
UHJXODWRU\�DJHQFLHV��DQG�DW�EHVW�DUH�LQVWUXPHQWDO�LQ�GHYHORSLQJ�SURILWDEOH�SROOXWLRQ�
FRQWURO�SURGXFWV�DQG�SURFHVVHV�

6RPH�EDFNJURXQG�LQ�HQYLURQPHQWDO�FKHPLVWU\�VKRXOG�EH�SDUW� RI� WKH� WUDLQLQJ� RI
HYHU\�FKHPLVWU\�VWXGHQW��7KH�HFRORJLFDOO\�LOOLWHUDWH�FKHPLVW�FDQ�EH�D�YHU\�GDQJHURXV
VSHFLHV��&KHPLVWV�PXVW�EH�DZDUH�RI�WKH�SRVVLEOH�HIIHFWV�WKHLU�SURGXFWV�DQG�SURFHVVHV
PLJKW� KDYH� XSRQ� WKH� HQYLURQPHQW�� )XUWKHUPRUH�� DQ\� VHULRXV� DWWHPSW� WR� VROYH
HQYLURQPHQWDO�SUREOHPV�PXVW�LQYROYH�WKH�H[WHQVLYH�XVH�RI� FKHPLFDOV� DQG� FKHPLFDO
SURFHVVHV�

7KHUH�DUH�VRPH�WKLQJV�WKDW�HQYLURQPHQWDO�FKHPLVWU\�LV�QRW��,W�LV�QRW�MXVW�WKH�VDPH
ROG�FKHPLVWU\�ZLWK�D�GLIIHUHQW�FRYHU�DQG�WLWOH��%HFDXVH�LW�GHDOV�ZLWK�QDWXUDO�V\VWHPV�
LW�LV�PRUH�FRPSOLFDWHG�DQG�GLIILFXOW�WKDQ�³SXUH´�FKHPLVWU\��6WXGHQWV�VRPHWLPHV�ILQG
WKLV�KDUG�WR�JUDVS��DQG�VRPH�WUDGLWLRQDOLVW�IDFXOW\�ILQG�LW�LPSRVVLEOH��$FFXVWRPHG�WR
WKH� FOHDU�FXW� FRQFHSWV� RI� UHODWLYHO\� VLPSOH�� ZHOO�GHILQHG�� WKRXJK� RIWHQ� XQUHDOLVWLF
V\VWHPV��WKH\�PD\�ILQG�HQYLURQPHQWDO�FKHPLVWU\�WR�EH�SRRUO\�GHOLQHDWHG��YDJXH��DQG
FRQIXVLQJ��0RUH�RIWHQ�WKDQ�QRW��LW�LV�LPSRVVLEOH�WR�FRPH�XS�ZLWK�D�VLPSOH�DQVZHU�WR
DQ�HQYLURQPHQWDO � FKHPLVWU\� SUREOHP��%XW�� EXLOGLQJ� RQ� DQ� HYHU�LQFUHDVLQJ� ERG\� RI
NQRZOHGJH�� WKH� HQYLURQPHQWDO� FKHPLVW� FDQ� PDNH� HGXFDWHG� JXHVVHV� DV� WR� KRZ
HQYLURQPHQWDO�V\VWHPV�ZLOO�EHKDYH�

&KHPLFDO�$QDO\VLV�LQ�(QYLURQPHQWDO�&KHPLVWU\

2QH�RI�HQYLURQPHQWDO�FKHPLVWU\¶V�PDMRU�FKDOOHQJHV�LV� WKH� GHWHUPLQDWLRQ� RI� WKH
QDWXUH� DQG� TXDQWLW\� RI� VSHFLILF� SROOXWDQWV� LQ� WKH� HQYLURQPHQW�� 7KXV�� FKHPLFDO
DQDO\VLV�LV�D� YLWDO� ILUVW� VWHS� LQ� HQYLURQPHQWDO� FKHPLVWU\� UHVHDUFK�� 7KH� GLIILFXOW\� RI
DQDO\]LQJ�IRU�PDQ\�HQYLURQPHQWDO�SROOXWDQWV�FDQ�EH�DZHVRPH��6LJQLILFDQW�OHYHOV�RI
DLU�SROOXWDQWV�PD\�FRQVLVW�RI�OHVV�WKDQ�D�PLFURJUDP�SHU�FXELF�PHWHU�RI�DLU��)RU�PDQ\
ZDWHU�SROOXWDQWV��RQH�SDUW�SHU�PLOOLRQ�E\�ZHLJKW��HVVHQWLDOO\���PLOOLJUDP�SHU�OLWHU��LV
D�YHU\�KLJK�YDOXH��(QYLURQPHQWDOO\�VLJQLILFDQW�OHYHOV�RI�VRPH�SROOXWDQWV�PD\�EH�RQO\
D�IHZ�SDUWV�SHU�WULOOLRQ��7KXV��LW�LV�REYLRXV�WKDW�WKH�FKHPLFDO�DQDO\VHV�XVHG�WR�VWXG\
VRPH�HQYLURQPHQWDO�V\VWHPV�UHTXLUH�D�YHU\�ORZ�OLPLW�RI�GHWHFWLRQ�

+RZHYHU�� HQYLURQPHQWDO� FKHPLVWU\� LV� QRW� WKH� VDPH� DV� DQDO\WLFDO� FKHPLVWU\�
ZKLFK�LV�RQO\�RQH�RI�WKH�PDQ\�VXEGLVFLSOLQHV� WKDW� DUH� LQYROYHG� LQ� WKH� VWXG\� RI� WKH
FKHPLVWU\�RI�WKH�HQYLURQPHQW��$OWKRXJK�D�³EUXWH�IRUFH´�DSSURDFK� WR� HQYLURQPHQWDO
FRQWURO��LQYROYLQJ�DWWHPSWV�WR�PRQLWRU�HDFK�HQYLURQPHQWDO�QLFKH� IRU� HYHU\� SRVVLEOH
SROOXWDQW�� LQFUHDVHV� HPSOR\PHQW� IRU� FKHPLVWV� DQG� UDLVHV� VDOHV� RI� DQDO\WLFDO� LQVWUX�
PHQWV��LW�LV�D�ZDVWHIXO�ZD\�WR�GHWHFW�DQG�VROYH�HQYLURQPHQWDO�SUREOHPV��GHJHQHUDWLQJ
LQWR� D� PLQGOHVV� H[HUFLVH� LQ� WKH� FROOHFWLRQ� RI� PDUJLQDOO\� XVHIXO� QXPEHUV�� 7KRVH
UHVSRQVLEOH� IRU� HQYLURQPHQWDO� SURWHFWLRQ� PXVW� EH� VPDUWHU� WKDQ� WKDW�� ,Q� RUGHU� IRU
FKHPLVWU\� WR� PDNH� D� PD[LPXP� FRQWULEXWLRQ� WR� WKH� VROXWLRQ� RI� HQYLURQPHQWDO
SUREOHPV��WKH�FKHPLVW�PXVW�ZRUN�WRZDUG�DQ�XQGHUVWDQGLQJ�RI� WKH� QDWXUH�� UHDFWLRQV�
DQG� WUDQVSRUW� RI� FKHPLFDO� VSHFLHV� LQ� WKH� HQYLURQPHQW�� $QDO\WLFDO� FKHPLVWU\� LV� D
IXQGDPHQWDO�DQG�FUXFLDO�SDUW�RI�WKDW�HQGHDYRU�

(QYLURQPHQWDO�%LRFKHPLVWU\

7KH�XOWLPDWH�HQYLURQPHQWDO�FRQFHUQ�LV�WKDW�RI�OLIH�LWVHOI��7KH�GLVFLSOLQH�WKDW�GHDOV
VSHFLILFDOO\� ZLWK� WKH� HIIHFWV� RI� HQYLURQPHQWDO� FKHPLFDO� VSHFLHV� RQ� OLIH� LV
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HQYLURQPHQWDO� ELRFKHPLVWU\�� $� UHODWHG� DUHD�� WR[LFRORJLFDO� FKHPLVWU\�� LV� WKH
FKHPLVWU\� RI� WR[LF� VXEVWDQFHV�ZLWK� HPSKDVLV� XSRQ� WKHLU� LQWHUDFWLRQV�ZLWK� ELRORJLF
WLVVXH�DQG�OLYLQJ�RUJDQLVPV���7R[LFRORJLFDO�FKHPLVWU\��ZKLFK� LV� GLVFXVVHG� LQ� GHWDLO
LQ�&KDSWHUV����DQG� ���� GHDOV�ZLWK� WKH� FKHPLFDO� QDWXUH� DQG� UHDFWLRQV� RI� WR[LF� VXE�
VWDQFHV�DQG�LQYROYHV�WKHLU�RULJLQV��XVHV��DQG�FKHPLFDO�DVSHFWV�RI�H[SRVXUH��IDWHV��DQG
GLVSRVDO�

���� :$7(5��$,5��($57+��/,)(��$1'�7(&+12/2*<

,Q� OLJKW� RI� WKH� DERYH� GHILQLWLRQV�� LW� LV� QRZ� SRVVLEOH� WR� FRQVLGHU� HQYLURQPHQWDO
FKHPLVWU\�IURP�WKH�YLHZSRLQW�RI�WKH�LQWHUDFWLRQV�DPRQJ�ZDWHU��DLU��HDUWK��OLIH��DQG�WKH
DQWKURVSKHUH� RXWOLQHG� LQ )LJXUH� ����� 7KHVH� ILYH� HQYLURQPHQWDO� ³VSKHUHV´� DQG� WKH
LQWHUUHODWLRQVKLSV�DPRQJ�WKHP�DUH�VXPPDUL]HG�LQ�WKLV�VHFWLRQ��,Q�DGGLWLRQ��WKH�FKDS�
WHUV�LQ�ZKLFK�HDFK�RI�WKHVH�WRSLFV�LV�GLVFXVVHG�LQ�JUHDWHU�GHWDLO�DUH�GHVLJQDWHG�KHUH��

:DWHU�DQG�WKH�+\GURVSKHUH

:DWHU��ZLWK�D�GHFHSWLYHO\�VLPSOH�FKHPLFDO�IRUPXOD�RI�+�2��LV�D�YLWDOO\�LPSRUWDQW
VXEVWDQFH� LQ� DOO� SDUWV� RI� WKH� HQYLURQPHQW�� :DWHU� FRYHUV� DERXW� ���� RI� (DUWK¶V
VXUIDFH��,W�RFFXUV�LQ�DOO�VSKHUHV�RI�WKH�HQYLURQPHQW²LQ�WKH�RFHDQV�DV�D�YDVW�UHVHUYRLU
RI� VDOWZDWHU�� RQ� ODQG� DV� VXUIDFH� ZDWHU� LQ� ODNHV� DQG� ULYHUV�� XQGHUJURXQG� DV
JURXQGZDWHU��LQ�WKH�DWPRVSKHUH�DV�ZDWHU�YDSRU��LQ�WKH�SRODU�LFHFDSV�DV�VROLG�LFH��DQG
LQ� PDQ\� VHJPHQWV� RI� WKH� DQWKURVSKHUH� VXFK� DV� LQ� ERLOHUV� RU� PXQLFLSDO� ZDWHU
GLVWULEXWLRQ� V\VWHPV�� :DWHU� LV� DQ� HVVHQWLDO� SDUW� RI� DOO� OLYLQJ� V\VWHPV� DQG� LV� WKH
PHGLXP�IURP�ZKLFK�OLIH�HYROYHG�DQG�LQ�ZKLFK�OLIH�H[LVWV�

(QHUJ\� DQG�PDWWHU� DUH� FDUULHG� WKURXJK� YDULRXV� VSKHUHV� RI� WKH� HQYLURQPHQW� E\
ZDWHU��:DWHU�OHDFKHV�VROXEOH� FRQVWLWXHQWV� IURP�PLQHUDO�PDWWHU� DQG� FDUULHV� WKHP� WR
WKH� RFHDQ� RU� OHDYHV� WKHP� DV� PLQHUDO� GHSRVLWV� VRPH� GLVWDQFH� IURP� WKHLU� VRXUFHV�
:DWHU�FDUULHV�SODQW�QXWULHQWV�IURP�VRLO�LQWR�WKH�ERGLHV�RI�SODQWV�E\�ZD\�RI�SODQW�URRWV�
6RODU�HQHUJ\�DEVRUEHG�LQ�WKH�HYDSRUDWLRQ�RI�RFHDQ�ZDWHU�LV�FDUULHG�DV�ODWHQW�KHDW�DQG
UHOHDVHG�LQODQG��7KH�DFFRPSDQ\LQJ�UHOHDVH�RI�ODWHQW�KHDW�SURYLGHV�D�ODUJH�IUDFWLRQ�RI
WKH� HQHUJ\� WKDW� LV� WUDQVSRUWHG� IURP� HTXDWRULDO� UHJLRQV� WRZDUG� (DUWK¶V� SROHV� DQG
SRZHUV�PDVVLYH�VWRUPV�

:DWHU� LV� REYLRXVO\� DQ� LPSRUWDQW� WRSLF� LQ� HQYLURQPHQWDO� VFLHQFHV�� ,WV� HQYLURQ�
PHQWDO�FKHPLVWU\�LV�GLVFXVVHG�LQ�GHWDLO�LQ�&KDSWHUV���������

$LU�DQG�WKH�$WPRVSKHUH

7KH� DWPRVSKHUH� LV� D� SURWHFWLYH� EODQNHW� ZKLFK� QXUWXUHV� OLIH� RQ� WKH� (DUWK� DQG
SURWHFWV�LW � IURP� WKH� KRVWLOH� HQYLURQPHQW� RI� RXWHU� VSDFH�� ,W� LV� WKH� VRXUFH� RI� FDUERQ
GLR[LGH� IRU� SODQW� SKRWRV\QWKHVLV� DQG� RI� R[\JHQ� IRU� UHVSLUDWLRQ�� ,W� SURYLGHV� WKH
QLWURJHQ�WKDW�QLWURJHQ�IL[LQJ�EDFWHULD� DQG� DPPRQLD�PDQXIDFWXULQJ� LQGXVWULDO� SODQWV
XVH�WR�SURGXFH�FKHPLFDOO\�ERXQG�QLWURJHQ��DQ�HVVHQWLDO�FRPSRQHQW�RI�OLIH�PROHFXOHV�
$V� D� EDVLF SDUW� RI� WKH� K\GURORJLF� F\FOH� �&KDSWHU� ��� )LJXUH� ������ WKH� DWPRVSKHUH
WUDQVSRUWV�ZDWHU�IURP�WKH�RFHDQV�WR�ODQG��WKXV�DFWLQJ�DV�WKH�FRQGHQVHU�LQ�D�YDVW�VRODU�
SRZHUHG�VWLOO��7KH�DWPRVSKHUH�VHUYHV�D�YLWDO�SURWHFWLYH�IXQFWLRQ��DEVRUELQJ� KDUPIXO
XOWUDYLROHW�UDGLDWLRQ�IURP�WKH�VXQ�DQG�VWDELOL]LQJ�(DUWK¶V�WHPSHUDWXUH�
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$WPRVSKHULF�VFLHQFH�GHDOV�ZLWK�WKH�PRYHPHQW�RI�DLU�PDVVHV�LQ�WKH�DWPRVSKHUH�
DWPRVSKHULF� KHDW� EDODQFH�� DQG� DWPRVSKHULF� FKHPLFDO� FRPSRVLWLRQ� DQG� UHDFWLRQV�
$WPRVSKHULF�FKHPLVWU\�LV�FRYHUHG�LQ�WKLV�ERRN�LQ�&KDSWHUV��±���

(DUWK

7KH�JHRVSKHUH��RU�VROLG�(DUWK��GLVFXVVHG�LQ�JHQHUDO�LQ�&KDSWHU�����LV�WKDW�SDUW�RI
WKH�(DUWK�XSRQ�ZKLFK�KXPDQV�OLYH�DQG�IURP�ZKLFK�WKH\�H[WUDFW�PRVW�RI� WKHLU� IRRG�
PLQHUDOV��DQG� IXHOV�� 7KH� HDUWK� LV� GLYLGHG� LQWR� OD\HUV�� LQFOXGLQJ� WKH� VROLG�� LURQ�ULFK
LQQHU� FRUH�� PROWHQ� RXWHU� FRUH�� PDQWOH�� DQG� FUXVW�� (QYLURQPHQWDO� VFLHQFH� LV� PRVW
FRQFHUQHG�ZLWK�WKH�OLWKRVSKHUH��ZKLFK� FRQVLVWV� RI� WKH� RXWHU�PDQWOH� DQG� WKH�FUXVW�
7KH�ODWWHU�LV�WKH�HDUWK¶V�RXWHU�VNLQ�WKDW�LV�DFFHVVLEOH�WR�KXPDQV��,W�LV� H[WUHPHO\� WKLQ
FRPSDUHG�WR�WKH�GLDPHWHU�RI�WKH�HDUWK��UDQJLQJ�IURP���WR����NP�WKLFN�

*HRORJ\�LV�WKH�VFLHQFH�RI�WKH�JHRVSKHUH��$V�VXFK��LW�SHUWDLQV�PRVWO\�WR�WKH�VROLG
PLQHUDO�SRUWLRQV�RI�(DUWK¶V�FUXVW��%XW�LW�PXVW�DOVR�FRQVLGHU�ZDWHU��ZKLFK�LV�LQYROYHG
LQ� ZHDWKHULQJ� URFNV� DQG� LQ� SURGXFLQJ� PLQHUDO� IRUPDWLRQV�� WKH� DWPRVSKHUH� DQG
FOLPDWH��ZKLFK�KDYH�SURIRXQG�HIIHFWV�RQ�WKH�JHRVSKHUH� DQG� LQWHUFKDQJH�PDWWHU� DQG
HQHUJ\�ZLWK�LW��DQG�OLYLQJ�V\VWHPV��ZKLFK�ODUJHO\�H[LVW�RQ�WKH�JHRVSKHUH�DQG�LQ�WXUQ
KDYH� VLJQLILFDQW� HIIHFWV� RQ� LW�� *HRORJLFDO� VFLHQFH� XVHV� FKHPLVWU\� LQ� WKH� IRUP� RI
JHRFKHPLVWU\�WR�H[SODLQ�WKH�QDWXUH�DQG�EHKDYLRU�RI�JHRORJLFDO�PDWHULDOV��SK\VLFV� WR
H[SODLQ� WKHLU�PHFKDQLFDO� EHKDYLRU�� DQG� ELRORJ\� WR� H[SODLQ� WKH� PXWXDO� LQWHUDFWLRQV
EHWZHHQ� WKH� JHRVSKHUH� DQG� WKH� ELRVSKHUH��� 0RGHUQ� WHFKQRORJ\�� IRU� H[DPSOH� WKH
DELOLW\�WR�PRYH�PDVVLYH�TXDQWLWLHV�RI�GLUW�DQG�URFN�DURXQG��KDV�D�SURIRXQG�LQIOXHQFH
RQ�WKH�JHRVSKHUH�

7KH�PRVW�LPSRUWDQW�SDUW�RI�WKH�JHRVSKHUH�IRU�OLIH�RQ�HDUWK�LV�VRLO�IRUPHG�E\�WKH
GLVLQWHJUDWLYH�ZHDWKHULQJ�DFWLRQ�RI�SK\VLFDO��JHRFKHPLFDO�� DQG� ELRORJLFDO� SURFHVVHV
RQ� URFN�� ,W� LV� WKH� PHGLXP� XSRQ� ZKLFK� SODQWV� JURZ�� DQG� YLUWXDOO\� DOO� WHUUHVWULDO
RUJDQLVPV� GHSHQG� XSRQ� LW� IRU� WKHLU� H[LVWHQFH�� 7KH� SURGXFWLYLW\� RI� VRLO� LV� VWURQJO\
DIIHFWHG�E\�HQYLURQPHQWDO�FRQGLWLRQV�DQG�SROOXWDQWV�� %HFDXVH� RI� WKH� LPSRUWDQFH� RI
VRLO��DOO�RI�&KDSWHU����LV�GHYRWHG�WR�LW�

/LIH

%LRORJ\�LV�WKH�VFLHQFH�RI� OLIH�� ,W� LV� EDVHG� RQ� ELRORJLFDOO\� V\QWKHVL]HG� FKHPLFDO
VSHFLHV��PDQ\�RI�ZKLFK�H[LVW�DV� ODUJH�PROHFXOHV� FDOOHG�PDFURPROHFXOHV�� $V� OLYLQJ
EHLQJV��WKH�XOWLPDWH�FRQFHUQ�RI�KXPDQV�ZLWK�WKHLU�HQYLURQPHQW�LV�WKH�LQWHUDFWLRQ� RI
WKH� HQYLURQPHQW� ZLWK� OLIH�� 7KHUHIRUH�� ELRORJLFDO� VFLHQFH� LV� D� NH\� FRPSRQHQW� RI
HQYLURQPHQWDO�VFLHQFH�DQG�HQYLURQPHQWDO�FKHPLVWU\�

7KH�UROH�RI�OLIH�LQ�HQYLURQPHQWDO�VFLHQFH�LV�GLVFXVVHG�LQ�QXPHURXV�SDUWV� RI� WKLV
ERRN��)RU�H[DPSOH��WKH�FUXFLDO�HIIHFWV�RI�PLFURRUJDQLVPV� RQ� DTXDWLF� FKHPLVWU\� DUH
FRYHUHG� LQ� &KDSWHU� ��� ³$TXDWLF� 0LFURELDO� %LRFKHPLVWU\�´� &KDSWHU� ���
³(QYLURQPHQWDO� %LRFKHPLVWU\�´� DGGUHVVHV� ELRFKHPLVWU\� DV� LW� DSSOLHV� WR� WKH
HQYLURQPHQW���7KH�HIIHFWV�RQ�OLYLQJ�EHLQJV�RI�WR[LF� VXEVWDQFHV��PDQ\� RI�ZKLFK� DUH
HQYLURQPHQWDO�SROOXWDQWV��DUH�DGGUHVVHG� LQ�&KDSWHU� ���� ³7R[LFRORJLFDO�&KHPLVWU\�´
DQG�&KDSWHU�����³7R[LFRORJLFDO�&KHPLVWU\�RI�&KHPLFDO�6XEVWDQFHV�´�2WKHU�FKDSWHUV
GLVFXVV� DVSHFWV� RI� WKH� LQWHUDFWLRQ� RI� OLYLQJ� V\VWHPV� ZLWK� YDULRXV� SDUWV� RI� WKH
HQYLURQPHQW�
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7KH�$QWKURVSKHUH�DQG�7HFKQRORJ\

7HFKQRORJ\� UHIHUV� WR� WKH� ZD\V� LQ� ZKLFK� KXPDQV� GR� DQG� PDNH� WKLQJV� ZLWK
PDWHULDOV�DQG�HQHUJ\��,Q�WKH�PRGHUQ�HUD��WHFKQRORJ\�LV�WR�D�ODUJH�H[WHQW�WKH�SURGXFW
RI� HQJLQHHULQJ� EDVHG� RQ� VFLHQWLILF� SULQFLSOHV�� 6FLHQFH� GHDOV� ZLWK� WKH� GLVFRYHU\�
H[SODQDWLRQ�� DQG� GHYHORSPHQW� RI� WKHRULHV� SHUWDLQLQJ� WR� LQWHUUHODWHG� QDWXUDO
SKHQRPHQD�RI�HQHUJ\��PDWWHU��WLPH��DQG�VSDFH��%DVHG�RQ�WKH�IXQGDPHQWDO�NQRZOHGJH
RI�VFLHQFH��HQJLQHHULQJ� SURYLGHV� WKH� SODQV� DQG�PHDQV� WR� DFKLHYH� VSHFLILF� SUDFWLFDO
REMHFWLYHV��7HFKQRORJ\�XVHV�WKHVH�SODQV�WR�FDUU\�RXW�WKH�GHVLUHG�REMHFWLYHV�

,W� LV� HVVHQWLDO� WR� FRQVLGHU� WHFKQRORJ\�� HQJLQHHULQJ�� DQG� LQGXVWULDO� DFWLYLWLHV� LQ
VWXG\LQJ�HQYLURQPHQWDO�VFLHQFH�EHFDXVH�RI�WKH�HQRUPRXV�LQIOXHQFH�WKDW�WKH\�KDYH�RQ
WKH�HQYLURQPHQW��+XPDQV�ZLOO�XVH�WHFKQRORJ\�WR�SURYLGH�WKH�IRRG��VKHOWHU��DQG�JRRGV
WKDW� WKH\� QHHG� IRU� WKHLU� ZHOO�EHLQJ� DQG� VXUYLYDO�� 7KH� FKDOOHQJH� LV� WR� LQWHUZHDYH
WHFKQRORJ\�ZLWK�FRQVLGHUDWLRQV�RI�WKH�HQYLURQPHQW�DQG�HFRORJ\�VXFK�WKDW�WKH�WZR�DUH
PXWXDOO\�DGYDQWDJHRXV�UDWKHU�WKDQ�LQ�RSSRVLWLRQ�WR�HDFK�RWKHU�

7HFKQRORJ\��SURSHUO\�DSSOLHG��LV�DQ�HQRUPRXVO\�SRVLWLYH� LQIOXHQFH� IRU� HQYLURQ�
PHQWDO�SURWHFWLRQ��7KH�PRVW�REYLRXV�VXFK� DSSOLFDWLRQ� LV� LQ� DLU� DQG�ZDWHU� SROOXWLRQ
FRQWURO��$V�QHFHVVDU\�DV�³HQG�RI�SLSH´�PHDVXUHV�DUH�IRU�WKH�FRQWURO�RI�DLU�DQG�ZDWHU
SROOXWLRQ��LW�LV�PXFK�EHWWHU�WR�XVH�WHFKQRORJ\�LQ�PDQXIDFWXULQJ�SURFHVVHV�WR�SUHYHQW
WKH�IRUPDWLRQ�RI�SROOXWDQWV��7HFKQRORJ\�LV�EHLQJ�XVHG�LQFUHDVLQJO\�WR�GHYHORS�KLJKO\
HIILFLHQW�SURFHVVHV�RI�HQHUJ\�FRQYHUVLRQ��UHQHZDEOH�HQHUJ\�UHVRXUFH�XWLOL]DWLRQ��DQG
FRQYHUVLRQ� RI� UDZ�PDWHULDOV� WR� ILQLVKHG� JRRGV� ZLWK� PLQLPXP� JHQHUDWLRQ� RI� KD]�
DUGRXV�ZDVWH�E\�SURGXFWV��,Q�WKH�WUDQVSRUWDWLRQ�DUHD��SURSHUO\�DSSOLHG�WHFKQRORJ\�LQ
DUHDV�VXFK�DV�KLJK�VSHHG�WUDLQ�WUDQVSRUW�FDQ�HQRUPRXVO\�LQFUHDVH� WKH� VSHHG�� HQHUJ\
HIILFLHQF\��DQG�VDIHW\�RI�PHDQV�IRU�PRYLQJ�SHRSOH�DQG�JRRGV�

8QWLO�YHU\�UHFHQWO\��WHFKQRORJLFDO�DGYDQFHV�ZHUH�PDGH� ODUJHO\�ZLWKRXW� KHHG� WR
HQYLURQPHQWDO� LPSDFWV��1RZ�� KRZHYHU�� WKH� JUHDWHVW� WHFKQRORJLFDO� FKDOOHQJH� LV� WR
UHFRQFLOH�WHFKQRORJ\�ZLWK�HQYLURQPHQWDO�FRQVHTXHQFHV��7KH�VXUYLYDO�RI�KXPDQNLQG
DQG� RI� WKH� SODQHW� WKDW� VXSSRUWV� LW� QRZ� UHTXLUHV� WKDW� WKH� HVWDEOLVKHG� WZR�ZD\
LQWHUDFWLRQ� EHWZHHQ� VFLHQFH� DQG� WHFKQRORJ\� EHFRPH� D� WKUHH�ZD\� UHODWLRQVKLS
LQFOXGLQJ�HQYLURQPHQWDO�SURWHFWLRQ�
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7KH�%LRVSKHUH

7KH�ELRVSKHUH�LV�WKH�QDPH�JLYHQ�WR� WKDW� SDUW� RI� WKH� HQYLURQPHQW� FRQVLVWLQJ� RI
RUJDQLVPV�DQG�OLYLQJ�ELRORJLFDO�PDWHULDO��9LUWXDOO\�DOO�RI�WKH�ELRVSKHUH�LV�FRQWDLQHG
E\�WKH�JHRVSKHUH�DQG�K\GURVSKHUH�LQ�WKH�YHU\�WKLQ�OD\HU�ZKHUH�WKHVH�HQYLURQPHQWDO
VSKHUHV� LQWHUIDFH� ZLWK� WKH� DWPRVSKHUH�� 7KHUH� DUH� VRPH� VSHFLDOL]HG� OLIH� IRUPV� DW
H[WUHPH�GHSWKV�LQ�WKH� RFHDQ�� EXW� WKHVH� DUH� VWLOO� UHODWLYHO\� FORVH� WR� WKH� DWPRVSKHULF
LQWHUIDFH�

7KH� ELRVSKHUH� VWURQJO\� LQIOXHQFHV�� DQG� LQ� WXUQ� LV� VWURQJO\� LQIOXHQFHG� E\�� WKH
RWKHU� SDUWV� RI� WKH� HQYLURQPHQW�� ,W� LV� EHOLHYHG� WKDW� RUJDQLVPV�ZHUH� UHVSRQVLEOH� IRU
FRQYHUWLQJ�(DUWK¶V� RULJLQDO� UHGXFLQJ� DWPRVSKHUH� WR� DQ� R[\JHQ�ULFK� RQH�� D� SURFHVV
WKDW�DOVR�UHVXOWHG�LQ�WKH�IRUPDWLRQ�RI�PDVVLYH�GHSRVLWV�RI�R[LGL]HG�PLQHUDOV��VXFK�DV
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LURQ� LQ� GHSRVLWV� RI� )H�2��� 3KRWRV\QWKHWLF� RUJDQLVPV� UHPRYH� &2�� IURP� WKH
DWPRVSKHUH�� WKXV� SUHYHQWLQJ� UXQDZD\� JUHHQKRXVH� ZDUPLQJ� RI� (DUWK¶V� VXUIDFH�
2UJDQLVPV�VWURQJO\�LQIOXHQFH�ERGLHV�RI�ZDWHU��SURGXFLQJ�ELRPDVV�UHTXLUHG�IRU�OLIH�LQ
WKH�ZDWHU�DQG�PHGLDWLQJ�R[LGDWLRQ�UHGXFWLRQ� UHDFWLRQV� LQ� WKH�ZDWHU��2UJDQLVPV� DUH
VWURQJO\�LQYROYHG�ZLWK�ZHDWKHULQJ�SURFHVVHV�WKDW�EUHDN�GRZQ�URFNV�LQ�WKH�JHRVSKHUH
DQG� FRQYHUW� URFN� PDWWHU� WR� VRLO�� /LFKHQV�� FRQVLVWLQJ� RI� V\PELRWLF� �PXWXDOO\
DGYDQWDJHRXV��FRPELQDWLRQV�RI�DOJDH�DQG�IXQJL��DWWDFK�VWURQJO\�WR�URFNV��WKH\�VHFUHWH
FKHPLFDO�VSHFLHV�WKDW� VORZO\� GLVVROYH� WKH� URFN� VXUIDFH� DQG� UHWDLQ� VXUIDFH�PRLVWXUH
WKDW�SURPRWHV�URFN�ZHDWKHULQJ�

7KH�ELRVSKHUH�LV�EDVHG�XSRQ�SODQW�SKRWRV\QWKHVLV��ZKLFK�IL[HV�VRODU�HQHUJ\��KႮ�
DQG�FDUERQ�IURP�DWPRVSKHULF�&2��LQ�WKH�IRUP�RI�KLJK�HQHUJ\�ELRPDVV�� UHSUHVHQWHG
DV�^&+�2`�

KႮ
&2����+�2��ȝ ��^&+�2`���2��J� �������

,Q� VR� GRLQJ�� SODQWV� DQG� DOJDH� IXQFWLRQ� DV� DXWRWURSKLF� RUJDQLVPV�� WKRVH� WKDW� XWLOL]H
VRODU�RU�FKHPLFDO�HQHUJ\�WR�IL[�HOHPHQWV�IURP�VLPSOH�� QRQOLYLQJ� LQRUJDQLF�PDWHULDO
LQWR�FRPSOH[�OLIH�PROHFXOHV� WKDW� FRPSRVH� OLYLQJ� RUJDQLVPV�� 7KH� RSSRVLWH� SURFHVV�
ELRGHJUDGDWLRQ�� EUHDNV� GRZQ� ELRPDVV� HLWKHU� LQ� WKH� SUHVHQFH� RI� R[\JHQ� �DHURELF
UHVSLUDWLRQ��

^&+�2`�����2��J���ȝ ��&2������+�2 �������

RU�DEVHQFH�RI�R[\JHQ��DQDHURELF�UHVSLUDWLRQ��

�^&+�2` ȝ &2��J������&+��J� �������

%RWK�DHURELF�DQG�DQDHURELF�ELRGHJUDGDWLRQ�JHW�ULG�RI�ELRPDVV�DQG�UHWXUQ�FDUERQ
GLR[LGH� WR� WKH� DWPRVSKHUH�� 7KH� ODWWHU� UHDFWLRQ� LV� WKH�PDMRU� VRXUFH� RI� DWPRVSKHULF
PHWKDQH�� 1RQGHJUDGHG� UHPDLQV� RI� WKHVH� SURFHVVHV� FRQVWLWXWH� RUJDQLF� PDWWHU� LQ
DTXDWLF� VHGLPHQWV� DQG� LQ� VRLOV�� ZKLFK� KDV� DQ� LPSRUWDQW� LQIOXHQFH� RQ� WKH
FKDUDFWHULVWLFV� RI� WKHVH� VROLGV��&DUERQ� WKDW�ZDV� RULJLQDOO\� IL[HG� SKRWRV\QWKHWLFDOO\
IRUPV�WKH�EDVLV�RI�DOO�IRVVLO�IXHOV�LQ�WKH�JHRVSKHUH�

7KHUH�LV� D� VWURQJ� LQWHUFRQQHFWLRQ� EHWZHHQ� WKH� ELRVSKHUH� DQG� WKH� DQWKURVSKHUH�
+XPDQV� GHSHQG� XSRQ� WKH� ELRVSKHUH� IRU� IRRG�� IXHO�� DQG� UDZ� PDWHULDOV�� +XPDQ
LQIOXHQFH�RQ�WKH�ELRVSKHUH�FRQWLQXHV�WR�FKDQJH�LW�GUDVWLFDOO\�� )HUWLOL]HUV�� SHVWLFLGHV�
DQG�FXOWLYDWLRQ�SUDFWLFHV�KDYH�YDVWO\�LQFUHDVHG�\LHOGV�RI�ELRPDVV�� JUDLQV�� DQG� IRRG�
'HVWUXFWLRQ�RI� KDELWDW� LV� UHVXOWLQJ� LQ� WKH� H[WLQFWLRQ� RI� YDVW� QXPEHUV� RI� VSHFLHV�� LQ
VRPH� FDVHV� HYHQ� EHIRUH� WKH\� DUH� GLVFRYHUHG�� %LRHQJLQHHULQJ� RI� RUJDQLVPV� ZLWK
UHFRPELQDQW�'1$� WHFKQRORJ\� DQG� ROGHU� WHFKQLTXHV� RI� VHOHFWLRQ� DQG� K\EULGL]DWLRQ
DUH�FDXVLQJ�JUHDW�FKDQJHV�LQ�WKH�FKDUDFWHULVWLFV�RI�RUJDQLVPV�DQG�SURPLVH�WR�UHVXOW�LQ
HYHQ�PRUH�VWULNLQJ�DOWHUDWLRQV�LQ�WKH�IXWXUH��,W�LV�WKH�UHVSRQVLELOLW\�RI�KXPDQNLQG� WR
PDNH�VXFK�FKDQJHV�LQWHOOLJHQWO\�DQG�WR�SURWHFW�DQG�QXUWXUH�WKH�ELRVSKHUH��

(FRORJ\

(FRORJ\�LV�WKH�VFLHQFH�WKDW�GHDOV�ZLWK�WKH�UHODWLRQVKLSV�EHWZHHQ�OLYLQJ�RUJDQLVPV
ZLWK�WKHLU�SK\VLFDO�HQYLURQPHQW� DQG�ZLWK� HDFK� RWKHU��� (FRORJ\� FDQ� EH� DSSURDFKHG
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IURP�WKH�YLHZSRLQWV�RI�����WKH�HQYLURQPHQW�DQG�WKH�GHPDQGV�LW�SODFHV�RQ�WKH�RUJDQ�
LVPV�LQ�LW�RU�����RUJDQLVPV�DQG�KRZ�WKH\�DGDSW�WR�WKHLU�HQYLURQPHQWDO�FRQGLWLRQV��$Q
HFRV\VWHP� FRQVLVWV� RI� DQ� DVVHPEO\� RI� PXWXDOO\� LQWHUDFWLQJ� RUJDQLVPV� DQG� WKHLU
HQYLURQPHQW�LQ�ZKLFK�PDWHULDOV� DUH� LQWHUFKDQJHG� LQ� D� ODUJHO\� F\FOLFDO�PDQQHU��$Q
HFRV\VWHP� KDV� SK\VLFDO�� FKHPLFDO�� DQG� ELRORJLFDO� FRPSRQHQWV� DORQJ� ZLWK� HQHUJ\
VRXUFHV� DQG� SDWKZD\V� RI� HQHUJ\� DQG� PDWHULDOV� LQWHUFKDQJH�� 7KH� HQYLURQPHQW� LQ
ZKLFK�D�SDUWLFXODU�RUJDQLVP�OLYHV�LV�FDOOHG�LWV�KDELWDW��7KH�UROH�RI�DQ�RUJDQLVP�LQ�D
KDELWDW�LV�FDOOHG�LWV�QLFKH��

)RU�WKH�VWXG\� RI� HFRORJ\� LW� LV� RIWHQ� FRQYHQLHQW� WR� GLYLGH� WKH� HQYLURQPHQW� LQWR
IRXU�EURDG�FDWHJRULHV��7KH�WHUUHVWULDO�HQYLURQPHQW�LV�EDVHG�RQ�ODQG�DQG�FRQVLVWV�RI
ELRPHV��VXFK�DV�JUDVVODQGV��VDYDQQDV��GHVHUWV��RU�RQH�RI�VHYHUDO�NLQGV�RI�IRUHVWV��7KH
IUHVKZDWHU� HQYLURQPHQW� FDQ� EH� IXUWKHU� VXEGLYLGHG� EHWZHHQ� VWDQGLQJ�ZDWHU
KDELWDWV� �ODNHV�� UHVHUYRLUV�� DQG� UXQQLQJ�ZDWHU� KDELWDWV� �VWUHDPV�� ULYHUV��� 7KH
RFHDQLF�PDULQH� HQYLURQPHQW� LV� FKDUDFWHUL]HG� E\� VDOWZDWHU� DQG� PD\� EH� GLYLGHG
EURDGO\�LQWR�WKH�VKDOORZ�ZDWHUV�RI�WKH�FRQWLQHQWDO�VKHOI�FRPSRVLQJ�WKH�QHULWLF�]RQH
DQG� WKH� GHHSHU� ZDWHUV� RI� WKH� RFHDQ� WKDW� FRQVWLWXWH� WKH� RFHDQLF� UHJLRQ�� $Q
HQYLURQPHQW�LQ�ZKLFK�WZR�RU�PRUH�NLQGV�RI�RUJDQLVPV�H[LVW�WRJHWKHU�WR�WKHLU�PXWXDO
EHQHILW�LV�WHUPHG�D�V\PELRWLF�HQYLURQPHQW�

$�SDUWLFXODUO\�LPSRUWDQW�IDFWRU�LQ�GHVFULELQJ�HFRV\VWHPV�LV� WKDW� RI� SRSXODWLRQV
FRQVLVWLQJ�RI�QXPEHUV�RI�D�VSHFLILF�VSHFLHV�RFFXS\LQJ�D�VSHFLILF�KDELWDW��3RSXODWLRQV
PD\� EH� VWDEOH�� RU� WKH\� PD\� JURZ� H[SRQHQWLDOO\� DV� D� SRSXODWLRQ� H[SORVLRQ�� $
SRSXODWLRQ� H[SORVLRQ� WKDW� LV� XQFKHFNHG� UHVXOWV� LQ� UHVRXUFH� GHSOHWLRQ�� ZDVWH
DFFXPXODWLRQ��DQG�SUHGDWLRQ� FXOPLQDWLQJ� LQ� DQ� DEUXSW� GHFOLQH� FDOOHG� D�SRSXODWLRQ
FUDVK��%HKDYLRU�LQ�DUHDV�VXFK�DV�KLHUDUFKLHV��WHUULWRULDOLW\��VRFLDO�VWUHVV��DQG�IHHGLQJ
SDWWHUQV�SOD\V�D�VWURQJ�UROH�LQ�GHWHUPLQLQJ�WKH�IDWHV�RI�SRSXODWLRQV�

7ZR�PDMRU�VXEGLYLVLRQV�RI�PRGHUQ�HFRORJ\�DUH�HFRV\VWHP�HFRORJ\��ZKLFK�YLHZV
HFRV\VWHPV�DV�ODUJH�XQLWV��DQG�SRSXODWLRQ�HFRORJ\��ZKLFK�DWWHPSWV� WR� H[SODLQ� HFR�
V\VWHP� EHKDYLRU� IURP� WKH� SURSHUWLHV� RI� LQGLYLGXDO� XQLWV�� ,Q� SUDFWLFH�� WKH� WZR
DSSURDFKHV�DUH�XVXDOO\�PHUJHG��'HVFULSWLYH�HFRORJ\�GHVFULEHV�WKH�W\SHV�DQG� QDWXUH
RI� RUJDQLVPV� DQG� WKHLU� HQYLURQPHQW�� HPSKDVL]LQJ� VWUXFWXUHV� RI� HFRV\VWHPV� DQG
FRPPXQLWLHV�� DQG� GLVSHUVLRQV� DQG� VWUXFWXUHV� RI� SRSXODWLRQV�� )XQFWLRQDO� HFRORJ\
H[SODLQV�KRZ� WKLQJV�ZRUN� LQ� DQ� HFRV\VWHP�� LQFOXGLQJ� KRZ� SRSXODWLRQV� UHVSRQG� WR
HQYLURQPHQWDO�DOWHUDWLRQ�DQG�KRZ�PDWWHU�DQG�HQHUJ\�PRYH�WKURXJK�HFRV\VWHPV�

$Q�XQGHUVWDQGLQJ�RI�HFRORJ\�LV�HVVHQWLDO�LQ�WKH�PDQDJHPHQW�RI�PRGHUQ�LQGXVWUL�
DOL]HG� VRFLHWLHV� LQ�ZD\V� WKDW� DUH� FRPSDWLEOH� ZLWK� HQYLURQPHQWDO� SUHVHUYDWLRQ� DQG
HQKDQFHPHQW��$SSOLHG�HFRORJ\�GHDOV�ZLWK�SUHGLFWLQJ�WKH�LPSDFWV�RI�WHFKQRORJ\�DQG
GHYHORSPHQW� DQG� PDNLQJ� UHFRPPHQGDWLRQV� VXFK� WKDW� WKHVH� DFWLYLWLHV� ZLOO� KDYH
PLQLPXP�DGYHUVH�LPSDFW��RU�HYHQ�SRVLWLYH�LPSDFW��RQ�HFRV\VWHPV�

���� (1(5*<�$1'�&<&/(6�2)�(1(5*<

%LRJHRFKHPLFDO�F\FOHV�DQG�YLUWXDOO\�DOO�RWKHU�SURFHVVHV�RQ�(DUWK� DUH� GULYHQ� E\
HQHUJ\�IURP�WKH�VXQ��7KH�VXQ�DFWV�DV�D�VR�FDOOHG�EODFNERG\�UDGLDWRU�ZLWK�DQ�HIIHFWLYH
VXUIDFH�WHPSHUDWXUH�RI������.��DEVROXWH�WHPSHUDWXUH�LQ�ZKLFK�HDFK�XQLW�LV�WKH�VDPH
DV� D�&HOVLXV� GHJUHH�� EXW�ZLWK� ]HUR� WDNHQ� DW� DEVROXWH� ]HUR���� ,W� WUDQVPLWV� HQHUJ\� WR
(DUWK�DV�HOHFWURPDJQHWLF�UDGLDWLRQ��VHH�EHORZ��ZLWK�D�PD[LPXP�HQHUJ\�IOX[�DW�DERXW
����QDQRPHWHUV� �ZKLFK� LV� LQ� WKH� YLVLEOH� UHJLRQ� RI� WKH� VSHFWUXP��$� ��VTXDUH�PHWHU
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DUHD� SHUSHQGLFXODU� WR� WKH� OLQH� RI� VRODU� IOX[� DW� WKH� WRS� RI� WKH� DWPRVSKHUH� UHFHLYHV
HQHUJ\�DW � D� UDWH� RI� ������ZDWWV�� VXIILFLHQW�� IRU� H[DPSOH�� WR� SRZHU� DQ� HOHFWULF� LURQ�
7KLV�LV�FDOOHG�WKH VRODU�IOX[ �VHH�&KDSWHU����)LJXUH������

/LJKW�DQG�(OHFWURPDJQHWLF�5DGLDWLRQ

(OHFWURPDJQHWLF� UDGLDWLRQ�� SDUWLFXODUO\� OLJKW�� LV� RI� XWPRVW� LPSRUWDQFH� LQ
FRQVLGHULQJ� HQHUJ\� LQ� HQYLURQPHQWDO V\VWHPV�� 7KHUHIRUH�� WKH� IROORZLQJ� LPSRUWDQW
SRLQWV�UHODWHG�WR�HOHFWURPDJQHWLF�UDGLDWLRQ�VKRXOG�EH�QRWHG�

� (QHUJ\�FDQ�EH�FDUULHG�WKURXJK�VSDFH�DW�WKH�VSHHG�RI�OLJKW �F��� ����� [� ���

PHWHUV� SHU� VHFRQG� �P�V�� LQ� D� YDFXXP�� E\� HOHFWURPDJQHWLF� UDGLDWLRQ�
ZKLFK� LQFOXGHV� YLVLEOH� OLJKW�� XOWUDYLROHW� UDGLDWLRQ�� LQIUDUHG� UDGLDWLRQ�
PLFURZDYHV��UDGLR�ZDYHV��JDPPD�UD\V��DQG�;�UD\V�

� (OHFWURPDJQHWLF�UDGLDWLRQ�KDV�D�ZDYH�FKDUDFWHU��7KH�ZDYHV�PRYH� DW� WKH
VSHHG�RI�OLJKW��F��DQG�KDYH� FKDUDFWHULVWLFV� RI�ZDYHOHQJWK� �Ⴌ��� DPSOLWXGH�
DQG�IUHTXHQF\��Ⴎ��*UHHN�³QX´��DV�LOOXVWUDWHG�EHORZ�

$PSOLWXGH

:DYHOHQJWK

6KRUWHU�ZDYHOHQJWK�
KLJKHU�IUHTXHQF\

� 7KH�ZDYHOHQJWK�LV�WKH�GLVWDQFH�UHTXLUHG� IRU� RQH� FRPSOHWH� F\FOH�� DQG� WKH
IUHTXHQF\�LV�WKH�QXPEHU�RI�F\FOHV�SHU�XQLW� WLPH�� 7KH\� DUH� UHODWHG� E\� WKH
IROORZLQJ�HTXDWLRQ�

ႮႬ�� ��F
ZKHUH�Ⴎ�LV�LQ�XQLWV�RI�F\FOHV�SHU�VHFRQG��V����D�XQLW�FDOOHG�WKH�KHUW]��+]�
DQG�Ⴌ�LV�LQ�PHWHUV��P��

� ,Q� DGGLWLRQ� WR� EHKDYLQJ� DV� D� ZDYH�� HOHFWURPDJQHWLF� UDGLDWLRQ� KDV� FKDU�
DFWHULVWLFV�RI�SDUWLFOHV�

� 7KH�GXDO�ZDYH�SDUWLFOH�QDWXUH�RI�HOHFWURPDJQHWLF�UDGLDWLRQ�LV�WKH�EDVLV� RI
WKH� TXDQWXP� WKHRU\� RI� HOHFWURPDJQHWLF� UDGLDWLRQ�� ZKLFK� VWDWHV� WKDW
UDGLDQW�HQHUJ\�PD\�EH�DEVRUEHG�RU�HPLWWHG�RQO\�LQ�GLVFUHWH�SDFNHWV�FDOOHG
TXDQWD�RU�SKRWRQV��7KH�HQHUJ\��(��RI�HDFK�SKRWRQ�LV�JLYHQ�E\

(�� ��KႮ
ZKHUH�K�LV�3ODQFN¶V�FRQVWDQW�������Ø�������-�V��MRXOH�Ø�VHFRQG��

� )URP�WKH�SUHFHGLQJ��LW�LV�VHHQ�WKDW�WKH�HQHUJ\�RI�D�SKRWRQ�LV�KLJKHU�ZKHQ
WKH� IUHTXHQF\� RI� WKH� DVVRFLDWHG� ZDYH� LV� KLJKHU� �DQG� WKH� ZDYHOHQJWK
VKRUWHU��
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