
&ROG 6SUD\ DV�DQ�HPHUJLQJ�WHFKQRORJ\�IRU�ELRFRPSDWLEOH�DQG�DQWLEDFWHULDO�

FRDWLQJV��6WDWH�RI�$UW

$�0�9LODUGHOO��1�&LQFD� $�&RQFXVWHOO��6�'RVWD� ,�*�&DQR��-�0�*XLOHPDQ\

���,QWURGXFWLRQ

7KH�PDVVLYH�LQFUHDVH�LQ�KXPDQ�DJLQJ�KDV�DIIHFWHG�GLIIHUHQW�DUHDV�VXFK�DV�HFRQRPLFDO��

VRFLDO� DQG� KHDOWK�� HVSHFLDOO\� WKH� ODVW� RQH�� ZLWK� WKH� LQFUHDVH� RI� FKURQLF� GLVHDVHV�� ,W� LV�

DQWLFLSDWHG�WKDW�HOGHUO\�SHRSOH������\HDUV��ZLOO�UHDFK�XS�WR�����RI�(XURSHDQ�SRSXODWLRQ�

LQ�������FRPSDUHG�ZLWK�WKH�����RI�QRZDGD\V�>�@��)RU�FHQWXULHV�D�GLVHDVHG�WLVVXH�ZDV�

UHPRYHG� WR� LPSURYH� PDUJLQDOO\� WKH� TXDOLW\� RI� OLIH�� :LWK� WKH� VFLHQWLILF� DGYDQFHV� LQ�

ELRPHGLFDO� ILHOG�KRZHYHU�� LW�KDV� OHG� WR�DQ� LQFUHDVH� LQ�KXPDQ�VXUYLYDELOLW\� DYHUVHO\ WR�

WKH� TXDOLW\� RI� WLVVXHV�� WKXV� WKH� DULVLQJ� QHHG� WR� UHSODFH� WLVVXHV� >�@�� ,Q� WHUPV� RI�

RUWKRSDHGLFV�� PRUH� DQG� PRUH� SDWLHQWV� ZLOO� UHTXLUH� WKH� XVH� RI� SURVWKHVHV� LQ� RUGHU� WR�

UHSODFH�FULWLFDO�SDUWV�RI�WKH�VNHOHWDO�V\VWHP�

&XUUHQW� SDWLHQWV� FRPSODLQW� DERXW� FRQYHQWLRQDO� SURVWKHVHV� LQFOXGH�� �L�� VRFNHW�UHODWHG�

SUREOHPV� RI� GLVFRPIRUW�� VRUHV�� UDVKHV�� DQG� SDLQ�� �LL�� WKH� GLIILFXOWLHV� RQ� GRQQLQJ� WKH�

SURVWKHVLV�� �LLL�� WKH� XQUHOLDELOLW\� RI� SURVWKHVLV� EHLQJ� VHFXUHO\� VXVSHQGHG� DQG�� �LY��

PRELOLW\� GLIILFXOWLHV�� :KLOH� LQQRYDWLRQ RQ� QHZ�PDWHULDOV� ZLWK� EHWWHU� PHFKDQLFDO� DQG�

ELRORJLFDO� SURSHUWLHV� LV� GD\� E\� GD\� FDUULHG� RXW� WKURXJK� WKH� FROODERUDWLRQ� RI� PDQ\�

VFLHQWLILF�GLVFLSOLQHV�� WKH�RVWHRLQWHJUDWLRQ�E\� WKH� VXUIDFH�PRGLILFDWLRQ�RI� FRQYHQWLRQDO�

SURVWKHWLF� PDWHULDOV� FDQ� VWLOO� RIIHU� PDQ\� SRVVLELOLWLHV� IRU� WKH� LPSURYHPHQW� RI� ERQH�

UHDEVRUWLRQ�GHFUHDVLQJ� WKH�DOOHUJHQLF�UHVSRQVH�� ,Q�DGGLWLRQ�� LQ�PDQ\�FDVHV�� WKH�VXUJHU\�

IRU� SURVWKHVLV� UHSODFHPHQW� LV� H[WUHPHO\� DJJUHVVLYH� DQG� WKH� FRVW� LV� KLJK�� WKHUHIRUH��

ZKDWHYHU�VROXWLRQ� WKDW�FDQ�H[WHQG� WKH�SURVWKHVLV� OLIH�ZLOO�EH�YHU\�ZHOFRPH�E\�FOLQLFDO�

FRPPXQLW\�

7KH�ELRPDWHULDOV� ILHOG� LV� DOZD\V�XQGHU�GHYHORSPHQW�DQG�KDV�H[SHULHQFHG�FRQVLGHUDEOH�

SURJUHVV� HVSHFLDOO\� RYHU� WKH� ODVW� ������ \HDUV� >���@�� 7KH� GHILQLWLRQ� RI� D� ELRPDWHULDO��

FXUUHQWO\� SURSRVHG� DV� ³D� QRQ�YLDEOH� PDWHULDO�� XVHG� LQ� D� PHGLFDO� GHYLFH�� LQWHQGHG� WR�

LQWHUDFW�ZLWK�ELRORJLFDO�V\VWHPV´�ZDV�GHILQLWHO\�HVWDEOLVKHG�E\�:LOOLDP�'�)�LQ������>�@�

7KH� GHYHORSPHQW� RI� ELRPDWHULDOV� IRU� PHGLFDO� DSSOLFDWLRQV� KDV� HYROYHG� WKURXJK� WKUHH�

JHQHUDWLRQV�� HDFK� ZLWK� D� GLVWLQFW� REMHFWLYH� �)LJ����� 6SHFLILF� IDPLOLDU� WHUPV� VXFK� DV�
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ELRLQHUW�� ELRDFWLYH� RU� ELRGHJUDGDEOH� DOORZ� WKHLU� FODVVLILFDWLRQ� DFFRUGLQJ� WR� WKHLU�

FKDUDFWHULVWLFV�ZLWKLQ�WKH�ERG\���

%LRDFWLYH�PDWHULDOV�DUH�DQ�LQWHUPHGLDWH�EHWZHHQ�UHVRUEDEOH�DQG�ELRLQHUW��)LJ����>�@��7KH�

ILUVW�GHQRWHG�ELRDFWLYH�PDWHULDO�ZDV�%LRJODVV���DOVR�NQRZQ�DV���6��ELRDFWLYH�JODVV�LQ�

WKH� ODWH� ����V� E\� /DUU\� +HQFK� >�@� DQG� WKH� FRQFHSW� RI� XVLQJ� V\QWKHWLF� UHVRUEDEOH�

FHUDPLFV� DV�ERQH� VXEVWLWXWHV�ZDV� LQWURGXFHG� LQ������ >�@ WKHQ�K\GUR[\DSDWLWH� �+$��DV�

ZHOO� DV� VRPH� RWKHU� JODVV�FHUDPLFV� DSSHDUHG� ZLWKLQ� WKH� PDUNHW� FLUFD� ����V� >����@��

%LRDFWLYH�PDWHULDOV�DUH�FODVVLILHG�LQ� WZR�FDWHJRULHV���L��2VWHRSURGXFWLYH�PDWHULDOV�� WKDW�

DUH�UHFRJQL]HG�E\�WKH�LQWUDFHOOXODU�DQG�H[WUDFHOOXODU�UHVSRQVHV�HOLFLWHG�DW�WKHLU�LQWHUIDFHV�

�H�J� %LRJODVVHV�� ZKHUHDV�� �LL�� 2VWHRFRQGXFWLYH� PDWHULDOV� RQO\� HOLFLW� DQ� H[WUDFHOOXODU�

UHVSRQVH�DW�WKHLU�LQWHUIDFHV��H�J��+\GUR[\DSDWLWH���%LRJODVVHV�LQGXFH�LQWHJUDWLRQ�EHWZHHQ�

ERQH�DQG�LPSODQW�LQ�WKH�IRUP�RI�D�FRQWLQXRXV�LQWHUIDFLDO�OD\HU��ZKLOH�RVWHRFRQGXFWLYLW\�

RQO\�LQGXFHV�ERQH�JURZWK�GLUHFWO\�DW� WKH�LPSODQW�VXUIDFH�DQG�RIWHQ�UHVXOWV� LQ�D�ILEURXV�

FDSVXOH�EHWZHHQ�WKH�LPSODQW�VXUIDFH�DQG ERQH�

7KH� WZR� SULPDU\� LVVXHV� LQ� ELRPDWHULDOV� DUH�� ELRFRPSDWLELOLW\� DQG� VWUXFWXUDO�

FRPSDWLELOLW\� >��@�� &RQVLGHULQJ� WKH� ELRFRPSDWLELOLW\� DV� ³WKH� DELOLW\� RI� D� PDWHULDO� WR�

SHUIRUP�ZLWK� DQ� DSSURSULDWH� KRVW� UHVSRQVH� LQ� D� VSHFLILF� DSSOLFDWLRQ´� >�@�� LW� LPSOLFLWO\

UHIHUV�WZR�WHUPV��ELRVDIHW\�DQG�ELRVWDELOLW\��ZKHUH�WKH�PDWHULDO�GRHV�QRW�KDYH�WR�SURYRNH�

FKURQLF� LQIODPPDWLRQ�LQIHFWLRQ� WKDW�PD\� FDXVH� FHOO� GHDWK� RU� SURGXFH� D� GLVIXQFWLRQ� LQ�

FHOOXODU�DQG�WLVVXH�PDWUL[�>��@��6WUXFWXUDO�FRPSDWLELOLW\�UHIHUV�WR�PHFKDQLFDO�SURSHUWLHV�

DQG�EHFRPHV�HVSHFLDOO\�LPSRUWDQW�IRU�SURVWKHVLV�ELRPDWHULDOV�

6XUIDFH�FKDUDFWHULVWLFV�VXFK�URXJKQHVV�>��@�DQG�SRURVLW\�>��@�LQIOXHQFH�FHOO�DWWDFKPHQW�

DQG� SURPRWH� ERQG� LQ� JURZWK� IL[DWLRQ� EHWZHHQ� LPSODQW� DQG� KRVW� LVVXHV� GXH� WR� LWV�

VWUXFWXUH� DQG� IUHH� VXUIDFH�� 7KH� FRQFHSW� RI� ELRDFWLYLW\� LV� DFWXDOO\� KLJKO\� UHODWHG� ZLWK�

WKRVH�FKDUDFWHULVWLFV��ZKLFK�ZLOO�EH�PDQ\�WLPHV�DGGUHVVHG�DORQJ�WKLV�SDSHU��

�����6XUIDFH�WUHDWPHQWV�DQG�ELRFRPSDWLEOH�FRDWLQJV��FXUUHQW�VWDWXV

6XUIDFH�HQJLQHHULQJ�KDV�KHOSHG�WR�ELRPHGLFDO�VFLHQFH�WR�SURYLGH�EHWWHU�XQGHUVWDQGLQJ�RI�

LPSODQW�WLVVXH�LQWHUDFWLRQV��WKH�VXUIDFH�PRGLILFDWLRQ�PHWKRGV�LQFOXGH�ERWK��WKH�FKHPLFDO�

PRGLILFDWLRQ�DQG�VXUIDFH�URXJKQHVV�DV�ZHOO��7KH�DWRPV�RQ�WKH�VXUIDFH�DUH�PRUH�SURPSW�

WR� XQGHUJR� SKDVH� WUDQVIRUPDWLRQV�� FU\VWDOOL]DWLRQ� RU� FRUURVLRQ� �GLVVROXWLRQ�� SURFHVVHV��

WKLV�KLJKHU�HQHUJ\�DQG�KLJKHU�UHDFWLYLW\�DUH�SDUWLFXODUO\�LPSRUWDQW�LQ�YLHZ�RI�DGVRUEDWHV�
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IURP�WKH�ELRORJLFDO�V\VWHP��&HOOXODU�DFWLYLW\��SURWHLQ�DGVRUSWLRQ�RU� WLVVXH�UHVSRQVH�KDV�

EHHQ�VSHFLDOO\�LQGXFHG�LQ WLWDQLXP�EDVHG�DOOR\V�E\�VXUIDFH�URXJKHQLQJ��DFLG�WUHDWPHQW��

DQRGL]DWLRQ� DQG� FRDWLQJ� WHFKQLTXHV� L�H�� WKHUPDO� VSUD\LQJ�� HWF��� PHWKRGV� WKDW� SURGXFH�

VXUIDFH� WRSRJUDSK\� FKDQJHV� PDLQO\� DW� WKH� PLFURVFDOH� OHYHO� >��@�� 2WKHU� DWWHPSWV� WR�

LPSURYH�RVWHREODVW�DFWLYLW\ LQFOXGH�WKH�SURPRWLRQ�RI�VXUIDFH�URXJKQHVV�ZLWK�FRPELQHG�

PLFURPHWHU� DQG� QDQRPHWHU� VWUXFWXUHV� VXFK� DV� SKRWR�� HOHFWURQ� EHDP� DQG� FROORLGDO�

OLWKRJUDSK\�RU HOHFWURFKHPLFDO�DQRGLVDWLRQ�>�����@�

&RQFHUQLQJ�PHWDO� FRDWLQJV�� 9DFXXP� 3ODVPD� 6SUD\LQJ� �936�� LV�� IRU� H[DPSOH�� ZLGHO\�

XVHG�WR�SUHSDUH�URXJK�DQG�SRURXV�WLWDQLXP�FRDWLQJV�>��� ��@��<DQJ�HW�DO��>��@�REWDLQHG�

WLWDQLXP��7L��FRDWLQJV�RQ�7L�VXEVWUDWHV�FRQVLVWLQJ�RI�DQ�RXWHU� OD\HU� IXOO�RI�PDFURSRUHV�

ZLWK�D�VXUIDFH�URXJKQHVV�RI�DSSUR[LPDWHO\�5D ����ȝP �VXFK�PDFURSRUHV DUH�UHSRUWHG�WR�

EH�EHQHILFLDO�IRU�WLVVXH�LQJURZWK�LQWR�WKH�FRDWLQJ���D�PLGGOH�OD\HU�FRQVLVWLQJ�RI�D�PL[WXUH�

RI�PLFURSRUHV�DQG�PDFURSRUHV�DQG��DQ�LQQHU�GHQVH�OD\HU��%\�FRQWUDVW�KRZHYHU��%RUVDUL�

HW�DO��>��@�XVHG�WKH�VDPH�WHFKQLTXH�WR�SURGXFH�URXJK�EXW�GHQVH 936�7L�FRDWLQJV�ZLWK�WKH�

SXUSRVH� RI� DYRLGLQJ� DV� PXFK� WKH� UHGXFWLRQ� LQ� ERQH� GHQVLW\�� DOVR NQRZQ� DV� ³VWUHVV�

VKLHOGLQJ´� DV�SRVVLEOH��DQG�WKXV�SURORQJ�WKH�SURVWKHVLV�OLIHVSDQ� 7KH�DLP�RI�WKDW�VWXG\�

ZDV� WR� LQYHVWLJDWH� WKH� LQ� YLWUR� HIIHFW� RI� KLJK� URXJKQHVV� �5D ������ȝP� DQG� GHQVH�7L�

VXUIDFH�LQ�FRPSDULVRQ�ZLWK�PHGLXP �5D ������ȝP� DQG�KLJK�URXJKQHVV �5D ������ȝP�

DQG�RSHQ�SRURXV�FRDWLQJV��6XFK�QHZ�XOWUD�KLJK�URXJK�DQG�GHQVH�936�FRDWLQJ�SURYLGHG�D�

JRRG�ELRORJLFDO�UHVSRQVH��DW� OHDVW� LQ�YLWUR�� LW�EHKDYHG�VLPLODUO\� WR� WKH�FRDWLQJV�DOUHDG\�

XVHG� LQ�RUWKRSHGLFV��7KH�HIIHFW� RI� WKH� FRDWLQJ� VWDELOLW\� DQG�XOWUD�KLJK� URXJKQHVV� OHYHO�

DIWHU�VXUJLFDO�LPSODQWDWLRQ�DQG�GXULQJ�G\QDPLF�ERQH�KHDOLQJ�DQG�UHPRGHOOLQJ�KDV�\HW�WR�

EH� HVWDEOLVKHG�� 2WKHU� WLWDQLXP� FRDWLQJV� IRU� PHGLFDO� GHYLFHV� LQFOXGH�� RSHQ�SRURVLW\��

SRURVLW\��PL[WXUHV�RI�ELRDFWLYH�IHHGVWRFN�SRZGHUV�PDWHULDOV�

2WKHU� 7KHUPDO� 6SUD\� �76� PHWDO� FRDWLQJV� DWWHPSWV� LQFOXGH� WDQWDOXP� �7D�� DQG� VLOYHU�

�$J���7DQWDOXP�FRDWLQJV�KDYH�DQ�H[FHOOHQW�FRUURVLRQ��JRRG�IRUPDELOLW\��ORZ�FRHIILFLHQW�

RI�H[SDQVLRQ��H[FHOOHQW�ZHDU�UHVLVWDQFH�DQG�H[FHOOHQW�ELRFRPSDWLELOLW\�DQG�UDGLR�RSDFLW\�

IRU�ELRPHGLFDO�DSSOLFDWLRQV��5HFHQW� LQ�YLWUR��LQ�YLYR��DQG�FOLQLFDO�VWXGLHV�GHPRQVWUDWHG�

WKDW� WDQWDOXP� LV� D� SURPLVLQJ� ELRDFWLYH� PHWDO� >�����@�� 6LQFH� WDQWDOXP� DSSOLFDWLRQV� LQ�

ELRPHGLFDO� GHYLFHV� KDYH� EHHQ� OLPLWHG�E\� SURFHVVLQJ� FKDOOHQJHV� UDWKHU� WKDQ� ELRORJLFDO�

SHUIRUPDQFH�� 7D� FRDWLQJV� KDYH� EHHQ� DFKLHYHG� YLD� 3ODVPD� 6SUD\� �$36�� DQG� +LJK�

9HORFLW\�2[\�)XHO��+92)���2SWLPL]LQJ�VSUD\LQJ�SDUDPHWHUV�OHDG�WR�PLQLPXP�SRURVLW\�

DQG�R[LGH�FRQWHQW�EXW�ZLWKRXW�JRRG�FRUURVLRQ�SURWHFWLRQ�>�����@��LQ�DGGLWLRQ��WKHUH�DUH�
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VWLOO� VRPH�GUDZEDFNV�VXFK� WKH KLJK�FRVW� DQG� WKH�KLJK�UHDFWLYLW\�DW� WHPSHUDWXUHV�DERYH�

����&� ZKHUH� R[LGDWLRQ� FDXVHV� ORVV� RI� GXFWLOLW\� DQG� FUDFNLQJ� RI� WKH� VXUIDFH� PDWHULDO�

2WKHU�FRDWLQJ�PHWKRGV�E\�ZKLFK� WDQWDOXP�KDV�EHHQ�GHSRVLWHG� LQFOXGH�/(16���/DVHU�

(QJLQHHUHG� 1HW� 6KDSLQJ�� >��@�� VSXWWHU� GHSRVLWLRQ� >��@�� FKHPLFDO� YDSRU� GHSRVLWLRQ�

�&9'��DQG�HOHFWURGHSRVLWLRQ�

)URP� DQRWKHU� KDQG�� VLOYHU� KDV� EHHQ� KLJKOLJKW� VLQFH� DQFLHQW� WLPHV� IRU� LWV� DQWLEDFWHULDO��

DQWLIXQJDO�DQG�DQWLYLUDO�SURSHUWLHV��DOVR�LWV�FRPSRXQGV�VXFK�DV�VLOYHU�QLWUDWH�DQG�VLOYHU�

VXOIDGLD]LQH��KDYH�EHHQ� XVHG� IRU� WKH� WUHDWPHQW�RI�EXUQV��ZRXQGV�DQG� VHYHUDO� EDFWHULDO�

LQIHFWLRQV� >�����@�� 3XUH� VLOYHU� FRDWLQJV� E\� GLIIHUHQW� PHWKRGRORJLHV� KDYH� EHHQ� WHVWHG�

ZLWK� YHU\� JRRG� UHVXOWV�� HVSHFLDOO\� LQ� FDWKHWHUV� >�����@��8VLQJ� WKHUPDO� VSUD\�PHWKRGV�

KRZHYHU��VLOYHU�KDV�EHHQ�FRGHSRVLWHG�ZLWK�PDQ\�RWKHU�PDWHULDOV�>�����@��)RU H[DPSOH��

+\GUR[\DSDWLWH�6LOYHU� FRPSRVLWH� FRDWLQJV� REWDLQHG� YLD� 936� SURYHG� WR� FRPELQH�

DQWLEDFWHULDO� DQG�ELRDFWLYLW\�SURSHUWLHV�� LW�ZDV� IRXQG�QRQ�F\WRWR[LFLW\� IRU� WKH� FRDWLQJV�

DQG� WKH\ ZHUH� FRYHUHG� E\� ERQH�OLNH� DSDWLWH� OD\HU� DIWHU� LPPHUVHG� LQ� 6LPXODWHG� %RG\�

)OXLGV� �6%)��� VXJJHVWLQJ� WKDW� WKHLU� ELRDFWLYLW\� ZDV� QRW� DIIHFWHG� REYLRXVO\� E\� WKH�

DGGLWLRQ�RI�VLOYHU�LQ�WKH�FRDWLQJV�>��@��

&RQFHUQLQJ� FHUDPLF� FRDWLQJV�� SODVPD� VSUD\HG� DOXPLQD� DQG� ]LUFRQLD� DUH� EHLQJ� XVHG�

FOLQLFDOO\��PRVWO\�GXH�WR�WKHLU�KLJKHU�ZHDU�UHVLVWDQFH�WKDQ�WLWDQLD��+RZHYHU��DOXPLQD�DQG�

]LUFRQLD�FRDWLQJV�FDQQRW�ELQG�GLUHFWO\�WR�ERQH�WLVVXHV�GXH�WR�WKHLU�ELR�LQHUW�QDWXUH��WKXV�

OLPLWLQJ� WKHLU� XVH� LQ� KDUG� WLVVXH� DSSOLFDWLRQV��0RUHRYHU�� WKHUH� LV� D� FRQWURYHUV\� RQ� WKH�

ELQGLQJ� VWUHQJWK� DQG� RQ� SDUWLFOH� UHOHDVH� IURP� SODVPD� VSUD\HG� FRDWLQJV� LQWR� WKH� KRVW�

WLVVXH�� FDXVHG� E\� HLWKHU� GLVVROXWLRQ� RU� IUHWWLQJ�� 7KHUHIRUH�� WKH� XVH� RI� ELRDFWLYH�

K\GUR[\DSDWLWH� �+$�� FRDWLQJV� SURGXFHG� E\� SODVPD� VSUD\LQJ� �$36�� >�����@�� KLJK�

YHORFLW\�R[\�IXHO� �+92)��>�����@�DQG�IODPH�VSUD\�DV�ZHOO�>��@�ZDV�D�YHU\�VXFFHVVIXO�

DFKLHYHPHQW�� LQ�+92)�� SDUWLFOHV� UHDFK� ORZHU� WHPSHUDWXUHV� DQG� KLJKHU� YHORFLWLHV� WKDW�

PLQLPL]H�WKH�WLPH�RI�UHVLGHQFH�RI�WKH�SDUWLFOHV�ZLWKLQ�WKH�VSUD\�EHDP�DQG�WKHUHIRUH�LWV�

WKHUPDO�GHFRPSRVLWLRQ�>����@��+$�FRDWHG�SURVWKHVLV�PD[LPL]H�IL[DWLRQ�DQG�GHFUHDVH�WKH�

PLJUDWLRQ� RI� PLFURSDUWLFOHV� DORQJ� WKH� SURVWKHVHV� >��@�� WKH\� DUH� D� JRRG� DOWHUQDWLYH� WR�

FHPHQWHG�SURVWKHVLV��ZKLFK�KDYH�KLJK�UDWHV�RI�ORRVHQLQJ��,Q�DGGLWLRQ��&KHUQ�HW�DO��>��@�

FRPSDUHG� WKH� FRDWLQJ�VXEVWUDWH� ERQGLQJ� VWUHQJWK� RI�+$ ZLWK� RWKHU� ELRDFWLYH� FRDWLQJV�

VXFK�DV�ELRJODVV��ELRJODVV�+$�DQG�IRXQG�WKDW�ERQGLQJ�VWUHQJWK�ZDV���������������������

�������� 03D� IRU� ELRJODVV�� ELRJODVV�+$� DQG� +$FRDWLQJV UHVSHFWLYHO\� ,W� ZDV�

GHPRQVWUDWHG�WKDW�DIWHU���ZHHNV�ERQH�LQJURZWK�ZDV�VLJQLILFDQWO\�KLJKHU�LQ�ELRJODVV�DQG�
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+$�FRDWLQJV�EXW�DIWHU����ZHHNV�RQO\�ELRJODVV�PDLQWDLQHG�LWV�KLJKV�SHUFHQWDJHV�RI�ERQH�

LQJURZWK�ZKLOH� LQ�+$�GHFUHDVHG�ZLWK� WLPH� >��@��'HVSLWH�KDYLQJ H[FHOOHQW� ELRDFWLYLW\��

WKH� PHFKDQLFDO� SURSHUWLHV� RI� ELRDFWLYH� JODVVHV� DUH� ZRUVH� WKDQ� ELRDFWLYH� +$�� WKLV�

SUREOHP�FDQ�EH�VROYHG�E\�FRPELQLQJ�WKRVH�ELRDFWLYH�PDWHULDOV�ZLWK�PHWDOV�RU�SRO\PHUV�

WR�SURGXFH�D�FRPSRVLWH�FRDWLQJ�VXUIDFH�>��@� &DL�HW�DO��>��@�GHYHORSHG�D VLQWHUHG�&R�&U�

0R�%LRJODVV�FRPSRVLWH�FRDWLQJ�IRU�PHGLFDO�LPSODQW�DSSOLFDWLRQ�LQ�RUGHU�WR�EH�FRPSDUHG�

WR�SODVPD�VSUD\HG�FRDWLQJV��7KRVH�FRDWLQJV�VKRZ�D�PRUH�SRURXV�VWUXFWXUH�WKDQ�SODVPD�

VSUD\� EXW� OHVV� ZHDU� UHVLVWDQFH�� 1HYHUWKHOHVV�� DQ� DGHTXDWH� ERQGLQJ� EHWZHHQ� &R�&U�

0R�%LRJODVV�FRPSRVLWH�FRDWLQJ�ZDV�DFKLHYHG�DQG�IXUWKHUPRUH�D�DSDWLWH�OD\HU�RQ�WRS�RI�

WKH� FRDWLQJ� SHUIRUPHG� ELRDFWLYLW\� 0RUHRYHU�� PRUH� SURFHVVHV� DUH� XVHG� WR� IDEULFDWH�

FRPSRVLWH� ELRJODVV� FRDWLQJV�� VXFK� DV� VRO�JHO>��@�� HOHFWURSKRHULF� GHSRVLWLRQ� >��@� DQG�

SXOVHG�ODVHU�GHSRVLWLRQ�>��@�

(YHQ� HQKDQFHG� ELRFRPSDWLELOLWLHV� DUH� DFKLHYHG� E\� XVLQJ� QDQRFU\VWDOOLQH� FHUDPLFV�

>�����@�� +$� SDUWLFOHV� VKDSH� KDV� D� KLJK� LQIOXHQFH� LQ� FHOOV� SHUIRUPDQFH� �H�J�� QHHGOH�

VKDSHG� SDUWLFOHV� SURPRWH� LQIODPPDWRU\� UHDFWLRQ�� VSKHULFDO� VKDSHG� SDUWLFOHV� VKRZ�

LQFUHDVH� LQKLELWLRQ� ZLWK� WLPH� DQG� FRQFHQWUDWLRQ� RI� WKRVH� LQ� 8��26� FDQFHU� FHOOV�� DQG�

LUUHJXODU�VKDSHG�SDUWLFOHV�SURGXFHG�D�JUHDWHU�UHVSRQVH�WKDQ�VSKHULFDO�VKDSHG�SDUWLFOHV���

+RZHYHU��WKHUH�LV�VWLOO�VRPH�FRQFHUQ�DERXW�WKH�XQLIRUPLW\��WKH�DGKHUHQFH�RI�WKH�FRDWLQJV�

DQG�WKH�GLVVROXWLRQ�UDWHV�GXH�WR�FU\VWDOOLQH�LVVXHV�DIIHFWLQJ�ORQJ�WHUP�VWDELOLW\��7KH�ODFN�

RI�XQLIRUPLW\� LV� UHODWHG� WR� WKH�XQFRQWUROODEOH�FU\VWDOOLQLW\�ZLWKLQ�+$�SODVPD�FRDWLQJV��

OHDGLQJ� WR� PDQ\� GLIIHUHQW� SKDVHV� VXFK� DV� � DOSKD� WULFDOFLXP� SKRVSKDWH� �Į�7&3��� EHWD�

WULFDOFLXP�SKRVSKDWH��ȕ�7&3���WHWUDFDOFLXP�SKRVSKDWH��77&3���2[\DSDWLWH��2+$��DQG�

DPRUSKRXV� SKDVHV� �$&3��� ZKHUHDV� WKH� FRQFHUQ� RQ� WKH� DGKHUHQFH� LV� DWWULEXWHG� WR� WKH�

SUHVHQFH� RI� DPRUSKRXV� SKDVHV� DW� WKH� FRDWLQJ�VXEVWUDWH� LQWHUIDFH�� &HUDPLF� ERQG� FRDWV

EDVHG�RQ�]LUFRQLD�DQG�WLWDQLD KDYH�EHHQ�SODVPD�VSUD\HG�LQ�RUGHU�WR�EH�HPSOR\HG�WR�DFW�

DV�FKHPLFDO�EDUULHU�DJDLQVW�LQ�YLYR�UHOHDVH�RI�PHWDO�LRQV�IURP�WKH�LPSODQW�DQG�LPSURYH�

WKH�DGKHVLYH�ERQG�>��@��7DEOH���LQFOXGHV�WKH�UHTXLUHPHQWV�RI�+$�FRDWLQJV�IRU�LPSODQWV�

IRU�VXUJHU\�VSHFLILHG�E\�GLIIHUHQW�,62�DQG�$670�VWDQGDUGV�>�����@�

2WKHU�FRDWLQJ�WHFKQRORJLHV�KDYH�DOVR�EHHQ�HPSOR\HG�IRU�WKH�SURGXFWLRQ�RI�+$�FRDWLQJV�

EXW� FRPSDUHG� WR� WKHUPDO� VSUD\� SURFHVVHV� �76�� DUH� OHVV� FRVW�HIIHFWLYH�� 7DEOH� �� VKRZV�

VRPH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�76�FRPSDUHG�WR�VXFK�RWKHU�SRVVLELOLWLHV�
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6RPH�RWKHU�YDULDWLRQV�RI�WKHVH�W\SH�RI�FRDWLQJV�KDYH�EHHQ�SHUIRUPHG�VXFK�DV�E\�XVLQJ�

+$�7L2� PL[WXUHV� WR� LPSURYH� PHFKDQLFDO� SURSHUWLHV� L�H�� ERQG� VWUHQJWK�� IUDFWXUH�

WRXJKQHVV� DQG� ZHDU� UHVLVWDQFH� >�����@�� IOXRURDSDWLWH�+$� PL[WXUHV� JLYHQ� WKDW�

IOXRUDSDWLWH�RIIHUV�WKH�SRWHQWLDO�IRU�ORZHU�PLQHUDO�LRQ�UHOHDVH�E\�GLVVROXWLRQ�>��@��\WWULD�

VWDELOL]HG� ]LUFRQLD UHLQIRUFHG�+$�7L±�$O±�9� FRPSRVLWHV�ZKLFK� OHDGV� WR� VLJQLILFDQWO\�

KLJKHU� PHFKDQLFDO� SURSHUWLHV� WKDQ� SXUH� +$� FRDWLQJV� �HYHQ� DIWHU� LPPHUVLRQ� LQ� 6%)�

VROXWLRQ�� >��@��7D�+$� OD\HUV� WR� LPSURYH� WKH�FRUURVLRQ� UHVLVWDQFH� DQG�ELRFRPSDWLELOLW\�

>��@��$J�+$�PL[WXUHV�WR�UHGXFH�EDFWHULDO�DGKHVLRQ�>�����@�RU�E\�XVLQJ�FDUERQ�QDQRWXEH�

UHLQIRUFHPHQW�LPSDUWLQJ�VWUHQJWK�DQG�WRXJKQHVV�WR�EULWWOH�+$�ELRFHUDPLF�FRDWLQJ�>��@��

$OO�WKHVH�VXUIDFH�PRGLILFDWLRQV�KDYH�EHHQ�GHYHORSHG�RYHU�WKH�SDVW�GHFDGHV�WR�LPSURYH�

WKH�ELRDFWLYLW\�PRVWO\�RI�7L�EDVHG�LPSODQWV�DQG�LWV�ERQGLQJ�VWUHQJWK�WR�WKH�KRVW�WLVVXH��

+RZHYHU��DOWKRXJK�PDQ\�UHVHDUFK�JURXSV�DUH�VWLOO�ZRUNLQJ�RQ�WKLV�WRSLF��WKHUH�KDV�EHHQ�

PRUH�UHFHQWO\�DQ�XSJUDGH�RQ�WKH�VWXG\�RI�SRO\PHU�FRPSRVLWH�PDWHULDOV�DV�DQ�DOWHUQDWLYH�

FKRLFH�WR�RYHUFRPH�WKH�VKRUWFRPLQJV�RI�PHWDOV�DQG�FHUDPLFV�>�@��7KH�SRO\�HWKHU�HWKHU�

NHWRQH�� �3((.��� IRU� H[DPSOH�� KLJKOLJKWV� IRU� LWV� ELRFRPSDWLELOLW\�� ELRLQHUWQHVV� DQG�

VLPLODU�HODVWLF�PRGXOXV�WR�WKH�ERQH�DQG��WKHLU�JRRG�PHFKDQLFDO�SURSHUWLHV�IRU�KDUG�WLVVXH�

DSSOLFDWLRQV��KLS�DQG�NQHH�UHSODFHPHQWV��>��@��RWKHU�SRO\PHUV�VXFK�DV�3RO\�ODFWLF�DFLG��

3/$� �ERQH� SODWHV�� WHQGRQV� DQG� OLJDPHQWV� DQG� SRO\�/�ODFWLGH� �3//$�� �ERQH� SODWHV�

VWDQG� RXW� IRU� WKHLU� IXOO\� UHVRUEDEOH� SURSHUW\�� 3RO\XUHWKDQH� �38�� DQG� 6LOLFRQH�5XEEHU�

�65�� JHW� GLVWLQJXLVK� EHFDXVH� RI� WKHLU� IOH[LELOLW\� LQ� FDWKHWHUV�� 6RPH� RI� WKH� DWWHPSWV� WR�

LPSURYH� WKH� ELRDFWLYLW\� RI� WKHVH� SRO\PHUV� LQFOXGH� FRDWLQJ� ZLWK� WDQWDOXP� >��@�� JROG��

WLWDQLXP�GLR[LGH��7L2����GLDPRQG�OLNH�FDUERQ��'/&���DQG�WHUW�EXWR[LGHV�>��@�

7KH� ELRDFWLYLW\� UHTXLUHPHQW�� GHSHQGLQJ� RQ� WKH� FRPSRQHQW� DSSOLFDWLRQ�� FDQ� EH� DOVR�

SXUVXHG�E\�SURSHU�PDQXIDFWXULQJ�URXWHV�>��@���,Q�WKLV�GLUHFWLRQ��VRPH�UHVHDUFKHUV�KDYH�

GHYHORSHG�KXPDQ�KLS�MRLQW�SURVWKHVLV�PDGH�RI�ILEHU�UHLQIRUFHG�SRO\�HWKHU�HWKHU�NHWRQH��

�&)�3((.��DQG�FRDWHG� WKH VWHP�ZLWK�9DFXXP�3ODVPD�6SUD\HG��936��7L�+$�FRDWLQJV�

>��@��WKH�PHFKDQLFDO�WHVWV�RI�WKH�SURVWKHVLV�SURGXFHG�E\�5LQHU�HW�DO��LQGLFDWHG�JRRG�ORQJ�

WHUP�VWDELOLW\�RI�WKH�ERQH�SURVWKHVLV�V\VWHP��ZKLOH�WKH�LQ�YLWUR�DQG�LQ�YLYR�WHVWV�SURYHG�

QR�F\WRWR[LFLW\�DQG�QHFURWLF�HIIHFWV�LQ�UDEELWV��$SDUW�IURP�SODVPD�VSUD\LQJ��+$�FRDWLQJV�

KDYH�EHHQ�DOVR�SURGXFHG�RQ�3((.�VXEVWUDWHV�E\�RWKHU�SURFHVVHV�VXFK�DV�5)�PDJQHWURQ�

VSXWWHULQJ�DQG�DHURVRO�WHFKQLTXH��

�����%LRFRDWLQJV�PDUNHW�IRU�RUWKRSDHGLF�LPSODQW�ZLWK�IRFXV�RQ�WKHUPDO�VSUD\�
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$V�VFKHPHG�LQ�ILJXUH����DIWHU�WKH�ILUVW�JHQHUDWLRQ�RI�ORDG�EHDULQJ�LPSODQWV��FRUWLFDO�ERQH�

VXEVWLWXWLRQ�� E\� XVLQJ� ELRLQHUW�PDWHULDOV� �VWDLQOHVV� VWHHO� ���/�� FREDOW� FKURPLXP�DOOR\��

WLWDQLXP�� RU� WLWDQLXP� DOOR\� �7L���$O���9���� WKH� VHFRQG� JHQHUDWLRQ� LQYROYLQJ� VXUIDFH�

WUHDWPHQWV�� HPHUJHG�SURPLQHQWO\� LQ� �����ZLWK� WKH� ILUVW�+$�FRDWHG� IHPRUDO� SURVWKHVLV�

�)XUORQJ���-5,��/RQGRQ��8.��>��@��,Q�JHQHUDO��LQ�YLWUR�DQG�LQ�YLYR�VWXGLHV�LQGLFDWH�WKDW�

ELRDFWLYH�ELRPDWHULDOV�DSSOLFDWLRQ�LQ�ELRPHGLFDO�ILHOG�LQFUHDVH�WKH�ORQJ�WHUP�GXUDELOLW\�

RI�SURVWKHVHV��6LQFH�ILUVW�FOLQLFDO�UHSRUWHG�WULDOV�RI�+$�FRDWLQJV�RQ�IHPRUDO�VWHPV��+$�

FRDWLQJV�ZHUH� H[WHQVLYHO\� XVHG� LQ� GHQWDO� DQG� RUWKRSHGLF� SURVWKHVLV� >��@��+$�FRDWLQJV�

DUH�FXUUHQWO\�EHLQJ�XVHG�LQ�WRWDO�KLS�>�����@�DQG�NQHH�>��@�UHSODFHPHQW�LPSODQWV��DQNOH�

DQG�VKRXOGHU�LPSODQWV��VFUHZV�DQG�SLQV�LQ�ERQH�SODWHV�IRU�IL[LQJ�ERQH�IUDFWXUHV��0HGLFDO�

VWXGLHV� ZHUH� GRQH� VXFK� DFHWDEXODU� FXSV� LQ� WRWDO� KLS� DUWKRSODVW\� >��@� DQG� WLELDO�

FRPSRQHQW� LQ� WRWDO� NQHH� DUWKRSODVW\� >��@� DW� D�PLQLPXP�GXUDWLRQ� RI� IROORZ�XS�RI� ILYH�

\HDUV� FRPSDULQJ� GLIIHUHQW� IL[DWLRQV�� OLNH�+$� FRDWLQJV�� SRURXV� VXUIDFHV� DQG� FHPHQWHG�

IL[DWLRQV�� +$�FRDWLQJV� VXUIDFHV� VWDELOL]HG� DIWHU� DQ� LQLWLDO� SHULRG� RI� HDUO\� PLJUDWLRQ��

ZKHUHDV� FHPHQWHG� FRPSRQHQWV� VKRZHG� DQ� LQLWLDOO\� ORZHU�� EXW� RYHU� WLPH� FRQWLQXRXVO\�

LQFUHDVLQJ� PLJUDWLRQ�� 6RPH� RI� ELRPDWHULDOV� XVHG� LQ� VNHOHWDO� V\VWHP� DSSOLFDWLRQV� DUH�

VKRZQ�LQ�WDEOH���WRJHWKHU�ZLWK�PHGLFDO�PDUNHW�

$W� WKH� PRPHQW�� VRPH� RI� WKH� VXFFHVVIXO� ELRDFWLYH� FRDWLQJV� IRU� LPSODQWV� KDYH� EHHQ�

SURGXFHG� E\� HOHFWURGHSRVLWLRQ� DQG� SODVPD� VSUD\LQJ�� 3HUL�DSDWLWH70�� %LRPHW¶V�

2VWHRFRDW�� ��&RUDLO�� �� DPRQJ� WKH�PRVW� LPSRUWDQW��2WKHU� VXFFHVVIXO� DSSURDFKHV�KDYH�

EHHQ���L��WKH�GHYHORSPHQW�RI�D�PDFUR�VL]HG�LQWHUFRQQHFWHG�SRURVLW\�LQ�WKH�UDQJH�RI�����

���� �P� ZLWKLQ� D� PHWDO� FRDWLQJ� ZLWK� WKH� DLP� WR� SURPRWH� SURSHU� ERQH� LQJURZWK� L�H��

5HJHQHUH[70�� 7UDEHFXODU� 0HWDO70�� $UFDP� $%� 7UDEHFXODU� 6WUXFWXUHV70 DQG� �LL��

QDQRVFDOH� WRSRJUDSKLHV� L�H��2VVHR6SHHG70 ��1DQRWLWH70��7DEOH���SUHVHQWV� VRPH�RI� WKH�

FKDUDFWHULVWLFV�RI�WKH�FXUUHQW�FRPPHUFLDO�RUWKRSHGLF�LPSODQWV�>��@�

���7KHUPDO�VSUD\�SURFHVVHV

�����&RQYHQWLRQDO�WHFKQRORJLHV

76� LV� D� JURXS�RI� WHFKQLTXHV� WR� SURGXFH�PHWDOOLF� DQG� QRQ�PHWDOOLF� FRDWLQJV�ZKHUH� WKH�

IHHGVWRFN� LV� VSUD\HG� LQ� PROWHQ� RU� VHPLPROWHQ� VWDWH� RQWR� D� SUHSDUHG� VXEVWUDWH�� 7KHLU�

EDVLF�SULQFLSOH�LV�WR�LPSDUW�VXIILFLHQW�NLQHWLF�DQG�WKHUPDO�HQHUJ\�WR�WKH�UDZ�PDWHULDO��LQ�

SRZGHU��ZLUH�RU�URG�IRUP��WR�FUHDWH�D�FRQILQHG�KLJK�HQHUJ\�SDUWLFOH�VWUHDP��DQG�SURSHO�

WKH�HQHUJHWLF�SDUWLFOHV�WRZDUG�WKH�VXEVWUDWH��7KURXJK�WKH�VROLGLILFDWLRQ�RI�WKH�GURSOHWV�RQ�
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LPSDFW� ZLWK� WKH� VXEVWUDWH�� WKH\� FUHDWH� FRKHVLYH� ERQGV� ZLWK� HDFK� RWKHU� DQG� DGKHVLYH�

ERQGV�ZLWK� WKH�VXEVWUDWH��PDQ\�GLIIHUHQW� VSUD\LQJ�SDUDPHWHUV�QHHG� WR�EH�RSWLPL]HG� WR�

SURGXFH�VXLWDEOH�FRDWLQJV�IRU�WKH�GHVLUHG�DSSOLFDWLRQV��)LJ�����

7KH� SDUWLFOHV� DUH� KHDWHG� E\� HOHFWULFDO �DLU� SODVPD� RU� DUF� ZLUH� VSUD\LQJ� RU� FKHPLFDO�

�GHWRQDWLRQ�JXQ��IODPH�VSUD\LQJ�RU�KLJK�YHORFLW\�R[\�IXHO��PHDQV� 'URSOHWV�LPSDFW�DQG�

VWDUW� ERQGLQJ� RQWR� VXEVWUDWH� GXH� WR� KLJK� FRROLQJ� UDWH�� W\SLFDOO\� H[FHVV� RI� ���.�V� IRU�

PHWDOV�>�����@��&RDWLQJ�SURSHUWLHV�GLUHFWO\�GHSHQG�RQ�SDUWLFOH�WHPSHUDWXUHV�DQG�VSHHGV��

ZKLFK� SURGXFH� WKLQ� OD\HUV� R� ODPHOODV�� RIWHQ�� FDOOHG� ³6SODWV´�� WKDW� ILQDOO\� EXLOGXS� WKH�

GHSRVLW�� 7KHUH� DUH� WKUHH� W\SHV� RI� ERQGLQJ� PHFKDQLVPV� DW� LQWHUIDFH� VXEVWUDWH�FRDWLQJ��

EHLQJ�SUHGRPLQDQW�WKH�PHFKDQLFDO�ERQGLQJ�IROORZHG�E\�PHWDOOXUJLFDO�RQHV�>��@�

� 0HFKDQLFDO�ERQGLQJ��SDUWLFOHV��PROWHQ�RU�VHPL�PROWHQ�� LPSDFW�RQWR�VXUIDFH�VXEVWUDWH�

�SUHYLRXVO\�JULW�EODVWHG��DQG�UHPDLQ�DGKHUHG�GXH�WR�LWV�URXJKQHVV�

� 0HWDOOXUJLFDO� ERQGLQJ�� JLYHQ� E\� WKH� RFFXUUHQFH� RI� LQWHUGLIXVLRQ� SURFHVVHV� EHWZHHQ�

VXEVWUDWH�FRDWLQJ� DQG� HYHQ� WKRXJK� WKH� IRUPDWLRQ� RQH� QHZ� FRPSRXQGV� VXFK� DV�

LQWHUPHWDOOLF�SKDVHV�

� 3K\VLFDO�ERQGLQJ��UHDFKHG�E\�9DQ�GHHU�:DDOV�IRUFHV�EHWZHHQ�VXEVWUDWH�FRDW�

7KHUPDO� 6SUD\LQJ� WHFKQLTXHV� DUH� GLYLGHG� LQ� WKUHH� VXEJURXSV� DFFRUGLQJ� WR� WKH� HQHUJ\�

VRXUFH��)LJ��� DQG�WKH�VHOHFWLRQ�RI�WKH�DSSURSULDWH�VSUD\LQJ�PHWKRG�ZLOO�EH�GHWHUPLQHG�

E\��FRDWLQJ�PDWHULDO�FKDUDFWHULVWLFV��FRDWLQJ�SHUIRUPDQFH�UHTXLUHPHQWV��HFRQRPLFV�DQG��

SDUW�VL]H�DQG�SRUWDELOLW\�

������ $GYDQWDJHV�RI�FRQYHQWLRQDO�WHFKQRORJLHV

$�ELJ�DGYDQWDJH�RI�WKHUPDO�VSUD\�SURFHVVHV�LV�WKH�DELOLW\�WR�GHSRVLW�DQ�H[WUHPHO\�ZLGH�

UDQJH� RI� PDWHULDOV�� 9LUWXDOO\� DQ\� PDWHULDO� WKDW� KDV� D� VWDEOH� PROWHQ� SKDVH� FDQ� EH�

GHSRVLWHG��DQG�HYHQ�VRPH�PDWHULDOV�WKDW�GR�QRW�PHOW��VXFK�DV�JUDSKLWH�DQG�PDQ\�FDUELGH�

RU�ERULGH�FHUDPLFV��FDQ�RIWHQ�EH�FR�GHSRVLWHG�ZLWK�DQRWKHU�VSUD\DEOH�PDWHULDO�WR�FUHDWH�D�

FRPSRVLWH�FRDWLQJ�PDWHULDO��$QRWKHU�RQH�LV�WKDW�WKH�UDQJH�RI�VXLWDEOH�VXEVWUDWH�PDWHULDOV�

LV� HYHQ� JUHDWHU� WKDW� WKH� UDQJH� RI� VSUD\DEOH�PDWHULDOV�� ,Q� DGGLWLRQ� WR�PHWDOV�� FHUDPLFV��

JODVVHV��DQG�SRO\PHUV�� WKHUPDO�VSUD\�FRDWLQJV�KDYH�EHHQ�VXFFHVVIXOO\�DSSOLHG�WR�PDQ\�

RWKHU� VXEVWUDWH�PDWHULDOV� LQFOXGLQJ�ZRRG�� &RQYHQWLRQDO� WKHUPDO� VSUD\� DOVR� RIIHUV� WKH�

DGYDQWDJH�RI�KLJK�GHSRVLWLRQ�UDWHV��ZKLFK�DUH�RUGHUV�RI�PDJQLWXGH�KLJKHU�WKDQ�WKRVH�RI�
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PRVW�DOWHUQDWLYH�FRDWLQJ�WHFKQRORJLHV��VXFK�DV�HOHFWURSODWLQJ�RU�YDSRU�GHSRVLWLRQ��ZKHUH�

GHSRVLWLRQ�RFFXUV�DW� WKH�DWRPLF�RU�PROHFXODU� OHYHO��:KHQ� WKH�REMHFWV� WR�EH�FRDWHG�DUH�

YHU\� ODUJH� RU� GLIILFXOW� WR� PRYH�� WKH� DELOLW\� WR� DSSO\� FRDWLQJ� LV� LQ�VLWX�� LV� DOVR� DQ�

DGYDQWDJH��)XUWKHUPRUH��FRDWLQJV�FDQ�EH�DSSOLHG�ZLWKRXW�VLJQLILFDQW�KHDW�LQSXW�DQG�LW�LV

SRVVLEOH� WR� VWULS� RII� DQG� UHFRDW� ZRUQ� RU� GDPDJHG� FRDWLQJV� ZLWKRXW� FKDQJLQJ� SDUW�

SURSHUWLHV� RU� GLPHQVLRQV�� )XUWKHU� DGYDQWDJHV� RI� 7KHUPDO� 6SUD\LQJ� LQFOXGH� LWV� UDSLG�

FRDWLQJ�GHSRVLWLRQ��ORZ�FRVW��KLJK�HIILFLHQF\�DQG�UDSLG�H[HFXWLRQ�SURFHVV��

$OWKRXJK� DOO� WKH WHFKQLTXHV� H[SRVHG� LQ� WDEOH� �� DUH� VXLWDEOH� WR� SURGXFH� ELRDFWLYH�+$�

OD\HUV�� RQO\� WKHUPDO� VSUD\LQJ�� LQ� SDUWLFXODU�� SODVPD� VSUD\LQJ� LV� WKH� FRPPHUFLDOO\�

DFFHSWHG� PHWKRG� E\� )RRG� DQG� 'UXJ� $GPLQLVWUDWLRQ� �)'$��� 86$� IRU� SURGXFLQJ�

K\GUR[\DSDWLWH�FRDWLQJV�>��@�

������ /LPLWDWLRQV�RI�FRQYHQWLRQDO�WHFKQRORJLHV

76� GHSRVLWLRQ� IHDWXUHV� GHSHQG� RQ� WKH� XVHG� WHFKQLTXH� DQG�� WKH� WKHUPDO� DQG� NLQHWLF�

DSSOLHG� HQHUJ\�ZLOO� EH� GLIIHUHQW�� +LJK� WHPSHUDWXUHV� FDXVH� R[LGH� LQFOXVLRQV� �RYHUFRDW�

PHWDOOLF�PDWHULDOV��DV�ZHOO�DV�GHFRPSRVLWLRQ�GHJUDGDWLRQ�LQ�R[\JHQ�VHQVLWLYH�PDWHULDOV�

VXFK�WLWDQLXP�RU�+$�UHVSHFWLYHO\��2[LGH�LQFOXVLRQV�LPSURYH�PHFKDQLFDO�SURSHUWLHV�OLNH�

ZHDU� UHVLVWDQFH� DQG� KDUGQHVV�� EXW� DQ� H[FHVVLYH� SUHVHQFH� DW� LQWHUVSODW� UHJLRQV� OHDG� WR�

FRKHVLYH� IDLOXUH� DQG� ZHDU� GHEULV� >��@�� 3URFHVVHV� WKDW� PLQLPL]H� KHDWLQJ� RI� WKH� VSUD\�

PDWHULDO�� VXFK�DV�+92)�DQG�'�*XQ�� W\SLFDOO\�UHVXOW� LQ� ORZHU�R[LGH�FRQFHQWUDWLRQ�DQG�

PLQLPDO� FKDQJHV� LQ� DOOR\� FKHPLVWU\�� $OVR�� WKH� FRQWUROOHG� LQHUW� DWPRVSKHUH� RI� 936�

FUHDWHV�YHU\�OLWWOH�RU�QR�R[LGH�GXULQJ�WKH�GHSRVLWLRQ�SURFHVV��KRZHYHU��VRPH�FKDQJHV�LQ�

WKH�DOOR\�FKHPLVWU\�PD\�VWLOO�RFFXU�GXH�WR�UHODWLYHO\�KLJK�WHPSHUDWXUHV�LQ�WKH�SODVPD�MHW��

+LJK�SRURVLW\�FRXOG�EH�EHQHILFLDO�LQ�VRPH�DSSOLFDWLRQV�OLNH�LQ�WKH�FDVH�RI�SURVWKHVLV�WR�

SURPRWH�D�JRRG�ERQH�LQJURZWK��FRQYHUVHO\��H[FHVVLYH�SRURVLW\�FDQ�DOVR�EH�D�SUREOHP�LI�

WKH�FRDWLQJ� LV� LQWHQGHG� WR�SURWHFW� WKH�XQGHUO\LQJ�VXEVWUDWH�IURP�VSHFLHV� WKDW�FDQ�FDXVH�

FRUURVLRQ� RU� RWKHU� SUREOHPV�� 3RURVLW\� GHSHQGV�PRUH� RYHU� RQ� VL]H� SDUWLFOH� GLVWULEXWLRQ�

DQG�VSUD\�GLVWDQFH��SURGXFLQJ�³XQPHOWHG´�SDUWLFOHV�DFFRUGLQJ�WR� WKHLU� LQHUWLD�ZKHQ�DUH�

IHG�LQWR�WKH�SOXPH��$OVR��ORZ�YHORFLW\�SURFHVVHV�WHQG�WR�KDYH�KLJKHU�OHYHO�RI�SRURVLW\�LQ�

WKH� UDQJH� RI� ������ YROXPH�� DQG� KLJKHU� YHORFLW\� SURFHVVHV� RULJLQ� FRDWLQJV� ZLWK� OHVV�

SRURVLW\�������YROXPH���$QRWKHU�OLPLWDWLRQ�LV�WKH�LQWURGXFWLRQ�RI�UHVLGXDO�VWUHVVHV�WKDW�

OLPLWV�WKH�PD[LPXP�WKLFNQHVV�GXH�WR�WKH�VROLGLILFDWLRQ�RI�GURSOHWV�ZKHQ�WKH\�FRRO�GRZQ�
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>��@��)LQDOO\�� WKH�GHSRVLWLRQ� LV� OLPLWHG� WR�VXUIDFHV� LQ�D�GLUHFW� OLQH�RI�VLJKW�RI� WKH�VSUD\�

JXQ��

&ROG�6SUD\��&6�� D�QRYHO�VSUD\�WHFKQLTXH�LQ�WKH� ODWH�RI�����V��PDLQO\�DULVHV�IURP�WKH�

OLPLWDWLRQV�RI�VRPH�FRDWLQJ�W\SHV�RI�WKHUPDO�VSUD\�WKDW�VHHP�WR�EH RYHUFRPH�IRU�VRPH�

PDWHULDOV�� &6 LV� D� ORZ�WHPSHUDWXUH� SURFHVV� EDVHG� RQ� WKH� SODVWLF� GHIRUPDWLRQ� RI� WKH�

VSUD\LQJ�PDWHULDO�DQG�LW�LV�VXLWDEOH�IRU� WKH�GHSRVLWLRQ�RI�R[\JHQ�VHQVLWLYH�PDWHULDOV��RU�

IRU� WHPSHUDWXUH� VHQVLWLYH� PDWHULDOV� OLNH� QDQRVWUXFWXUHG� DQG� DPRUSKRXV� SRZGHUV� >���

���@��0RUHRYHU�� LW� VKRXOG� DOVR� EH� QRWLFHG� WKDW�� FRPSDUHG� WR� WKH� FRQYHQWLRQDO� WKHUPDO�

VSUD\� WHFKQRORJLHV� DQG� RWKHU� FRDWLQJ� DOWHUQDWLYHV� OLNH� SDLQWLQJ� DQG� HOHFWURGHSRVLWLRQ��

FROG�VSUD\�LV�DQ�HQYLURQPHQWDO�IULHQGO\�DSSURDFK�VLQFH�LWV�HIIOXHQWV�DUH�HDV\�WR�FRQWURO�

DQG�WR�GLVSRVH�DQG�LW�LV�D�QRQ�FRPEXVWLRQ�SURFHVV�

�����&ROG�6SUD\ WHFKQLTXH

&ROG 6SUD\��&6� LV�QHZHVW�UHFHQW�VSUD\�WHFKQRORJ\�IURP�WKH�WKHUPDO�VSUD\�IDPLO\�IURP�

����V��LW�LV�EDVHG�RQ�WKH�NLQHWLFV�HQHUJ\�DQG�VWDQGV�DERYH�FRQYHQWLRQDO�VSUD\�WHFKQLTXHV�

IRU�LWV�ORZ�WHPSHUDWXUH�UDWHV��6PDOO�SDUWLFOHV������PP��DUH�DFFHOHUDWHG�E\�D�SUH�KHDWHG�

JDV�WHPSHUDWXUH����������&��ORZHU�WKDQ�WKH�PHOWLQJ�SRLQW�RI�WKH�PDWHULDO�DQG�SURSHOOHG�

WRZDUGV�D�SUHSDUHG�VXEVWUDWH�DW�VXSHUVRQLF�YHORFLWLHV����������P�V���6XSHUVRQLF�IORZV�

IURP�JDV�G\QDPLFV�DUH�REWDLQHG�ZLWKLQ QR]]OH ZLWK�WKH�SULQFLSDO�SXUSRVH�WR�PD[LPL]H�

WKH� WKUXVW� DQG� REWDLQ� D� EHWWHU� FRDWLQJ� TXDOLW\�� 1R]]OH� GHVLJQ� LQIOXHQFHV� RQ� SDUWLFOH�

YHORFLW\�� GHSHQGLQJ� EDVLFDOO\� RQ� WKH� W\SH� RI� QR]]OH� DQG� LWV� JHRPHWU\�� )URP� WKH� WKUHH�

EDVLF� QR]]OHV�� &RQYHUJHQW�EDUUHO� �&%� QR]]OH��� FRQYHUJHQW�GLYHUJHQW� �&'� QR]]OH�� DQG�

FRQYHUJHQW�GLYHUJHQW�EDUUHO� �&'%� QR]]OH��� WKH� RQH� ZKR� DFKLHYHV� D� KLJKHU� SDUWLFOH�

YHORFLW\�LV�&'�QR]]OHV��NQRZQ�DOVR�DV�/DYDO�QR]]OH�ZLWK�LWV�FRQLFDO�JHRPHWU\�

3DUWLFOH� ELQGLQJ� LV� PDGH� E\� NLQHWLFV� HQHUJ\� ZKHQ� SDUWLFOH� LPSDFWV� RQWR� D� VXUIDFH�

FDXVLQJ� SODVWLFDOO\� GHIRUPDWLRQ� >��@�� EHFRPLQJ� SDUWLFOH� YHORFLW\� DQ� LPSRUWDQW�

SDUDPHWHU� 'XH�WR�KLJK�NLQHWLFV��&6�LV�DEOH�WR�SURGXFH�TXDOLW\�GHQVH�FRDWLQJV��+RZHYHU��

GHSHQGLQJ�RQ� VSUD\LQJ� FRQGLWLRQV� D� SDUWLFOH� VL]H�� LW� LV� DEOH� WR� REWDLQ� SRURXV� FRDWLQJV�

)LJXUH�� VKRZV�D�VFKHPD�RI�&6 WHFKQLTXH�

,QVWDQWO\��WKH�IHHGVWRFN�ORFDWHG�LQ�WKH�IHHGHU�LV�SURSHOOHG�E\�JDV��QRUPDOO\�1����DQG�SUH�

KHDWHG�JDV��1���$LU�RU�KHOLXP��DW�GHWHUPLQDWH�WHPSHUDWXUH�DQG�SUHVVXUH�� LQWR�WKH�VSUD\�
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QR]]OH�� WR� SURSHO� SDUWLFOHV� DW� KLJK� YHORFLWLHV� WR�EXLOGXS� WKH� FRDWLQJ�� 6WDJHV� RI� FRDWLQJ�

IRUPDWLRQ�DUH�VKRZQ�LQ�ILJXUH�� >���@�

�������$GYDQWDJHV�RI�&6 WHFKQRORJ\

7KH�PDLQ�DGYDQWDJH�RI� WKH�FROG�VSUD\�SURFHVV� LV� WKDW� LW� LV�D�VROLG�VWDWH�SURFHVV��ZKLFK�

UHVXOWV� LQ�PDQ\�XQLTXH�FRDWLQJ�FKDUDFWHULVWLFV��+LJK�GHSRVLWLRQ�HIILFLHQF\�YDOXHV�KDYH�

EHHQ�DFKLHYHG�ZLWK�PHWDOV��DOOR\V�DQG�FRPSRVLWHV��KLJK�GHSRVLWLRQ�UDWHV�FDQ�SURGXFH�D�

WKLFN�FRDWLQJ�LQ�D�VLQJOH�SDVV�����PP��GXH�WR�LWV�W\SLFDO�VSUD\�EHDP�RI�DERXW���PP�RI�

GLDPHWHU�>��@�

&6 FDQ�EH�YLHZHG�DV�D�WULSOH[�SURFHVV��JULW�EODVW��VSUD\�FRDW�DQG�VKRW�SHHQ���DV�LV�WR�EH�

H[SHFWHG�FDXVHG�E\�WKH�YHORFLW\�*DXVVLDQ�GLVWULEXWLRQ�DFURVV�WKH�VSUD\�EHDP��IOH[LELOLW\�

LQ� VXEVWUDWH�FRDWLQJ� VHOHFWLRQ� LV� JRRG� WR� SURGXFH� FRDWLQJV� WKDW� FRXOG� OHDG� WR�

XQDFFHSWDEOH� LQWHUIDFHV� LQ�$36�RU�+92)� WKDW� L�H� LQWHUPHWDOOLF� SKDVHV� EHWZHHQ�&X�$O�

ZLWK�$36��PLQLPXP�WKHUPDO�LQSXW�WR�WKH�VXEVWUDWH�IDFLOLWDWHV�WKH�XVH�RI�WHPSHUDWXUH�DQG�

R[\JHQ�VHQVLWLYH�PDWHULDOV�VXFK�PDJQHVLXP��WLWDQLXP�DQG�SRO\PHUV��0RUHRYHU��UHVLGXDO�

WHQVLOH� WKHUPDO� VWUHVVHV� UHPDLQ� LQ� D� 76� FRDWLQJ� SURGXFHG� E\� D� FRQYHQWLRQDO� SURFHVV��

ZKHUHDV� &6 LQGXFH� VWUHVVHV� PRVWO\ LQ� FRPSUHVVLYH� QDWXUH� DFURVV� WKH� HQWLUH� FRDWLQJ�

WKLFNQHVV�� ZKLFK� LPSURYHV� PHFKDQLFDO� SURSHUWLHV� VXFK� DV� IDWLJXH�� +RZHYHU�� VRPH�

LQYHVWLJDWLRQV� FRQILUP WKDW� LQ� VSHFLILF� FDVHV� QHXWUDO� DQG� WHQVLOH� VWUHVVHV� PD\� DSSHDU�

GHSHQGLQJ�RQ�VXEVWUDWH�FRDWLQJ�FRPELQDWLRQ DQG�VXUIDFH�WUHDWPHQW��6XKRHQ�HW�DO� >���@

GHSRVLWHG $O�� 7L� DQG�&X� RQWR� FDUERQ� VWHHO� �&6��� 66� DQG�$O� VXEVWUDWHV� ZLWK� GLIIHUHQW�

VXUIDFH�WUHDWPHQWV��,W�KDV�EHHQ�VKRZQ�WKDW�FRPSUHVVLYH�UHVLGXDO�VWUHVVHV�SUHGRPLQDWH�LQ�

&X� GHSRVLWLRQ� RQWR� WKH� PDMRULW\� RI� WKH� VSHFLPHQV�� DOVR 7L� FRDWLQJV� PD\� VKRZ�

FRPSUHVVLYH��QHXWUDO�RU WHQVLOH�UHVLGXDO�VWUHVVHV GHSHQGLQJ�RQ�WKH�VXEVWUDWH��E\�FRQWUDVW�

$O�FRDWLQJV�H[KLELWHG WHQVLOH UHVLGXDO�VWUHVVHV�RQWR�DOO�WKH�VXEVWUDWHV�

)XUWKHUPRUH�� FRPSUHVVLYH� UHVLGXDO� VWUHVVHV� PD\� EH� GHWULPHQWDO� LI� UHODWLYHO\� WKLFN�

FRDWLQJV�DUH�VSUD\HG�RQWR�WKLQ�VXEVWUDWHV�DQG�WKH\�SURGXFH�WKHLU�GHIRUPDWLRQ��DOVR��WKH\�

KDYH� WR� EH� WDNHQ� LQWR� DFFRXQW LQ� WKH� FDVH� WKDW WKH\� SURPRWH� WHQVLOH� VWUHVVHV� WR� WKH�

VXEVWUDWH�� 7KHUHIRUH�� UHVLGXDO� VWUHVVHV VKRXOG� EH� FRQVLGHUHG� LQ DQ\� DSSOLFDWLRQ� ZKHUH�

VWUXFWXUHV�DUH UHTXLUHG�WR�FDUU\�ORDG�

,W�KDV�EHHQ�GHPRQVWUDWHG� WKDW�PHWDOV��SRO\PHUV��FHUDPLFV�DQG�FRPSRVLWH�PDWHULDOV�DUH�

DEOH� WR� EH� DSSOLHG� ZLWK� &6 WHFKQRORJ\� LQ� D� ZLGH� UDQJH� RI� DSSOLFDWLRQV� WKDW� DUH� LQ�
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FRQVWDQW� GHYHORSPHQW�� VXFK� DV� WKRVH� LQYROYLQJ� FRUURVLRQ� SURWHFWLRQ�� UHSDLULQJ�

VWUXFWXUHV��FDWDO\VW�GHSRVLWLRQ��HOHFWURPDJQHW�WUDQVLWLRQ��HOHFWURQLF�DQG�PHGLFDO�GHYLFHV�

>�������@�

'HSHQGLQJ� RQ� VSUD\LQJ�PDWHULDOV� SURSHUWLHV�� JULG� EODVWLQJ FRXOG� EH� D� JRRG� RSWLRQ� WR�

LPSURYH�SDUWLFOH�DWWDFKPHQW�RQWR�VXEVWUDWH LI�D PHFKDQLFDO�DQFKRULQJ HIIHFW�FRQWULEXWHV�

LQ� WKH� ERQGLQJ� PHFKDQLVP >�����������@� +RZHYHU�� LW� PLJKW� EH� GHWULPHQWDO� LI� WKLV�

LQGXFHV�KDUGHQLQJ�RI�WKH�VXEVWUDWH�VXUIDFH�VLQFH�LW�ZRXOG�FKDQJH�WKH�PHFKDQLFDO�VXUIDFH�

FKDUDFWHULVWLFV >�����������@�

�������3URFHVV SDUDPHWHUV�RI�&6 WHFKQRORJ\

7KH�DFWXDO�PHFKDQLVP�E\�ZKLFK�WKH�VROLG�SDUWLFOHV�GHIRUP�DQG�ERQG�GXULQJ�&6�LV�VWLOO�

QRW�ZHOO�XQGHUVWRRG��3DUWLFOHV�XQGHUJR�WR�DQ�H[WHQVLYH�SODVWLF GHIRUPDWLRQ�ZKHQ�LPSDFW�

RQWR�WKH�VXEVWUDWH��ZKLFK�UHVXOWV�LQ�WKH�FUHDWLRQ�RI�MHWV��NQRZQ�DV�$GLDEDWLF�6KHDU�%DQGV�

�$6%��� LQ� WKH� FDVH� RI� GXFWLOH�PDWHULDOV� VXFK�PHWDOV�� ,W� LV� EHOLHYHG� WKDW WKH� FRQWDFW� RI�

VXEVWUDWH�VXUIDFH�DQG�SDUWLFOH�ZLWK�WKH�KLJK�SUHVVXUHV�LV�QHFHVVDU\�IRU�SDUWLFOH�ERQGLQJ�

$FWXDOO\�� IRU� PHWDOV� ZKLFK� DUH� WKH� PRVWO\ GHSRVLWHG� PDWHULDOV� E\� &6�� WKH� UHVXOWLQJ�

PLFURVWUXFWXUH�UHVHPEOHV� WR� WKDW�RI�D�FROG�ZRUNHG�PDWHULDO��ZLWK�HORQJDWHG�JUDLQV�DQG�

HYHQ�UHFU\VWDOOL]HG�DUHDV�DW�SDUWLFOH�LQWHUIDFHV�ZKHUH�D�KLJKHU�WHPSHUDWXUH�LV�UHDFKHG�D�

UHVXOW� RI� DGLDEDWLF� VKHDULQJ� >���@�� VXFK�PLFURVWUXFWXUHV� KDYH� EHHQ� ZHOO� FRPSDUHG� WR�

WKRVH�RI�SRZGHU�FRPSDFWHG�DQG�H[SORVLYH�ZHOGHG�PDWHULDOV� $�ZLGH� UDQJH�RI�GXFWLOH�

PDWHULDOV� �PHWDOOLF� DQG� SRO\PHULF�� KDYH� EHHQ� VXFFHVVIXOO\� GHSRVLWHG� E\� &6�� ZKHUHDV�

QRQ�GXFWLOH�PDWHULDOV�VXFK�DV�FHUDPLFV�DUH�DEOH�WR�GHSRVLW�RQWR�GXFWLOH�VXEVWUDWHV�ZKHUH�

SDUWLFOH�FRXOG�EH�HPEHGGHG�

*HQHUDOO\��IRU�HDFK�PDWHULDO��WKHUH�LV�D�FULWLFDO�YHORFLW\��9F��IRU�LWV�VXFFHVVIXO�GHSRVLWLRQ�

RQWR�D�FHUWDLQ�VXEVWUDWH� 2QO\�WKRVH�SDUWLFOHV�WKDW�H[FHHG�WKLV�FULWLFDO�YHORFLW\��9S!9F��

ZLOO�EH� VXFFHVVIXOO\�GHSRVLWHG� WR�EXLOG�XS�D�FRDWLQJ�� EXW�KLJKHU� LPSDFW�YHORFLWLHV�PD\�

UHVXOWV�LQ�HURVLRQ�RI�VXUIDFH�VXEVWUDWH�

7KLV� FULWLFDO� YHORFLW\� GHSHQGV�� IURP� RQH� VLGH�� RQ� WKH� LQWULQVLF� FKDUDFWHULVWLFV� RI� WKH�

VSUD\LQJ�PDWHULDO� L�H�� WKH�SK\VLFDO� DQG�PHFKDQLFDO� SURSHUWLHV� VXFK�DV�GHQVLW\��PHOWLQJ�

SRLQW� DQG� XOWLPDWH� VWUHQJWK� DQG�� IURP� DQRWKHU� VLGH� RQ� WKH SDUWLFOH� VL]H�� PRUSKRORJ\��

WHPSHUDWXUH� DQG� VXEVWUDWH�� LQ� DGGLWLRQ�� WKH� SDUWLFOH� YHORFLW\� �9S�� DOVR� GHSHQGV� RQ� WKH�
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VSUD\� JXQ� SDUDPHWHUV� L�H� JDV� FRPSRVLWLRQ�� JDV� SUHKHDW� WHPSHUDWXUH�� JDV� SUHVVXUH� DQG�

QR]]OH�JHRPHWU\��$Q�RSWLPL]DWLRQ�RI� DOO� WKHVH�SDUDPHWHUV� LV�PDQ\� WLPHV� FULWLFDO� IRU� D�

JRRG�GHSRVLWLRQ�>���@��

0HWDO�� FHUPHW� DQG�SRO\PHULF� FRDWLQJV�KDYH�EHHQ� VXFFHVVIXOO\�SURGXFHG�RQWR�GLIIHUHQW�

VXEVWUDWHV�� EXW� FHUDPLF� FRDWLQJV� DUH� VWLOO� D� FKDOOHQJH� GXH� WR� LWV� LQWULQVLF� EULWWOHQHVV��

%OHQGV� RI� PHWDO�FHUDPLF� IHHGVWRFN� SRZGHUV� KDYH� EHHQ� VSUD\HG� E\� &6 OHDGLQJ� WR�

LPSURYHG�FRDWLQJ�SURSHUWLHV�VXFK�ZHDU�DQG�KDUGQHVV�>���@��DV�LW�ZLOO�EH�ODWHU�GLVFXVVHG��

WKLV�DOWHUQDWLYH�KDV�EHHQ�VXFFHVVIXOO\�XVHG�WR�SURGXFH�WLWDQLXP�+$�FRDWLQJV��

���%LRFRDWLQJV�YLD�&6

�����0HWDO�ELRFRDWLQJV

%LRFRPSDWLEOH�PHWDOV�ZHUH�WKH�ILUVW�IDPLO\�RI�PDWHULDOV�WR�EH�VSUD\HG�YLD�&6 ZLWKLQ�WKLV�

ILHOG�GXH�WR�WKHLU�KLJK�SODVWLFLWLHV�DQG�WKXV�WKH�IHDVLELOLW\�WR�SURGXFH�FRDWLQJV�ZLWK�JRRG�

HIILFLHQFLHV��7KH�ILUVW�PHWDO�FRDWLQJV�WKDW�ZHUH�XVHG�IRU�ELRPHGLFDO�DSSOLFDWLRQV�ZHUH�RI�

6WDLQOHVV� 6WHHO� �66�� DQG� WLWDQLXP�� ,Q� DQDORJ\� WR� SRURXV� SODVPD� VSUD\HG� WLWDQLXP�

FRDWLQJV��WKHVH�KDYH�EHHQ�DOVR�SURGXFHG�E\�&6 ZLWK�WKH�DLP�WR�DOORZ�ERQH�LQ�JURZWK��

%\�FKDQJLQJ�WKH�VSUD\LQJ�FRQGLWLRQV��LW�LV�SRVLEOH�WR�UHDFK�GLIIHUHQW�SRURVLW\�OHYHOV��/L�HW�

DO�� >���@� SUHVHQWHG� WKH�PLFURVWUXFWXUH� RI� FROG� VSUD\HG�7L� DQG�7L�$O�9� FRDWLQJV� RQWR�

7L�$O�9� VXEVWUDWHV� DQG� WKH� HIIHFW� RI� KHDW� WUHDWPHQW� RQ� FRDWLQJ�PLFURVWUXFWXUH�� 7KHVH�

DXWKRUV� DFKLHYHG� DQ� DYHUDJH� SRURVLW\� RI� ��������� DQG� ���������� EHIRUH� WKH� KHDW�

WUHDWPHQW��DIWHU�WKH�KHDW�WUHDWPHQW��WKH�SRURVLW\�LQFUHDVHG�WR�����������DQG�����������

SUREDEO\�E\�WKH�KHDOLQJ�RI�WKH�LQFRPSOHWH�LQWHUIDFHV�WKURXJK�WKH�DWRP�GLIIXVLRQ�GXULQJ�

DQQHDOLQJ� WUHDWPHQW�� ,Q� DGGLWLRQ��:RQJ� HW� DO�� LV� DQRWKHU� H[DPSOH� RI� KRZ� WKH� DXWKRUV�

DFKLHYH�GLIIHUHQW�GHJUHHV�RI�SRURVLW\�E\�D�ZLGH� UDQJH�RI�PRGLILFDWLRQ�RI� WKH�VSUD\LQJ�

FRQGLWLRQV� �)LJ���� >���@�� ,W� PLJKW� EH� DOVR� ZRUWK� QRWLQJ� WKDW� WKH� GHQVLW\� RI� WKH�

PLFURVWUXFWXUH�FDQ�EH�LQIOXHQFHG�E\�WKH�WDPSLQJ�HIIHFW��WKLV�LV�WKH VXFFHVVLYH�LPSDFW�RI�

IROORZLQJ�SDUWLFOHV�� WKHUHIRUH� OHDGLQJ� WR�PRUH�SRURXV� VWUXFWXUHV�RQ� WKH� WRS� UDWKHU� WKDQ�

QHDU�WKH�LQWHUIDFH�ZLWK�WKH�VXEVWUDWH�>���@�

2Q�WKH�RWKHU�KDQG��VRPH�DXWKRUV�KDYH�XVHG�PDWHULDOV�VXFK�DV�PDJQHVLXP�RU�DOXPLQXP�

WR�SURGXFH�SRURVLW\��6XQ�HW�DO��>���@�SURGXFHG�SRURXV�WLWDQLXP�FRDWLQJV�VSUD\LQJ�0J�7L�

SRZGHUV�RQWR�WLWDQLXP��ZKHUH�WKH�PDJQHVLXP�EHKDYHG�DV�VSDFH�KROGHU�DQG�LV�HOLPLQDWHG�

E\ YDFXXP�VLQWHULQJ��3ODVPD�VSUD\HG�SRURXV�WLWDQLXP�FRDWLQJV�XVXDOO\�H[KLELW�LUUHJXODU�
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SRURVLW\� GLVWULEXWLRQ� DQG� WKH� SRUHV� DUH� QRW� ZHOO� LQWHUFRQQHFWHG�� ZKLOH� RWKHU� PHWKRGV�

VXFK�DV�VLQWHULQJ�WLWDQLXP�EHDGV�RU�ILEHUV�KDYH�UHODWLYHO\�ORZ�SRURVLW\��������DQG�ORZ

FRKHVLYH� DQG�RU� ERQG� VWUHQJWK�� %\� FRQWUDVW�� &6� FRDWLQJV� E\� 0J�7L� UHVXOWHG� LQ� DQ�

DYHUDJH� SRURVLW\� RI� ������ DQG� SRUH� VL]HV� LQ� WKH� UDQJH� RI� ��� WR� ���ȝP�� %HQGLQJ�

PRGXOXV�DQG�FRPSUHVVLYH�PRGXOXV�RI�SRURXV� WLWDQLXP�FRDWLQJ�ZHUH� FORVH� WR� WKH�ERQH�

DQG� WKXV�PD\� EH EHQHILFLDO� WR� UHGXFLQJ� VWUHVV� VKLHOGLQJ��4LX� HW� DO�� XVHG� DOXPLQXP�DV�

SRURJHQ�WR�IRUP�SRURXV�WLWDQLXP�FRDWLQJV�>���@��ZKLFK�ZDV�UHPRYHG�DIWHU�VSUD\LQJ�E\�

DONDOLQH�OHDFKLQJ��&RQVLGHULQJ�DOO�WHVW��WKH�DYHUDJH�SRUH�VL]H�ZDV�EHWZHHQ������ȝP�DQG�

WKH� SRUH� SHUFHQWDJH� EHWZHHQ� ��������� )LJXUH� �� VKRZV� WKH� SRURXV� PRUSKRORJLHV� DQG�

FURVV�VHFWLRQ�RI�ERWK�VWXGLHV�ZLWK�SRUH�VL]HV�RI���������P�DQG���������P�UHVSHFWLYHO\�

)XUWKHUPRUH�� ZHOO�DGKHUHG�� WKLFN� DQG� KRPRJHQHRXV� WLWDQLXP� FRDWLQJV� KDYH� EHHQ� DOVR�

SURGXFHG� RQWR� 3((.� ELRSRO\PHU� ZLWKRXW� LWV� GHJUDGDWLRQ�� ZLWK� WKH� DLP� WR� HQKDQFH�

3((.V� ELRFRPSDWLELOLW\� IRU� LPSODQW� DSSOLFDWLRQV� >���@�� 7KLV� UHVSRQGV� WR� WKH� QHZ�

HPHUJLQJ�XVH�RI�3((.�DV�D�QRYHO�DOWHUQDWLYH�ZLWKLQ�WKH�ELRPHGLFDO�ILHOG��7DEOH���VKRZV�

WKH� &6 6SUD\� FRQGLWLRQV� RI� PHWDO FRDWLQJV� XVHG� IRU� ELRFRDWLQJV�� 6SUD\LQJ� RQWR�

8+0:3(�KDV�DOVR�EHHQ�SURGXFHG�ZLWK�WKH�DLP�WR�DYRLG�KDYLQJ�WKH�SRO\HWK\OHQH�OLQHU�

DQG�WKH�DFHWDEXODU�FXS�DV�WZR�VHSDUDWH�FRPSRQHQWV��,Q�VXFK�D�ZD\��WKH�URXJK�WLWDQLXP�

VKHOO� DQG� WKH� SRO\PHU� FRQWDFWLQJ� WKH� IHPRUDO� KHDG� FDQ� EH� DFKLHYHG� ZLWKLQ� WKH� VDPH�

FRPSRQHQW��WKLV�ZDV�REWDLQHG�WKURXJK�SURSHUO\�VXUIDFH�DFWLYDWLRQ�SUHYLRXV�WR�VSUD\LQJ�

>���@�

7KH�DELOLW\�WR�SURGXFH�UHILQHG�JUDLQ�FRDWLQJV�YLD�&6��GXH�WR�XQFKDQJHG�PLFURVWUXFWXUH�

RI� WKH� IHHGVWRFN�SRZGHU�PDWHULDO��KDV EHHQ�DOVR� WDNHQ�EHQHILW� LQ� WKH�ELRPHGLFDO� ILHOG��

VSHFLILFDOO\� LQ� FRURQDU\� VWHQWV�� $/�0DQJRXU� HW� DO�� >���@� SHUIRUPHG� PHFKDQLFDO� DQG�

FRUURVLRQ� SURSHUWLHV� LQ� VWHQWV� FRDWHG� E\� D�PL[WXUH� RI� /���� FREDOW�FKURPLXP� �&R�&U��

DOOR\�DQG�����/�66 RQWR�PLOG�VWHHO��ZKHUH LW�ZDV�REVHUYHG� WKDW� WKH�DGGLWLRQ�RI�FREDOW�

SRZGHUV� KHOSHG� WR� REWDLQ� GHQVH� FRDWLQJV�� $� KHDW� WUHDWPHQW� LPSURYHG� WKHQ� WKH�

GHQVLILFDWLRQ�DQG�SRURVLW\�UHGXFWLRQ�DV�ZHOO�DV�D�VLJQLILFDQW� LQFUHDVH�RI�GXFWLOLW\��DOVR��

GHVSLWH� LQ� YLYR� DQG� LQ� YLWUR� WHVWV� DUH� VWLOO SHQGLQJ�� WKH� &R�&U� DOOR\� VKRZHG� D� ORZHU�

FRUURVLRQ� UDWH� WKDQ�SXUH�66��PDNLQJ� LW� VXLWDEOH� IRU� WKH�GHYHORSPHQW�RI�D�QHZ�FODVV�RI�

PHWDOOLF�ELRPDWHULDOV�
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2WKHU�DWWHPSWV�ZHUH�GRQH�ZLWK�7DQWDOXP��7D���&ROG�6SUD\��&6�� DV� LW�ZRUNV�ZLWK�ORZ�

WHPSHUDWXUHV�� LV� EHLQJ� VWXGLHV� IRU� SURGXFH� 7D� FRDWLQJV� ZKHUH� LW� LV� REVHUYHG� JRRG�

LQWHUIDFH�DGKHVLRQ��ORZ�SRURVLW\�DQG�LQFUHDVH�RI�KDUGQHVV�>���@��

)LQDOO\�� PHWDO� FRDWLQJV� KDYH� DOVR� EHHQ� SURGXFHG� E\� &6 IRU� ERQH� IUDFWXUH� IL[DWLRQ�

V\VWHPV� LQ� RUGHU� WR� SUHYHQW� ERQGLQJ� RU� RQH� RU� PRUH� W\SHV� RI� FRUURVLRQ� EHWZHHQ� WKH�

PHWDOOLF�IDVWHQHU�DQG�WKH�PHWDOOLF�ERQH�SODWH�>���@��:KHUH�WKH�FRPSRQHQWV�RI�DQ�LQWHUQDO�

IL[DWLRQ�GHYLFH� VXEVHTXHQWO\�ERQG� WRJHWKHU�� WKH� VXUJHRQ�PD\�KDYH� H[WUHPH�GLIILFXOWO\�

GLVHQJDJLQJ� RQH� FRPSRQHQW� IURP� WKH� RWKHU�� VXFK� DV� GLVHQJDJLQJ� D� ERQH� VFUHZ� IURP�

ZLWKLQ� DQ� RSHQLQJ� LQ� D� ERQH� SODWH�� 7KH� ERQGLQJ� PD\� SUHYHQW� WKH� VHSDUDWLRQ� RI� WKH�

FRPSRQHQWV� DQG� WKHUHIRUH�� LW� FDQ� UHVXOW� LQ� LQMXULHV� GXH� WR� WKH� SUHYHQWLRQ� RI� WKH�

FRPSRQHQWV�EHLQJ�UHPRYHG�IURP�WKH�SDWLHQW��7KLV�SDWHQWHG�SURFHGXUH�FRPSULVHV�D�FROG�

VSUD\HG�PHWDOOLF�FRDWLQJ�HLWKHU�ZLWKLQ�WKH�RSHQLQJ�RU�RQ�WKH�PHWDOOLF�IDVWHQHU��7KH�FROG�

VSUD\HG� PHWDOOLF� FRDWLQJ� FRPSULVHV� D� ELRFRPSDWLEOH� PHWDOOLF� PDWHULDO� KDYLQJ� D� WKLUG�

FRPSRVLWLRQ�WKDW�LV GLIIHUHQW�WKDQ�WKH�ILUVW�DQG�VHFRQG�FRPSRVLWLRQV�

�����&HUDPLF�EDVHG��ELRFRDWLQJV

6SHFLILFDOO\��ELRDFWLYH�FHUDPLF�FRDWLQJV�KLJKOLJKW�IRU�WKHLU�GLUHFW�ERQG�WR�OLYLQJ�WLVVXHV�

ZKHQ� LPSODQWHG�� /RRNLQJ� IRU� IL[DWLRQ�� ELRDFWLYH� IL[DWLRQ� IRUPV� D� ERQG� ZLWK� KLJKHU�

VWUHQJWK� WKDQ� PHFKDQLFDO� IL[DWLRQ� 1HYHUWKHOHVV�� 7L2� FRDWLQJV� DUH� FXUUHQWO\� EHHQ�

LQYHVWLJDWH� E\� &*6� GHVSLWH� LWV� JRRG� PHFKDQLFDO� SURSHUWLHV� DQG� ELRFRPSDWLELOLW\��

.LOHPDQQ�HW�DO�� >���@ VWXGLHG� WKH�IRUPDWLRQ�RI�7L2� SDUWLFOHV�RQWR�PHWDOOLF�VXEVWUDWHV��

7L2� SDUWLFOHV� LQWHUDFW� DV� VROLG� VSKHUHV�ZLWK� WKH� VXEVWUDWH�ERQGLQJ� LQ� D� ULQJ�OLNH�]RQH��

3DUWLFOHV� EUHDNV� LQWR� VPDOO� UHPQDQWV� UHPDLQ� LQ� WKH� ERQGLQJ� ]RQHV�� 2QO\� LI� VXEVWUDWH�

PDWHULDO�LV�EURXJKW WR�WKH�VXUIDFH�DQG�LV�DYDLODEOH�WR�ELQG�RWKHU�SDUWLFOHV��D VHFRQG�OD\HU�

RU�SDUWV�RI�LW�DUH�OLNHO\�WR�EH�DWWDFKHG�WR�WKH FRDWLQJ�RQ�LPSDFW��6DOLP HW�DO��>���@�VSUD\HG�

D�QRYHO�V\QWKHVLV�RI�7L2� SRZGHUV�IRU�&6 LQ�ZKLFK�PDNHV�LW�SRVVLEOH�WKH�GHSRVLWLRQ�RI�

WKRVH�SDUWLFOHV�E\�&6�DQG�WKH�JURZLQJ�XS�RI�D�OD\HU�ZLWKRXW�WKH�DGGLWLRQ�RI�ELQGHU��EXW�

RQWR� &X� QRW� LQ� ELRFRPSDWLEOH� PDWHULDO�� 1HYHUWKHOHVV�� LQYHVWLJDWLRQV� DUH� FXUUHQWO\�

UXQQLQJ�RXW�

������ +$�ELRFRDWLQJV

3UHYLRXVO\��WKH�DGYDQWDJHV�RI�&6 RYHU�FRQYHQWLRQDO�WKHUPDO�VSUD\�SURFHVVHV�KDYH�EHHQ�

PDLQO\�DVVRFLDWHG�WR�KLJK�WHPSHUDWXUH�UHODWHG�IHDWXUHV��+$�FRDWLQJV�KDYH�EHHQ�IRXQG�WR�
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SURPRWH� IDVW� DQG�HQKDQFHG� IL[DWLRQ�VWUHQJWK�EXW� WKH� ORQJ�WHUP�VWDELOLW\�RI� WKH� IL[DWLRQ�

KDV�EHHQ� UHSRUWHG� WR� VWLOO�EH�D�FKDOOHQJH� LQ�76� WHFKQLTXHV�� IRU� WKLV�PDLQ� UHDVRQ�&6 LV�

SURSRVHG� DV� DQ� DOWHUQDWLYH� WR� SURGXFH� +$� FRDWLQJV� ZLWK� KLJK� GHQVLW\� DQG� FRQWUROOHG�

FU\VWDOOLQLW\�� ,Q� IURQW� RI� RWKHU� ORZ�WHPSHUDWXUH� SURFHVVHV� VXFK� DV� VRO�JHO�� ELRPLPHWLF�

GHSRVLWLRQ��VROXWLRQ�GHSRVLWLRQ��HOHFWURFKHPLFDO�GHSRVLWLRQ�DQG�DWRPLF�OD\HU�GHSRVLWLRQ��

+$�FROG�VSUD\� WHFKQLTXH�KLJKOLJKWV� IRU� LWV�VLPSOH�DQG�HFRQRPLF�SURFHVV�RI�SURGXFLQJ�

FRDWLQJV�DW�ORZ�WHPSHUDWXUHV�EHLQJ�DEOH�WR�FRQWURO�FRDWLQJV�PLFURVWUXFWXUH�

'HVSLWH� WKH� FRPPRQ� VHQVH� WKDW�+$� SDUWLFOHV� ERPEDUGPHQW� LV� OLNH� EODVWLQJ� WKH�PHWDO�

VXUIDFH�RI�WKH�LPSODQW��VRPH�DSSURDFKHV�KDYH�EHHQ�GRQH�LQ�WKLV�GLUHFWLRQ�>�������@�DQG�

HYHQ�PRUH� VXFFHVVIXO�E\�GHDOLQJ�ZLWK� D� VKRW�SHQQLQJ� URXWH� >���@� &ROG�*DV�6SUD\� RI�

FHUDPLFV� KDV� EHHQ� DFWXDOO\� FRPSDUHG� WR� RWKHU� ORZ� WHPSHUDWXUH� SRZGHU�EDVHG� GU\�

PDQXIDFWXULQJ� SURFHVVHV� L�H�� DHURVRO� GHSRVLWLRQ� �$'��� VRPHWLPHV� NQRZQ� DV� YDFXXP�

FROG�VSUD\��9&6� DQG�QDQR�SDUWLFOH�GHSRVLWLRQ�V\VWHP��13'6���ZKLFK�DSSHDUHG�LQ� WKH�

����V� DQG� ����V� UHVSHFWLYHO\�� $'� LV� EDVHG� RQ� WKH� DFFHOHUDWLRQ� RI� VXEPLFURPHWHU�

SDUWLFOHV� EXW� ORZ�YDFXXP� FRQGLWLRQV� DUH� QHFHVVDU\� WR� FRQWURO� WKH� VXSHUVRQLF� IORZ�� ,Q�

13'6��WKH�VRXUFH�RI�ERQGLQJ�LV�DWWULEXWHG�WR�WKH�GLVVLSDWLRQ�RI�WKH�NLQHWLF�HQHUJ\�RI�WKH�

SDUWLFOHV��7KH�XVH�RI�VXEPLFURPHWHU�IHHGVWRFN�SDUWLFOHV�VHHPV�WR�EH�DOVR�LPSRUWDQW�DQG�

VRPH�SODVWLFLW\� IHDWXUHV�KDYH�EHHQ� UHYHDOHG >�������@��'HQVH�K\GUR[\DSDWLWH�FRDWLQJV�

KDYH�EHHQ�GHSRVLWHG�RQ�WLWDQLXP�E\�WKLV�PHWKRG >�������@�

'LIIHUHQW�QXPHULFDO�DQG�VLPXODWLRQ�VWXGLHV�KDYH�EHHQ�GHYHORSHG�WR�FRPH�XSRQ�RSWLPDO�

FRQGLWLRQV� IRU� FROG� VSUD\LQJ� RI� VSUD\LQJ� +$�� =KDQJ� HW� DO�� >���@� VWXGLHG� WKH� IDFWRUV�

LQIOXHQFLQJ� +$� SDUWLFOH� DFFHOHUDWLRQ� XVLQJ� D� FRPSXWDWLRQDO� IOXLG� G\QDPLFV� SURJUDP�

)/8(17�� 7KH� VLPXODWLRQ� UHVXOWV� VKRZHG� WKDW� WKH� +$� SDUWLFOH� LV� DFFHOHUDWHG� E\� WKH�

FRPELQDWLRQ�RI�WKURDW�GLDPHWHU�DQG�H[LW�GLDPHWHU�ZKRVH�H[SDQVLRQ�UDWLRV�OLH�ZLWKLQ�WKH�

RSWLPDO� UDQJH� RI� ������ +$� SDUWLFOH� YHORFLW\� LQFUHDVHV� ZLWK� WKH� LQFUHDVLQJ� RI� JDV�

SUHVVXUH�QRWDEO\�IURP����03$�����PP�V��DW����03D�����PP�V��DQG�ZLWK�WKH�GHFUHDVH�

RI�+$�SDUWLFOH�VL]H�XQWLO�D�PLQLPXP�RI��ȝP��ZKHUH�LW�GHFHOHUDWHV�VWHHSO\��EHLQJ�����ȝP�

VL]H�SDUWLFOH�VXLWDEOH�IRU�VSUD\�ZLWK�&6� WKH�WDJXFKL�PHWKRG��ZDV�XVHG�E\�6LQJK�>���@ WR�

RSWLPL]H�+$�FRQGLWLRQV�LQ�&6��WKH\�FDOFXODWHG�WKH�SHUFHQWDJH�FRQWULEXWLRQ�RI�DOO�IDFWRUV�

RQ� H[LW� SDUWLFOH� YHORFLW\� RI� +$� SRZGHU�� EHLQJ� DV� IROORZV� LQ� GHVFHQGLQJ� RUGHU�� *DV�

7\SH!3DUWLFOH� 'LDPHWHU!*DV� ,QOHW� 3UHVVXUH!3DUWLFOH� 7HPSHUDWXUH!*DV� ,QOHW�

7HPSHUDWXUH��0RUHRYHU�� WKH\� REVHUYHG� WKH� FRPELQDWLRQ� RI� WKRVH� SDUDPHWHUV� FDQ� DOWHU�

WKH� UHVXOW� >���@�� WKH� LQFUHDVH� RI� JDV� SUHVVXUH� DQG� SDUWLFOH� WHPSHUDWXUH� ZDV� IRXQG� WR�
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LQFUHDVH�WKH�SDUWLFOH�YHORFLW\��ZKLOH�WKH�LQFUHDVH�RI�+$�SDUWLFOH�GLDPHWHU�ZDV�IRXQG�WR�

GHFUHDVH� WKH� SDUWLFOH� YHORFLW\� DQG� LWV� LQIOXHQFH�ZDV� IRXQG� WR� EH�PRUH� WKDQ� UHVSHFWLYH�

LQIOXHQFHV� RI� JDV� SUHVVXUH�� JDV� WHPSHUDWXUH� DQG� SDUWLFOH� WHPSHUDWXUH�� 7KHUHIRUH�� +$�

SDUWLFOH� YHORFLW\� LV� LQYHUVHO\� SURSRUWLRQDO� WR� SDUWLFOH� VL]H�� GHVSLWH� WKH� LQFUHDVH� RI� JDV�

SUHVVXUH�DQG�JDV�WHPSHUDWXUH�

5HFHQW� LQYHVWLJDWLRQV� FRQFHUQ� ELRGHJUDGDEOH� LPSODQWV� DQG� ELRFRPSDWLEOH� FRDWLQJV� RQ�

LPSODQW�PDWHULDOV�IRU�H[DPSOH�PDJQHVLXP�EDVHG�DOOR\V��'HVSLWH�LWV�H[FHOOHQW�SURSHUWLHV�

PDJQHVLXP�EDVHG� DOOR\V� KDYH� QRW� VHHQ� WDQJLEOH� DSSOLFDWLRQV� LQ� ELRPHGLFDO� ILHOG�

LQGXVWU\�� 7R� GDWH� WKH\� KDYH� EHHQ� VWXGLHG� ZLWKLQ� WKH� GHYHORSPHQW� RI� FDUGLRYDVFXODU�

VWHQWV�� ERQH� IL[DWLRQ�PDWHULDO� DQG� SRURXV� VFDIIROGV� IRU� ERQH� UHSDLU�� 1HYHUWKHOHVV�� WKH�

PDLQ� OLPLWDWLRQ� WR� WKH� PHGLFDO� DSSOLFDWLRQ� LV� WKHLU� UDSLGO\� DQG� ORFDOL]HG� FRUURVLRQ�

EHKDYLRU�� ,Q� RUGHU� WR� FRQWURO� WKH� GHJUDGDWLRQ� UDWHV�� LW� LV� XVHIXO� WR� FRDW�ZLWK�+$��$36�

VWXGLHV�KDYH�QRW�EHHQ�GHYHORSHG� IRU� LWV�KLJK� WHPSHUDWXUHV� WKDW�FRXOG�PHOW�PDJQHVLXP�

VXEVWUDWH�DQG�GHFRPSRVH�+$�LQ�RWKHU�FDOFLXP�SKRVSKDWH�SKDVHV�DQG�WKH�FU\VWDOOLQLW\�RI�

+$�PD\�DOVR�EH� ORZHUHG�GXH� WR� UDSLG� VROLGLILFDWLRQV��&6 KDV�RIIHUHG�VROXWLRQ WR�ERWK�

SUREOHPV�>���@�

2Q� DQRWKHU� KDQG�� SXUH�+$� FRDWLQJV� KDYH� EHHQ� SURGXFHG� RQ� 3((.� VXEVWUDWHV� E\�&6��

WKHUHIRUH�SURYLGLQJ�ELRDFWLYLW\ WR�D�PDWHULDO�WKDW�DYRLGV�WKH�VWUHVV�VKLHOGLQJ SKHQRPHQRQ�

QRUPDOO\�RFFXUULQJ�EHWZHHQ�D�PHWDOOLF�PDWHULDO�DQG�WKH�ERQH�DQG��WKH�ZHDN�PHFKDQLFDO�

SURSHUWLHV� RI� FHUDPLF� VXEVWUDWHV� >���@�� &RDWLQJ� SRO\PHULF� ELRPDWHULDOV� ZLWK� FDOFLXP�

SKRVSKDWH� LV� DOVR� RQH� RI� WKH� PRVW� HIIHFWLYH� PHWKRGV� WR� HQKDQFH� ELRFRPSDWLELOLW\��

+RZHYHU�� FDOFLXP� SKRVSKDWH� FHUDPLF� FRDWLQJV� QHFHVVLWDWH� D� KHDW� WUHDWPHQW� DW� D� KLJK�

WHPSHUDWXUH�LQ�RUGHU�WR�LQGXFH�FU\VWDOOL]DWLRQ�RI�WKH�FRDWLQJ�OD\HU��RU�QHFHVVLWDWH�D�FRVW�

FRQVXPLQJ� YDFXXP�GHSRVLWLRQ�PHWKRG� IRU� ORZ� WHPSHUDWXUH� FU\VWDOOL]DWLRQ� LQ� RUGHU� WR�

FRQWURO�REWDLQ�RWKHU�FDOFLXP�SKRVSKDWH�SKDVHV��,Q�WKH�FDVH�RI�SRO\PHULF�ELRPDWHULDOV��D�

KHDW� WUHDWPHQW� DW� D� KLJK� WHPSHUDWXUH� EULQJV� DERXW� GHIRUPDWLRQ� RI� SRO\PHUV�� DQG� VXFK�

GHIRUPDWLRQ� HYHQWXDOO\� GHWHULRUDWHV� WKH� SHUIRUPDQFH� RI� SRO\PHUV�� SUHYHQWLQJ� WKH�

SRO\PHUV�IURP�EHLQJ�XVHG�DV�ELRPDWHULDOV��)XUWKHUPRUH��D�YDFXXP�GHSRVLWLRQ�PHWKRG�DW�

D�ORZ�WHPSHUDWXUH�PD\�DOVR�GDPDJH�WKH�VXUIDFHV�RI�SRO\PHUV��FDXVLQJ�GHIRUPDWLRQ��DQG�

UHTXLUHV� KLJK� SURGXFWLRQ� FRVW� WR� LQFUHDVH� SURGXFWLYLW\�� ZKLFK� LV� QRW� SUHIHUDEOH�� &6

RYHUFRPHV�WKH�OLPLWDWLRQV�RI�YDULRXV�FRQYHQWLRQDO�FRDWLQJ�PHWKRGV��DQG�HQDEOHV�FRDWLQJ�

RI� WKH�VXUIDFHV�RI�SRO\PHULF�ELRPDWHULDOV�ZKLOH�PDLQWDLQLQJ� WKH� LQWULQVLF�SURSHUWLHV�RI�

ERWK�WKH�SRZGHU�DQG�WKH�SRO\PHU��ZLWK�ORZ�SURGXFWLRQ�FRVW�DQG�KLJK�SURGXFWLYLW\��7KLV�
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SDWHQW� LQFOXGHV� DV� ELRDFWLYH� FRDWLQJV� +$�� ELRJODVV� FRPSRXQGV� VXFK� DV ELRJODVVHV�

FRQWDLQLQJ�&D2�� 6L2� DQG� 3�2� DV�PDLQ� LQJUHGLHQWV�� DQG� FU\VWDOOL]HG� ELRJODVVHV�� DQG�

PL[WXUHV�WKHUHRI�>���@� /HH�HW�DO��>���@�DOVR�HYDOXDWHG�WKH�ELRDFWLYLW\�RI�+$�FRDWLQJV�RQ�

3((.�VXEVWUDWHV�E\�&6��WKHVH�SURYHG�WR�EH�KRPRJHQHRXV�DQG�VWURQJO\�DGKHUHG�ZLWKRXW�

DQ\�GHIRUPDWLRQ�RI�WKH�VXEVWUDWH�PDWHULDO���

������ +$�FRPSRVLWH�ELRFRDWLQJV

'XH�WR�WKH�LQWULQVLF�EULWWOH�QDWXUH�RI�FHUDPLFV��D�GLUHFW�GHSRVLWLRQ�RI�D�XQLIRUP�OD\HU�ZLWK�

SURSHU�DGKHVLRQ�LV�VWLOO�D�FKDOOHQJH�YLD�&6��VSHFLDOO\�RQWR�WKH�W\SLFDO�PHWDOOLF�SURVWKHVLV�

L�H� WLWDQLXP� DQG� 66�� RQ� DFFRXQW� RI� WKH� LQHODVWLF� GHIRUPDWLRQ� WKDW� HQGV� LQ� IDLOXUH�

IUDJPHQWDWLRQ�� 7KLV� KDV� DOUHDG\� EHHQ� REVHUYHG� E\� WKH� IHZ� VWXGLHV� UHSRUWHG� LQ� WKH�

SUHYLRXV�VHFWLRQ��)RU�D�EHWWHU�XQGHUVWDQGLQJ�RI� WKLV�EHKDYLRU�� ORWV�RI�VWXGLHV�DUH�EHLQJ�

FDUULHG�RXW�RQ�WKH�LQYHVWLJDWLRQ�RI�IDLOXUH�PHFKDQLVPV�RI�FHUDPLFV�DW�G\QDPLF�LPSDFWV�

>�������@�6LJQLILFDQW�HIIRUWV�DUH�WKXV�DGGUHVVHG�LQ�WKH�GLUHFWLRQ�RI�XVLQJ�PHWDO�FHUDPLF�

DQG� SRO\PHU�FHUDPLF� FRPSRVLWH� SRZGHUV�� 6RPH� ZRUNV� GHDO� ZLWK� +$�7L� PL[WXUHV�

>�������@��7KH� UHVXOWV� VKRZHG� WKDW� FRPSDUHG� WR� SXUH�7L� FRDWLQJ�� FROG� VSUD\HG�+$�7L�

FRPSRVLWH� FRDWLQJ� H[KLELWV� KLJKHU� FRUURVLRQ� FXUUHQW� DQG� ORZHU� FRUURVLRQ� UHVLVWDQFH��

+RZHYHU�� D� SRVW� VSUD\� KHDW� WUHDWPHQW� FDQ� LPSURYH� WKH� FRUURVLRQ� SURSHUW\� RI� +$�7L�

FRPSRVLWH� FRDWLQJ� UHPDUNDEO\�� ,Q� DGGLWLRQ�� WKH� PHFKDQLFDO� SURSHUWLHV� VXFK� DV�

PLFURKDUGQHVV� DQG�XOWLPDWH� VKHDU� VWUHQJWK� RI� FROG� VSUD\HG���ZW��+$3�7L� FRPSRVLWH�

FRDWLQJ�DOVR�LPSURYHG�XS�WR�WKUHH�WLPHV�E\�D�SRVW�VSUD\�KHDW�WUHDWPHQW�SURFHVV��)XUWKHU��

WKH� UHFU\VWDOOL]DWLRQ� DOVR� IDYRXUHG� WKH� LQWHUIDFLDO� ERQGLQJ� DQG� KHQFH� LPSURYHG� WKH�

PHFKDQLFDO� SURSHUWLHV� >���@�� &KRXGKXUL� HW� DO�� >���@� DOVR� GHPRQVWUDWHG� WKDW� +$�7L

PL[WXUH�SRZGHUV�FDQ�EH�FROG VSUD\HG DFKLHYLQJ�D�EHWWHU�ERQG�VWUHQJWK�������03D��WKDQ�

$36� �a�����03D��� WZR� GLIIHUHQW� WLWDQLXP� SRZGHUV� ZHUH� XVHG� LQ� WKRVH� PL[WXUHV�� D�

YDFXXP�DWRPL]HG�FRPPHUFLDO�SXUH�7L��&S�7L��DQG�D�VSRQJH�WLWDQLXP SRZGHU�ERWK�IURP�

D�SDUWLFOH�VL]H�a��ȝP�

&S�7L� VKRZHG� GLIILFXOWLHV WR� EXLOG� XS� WKH� FRDWLQJ� E\� HQFDSVXODWLQJ� +$� SDUWLFOHV��

ZKHUHDV�WKH�XVH�RI�VSRQJH�7L�SRZGHU�ZDV�PRUH�HIIHFWLYH��7KH�PD[LPXP�LQFRUSRUDWLRQ�

RI�+$�ZDV�RI�D������DERYH�WKDW�SHUFHQWDJH��LW�ZDV�IRXQG�WKDW�+$�SDUWLFOHV�JRW�FUXVKHG�

LQWR�IUDJPHQWV�GXH�WR�KLJK�LPSDFWV�

$V� UHSRUWHG� EHIRUH�� DOXPLQXP�SRZGHUV� KDYH� EHHQ� XVHG� DV� D� SRURJHQ�� LQ� FRPELQDWLRQ�

ZLWK� WLWDQLXP�� WR� DFKLHYH� SRURXV� WLWDQLXP� FRDWLQJV� ZLWK� KLJKHU� LQWHUFRQQHFWHG�

���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���



PDFURSRURVLW\� DQG� ODUJHU� VSHFLILF� VXUIDFH� DUHD�� LQ� RUGHU� WR� PDNH� WKHVH� FRDWLQJV�

ELRDFWLYH�� +$ ZDV� DGGHG� WR� IDFLOLWDWH� ERQH� FHOO� DWWDFKPHQW� DQG� LQJURZWK�� OHDGLQJ� WR�

RXWVWDQGLQJ�LQ�YLWUR�+$�PLQHUDOL]DWLRQ��DOWKRXJK� ORQJ�WHUP�VWXGLHV�DUH� UHTXLUHG�>���@�

6XFK�DXWKRUV�XVHG�WZR�W\SHV�RI�+$��D�FU\VWDOOLQH�DQG�DQ�DPRUSKRXV�FDOFLXP�SKRVSKDWH�

QDQRFU\VWDOOLQH�+$��1&�+$��ZHUH�LW�FRXOG�EH�REVHUYHG�WKDW�1&�+$�UHDFK�D�PD[LPXP�

&D�� PLQHUDOL]DWLRQ�HIILFLHQF\�SURPRWLQJ�DQ�HDUO\�ERQH�IL[DWLRQ�

2WKHU� DWWHPSWV�� LQ� WKDW� FDVH� RI� FROG�VSUD\HG� +$�FRPSRVLWH� FRDWLQJV� LQFOXGH�� +$�

JUDSKHQH�QDQRKVHHW��*1��>���@��ZLWK�WKH�DLP�WR DYRLG�WKH�FRQFHUQV�UHODWHG�WR�LWV�ORQJ�

WHUP�SHUIRUPDQFH�� L�H��� WKH� LQWULQVLF�EULWWOHQHVV�DQG� ORZ�IUDFWXUH� WRXJKQHVV�RI�+$�DQG��

GRSLQJ�+$�ZLWK� VLOYHU� >���@��ZLWK� WKH�DGYDQWDJHV� WKDW� VLOYHU� LQYROYH��7KH�DGGLWLRQ�RI�

JUDSKHQH�KDV�EHHQ�SURYHG�WR�EH�YHU\�VXLWDEOH�IRU�ORDG�EHDULQJ�DSSOLFDWLRQV��H[KLELWLQJ�D�

YHU\� UHDVRQDEOH� ELRFRPSDWLELOLW\� DV� ZHOO�� LW� ZDV� HYHQ� HPEHGGHG� LQ� +$� PDWUL[� DQG�

SODVWLF�GHIRUPDWLRQ�RI�FHUWDLQ�QDQR�+$�SDUWLFOHV�ZDV�UHYHDOHG��7KH�*1�FRQWDLQLQJ�+$�

FRDWLQJV�PDUNHGO\�HQKDQFHG�DWWDFKPHQW�DQG�SUROLIHUDWLRQ�RI�WKH�RVWHREODVW�FHOOV��ZKLFK�

LV�PRVW� OLNHO\�DWWULEXWHG� WR� IDVW� DGVRUSWLRQ�RI�NH\�VHUXP�SURWHLQV� OLNH� ILEURQHFWLQ�ZLWK�

HORQJDWHG�VWUHWFKLQJ�FRQIRUPDWLRQ�RQ�*1��7DEOH���VKRZV�GLIIHUHQW�FDVHV�&6 FRQGLWLRQV�

IRU�ELRPHGLFDO�DSSOLFDWLRQV�

���&OLQLFDO SHUIRUPDQFH

7KLV�LV�D�YHU\�QRYHO�WRSLF�DQG�VLQFH�PDQ\�IHZ�UHVHDUFKHUV�KDYH�RSWLPL]HG�WKHLU�FRDWLQJ�

V\VWHPV�� QRW� PDQ\� LQ�YLWUR� DQG� LQ�YLYR� UHVXOWV� H[LVW� ZLWKLQ� WKH� OLWHUDWXUH�� ,Q�YLWUR�

SHUIRUPDQFH�FDQ�EH�HYDOXDWHG�E\�WKH�HYDOXDWLRQ�RI�PRUSKRORJLFDO�FKDQJHV�RI�FRDWLQJV�

DIWHU�LPPHUVLRQ�LQ�6%)��4LX�HW�DO��UHSRUWHG�WKH�IRUPDWLRQ�RI�FOXVWHUV�RI�ILQH�SUHFLSLWDWHV�

IRU�WKHLU�+$�7L�SRURXV�FRDWLQJV��ZLWK�VLPLODU�FDOFLXP�PLQHUDOL]DWLRQ�HIILFLHQFLHV�ZKHQ�

XVLQJ�HLWKHU�FU\VWDOOLQH�+$�RU�DPRUSKRXV�QDQRFU\VWDOOLQH�+$�>���@�� ,Q DGGLWLRQ�� WKHVH�

DXWKRUV�XVHG�WKH�KXPDQ�RVWHRVDUFRPD�GHULYHG�6D26���OLQH�ZLWK�WKH�DLP�WR�HYDOXDWH�WKH�

F\WRWR[LFLW\��FHOO�YLDELOLWLHV�DIWHU���K�SURYHG�WKDW�QHLWKHU�RI�WKH�FRDWLQJV�ZDV�F\WRWR[LF��

2Q� DQRWKHU� KDQG�� *DUGRQ� HW� DO�� >���@� VWXGLHG� WKH� GLIIHUHQWLDWLRQ� DQG� SUROLIHUDWLRQ� RI�

FXOWXUHG� WUDEHFXODU� ERQH� RI� 7L� FRDWLQJV� RQWR� 3((.� REWDLQLQJ� D� EHWWHU� ELRORJLFDO�

UHVSRQVH�IURP�7L�WKDQ�3((.�IURP���GD\V�RI�FXOWXUH��DOWKRXJK�RSWLPDO�SURSHUWLHV�ZHUH�

VKRZQ�ZLWK�QDQRVWUXFWXUHG�WLWDQLXP�GLR[LGH��/HH�HW�DO��>���@�SHUIRUPHG�VLPLODU�VWXGLHV�

ZLWK� FXOWXUHG�+XPDQ� ERQH�PDUURZ�PHVHQFK\PDO� VWHP� FHOOV� K%06&V� �+XPDQ�%RQH�

0DUURZ� 6WURPDO� 2VWHRSURJHQLWRU� &HOOV�� RQ� +$�&6 FRDWHG� 3((.� VDPSOHV�� 7KH� +$�
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FRDWLQJ� IDFLOLWDWHG� WKH� GLIIHUHQWLDWLRQ� DQG� SUROLIHUDWLRQ� RI� FXOWXUHG� K%06&V DQG�

SURPRWHG� ERQH� IXVLRQ� ZLWK� WKH� VXUURXQGLQJ� LOLDF� ERQH� ZLWKRXW� WKH� SUHVHQFH� RI� DQ\�

ILEURXV� OD\HU�� )LJXUH� � LOOXVWUDWHV� VRPH� LQ�YLYR� UHVXOWV� VKRZLQJ� DQ� DVVRFLDWLRQ� RI� WKH�

F\OLQGHUV�ZLWK�WKH�ERQH�WLVVXH�LPSURYHG�DV�WKH�UHFRYHU\�SHULRG�LQ�+$�FRDWHG�3((.�GLVF�

JURXS�ZDV� LQFUHDVHG�� ,Q� FRQWUDVW�� WKH�DVVRFLDWLRQ�RI� WKH�F\OLQGHUV�ZLWK� WKH�ERQH� WLVVXH�

GHFUHDVHG� IRU� WKH� DQLPDOV� LPSODQWHG� ZLWK� WKH� EDUH� 3((.� F\OLQGHU�� 1RRUDNPD� HW� DO��

>���@ GHSRVLWH� DQ� K\GUR[\DSDWLWH� OD\HU� RQWR� PDJQHVLXP� DOOR\� VXEVWUDWH� DQG�

GHPRQVWUDWHV� WKDW� ,Q� YLWUR� EHKDYLRU�� VXSHULRU� FHOOV� DGKHUHQFH� ZLWK� QXPHURXV� FHOOXODU�

PLFUR�H[WHQVLRQV�RQ�SRURXV�7D�VDPSOHV�FRPSDUHG�WR�7L�VDPSOHV�FOHDUO\�VXJJHVWV�WKDW�7D�

VXUIDFHV�DUH�ELRFRPSDWLEOH�DQG�FDXVH�QR�LQKLELWLRQ�WR�ERQH�FHOOV��K)2%��DGKHVLRQ�DQG�

JURZWK�� 3UHVHQFH� RI� UHODWLYHO\� KLJK� (&0� �([WUD� &HOOXODU� 0DWUL[�� PLQHUDOL]DWLRQ� RQ�

SRURXV�7D� VDPSOHV� DOVR� LQGLFDWHV� WKDW� RVWHREODVW� FHOOV� KDYH� VWDUWHG� GLIIHUHQWLDWLQJ� DQG�

(&0� UHPRGHOLQJ� >���@�� ,Q� YLYR�� WKLV� SRURXV� WDQWDOXP� ELRPDWHULDO� KDV� GHVLUDEOH�

FKDUDFWHULVWLFV�IRU�ERQH�LQJURZWK��IXUWKHU�VWXGLHV�DUH�ZDUUDQWHG�WR�DVFHUWDLQ�LWV�SRWHQWLDO�

IRU�FOLQLFDO�UHFRQVWUXFWLYH�RUWKRSDHGLFV�>���@��

7KH� DGGLWLRQ� RI� JUDSKHQH� WR� +$� FRDWLQJV� VLJQLILFDQWO\� HQKDQFHG� DWWDFKPHQW� DQG�

SUROLIHUDWLRQ�RI�KXPDQ�RVWHREODVW�FHOOV��ZKLFK�LV�PRVW�OLNHO\�DWWULEXWHG�WR�IDVW�DGVRUSWLRQ�

RI� NH\� VHUXP� SURWHLQV� OLNH� ILEURQHFWLQ� ZLWK� HORQJDWHG� VWUHWFKLQJ� FRQIRUPDWLRQ� RQ�

JUDSKHQH�>���@�

���$QWLEDFWHULDO�$QWLPLFURELDO�FRDWLQJV

$OWKRXJK� WKH� XVH� RI� WLWDQLXP� DQG� LWV� DOOR\V� LQ� ELRPHGLFLQH� LV� VWLOO� LPSRUWDQW�� WKH�

LQIHFWLRQ�DURXQG� WKH� LPSODQWV� UHPDLQV�DV�D�FRQFHUQ�� ,QIHFWLRQ�QRW�RQO\�GR� WKH�SDWLHQWV�

VXIIHU� VHULRXV� GDPDJH� EXW� EDFWHULDO� LQIHFWLRQ� DIWHU� LPSODQW� SODFHPHQW� FDQ� FDXVH�

VLJQLILFDQW� FRPSOLFDWLRQV� WKHUHE\� LQFUHDVLQJ� PHGLFDO� FRVW�� 7KH� SDUDGLJP� RI� EDFWHULDO�

DWWDFKPHQW� DQG� SUROLIHUDWLRQ� RQ� VXUIDFHV� ZDV� ILUVW� UHFRJQL]HG� LQ� WKH� ����V�� ,W� ZDV�

HVWDEOLVKHG�WKDW�D�EDFWHULD�SUHIHU�WR�FRORQL]H�D�VROLG�VXEVWUDWH�WKDQ�OLYLQJ�LQ�D�SODQNWRQLF�

VWDWH��7KH�FUHDWLRQ�RI�DQWLEDFWHULDO�VXUIDFHV�VHHNV�WR�UHSHO�RU�UHVLVW�WKH�LQLWLDO�DWWDFKPHQWV�

RI� EDFWHULD� E\� HLWKHU� H[KLELWLQJ� DQ� DQWLELRIRXOLQJ� DIIHFW� RU� E\� LQDFWLYDWLQJ� DQ\� FHOOV�

FRPLQJ� LQWR� FRQWDFW� ZLWK� WKH� VXUIDFH�� $QWLEDFWHULDO� VXUIDFHV� FDQ� EH� GLYLGHG LQ� WZR�

JURXSV���L��DQWLELRIRXOLQJ�VXUIDFHV�WKDW�PD\�UHVLVW�RU�SUHYHQW�FHOOXODU�DWWDFKPHQW�GXH�WR�

WKH� SUHVHQFH� RI� DQ� XQIDYRUDEOH� VXUIDFH� WRSRJUDSK\� RU� VXUIDFH� FKHPLVWU\�� DQG� �LL��
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EDFWHULFLGDO�VXUIDFHV�WKDW�GLVUXSW�WKH�FHOO�RQ�FRQWDFW��FDXVLQJ�FHOO�GHDWK��7KH�&6 SURFHVV�

KDV�DOVR�HPHUJHG�DV�D�SURPLVLQJ�SURFHVV�WR�IXQFWLRQDOL]H�VXUIDFHV�LQ�VXFK�ZD\�

7KH�XVH�RI�LQRUJDQLF�DQWLPLFURELDO�DJHQWV�KDV�DWWUDFWHG�LQWHUHVW�IRU�LWV�LPSURYHG�VDIHW\�

DQG� VWDELOLW\� YHUVH� RUJDQLF� DQWLPLFURELDO� DJHQWV�� 7KHUH� KDV� EHHQ� D� JUHDW� GHYHORSPHQW�

GXULQJ�UHFHQW�\HDUV�LQ�DQWLEDFWHULDO�FRDWLQJV�EXW�WKH\�DUH�QRW�VWLOO�FOLQLFDOO\�PXFK�XVHG��

KRZHYHU�� PRUH� GHYHORSPHQWV� DQG� LQYHVWLJDWLRQV� DUH� EHLQJ� H[SORUHG� WR� DFKLHYH� ERWK��

H[FHOOHQW� WLVVXH� LQWHJUDWLRQ�DELOLW\� DQG�JRRG�DQWLEDFWHULDO�SURSHUWLHV� >���@��6LOYHU� �$J��

KDV�DOUHDG\�EHHQ�KLJKOLJKWHG�DV�DQ�DQWLEDFWHULDO�PDWHULDO��7KH�FRPELQDWLRQ�RI�ELRDFWLYLW\�

�+$�� DQG� DQWLEDFWHULDO� SURSHUWLHV� �$J�� KDYH� EHHQ� SUHYLRXVO\� UHSRUWHG� DQG� WKH� UHVXOWV�

LQGLFDWHG� WKDW� WKH� DQWLEDFWHULDO� DFWLYLW\� LQFUHDVHG�ZLWK� LQFUHDVLQJ�+$�$J� QDQRSRZGHU�

FRQFHQWUDWLRQV�>���@� $OWHUQDWLYHO\��FHUDPLF�SRZGHU�RI�]LQF�R[LGH��=Q2���FDOFLXP�R[LGH�

�&D2��DQG�PDJQHVLXP�R[LGH��0J2��KDYH�IRXQG�DQWLEDFWHULDO�DFWLYLW\��&RPELQDWLRQV�RI�

=Q2�7L�SRZGHUV�ZLWK�GLIIHUHQW�UDWLRV�KDYH�EHHQ�SHUIRUPHG�WR�SURGXFH�FRPSRVLWH�FRDWHG�

LPSODQWV� >���@�� WKH� UHVXOWV� VKRZ� WKDW� WKH�YLDELOLW\� RI� FHOOV� RQ�=Q2���7L���ZDV�KLJKHU�

WKDQ� RQ� =Q2���7L��� DQG� =Q2���7L��� VDPSOHV�� WKXV� SURYLQJ� WKDW� WKH� FHOO� YLDELOLW\�

GHFUHDVHG�ZLWK�LQFUHDVLQJ�=Q2�FRQFHQWUDWLRQ�LQ� WKH�FRDWLQJ�FRPSRVLWLRQ��2Q�WKH�RWKHU�

KDQG�� WKH� EDFWHULFLGDO� HIIHFW� RI� 7L2� FRDWLQJV� KDV� DOVR� EHHQ� H[WHQVLYHO\� VWXGLHG��

VSHFLILFDOO\��&6 DQDWDVH�FRDWLQJV�ZHUH�LQYHVWLJDWHG�E\�.OLHPDQQ�HW�DO��>���@� $�NLOO�UDWH�

RI��������ZDV�REWDLQHG�DIWHU���PLQ�RI�H[SRVLWQJ WKH�EDFWHULD�3VHXGRPRQDV�$HUXJLQRVD�

WR�89� OLJKW�ZLWK� D� SHDN� LQWHQVLW\� RI� ���� QP�� &HUWDLQ� VWDJQDWLRQ� RI� WKH� GHFD\� RI� WKH�

EDFWHULD� ZDV� IRLQG�� ZKLFK� FRXOG� EH� DWWULEXWHG� WR� QRQ�FRDWHG� DUHDV� SUHVHQW� GXH� WR� WKH�

LPSRVVLELOLW\�RI� FRYHULQJ� DOO� WKH� VXUIDFH�RI� WKH� VXEVWUDWH�E\�PHDQV�RI� DQFKRULQJ�7L2�

SDUWLFOHV��2WKHU�FRDWLQJV�WKDW�DUH�FRPPLWWHG�WR�DQWLEDFWHULDO�SURSHUWLHV�WKDQN�WR�=Q2�DUH�

PDGH� RI� 1RYDURQ� 9=� ���� �D� FRPPHUFLDO� DYDLODEOH� LQRUJDQLF� DQWLPLFURELDO� SRZGHU�

PDGH�IURP�JODVV��ZLWK�WKH�IXQFWLRQDO�PDWHULDO�EHLQJ�=Q2��RQWR�7L�>���@��7KRVH�VWXGLHV�

ZHUH� GHYHORSHG� WR� DQDO\]H� WKH� GLIIHUHQFHV� DPRQJ� VXUIDFHV� XVLQJ� GLIIHUHQW� SURFHVVLQJ�

SUHVVXUHV� DQG� DQDO\VLV� RI� WKH� DQWLPLFURELDO� ZLWK� &6 GXH� WR� WKH� ORZ� KHDW� SRZGHU�

UHVLVWDQFH�� 5HVXOWV� KDYH� VKRZQ� WKDW� 6�$UHXV� FHOOV� RQ� VDPSOHV� GHFUHDVHG� DIWHU� ��K�

FXOWXUH��HYHQ�RQ�QRQ�FRDWHG�SODWHV��7ZR�SRVVLELOLWLHV�ZHUH�UHSRUWHG� �L��5RXJKQHVV�FDQ�

FRQWULEXWH�WR�DQWLPLFURELDO�DELOLW\�DQG��LL��PHGLXP�FRQFHQWUDWLRQ�PD\�KDYH�EHHQ�WRR�ORZ�

IRU�WKLV�EDFWHULXP��

0RUHRYHU��DQWLEDFWHULDO�FRDWLQJV�QRW�RQO\�IRFXV�RQ�RUWKRSHGLF�DQG�LPSODQW�DSSOLFDWLRQV��

EXW� DOVR� LQ� WRXFK� VXUIDFHV�ZKHUH� WKHUH� LV� FHUWDLQ� ULVN� RI� LQIHFWLRQ��0HWDOV� OLNH� FRSSHU�
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�&X�� KDYH� EHHQ� HPSOR\HG� IRU� WKLV� SXUSRVH�� ,Q� WKH� FDVH� RI� FRSSHU�� LWV� DQWLEDFWHULDO�

DFWLYLW\� QRW� RQO\� FRPHV� IURP� LWVHOI� EXW� DOVR� WKH� XWLOL]HG� WHFKQLTXH�� 7KH� VSHFLILF�

PHFKDQLVP�E\�ZKLFK�FRSSHU�DIIHFWV�FHOOXODU�VWUXFWXUHV�LV�QRW�\HW�SURYHQ��EXW�WKH�DFWLYH�

DJHQW�RI�FHOO�GHVWUXFWLRQ�LV�JHQHUDOO\�FRQVLGHU�WR�EH�WKH�FRSSHU�LRQ�>���@��$V�WKH�IDFW�WKDW�

&6 GHDOV� ZLWK� KLJK� SDUWLFOH� YHORFLWLHV� OHDGLQJ� WR� H[WUHPH� ZRUN� KDUGHQLQJ� DQG� KLJK�

GLVORFDWLRQ�GHQVLW\�ZLWKLQ� WKH�GHSRVLW�� FDXVHV� DQ� LQFUHDVH�RI� LRQ�GLIIXVLRQ� WKURXJK� WKH�

JUDLQ� GLVORFDWLRQV� OHDGLQJ� WR� PLFURELDO� GHVWUXFWLRQ� >���@�� &KDPSDJQH� HW� DO�� >���@�

SURGXFHG� FRSSHU� VXUIDFHV� RQWR� DOXPLQXP� XVLQJ� WKUHH� WKHUPDO� VSUD\�PHWKRGV�� SODVPD�

VSUD\��ZLUH�VSUD\�DQG�FROG�VSUD\��LQ�RUGHU�WR�DQDO\]H�WKH�PLFURELRORJLF�GLIIHUHQFHV�DQG�

GHFUHDVH� WKH� ULVN� RI� LQIHFWLRQ� RI� EDFWHULDO� FRQWDPLQDWLRQ� RQ� WRXFK� VXUIDFHV� VXFK� D�

KRVSLWDO� WDEOH� &6 SURGXFHG� WKH�PLQLPXP�SHUFHQWDJH�RI�056$��0HWLFLNOOLQ�5HVLVWDQW�

6WDSK\ORFRFFXV�$XUHXV��GXH�WR�WKH�KLJK�QXPEHU�RI�GLVORFDWLRQV�ZLWKLQ�WKH�FRDWLQJ��

2WKHU�DWWHPSWV�RI�DQWLEDFWHULDO�FRDWLQJV�ZHUH�UHDOL]HG�PL[HG�ZLWK�DOXPLQXP�SRZHU��$O���

7KH� XVH� RI� DOXPLQXP� LV� FDXVH� IRU� D� QXPEHU� RI� FRVPHWLF� XVHG�� UHSDLU�� FRUURVLRQ� DQG�

SURWHFWLRQ�DSSOLFDWLRQV�� DOVR� IRU� LWV� ORZ�GHQVLW\� WKDW�FRXOG�EH�DFFHOHUDWHG� WR�YHU\�KLJK�

YHORFLWLHV�LQ�&6 DQG�WKH�DYDLODEOH�FRPPHUFLDOO\�YDULHW\�RI�FRPSRVLWLRQ�RI�$O�SRZGHUV��

7DEOH� �� VXPPDUL]HV� WKH� &6 VSUD\LQJ� FRQGLWLRQV� XVHG� IRU� WKH� DQWLEDFWHULDO� FRDWLQJV�

UHIHUHQFHG�ZLWKLQ�WKLV�VHFWLRQ��

���6XPPDU\

$OO� WKH� DERYH� FRDWLQJ� V\VWHPV� WU\� WR� VDWLVI\� WKH� PDLQ� UHTXLUHPHQWV� IRU� D� ELRFRDWLQJ��

HLWKHU�LQ�ELRORJLFDO��ELRFRPSDWLELOLW\�DQG�ELRDFWLYLW\���PHFKDQLFDO�RU�DQWLEDFWHULDO�WHUPV��

7HUPV� OLNH� ³VWUXFWXUDO� GHVLJQ´� DQG� ³GHSRVLWLRQ� WHFKQLTXHV´� DUH� LQYROYHG� LQ� WKH�

GHYHORSPHQW� RI� WKH� IDEULFDWLRQ� SURFHVV� WR� REWDLQ� FRVW�HIILFLHQW� SURGXFWV� PDNLQJ� LW�

FRPPHUFLDOO\� UHSURGXFLEOH� DQG� DWWDLQDEOH� WR� DOO� W\SHV� RI�PDUNHWV�� )URP� WKLV� SRLQW� RI�

YLHZ��LW�LV�ZRUWK�WDNLQJ�LQWR�FRQVLGHUDWLRQ WKH�YDOXDEOH�DGYDQWDJHV�WKDW�&6 KDV�WR�RIIHU�

RI�QRQ�PLFURVWUXFWXUDO�FKDQJHV�IURP�IHHGVWRFN�SRZGHU��KLJK�GHSRVLWLRQ�HIILFLHQF\��ORZ�

WHPSHUDWXUH�UDWHV�DQG�RYHUFRDW� WKH�ZLGH�UDQJH�RI�PDWHULDOV� WKDW�FRXOG�EH�DSSOLHG��'D\�

E\� GD\� FRQVWDQW� ZRUN� DQG� UHVHDUFK� GHPRQVWUDWH� &6 DV� D� QHZ� WHFKQLTXH� WR SURGXFH�

FRDWLQJV�

+RZHYHU�� VWLOO� D� ELJ� VWHS� KDV� WR� EH� RYHUFRPH� LQ� RUGHU� WR� WUDQVODWH� WKH� H[SHULPHQWDO�

VWXGLHV� WR� WKH� UHDO� PDUNHW��0RUH� VWXGLHV� LQ� YLWUR� DQG� LQ� YLYR� IURP� &6 WHFKQLTXH� DUH�
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UHTXLUHG�DQG�WKH�DGGLWLRQ�RI�DQWLEDFWHULDO�FRPSRQHQWV�PXVW�EH�SHUIRUPHG�DV�D�QHFHVVLW\�

XSWXUQ�LQ�KXPDQ�KHDOWK�

$FNQRZOHGJPHQWV

7KH�DXWKRUV�ZLVK�WR�WKDQN�WKH�*HQHUDOLWDW�GH�&DWDOXQ\D�IRU�WKH�SURMHFW������6*5������

)LJXUH�FDSWLRQV

)LJ��� (YROXWLRQ�RI�ELRPDWHULDOV�VFLHQFH�DQG�WHFKQRORJ\

)LJ��� %LRDFWLYLW\� VSHFWUXP� IRU� YDULRXV� ELRFHUDPLF� LPSODQWV�� �D�� UHODWLYH� UDWH� RI�
ELRDFWLYLW\� DQG� �E�� WLPH� GHSHQGHQFH� RI� IRUPDWLRQ� RI� ERQH� ERQGLQJ� DW� DQ� LPSODQW�
LQWHUIDFH� >�$�� ��6�� %LRJODVV��� �%�� 0LQD��� &HUDYLWDO��� �&�� ��6���� %LRJODVV��� �'��
$�:�JODVV�FHUDPLF���(�+$���)��.*\����&HUDYLWDO�@�>�@

)LJ��� 9DULDEOHV� DQG� VWDJHV� RI� FRDWLQJ� IRUPDWLRQ� LQ� FRQYHQWLRQDO� WKHUPDO� VSUD\�

SURFHVVHV�

)LJ�� 6FKHPD�RI�76�WHFKQLTXHV�DFFRUGLQJ�WR�HQHUJ\�VRXUFH

)LJ��� 6FKHPD�RI�&6 WHFKQLTXH�

)LJ��� 6WDJHV�RI�FRDWLQJ�IRUPDWLRQ�LQ�WKH�FROG�VSUD\�SURFHVV�>��@

)LJ��� 3RURXV�7L�FRDWLQJV�E\�&6�IURP�OHVV�WR�KLJK�HQHUJHWLF�FRQGLWLRQV��D�G��>���@

)LJ��� 3RURXV�7L�FRDWLQJV��D��6(0�IUHH�VXUIDFH�LPDJH�DQG��E��02�&URVV�VHFWLRQ�LPDJH�

>���@���F��6(0�IUHH�VXUIDFH�LPDJH��G��6(0�FURVV�VHFWLRQ�LPDJH>���@

)LJ��� ,Q�YLYR�HYDOXDWLRQ�RI�EDUH�3((.�DQG�+$�3((.�DW���ZHHNV��D��DQG���ZHHNV��E��

>���@

5HIHUHQFHV

>�@*DRQD� 0�� 5HFXEULPLHQWRV� ELRFRPSDWLEOHV� REWHQLGRV� SRU� 3UR\HFFLyQ� 7pUPLFD� \�

HVWXGLR�LQ�YLWUR�GH�OD�IXQFLyQ�RVWHREOiVWLFD��3K'�WKHVLV��8QLYHUVLWDW GH�%DUFHORQD�������

>�@+HQFK�//��%LRPDWHULDOV��D�IRUHFDVW�IRU�WKH�IXWXUH��%LRPDWHU�������������±���

>�@5DWQHU� %'�� +RIIPDQ� $6�� 6FKRHQ� )-�� /HPRQV� -(�� ,QWURGXFWLRQ� � %LRPDWHULDOV�

6FLHQFH�� $Q� (YROYLQJ�� 0XOWLGLVFLSOLQDU\� (QGHDYRU�� ,Q�� 5DWQHU� %'�� +RIIPDQ� $6��

6FKRHQ�)-��/HPRQV�-(��HGLWRUV��%LRPDWHULDOV�6FLHQFH���UG�HG��$FDGHPLF�3UHVV�������
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>�@5DPDNULVKQD�6��0D\HU� -��:LQWHUPDQWHO�(�� /HRQJ�.:��%LRPHGLFDO� DSSOLFDWLRQV� RI�

SRO\PHU�FRPSRVLWH�PDWHULDOV��D�UHYLHZ��&RPSRV�6FL�7HFKQRO�������������±����

>�@:LOOLDP�')��&RQVHQVXV�DQG�GHILQLWLRQV�LQ�ELRPDWHULDOV��,Q��GH�3RWWHU�&��GH�/DQJH�.��

GH�*URRW�.�� /HH�$-&�� HGLWRUV��$GYDQFHV� LQ� ELRPDWHULDOV��$PVWHUGDP�� (OVHYLHU�� ����

S������

>�@&DR�:��+HQFK�//��%LRDFWLYH�PDWHULDOV��&HUDP�,QWHU������������±����

>�@-RQHV�-��&ODUH�$��%LR�*ODVVHV��$Q�,QWURGXFWLRQ��-RKQ�:LOH\�	�6RQV�������

>�@.DOLWD�6��1DQRVWUXFWXUHG�%LRPDWHULDOV��,Q��6HDO�6��HGLWRU��)XQFWLRQDO�1DQRVWUXFWXUHV��

6SULQJHU�������

>�@%URQ]LRQR�-'��7KH�%LRPHGLFDO�(QJLQHHULQJ�+DQG%RRN�9RO�����QG�HG��%RFD�5DWRQ��

&5&�3UHVV�//&�������

>��@6DOLQDV� $-�� 9DOOHW�5HJL� 0�� %LRDFWLYH� FHUDPLFV�� IURP� ERQH� JUDIWV� WR� WLVVXH�

HQJLQHHULQJ��56&�$GY�������������±���

>��@.DWWL� .6�� %LRPDWHULDOV� LQ� WRWDO MRLQW� UHSODFHPHQW�� &ROORLG� 6XUI� %�� %LRLQWHUIDFH�

�����������±���

>��@%DXHU�6��6FKPXNL�3��YRQ�GHU�0DUN�.��3DUN�-��(QJLQHHULQJ�ELRFRPSDWLEOH� LPSODQW�

VXUIDFHV��3DUW�,��0DWHULDOV�DQG�VXUIDFHV��3URJ�0DWHU�6FL������������±����

>��@.KDQ� 63�� $XQHU� **�� 1HZD]� *0�� ,QIOXHQFH� RI� QDQRVFDOH� VXUIDFH� URXJKQHVV� RQ�

QHXUDO�FHOO�DWWDFKPHQW�RQ�VLOLFRQ��1DQRPHG��1DQRWHFKQRO��%LRO�0HG�����������±��

>��@<XQ�+�6��3DUN�-�:��.LP�6�+��.LP�<�-��-DQJ�-�+��(IIHFW�RI� WKH�SRUH�VWUXFWXUH�RI�

ELRDFWLYH� JODVV� EDOOV� RQ� ELRFRPSDWLELOLW\� LQ� YLWUR� DQG� LQ� YLYR�� $FWD� %LRPDWHU�

�����������±���

>��@6LQJKDWDQDGJLW�:��%LRORJLFDO�5HVSRQVHV� WR�1HZ�$GYDQFHG�6XUIDFH�0RGLILFDWLRQV�

RI�(QGRVVHRXV�0HGLFDO�,PSODQWV��%RQH�7LVVXH�5HJHQ�,QVLJKWV���������±���

>��@/LQ�/��:DQJ�+��1L�0��5XL�<��&KHQJ�7�<��&KHQJ�&�.��(QKDQFHG�RVWHRLQWHJUDWLRQ�

RI�PHGLFDO�WLWDQLXP�LPSODQW�ZLWK�VXUIDFH�PRGLILFDWLRQV�LQ�PLFUR�QDQRVFDOH�VWUXFWXUHV��-�

2UWKRS�7UDQVO����������±���
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>��@<DQJ�<=��7LDQ�-0��7LDQ�-7��&KHQ�=4��'HQJ�;-��=KDQJ�'+��3UHSDUDWLRQ�RI�JUDGHG�

SRURXV� WLWDQLXP�FRDWLQJV�RQ� WLWDQLXP� LPSODQW�PDWHULDOV�E\�SODVPD�VSUD\LQJ�� -�%LRPHG�

0DWHU�5HV������������±��

>��@(QGUHV�6��:LONH�0��.Q|OO�3��)UDQN�+��.UDW]�0��:LONH�$��&RUUHODWLRQ�RI� LQ�YLWUR�

DQG�LQ�YLYR�UHVXOWV�RI�YDFXXP�SODVPD�VSUD\HG�WLWDQLXP�LPSODQWV�ZLWK�GLIIHUHQW�VXUIDFH�

WRSRJUDSK\� -�0DWHU�6FL��0DWHU�0HG�������������������

>��@%RUVDUL�9��*LDYDUHVL�*��)LQL�0��7RUULFHOOL�3��7VFKRQ�0��&KLHVD�5��&RPSDUDWLYH�LQ�

YLWUR� VWXG\� RQ� D� XOWUD�KLJK� URXJKQHVV� DQG� GHQVH� WLWDQLXP� FRDWLQJ�� %LRPDWHU�

������������±���

>��@ &KHQ� <�� =KHQJ� ;�� -L� +�� 'LQJ� &�� (IIHFW� RI� 7L±2+� IRUPDWLRQ� RQ� ELRDFWLYLW\� RI�

YDFXXP�SODVPD� VSUD\HG� WLWDQLXP�FRDWLQJ�DIWHU� FKHPLFDO� WUHDWPHQW��6XUI�&RDW�7HFKQRO�

������������±��

>��@-DHJJL� &��0RRVHU� 5�� )UDXFKLJHU�9��:\VV� 3�� �'� FKDUDFWHUL]DWLRQ� RI� RSHQ� SRURXV�

YDFXXP�SODVPD�VSUD\HG�WLWDQLXP�FRDWLQJV�E\�PHDQV�RI�KLJK�UHVROXWLRQ�PLFUR�FRPSXWHU�

WRPRJUDSK\��0DWHU�/HWW�������������±��

>��@.LQRV� 7�� &KHQ� 6/�� 6LLWRQHQ� 3�� .HWWXQHQ� 3�� 'HQVLILFDWLRQ� RI� SODVPD�VSUD\HG�

WLWDQLXP�DQG�WDQWDOXP�FRDWLQJV��-767�����������±���

>��@6WDQLVLF� -�� .RVLNRZVN\� '�� 0RKDQW\� 36�� +LJK� WHPSHUDWXUH� (URVLRQ� EHKDYLRU� RI�

7KHUPDO�6SUD\HG�7DQWDOXP�� ,Q��6XGDUVKDQ�76��6WLJOLFK�--�� HGLWRUV��3URFHHGLQJV�RI� WKH�

��WK ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6XUIDFH�0RGLILFDWLRQ�7HFKQRORJLHV��$60�,QWHUQDWLRQDO�

�����������

>��@%DOOD�9.�� %RGKDN� 6�� %RVH� 6�� %DQG\RSDGK\D\�$�� 3RURXV� WDQWDOXP� VWUXFWXUHV� IRU�

ERQH� LPSODQWV�� )DEULFDWLRQ�� PHFKDQLFDO� DQG� LQ� YLWUR� ELRORJLFDO� SURSHUWLHV�� $FWD�

%LRPDWHU������������±���

>��@0DWVRQ� ':�� 0HU]� 0'�� 0F&ODQDKDQ� ('�� +LJK� UDWH� VSXWWHU� GHSRVLWLRQ� RI� ZHDU�

UHVLVWDQW�WDQWDOXP�FRDWLQJV��-�9D�6FL�7HFKQRO�$����������������

>��@5DL� 0�� <DGDY� $�� *DGH� $�� 6LOYHU� QDQRSDUWLFOHV� DV� D� QHZ� JHQHUDWLRQ� RI�

DQWLPLFURELDOV��%LRWHFKQRO�$GY�����������±���

���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���
���



>��@.QHWVFK�0/:��.RROH� /+��1HZ� 6WUDWHJLHV� LQ� WKH�'HYHORSPHQW� RI� $QWLPLFURELDO�

&RDWLQJV��7KH�([DPSOH RI�,QFUHDVLQJ�8VDJH�RI�6LOYHU�DQG�6LOYHU�1DQRSDUWLFOHV��3RO\P�

����������������

>��@0HODL\H�$��<RXQJV�:-��6LOYHU�DQG�LWV�DSSOLFDWLRQ�DV�DQ�DQWLPLFURELDO�DJHQW��([SHUW�

2SLQ�7KHU�3DWHQWV������������±���

>��@6FKLHUKRO]� -0��/XFDV�/-��5XPS�$��3XOYHUHU *��(IILFDF\�RI� VLOYHU�FRDWHG�PHGLFDO�

GHYLFHV��-�+RVS�,QIHFW������������±���

>��@*RVKHJHU�*��+DUGHV�-��$KUHQV�+��6WUHLWEXUJHU�$��%XHUJHU�+��(UUHQ�0��HW�DO��6LOYHU�

FRDWHG� PHJDHQGRSURVWKHVHV� LQ� D� UDEELW� PRGHO²DQ� DQDO\VLV� RI� WKH� LQIHFWLRQ� UDWH� DQG�

WR[LFRORJLFDO�VLGH�HIIHFWV��%LRPDWHU�������������±���

>��@7RELQ�(-��%DPEDXHU�5�� 6LOYHU�&RDWLQJ� RI�'LDO\VLV�&DWKHWHUV� WR�5HGXFH�%DFWHULDO�

&RORQL]DWLRQ�DQG�,QIHFWLRQ��7KHUDSHXWLF�$SKHU�'LDO�����������±��

>��@*UD\�-(��1RUWRQ�35��$OQRXQR�5��0DUROGD�&/��9DOYDQR�0$��*ULIILWKV�.��%LRORJLFDO�

HIILFDF\� RI� HOHFWUROHVV�GHSRVLWHG� VLOYHU� RQ� SODVPD� DFWLYDWHG� SRO\XUHWKDQH�� %LRPDWHU�

������������±���

>��@'RZOLQJ�'3��'RQQHOO\�.��0F&RQQHOO�0/��(OR\�5��$UQDXG�01��'HSRVLWLRQ�RI�DQWL�

EDFWHULDO�VLOYHU�FRDWLQJV�RQ�SRO\PHULF�VXEVWUDWHV��7KLQ�6ROLG�)LOPV���������±�������±

��

>��@%RVHWWL� 0�� 0DVVq� $�� 7RELQ� (�� &DQQDV� 0�� 6LOYHU� FRDWHG� PDWHULDOV� IRU� H[WHUQDO�

IL[DWLRQ�GHYLFHV��LQ�YLWUR�ELRFRPSDWLELOLW\�DQG�JHQRWR[LFLW\��%LRPDWHU������������±���

>��@1RGD� ,�� 0L\DML� )�� $QGR� <�� 0L\DPRWR� +�� 6KLPD]DNL� 7�� <RQHNXUD� <�� HW� DO��

'HYHORSPHQW�RI�QRYHO� WKHUPDO� VSUD\HG� DQWLEDFWHULDO� FRDWLQJ�DQG� HYDOXDWLRQ�RI� UHOHDVH�

SURSHUWLHV�RI�VLOYHU�LRQV��-�%LRPHG�0DWHU�5HV�3DUW�%��$SSO�%LRPDWHU��������%����±���

>��@$QGR�<��0L\DPRWR�+��1RGD�,��6DNXUDL�1��$NL\DPD�7��<RQHNXUD�<��HW�DO��&DOFLXP�

SKRVSKDWH� FRDWLQJ� FRQWDLQLQJ� VLOYHU� VKRZV� KLJK� DQWLEDFWHULDO� DFWLYLW\� DQG� ORZ�

F\WRWR[LFLW\�DQG�LQKLELWV�EDFWHULDO�DGKHVLRQ��0DWHU�6FL�(QJ��&������������±���

>��@0LROD�0��)HUUDULV�6��'L�1XQ]LR�6��5RERWWL�3)��%LDQFKL�*��)XFDOH�*��HW�DO��6XUIDFH�

VLOYHU�GRSLQJ�RI�ELRFRPSDWLEOH�JODVVHV�WR�LQGXFH�DQWLEDFWHULDO�SURSHUWLHV��3DUW�,,��SODVPD�

VSUD\HG�JODVV�FRDWLQJV��-�0DWHU�6FL��0DWHU�0HG������������±��
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>��@/L�%��/LX�;��0HQJ�)��&KDQJ�-��'LQJ�&��3UHSDUDWLRQ�DQG�DQWLEDFWHULDO�SURSHUWLHV�RI�

SODVPD�VSUD\HG�QDQR�WLWDQLD�VLOYHU�FRDWLQJV��0DWHU�&KHP�3K\V������������±����

>��@/L�%��/LX�;��&DR�&��0HQJ�)��'RQJ�<��&XL�7��HW� DO�� 3UHSDUDWLRQ�DQG�DQWLEDFWHULDO�

HIIHFW� RI� SODVPD� VSUD\HG� ZROODVWRQLWH� FRDWLQJV� ORDGLQJ� VLOYHU�� $SSO� 6XUI� 6FL�

������������±��

>��@=KHQJ� ;�� &KHQ� <� ;LH� <�� -L� +�� +XDQJ� /�� 'LQJ� &�� $QWLEDFWHULDO� 3URSHUW\� DQG�

%LRFRPSDWLELOLW\� RI� 3ODVPD� 6SUD\HG� +\GUR[\DSDWLWH�6LOYHU� &RPSRVLWH� &RDWLQJV�� -�

7KHUP�6SUD\�7HFKQRO������������±����

>��@)HUQiQGH]� -�� *DRQD� 0�� *XLOHPDQ\� -0�� 7ULERORJLFDO� 6WXG\� RI� 3ODVPD�

+\GUR[\DSDWLWH�&RDWLQJV��.H\�(QJ�0DWHU��������������������

>��@+HLPDQQ�5%��9X�7$�� /RZ�SUHVVXUH� SODVPD�VSUD\HG� �/336�� ELRFHUDPLF� FRDWLQJV�

ZLWK� LPSURYHG� DGKHVLRQ� VWUHQJWK� DQG� UHVRUSWLRQ� UHVLVWDQFH�� -� 7KHUP� 6SUD\� 7HFKQRO�

����������±��

>��@6XQ� /�� %HUQGW� &&�� *URVV� .$�� .XFXN $�� 0DWHULDO� IXQGDPHQWDOV� DQG� FOLQLFDO�

SHUIRUPDQFH�RI�SODVPD�VSUD\HG�K\GUR[\DSDWLWH�FRDWLQJV��$�UHYLHZ��-�%LRPHG�0DWHU�5HV�

�����������±���

>��@7VXL�<&��'R\OH�&��&O\QH�7:��3ODVPD�VSUD\HG�K\GUR[\DSDWLWH�FRDWLQJV�RQ�WLWDQLXP�

VXEVWUDWHV�3DUW����0HFK�3URS�5HVLGXDO�6WUHVV�/HY��%LRPDWHU�������������±���

>��@)HUQiQGH]� -�� *DRQD� 0�� *XLOHPDQ\� -0�� (IIHFW� RI� +HDW� 7UHDWPHQWV� RQ� +92)�

+\GUR[\DSDWLWH�&RDWLQJV��-�7KHUP�6SUD\�7HFK������������±��

>��@/LPD�56��.KRU�.$��/L�+��&KHDQJ�3��0DUSOH�%5��+92)�VSUD\LQJ�RI�QDQRVWUXFWXUHG�

K\GUR[\DSDWLWH�IRU�ELRPHGLFDO�DSSOLFDWLRQV��0DWHU�6FL�(QJ��$�������������±��

>��@.KRU�.���/L�+��&KHDQJ�3��3URFHVVLQJ±PLFURVWUXFWXUH±SURSHUW\� UHODWLRQV� LQ�+92)�

VSUD\HG�FDOFLXP�SKRVSKDWH�EDVHG�ELRFHUDPLF�FRDWLQJV��%LRPDWHU�������������±���

>��@&KR� -6�� .DQJ� <&�� 1DQR�VL]HG� K\GUR[\DSDWLWH� SRZGHUV� SUHSDUHG� E\� IODPH� VSUD\�

S\URO\VLV��-�$OOR\V�DQG�&RPSG�������������±��
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>��@0HOHUR� +�� 5HFXEULPLHQWRV� ELRFRPSDWLEOHV� GH� +LGUR[LDSDWLWD�7LWDQLD� REWHQLGRV�

PHGLDQWH�3UR\HFFLyQ�7pUPLFD� GH�$OWD�9HORFLGDG� �+92)���3K'� WKHVLV��8QLYHUVLWDW� GH�

%DUFHORQD�������

>��@3DMDUHV� /ySH]� 0�� +HUQiQGH]� &RUWpV� 3�� 3HUHJULQDI� 3DORPDUHV� 0�� +HUQiQGH]�

+HUQiQGH]� 0$�� 9iVWDJRV� FHPHQWDGRV� \� QR� FHPHQWDGRV� HQ� DUWURSODVWLDV� WRWDOHV� GH�

FDGHUD�SRU�FR[RSDWtDV�PHFiQLFDV��5HY�(VS�&LU�2VWHRDUWLF�����������±���

>��@&KHUQ�/LQ�-+��/LX�0/��-X�&3��6WUXFWXUH�DQG�SURSHUWLHV�RI�K\GUR[\DSDWLWH�ELRDFWLYH�

JODVV�FRPSRVLWHV�SODVPD�VSUD\HG�RQ�7L�$O�9��-�0DWHU�6FL��0DWHU�0HG�����������±���

>��@:KHHOHU�'/��0RQWIRUW�0-��0F/RXJKOLQ�6:��'LIIHUHQWLDO�KHDOLQJ�UHVSRQVH�RI�ERQH�

DGMDFHQW� WR� SRURXV� LPSODQWV� FRDWHG� ZLWK� K\GUR[\DSDWLWH� DQG� ��6�� ELRDFWLYH� JODVV�� -�

%LRPHG�0DWHU�5HV������������±���

>��@�)ORURLDQ�/��3RSHVFX�$��6HUYDQ�1��0LKDLOHVFX�,RQ�1��3RO\PHU�%LRJODVV�&RPSRVLWH�

&RDWLQJV�� $� 3URPLVLQJ� $OWHUQDWLYH� IRU� $GYDQFHG� %LRPHGLFDO� ,PSODQWV��

KWWS���FGQ�LQWHFKRSHQ�FRP�SGIV�ZP�������SGI

>��@&DL�)��0L\DWD�&��+XDQJ�;��<DQJ�4��0LFURVWUXFWXUH��ELRDFWLYLW\�DQG�ZHDU�UHVLVWDQFH�

RI� VLQWHUHG� FRPSRVLWH�&R�&U�0R�%LRJODVV��5��� IRU�PHGLFDO� LPSODQW� DSSOLFDWLRQV�� ,QW� -�

6XUI�6FL�(QJ�����������±���

>��@3RXUKDVKHP�6��$IVKDU�$��'RXEOH� OD\HU� ELRJODVV�VLOLFD� FRDWLQJV� RQ� ���/� VWDLQOHVV�

VWHHO�E\�VRO�JHO�PHWKRG��&HUDP�,QW������������±�����

>��@$QDQWK� .3�� 6XJDQ\D� 6�� 0DQJDODUDM '�� )HUUHLUD� -0)�� %DODPXUXJDQ� $��

(OHFWURSKRUHWLF� ELOD\HU� GHSRVLWLRQ� RI� ]LUFRQLD� DQG� UHLQIRUFHG� ELRJODVV� V\VWHP� RQ�

7L�$O�9� IRU� LPSODQW� DSSOLFDWLRQV�� $Q� LQ� YLWUR� LQYHVWLJDWLRQ��0DWHU� 6FL� (QJ� &�0DWHU�

%LRO�$SSO�������������±���

>��@:DQJ� '*�� &KHQ� &=�� -LQ� 43�� /L +&�� 3DQ� <.�� +$�%LRJODVV� FRPSRVLWH� ILOPV�

GHSRVLWHG�E\�SXOVHG�ODVHU�ZLWK�GLIIHUHQW�VXEVWUDWH�WHPSHUDWXUH��$SSO�3K\V�$�0DWHU�6FL�

3URFHVV�������������±����

>��@6XQ�/��%HUQGW�&&��.KRU�.$��&KHDQJ�+1��.DUOLV $��*URVV��6XUIDFH�FKDUDFWHULVWLFV�

DQG� GLVVROXWLRQ� EHKDYLRU� RI� SODVPD�VSUD\HG� K\GUR[\DSDWLWH� FRDWLQJ�� -� %LRPHG�0DWHU�

5HV ����� ����������
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>��@)RUPLQ� $$�� 6WHLQKDXHU� $%�� /\DVQLNRY� 91�� :HQLJ� 6%�� =DNKDUHYLFK� $0��

1DQRFU\VWDOOLQH� VWUXFWXUH� RI� WKH� VXUIDFH� OD\HU� RI� SODVPD�VSUD\HG� K\GUR[\DSDWLWH�

FRDWLQJV�REWDLQHG�XSRQ�SUHOLPLQDU\�LQGXFWLRQ�KHDW� WUHDWPHQW�RI�PHWDO�EDVH��7HFK�3K\V�

/HWW�����������������

>��@.XU]ZHJ�+��+HLPDQQ�5%��7URF]\QVNL�7��:D\PDQ�0/��'HYHORSPHQW� RI� SODVPD�

VSUD\HG� ELRFHUDPLF� FRDWLQJV�ZLWK� ERQG� FRDWV� EDVHG� RQ� WLWDQLD� DQG� ]LUFRQLD��%LRPDWHU�

������������±���

>��@)�������� 6WDQGDUG� 6SHFLILFDWLRQ� IRU� FDOFLXP� SKRVSKDWH�&RDWLQJV� IRU� ,PSODQWDEOH�

0DWHULDOV

>��@,62� 6WDQGDUG� ������������� ,PSODQWV� IRU� VXUJHU\� ± +\GUR[\DSDWLWH� ± 3DUW� ���

&HUDPLF�K\GUR[\DSDWLWH

>��@,62� 6WDQGDUG� ������������� ,PSODQWV� IRU� VXUJHU\� ± +\GUR[\DSDWLWH� ± 3DUW� ����

&RDWLQJV�RI�K\GUR[\DSDWLWH

>��@,62� 6WDQGDUG� ������������� ,PSODQWV� IRU� VXUJHU\� ± +\GUR[\DSDWLWH� ± 3DUW� ���

&KHPLFDO�DQDO\VLV�DQG�FKDUWDFWHUL]DWLRQ�RI�FU\VWDOOLQLW\�DQG�SKDVH�SXULW\

>��@$670� )� �������� 6WDQGDUG� 6SHFLILFDWLRQ� IRU� )HPRUDO� 3URVWKHVHV� ± 0HWDOOLF�

,PSODQWV�

>��@0RKVHQL�(��=DOQH]KDG�(��%XVKURD�$5��&RPSDUDWLYH�LQYHVWLJDWLRQ�RQ�WKH�DGKHVLRQ�

RI� K\GUR[\DSDWLWH� FRDWLQJ� RQ� 7L±�$O±�9� LPSODQW�� $� UHYLHZ� SDSHU�� ,QW� -� $GKHV� DQG�

$GKHV������������±���

>��@.XR� 0&�� <HQ� 6.�� 7KH� SURFHVV� RI� HOHFWURFKHPLFDO� GHSRVLWHG� K\GUR[\DSDWLWH�

FRDWLQJV�RQ ELRPHGLFDO� WLWDQLXP�DW�URRP�WHPSHUDWXUH��0DWHU�6FL�(QJ��&������������±

���

>��@<RVKLPXUD�0��%\UDSSD�.��+\GURWKHUPDO�SURFHVVLQJ�RI�PDWHULDOV��SDVW��SUHVHQW�DQG�

IXWXUH��-�0DWHU�6FL�������������±����

>��@'DUU� -$��*XR�=;��5DPDQ�9��%RXRXGLQD�0��5HKPDQ� ,8��0HWDO RUJDQLF�FKHPLFDO�

YDSRXU�GHSRVLWLRQ��02&9'��RI�ERQH�PLQHUDO�OLNH�FDUERQDWHG�K\GUR[\DSDWLWH�FRDWLQJV��

&KHP�&RPPXQ���������±��
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>��@/L� +�� .KRU� .$�� &KHDQJ� 3�� 7LWDQLXP� GLR[LGH� UHLQIRUFHG� K\GUR[\DSDWLWH� FRDWLQJV�

GHSRVLWHG�E\�KLJK�YHORFLW\�R[\�IXHO��+92)��VSUD\��%LRPDWHU�����������±���

>��@0HOHUR� +�� )DUJDV� *�� *DUFLD�*LUDOW� 1�� )HUQiQGH]� -�� *XLOHPDQ\� -0�� 0HFKDQLFDO�

SHUIRUPDQFH� RI� ELRFHUDPLF� FRDWLQJV� REWDLQHG� E\� KLJK�YHORFLW\� R[\�IXHO� VSUD\� IRU�

ELRPHGLFDO�SXUSRVHV��6XUI�&RDW�7HFKQRO������������±��

>��@0HOHUR� +�� 7RUUHOO� 0�� )HUQiQGH]� -�� *RPHV� -5�� *XLOHPDQ\� -0�� 7ULERORJLFDO�

FKDUDFWHUL]DWLRQ� RI� ELRFRPSDWLEOH� +$S�7L2� FRDWLQJV� REWDLQHG� E\� KLJK� YHORFLW\� R[\�

IXHO�VSUD\��:HDU�����������±���

>��@%KDGDQJ�.$��*URVV�.$�� ,QIOXHQFH� RI� IOXRUDSDWLWH� RQ� WKH� SURSHUWLHV� RI� WKHUPDOO\�

VSUD\HG�K\GUR[\DSDWLWH�FRDWLQJV��%LRPDWHU�������������±���

>��@*X�<:��.KRU�.$��3DQ�'��&KHDQJ�3��$FWLYLW\�RI�SODVPD�VSUD\HG�\WWULD�VWDELOL]HG�

]LUFRQLD� UHLQIRUFHG� K\GUR[\DSDWLWH�7L±�$O±�9� FRPSRVLWH� FRDWLQJV� LQ� VLPXODWHG� ERG\�

IOXLG��%LRPDWHU�������������±���

>��@)DWKL� 0+�� $]DP� )�� 1RYHO� K\GUR[\DSDWLWH�WDQWDOXP� VXUIDFH� FRDWLQJ� IRU� PHWDOOLF�

GHQWDO�LPSODQW��0DWHU�/HWW�������������±���

>��@5R\�0��)LHOGLQJ�*$��%H\HQDO�+��%DQG\RSDGK\D\�$��%RVH�6��0HFKDQLFDO��,Q�YLWUR�

$QWLPLFURELDO�� DQG� %LRORJLFDO� 3URSHUWLHV� RI� 3ODVPD�6SUD\HG� 6LOYHU�'RSHG�

+\GUR[\DSDWLWH�&RDWLQJ��$&6�$SSO�0DWHU�,QWHUIDFHV������������±��

>��@<RQHNXUD� <�� 0L\DPRWR� +�� 6KLPD]DNL� 7�� $QGR� <�� 1RGD� ,�� 0DZDWDUL� 0�� HW� DO��

2VWHRFRQGXFWLYLW\� RI� WKHUPDO�VSUD\HG� VLOYHU�FRQWDLQLQJ� K\GUR[\DSDWLWH� FRDWLQJ� LQ� WKH�

UDW�WLELD��-�%RQH�-W�6XUJ���������%����±��

>��@6KLPD]DNL�7��0L\DPRWR�+��$QGR�<��1RGD�,��<RQHNXUD�<��.DZDQR�6��HW�DO��,Q�YLYR�

DQWLEDFWHULDO� DQG�VLOYHU�UHOHDVLQJ�SURSHUWLHV�RI�QRYHO� WKHUPDO� VSUD\HG�VLOYHU�FRQWDLQLQJ�

K\GUR[\DSDWLWH�FRDWLQJ��-�RI�%LRPHG�0DWHU�5HV�3DUW�%��$SSO�%LRPDWHU��������%����±

��

>��@%DODQL�.��$QGHUVRQ�5��/DKD�7��$QGDUD�0��7HUFHUR�-��&UXPSOHU�(�� HW� DO�� 3ODVPD�

VSUD\HG�FDUERQ�QDQRWXEH�UHLQIRUFHG�K\GUR[\DSDWLWH�FRDWLQJV�DQG� WKHLU� LQWHUDFWLRQ�ZLWK�

KXPDQ�RVWHREODVWV�LQ�YLWUR��%LRPDWHU������������±���
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>��@*UHHQ�60��6FKOHJHO�-��$�SRO\DU\OHWKHUNHWRQH�ELRPDWHULDO�IRU�XVH�LQ�PHGLFDO�LPSODQW�

DSSOLFDWLRQV��3RO\P�IRU�WKH�0HG�,QG�3URF��%UXVVHOV����WK���WK�0D\���������

>��@/L� +�� =RX� ;��:RR� &�� 'LQJ� 0�� /LQG� 0�� %�QJHU� &�� ([SHULPHQWDO� OXPEDU� VSLQH�

IXVLRQ�ZLWK�QRYHO�WDQWDOXP�FRDWHG�FDUERQ�ILEHU�LPSODQW��-�RI�%LRPHG�0DWHU�5HV�3DUW�%��

$SSO�%LRPDWHU��������%����±����

>��@0D�5��7DQJ�7��&XUUHQW�6WUDWHJLHV� WR� ,PSURYH� WKH�%LRDFWLYLW\�RI�3((.�� ,QW� -�0RO�

6FL���������������������

>��@5RHGHU�5.��&RQUDG�7/��%LRDFWLYH�3RO\DU\OHWKHUNHWRQH�&RPSRVLWHV��,Q��.XUW]�60��

HGLWRU�� 3((.�%LRPDWHULDOV�+DQGERRN��2[IRUG��:LOOLDP�$QGUHZ� 3XEOLVKLQJ�� ������ S��

���±���

>��@5LQHU� 0�� 5RWK� $�� %UDQGVEHUJ� )�� :LQWHUPDQWHO� (�� 0D\HU� -�� 'HYHORSPHQW� RI� D�

KXPDQ�KLS� HQGRSURVWKHVLV� VWHP�PDGH�E\� LQMHFWLRQ�PROGLQJ�RI� FDUERQ� ILEHU� UHLQIRUFHG�

3((.�� KWWS���ZZZ�LFFP�

FHQWUDO�RUJ�3URFHHGLQJV�,&&0��SURFHHGLQJV�6,7(�3$3(56�SDSHU������SGI

>��@%U\GRQH�$6��0HHN�'��0DFODLQH�6��%RQH�JUDIWLQJ��RUWKRSDHGLF�ELRPDWHULDOV��DQG�WKH�

FOLQLFDO� QHHG� IRU� ERQH� HQJLQHHULQJ�� 3URFHHGLQJV� RI� WKH� ,QVWLWXWLRQ� RI� 0HFKDQLFDO�

(QJLQHHUV��3DUW�+��-�RI�(QJ�LQ�0HG��������������±���

>��@)XUORQJ� 5�� 2VERUQ� -�� )L[DWLRQ� RI� KLS� SURVWKHVHV� E\� K\GUR[\DSDWLWH� FHUDPLF�

FRDWLQJV��-�%RQH�-W�6XUJ����������%����±��

>��@-DIIH�:��6FRWW�'��7RWDO�+LS�$UWKURSODVW\�ZLWK�+\GUR[\DSDWLWH�&RDWHG�3URVWKHVHV��

,Q��,PXUD�6��:DGD�0��2PRUL�+��HGLWRUV��-W�$UWKURSODVW��6SULQJHU�-DSDQ�����������±���

>��@3UDPDQLN� 6��$JDUZDN�$.��5DL .1��&KURQRORJ\� RI�7RWDO�+LS� -RLQW�5HSODFHPHQW�

DQG�0DWHULDOV�'HYHORSPHQW��7UHQGV�%LRPDWHU��$UWLI��2UJDQV���������������

>��@&URVV�0-�� 3DULVK� (1��$� K\GUR[\DSDLWH�FRDWHG� WRWDO� NQHH� UHSODFHPHQW�� -� %RQH� -W�

6XUJ�%U��������%��������

>��@0DQOH\� 07&�� :LOOLDP� 1�� '¶$DQWRQLR�� -DPHV� $�� (GLQ�� $YUDP� $�� *((6,1.��

58'2/3+� *�� 7�� )L[DWLRQ� RI� $FHWDEXODU� &XSV� ZLWKRXW� &HPHQW� LQ� 7RWDO� +LS�

$UWKURSODVW\�� $� &RPSDULVRQ� RI� 7KUHH� 'LIIHUHQW� ,PSODQW� 6XUIDFHV� DW� D� 0LQLPXP�

'XUDWLRQ�RI�)ROORZ�XS�RI�)LYH�<HDUV��-�%RQH�-W�6XUJ�������������±���
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>��@1LOVVRQ� .*�� .lUUKROP� -�� &DUOVVRQ� /�� 'DOpQ� 7�� +\GUR[\DSDWLWH� FRDWLQJ� YHUVXV�

FHPHQWHG� IL[DWLRQ� RI� WKH� WLELDO� FRPSRQHQW� LQ� WRWDO� NQHH� DUWKURSODVW\�� 3URVSHFWLYH�

UDQGRPL]HG�FRPSDULVRQ�RI�K\GUR[\DSDWLWH�FRDWHG�DQG�FHPHQWHG�WLELDO�FRPSRQHQWV�ZLWK�

��\HDU�IROORZ�XS�XVLQJ�UDGLRVWHUHRPHWU\��-�$UWKURSODVW����������±���

>��@=KDQJ�6��%LRORJLFDO�DQG�%LRPHGLFDO�&RDWLQJV�+DQGERRN�9RO����%RFD�5DWRQ��7D\ORU�

	�)UDQFLV�������

>��@'DYLV� -5�� ,QWURGXFWLRQ� WR� 7KHUPDO� 6SUD\� 3URFHVVLQJ�� ,Q�� 'DYLV� -5�HGLWRUV��

+DQGERRN�RI�7KHUPDO�6SUD\�7HFKQRORJ\��$60�,QWHUQDWLRQDO��������S�����

>��@'DYLV� -5�� 7KHUPDO� 6SUD\� 3URFHVHVV�� ,Q�� 'DYLV� -5�HGLWRUV�� +DQGERRN� RI� 7KHUPDO�

6SUD\�7HFKQRORJ\��$60�,QWHUQDWLRQDO��������S������

>��@)HUQiQGH]�-��*XLOHPDQ\�-0��*DRQD�0��/D�SUR\HFFLyQ� WpUPLFD�HQ� OD�REWHQFLyQ�GH�

UHFXEULPLHQWRV� ELRFRPSDWLEOHV�� YHQWDMDV� GH� OD� SUR\HFFLyQ� WpUPLFD� SRU� DOWD� YHORFLGDG�

�+92)�� VREUH� OD� SUR\HFFLyQ� WpUPLFD� SRU� SODVPD� DWPRVIpULFR� �$36��� %LRPHF��

����������±���

>��@.DQJ�$6��6LQJK *��&KDZOD 9��6RPH�3UREOHPV�$VVRFLDWHG�ZLWK�7KHUPDO�6SUD\HG�

+D� &RDWLQJV�� $� 5HYLHZ�� ,QWHU� -� 6XUIDFH� (QJLQHHULQJ� 0DWHULDOV�� 6XUI� (QJ� 0DWHU�

7HFKQRO��������������

>��@9LOOD� 0�� 'RVWD� 6�� )HUQiQGH]� -�� *XLOHPDQ\� -0�� /D� SUR\HFFLyQ� IUtD� �&*6��� 8QD�

DOWHUQDWLYD�D�ODV�WHFQRORJtDV�FRQYHQFLRQDOHV�GH�GHSRVLFLyQ��5HY�0HWDO������������±���

>��@&KDPSDJQH��9LFWRU�.� 7KH�&ROG�6SUD\�0DWHULDOV�'HSRVLWLRQ�3URFHVV��)XQGDPHQWDOV

DQG�$SSOLFDWLRQV� &DPEULGJH��:RRGKHDG��������

>��@*KHOLFKL�5��*XDJOLDQR�0��&RDWLQJ�E\�WKH�&ROG�6SUD\�3URFHVV��D�VWDWH�R�WKH�DUW��)UDWW�

,QWHJU�6WUXWW����������±���

>���@6LQJK� +5�� 6LGKX� 76�� .DOVL� 6%6�� &ROG� VSUD\� WHFKQRORJ\�� IXWXUH� RI� FRDWLQJ�

GHSRVLWLRQ�SURFHVVHV��)UDW�,QWHJU�6WUXWW�����������±���

>���@0RUJDQ� 5�� )R[� 3�� 3DWWLVRQ� -�� 6XWFOLIIH� &�� 2¶1HLOO� :�� $QDO\VLV� RI� FROG� JDV�

G\QDPLFDOO\�VSUD\HG�DOXPLQLXP�GHSRVLWV��0DWHU�/HWW�������������±���
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>���@6XKRQHQ 7�� 9DULV� 7�� 'RVWD� 6�� 7RUUHOO� 0�� *XLOHPDQ\� -0�� 5HVLGXDO� VWUHVV�

GHYHORSPHQW�LQ�FROG�VSUD\HG�$O��&X�DQG�7L�FRDWLQJV��$FWD�0DWHU�������������±���

>���@&KDPSDJQH�9.��+HOIULWFK�'-��0DLQVWUHDPLQJ�FROG�VSUD\�± SXVK�IRU�DSSOLFDWLRQV��

6XUI�(QJ������������±����

>���@0RULGL� $�� +DVVDQL�*DQJDUDM� 60�� *XDJOLDQR� 0�� 'DR� 0�� &ROG� VSUD\� FRDWLQJ��

UHYLHZ�RI�PDWHULDO�V\VWHPV�DQG�IXWXUH�SHUVSHFWLYHV��6XUI�(QJ������������±���

>���@� 5LFKHU�� 3��� HW� DO�� (IIHFW� RI� SDUWLFOH� JHRPHWU\� DQG� VXEVWUDWH� SUHSDUDWLRQ� LQ� FROG�

VSUD\� ,76&� ����� ³7KHUPDO� 6SUD\� FRQQHFWV�� ([SORUH� LWV� VXUIDFLQJ� SRWHQWLDO�´� %DVHO��

6ZLW]HUODQG��������SS��������

>���@�0DNLQHQ�+��/DQJHERUQ�-��9XRULVWR�3��$GKHVLRQ�RI�&ROG�6SUD\HG�FRDWLQJV��HIIHFW�

RI�SRZGHU��VXEVWUDWH�DQG�KHDW�WUHDWPHQW��7KHUPDO�6SUD\�*OREDO�6ROXWLRQV��%��5��0DUSOH��

0��0��+\ODQG��<��/DX��&��/L��5��6��/LPD��*��0RQWDYRQ�(GV���������$60�,QWHUQDWLRQDO�

SS���������

>���@6DNDNL .�� 7DMLPD .�� /L +�� 6KLQNDL 6�� 6KLPLW]X <�� ,QIOXHQFH� RI� VXEVWUDWH�

FRQGLWLRQV� DQG� WUDYHUVH� VSHHG� RQ� FROG� VSUD\HG� FRDWLQJV�� ,QWHUQDWLRQDO� 7KHUPDO� 6SUD\�

&RQIHUHQFH� ������ $GYDQFHV� LQ� 7HFKQRORJ\� DQG� $SSOLFDWLRQ�� 2VDND� �-DSDQ��� $60�

,QWHUQDWLRQDO��SS��������

>���@:X�-��<DQJ� -�� )DQJ�+��<RRQ�6�� /HH�&��7KH� ERQG� VWUHQJWK� RI�$O±6L� FRDWLQJ� RQ�

PLOG�VWHHO�E\�NLQHWLF�VSUD\LQJ�GHSRVLWLRQ��$SSO�6XUI 6FL��������������±����

>���@0DUURFFR�7��0F&DUWQH\�'*��6KLSZD\�3+��6WXUJHRQ�$-�� 3URGXFWLRQ� RI� WLWDQLXP�

GHSRVLWV� E\� FROG�JDV� G\QDPLF� VSUD\�� 1XPHULFDO� PRGHOLQJ� DQG� H[SHULPHQWDO�

FKDUDFWHUL]DWLRQ��-�7KHUP�6SUD\�7HFK������������±����

>���@� 3ULFH� 76�� 6KLSZD\� 3+� 0F&DUWQH\� '*�� (IIHFW� RI� FROG� VSUD\� GHSRVLWLRQ� RI� D�

WLWDQLXP� FRDWLQJ� RQ� IDWLJXH� EHKDYLRU� RI� D� WLWDQLXP� DOOR\�� -� 7KHUP� 6SUD\� 7HFK�

�����������±����GRL������������������;�������

>���@�3DXO�'��(DVRQ��$�6WUXFWXUH�3URSHUW\�3URFHVVLQJ�&RPSDULVRQ�RI�&ROG�UROOHG�30

&RSSHU�DQG�&ROG�*DV�'\QDPLFDOO\�6SUD\HG�&RSSHU��-�3RZGHU�0HWDOO�0LQ�������������

>���@0LJXHO� -0�� 9L]FDtQR� 6�� 'RVWD� 6�� &LQFD� 1�� /RUHQ]DQD� &�� *XLOHPDQ\�� -0��

5HFXEULPLHQWRV� GH� PDWHULDOHV� FRPSXHVWRV� PHWDO�FHUiPLFR� REWHQLGRV� SRU� QXHYDV�
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WHFQRORJtDV�GH�SUR\HFFLyQ�WpUPLFD��3UR\HFFLyQ�IUtD��&*6��\�VX�UHVLVWHQFLD�DO�GHVJDVWH��

5HY�0HWDO�Q�G��������±����

>���@/L�:�<��=KDQJ�&��*XR�;��;X�-��/L�&�-��/LDR�+��HW�DO��7L�DQG�7L��$O��9�&RDWLQJV�

E\�&ROG�6SUD\LQJ�DQG�0LFURVWUXFWXUH�0RGLILFDWLRQ�E\�+HDW�7UHDWPHQW��$GY�(QJ�0DWHU�

����������±���

>���@�:RQJ�:��5H]DHLDQ�$��<XH�6��,ULVVRX�(��/HJRX[�-�*��(IIHFW�RI�*DV�7HPSHUDWXUH��

*DV� 3UHVVXUH�� DQG� 3DUWLFOH� &KDUDFWHULVWLFV� RQ� &ROG� 6SUD\HG� 3XUH� 7LWDQLXP� &RDWLQJV��

7KHUPDO�6SUD\�������3URFHHGLQJV�RI�WKH�,QWHUQDWLRQDO�7KHUPDO�6SUD\�&RQIHUHQFH��%�5��

0DUSOH��0�0��+\ODQG��<��&��/DX��&��-��/L��5�6��/LPD��*��0RQWDYRQ��$60�,QWHUQDWLRQDO�

��������S��������

>���@ /L�&�-��/L�:�<��'HSRVLWLRQ�FKDUDFWHULVWLFV�RI� WLWDQLXP�FRDWLQJ� LQ�FROG�VSUD\LQJ��

6XUIDFH� DQG� &RDWLQJV� 7HFKQRORJ\� ������������±���� GRL���������6�����

����������������

>���@6XQ� -�� +DQ� <�� &XL� .�� ,QQRYDWLYH� IDEULFDWLRQ� RI� SRURXV� WLWDQLXP� FRDWLQJ� RQ�

WLWDQLXP�E\�FROG�VSUD\LQJ�DQG�YDFXXP�VLQWHULQJ��0DWHU�/HWW�������������±��

>���@�4LX�'��=KDQJ�0��*U¡QGDKO� /��$�QRYHO� FRPSRVLWH� SRURXV� FRDWLQJ� DSSURDFK� IRU�

ELRDFWLYH� WLWDQLXP�EDVHG� RUWKRSHGLF� LPSODQWV�� -� %LRPHG� 0DWHU� 5HV� 3DUW� $�

��������$����±���

>���@*DUGRQ�0��/DWRUUH�$��7RUUHOO�0��'RVWD�6��)HUQiQGH]�-��*XLOHPDQ\�-0��&ROG�JDV�

VSUD\�WLWDQLXP�FRDWLQJV�RQWR�D�ELRFRPSDWLEOH�SRO\PHU��0DWHU�/HWW������������±��

>���@-�0�*XLOHPDQ\�� 6�'RVWD��1�&LQFD�� -�)HUQiQGH]�� ,�*DUFLD�� )HDVLELOLW\� RI� FROG� JDV�

VSUD\LQJ�WR�SURGXFH�PHWDO�FRDWLQJV�RQWR�DFWLYDDWHG�SRO\PHULF�VXEVWUDWHV��7KHUPDO�6SUD\�

&HQWUH��&37���,QWHOOHFWXDO�SURSHUWLHV�SURWHFWLRQ��L33���5HI�����%�S���

>���@$/�0DQJRXU� %�� 0RQJUDLQ� 5�� ,ULVVRX� (�� <XH� 6�� ,PSURYLQJ� WKH� VWUHQJWK� DQG�

FRUURVLRQ�UHVLVWDQFH�RI����/�VWDLQOHVV�VWHHO�IRU�ELRPHGLFDO�DSSOLFDWLRQV�XVLQJ�FROG�VSUD\��

6XUI�&RDW�7HFKQRO�������������±����

>���@6WHHQNLVWH� 7�� *RUNLHZLF]� ':�� $QDO\VLV� RI� WDQWDOXP� FRDWLQJV� SURGXFHG� E\� WKH�

NLQHWLF�VSUD\�SURFHVV��-�7KHUP�6SUD\�7HFKQRO������������±���
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>���@/R]LHU�$���3RSRROD�2��2���0DVRQ�-��-���)RUVWHLQ�0����%RQH�IUDFWXUH�IL[DWLRQ�V\VWHP��

86�3DWHQW���������$���$XJXVW �������

>���@ .OLHPDQQ� -�2�� *XW]PDQQ� +�� *DHUWQHU )�� +XHEQHU� +�� %RUFKHUV� &�� .ODVVHQ� 7��

)RUPDWLRQ� RI� &ROG�6SUD\HG� &HUDPLF� 7LWDQLXP� 'LR[LGH� /D\HUV� RQ� 0HWDO� 6XUIDFHV�� -�

7KHUP�6SUD\�7HFKQRO������������±���

>���@6DOLP� 17�� <DPDGD� 0�� 1DNDQR� +�� )XNXPRWR� 0�� 7KH� 6\QWKHVLV� RI� 7LWDQLXP�

'LR[LGH��7L2���3RZGHU�IRU�&ROG�6SUD\�3URFHVV���UG�,QWHUQDWLRQDO�&RQJUHVV�RQ�&HUDPLFV�

�LFF��� 1RYHO� &KHPLFDO� 3URFHVVLQJ� 6RO�*HO� DQG� 6ROXWLRQ�%DVHG� 3URFHVVLQJ�

����������������GRL�����������������;�������������

>���@,VKLNDZD�.��0L\DPRWR�<��1DJD\DPD�0��$VDRND .��%ODVW�FRDWLQJ�PHWKRG��1HZ�

PHWKRG�RI�FRDWLQJ�WLWDQLXP�VXUIDFH�ZLWK�K\GUR[\DSDWLWH�DW�URRP�WHPSHUDWXUH��-�%LRPHG�

0DWHU�5HV������������±���

>���@2¶+DUH� 3�� 0HHQDQ� %-�� %XUNH� *$�� %\UQH� *�� 'RZOLQJ� '�� +XQW� -$�� %LRORJLFDO�

UHVSRQVHV� WR� K\GUR[\DSDWLWH� VXUIDFHV� GHSRVLWHG� YLD� D� FR�LQFLGHQW� PLFUREODVWLQJ�

WHFKQLTXH��%LRPDWHU������������±���

>���@*EXUHFN�8��0DVWHQ�$��3UREVW�-��7KXOO�5��7ULERFKHPLFDO�VWUXFWXULQJ�DQG�FRDWLQJ�RI�

LPSODQW�PHWDO�VXUIDFHV�ZLWK�WLWDQLXP�R[LGH�DQG�K\GUR[\DSDWLWH�OD\HUV��0DWHU�6FL�(QJ��&�

�����������±��

>���@2¶1HLOO� /�� 2¶6XOOLYDQ� &�� 2¶+DUH� 3�� 6H[WRQ� /�� .HDG\� )�� 2¶'RQRJKXH� -��

'HSRVLWLRQ�RI�VXEVWLWXWHG�DSDWLWHV�RQWR�WLWDQLXP�VXUIDFHV�XVLQJ�D�QRYHO�EODVWLQJ�SURFHVV��

6XUI�&RDW�7HFKQRO�������������±��

>���@2¶6XOOLYDQ�&��2¶+DUH�3��2¶/HDU\�1'��&UHDQ�$0��5\DQ�.��'REVRQ�$':��HW�DO��

'HSRVLWLRQ�RI�VXEVWLWXWHG�DSDWLWHV�ZLWK�DQWLFRORQL]LQJ�SURSHUWLHV�RQWR�WLWDQLXP�VXUIDFHV�

XVLQJ� D� QRYHO� EODVWLQJ� SURFHVV�� -� RI� � %LRPHG� 0DWHU� 5HV� 3DUW� %�� $SSO� %LRPDWHU�

�������%����±��

>���@%\UQH� *'�� 2¶1HLOO� /�� 7ZRPH\� %�� 'RZOLQJ� '3� &RPSDULVRQ� EHWZHHQ� VKRW�

SHHQLQJ� DQG� DEUDVLYH� EODVWLQJ� SURFHVVHV� DV� GHSRVLWLRQ� PHWKRGV� IRU� K\GUR[\DSDWLWH�

FRDWLQJV�RQWR�D�WLWDQLXP�DOOR\��6XUI�&RDW�7HFKQRO�������������±���
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>���@�&KXQ�'�0��$KQ�6�+��'HSRVLWLRQ�PHFKDQLVP�RI�GU\�VSUD\HG�FHUDPLF�SDUWLFOHV�DW�

URRP� WHPSHUDWXUH� XVLQJ� D� QDQR�SDUWLFOH� GHSRVLWLRQ� V\VWHP�� $FWD� 0DWHULDOLD�

������������±�����

>���@�&KXQ�'�0��&KRL�-�2��/HH�&6��$KQ�6�+��(IIHFW�RI�VWDQG�RII�GLVWDQFH�IRU�FROG�JDV�

VSUD\LQJ� RI� ILQH� FHUDPLF� SDUWLFOHV� �� � ȝP��XQGHU� ORZ�YDFXXP� DQG� URRP� WHPSHUDWXUH�

XVLQJ�QDQR�SDUWLFOH�GHSRVLWLRQ�V\VWHP��13'6���6XUI��&RDW�7HFKQRO��������������±����

>���@ $NHGR� -�� $HURVRO� 'HSRVLWLRQ� RI� &HUDPLF� 7KLFN� )LOPV� DW� 5RRP� 7HPSHUDWXUH��

'HQVLILFDWLRQ�0HFKDQLVP�RI�&HUDPLF�/D\HUV��-RXUQDO�RI�WKH�$PHULFDQ�&HUDPLF�6RFLHW\�

������������±��

>���@+DKQ� %�'�� 3DUN� '�6�� &KRL� -�-�� 5\X� -�� <RRQ� :�+�� .LP� .�+�� HW� DO�� 'HQVH�

1DQRVWUXFWXUHG�+\GUR[\DSDWLWH�&RDWLQJ�RQ�7LWDQLXP�E\�$HURVRO�'HSRVLWLRQ��-RXUQDO�RI�

WKH�$PHULFDQ�&HUDPLF�6RFLHW\������������±���GRL���������M����������������������[�

>���@3DUN� '�6�� .LP� ,�6�� .LP� +�� &KRX� $+.�� +DKQ� %�'�� /L� /�+�� HW� DO�� ,PSURYHG�

ELRFRPSDWLELOLW\�RI�K\GUR[\DSDWLWH�WKLQ�ILOP�SUHSDUHG�E\�DHURVRO�GHSRVLWLRQ��-RXUQDO�RI�

%LRPHGLFDO� 0DWHULDOV� 5HVHDUFK� 3DUW� %�� $SSOLHG� %LRPDWHULDOV� �������%����±���

GRL���������MEP�E�������

>���@=KDQJ� /�� =KDQJ� :7�� 1XPHULFDO� LQYHVWLJDWLRQ� RQ� 3DUWLFOH� 9HORFLW\� LQ� &ROG�

6SUD\LQJ�RI�+\GUR[\DSDWLWH�&RDWLQJ��$GY�0DWHU�5HV�����������������

>���@6LQJK�53��1XPHULFDO�HYDOXDWLRQ��RSWLPL]DWLRQ�DQG�PDWKHPDWLFDO�YDOLGDWLRQ�RI�FROG�

VSUD\LQJ� RI� K\GUR[\DSDWLWH� XVLQJ� WDJXFKL� DSSURDFK�� ,QWHU� -� (QJ� 6FL� 7HFKQRO�

�����������±���

>���@6LQJK�53��%DWUD�%��(IIHFW� RI�&ROG�6SUD\LQJ�3DUDPHWHUV� DQG� WKHLU� LQWHUDFWLRQ� DQ�
+\GUR[\DSDWLWH�'HSRVLWLRQ��-�$SSO�)OXLG�0HFK��������������

>���@1RRUDNPD� $:�� =XKDLODZDWL� +�� $LVKYDU\D 9�� 'KLQGDZ� %.�� +\GUR[\DSDWLWH�

&RDWHG�0DJQHVLXP�%DVHG�%LRGHJUDGDEOH�$OOR\��&ROG�6SUD\�'HSRVLWLRQ�DQG�6LPXODWHG�

%RG\�)OXLG�6WXGLHV��-�0DWHU�(QJ�3HUIRUP�������������±�����

>���@1RK�-+��.LP�':��$Q�-6��&KDQJ�+5��.LP�'+��+RQJ�.6��&KLQ�'.��0HWKRG�IRU�

PRGLI\LQJ�WKH�VXUIDFH�DUHD�RI�D�ELRLQHUW�PDWHULDO��86�3DWHQW���������$���-DQXDU\�����
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>���@/HH�-+��-DQJ�+/��/HH�.0��%DHN�+�5��-LQ�.��+RQJ�.6��HW�DO��,Q�YLWUR�DQG�LQ�YLYR�

HYDOXDWLRQ� RI� WKH� ELRDFWLYLW\� RI� K\GUR[\DSDWLWH�FRDWHG� SRO\HWKHUHWKHUNHWRQH�

ELRFRPSRVLWHV�FUHDWHG�E\�FROG�VSUD\�WHFKQRORJ\��$FWD�%LRPDWHU������������±���

>���@&KHQ� 0:�� 0F&DXOH\� -:�� 'DQGHNDU� '3�� %RXUQH� 1.�� '\QDPLF� SODVWLFLW\� DQG�

IDLOXUH�RI�KLJK�SXULW\�DOXPLQD�XQGHU�VKRFN�ORDGLQJ��1DW�0DWHU�����������±��

>���@0XNKRSDGK\D\�$��-RVKL�.��'H\�$��&KDNUDERUW\�5��5DY�$��%LVZDV�6��HW�DO��6KRFN�

GHIRUPDWLRQ� RI� FRDUVH� JUDLQ� DOXPLQD� DERYH� +XJRQLRW� HODVWLF� OLPLW�� -� 0DWHU� 6FL�

������������±���

>���@=KRX� ;�� 0RKDQW\� 3�� (OHFWURFKHPLFDO� EHKDYLRU� RI� FROG� VSUD\HG�

K\GUR[\DSDWLWH�WLWDQLXP� FRPSRVLWH� LQ� +DQNV¶� VROXWLRQ�� (OHFWURFKLPLFD� $FWD�

�����������±���

>���@6KXNOD� 9�� (OOLRWW� *��� .HDU� %��� 0F&DQGOLVK� /�� +\SHUNLQHWLF� GHSRVLWLRQ� RI�

QDQRSRZGHUV�E\�VXSHUVRQLF�UHFWDQJXODU�MHW�LPSLQJHPHQW��6FUL�0DWHU�������������±���

>���@=KRX� ;�� +\GUR[\DSDWLWH�7LWDQLXP� &RPSRVLWH� &RDWLQJ� IRU� %LRPHGLFDO�

$SSOLFDWLRQV��3K'�WKHVLV��8QLYHUVLW\�RI�0LFKLJDQ�������

>���@&KRXGKXUL�$��0RKDQW\� 36��.DUWKLNH\DQ� -�� %LR�FHUDPLF�&RPSRVLWH� &RDWLQJV� E\�

&ROG� 6SUD\� 7HFKQRORJ\�� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� 7KHUPDO� 6SUD\� &RQIHUHQFH�

������������

>���@� /LX� <�� 'DQJ =�� :DQJ� <�� +XDQJ� -�� /L� +�� +\GUR[\DSDWLWH�JUDSKHQH�QDQRVKHHW�

FRPSRVLWH� FRDWLQJV� GHSRVLWHG� E\� YDFXXP� FROG� VSUD\LQJ� IRU� ELRPHGLFDO� DSSOLFDWLRQV��

,QKHULWHG�QDQRVWUXFWXUHV�DQG�HQKDQFHG�SURSHUWLHV��&DUERQ������������±��

>���@6DQSR�1�� 7DQ�0�� &KHDQJ� 3��.KRU�.$��$QWLEDFWHULDO� 3URSHUW\� RI� &ROG�6SUD\HG�

+$�$J�3((.�&RDWLQJ��-�7KHUP�6SUD\�7HFK�����������±��

>���@*DUGRQ� 0�� 0HOHUR� +�� *DUFLD�*LUDOW� 1�� 'RVWD� 6�� &DQR� ,*�� *XLOHPDQ\� -0��
(QKDQFLQJ�WKH�ELRDFWLYLW\�RI�SRO\PHULF�LPSODQWV�E\�PHDQV�RI�FROG�JDV�VSUD\�FRDWLQJV��
-RXUQDO�RI�%LRPHGLFDO�0DWHULDOV�5HVHDUFK�3DUW�%��$SSO�%LRPDWHU������

>���@%DOOD 9.�� %RGKDN 6�� %RVH 6��%DQG\RSDGK\D\�$��3RURXV�7DQWDOXP�6WUXFWXUHV�IRU�

%RQH� ,PSODQWV�� )DEULFDWLRQ�� 0HFKDQLFDO� DQG� ,Q� YLWUR� %LRORJLFDO� 3URSHUWLHV�� $FWD�

%LRPDWHU��������������±����
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>���@%RE\Q� -'�� 6WDFNSRRO� *-�� +DFLQJ� 6$�� 7DQ]HU�0�� .U\JLHU� --�� &KDUDFWHULVWLFV� RI�
ERQH�LQJURZWK�DQG�LQWHUIDFH�PHFKDQLFV�RI�D�QHZ�SRURXV�WDQWDOXP ELRPDWHULDO��-�%RQH�-W�
6XUJ�%U����������������

>���@=KDR�/��&KX�3.��=KDQJ�<��:X�=��$QWLEDFWHULDO�FRDWLQJV�RQ�WLWDQLXP�LPSODQWV��-�
%LRPHGO�0DWHU�5HV�3DUW�%��$SSO�%LRPDWHU��������%����±���

>���@6DQSR� 1�� +DLODQ� &�� /RNH� .�� .HQJ� .3�� &KHDQJ� 3�� %HUQGW� &&�� HW� DO�

%LRFRPSDWLELOLW\� DQG� DQWLEDFWHULDO� SURSHUW\� RI� FROG� VSUD\HG� =Q2�7LWDQLXP� FRPSRVLWH�

FRDWLQJ�� ,Q�� 0HQGH]�9LODV� $�� (GLWRU�� 6FLHQFH� DQG� 7HFKQRORJ\� DJDLQVW� 0LFURELDO�

3DWKRJHQV�� 5HVHDUFK�� 'HYHORSPHQW� DQG� (YDOXDWLRQ�� 3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO�

&RQIHUHQFH�RQ�$QWLPLFURELDO�5HVHDUFK��:RUOG�6FLHQWLILF��������S�������

>���@7DPDL�.��.DZDWH�.��.DZDKDUD�,��7DNDNXUD�<��6DNDNL�.��,QRUJDQLF�DQWLPLFURELDO�

FRDWLQJ�IRU�WLWDQLXP�DOOR\�DQG�LWV�HIIHFW�RQ�EDFWHULD��-�2UWKRS�6FL������������±��

>���@&KDPSDJQH�9��+HOIULWFK�'��$ GHPRQVWUDWLRQ�RI�WKH�DQWLPLFURELDO�HIIHFWLYHQHVV�RI�
YDULRXV�FRSSHU�VXUIDFHV��-�%LRO�(QJ���������±��
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7DEOH��

5HTXLUHPHQWV�RI�+$�FRDWLQJV�IRU�LPSODQWV�IRU�VXUJHU\�>�����@

3URSHUW\ 6SHFLILFDWLRQ
&D�3�UDWLR ���������
+\GUR[\DSDWLWH�SKDVH ����
/LPLWV�RI�VSHFLILF�WUDFH�HOHPHQWV �� PJ�NJ
+\GUR[\DSDWLWH�SKDVH !���
7&3� 77&3��&D2�SKDVHV ����PDVV�IUDFWLRQ
&U\VWDOOLQLW\ ������RI�WKH�������FU\VWDOOLQH�K\GUR[\DSDWLWH
7HQVLOH�6WUHQJWK ���03D
6KHDU�6WUHQJWK ����03D



7DEOH��

$GYDQWDJHV�DQG�LQFRQYHQLHQWV�RI�76�WR�RWKHU�WHFKQRORJLHV�IRU�+$�VSUD\LQJ�>�����@

7HFKQLTXH $GYDQWDJHV ,QFRQYHQLHQWV
7KHUPDO�VSUD\LQJ �+LJK�GHSRVLWLRQ�UDWHV

�/RZ�FRVW
�/LQH�RI�VLJKW�WHFKQLTXH
�+LJK�WHPSHUDWXUH�LQGXFH�GHFRPSRVLWLRQ
�5DSLG�FRROLQJ�SURGXFHV�DPRUSKRXV�FRDWLQJV
�/DFN�RI�XQLIRUPLW\
�&UDFN�DSSHDUDQFH
�/RZ�SRURVLW\
�&RDWLQJ�VSDOOLQJ�DQG�LQWHUIDFH�VHSDUDWLRQ�EHWZHHQ�WKH�
FRDWLQJ�DQG�WKH�VXEVWUDWH

6SXWWHU�FRDWLQJ �8QLIRUP�&RDWLQJ�WKLFNQHVV�RQ�IODW�
VXEVWUDWHV
�'HQVH�FRDWLQJ
�+RPRJHQRXV�FRDWLQJ
�+LJK�DGKHVLRQ

�/LQH�RI�VLJKW�WHFKQLTXH
�([SHQVLYH�WLPH�FRQVXPLQJ
�3URGXFHV�DPRUSKRXV�FRDWLQJV
�/RZ�FU\VWDOOLWH�ZKLFK�DFFHOHUDWHV�WKH�GLVVROXWLRQ�RI�WKH�
ILOP�LQ�WKH�ERG\

3XOVHG�ODVHU�
GHSRVLWLRQ

�&RDWLQJ�ZLWK�FU\VWDOOLQH�DQG�DPRUSKRXV�
IDFHV
� 'HQVH�DQG�SRURXV�FRDWLQJ
�$ELOLW\�WR�SURGXFH�ZLGH�UDQJH�RI�PXOWLOD\HU�
FRDWLQJ�IURP�GLIIHUHQW�PDWHULDOV
�$ELOLW\�WR�SURGXFH�KLJK�FU\VWDOOLQH�+$�
FRDWLQJ
�$ELOLW\�WR�UHVWRUH�FRPSOH[�VWRLFKLRPHWU\
�+LJK�GHJUHH�RI�FRQWURO�RQ�GHSRVLWLRQ�
SDUDPHWHUV

�/LQH�RI�VLJKW�WHFKQLTXH
�6SODVKLQJ�RU�SDUWLFOH�GHSRVLWLRQ
�1HHG�VXUIDFH�SUHWUHDWPHQW
�/DFN�RI�XQLIRUPLW\

'LS�FRDWLQJ �/RZ�FRVW
�4XLFN�WHFKQLTXH
�3URGXFH�FRPSOH[�FRDW�VXEVWUDWHV
�+LJK�VXUIDFH�XQLIRUPLW\
�*RRG�VSHHG�RI�FRDWLQJ

�5HTXLUHV�KLJK�VLQWHULQJ�WHPSHUDWXUHV
�7KHUPDO�H[SDQVLRQ�PLVPDWFK
�&UDFN�DSSHDUDQFH

6RO�*HO �&DQ�FRDW�FRPSOH[�VKDSHV
�/RZ�SURFHVVLQJ�WHPSHUDWXUHV
�5HODWLYHO\�FKHDS�DV�FRDWLQJV�DUH�YHU\�WKLQ
�6LPSOH�GHSRVLWLRQ�PHWKRG
�+LJK�SXULW\
�+LJK�FRUURVLRQ�UHVLVWDQW
�)DLUO\�JRRG�DGKHVLRQ

�6RPH�SURFHVVHV�UHTXLUH�FRQWUROOHG�DWPRVSKHUH�SURFHVVLQJ
�([SHQVLYH�UDZ�PDWHULDOV
�1RW�VXLWDEOH�IRU�LQGXVWULDO�VFDOH
�+LJK�SHUPHDELOLW\
�/RZ�ZHDU�UHVLVWDQFH
�+DUG�WR�FRQWURO�WKH�SRURVLW\

(OHFWURSKRUHWLF�
GHSRVLWLRQ

�8QLIRUP�FRDWLQJ�WKLFNQHVV
�5DSLG�GHSRVLWLRQ�UDWHV
�&DQ�FRDW�FRPSOH[�VXEVWUDWHV
�6LPSOH�VHWXS
�/RZ�FRVW
�+LJK�GHJUHH�RI�FRQWURO�RQ�FRDWLQJ�
PRUSKRORJ\��DQG�WKLFNQHVV
�*RRG�PHFKDQLFDO�VWUHQJWK
�+LJK�DGKHVLRQ�IRU�Q�+$

�'LIILFXOW�WR�SURGXFH�FUDFN�IUHH�FRDWLQJV
�5HTXLUHV�KLJK�VLQWHULQJ�WHPSHUDWXUHV�
�+$�GHFRPSRVLWLRQ�GXULQJ�VLQWHULQJ�VWDJH
�6XEVWUDWH�PXVW�KDYH�HOHFWULFDO�FRQGXFWLYLW\

+RW�LVRVWDWLF�
SUHVVLQJ

�3URGXFH�GHQVH�FRDWLQJV
�3URGXFH�QHW�VKDSH�FHUDPLFV
�*RRG�WHPSHUDWXUH�FRQWURO
�+RPRJHQHRXV�VWUXFWXUH
�+LJK�XQLIRUPLW\
�+LJK�SUHFLVLRQ
�1R�GLPHQVLRQDO�RU�VKDSH�OLPLWDWLRQ

�&DQQRW�FRDW�FRPSOH[�VXEVWUDWHV
�+LJK�WHPSHUDWXUH�UHTXLUHG
�7KHUPDO�H[SDQVLRQ�PLVPDWFK
�(ODVWLF�SURSHUW\�GLIIHUHQFHV
�([SHQVLYH�
�5HPRYDO�LQWHUDFWLRQ�RI�HQFDSVXODWLRQ�PDWHULDO

,RQ�EHDP�DVVLVWHG�
GHSRVLWLRQ

�/RZ�WHPSHUDWXUH�SURFHVV
�+LJK�UHSURGXFLELOLW\�DQG�UHOLDELOLW\
�+LJK�DGKHVLRQ
�:LGH�DWRPLF�LQWHUPL[�]RQH�DUH�FRDWLQJ�WR�
VXEVWUDWH�LQWHUIDFH

�&UDFN�DSSHDUDQFH�RQ�WKH�FRDWHG�VXUIDFH

'\QDPLF�PL[LQJ�
PHWKRG

�+LJK�DGKHVLYH�VWUHQJWK �/LQH�RI�VLJKW�WHFKQLTXH
�([SHQVLYH
�3URGXFHV�DPRUSKRXV�FRDWLQJV

%LRPLPHWLF�FRDWLQJ �/RZ�SURFHVVLQJ�WHPSHUDWXUHV
�&DQ�IRUP�ERQHOLNH�DSDWLWH
�&DQ�FRDW�FRPSOH[�VKDSHV
�&DQ�LQFRUSRUDWH�JRQH�JURZWK�VWLPXODWLQJ�
IDFWRUV

�7LPH�FRQVXPLQJ
�5HTXLUHV�UHSOHQLVKPHQW�DQG�D�FRQVWDQW�RI�S+�RI�VLPXODWHG�
ERG\�IOXLG

6ROXWLRQ�GHSRVLWLRQ �$�ORZ�WHPSHUDWXUH�SUHFLSLWDWLRQ�SURFHVV�
UHVXOWLQJ�LQ�D�SXUH��KLJKO\�FU\VWDOOLQH��ILUPO\�
DGKHUHQW�+$�FRDWLQJ��*RRG�IRU�FRDWLQJ�
HYHQO\�IRU�SRURXV�DQG�EHDGHG�VXUIDFHV�

�0D[LPXP�WKLFNQHVV�RI����PLFURQV�OLPLWV�LWV�XVH�DV�D�
SULPDU\�PRGH�RI�IL[DWLRQ

(OHFWURFKHPLFDO�
GHSRVLWLRQ��(&'�

�8QLIRUP�FRDWLQJ
�6LPSO\�VHW�XS

/RZ�WHDU�VWUHQJWK
3RRU�DGKHUHQFH



�&RQWURO�PRUSKRORJLHV�FRDWLQJ
�/RZ�WHPSHUDWXUHV
�&RDW�KLJKO\�LUUHJXODU�REMHFWV

$WRPLF�OD\HU�
GHSRVLWLRQ

�6XLWDEOH�IRU�SUHSDUDWLRQ�QDQRVFDOH�+$�DQG�
FRDWLQJ�WKUHH�GLPHQVLRQDO�VWUXFWXUHV�ZKHUH�
H[DFW�ILOP�FRQIRUPDOLW\�LV�QHHGHG

3RRU�FU\VWDOOLQLW\

39' �7KLQ�OD\HUV
�0RUH�DGKHUHQW�WR�WKH�XQGHUO\LQJ�WLWDQLXP�
VXUIDFH�WKDQ�WKHUPDO�VSUD\�
OHVV�SURQH�WR�FUDFN�IRUPDWLRQ

([SHQVLYH�WHFKQLTXH

&9' �$ELOLW\�WR�PRGXODWH�SUHFXUVRU�
FRQFHQWUDWLRQV�GXULQJ�GHSRVLWLRQ�WR�FUHDWH�
IXQFWLRQDOO\�JUDGHG�FRDWLQJV

([SHQVLYH�WHFKQLTXH



7DEOH �

7KH�KXPDQ�LPSDFW�DQG�WKH�VL]H�RI�WKH�FRPPHUFLDO�PDUNHW�IRU�ELRPDWHULDOV�DQG�PHGLFDO�GHYLFHV�>�@

$SSOLFDWLRQ %LRPDWHULDOV�XVHG 1XPEHU�\HDU�± :RUOG��RU�

:RUOG�0DUNHW�LQ�86��

-RLQW�UHSODFHPHQWV��KLS��NQHH��VKRXOGHU� 7LWDQLXP��VWDLQOHVV�VWHHO��SRO\HWK\OHQH ���������

%RQH�IL[DWLRQ�SODWHV�DQG�VFUHZV 0HWDOV��SRO\�ODFWLF�DFLG���3/$� ���������

6SLQH�GLVNV�DQG�IXVLRQ�KDUGZDUH � �������

%RQH�FHPHQW 3RO\�PHQWK\O�PHWKDFU\ODWH� �����0�

%RQH�GHIHFW�UHSDLU &DOFLXP�SKRVSKDWHV �

$UWLILFLDO�WHQGRQ�RU�OLJDPHQW 3RO\HVWHU�ILEHUV �

'HQWDO�LPSODQW�WRRWK�IL[DWLRQ 7LWDQLXP ���%�

7KH�ELRPDWHULDOV�DQG�KHDOWKFDUH�PDUNHW��)DFWV�DQG�ILJXUHV��SHU�\HDU�

7RWDO�86�KHDOWKFDUH�H[SHQGLWXUHV������� �����ELOOLRQ

7RWDO�86�KHDOWKFDUH�H[SHQGLWXUHV������� �����WULOOLRQ

7RWDO�86�KHDOWK�UHVHDUFK�DQG�GHYHORSPHQW�H[SHQGLWXUH������� ����ELOOLRQ

1XPEHU�RI�PHGLFDO�GHYLFH�FRPSDQLHV�LQ�WKH�86 ������

-REV�LQ�WKH�86�PHGLFDO�GHYLFH�LQGXVWU\������� �������

6DOHV�E\�86�PHGLFDO�GHYLFH�LQGXVWU\������� �����ELOOLRQ

:RUOG�PHGLFDO�GHYLFH�PDUNHW�IRUHFDVW�IRU����� �����ELOOLRQ



7DEOH��

6XUIDFH�GHVFULSWLRQ�RI�VRPH�RI�WKH�FRPPHUFLDO�RUWKRSHGLF�LPSODQWV >��@

0DQXIDFWXUHU 6XUIDFH�GHVFULSWLRQ

%LRPHW �5HJHQHUH[���SRURXV�7L�DOOR\V

�5RXJK&RDW���VLQWHUHG�&R�&U�EHDG�SRURXV�FRDWLQJ�ZLWK�DQG�ZLWKRXW�SODVPD�VSUD\HG�+$

'H3X\ �2ULSWLRQ���SRURXV�FRDWLQJ��SRURXV�SXUH�7L�DOOR\�FRDWLQJ

�3XURFRDW���SRURXV�FRDWLQJ��VLQWHUHG�&R�&U�EHDGV

�'XRIL[��+$��SODVPD�VSUD\HG�+$�RYHU�3XURFRDW��FRDWLQJ

6PLWK�	�1HSKHZ �6WLNLWH��SRURXV�WKUHH�GLPHQVLRQDO�DV\PPHWULF�7L�SRZGHU�FRDWLQJ

�5RXJK&RDW���VLQWHUHG�&R�&U�EHDG�SRURXV�FRDWLQJ�ZLWK�DQG�ZLWKRXW�SODVPD�VSUD\HG�+$

6WU\NHU �3XUH)L[��+$��SODVPD�VSUD\HG�+$

�3HUL�$SDWLWH��� VROXWLRQ� GHSRVLWHG�+$� FRDWLQJ� WKDW� XQLIRUPO\� FRDWV� WKUHH�GLPHQVLRQDO� SRURXV� LQJURZWK�

VXUIDFHV�

�3ODVPD�VSUD\HG�FS7L�ZLWK�DQG�ZLWKRXW�3XUH)L[��+$�FRDWLQJ�

�$UF�GHSRVLWHG�FS7L�ZLWK�3XUH)L[��+$�FRDWLQJ

=LPPHU �7UDEHFXODU�0HWDO���RSHQ�FHOO�SRURXV�WDQWDOXP�FRQVWUXFW�

�&67L���&DQFHOORXV�6WUXFWXUHG�7LWDQLXP��FRDWLQJ�ZLWK�DQG�ZLWKRXW�SODVPD�VSUD\HG�+$�FRDWLQJ

�)LEHU�PHWDO��7L�ILEHU�ZLWK�DQG�ZLWKRXW�SODVPD�VSUD\HG�+$�7&3�FRDWLQJ�

�&R&U�EHDGHG�LQJURZWK�VXUIDFHV

$UFDP�$% �7UDEHFXODU�6WUXFWXUHV�����WLWDQLXP�GHSRVLWLRQ�YLD�(OHFWURQ�%HDP�0HOWLQJ��(%0��

$VWUD�7HFK�$% 2VVHR6SHHG���JULW�EODVWLQJ�WLWDQLD��7L2����IROORZHG�E\�K\GURIOXRULF�DFLG��+)��WUHDWPHQW

%,20(7��L�
,PSODQW�,QQRYDWLRQV

1DQRWLWH���&D3�QDQRSDUWLFOH�IHDWXUHV



7DEOH���

&6 FRQGLWLRQV RI�PHWDOV�FRDWLQJV�IRU�ELRPHGLFDO�DSSOLFDWLRQV

)HHGVWRFN

SRZGHU

6XEVWUDWH *DV *DV�WHPSHUDWXUH

>�&@

*DV�SUHVVXUH�

>EDUV@

6WDQGRII�

GLVWDQFH�>PP@

7UDYHUVH�

6SHHG�>PP�V@

/L�HW�DO�>���@ 7L

7L�$O�9

7L�$O�9 $LU ��� �� �� �

6XQ HW�DO�>���@ 7L�0J 7LWDQLXP +H ��� �� � �

4LX�DO�>���@ &S7L�&S$O
&S7L�&S$O�+$

7L +H ��� ��� ���� ����

$O�0DQJRXU�HW�

DO�>���@

66������
/���DOOR\

0LOG�

6WHHO

1� ��� �� �� ���



7DEOH��

&6 FRQGLWLRQV RI�+$�7L�DQG�+$�FRDWLQJV�IRU�ELRPHGLFDO�DSSOLFDWLRQV

)HHGVWRFN

SRZGHU
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