW� D�

JHQHUDO�FOHDQLQJ�SURFHGXUH�ZDV�QHFHVVDU\��/DWHU�ZH�PRGLILHG�WKH�SURFHVV�ZLWK�DQ�RQOLQH�

SHULRGLFDOO\�UHSHDWHG�FOHDQLQJ�SURFHGXUH�WR�NHHS�WKH�HYDSRUDWLRQ�FDSDFLW\�RI�WKH�V\VWHP�

FRQVWDQW���

)LQDOO\�WKH�PRVW�LPSRUWDQW�HFRQRPLF�IDFWRU�ZDV�WKH�VSHFLILF�FRQVXPSWLRQ�RI�VWHDP�

�VWHDP�FRQVXPSWLRQ���HYDSRUDWHG�ZDWHU���:H�IRXQG�IURP�WKH�PRGHO�WKDW�WKLV�IDFWRU�ZDV�

�����EXW�LQ�SUDFWLFH�WKH�DYHUDJH�FRHIILFLHQW�ZDV�IRXQG�WR�EH�������

:H�EHOLHYH�WKDW�WKH�SUHVHQWHG�FDVH�VKRZV�KRZ�WKH�HTXLSPHQW�RI�DQ�ROG�SURFHVV�FDQ�

EH� DSSOLHG� WR� WKH� SURGXFWLRQ� RI� D� QHZ� SURGXFW� E\� LPSOHPHQWDWLRQ� RI� WKH� DSSURSULDWH�

HQJLQHHULQJ�NQRZ�KRZ��$OPRVW�HLJKW�\HDUV�ODWHU��WKH�HTXLSPHQW�LV�VWLOO�LQ�RSHUDWLRQ�
�
�

1RPHQFODWXUH�

.H � HEXOOLRVFRSLF FRQVWDQW

'7H � HEXOLRVFRSLF %3(

%3( � ERLOLQJ�SRLQW HOHYDWLRQ

P� � PDVV RI VROYHQW�ZDWHU

P� � PDVV RI VROXWH�1D2+

'+� � ODWHQW KHDW RI HYDSRUDWLRQ

7E � ERLOLQJ WHPSHUDWXUH

&� � FRFQFHQWUDWLRQ RI VROXWH�
3DEV � DEVROXWH SUHDVVXUH

T � KHDW IOX[ �:�P
�
�

7VDW � WHPS� RI VDWXUDWHG VWHDP

7E � ERLOLQJ WHPS� RI VROXWLRQ�1D2+

J � JUDYLW\ FRQVWDQW

7GLII � WHPSHUDWXUH GLIIHUHQFH

DZ � KHDW WUDQVIHU FRHIILFLHQW

S � SUHVVXUH RI VDWXUDWHG VWHDP�

�

�

5HIHUHQFHV�DQG�1RWHV�
�� 5DQW� =� 9HUGDPSIHQ LQ WKHRULH XQG SUD[LV� 9HUODJ 7KHRGRU 6WHLQNRSII� 'UHVGHQ� �����
�� 0F&DEH� :� /�� 6PLWK -� &�� +DUULRW� 3� 8QLW RSHUDWLRQV RI &KHPLFDO (QJLQHHULQJ � �WK HG�� 0F*UDZ�

+LOO� 6LQJDSRUH� ����� FKDSWHU ���
�� *RORE� -�� 0RGLF� 5�� ýHUQHWLþ� -� 0DWKHPDWLFDO PRGHO IRU VL]LQJ PXOWLSOH HIIHFW HYDSRUDWRU�

&RPSXWHUV LQ &KHPLVWU\ ����� &RQIHUHQFH LQ %OHG 6ORYHQLD�
�� %LOOHW� 5� 9HUGDPSIXQJ XQG LKUH WHFKQLVFKHQ DQZHQGXQJHQ� 9HUODJ &KHPLH *PE+� :HLQKHLP� �����
�� *HDQNRSOLV� &� -� 7UDQVSRUW SURFHVVHV � PRPHQWXP� KHDW� DQG PDVV� $OO\Q DQG %DFRQ� 0DVVDFKXVHWWV�

�����
�� 3HUU\� 5�+� &KHPLFDO HQJLQHHUV KDQGERRN� �WK (G�� 0F*UDZ�+LOO� �����
�� 6FKZHLW]HU� 3�$� 6HSDUDWLRQ WHFKQLTXHV IRU &KHPLFDO (QJLQHHUV � �QG (G�� 0F*UDZ�+LOO� �����
�� 0F$GDPV� :� +� +HDW WUDQVPLVVLRQ � �UG (G�� 0F*UDZ�+LOO� �����
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�� .OLQDU� '�� *RORE -� âWLULVWRSHQMVND YDNXXPVND XSDULOQD EDWHULMD ]D ]HROLWQL 1D2+� 5HVHDUFK UHSRUW�

����� ª6,/.(0 G�R�R�© .LGULþHYR 6ORYHQLD�

3RY]HWHN��
9VH YHþML HNRORãNL LQWHUHV ]D ãLULWHY XSRUDEH ]HROLWRY MH SRQXGLO SULORåQRVW ]D SUHQRYR

VWDUHJD %D\HUMHYHJD SURFHVD SURL]YRGQMH JOLQLFH L] ERNVLWD� 3UL XYDMDQMX QRYHJD L]GHOND VH

MH SRND]DOR XSDUHYDQMH RGSDGQHJD 1D2+ NRW NOMXþQD UHãLWHY� NL MH RPRJRþDOD UHãLWHY

HNRORJLMH �UHFLNOLUDQMH� NDNRU HNRQRPLNH SURL]YRGQMH� 3RJOREOMHQ LQåHQLUVNL SULVWRS MH

RPRJRþLO UHYLWDOL]DFLMR LQ XþLQNRYLWR REUDWRYDQMH YHþ NRW �� OHW VWDUHJD SRVWURMHQMD�

8SRUDELOL VPR SROHPSLULþHQ SULVWRS QD RVQRYL LGHMH =� 5DQWD WHU QHNDWHUH SUHL]NXãHQH

HPSLULþQH HQDþEH UD]OLþQLK DYWRUMHY� ,GHMD MH� GD QDMSUHM L]UDþXQDPR IXQNFLMH '7  I �T� ]D

SRVDPH]HQ SUHKRG DOL SUHVWRS �L] SDUH QD VWHQR FHYL� VNR]L VWHQR FHYL� VNR]L REORJR LQ Y

YUHOR UD]WRSLQR� QDWR SD YVRWR YVHK IXQNFLM ± VXPDUQL JUDI �6/,.$��� ]D YVDN XSDULOQLN

SRVHEHM� WDNãHQ JUDI QDP QDWR RPRJRþD GRORþLWL T JOHGH QD ODKNR PHUOMLY '7 PHG QDVLþHQR

SDUR LQ YUHOR UD]WRSLQR� =QDQ T QDP RPRJRþD L]UDþXQ SRVDPLþQLK NRHILFLHQWRY SUHQRVD

WRSORWH NRQþQR SD WXGL FHORWQHJD NRHILFLHQWD SUHQRVD WRSORWH QD SRVDPH]QHP XSDULOQLNX�

0HWRGD RPRJRþD WXGL REUDWHQ SULVWRS� 1D RVQRYL PHUMHQLK WHPSHUDWXUQLK UD]OLN MH PRJRþH

VLPXOLUDWL GHEHOLQR REORJH� NDMWL OH WD LPD QDMYHþML YSOLY QD '7� 7DNR VPR GRORþLOL XþLQHN

YSOLYD REORJ QD GHORYDQMH XSDULOQLNRY WHU VSR]QDOL� GD MH QXMQR QMLKRYR UHGQR

RGVWUDQMHYDQMH� ,]GHODQL PRGHO MH RPRJRþLO RSWLPLUDWL SURFHV LQ GRORþLWL PHWRGH ]D

VSUHPOMDQMH REUDWRYDQMD NDNRU WXGL GRORþLWL XNUHSH ]D QMHJRYR L]EROMãDQMH� 3R VNRUDM RVPLK

OHWLK SURFHV ãH YHGQR XVSHãQR REUDWXMH�


