
��6HVVLRQ����%UHDN�ZHDU�DQG�7\UH�ZHDU��7DON
��

'I7�%UDNH�	�7\UH�3URJUDPPH�3KDVH����,PSDFW�RI�5HJHQHUDWLYH�%UDNLQJ�DQG�9HKLFOH�0DVV�RQ�%UDNH�3DUWLFOH
(PLVVLRQV�$FURVV�,&(��3+(9�	�(9�3ODWIRUPV�

-��$QGHUVVRQ���/��.UDPHU���-��6RXWKJDWH���,��0DUVKDOO���0��&DPSEHOO���6��GH�9ULHV���*��:DLWH�

�5LFDUGR�8.��$	,��6KRUHKDP�7HFKQLFDO�&HQWUH��6KRUHKDP�E\�6HD��:HVW�6XVVH[��%1����)*��8.���5LFDUGR�&OHDQ�(QHUJ\
DQG�(QYLURQPHQWDO�6ROXWLRQV��7KH�*HPLQL�%XLOGLQJ�)HUPL�$YHQXH��+DUZHOO��+DUZHOO�&DPSXV�2;����45��8.���5LFDUGR
$	,��0LGODQGV�7HFKQLFDO�&HQWUH�����6RXWKDP�5RDG��5DGIRUG�6HPHOH��/HDPLQJWRQ�6SD��:DUZLFNVKLUH��&9����)4�

%UDNH DQG W\UH ZHDU DUH QRZ PDMRU FRQWULEXWRUV WR QRQ�H[KDXVW SDUWLFXODWH HPLVVLRQV� LQFOXGLQJ 30��� 30���� DQG 31���
ZKLFK DUH LQFUHDVLQJO\ UHOHYDQW IRU DLU TXDOLW\ DQG (XUR � UHJXODWLRQV� 7KLV VWXG\� SDUW RI WKH 8. 'HSDUWPHQW IRU 7UDQVSRUW¶V
%UDNH DQG 7\UH 3URJUDPPH 3KDVH �� LQYHVWLJDWHV WKH LQIOXHQFH RI UHJHQHUDWLYH EUDNLQJ DQG YHKLFOH PDVV RQ EUDNH SDUWLFOH
HPLVVLRQV IURP LQWHUQDO FRPEXVWLRQ HQJLQH �,&(�� SOXJ�LQ K\EULG �3+(9�� DQG EDWWHU\ HOHFWULF YHKLFOHV �(9�� 8VLQJ D
FRQWUROOHG FKDVVLV G\QDPRPHWHU HQYLURQPHQW DQG FRPPRQ EUDNH KDUGZDUH DFURVV YHKLFOHV� HPLVVLRQV ZHUH PHDVXUHG XQGHU
UHSUHVHQWDWLYH GULYH F\FOHV �3*�� DQG 5'(� DW WHVW PDVVHV UDQJLQJ IURP ���� NJ WR ���� NJ� 5HVXOWV VKRZ WKDW UHJHQHUDWLYH
EUDNLQJ VLJQLILFDQWO\ UHGXFHV 30��� DQG 30�� HPLVVLRQV FRPSDUHG WR IULFWLRQ�RQO\ EUDNLQJ� ZLWK (9 DQG 3+(9
RXWSHUIRUPLQJ ,&( YHKLFOHV HYHQ DW OLJKWHU PDVVHV� &RQYHUVHO\� 31�� HPLVVLRQV H[KLELWHG PLQLPDO VHQVLWLYLW\ WR HLWKHU
UHJHQHUDWLYH EUDNLQJ RU PDVV FKDQJHV� LQGLFDWLQJ GRPLQDQFH RI QRQ�YRODWLOH SDUWLFOH VRXUFHV� 7KH ILQGLQJV VXJJHVW WKDW
UHJHQHUDWLYH EUDNLQJ GHOLYHUV D JUHDWHU EHQHILW IRU 30 UHGXFWLRQ WKDQ D a��� UHGXFWLRQ LQ YHKLFOH PDVV� SULPDULO\ WKURXJK
ORZHU EUDNH WHPSHUDWXUHV DQG UHGXFHG YRODWLOH PDWHULDO ORVV� 7KHVH LQVLJKWV VXSSRUW WKH GHYHORSPHQW RI HIIHFWLYH PLWLJDWLRQ
VWUDWHJLHV�DQG�HPLVVLRQV�IDFWRUV�IRU�IXWXUH�EUDNH�HPLVVLRQV�FRQWUROV�
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1RQ�([KDXVW�(PLVVLRQV�IURP�%UDNHV��&RPSDUDWLYH�$VVHVVPHQW�RI�3K\VLFR�&KHPLFDO�3URSHUWLHV�LQ�1DQRPHWULF�DQG

0LFURPHWULF�3DUWLFXODWHV�

$��0DQFLQL���%��7V\XSD���&��(��&DPSLJOLR���$��&RORPER���,��&DUORPDJQR���$��%RQIDQWL�
��8��2ORIVVRQ�
�

�*&)�5HVHDUFK�	�'HYHORSPHQW��%UHPER�1�9���9LDOH�(XURSD����������6WH]]DQR��%*���,WDO\���'HSDUWPHQW�RI�0DQDJHPHQW�
,QIRUPDWLRQ�DQG�3URGXFWLRQ�(QJLQHHULQJ��8QLYHUVLW\�RI�%HUJDPR��������'DOPLQH��%*���,WDO\���'HSDUWPHQW�RI

(QYLURQPHQWDO�+HDOWK�6FLHQFHV��,VWLWXWR�GL�5LFHUFKH�)DUPDFRORJLFKH�µµ0DULR�1HJUL¶¶��,5&&6��9LD�0DULR�1HJUL���������
0LODQR��,WDO\���(OHWWUD�6LQFURWURQH�7ULHVWH��;5)�%HDPOLQH��%DVRYL]]D��������7ULHVWH��76���,WDO\����.7+�5R\DO�,QVWLWXWH�RI

7HFKQRORJ\��'HSDUWPHQW�RI�(QJLQHHULQJ�'HVLJQ���������6WRFNKROP��6ZHGHQ�

5HVXOWV IURP OLWHUDWXUH UHYLHZ VKRZ WKDW VSHFLILF VWXGLHV RQ QDQRPHWULF SDUWLFOHV JHQHUDWHG E\ DXWRPRWLYH EUDNHV DUH
H[WUHPHO\ OLPLWHG� 7KHUHIRUH� WKLV FRQWULEXWLRQ IRFXVHV RQ� L� WKH JHQHUDWLRQ DQG WKH SK\VLFR�FKHPLFDO SURSHUWLHV RI
QDQRPHWULF EUDNHV HPLVVLRQV� LL� WKH FRUUHODWLRQ RI WKHLU FRPSRVLWLRQ ZLWK WKH PDWHULDOV FRPSRVLQJ WKH RULJLQ IULFWLRQ SDLU�
DQG LLL� WKH DVVHVVPHQW RQ HYHQWXDO FRPSRVLWLRQDO GLIIHUHQFHV EHWZHHQ QDQRSDUWLFXODWHV DQG FRUUHVSRQGLQJ FRDUVHU
SDUWLFXODWHV� )LYH GLIIHUHQW DXWRPRWLYH EUDNHV IULFWLRQ SDLUV DUH WHVWHG IROORZLQJ VWDQGDUG SURFHGXUHV IRU HPLVVLRQ
DVVHVVPHQW RI GLVF EUDNH V\VWHPV� 1DQR�SDUWLFXODWHV DUH FROOHFWHG DQG ZHLJKHG WR GHWHUPLQH FRUUHVSRQGLQJ FRQFHQWUDWLRQ
UDQJHV RI ������ DQG ������ PJ P�� DW D IORZ UDWH RI ��� Pñ�K� 6HYHUDO DQDO\WLFDO WHFKQLTXHV DUH GHSOR\HG WR LQYHVWLJDWH WKH
SK\VLFR�FKHPLFDO FKDUDFWHULVWLFV RI WKH FROOHFWHG SDUWLFXODWHV� LQFOXGLQJ VFDQQLQJ HOHFWURQ PLFURVFRS\� HQHUJ\ GLVSHUVLYH
VSHFWURVFRS\� PDVV VSHFWURVFRS\ JDV FKURPDWRJUDSK\ DQG ;�UD\ DEVRUSWLRQ VSHFWURVFRS\� 0DLQ UHVXOWV RI WKLV VWXG\
KLJKOLJKW VLJQLILFDQW GLIIHUHQFHV LQ WKH SK\VLFR�FKHPLFDO FRPSRVLWLRQ RI QDQRPHWULF SDUWLFXODWHV FRPSDUHG WR FRDUVHU RQHV�
&OHDU LQFUHDVH LQ FDUERQ FRQWHQW LV LGHQWLILHG ZKHQ GHFUHDVLQJ SDUWLFOH VL]H GLVWULEXWLRQ� &RQYHUVHO\� WKH DPRXQW RI LURQ
GHFUHDVHV LQ ILQHU SDUWLFXODWHV� ZKLOH LWV R[LGDWLRQ OHYHO LQFUHDVHV� ,Q DGGLWLRQ� VHYHUDO &U� &X DQG =Q FRPSRXQGV DUH
LGHQWLILHG LQ LQYHVWLJDWHG SDUWLFXODWHV� VXFK DV FKURPLWH� WHQRULWH DQG ]LQFLWH� )LQDOO\� IRU QDQRSDUWLFXODWH HPLVVLRQV WKH
SRO\F\FOLF DURPDWLF K\GURFDUERQV �3$+V� FRQFHQWUDWLRQV YDU\ ODUJHO\ UDQJLQJ IURP �� � ���� �J J�� DQG WKH R[\JHQDWHG
SRO\F\FOLF DURPDWLF K\GURFDUERQV �23$+� FRQFHQWUDWLRQV UDQJHV IURP � WR ��� �J J��� &RPSDUDWLYHO\� ORZHU 3$+V DQG
23$+V�YDOXHV�DUH�PHDVXUHG�LQ�SDUWLFXODWHV�IURP�FRDUVHU�IUDFWLRQV�

>�@�$��0DQFLQL��%��7V\XSD��0��/HRQDUGL��3��'HOOD�%HOOD��6��5XVVR��HW�DO���:HDU������������������������
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1DQRSDUWLFOH�JHQHUDWLRQ�SRWHQWLDO�RI�VXPPHU�DQG�ZLQWHU�W\UHV�DW�YDU\LQJ�DPELHQW�WHPSHUDWXUHV�

&��1HXNLUFKHQ���(��(FNHQEHUJHU���0��5��6DUDML�%R]RUJ]DG���*��6��&RRQH\���0��0lGHU���7��$GDP�
�

�,QVWLWXWH�RI�FKHPLVWU\�DQG�HQYLURQPHQWDO�HQJLQHHULQJ��8QLYHUVLW\�RI�WKH�%XQGHVZHKU���+'&�6ROXWLRQV�*PE+��.ULHJVVWUDVVH
�����������,QJROVWDGW��*HUPDQ\�

$XWRPRWLYH QRQ�H[KDXVW HPLVVLRQV� VXFK DV EUDNH� DQG W\UH ZHDU DUH RI ULVLQJ LQWHUHVW� VLQFH WKH\ ZLOO EH UHJXODWHG IRU WKH
ILUVW WLPH ZLWK WKH (852 � UHJXODWLRQ� :KLOH WKH PDMRULW\ RI WKH SDUWLFOH PDVV RI WKHVH DEUDVLRQ GHULYHG SDUWLFOHV LV EHWZHHQ
� DQG �� �P� D FRQVLGHUDEOH SHUFHQWDJH RI WKH SDUWLFOH QXPEHU LV DOVR JHQHUDWHG LQ WKH QDQRSDUWLFOH UDQJH >�@� 7KHVH
SDUWLFOHV FDQ SHQHWUDWH GHHS LQWR WKH OXQJV� ZKHUH WKH\ GHSRVLW LQ WKH DOYHROL DQG HYHQWXDOO\ UHDFK WKH EORRGVWUHDP YLD WKH
EORRG�DLU EDUULHU >�@� ,Q WKLV VWXG\ SDUWLFOHV JHQHUDWHG IURP VXPPHU DQG ZLQWHU DQG DOO�VHDVRQ W\UHV PHDVXUHG RQ D QHZO\
GHYHORSHG�FXVWRP�EXLOW�G\QDPRPHWHU��ZKLFK�LV�GHSLFWHG�LQ�ILJXUH���ZHUH�FKDUDFWHUL]HG��

�

�

$OO�W\UH�W\SHV�ZHUH�PHDVXUHG�DW�DPELHQW�G\QDPRPHWHU�WHPSHUDWXUHV�RI����&�DQG����&�DQG�D�ODUJH�FKDQJH�LQ�HPLWWHG
SDUWLFOH�QXPEHUV��31��ZDV�REVHUYHG�ZKHQ�FKDQJLQJ�WR�ZDUPHU�WHPSHUDWXUHV��7KH�ODUJH�LQFUHDVH�LQ�31�ZDV�UHYHDOHG�WR�EH
LQ�WKH�QDQRPHWHU�VL]H�UDQJH��ZKLFK�ZDV�FRQILUPHG�VLPXOWDQHRXVO\�E\�D�'06����DQG�D�6036��%HVLGHV�DPELHQW
WHPSHUDWXUHV��WKH�W\UHV�FRPSRVLWLRQ�SOD\HG�D�NH\�UROH�LQ�WKH�QDQRPHWHU�JHQHUDWLRQ�SRWHQWLDO��ZLWK�VRIWHU�ZLQWHU�W\UHV
HPLWWLQJ�VLJQLILFDQWO\�PRUH�QDQRSDUWLFOHV�WKDQ�VXPPHU�W\UHV��7KH�RULJLQ�RI�WKH�HPLWWHG�QDQRSDUWLFOHV�ZDV�LQYHVWLJDWHG�WR
GHYHORS�SRWHQWLDO�PLWLJDWLRQ�VWUDWHJLHV�IRU�IXWXUH�SROLFLHV��$YHUDJH�VL]H�GLVWULEXWLRQV�RI�WKH�ZLQWHU�DQG�DOO�VHDVRQ�W\UH�DW
���&�DQG�D�VWHDG\�VSHHG�RI�����NP�K�DV�PHDVXUHG�ZLWK�WKH�'06����DUH�SORWWHG�LQ�ILJXUH���

�

�

>�@�7��*ULJRUDWRV�DQG�*��0DUWLQL��(QYLURQPHQWDO�6FLHQFH�DQG�3ROOXWLRQ�5HVHDUFK�,QWHUQDWLRQDO������������������±����
>�@�*��%DFKOHU�HW�DO���3DUWLFOH�DQG�)LEUH�7R[LFRORJ\������������������

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.tcpdf.org


��6HVVLRQ����%UHDN�ZHDU�DQG�7\UH�ZHDU��7DON
��

&KHPLFDO�2ULJLQ�RI�7\UH�1DQRSDUWLFOHV�LQ�D�7XEH�)XUQDFH�

6��6DODGLQ���-��+DVVLP���$��%RLHV�
��&��*LRULR�
�

�8QLYHUVLW\�RI�&DPEULGJH��7ULQLW\�/Q��&DPEULGJH�&%���71��8QLWHG�.LQJGRP�

6LQFH WKH ����V� LW KDV EHHQ K\SRWKHVLVHG WKDW DLUERUQH QDQRSDUWLFOHV IURP W\UH ZHDU RULJLQDWH IURP KHDW�GULYHQ HYDSRUDWLRQ
DQG FRQGHQVDWLRQ RI DQ XQLGHQWLILHG W\UH FRPSRQHQW� 7\UH H[WHQGHU RLO KDV ORQJ EHHQ VXVSHFWHG DV D VRXUFH� +HUH� ZH UHYLVLW
WKLV K\SRWKHVLV DQG SURYLGH D PHFKDQLVWLF FKDUDFWHULVDWLRQ RI W\UH QDQRSDUWLFOHV JHQHUDWHG IURP FU\RPLOOHG W\UH WUHDG XQGHU
FRQWUROOHG WKHUPDO FRQGLWLRQV LQ D WXEH IXUQDFH� 5HPRYDO RI H[WUDFWDEOH FRPSRQHQWV VXFK DV H[WHQGHU RLO VXEVWDQWLDOO\
UHGXFHG QDQRSDUWLFOH IRUPDWLRQ� 7KHVH UHVXOWV VXJJHVW WKDW YRODWLOH RUJDQLF DGGLWLYHV� UDWKHU WKDQ WKH UXEEHU LWVHOI� DUH WKH
SULPDU\ VRXUFH RI WKH W\UH QDQRSDUWLFOHV LQ RXU VWXG\� ([SHULPHQWV ZLWK W\UH H[WHQGHU RLO FRQILUPHG LWV DELOLW\ WR HPLW
XOWUDILQH SDUWLFOHV ZKHQ KHDWHG WR VLPLODU WHPSHUDWXUHV� 1DQRSDUWLFOHV FROOHFWHG IURP ERWK W\UH WUHDG DQG H[WHQGHU RLO ZHUH
FKHPLFDOO\ FKDUDFWHULVHG XVLQJ 105 VSHFWURVFRS\ DQG IRXQG WR FRQVLVW SUHGRPLQDQWO\ RI VDWXUDWHG K\GURFDUERQV� FORVHO\
PDWFKLQJ WKH SULVWLQH H[WHQGHU RLO� 7KHVH ILQGLQJV SURYLGH WKH ILUVW H[SHULPHQWDO FRQILUPDWLRQ OLQNLQJ W\UH QDQRSDUWLFOH
FKHPLVWU\ WR W\UH H[WHQGHU RLO� RIIHULQJ D PHFKDQLVWLF EDVLV WR LQWHUSUHW W\UH QDQRSDUWLFOH HPLVVLRQV DQG VXSSRUW ULVN
DVVHVVPHQWV�
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0LFKHOLQ¶V�ODWHVW�UHVXOWV�RQ�TXDQWLILFDWLRQ�RI�DLUERUQH�7LUH�5RDG�:HDU�3DUWLFXOHV��IURP�YHKLFXOH�XVDJH�WR�PLFUR�

*��/HPDVVRQ���)��%LHVVH�

�0,&+(/,1�5HVHDUFK�FHQWHU�

0LFKHOLQ ZRUNV VLQFH GHFDGHV WR UHGXFH DOO WKH HQYLURQPHQWDO LPSDFWV RI LWV SURGXFWV� DQG 7LUH 5RDG :HDU 3DUWLFOHV
�75:3� DUH RQH RI WKH LPSDFWV RI WLUHV� LQWHQVLYHO\ VWXGLHG LQ RXU UHVHDUFK FHQWHU� 2YHU DOPRVW D GHFDGH RI UHVHDUFK� ZH
KDYH�GHOYHG�HYHU�GHHSHU�LQWR�WKLV�VXEMHFW��IURP�WKH�QDQR�DQG�PLFUR�VFDOHV�RI�WKHVH�SDUWLFOHV�WR�WKHLU�WUDQVSRUW�

7KLV SUHVHQWDWLRQ H[SORUHV WKH VLJQLILFDQFH RI 75:3 HPLVVLRQV LQ WKH FRQWH[W RI VXVWDLQDEOH PRELOLW\ DQG HQYLURQPHQWDO
LPSDFW� LW ZLOO SURYLGH LQVLJKWV LQWR WKH ODWHVW UHVHDUFK PHWKRGRORJLHV RI 0LFKHOLQ� DLPHG DW DFFXUDWHO\ PHDVXULQJ 75:3
DLUERUQH�HPLVVLRQV�

.H\ GLVFXVVLRQV ZLOO LQFOXGH WKH IDFWRUV LQIOXHQFLQJ WLUH DEUDVLRQ� VXFK DV GULYLQJ VW\OH RU WLUH GHVLJQ� KLJKOLJKWLQJ KRZ WKHVH
HOHPHQWV LQWHUDFW WR DIIHFW 75:3 HPLVVLRQ UDWHV� $WWHQGHHV ZLOO OHDUQ DERXW FXWWLQJ�HGJH DQDO\WLFDO WHFKQRORJLHV EHLQJ
GHYHORSHG WR LPSURYH WKH SUHFLVLRQ RI DLUERUQH 75:3PHDVXUHPHQWV� LQFOXGLQJ DGYDQFHG PHWKRGRORJLHV OLNH 3\URO\VLV *&�
06� 7KH SUHVHQWDWLRQ ZLOO DOVR IRFXV RQ WKH PHWKRGRORJ\ GHYHORSHG E\ 0LFKHOLQ IRU 75:3 DQDO\VLV� WKH SRWHQWLDO ELDVHV LQ
WKLV�DSSURDFK�DQG�WKH�TXHVWLRQV�WKDW�UHPDLQ�RSHQ�

&RQIOLFW RI LQWHUHVWV � WKH DXWKRUV GHFODUH WKDW WKLV UHVHDUFK ZDV IXQGHG E\ 0DQXIDFWXUH )UDQoDLVH GHV 3QHXPDWLTXHV
0LFKHOLQ��)UDQFH
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