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QOLNH�VHHGV�RI
KRUWLFXOWXUDO�FURSV�
ZKLFK�KDYH�EHHQ

EUHG�WR�JHUPLQDWH�LPPHGLDWHO\�DIWHU
VRZLQJ��WKRVH�RI�PDQ\�QDWLYH�SODQW
VSHFLHV�EHFRPH�GRUPDQW�DIWHU�WKH\
PDWXUH��6HHG�GRUPDQF\�LV�GHÀQHG�DV

$E V W U DF W
6HHGV�RI�PDQ\�ÀUH�DGDSWHG�SODQWV�DUH�YHU\�GLIÀFXOW�WR�JHUPLQDWH��DQG�VRPH
VSHFLHV�KDYH�EHHQ�LPSRVVLEOH�WR�SURSDJDWH�E\�VHHG��5HFHQW�UHVHDUFK�KDV
VKRZQ�WKDW�IXPLJDWLQJ�VHHGV�ZLWK�VPRNH�RU�VRDNLQJ�WKHP�LQ�VPRNH�VROXWLRQV
LPSURYHV�JHUPLQDWLRQ�RI�PDQ\�VSHFLHV��7KH�H[DFW�SK\VLRORJLFDO�PHFKDQLVP
IRU�WKLV�UHVSRQVH�LV�XQNQRZQ�EXW�XVLQJ�VPRNH�DV�D�SUH�VRZLQJ�VHHG�WUHDWPHQW
KROGV�FRQVLGHUDEOH�SURPLVH�IRU�SURSDJDWLQJ�SODQWV�IRU�UHVWRUDWLRQ�RI�ÀUH�
DGDSWHG�FRPPXQLWLHV��,Q�SDUWLFXODU��VPRNH�WUHDWPHQWV�FDQ�EH�XVHG�WR
JHUPLQDWH�VHHGV�RI�UHFDOFLWUDQW�VSHFLHV��7KLV�SDSHU�UHYLHZV�WKH�FXUUHQW
OLWHUDWXUH�RQ�VPRNH�WUHDWPHQW�RI�VHHGV�ZLWK�WKH�SXUSRVH�RI�HQFRXUDJLQJ�WKHVH
WUHDWPHQWV�RQ�RWKHU�VSHFLHV�
.(<:25'6��VHHG�WUHDWPHQW��QDWLYH�SODQWV��QXUVHU\��VHHGOLQJV��UHVWRUDWLRQ
120(1&/$785(� �1RUWK�$PHULFDQ�VSHFLHV��,7,6�������

7+(5(¶6�*(50,1$7,21"
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WKH�SK\VLRORJLFDO�VWDWH�LQ�ZKLFK
RWKHUZLVH�YLDEOH�VHHGV�ZLOO�QRW
JHUPLQDWH�HYHQ�ZKHQ�H[SRVHG�WR
JURZWK�FRQGXFLYH�FRQGLWLRQV��6HHG
GRUPDQF\�KDV�LQWULJXHG�ELRORJLVWV
DQG�IUXVWUDWHG�KRUWLFXOWXULVWV�IRU
PDQ\�\HDUV��1DWLYH�SODQW�JURZHUV�DUH

OHVV�LQWHUHVWHG�ZLWK�WKH�´ZK\µ�WKDQ
WKH�´KRZµ�RI�VHHG�GRUPDQF\�DQG
KDYH�WUDGLWLRQDOO\�ORRNHG�WR�QDWXUH
ZKHQ�WU\LQJ�WR�JHW�VWXEERUQ�VHHGV�WR
JHUPLQDWH��7KH�SUDFWLFH�RI�VHHG
VWUDWLÀFDWLRQ�LV�D�JRRG�H[DPSOH��%\
VWRULQJ�VHHGV�LQ�PRLVW�PHGLD�LQ�D
UHIULJHUDWRU��JURZHUV�DUH�LPLWDWLQJ
WKH�QDWXUDO�FROG�DQG�PRLVW�RYHUZLQ�
WHU�HQYLURQPHQW�

6HHG�7UHDWPHQWV
5HODWHG�WR�)LUH

6HHGV�RI�VRPH�QDWLYH�SODQWV�GR�QRW
UHVSRQG�WR�VWUDWLÀFDWLRQ��KRZHYHU�
DQG�VR�VHHG�ELRORJLVWV�KDYH�LQYHVWL�
JDWHG�RWKHU�ZD\V�RI�JHWWLQJ�WKHP�WR
JHUPLQDWH��2QH�LQWULJXLQJ�H[DPSOH
FRQFHUQV�ÀUH�DGDSWHG�VSHFLHV��3ODQW
FRPPXQLWLHV��OLNH�WKH�FKDSDUUDO�RI
&DOLIRUQLD�RU�WKH�I\QERV�RI�6RXWK
$IULFD��DUH�VR�DGDSWHG�WR�ÀUH�WKDW
PDQ\�VSHFLHV�FDQ�RQO\�UHSURGXFH
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ZKHQ�DLGHG�E\�HLWKHU�KHDW�RU
FKHPLFDO�SURGXFWV�RI�FRPEXVWLRQ��$
QXPEHU�RI�UHVHDUFK�VWXGLHV�LQ�WKH
SDVW����\�KDYH�OHDG�WR�VRPH�LQQRYD�
WLYH�WUHDWPHQWV�IRU�VHHGV�RI�ÀUH�
DGDSWHG�VSHFLHV��GU\�KHDW��DVK�
FKDUUHG�ZRRG��EXUQHG�VRLO��DQG
VPRNH��)LJXUH����
'U\�+HDW
,Q�ODERUDWRU\�VWXGLHV��H[SRVLQJ�VHHGV
WR�WHPSHUDWXUHV�RI����WR������&
�����WR������)��IRU���WR�����PLQ�KDV
SURPRWHG�VHHG�JHUPLQDWLRQ�RI�RYHU
���VSHFLHV��%DVNLQ�DQG�%DVNLQ
�������8QGHU�QXUVHU\�FRQGLWLRQV�
KRZHYHU��GU\�KHDW�LV�VHOGRP�UHFRP�
PHQGHG�IRU�RYHUFRPLQJ�VHHG
GRUPDQF\�EHFDXVH�RI�WKH�GDQJHU�RI
HPEU\R�GDPDJH��$QG��EHFDXVH�VHHGV
DUH�FRYHUHG�ZLWK�VRLO��LW�LV�GLIÀFXOW�WR
FRQWURO�WKH�WHPSHUDWXUH�DURXQG�WKH
VHHGV��$�IHZ�QXUVHU\�PDQXDOV�KDYH
SXEOLVKHG�GU\�KHDW�WUHDWPHQWV��2QH
WUHDWPHQW�LQYROYHV�VRZLQJ�VHHGV�RI
HXFDO\SWV��0\UWDFHDH��LQ�JHUPLQD�
WLRQ�ÁDWV�DQG�FRYHULQJ�WKHP�ZLWK
��PP�������LQ��RI�VRLO��WRSSHG�ZLWK
D�OD\HU�RI�VWUDZ��7KH�VWUDZ�LV�WKHQ
LJQLWHG�DQG�DOORZHG�WR�FRPSOHWHO\
EXUQ��DQG�WKH�GU\�KHDW�EUHDNV�GRZQ
WKH�VHHG�FRDW��0DFGRQDOG�������
)LUH�KDV�DOVR�EHHQ�XVHG�RQ�WKH�VHHGV
RI�VRPH�ZRRG\�VKUXEV��IRU�H[DPSOH�

PDQ]DQLWD
>(ULFDFHDH@��IURP
6RXWKHUQ�&DOLIRU�
QLD��(PHU\�������
,Q�JHQHUDO�
KRZHYHU��KHDW�KDV
EHHQ�OHVV�HIIHFWLYH
WKDQ�FKDUUHG
ZRRG�RU�VPRNH
WUHDWPHQWV
�)LJXUH����
$VK��&KDUUHG
:RRG��DQG
%XUQHG�6RLO
$VK�WUHDWPHQWV
KDYH�EHHQ�WULHG
ZLWK�VHHGV�RI
VHYHUDO�VSHFLHV�ZLWK�PDUJLQDO�UHVXOWV�
)RU�H[DPSOH��5H\HV�DQG�&DVDO
�������IRXQG�WKDW�ERWK�DTXHRXV�DVK
VROXWLRQV�DQG�GLUHFW�DVK�WUHDWPHQWV
GLG�QRW�SRVLWLYHO\�HIIHFW�WKH�JHUPLQD�
WLRQ�RI�3LQXV�SLQDVWHU�$LWRQ��3LQ�
DFHDH���3LQXV�UDGLDWD�'��'RQ��RU
(XFDO\SWXV�JOREXOXV�/DELOO���0\UW�
DFHDH���%HWWHU�UHVXOWV�KDYH�RFFXUUHG
XVLQJ�DQ�DTXHRXV�H[WUDFW�IURP
FKDUUHG�ZRRG��FKDUDWH���&KDUDWH�KDV
SURPRWHG�LPSURYHG�JHUPLQDWLRQ�RI
WKH�VHHGV�RI�RYHU����VSHFLHV�IURP���
WR�����FRPSDUHG�WR�FRQWUROV��EXW
KDV�QR�VWLPXODWRU\�HIIHFW�RQ�VRPH
VHHGV�DQG�DFWXDOO\�GHFUHDVHV�JHUPLQD�

7 $ % / ( � �
:HVWHUQ�86�VSHFLHV�WKDW�UHVSRQGHG�IDYRUDEO\

WR�VPRNH�VHHG�WUHDWPHQWV
%LJ�VDJHEUXVK $UWHPHVLD�WULGHQWDWD�1XWW���&RPSRVLWDH�
$QWHORSH�ELWWHUEUXVK 3XUVKLD�WULGHQWDWD��3XUVK��'&�5RVDFHDH�
%DVLQ�ZLOGU\H /H\PXV�FLQHUHXV��6FULEQHU�	�0HUU���$�/RYH��3RDFHDH�
:KLWH�SLQFXVKLRQ &KDHQDFWLV�DUWHPLVLLIROLD��+DUYH\�	*UD\�H[�*UD\��*UD\��$VWHUDFHDH�
:KLWH�VDJH 6DOYLD�DSLDQD�-HSVRQ��/DPLDFHDH�
6FDUOHW�EXJOHU 3HQVWHPRQ�FHQWUDQWKLIROLXV�%HQWK��6FURSKXODULDFHDH�
6RXUFH��%ODQN�DQG�<RXQJ���������.HHOH\�DQG�)RWKHULQJKDP�����D��

WLRQ�LQ�RWKHUV��%DVNLQ�DQG�%DVNLQ
�������:KHQ�DQ�DTXHRXV�OHDFKDWH�RI
FKDUUHG�ZRRG�ZDV�XVHG�WR�WUHDW�VHHGV
RI�&DOLIRUQLD�FKDSDUUDO�SODQWV��WKH
UHVXOWV�ZHUH�YDULDEOH�EXW�DOZD\V�OHVV
HIIHFWLYH�WKDQ�VPRNH�WUHDWPHQWV
�)LJXUH�����,Q�DQRWKHU�VWXG\��DQ
DTXHRXV�H[WUDFW�RI�KHDWHG�VRLO
LQFUHDVHG�WKH�JHUPLQDWLRQ�DQG
JURZWK�RI�JUDVV�DQG�EUXVK�VSHFLHV�RI
VDJHEUXVK�FRPPXQLWLHV�LQ�WKH
ZHVWHUQ�86��%ODQN�DQG�<RXQJ
�������+RZHYHU�LQWULJXLQJ�WKHVH
UHVXOWV�PD\�EH��DWWHPSWV�WR�XVH�DVK
RU�FKDUUHG�ZRRG�H[WUDFWV�WR�SURPRWH
VHHG�JHUPLQDWLRQ�LQ�RSHUDWLRQDO
QXUVHU\�WULDOV�RU�LQ�WKH�ÀHOG�KDYH
SURYHQ�XQVXFFHVVIXO��%DVNLQ�DQG
%DVNLQ�������
6PRNH
6PRNH�WUHDWPHQWV�ZHUH�ÀUVW�GHPRQ�
VWUDWHG�WR�VWLPXODWH�VHHG�JHUPLQDWLRQ
RI�D�ÀUH�DGDSWHG�VKUXE�LQ�6RXWK
$IULFD��'H�/DQJH�DQG�%RXFKHU
�������EXW�KDYH�UHFHQWO\�EHHQ
GHPRQVWUDWHG�IRU�SODQWV�RI�RWKHU
ÀUH�DGDSWHG�FRPPXQLWLHV�LQ
$XVWUDOLD��'L[RQ�DQG�RWKHUV������
DQG�WKH�ZHVWHUQ�86��7DEOH����
6PRNH�IURP�WKH�FRPEXVWLRQ�RI�SODQW
PDWHULDOV�KDV�SRVLWLYHO\�DIIHFWHG
JHUPLQDWLRQ�RI�����GLIIHUHQW�QDWLYH
SODQWV�UHSUHVHQWLQJ����IDPLOLHV�DQG
���JHQHUD��5RFKH�DQG�RWKHUV�������
7KH�SRWHQWLDO�IRU�VPRNH�WUHDWPHQW
H[WHQGV�EH\RQG�ÀUH�DGDSWHG�VSHFLHV�
KRZHYHU��6PRNH�KDV�HYHQ�EHHQ�XVHG
WR�EUHDN�GRUPDQF\�DQG�LPSURYH
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)LJXUH���� 7UHDWLQJ�VHHGV�RI�¿UH�DGDSWHG�SODQWV�ZLWK�VPRNH�WUHDWPHQWV�RI����RU���PLQ�H[SRVXUHV
ZDV�PRUH�HIIHFWLYH�WKDQ�FKDUUHG�ZRRG��:F���KHDW�H[SRVXUH�DW���GLIIHUHQW�WHPSHUDWXUHV���&���RU�WKH
FRQWURO��&���%DUV�ZLWK�WKH�VDPH�OHWWHU�DUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW�� 3� ��������WKRVH�ZLWKRXW�D�OHWWHU
DUH�VLJQL¿FDQWO\�GLIIHUHQW�IURP�WKRVH�ZLWK�OHWWHUV���0RGL¿HG�IURP�.HHOH\�DQG�)RWKHULQJKDP�����D��
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JHUPLQDWLRQ�RI�VHHGV�RI�FRPPRQ
YHJHWDEOHV�VXFK�DV�OHWWXFH�DQG�FHOHU\
�%URZQ�DQG�9DQ�6WDGHQ�������

$OWKRXJK�WKH�VWUHQJWK�RI�WKH
UHVSRQVH�YDULHV��LW�LV�YHU\�LPSUHVVLYH
ZLWK�PDQ\�VSHFLHV��)LJXUH�����2I
SDUWLFXODU�LQWHUHVW�WR�QDWLYH�SODQW
JURZHUV��PDQ\�WD[D�RI�SODQWV�WKDW
UHVSRQG�WR�VPRNH�WUHDWPHQW�DUH
FRQVLGHUHG�´GLIÀFXOW�WR�JHUPLQDWHµ
DQG�VRPH�KDYH�EHHQ�WRWDOO\�XQUH�
VSRQVLYH�WR�FRQYHQWLRQDO�VHHG
SURSDJDWLRQ�WHFKQLTXHV��$QRWKHU
LQWULJXLQJ�UHVXOW�LV�WKDW�WKH�VWLPXOD�
WRU\�HIIHFW�PD\�FRQWLQXH�EH\RQG
VHHG�JHUPLQDWLRQ�IRU�VRPH�SODQWV�
1DWLYH�JUDVV�VHHGV�WKDW�ZHUH�WUHDWHG
ZLWK�VPRNH�H[WUDFWV�JUHZ�EHWWHU�WKDQ
WKH�FRQWUROV�DQG�SURGXFHG�VLJQLÀ�
FDQWO\�JUHDWHU�ELRPDVV�DIWHU���PR
�%ODQN�DQG�<RXQJ�������

&RQVLGHUDEOH�HIIRUW�KDV�JRQH�LQWR
WU\LQJ�WR�GHWHUPLQH�WKH�FKHPLFDO
EDVLV�IRU�VPRNH�WUHDWPHQW�RI�VHHGV�
.HHOH\�DQG�)RWKHULQJKDP������E�
FRXOG�QRW�VXEVWDQWLDWH�WKH�K\SRWKH�
VLV�WKDW�QLWUDWH�SURGXFHG�IURP
ZLOGÀUHV�LV�UHVSRQVLEOH�IRU�WKH
LQFUHDVHG�JHUPLQDWLRQ�EXW�GLG�ÀQG
WKDW�R[LGL]LQJ�JDVHV��VXFK�DV�QLWURJHQ
GLR[LGH��DQG�DFLGV�ZHUH�LQYROYHG�
7KH�SUREDELOLW\�LV�WKDW�PRUH�WKDQ
RQH�IDFWRU�LV�UHVSRQVLEOH��DQG
EHVLGHV��QXUVHU\�PDQDJHUV�DUH�OHVV
LQWHUHVWHG�LQ�WKH�H[DFW�PHFKDQLVP�RI
ZK\�VPRNH�WUHDWPHQWV�ZRUN�WKDQ
WKH\�DUH�DERXW�KRZ�WR�XVH�WKHP
RSHUDWLRQDOO\�

6PRNH�7UHDWPHQWV
7KH�PHWKRG�RI�WUHDWLQJ�VHHGV�ZLWK
VPRNH�KDV�XQGHUJRQH�FRQWLQXDO
PRGLÀFDWLRQ��EXW�WZR�EDVLF�DSSOLFD�
WLRQ�WHFKQLTXHV��VPRNH�IXPLJDWLRQ
DQG�VPRNH�ZDWHU��KDYH�EHHQ�XVHG�
6PRNH�)XPLJDWLRQ
7KH�ÀUVW�H[SHULPHQWV�XVHG�DQ
´DHURVRO�VPRNHµ�JHQHUDWHG�IURP
EXUQLQJ�D�PL[WXUH�RI�GU\�DQG�IUHVK
YHJHWDWLRQ�DQG�IXPLJDWLQJ�VRLO�LQ�WKH
ZLOG�RU�VHHGV�VRZQ�LQ�WUD\V��,Q
$XVWUDOLD��VPRNH�IURP�DQ�H[WHUQDO
FRPEXVWLRQ�FKDPEHU�ZDV�SLSHG�LQWR
VSHFLDOO\�FRQVWUXFWHG�VPRNH�WHQWV
WKDW�FRQWDLQHG�VFUHHQ�WUD\V�RI�VHHGV
RU�SURSDJDWLRQ�WUD\V�RI�VHHGV�VRZQ�LQ

)LJXUH���� &RQVLGHUDEOH�UHVHDUFK�ZLWK�VPRNH�WUHDWPHQWV�KDV�EHHQ�GRQH�LQ�$XVWUDOLD�ZKHUH
WUHDWHG�VHHGV��IRUHJURXQG��KDYH�EHWWHU�JHUPLQDWLRQ�WKDQ�FRQWUROV��EDFNJURXQG���/HIW�WR�ULJKW�
/HSWRVSHUPXP�VSLQHVFHQV�(QGO���0\UWDFHDH���7HUVRQLD�F\DWKLIORUD��)HQ]O��-�:��*UHHQ��*\URVWHPRQ�
DFHDH���6W\OLGLXP�DI¿QH�6RQG���6W\OLGLDFHDH���6W\OLGLXP�MXQFHXP�5��%U���6W\OLGLDFHDH����&RXUWHV\�RI
'U�.LQJVOH\�'L[RQ��'LUHFWRU�3ODQW�6FLHQFHV��.LQJV�3DUN�DQG�%RWDQLF�*DUGHQV��:HVW�3HUWK������
:HVWHUQ�$XVWUDOLD��

VRLO��)LJXUH�����7KH�FRPEXVWLRQ
FKDPEHU�FRQVLVWHG�RI�D�PHWDO�GUXP
ÀWWHG�ZLWK�LQWDNH�DQG�H[KDXVW�SLSHV�
ZLWK�DLU�SXPSHG�WKURXJK�DW�D�UDWH�RI
����WR�����O�PLQ��$�W\SLFDO�IXPLJD�
WLRQ�WUHDWPHQW�ODVWHG����PLQ��DQG
WKHQ�VHHGV�ZHUH�HLWKHU�VRZQ�RU�NHSW
XQGHU�GU\�VWRUDJH��'L[RQ�DQG�5RFKH
������
6PRNH�:DWHU
7KH�DFWLYH�LQJUHGLHQW�LQ�DHURVRO
VPRNH�ZDV�IRXQG�WR�EH�VROXEOH�LQ
ZDWHU��VR�WKH�QH[W�LPSURYHPHQW�ZDV
WR�FUHDWH�DQ�DTXHRXV�VPRNH�VROXWLRQ�
%XEEOLQJ�VPRNH�IURP�EXUQLQJ
YHJHWDWLRQ�WKURXJK�GLVWLOOHG�ZDWHU
FUHDWHG�DQ�DTXHRXV�VPRNH�H[WUDFW
WKDW�ZDV�WKHQ�XVHG�WR�WUHDW�VHHGV��)RU
H[DPSOH��7LHX�DQG�RWKHUV�������
EXUQHG���NJ�������OE��RI�EUDQFKHV
DQG�IROLDJH�LQ�D�FRPEXVWLRQ�FKDPEHU
DQG�SXPSHG�WKH�H[KDXVW�WKURXJK�D
���O������JDO��WDQN�RI�ZDWHU�IRU���
PLQ��6HHG�LV�VRDNHG�IRU����K�LQ�D
����VROXWLRQ�RI�WKH�VPRNH�ZDWHU
FRQFHQWUDWH��RU�WKH�VWRFN�VROXWLRQ
FDQ�EH�IUR]HQ�IRU�ODWHU�XVH��'L[RQ
DQG�5RFKH��������7KH�ODWHVW
GHYHORSPHQW�LV�WKDW�VHHGV�FDQ�EH
LPELEHG�ZLWK�DTXHRXV�VPRNH
VROXWLRQ�DQG�WKHQ�GULHG�IRU�ODWHU

VRZLQJ��:LWK�VRPH�ZLOGÁRZHU
VSHFLHV��VPRNH�WUHDWHG�VHHGV�UHWDLQHG
WKHLU�HQKDQFHG�JHUPLQDWLRQ�DIWHU�D
\HDU�RI�GU\�VWRUDJH��%URZQ�DQG�9DQ
6WDGHQ�������

3UDFWLFDO�$SSOLFDWLRQ
RI�6PRNH�7UHDWPHQW

RI�6HHG
2WKHU�VHHG�WUHDWPHQW�FRQVLGHUDWLRQV
LQFOXGH�WUDGLWLRQDO�VHHG�SUHWUHDW�
PHQWV��WKH�NLQG�RI�SODQW�PDWHULDO
EXUQHG��FRPEXVWLRQ�WHPSHUDWXUH�
UHVSRQVH�RI�WUHDWHG�VSHFLHV��DQG
FRPPHUFLDO�DYDLODELOLW\�RI�VPRNH
SURGXFWV�
3UHWUHDWPHQWV
6HHGV�RI�VRPH�SODQWV�UHVSRQG�WR�WKH
VPRNH�ZKHQ�GU\�ZKHUHDV�RWKHUV
QHHG�WR�EH�SUHVRDNHG�LQ�ZDWHU�
6RPHWLPHV��WUDGLWLRQDO�VHHG�WUHDW�
PHQWV�VXFK�DV�PHFKDQLFDO�RU�DFLG
VFDULÀFDWLRQ�RU�VWRUDJH�LQ�VRLO
LQFUHDVH�WKH�HIÀFDF\�RI�WKH�VPRNH
WUHDWPHQWV��5RFKH�DQG�RWKHUV�������
7\SH�RI�3ODQW�0DWHULDO
7KH�W\SH�RI�FRPEXVWLRQ�PDWHULDO�KDV
YDULHG�IURP�VDZGXVW�WR�IUHVK�DQG
DJHG�WLVVXH�RI�JUDVV��EUXVK��DQG�WUHH
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VSHFLHV��8VLQJ�EUDQFKHV�DQG�IROLDJH
RI�QDWLYH�VSHFLHV�LV�XVXDOO\�SUHIHUUHG
EHFDXVH�WKHLU�FRPEXVWLRQ�ZRXOG
VLPXODWH�WKH�QDWXUDO�VPRNHV�SUR�
GXFHG�E\�ZLOGODQG�ÀUHV��+RZHYHU�
WKH�FKHPLFDO�FRPSRVLWLRQ�RI�VPRNH
PD\�YDU\�EHWZHHQ�GLIIHUHQW�SODQW
VSHFLHV�DQG�SHUKDSV�EHWZHHQ�W\SHV�RI
WLVVXH�ZLWKLQ�D�VSHFLHV��2Q�WKH�RWKHU

7 $ % / ( � �
*HUPLQDWLRQ�RI�VHHGV�RI�D�6RXWK�$IULFDQ�ZLOG�
ÁRZHU�� 6\QFDUSKD�YHVWLWD��/���%��1RUG��>$VWHU�
DFHDH@��YDULHG�ZLWK�FRQFHQWUDWLRQ�RI�VPRNH�ZDWHU

6PRNH�ZDWHU�H[WUDFW *HUPLQDWLRQGLOXWLRQV ���
&RQWURO��ZDWHU� ������� ������� ������ ����� ����� ��

6RXUFH��%URZQ�DQG�9DQ�6WDGHQ��������

KDQG��WKH�DFWLYH�LQJUHGLHQW�PD\�EH
JHQHULF�EHFDXVH�WLVVXH�SDSHU�DQG
FRPPHUFLDO�VPRNH�ÁDYRULQJ
SURGXFWV�KDYH�HYHQ�EHHQ�HIIHFWLYH
�%URZQ�DQG�9DQ�6WDGHQ�������
&RPEXVWLRQ�7HPSHUDWXUH
7KH�FKHPLFDO�FRPSRVLWLRQ�RI�VPRNH
YDULHV�ZLWK�WHPSHUDWXUH�EXW�WHVWV
LQGLFDWH�WKDW�DFWLYDWLQJ�FRPSRXQGV
SURGXFHG�EHWZHHQ�����DQG������&
�����WR������)��DUH�WKH�PRVW�DFWLYH
�-DJHU�DQG�RWKHUV��������$SSDUHQWO\�
WKH�VWLPXODWRU\�FKHPLFDOV�DUH�ORVW
WKURXJK�YRODWLOL]DWLRQ�DW�KLJKHU
WHPSHUDWXUHV��6R��RQ�D�SUDFWLFDO
EDVLV��D�VORZ�VPROGHULQJ�ÀUH�ZLOO�EH
PRVW�HIIHFWLYH��%URZQ�DQG�9DQ
6WDGHQ�������
6SHFLHV�5HVSRQVH
7KH�HIIHFW�RI�VPRNH�LV�KLJKO\
YDULDEOH�DQG�DIIHFWV�VSHFLHV�DQG
HFRW\SHV�GLIIHUHQWO\��'L[RQ�DQG
5RFKH��������+LJKO\�FRQFHQWUDWHG
VPRNH�ZDWHU�VROXWLRQV�PD\�LQKLELW
JHUPLQDWLRQ�RI�VRPH�VSHFLHV��VR
JURZHUV�ZLOO�QHHG�WR�H[SHULPHQW�ZLWK
GLIIHUHQW�GLOXWLRQV�WR�JHW�WKH�EHVW
HIIHFW��7DEOH�����,QGHHG��FRQVLGHULQJ
WKH�YDULDWLRQ�LQ�FKHPLFDO�FRPSRVL�

WLRQ�EHWZHHQ�EXUQLQJ�YDULRXV�SODQW
WLVVXHV�DQG�VSHFLHV�DQG�WKH�FRQFHQ�
WUDWLRQ�RI�WKHVH�FKHPLFDOV�DW�YDULRXV
GLOXWLRQV��FDUHIXO�H[SHULPHQWDWLRQ
DQG�DFFXUDWH�UHFRUG�NHHSLQJ�ZLOO�EH
QHFHVVDU\�EHIRUH�RSHUDWLRQDO
WUHDWPHQWV�FDQ�EHJLQ�
&RPPHUFLDO�6PRNH
3URGXFWV
7ZR�FRPPHUFLDO�VHHG�WUHDWPHQWV�DUH
QRZ�DYDLODEOH��´.LUVWHQERVFK�,QVWDQW
6PRNH�3OXVµ�LV�D�SDWHQWHG�VHHG
SULPHU�GHYHORSHG�DW�WKH�1DWLRQDO
%RWDQLFDO�,QVWLWXWH�LQ�&DSH�7RZQ�
6RXWK�$IULFD��7KLV�VHHG�SULPHU�LV
PDGH�XVLQJ�DTXHRXV�VPRNH�H[WUDFWV
WKDW�DUH�GHK\GUDWHG�DQG�VROG�LQ
SDFNHW�IRUP��$QRWKHU�SURGXFW�FDOOHG
´6HHG�6WDUWHU�$XVWUDOLDQ�6PRN\
:DWHUµ�LV�DYDLODEOH�IURP�WKH�)ULHQGV
RI�.LQJV�3DUN�DQG�%RWDQLF�*DUGHQ�LQ
3HUWK��:HVWHUQ�$XVWUDOLD��%RWK�VHHG
WUHDWPHQWV�WHVWHG�IDYRUDEO\�ZKHQ
FRPSDUHG�WR�DQ�DTXHRXV�VPRNH
H[WUDFW�DQG�D�ZDWHU�FRQWURO��%URZQ
DQG�9DQ�6WDGHQ�������
6WDQGDUGL]LQJ�6PRNH

7UHDWPHQWV
$OWKRXJK�IDVFLQDWLQJ��WKH�HQWLUH
SURFHVV�RI�WUHDWLQJ�VHHGV�ZLWK�VPRNH
ZDWHU�LV�ULIH�ZLWK�XQFRQWUROOHG
YDULDWLRQ��7KH�W\SH�RI�SODQW�PDWHULDO�
WKH�FRPEXVWLRQ�WHPSHUDWXUH��DQG
WKH�GLOXWLRQ�RI�WKH�VPRNH�ZDWHU�DOO
LQWURGXFH�VR�PXFK�YDULDELOLW\�WKDW�LW
LV�GLIÀFXOW�WR�UHDFK�PDQ\�FRQFOX�
VLRQV��7KLV�VKRXOG�QRW�GHWUDFW�IURP
WKH�RSHUDWLRQDO�XVH�RI�VPRNH�WR�WUHDW
VPDOO�ORWV�RI�QDWLYH�SODQW�VHHGV�EXW�
LQ�RUGHU�WR�UHSURGXFH�WKHLU�UHVXOWV�
JURZHUV�PXVW�VWDQGDUGL]H�WKHLU
SURFHGXUHV�DQG�NHHS�JRRG�GHWDLOHG
UHFRUGV�

%HVLGHV�QXUVHU\�WULDOV��FRQWUROOHG
UHVHDUFK�XVLQJ�D�VWDQGDUGL]HG�SODQW
PDWHULDO�DQG�FRPEXVWLRQ�WHFKQLTXH
LV�QHHGHG�LI�WKH�VPRNH�ZDWHU
WUHDWPHQW�FDQ�HYHU�EH�XVHG�IRU�ODUJH
VFDOH�SURGXFWLRQ��)RU�H[DPSOH��D
GRZQ�GUDXJKW�JDVLÀHU��ZKLFK�EXUQV
ZRRG�FKLSV�WR�SURGXFH�JDV�IRU
LQWHUQDO�FRPEXVWLRQ�HQJLQHV��KDV
EHHQ�XVHG�WR�WHVW�WKH�VPRNH�ZDWHU
WUHDWPHQW�RQ�FURS�VHHGV��7KLV
UHVHDUFK�GHPRQVWUDWHV�WKDW�ELRORJL�

)LJXUH���� 7HQW�IRU�VPRNLQJ�VRZQ�VHHG�WUD\V�RU�GLUHFW�VPRNH�DSSOLFDWLRQ�WR�¿HOG�VRLO��6RDNLQJ
VHHGV�LQ�DTXHRXV�VPRNH�VROXWLRQV�LV�WKH�QHZHVW�DQG�PRVW�SUDFWLFDO�WUHDWPHQW���&RXUWHV\�RI�'U
.LQJVOH\�'L[RQ��'LUHFWRU�3ODQW�6FLHQFHV��.LQJV�3DUN�DQG�%RWDQLF�*DUGHQV��:HVW�3HUWK������
:HVWHUQ�$XVWUDOLD��
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FDOO\�DFWLYH�VXEVWDQFHV�JHQHUDWHG
IURP�ZLOORZ�ZRRG�FKLSV�DUH�KHDW
VWDEOH��7KRUQWRQ�DQG�RWKHUV�������
8VLQJ�VXFK�VWDQGDUGL]HG�SURFHGXUHV�
VPRNH�ZDWHU�GLOXWLRQV�RI�NQRZQ
FRQFHQWUDWLRQ�FDQ�EH�GHYHORSHG�DQG
WHVWHG�LQ�UHSOLFDEOH�H[SHULPHQWV�

&RQFOXVLRQV�DQG
5HFRPPHQGDWLRQV

7UHDWLQJ�QDWLYH�SODQW�VHHGV�ZLWK
VPRNH�LV�DQ�LQWULJXLQJ�RSWLRQ�IRU
QDWLYH�SODQW�JURZHUV��1RW�RQO\�LV�WKLV
´QDWXUDOµ�VHHG�WUHDWPHQW�LQWXLWLYHO\
REYLRXV�IRU�ÀUH�DGDSWHG�SODQWV��EXW
WHVWV�KDYH�VKRZQ�WKDW�LW�LV�HIIHFWLYH
IRU�RWKHU�VSHFLHV�DV�ZHOO��6RDNLQJ
VHHGV�LQ�VPRNH�ZDWHU�LV�WKH�PRVW
SUDFWLFDO�DSSOLFDWLRQ�EHFDXVH�ODUJH
TXDQWLWLHV�RI�VHHG�FDQ�EH�TXLFNO\�DQG
HDVLO\�WUHDWHG��+RZHYHU��EHFDXVH�RI
WKH�WUHPHQGRXV�DPRXQW�RI�LQKHUHQW
YDULDWLRQ�LQ�WKH�SURFHGXUH��VPRNH
WUHDWPHQW�RI�VHHGV�PXVW�EH�LQYHVWL�
JDWHG�XQGHU�ERWK�RSHUDWLRQDO
QXUVHU\�DQG�FRQWUROOHG�UHVHDUFK
FRQGLWLRQV��)RU�QXUVHU\�WHVWV��DQ
DTXHRXV�VPRNH�H[WUDFW�FDQ�EH�HDVLO\
SURGXFHG�DQG�WKHQ�VHHG�JHUPLQDWLRQ
FDQ�EH�WHVWHG�DJDLQVW�D�UDQJH�RI
GLOXWLRQV��&RQWUROOHG�UHVHDUFK�LV�DOVR
QHHGHG�XVLQJ�D�VWDQGDUGL]HG
FRPEXVWLRQ�WHFKQLTXH�DQG�SODQW
PDWHULDOV��,Q�HLWKHU�FDVH��GLOLJHQW
DWWHQWLRQ�WR�GHWDLO�DQG�FDUHIXO�UHFRUG
NHHSLQJ�ZLOO�EH�QHFHVVDU\��*RYHUQ�
PHQW�UHVHDUFK�IDFLOLWLHV�DQG�QXUVHULHV
FRXOG�SURYLGH�D�JRRG�WHFKQRORJ\
WUDQVIHU�VHUYLFH�LI�WKH\�ZRXOG
LQYHVWLJDWH�VPRNH�VHHG�WUHDWPHQWV
IRU�ORFDO�VSHFLHV�DQG�VKDUH�WKHLU
UHVXOWV�DW�QXUVHU\�PHHWLQJV�DQG�LQ
WUDGH�MRXUQDOV�

5HIHUHQFHV
%DVNLQ�&&��%DVNLQ�-0��������6HHGV��HFRORJ\�

ELRJHRJUDSK\��DQG�HYROXWLRQ�RI�GRUPDQF\
DQG�JHUPLQDWLRQ��1HZ�<RUN��1<��
$FDGHPLF�3UHVV������S�

%ODQN�55��<RXQJ�-$��������+HDWHG�VXEVWUDWH
DQG�VPRNH��LQIOXHQFH�RQ�VHHG�HPHUJHQFH
DQG�SODQW�JURZWK��-RXUQDO�RI�5DQJH
0DQDJHPHQW�������±����

%URZQ�1$&��9DQ�6WDGHQ�-��������6PRNH�DV
D�JHUPLQDWLRQ�FXH��D�UHYLHZ��3ODQW�*URZWK
5HJXODWLRQ�������±����

%URZQ�1$&��9DQ�6WDGHQ�-��������3ODQW�
GHULYHG�VPRNH��DQ�HIIHFWLYH�VHHG�SUH�
VRDNLQJ�WUHDWPHQW�IRU�ZLOGIORZHU�VSHFLHV
DQG�ZLWK�SRWHQWLDO�IRU�KRUWLFXOWXUDO�DQG
YHJHWDEOH�FURSV��6HHG�6FLHQFH�DQG
7HFKQRORJ\����������±����

'H�/DQJH�-+��%RXFKHU�&��������$XWHFRORJL�
FDO�VWXGLHV�RQ�$XGRXLQLD�FDSLWDQLD
�%UXQLDFHDVH���,��3ODQW±GHULYHG�VPRNH�DV�D
VHHG�JHUPLQDWLRQ�FXH��6RXWK�$IULFDQ
-RXUQDO�RI�%RWDQ\�������±����

'L[RQ�.:��5RFKH�6��3DWH�-6��������7KH
SURPRWLYH�HIIHFW�RI�VPRNH�GHULYHG�IURP
EXUQW�QDWLYH�YHJHWDWLRQ�RQ�VHHG
JHUPLQDWLRQ�RI�ZHVWHUQ�$XVWUDOLDQ�SODQWV�
2HFRORJLD��������±����

'L[RQ�.:��5RFKH�6��������7KH�UROH�RI
FRPEXVWLRQ�SURGXFWV��VPRNH��LQ
VWLPXODWLQJ�H[�VLWX�DQG�LQ�VLWX�JHUPLQDWLRQ
RI�ZHVWHUQ�$XVWUDOLDQ�SODQWV��7KH
,QWHUQDWLRQDO�3ODQW�3URSDJDWRUV¶�6RFLHW\�
&RPELQHG�3URFHHGLQJV������±���

(PHU\�'(��������6HHG�SURSDJDWLRQ�RI�QDWLYH
&DOLIRUQLD�SODQWV��6DQWD�%DUEDUD��&$��
6DQWD�%DUEDUD�%RWDQLF�*DUGHQ������S�

>,7,6@�,QWHJUDWHG�7D[RQRPLF�,QIRUPDWLRQ
6\VWHP��������%LRORJLFDO�QDPHV��9HUVLRQ
�����RQ�OLQH�GDWDEDVH���85/��KWWS���
ZZZ�LWLV�XVGD�JRY�SODQWSURM�LWLV�
LWLVBTXHU\�KWPO��XSGDWHG����'HFHPEHU
������

-DJHU�$.��/LJKW�0(��9DQ�6WDGHQ�-�������
(IIHFWV�RI�VRXUFH�RI�SODQW�PDWHULDO�DQG
WHPSHUDWXUH�RQ�WKH�SURGXFWLRQ�RI�VPRNH
H[WUDFWV�WKDW�SURPRWH�JHUPLQDWLRQ�RI�OLJKW�
VHQVLWLYH�OHWWXFH�VHHGV��(QYLURQPHQWDO�DQG
([SHULPHQWDO�%RWDQ\�������±����

$XWKRU�,QIRUPDWLRQ
7KRPDV�'�/DQGLV1DWLRQDO�1XUVHU\�6SHFLDOLVW86'$�)RUHVW�6HUYLFH-+�6WRQH�1XUVHU\�����2OG�6WDJH�5RDG&HQWUDO�3RLQW��25������QXUVHULHV#DRO�FRP

.HHOH\�-(��)RWKHULQJKDP�&-������D��6PRNH�
LQGXFHG�VHHG�JHUPLQDWLRQ�LQ�&DOLIRUQLD
FKDSDUUDO��(FRORJ\���������±�����

.HHOH\�-(��)RWKHULQJKDP�&-������E�
0HFKDQLVP�RI�VPRNH�LQGXFHG�VHHG
JHUPLQDWLRQ�LQ�D�SRVW�¿UH�FKDSDUUDO
DQQXDO��-RXUQDO�RI�(FRORJ\������±���

0DFGRQDOG�%��������3UDFWLFDO�ZRRG\�SODQW
SURSDJDWLRQ�IRU�QXUVHU\�JURZHUV��9ROXPH
���3RUWODQG��25���7LPEHU�3UHVV������S�

5H\HV�2��&DVDO�0��������*HUPLQDWLRQ�RI
3LQXV�SLQDVWHU��3��UDGLDWD�DQG�(XFDO\SWXV
JOREXOXV�LQ�UHODWLRQV�WR�WKH�DPRXQW�RI�DVK
SURGXFHG�LQ�IRUHVW�¿UHV��$QQDOHV�GHV
6FLHQFHV�)RUHVWLHUHV�������±����

5RFKH�6��'L[RQ�.:��3DWH�-6��������6HHG
DJLQJ�DQG�VPRNH��SDUWQHU�FXHV�LQ�WKH
DPHOLRUDWLRQ�RI�VHHG�GRUPDQF\�LQ
VHOHFWHG�$XVWUDOLDQ�QDWLYH�VSHFLHV�
$XVWUDOLDQ�-RXUQDO�RI�%RWDQ\�������±
����

7KRUQWRQ�0$��7KRPDV�7+��3HWHUV�1&%�������
7KH�SURPRWLYH�HIIHFW�RI�FRPEXVWLRQ
SURGXFWV�IURP�SODQW�YHJHWDWLRQ�RQ�WKH
UHOHDVH�RI�VHHGV�IURP�GRUPDQF\��3ODQW
*URZWK�5HJXODWLRQ�������±����

7LHX�$��'L[RQ�.$��6LYDVLWKDPSDUDP�.�
3OXPPHU�-$��������*HUPLQDWLRQ�RI�IRXU
VSHFLHV�RI�QDWLYH�ZHVWHUQ�$XVWUDOLDQ
SODQWV�XVLQJ�SODQW�GHULYHG�VPRNH�
$XVWUDOLDQ�-RXUQDO�RI�%RWDQ\�������±
����


