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&RQIHUHQFH 3DSHU

'HWHUPLQDWLRQ�RI�WKH�TXDQWLW\�RI�/\FRSHQH�LQ�7RPDWR�
&RQFHQWUDWH

)LOLS�-RYDQRYVNL���%ODJLFD�&HNRYD�� 9LNWRULMD%H]KRYVND�� 7RQL�0LWURYVNL�

�)DFXOW\�RI�7HFKQRORJ\�DQG�0HWDOOXUJ\��8QLYHUVLW\�6W��&\ULO�DQG�0HWKRGLXV��6NRSMH��0DFHGRQLD
I�MRYDQRYVNL��#\DKRR�FRP�EH]KRYVND#JPDLO�FRP

�3+,�3RO\FOLQLF�0HGLFD�3OXV�± 6NRSMH��0DFHGRQLD�WRQL�PHGLNDSOXV#KRWPDLO�FRP

$EVWUDFW

/\FRSHQH�&��+�� LV�DQ�LVRPHU�RI�FDURWHQH�DQG�DV�D�FRORUHG�VXEVWDQFH�LV�SUHVHQW�LQ�UHG�RLO��EDU��EHHWV�DQG�RWKHU�
VLPLODU�SURGXFWV�RI�IHUPHQWV�DQG�YHJHWDEOHV��8QOLNH�FDURWHQH��WKHUH�LV�QR�YLWDPLQ��L�H��SK\VLRORJLFDO�DFWLRQ��LV�
PXFK� VWURQJHU� WKDQ� WKH� FDURWHQH� RI� WHFKQRORJLFDO� SURFHGXUHV� LQ� WKH� SURFHVVLQJ� RI� YHJHWDEOHV� DQG� IUXLWV��
3DUWLFXODUO\�VHQVLWLYH�WR�WKH�DFWLRQ�RI�KHDY\�PHWDOV��&X��)H�DQG�RWKHUV��XQGHU�WKHLU�DFWLRQ�FKDQJHV�WKH�FRORU�WR�
EURZQ�7RPDWR�DQG�WRPDWR SURGXFWV�DUH�WKH�PDLQ�VRXUFH�RI�O\FRSHQH��WKHUHIRUH�WKHVH�SURGXFWV�DUH�FODVVLILHG�DV�
IXQFWLRQDO�IRRG��RU�IRRG�WKDW�FDQ�LQ�DQ\�ZD\�KDYH�D�SRVLWLYH�LPSDFW�RQ�WKH�PHWDEROLF�DQG�SK\VLRORJLFDO�IXQFWLRQV�
RI�WKH�KXPDQ�RUJDQLVP��/\FRSHQH�LQ�WRPDWR�FRQFHQWUDWH�LV�UHVSRQVLEOH�IRU�WKH�UHG�FRORU�RI�WKH�WRPDWR�7RPDWR�
LV�HVSHFLDOO\�LQWHUHVWLQJ�EHFDXVH�RI�LWV�ELRORJLFDO��SK\VLFR�FKHPLFDO�SURSHUWLHV��HVSHFLDOO\�DQWLR[LGDQW�DFWLYLW\��
UHGXFWLRQ� RI� GDPDJH� WR� SURWHLQV�� OLSLGV� DQG� RWKHU� FHOOXODU� FRPSRQHQWV�� 7RJHWKHU� ZLWK� RWKHU FDURWHQRLGV��
O\FRSHQH� KDV� D� SRWHQWLDO� IXQFWLRQDO� HIIHFW� LQ� IRRG�� /\FRSHQH� ZLWK� LWV� DF\FOLF� VWUXFWXUH�� WKH� ORQJ� FKDLQ� RI�
FRQMXJDWHG�GRXEOH�ERQGV�DQG�H[SUHVVHG�K\GURSKLOLFLW\��VKRZV� LWV�XQLTXH�ELRORJLFDO�SURSHUWLHV�DV�ZHOO�DV� LWV�
DQWLR[LGDQW�HIIHFW�7KDQNV�WR�LWV�VWHUHRFKHPLFDO�SURSHUWLHV�DQG�WKH�DELOLW\�WR�HIIHFWLYHO\�VWDELOL]H�DFWLYH�R[\JHQ�
DQG�IUHH�UDGLFDOV��O\FRSHQH�LV�FRQVLGHUHG�WR�EH�ELRDQWLR[LGDQW�ZLWK�KLJK�ELRORJLFDO�DFWLYLW\�LQ�YDULRXV�WLVVXHV�LQ�
WKH� KXPDQ� ERG\�� 2XU� H[DPLQDWLRQ� UHIHUV� WR� WKH� GHWHUPLQDWLRQ� RI� O\FRSHQH� LQ� WRPDWR� FRQFHQWUDWH� E\�
VSHFWURSKRWRPHWULF�PHWKRGV�DQG�WKH�UHVXOWV�VKRZ�WKDW�������PJ�RI�WRPDWR�FRQFHQWUDWH�LV�SUHVHQW�LQ�WKH�IUHVK�
WRPDWRHV�DQG�������PJ�RI�WRPDWR�FRQFHQWUDWH�

.H\ZRUGV��WRPDWR�FRQFHQWUDWH��O\FRSHQH��FDURWHQRLGV��DQWLR[LGDQW�DFWLRQ��VSHFWURSKRWRPHWULF�PHWKRG�

,QWURGXFWLRQ

7RPDWR�LV�D�JDUGHQ�FXOWLYDWLRQ�WKDW�JURZV�RYHU���PLOOLRQ�KHFWDUHV�DURXQG�WKH�ZRUOG��ZLWK�DQ�DQQXDO�SURGXFWLRQ�RI�
RYHU� ����PLOOLRQ� WRQHV� LQ� ������7RPDWR� 6RODQXP� O\FRSHUVLFXP� /�� �6RO�� /\FRSHUVLFRQHVFXOHQWXP�0LOO��� LV� D�
UHSUHVHQWDWLYH� RI� WKH� 6RODQDFHDH� IDPLO\�� ZKLFK� LQFOXGHV� ��� JHQHUD� ZLWK� DERXW� ����� VSHFLHV�� ZKLFK� DUH�PRVW�
QXPHURXV�LQ�WKH�VXEWURSLFDO�DQG�WURSLFDO�UHJLRQV�RI�$PHULFD��7KLV�IDPLO\�LQFOXGHV�D�QXPEHU�RI�XVHIXO�SODQWV�WKDW�
DUH�JURZQ�EHFDXVH�RI�WKHLU�QXWULWLRQDO�YDOXH��DV�ZHOO�DV�D�QXPEHU�RI�KHDOLQJ�SODQWV�XVHG�LQ�SKDUPDF\�DQG�PHGLFLQH�
2WDQ\��WRPDWR��)LJXUH����LV�IUXLW�EHFDXVH�LWV�IUXLW�LV�D�PDWXUH�RYDULDQ��EXW�WKH�FXOLQDU\�KDELWV�RI�SHRSOH�IRU�KLV�
FRQVXPSWLRQ�DUH�FRQVLGHUHG�DV�YHJHWDEOHV��7RPDWR�LV�D�RQH�\HDU�ROG�SODQW�ZKRVH�IUXLW�LV�XVHG�DV�IUHVK�LQ�VDODGV��
LQ�VXSSOHPHQWV�RI�YDULRXV�GLVKHV�DV�ZHOO�DV�IRU�UDZ�PDWHULDO�LQ�WKH�IRRG�LQGXVWU\�IRU�WKH�SURGXFWLRQ�RI�MXLFHV�DQG�
WRPDWR�SDVWH��WRPDWR�FRQFHQWUDWH��PLWWHQV��NHWFKXS��VDJH�DQG�RWKHU�SURGXFWV�PDGH�IURP�WRPDWRHV�DUH�ZLGHO\�XVHG�
LQ�KXPDQ�QXWULWLRQ�DQG�FXOLQDU\� ,Q�WKH�GLHW�LV�XVHG��IUHVK��SUHVHUYHG�VXFK�DV�JUHHQ�WRPDWR��MXLFH��WRSSLQJ��NHWFKXS�
� WRPDWR�VDXFH��RU�DV�D�VSLFH��,WV�IUXLWV�DUH�ULFK�LQ�YLWDPLQ�&��FDURWHQH��YLWDPLQ�%��DQG�YLWDPLQ�(�� ,Q�DGGLWLRQ�WR�
YLWDPLQV��VLJQLILFDQW�TXDQWLWLHV�RI�PDQJDQHVH��LURQ�DQG�FRSSHU�DUH�DOVR�IRXQG�LQ�LW�
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)LJ�����$SSHDUDQFH�RI�WRPDWR

7RPDWR�KDV�DOZD\V�WDNHQ�D�VSHFLDO�SODFH�LQ�SHRSOH
V�GLHW�EHFDXVH�RI�LWV�VSHFLILF�VHQVRU\�SURSHUWLHV�DQG�
QXWULWLRQDO�YDOXHV��%XW�WKH�SUHFLRXVQHVV�RI�WKH�WRPDWR�LV�PDGH�XS�RI�O\FRSHQH��ZKLFK�LV�DQ�DFWLYH�VXEVWDQFH�IURP�
WKH� IDPLO\�RI� FDURWHQRLGV��ZKLFK�SOD\V� DQ� LPSRUWDQW� UROH� DV�PLFUR�QXWULWLRQ�ZLWK�EHQHILFLDO� HIIHFWV� RQ�KXPDQ�
KHDOWK��/\FRSHQH�LV�D�UHVSRQVLEOH�SLJPHQW�IRU�REWDLQLQJ�WKH SOHDVDQW�LQWHQVH�UHG�FRORU�RI�WKH�WRPDWR��$W�OHDVW�����
RI�WKH�LQWDNH�RI�O\FRSHQH�LQ�WKH�ERG\�FRPHV�IURP�WKH�IUXLW�RI�WRPDWRHV�>�@

3URSHUWLHV�RI�O\FRSHQH

3K\VLFDO�SURSHUWLHV�� WKHVH�SURSHUWLHV�DUH�VKRZQ�LQ�7DEOH����,Q�PDWXUH�IUXLWV�RI�WKH�WRPDWR��O\FRSHQH�KDV�WKH�VKDSH�
RI�DQ�LG\OOLF�QHHGOH�FU\VWDO��/\FRSHQH��)LJXUH����LV�SLSRSKLOLF��GLVVROYHV�LQ�RUJDQLF�VROYHQWV��EXW�QRW�LQ�ZDWHU�>���@

7DEOH����3K\VLFDO�SURSHUWLHV�RI�O\FRSHQH

&KHPLFDO�IRUPXOD &��+��

5HODWLYH�PROHFXODU�PDVV ��������J���PRO
&U\VWDOOLQH�IRUP /RQJ�UHG�SLQV
3RZGHUHG�IRUP 7KHUPDO�UHG�FXS

6ROXELOLW\���,QVROXELOLW\
6ROXEOH�LQ�FKORURIRUP��KH[DQH��EHQ]HQH��FDUERQ�
GLVXOILGH��DFHWRQH�DQG�SHWUROHXP�HWKHU��LQVROXEOH�

LQ�ZDWHU��HWKDQRO�DQG�PHWKDQRO

6HQVLWLYLW\
6HQVLWLYH�WR�OLJKW��R[\JHQ��KLJK�WHPSHUDWXUH��DFLG�

DFWLRQ�

)LJ�����$SSHDUDQFH�RI�O\FRSHQH

&KHPLFDO�SURSHUWLHV�RI�O\FRSHQH

7KH� FKHPLFDO� VWUXFWXUH�RI� DOO� FDURWHQRLGV� LQGLYLGXDOO\�GHWHUPLQHV� WKHLU� FRORU�� WKH�SKRWRFKHPLFDO� SURSHUWLHV�RI�
PROHFXOHV�� DQG� FKHPLFDO� UHDFWLYLW\�� /\FRSHQH� LV� DQ� DF\FOLF� K\GURFDUERQ� FRQWDLQLQJ� ��� FRQMXJDWHG� DQG� ��
XQFRQMXJDWHG�GRXEOH�ERQGV�OLQHDUO\�UHSUHVHQWHG��)LJXUH����>���@
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)LJ�����&KHPLFDO�IRUPXOD�RI�O\FRSHQH

%LRFKHPLFDO�SURSHUWLHV�RI�O\FRSHQH

/\FRSHQH�ZLWK�LWV�DF\FOLF�VWUXFWXUH��D�ORQJ�OLQH�RI�FRQMXJDWHG�GRXEOH�ERQGV�DQG�WKH�SURQRXQFHG�K\GURSKRELFLW\��
VKRZV�XQLTXH�ELRORJLFDO�SURSHUWLHV��DV�ZHOO�DV�DQWLR[LGDQW�DFWLRQ��7KDQNV�WR�LWV�VWHUHR�FKHPLFDO�SURSHUWLHV�DQG�WKH�
DELOLW\�RI�HIIHFWLYH�VWDELOL]DWLRQ�RI�DFWLYH�R[\JHQ�DQG�IUHH�UDGLFDOV��O\FRSHQH�LV�FRQVLGHUHG�WR�EH�ELRDQWLRNVLGDQW�
ZLWK�KLJK�ELRORJLFDO�DFWLYLW\�LQ�YDULRXV�WLVVXHV�LQ�WKH�KXPDQ�ERG\� 7KH�ORQJ�FKURPRSKRUH�LQ�WKH�SRO\HQH�FKDLQ��
H[FHSW�IRU�WKH�UHG�FRORU�RI�O\FRSHQH��ȜPD[ ����QP���LV�UHVSRQVLEOH�IRU�LWV�VWURQJ�DQWLR[LGDQW�DFWLYLW\��>�@

([SHULPHQWDO�SDUW�� 5HVXOWV�DQG�GLVFXVVLRQ

7KH�H[WUDFWLRQ�RI�O\FRSHQH�IURP�D�IUHVK�WRPDWR�FRQFHQWUDWH�LV�FDUULHG�RXW�ZLWK�����HWKDQRO�
$IWHU�REWDLQLQJ�WKH�O\FRSHQH�H[WUDFW�SUHVHQW�LQ�WKH�WRPDWR��LWV�GHWHFWLRQ�LV�GHWHFWHG�XVLQJ�89���9,6�VSHFWURPHWU\�
$IWHU�WKH�FDOLEUDWLRQ�RI�VSHFWURSKRWRPHWHU�ZLWK�EOLQG�UHKHDUVDO�RI�KH[DQH��WKH�DEVRUEDQFH�RI�WKH�ZDYHOHQJWK�RI�
����QP�LV�PHDVXUHG�IRU���ZRUNLQJ�OLTXRSHQW�VROXWLRQV�LQ�HWKDQRO��ZLWK�D�FRQFHQWUDWLRQ�LQ�WKH�UDQJH�RI���WR����PJ�
��O��7KH�89�VSHFWUXP�RI�WKH�VWDQGDUG�RI�O\FRSHQH�DQG�HWKDQRO�WRPDWR�H[WUDFW�LV�VKRZQ�LQ�)LJXUH����IURP�ZKLFK�LW�
FDQ�EH�QRWHG�WKDW�O\FRSHQH�LV�DGKHUHG�WR�DQ�DEVRUEHQW�RI�����QP��WKLV�ZDYHOHQJWK�GRHV�QRW�UHIHU�WR�WKH�DEVRUSWLRQ�
RI�O\FRSHQH�LQ�HWKDQRO�

)LJ�����89�VSHFWUXP�RI�WKH�VWDQGDUG�RI�O\FRSHQH�DQG�HWKDQROLF�WRPDWR�H[WUDFW
7KH�FRQWHQW�RI�O\FRSHQH�SUHVHQW�LQ�WKH�IUHVK�WRPDWR�DQG�WRPDWR�FRQFHQWUDWH�LV�VKRZQ�LQ�7DEOH���

7DEOH����/\FRSHQH�FRQWHQW�LQ�H[DPLQHG�WRPDWR�VDPSOHV

6DPSOHV /\FRSHQH��PJ���O�
)UHVK�WRPDWR �����

7RPDWR�FRQFHQWUDWH �����

)URP�WKH�REWDLQHG�UHVXOWV�ZH�FDQ�FRQFOXGH�WKDW�WKH�FRQFHQWUDWLRQ�RI�O\FRSHQH�LQ�WKH�WRPDWR�LWVHOI� LV�SUHVHQW�LQ�
ODUJH�TXDQWLWLHV��ZH�QRWH�WKDW�LQ�WKH�WRPDWR FRQFHQWUDWH�FRQFHQWUDWLRQ�RI�O\FRSHQH�LV�VLJQLILFDQWO\�KLJKHU�GXH�WR�LWV�
VROXELOLW\�LQ�ZDWHU��EXW�DOVR�IURP�WKH�GLVVROYHG�VWDWH�RI�WKH�FRPSRQHQWV�SUHVHQW�LQ�WKH�WRPDWR��DV�ZHOO�DV�IURP�WKH�
UHOHDVH�RI�WKH�MXLFH�SUHVHQW�LQ�WKH�WRPDWR�LWVHOI�LQ�ZKLFK�YLWDPLQV�DQG�PLQHUDOV�DUH�SUHVHQW��ZLWK�WKH�YHU\�SURFHVV�
RI�PHFKDQLFDO�SURFHVVLQJ�RI�WKH�WRPDWR��LW� OHDGV�WR�WKH�FRQQHFWLRQ�RI�WKH�O\FRSHQH�ZLWK�WKH�FRQVWLWXHQWV�RI�WKH�
WRPDWR�ZKLFK�OHDGV�WR�DQ�LQFUHDVHG�DPRXQW�RI�WRPDWRHV�LQ�LW�
&RQFOXVLRQ
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/\FRSHQH�UHSUHVHQWV�D�FRPSRQHQW�WKDW�PDNHV�WRPDWR�DQ�H[WUHPHO\�SRSXODU�YHJHWDEOH��FXUH�DQG�JLYHV�LW�LWV�KHDOLQJ�
SURSHUWLHV��,W�LV�WKH�PRVW�SRZHUIXO�DQWLR[LGDQW��HYHQ���WLPHV�PRUH�SRWHQW�WKDQ�YLWDPLQ�$�DQG����WLPHV�PRUH�SRWHQW�
WKDQ�YLWDPLQ�(�LQ�QHXWUDOL]LQJ�IUHH�UDGLFDOV��&RPSDUHG�WR�RWKHU�W\SHV�RI�YHJHWDEOHV�DQG�IUXLWV��O\FRSHQH�RFFXSLHV�
WKH�ILUVW�SODFH��:LWK�WKH�GHYHORSPHQW�RI�WKH�IRRG�LQGXVWU\�DQG�WKH�DFKLHYHPHQW�RI�WKH�SKDUPDFHXWLFDO�LQGXVWU\��WKH�
LPSRUWDQFH� RI� O\FRSHQH� LQ� KXPDQ� QXWULWLRQ� LQFUHDVHV�� DQG� LWV� SRVLWLYH� EHQLILWV� RQ� WKH� KXPDQ� RUJDQLVP� DUH�
LQFUHDVLQJO\� GHWHUPLQHG�WKHUHIRUH�� LQ� FRXQWULHV� WKDW� DUH� QRW� VXIILFLHQWO\� GHYHORSHG� DQG� ZKHUH� WKH� JHQHWLF�
PRGLILFDWLRQ�RI� FURSV� LV� LQFUHDVLQJO\� DSSOLHG�� WKH� DPRXQW�RI� KHDOWK\� DQG�RUJDQLF� IRRG�KDV�GHFUHDVHG�� DQG� WKH�
SKDUPDFHXWLFDO� LQGXVWU\�KDV�IRXQG�D�VROXWLRQ�WR�FRQVXPH�O\FRSHQH�LQ�WKH�IRUP�RI�PHGLFLQHV�DQG�YDULRXV�IRRG�
VXSSOHPHQWV��7KH�GDLO\�UHFRPPHQGHG�DPRXQW�RI�LQWDNH�LQ�WKH�ERG\�LV���� ���PJ��7KH�QXWULWLRQDO�FRPSRVLWLRQ�RI�
HDFK�WRPDWR�SUHSDUDWLRQ�SOD\V�DQ�LPSRUWDQW�UROH��DGGLQJ�IRRG�DGGLWLYHV�WR�WRPDWR�SURGXFWV�UHGXFHV�WKH�HIIHFW�RI�
O\FRSHQH�

5HIHUHQFHV
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