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$EVWUDFW

7KH�WKHUDSHXWLF�SRWHQWLDO�RI�PDQ\�DFWLYH�VXEVWDQFHV�LV�OLPLWHG�LQ�FOLQLFDO�SUDFWLFH�GXH�WR�LWV�GLVDGYDQWDJHRXV�SK\VLFRFKHPLFDO�
SURSHUWLHV�� SKDUPDFRNLQHWLFV� DQG� YDULDEOH� VLGH� HIIHFWV� FDXVLQJ� ORZ� ELRDYDLODELOLW\� DQG� SRRU� WKHUDSHXWLF� FRQFHQWUDWLRQ� LQ� WKH�
WDUJHW� WLVVXH�� $Q� LQWULJXLQJ� VWUDWHJ\� WR� RYHUFRPH� WKHVH� OLPLWDWLRQV� LV� WKH� GHVLJQ� RI� QDQR�VL]HG� GUXJ� GHOLYHU\� V\VWHPV�� $V� D�
UHODWLYHO\�QHZ�JHQHUDWLRQ��YHVLFXODU�V\VWHPV�HVSHFLDOO\�QLRVRPHV�DUH�WKH�PRVW�UHVHDUFKHG�DQG�FKDUDFWHUL]HG�VWUXFWXUHV��3UHVHQW�
VWXG\� UHSRUWV� D� GHWDLO� UHYLHZ�RI�GDWD� IURP�FOLQLFDO� VWXGLHV� RI� GLIIHUHQW� IRUPXODWLRQV�RI� QLRVRPHV��PHWKRGV�RI�SUHSDUDWLRQ� DQG
FKDUDFWHUL]DWLRQ� RI� WKHLU� VWUXFWXUH�� WKH� LQIOXHQFH� RI� YDULRXV� SDUDPHWHUV� RQ� WKH� QRLVRPH� VWDELOLW\� DQG� WKH� PDUNHW¶V� SDWHQWHG�
IRUPXODWLRQV�E\� QRZ��:H�JDWKHUHG� WKH�GDWD� QHHGHG� IRU� WKLV� VWXG\�E\� VHDUFKLQJ� UHOHYDQW� VFLHQWLILF� DQG�SURIHVVLRQDO� OLWHUDWXUH�
PDGH�D�FRPSDULVRQ�EHWZHHQ�QLRVRPHV�DQG�RWKHU�YHVLFXODU�QDQRV\VWHPV��OLVWHG�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�DQG�GLVFXVVHG�
WKH�UHVXOWV�RI�FOLQLFDO�VWXGLHV�RQ�YDULRXV�DFWLYH�VXEVWDQFHV�LQFRUSRUDWHG�LQWR�QLRVRPHV�

.H\ZRUGV� QLRVRPHV��GUXJ�GHOLYHU\��QDQRSDUWLFOHV��ELRDYDLODELOLW\

,QWURGXFWLRQ

&OLQLFDO�LPSOHPHQWDWLRQ�RI�KLJKO\�OLSRSKLOLF�DFWLYH�VXEVWDQFHV�LV�OLPLWHG�GXH�WR�WKHLU�LQVWDELOLW\�LQ�SK\VLRORJLFDO�S+��ORZ�DTXHRXV�
VROXELOLW\�DWWULEXWHG�ZLWK�ORZ�V\VWHPLF�ELRDYDLODELOLW\��$�SURPLVLQJ�VWUDWHJ\�WR�RYHUFRPH�WKHVH�OLPLWDWLRQV�LV�LQFRUSRUDWLRQ�LQ�QDQR�
VL]HG�GHOLYHU\�V\VWHPV�OLNH�QLRVRPHV���
7KH�FRQFHSW�RI�QLRVRPHV�ZDV�ILUVW�LQWURGXFHG�DQG�SDWHQWHG�E\�/¶2UpDO�LQ������LQ�RUGHU�WR�RYHUFRPH�WKH�OLPLWDWLRQV�RI�OLSRVRPHV�

DV� YHVLFXODU� V\VWHPV�� 9DQOHUEHUJKH� HW� DO��� ZKR� VWXGLHG� WKH� LQWHUDFWLRQ� RI� QLVRPHV� ZLWK� VWUDWXP� FRUQHXP� LQ� YLWUR DQG� LQ� YLYR��
HYDOXDWHG�IRUPXODWLRQ�DQG�VWUXFWXUH�RI�QLRVRPHV�LQ�������7KH�REWDLQHG�UHVXOWV�VKRZHG�KLJKHU�VNLQ�HODVWLFLW\�LQ�YROXQWHHUV�ZLWK�GU\�
VNLQ� FRPSDUHG�ZLWK� FRQYHQWLRQDO� HPXOVLRQV� �9DQOHUEHUJKH� HW� DO�� ������� ,Q� ����� QLRVRPDO� IRUPXODWLRQ�ZDV� ILUVW� XVHG� IRU� GUXJ�
GHOLYHU\� RI� DQWLQHRSODVWLF� DJHQWV� �&XPPLJV� HW� DO�� ������ +XQWHU� HW� DO�� ������� 7KHUHIRUH�� WKHVH� IDFWV� OHG� WR� KLJKHU� LQWHUHVW� IRU�
HYDOXDWLRQ�RI�WKH�VWUXFWXUH�RI�QLRVRPHV�QRW�RQO\�IRU�WUDQVGHUPDO�DSSOLFDWLRQ�EXW�DOVR�IRU�V\VWHPLF�DSSOLFDWLRQ��
1LRVRPHV�DV�YHVLFXODU�V\VWHPV�DUH�FRPSRVHG�RI�QRQ�LRQLF�VXUIDFWDQWV�DQG�FKROHVWHURO�VXLWDEOH� IRU�LQFRUSRUDWLRQ�RI�K\GURSKLOLF�

GUXJV�LQWR�WKH�DTXHRXV�FRPSDUWPHQW�DQG�OLSRSKLOLF�DFWLYH�VXEVWDQFHV�LQWR�ELOD\HU�GRPDLQV��1LRVRPHV�DUH�IRUPHG�E\�VHOI�DVVHPEO\�
RI� QRQ�LRQLF� VXUIDFWDQW� DQG� FKROHVWHURO� LQ� DTXHRXV� PHGLXP�� $OWKRXJK� OLSRVRPHV� DUH� PRVW� VWXGLHG� QDQR�VL]HG� GUXJ� GHOLYHU\�
GHYLFHV�� ODFN� RI� VWDELOLW\� DQG� GLIILFXOWLHV� ZLWK� VWHULOL]DWLRQ� OHG� WR� GHYHORSPHQW� RI� QLRVRPHV� DV� DOWHUQDWLYH� FRQWUROOHG� GHOLYHU\�
V\VWHP��7KH�PDLQ�GLIIHUHQFHV�EHWZHHQ�OLSRVRPHV�DQG�QLRVRPHV�DUH�SUHVHQWHG�LQ�7DEOH����.DULP�.0��HW�DO��������0DULDQHFFL�HW�DO���
�������

7DEOH����&RPSDULVRQ�EHWZHHQ�OLSRVRPHV�DQG�QLRVRPHV��UHI�

3DUDPHWHU /LSRVRPHV 1LRVRPHV
6WDELOLW\ 1RQ�VWDEOH� DWWULEXWHG� ZLWK� ODFN� RI�

VWDELOLW\� RI� SKRVSKROLSLGV� LQ� OLSRVRPDO�
PHPEUDQH

6WDEOH�DWWULEXWHG� ZLWK� KLJKHU� VWDELOLW\� RI�
QRQ�LRQLF�VXUIDFWDQWV�

3ULFH� ([SHQVLYH (FRQRPLF
7R[LFLW\� 5HSRUWHG�FDVHV�RI�WR[LFLW\ 1RQ�WR[LF
6L]H ��������QP �������QP
6WRUDJH 6SHFLDO�FRQGLWLRQV :LWKRXW�VSHFLDO�VWRUDJH�FRQGLWLRQV

$V�HYLGHQW�IURP�WKH�WDEOH��QLRVRPHV�DUH�SURPLVLQJ�FDQGLGDWHV�IRU�WRSLFDO��RSKWKDOPLF�DQG�V\VWHPLF�GUXJ�GHOLYHU\�

�)DFXOW\�RI�PHGLFDO�VFLHQFHV���8QLYHUVLW\�*RFH�'HOFKHY´� 6KWLS��5��0DFHGRQLD
&RUUHVSRQGLQJ�$XWKRU���H�PDLO��HOHQD�GUDNDOVND#XJG�HGX�PN



ϮϬ

6WUXFWXUH�RI�QLRVRPHV

*HQHUDOO\��QLRVRPHV�DUH�FRPSRVHG�RI�V\QWKHWLF�RU�VHPL�V\QWKHWLF�QRQ�LRQLF�VXUIDFWDQWV�ZLWK�K\GURSKLOLF�KHDG�DQG�K\GURSKRELF�
WDLO�VXLWDEOH�IRU�V\VWHPLF�DSSOLFDWLRQ��7KH�RSWLPDO�FDQGLGDWHV�IRU�QLRVRPH�IRUPXODWLRQ�DUH�DON\O�HWKHUV�RU�DON\O�HVWHUV�DFFRUGLQJ�WR
WKH�ORZ�WR[LFLW\�DQG�FRPPHUFLDO�DYDLODELOLW\��0DULDQHFFL�HW�DO���������$EGHONDGHU�HW�DO����������,Q�RUGHU�WR�LQFUHDVH�WKH�ULJLGLW\�RI�
WKH�PHPEUDQH�DQG�WR�LPSURYH�WKH�VWDELOLW\��FKROHVWHURO�LV�DOVR�XVHG�DV�PDLQ�FRPSRQHQW�LQ�QLRVRPDO�PHPEUDQH��0RJKDVHPPL�HW
DO���������1DVVHUL�%�����������7KH�VWUXFWXUH�RI�QLRVRPHV�LV�SUHVHQWHG�RQ�)LJXUH����

)LJXUH��� 6WUXFWXUH�RI�QLRVRPH

����$ON\O�HVWHUV� 7KH�PRVW�SUHIHUUHG�QRQ�LRQLF�VXUIDFWDQWV�XVHG�IRU�IRUPXODWLRQ�RI�QLRVRPDO�PHPEUDQH�DUH�DON\O�HVWHUV�GXH�WR�WKHLU�
ORZ� WR[LFLW\� DWWULEXWHG�ZLWK� HVWHUDVH�GHJUDGDWLRQ�RI� WKH� HVWHU� ERQG� WR� IDWW\� DFLG� DQG� WULJO\FHULGHV� LQ� YLYR� �/DZUHQFH� �������7KH�
SURPLVLQJ� FDQGLGDWHV� IURP� WKLV� JURXS� DUH� VRUELWDQ� HVWHUV� �6SDQ�� DQG�SRO\R[\HWK\OHQH� VRUELWDQ� IDWW\� DFLG� HVWHUV� �7ZHHQ��ZLGHO\
XVHG�LQ�SKDUPDFHXWLFDO�SUHSDUDWLRQV��9DUVKRVD]�HW�DO����������3RO\R[\HWK\OHQH�VRUELWDQ�IDWW\�DFLG�HVWHUV�DUH�PRUH�VROXEOH�FRPSDUHG�
ZLWK�RWKHU�YHVLFOHV��VXLWDEOH�IRU�RUDO�DSSOLFDWLRQ��+RIODQG�HW�DO����������1XPHURXV�VWXGLHV�FRQILUPHG�WKH�XVH�RI�WKHVH�VXUIDFWDQWV�
)RU� H[DPSOH�� SRO\VRUEDWH� ��� LV� XWLOL]HG� IRU� SUHSDUDWLRQ� RI� QLRVRPHV� IRU� RUDO� GHOLYHU\� RI� GLFORIHQDF� VRGLXP�� DVVRFLDWHG� ZLWK�
SURORQJHG�UHOHDVH�DQG�SURWHFWLRQ�RI�JDVWURLQWHVWLQDO�PXFRVDO�PHPEUDQH��*DZKDUL�HW�DO����������

����3RO\R[\HWK\OHQH�DON\O�HWKHUV��%ULM�� $ON\O�HWKHUV�DUH�DOVR�XWLOL]HG�IRU�IRUPXODWLRQ�RI�QLRVRPHV��7KHVH�QRQ�LRQLF�VXUIDFWDQWV�DUH�
FKDUDFWHUL]HG�ZLWK�UHODWLYHO\�ODUJH�SRODU�KHDG�JURXSV�FRPSDUHG�ZLWK�WKHLU�DON\O�FKDLQ��5DMHUD�HW�DO����������%HFDXVH�RI�WKHLU
GRFXPHQWHG�WR[LFLW\�DQG�ORFDO�LUULWDELOLW\��DON\O�HVWHUV�DUH�PRUH�SUHIHUUHG�QRQLRQLF�VXUIDFWDQWV�IRU�SUHSDUDWLRQ�RI�QLRVRPDO�
PHPEUDQH��3DUGDNKW\�HW�DO����������,Q�DGGLWLRQ��OLPLWHG�XVH�RI�DON\O�HWKHUV�LV�DVVRFLDWHG�ZLWK�WKH�UHDVRQ�WKDW�WKH\�FDQQRW�IRUP�
YHVLFOHV�ZLWKRXW�FKROHVWHURO�EHFDXVH�RI�WKH�KLJK�VROXELOLW\�RI�SRODU�JURXSV��$EGHONDGHU�HW�DO��������$EGHONDGHU���������'HVSLWH�WKH�
OLVWHG�GLVDGYDQWDJHV��WKHVH�VXUIDFWDQWV�DUH�IUHTXHQWO\�XVHG�LQ�PDQ\�VWXGLHV��,Q�YLWUR�VWXG\�FRQILUPHG�WKDW�QLRVRPHV�SUHSDUHG�IURP�
DON\O�HWKHUV�ZLWK�ILOP�K\GUDWLRQ�PHWKRG�DUH�VXLWDEOH�IRU�RUDO�GHOLYHU\�RI�LQVXOLQ�ZLWKRXW�ULVN�RI�GHJUDGDWLRQ�IURP�SHSVLQ��Į�
FK\PRWU\SVLQ�DQG�WU\SVLQ��3DUGDNKW\�$���HW�DO�������

���� &KROHVWHURO� &KROHVWHURO� LV� PDLQ� FRPSRQHQW� LQ� QLRVRPHV� XVHG� WR� VWDELOL]H� LWV� PHPEUDQH�� ,Q� FRPELQDWLRQ� ZLWK� QRQ�LRQLF�
VXUIDFWDQWV�� LQFRUSRUDWLRQ�RI� FKROHVWHURO� OHDG� WR�KLJKHU� ULJLGLW\� DQG� UHGXFHG�SHUPHDELOLW\� DWWULEXWHG�ZLWK�KLJKHU�SKDVH� WUDQVLWLRQ�
WHPSHUDWXUH�� 3UHSDUHG� QLRVRPHV�ZLWKRXW� FKROHVWHURO� DV� D�PHPEUDQH� FRPSRQHQW� DUH� H[SRVHG� RQ� ULVN� RI� LQWHUDFWLRQ�ZLWK� SODVPD�
SURWHLQV�OLNH�DOEXPLQ��WUDQVIHUULQ�DQG�PDFURJOREXOLQ��&KROHVWHURO�LV�LQFRUSRUDWHG�EHWZHHQ�WKH�JDSV�RI�QRQ�LRQLF�VXUIDFWDQW��ZKLFK�
FRQVHTXHQWO\� OHDG� WR� LQFUHDVHG� ULJLGLW\� RI� QLRVRPDO� PHPEUDQH�� 0HFKDQLVP� RI� QLRVRPDO� PHPEUDQH� VWDELOL]DWLRQ� FRPSRVHG RI�
7ZHHQ����DQG�FKROHVWHURO�LV�LOOXVWUDWHG�RQ�)LJXUH����0DULDQQHFL�HW�DO����������



Ϯϭ

)LJXUH��� ,QWHUDFWLRQ�EHWZHHQ�7ZHHQ����DQG�FKROHVWHURO��0DULDQQHFL�HW�DO��������

7KH�PDLQ�PHFKDQLVP�RI�VWDELOL]DWLRQ�LV�SRVVLEOH�K\GURJHQ�ERQGLQJ�LQWHUDFWLRQ�EHWZHHQ���2+�JURXS�RI�FKROHVWHURO�DQG�HVWHU�ERQG�
RI�WKH�VXUIDFWDQW�DV�SUHVHQWHG�RQ�WKH�)LJXUH����,Q�DGGLWLRQ��LQFRUSRUDWLRQ�RI�FKROHVWHURO�LV�DVVRFLDWHG�ZLWK�KLJKHU�]HWD�SRWHQWLDO DQG�
HOHFWURVWDWLF�UHSXOVLRQ�EHWZHHQ�WKH�YHVLFOHV��1HPDWROODKL�HW�DO����������0D[LPXP�DPRXQW�RI�DGGHG�FKROHVWHURO�YDULHV�ZLGHO\��EXW�
QXPHURXV�VWXGLHV�FRQILUPHG�WKDW�RSWLPDO�FKROHVWHURO�FRQFHQWUDWLRQ�LQ�QLRVRPDO�PHPEUDQH�UDQJHV�IURP��������LQ�D�UDWLR�RI������WR�
WKH�QRQ�LRQLF�VXUIDFWDQW��.D]L�.���HW�DO���������

$GYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�QLRVRPHV

(IILFLHQW�GUXJ�GHOLYHU\�ZLWKRXW� WR[LFLW\� WR�QRUPDO�FHOOV�KDV�DOZD\V�EHHQ�D�FKDOOHQJH� LQ�SKDUPDFHXWLFDO� WHFKQRORJ\��7KHUHIRUH�
QDQRSDUWLFOHV�DV�SRWHQWLDO�V\VWHPV�IRU�GHOLYHU\�RZH�JUHDW�SRWHQWLDO� IRU�VHOHFWLYH�WDUJHWLQJ�DQG�LQFUHDVHG�VWDELOLW\��'XULQJ�WKH ODVW�
IHZ�GHFDGHV��QLRVRPHV�DUH�XVHG�DV�D�WRRO�IRU�LPSURYHG�GUXJ�GHOLYHU\�DV�D�QRYHO�JHQHUDWLRQ�RI�YHVLFXODU�V\VWHPV��7KH�DGYDQWDJHV�RI�
QLRVRPHV�DUH�OLVWHG�EHORZ��%XFNWRQ�*���HW�DO�������0HKDQQD�HW�DO����������������������

x 1LRVRPHV�DUH�RVPRWLFDOO\�DFWLYH�DQG�VWDEOH�QDQRSDUWLFOHV�VXLWDEOH� IRU� LQFRUSRUDWLRQ�RI� OLSRSKLOLF�DQG�K\GURSKLOLF�DFWLYH�
VXEVWDQFHV�

x 1DQRSDUWLFOHV�FDQ�EH�XVHG�DV�GHSRW�IRU�VXVWDLQHG�DQG�FRQWUROOHG�UHOHDVH�RI�GUXJV�
x 1LRVRPHV�SURWHFW�WKH�DFWLYH�VXEVWDQFHV�IURP�SURWHRO\WLF�HQ]\PHV�LQ�YLWUR
x 1LRVRPHV�DUH�VXLWDEOH�IRU�WRSLFDO��RSKWKDOPLF�DQG�RUDO�DSSOLFDWLRQ
x 7KHLU�PHPEUDQH�FDQ�EH�PRGLILHG�ZLWK�OLJDQGV�IRU�WDUJHWHG�GHOLYHU\
x &RPSRQHQWV�RI�QLRVRPDO�PHPEUDQH�DUH�ELRFRPSDWLEOH��ELRGHJUDGDEOH�DQG�QRQ�LUULWDQW�
x )DEULFDWLRQ�WHFKQLTXHV�DUH�QRQ�FRPSOH[�DQG�HFRQRPLF

'HVSLWH� WKH� QXPHURXV� DGYDQWDJHV�� QLRVRPHV� SRVVHVV� VHYHUDO� OLPLWDWLRQV� WKDW� UHVWULFW� WKHLU� DSSOLFDWLRQ� IRU� GUXJ� GHOLYHU\�� )RU�
H[DPSOH��QLRVRPDO�VKHOI�OLIH�FDQ�EH�DEEUHYLDWHG�GXH�WR�IXVLRQ�DQG�DJJUHJDWLRQ�RI�QLRVRPDO�GLVSHUVLRQ�WKDW�OHDG�WR�OHDNDJH�RI�WKH�
DFWLYH� VXEVWDQFH�� � )XUWKHUPRUH�� QLRVRPHV� FDQQRW� EH� VWHULOL]HG� XVLQJ� KHDW� VWHULOL]DWLRQ� DQG� PHPEUDQH� ILOWUDWLRQ� DQG� DVHSWLF�
SUHSDUDWLRQ� LV� UHTXLUHG��=XLGDPHW�DO��������+DWKRXW�HW� �DO��� ������$EGHOEDU\� �	� �(O�JHQG\�� ��������6RPHWLPHV��SUHSDUDWLRQ�DQG�
FKDUDFWHUL]DWLRQ� RI� QLRVRPHV� LV� WLPH� FRQVXPLQJ� DQG� QHHG� VSHFLDO� HTXLSPHQW�� 7KXV�� LQ� RUGHU� WR� SODFH� FRPPHUFLDOO\� DYDLODEOH�
QLRVRPHV�RQ�WKH�PDUNHW��IXUWKHU�FOLQLFDO�LQYHVWLJDWLRQ�LV�UHTXLUHG��

&RQFOXVLRQV�

,W�LV�ZHOO�NQRZQ�IDFW�WKDW�SKDUPDFRORJLFDO HIIHFW�RI�DFWLYH�VXEVWDQFHV�LV�GLUHFWO\�FRQQHFWHG�ZLWK�LWV�FRQFHQWUDWLRQ�LQ�WDUJHW�WLVVXH��
0RVW�DFWLYH�VXEVWDQFHV�DUH�FKDUDFWHUL]HG�DV�KLJKO\�OLSRSKLOLF�DQG�LQVWDEOH�LQ�EORRG�FLUFXODWLRQ��OLPLWDWLRQV�WKDW�OHDG�WR�QHFHVVLW\�RI�
KLJKHU�GRVDJH�DGPLQLVWUDWLRQ�DQG�DFFRUGLQJO\�XQGHVLUHG�WR[LF�HIIHFWV��(QFDSVXODWLRQ�LQ�QLRVRPHV�VROYHV�WKH�SUREOHPV�DVVRFLDWHG�
ZLWK�ORZ�VROXELOLW\�DQG�VLJQLILFDQWO\�LPSURYHV�WKH�ELRDYDLODELOLW\�DQG�WKHUDSHXWLF�FRQFHQWUDWLRQ�RI�WKH�DFWLYH�VXEVWDQFH��7KHUHIRUH��
QLRVRPHV�DV�YHVLFXODU�QDQRV\VWHPV�FDQ�EH�XVHG�DV�SURPLVLQJ�SODWIRUP�IRU�RUDO��RFXODU�DQG�WUDQVGHUPDO�GHOLYHU\�RI�GUXJV��


