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�/LIH�&KHPLFDOV�,QF���0XUPDQVND�VW������������.\LY�����8NUDLQH

.H\ZRUGV��YLRORJHQV�����s�ELS\ULGLQH�WHUWLDU\�VDOWV��;�UD\�GLIIUDFWLRQ��FU\VWDO�HQJLQHHULQJ

7KH� VHPL]ZLWWHULRQLF� YLRORJHQV� KDYH� EHHQ� V\QWKHVL]HG� DV� D� QHZ� WHFWRQHV� IRU� WKH� FU\VWDO
HQJLQHHULQJ�RI�IXQFWLRQDO�PDWHULDOV��,W�KDV�EHHQ�VKRZQ�E\�WKH�VLQJOH�FU\VWDO�;�UD\�GLIIUDFWLRQ�WKDW
LQ�FRQWUDVW�WR�WKH�SDUHQW�ELFDWLRQLF�V\VWHPV�IRUPLQJ�DQLRQ�ELFDWLRQ�DQLRQ�VWUXFWXUH�WKH�VHPL]ZLW�
WHULRQLF�YLRORJHQV�FRXOG�EH�RUJDQL]HG�HWKHU�DV���'�]LJ�]DJ�FKDLQ�RU�DV�WULSOH�KHOLFHV�GHSHQGLQJ
RQ�WKH�VXEVWLWXWHV�DW�QLWURJHQ�DWRPV�
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9LRORJHQV�����s�ELS\ULGLQH�WHUWLDU\�VDOWV��DUH�LPSRU�
WDQW�UHGR[�UHDJHQWV�EHFDXVH�RI�WKHLU�HDV\�DQG�UHYHUVLEOH
VLQJOH�HOHFWURQ� UHGXFWLRQ� LQWR� WKH� VWDEOH� DQG� LQWHQ�
VLYHO\�FRORUHG�UDGLFDO�FDWLRQV��7KH\�DUH�XVHG�ZLGHO\�DV
WKH�HOHFWURFKURPLF�PDWHULDOV��IRU�H[DPSOH��LQ�HOHFWUR�
FKURPLF�GLVSOD\V���IRU�HOHFWURQ�WUDQVIHU�PHGLDWRUV�LQ
FRQYHUVLRQ�RI�VRODU�HQHUJ\��IRU�ELRVHQVRUV��PDWULFHV�RI
PROHFXODU�HOHFWURQLF�GHYLFHV�HWV�>�@�
,QVSLWH� WKDW� WKH� ELS\ULGLQH� GHULYDWLYHV� DUH� TXLWH

SRSXODU�WHFWRQV�LQ�WKH�FU\VWDO�HQJLQHHULQJ�>�@�RI�QHZ
PDWHULDOV�WKHUH�LV�QR�LQIRUPDWLRQ�DERXW�WKH�XVLQJ�WKHP
LQ�FRQVWUXFWLRQ�RI�VSLUDOV�
$W�WKH�VDPH�WLPH�LW�LV�ZHOO�NQRZQ�WKDW�D�ORQJ�FKDLQ

KHOLFHV�IRUPDWLRQ�LV�FRPPRQ�IRU�WKH�YHU\�LPSRUWDQW
QDWXUDO� DQG� QDWXUDO�OLNH� SURGXFWV� x� QXFOHLF� DFLGV�
SURWHLQV� >�@�� VWDUFK� >�@�� 2UJDQL]DWLRQ� RI� WKHVH� VXE�
VWDQFHV� LQ� WKH� VSLUDOV� VLJQLILFDQWO\� GHWHUPLQH� WKHLU
SURSHUWLHV��1HYHUWKHOHVV�WKHUH�DUH�RQO\�OLPLWHG�QXPEHU
RI�H[DPSOHV�RI�KHOLFHV�LQ�WKH�V\QWKHWLF�PDWHULDOV�>�@�
)URP�WKH�RWKHU�KDQG�LW�LV�ZHOO�NQRZQ�WKDW�WKH�RQH

RI�WKH�PRVW�HIIHFWLYH�PHWKRG�WR�FRQWURO�WKH�PROHFXOHV
DQG�LRQV�UHODWLYH�SRVLWLRQV�LQ�FU\VWDOV�LV�WKH�XVLQJ�RI
WKH�K\GURJHQ�ERQGV�>�@��7KHUHIRUH�LQ�WKH�DWWHPSW�WR

REWDLQ�VSLUDO�RUJDQL]HG�YLRORJHQ�V\VWHPV�ZH�KDYH�V\Q�
WKHVL]HG����s�ELS\ULGLQH�GHULYDWLYHV�FRQWDLQLQJ�WHUPL�
QDO�SURWRQ�GRQRUV�DQG�DFFHSWRUV��

5HVXOWV�DQG�GLVFXVVLRQ

6HPLPHVRLRQLF�YLRORJHQV���>�����FDUER[\PHWK\O�
��S\ULGLQLXP\O����S\ULGLQLXP\O@DFHWDWH�SHUFKORULGH����
DQG� ����>�����FDUER[\HWK\O����S\ULGLQLXP\O@���S\UL�
GLQLXP\OSURSDQRDWH�SHUFKORULGH�����ZLWK�WKH�x&22+
DQG�x&22��IXQFWLRQDO�JURXSV�KDYH�EHHQ�V\QWKHVL]HG
IURP�WKH�FRUUHVSRQGLQJ�GLFDUER[\OLF�DFLGV�>�@�E\�WKH
UHDFWLRQ�ZLWK���HTXLYDOHQW�RI�VRGLXP�ELFDUERQDWH�LQ
ZDWHU� �VFKHPH���� DQG� WKH� VLQJOH� FU\VWDOV�KDYH�EHHQ
JURZQ�E\�WKH�VORZ�HYDSRUDWLRQ�RI�WKHLU�ZDWHU�VROXWLRQV�
)RU�WKH�VXFK�FRPSRXQGV�WKHUH�DUH�WZR�SRVVLELOLWLHV

WR�IRUP�+�ERQGHG�DVVRFLDWHV��FHQWURVLPPHWULF�GLPHU
DQG�OLQHDU�FKDLQV�IRUPDWLRQ�
,W�ZDV� IRXQG� WKDW� WKH�FRPSRXQG��� IRUP�LQILQLWH

FKDLQV�LQ�FU\VWDOV�DVVLJQHG�E\�K\GURJHQ�ERQGV��ILJ�����
%RQG�OHQJWKV�DQG�DQJOHV�LQ�WKH�VHPL]ZLWWHULRQLF��

DUH�YLUWXDOO\�WKH�VDPH�DV�WKH�FRUUHVSRQGLQJ�YDOXHV�LQ
WKH�SDUHQW�GLFDWLRQLF�V\VWHP����1�1s�ELV���FDUER[\�
PHWK\O�����s�ELS\ULG\OLXP�����VFKHPH����
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7KH�PDMRU�GLIIHUHQFH�LQ�WKH�PROHFXODU�VWUXFWXUH�RI
WKHVH�FRPSRXQGV� LV� WKH�PROHFXODU�FRQIRUPDWLRQ�� LQ
FU\VWDO���WKH�FHQWUDO�ELS\ULGLQLXP�FRUH�LV�SODQDU��FHQ�
WURV\PPHWULF� VWUXFWXUH�� ZKHUHDV� LQ� �� WKH� S\ULGLQH
F\FOHV�DUH�WZLVWHG�IRU��������$OVR�LQ�WKH�FRPSRXQG��
WKH�ELS\ULGLQLXP�IUDJPHQW�LV�FXUYHG�OLNH�D�IHDWKHU�DQG
DV�WKH�UHVXOW�WKH�GLVWDQFH�EHWZHHQ�WZR�QLWURJHQV�LV�����
$��IRU���DQG�RQO\������$��IRU���
6HPL]ZLWWHULRQLF�VWUXFWXUH�RI���DQG�LWV�FRQIRUPD�

WLRQDO�SHTXOLDULWLHV�OHDGV�WR�WKH�RULJLQDO�IRU�YLRORJHQV
DQG�UHODWHG�V\VWHPV�FU\VWDO�SDFNLQJ��WKH�PROHFXOHV�DUH
RUJDQL]HG�LQ�WKH�WZLVWHG�]LJ�]DJ�FKDLQV��
$OORQJDWLRQ�RI�WKH�DOLSKDWLF�VSDFHU�EHWZHHQ�FDUER[�

\OLF�JURXSV�DQG�FDUER[\ODWH�DQLRQV�OHDGV�WR�WKH�IRUPD�
WLRQ�RI�TXLWH�RULJLQDO�V\VWHP��LQ���VLPLODU���'�FKDLQV�
DVVLJQHG� E\�+�ERQGV�� DUH� RUJDQL]HG� LQ� WKH� LQILQLWH
WULSOH�KHOLFHV�ZLWK�WKH�������$����E��SLWFK��ILJ�����
7KHVH�KHOLFHV�SDFNHG�WLJKWO\��+RZHYHU�WKH�KROORZV

LQVLGH�WKH�VSLUDOV��F�D��GLDPHWHU�����$���ILJ�����FDQ�EH
GHILQHWO\� LQFUHVHG� E\� WKH� XVLQJ� RI� ODUJHU� VSDFHUV�
0ROHFXODU�JHRPHWU\�RI�FRPSRXQG���LV�VLPLODU�WR�WKRVH
RI� SDUHQW� FRPSRXQG� �� �1�1c�ELV���&DUER[\HWK\O��
���c�GLS\ULGLQLXP�GLSHUFKORUDWH��>����@��VFKHPH�����

6FKHPH����6\QWKHVLV�RI���DQG���

)LJ�����+�ERQGHG�]LJ�]DJ�FKDLQV�LQ�WKH�FU\VWDO�VWUXFWXUH�RI���

6FKHPH��

)LJ�����7ULSOH�KHOL[�LQ�WKH�VHPLPHVRLRQLF�YLRORJHQ���FU\VWDO
VWUXFWXUH�

6FKHPH��

)LJ�����3HUVSHFWLYH�YLHZ�DORQJ�D[LV�E�LQ�FU\VWDO���

7DEOH�

'DWD�FROOHFWLRQ��VWUXFWXUH�VROXWLRQ
DQG�UHILQHPHQW�SDUDPHWHUV

&RPSRXQG � �

(PSLULFDO�IRUPXOD &��+��&O1�2� &��+��&O1�2�

)RUPXOD�ZHLJKW ������ ������

&U\VWDO�V\VWHP PRQRFOLQLF PRQRFOLQLF
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/DUJHVW�GLII��SHDN
DQG�KROH��H�$��
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,Q�ERWK�UHIHUHQFH�ELFDWLRQLF�FRPSRXQGV����DQG���
DOO� FDUER[\OLF� K\GURJHQV� WDNHV� SDUW� LQ� WKH� VWURQJ
+�ERQGV�ZLWK�DQLRQV��2�+vvv&O�DQG�2�+vvv2�
DFFRUGLQJO\��IRUPLQJ�DQLRQ�ELFDWLRQ�DQLRQ�VWUXFWXUH��
7KDWsV�ZK\�VXFK�PROHFXOHV�FDQsW�EH�RUJDQL]HG�LQ�WKH
FKDLQHG�VWUXFWXUH�OLNH�LQ�WKH�VHPL]ZLWWHULRQLF���DQG���
,Q����DV�ZHOO�DV�LQ����WKH�FHQWUDO�ELS\ULGLOLXP�FRUHV

DUH�WZLVWHG��GLKHGUDO�DQJOH�EHWZHHQ�S\ULGLQH�PRLHWLV�LV
�������
$SSDUHQWO\�WKDW�WKH�VWURQJ�LQWHUPROHFXODU�2�+vvv2

K\GURJHQ�ERQGV��2vvv2�GLVWDQFH����������LQ���DQG
��������� $�� LQ� ��� DV� ZHOO� DV� SHTXOLDULWLHV� RI� WKH
PROHFXODU�VWUXFWXUH�DUH�WKH�PDMRU�IDFWRUV�OHDGLQJ�WR�WKH
IRUPDWLRQ�WKH�XQXVXDO�IRU�YLRORJHQV�FU\VWDO�SDFNLQJ�

([SHULPHQWDO

6\QWKHVLV�RI�YLRORJHQV���DQG��

$�VROXWLRQ�RI�VRGLXP�ELFDUERQDWH������PPRO���������J�
LQ���PO�RI�ZDWHU�ZDV�DGGHG�WR�D�VROXWLRQ�RI�FRUUHVSRQG�
LQJ�GLFDUER[LOLF�DFLG������PPRO��LQ���PO�RI�ZDWHU�DQG
DOORZHG�WR�VORZO\�HYDSRUDWH��6PDOO�FRORXUOHVV�FU\VWDOV
ZHUH�REWDLQHG�

&U\VWDO�VWUXFWXUH�GHWHUPLQDWLRQ

$OO�FU\VWDOORJUDSKLF�PHDVXUHPHQWV�ZHUH�SHUIRUPHG
DW� WKH�URRP�WHPSHUDWXUH�RQ�D�(QUDI�1RQLXV�&$'�

GLIIUDFWRPHWHU�XVLQJ�JUDSKLWH�PRQRFKURPDWHG�0R�.D
UDGLDWLRQ��O� ���������$���
6WUXFWXUHV�ZHUH�VROYHG�XVLQJ��6+(/;6����>�@�DQG

UHILQHG�XVLQJ�IXOO�PDWUL[� OLVW�VTXDUHV�EDVHG�RQ�)��LQ
6+(/;/����>��@�
,Q�ERWK�VWUXFWXUHV�WKH�R[LJHQ�DWRPV�RI�SHUFKORUDWH

DQLRQV�DUH�GLVRUGHUHG�RYHU�WKUHH�SRVLWLRQV�ZLWK�PXOWL�
SOLFLW\�����������������DQG�������UHVSHFWLYHO\��+\GUR�
JHQ�DWRPV�ZHUH�SODFHG�DW�FDOFXODWHG�SRVLWLRQ��+\GUR�
JHQ�DWRPV�ZKLFK�WDNH�SDUW�LQ�+�ERQGV�ZHUH�UHILQHG
LVRWURSLFDOO\�ZLWK�FRQVWUDLQ�2�+�GLVWDQFH��7KH�PDLQ
FU\VWDOORJUDSKLF�SDUDPHWHUV�DUH�VXPPDUL]HG�LQ�7DEOH�
)XOO� FU\VWDOORJUDSKLF� GHWDLOV� IRU� �� DQG� �� KDYH� EHHQ
GHSRVLWHG�DW�&DPEULGJH�&U\VWDOORJUDSKLF�'DWD�&HQWUH
�&&'&��������	��������DFFRUGLQJO\���

&RQFOXVLRQV

7KH�VHPL]ZLWWHULRQLF�YLRORJHQV�ZLWK�FDUER[\OLF�DFLG
WHUPLQDO�JURXSV�KDYH�EHHQ�XVHG�IRU�WKH�FU\VWDO�HQJL�
QHHULQJ�RI�QHZ�V\VWHPV��,W�ZDV�IRXQG�WKDW�WKH�VWURQJ
LQWHUPROHFXODU� 2�+vvv2� +�ERQGV� LV� RQH� RI� WKH
PDMRU�IDFWRUV�IRU�WKH�RUGHULQJ�WKHVH�PROHFXOHV�LQ�WKH
WZLVWHG� ]LJ�]DJ� FKDLQV�� $QG� E\� WXQLQJ� WKH� VSDFHU
EHWZHHQ�GRQRU�DQG�DFFHSWRU��FKDQJLQJ�WKH�DOLSKDWLF
FKDLQ�OHQJWK��WKH�WULSOH�KHOLFHV�KDYH�EHHQ�REWDLQHG�

5HIHUHQFHV

���0RQN�3�0�6��7KH�9LRORJHQV��SK\VLFRFKHPLFDO�SURSHUWLHV��V\QWKHVLV��DQG�DSSOLFDWLRQV�RV�WKH�VDOWV�RI����s�ELS\ULGLQH��x�-RKQ
:LOH\�	�6RQV��1��<���������x�3����������

���'H\XQ�:DQJ��.DQJ�&KHQ��*LDQOXFD�'LPDUWLQR��3DUDPMLW�6��$URUD����2UJ��%LRPRO��&KHP��x�������x�9RO�����x�3������������

���+DQFRFN�5REHUW�'���7DUEHW�%U\RQ�-�����-��&KHP��(GXF��x�������x�9RO������x�3������

���7KRPDV�-��.DW]����$QJHZ��&KHP��,QW��(G��x�������x�9RO�����������x�3�������

���,VKWYDQ�%ROGRJ��(GXDUG�%��5XVDQRY��$OH[DQGHU�1��&KHUQHJD�HW�DO�����$QJHZ��&KHP��,QW��(G��x�������x�9RO�����������x
3�������������

���%XUNH�1�-���%XUURZV�$�'���0DKRQ�0�)���:DUUHQ�-�(�����&U\VW��(QJ��&RPP��x�������x�9RO�����x�3����������

���3ROLVKFKXN�$�3���3ROLVKFKXN�,�<X���.OLPXVKHYD�*�9��HW�DO�����.ULVWDOORJUDIL\D��5XVV����x�������x�9RO������x�3������

���3ROLVKFKXN�,�<X���*ULQHYD�/�*���3ROLVKFKXN�$�3���&KHUQHJD�$�1�����=K��2EVKFK��.KLP���5XVV����5XVV��-��*HQ��&KHP����x
������x�9RO������x�3����������

���3ROLVKFKXN�,�<X���*ULQHYD�/�*���3ROLVKFKXN�$�3���&KHUQHJD�$�1����=K��2EVKFK��.KLP���5XVV����5XVV��-��*HQ��&KHP����x
������x�9RO������x�3�������

����6KHOGULFN�*�0�����$FWD��&U\VWDOORJU���6HFW�$��x�������x�9RO������x�3������

����6KHOGULFN�*�0���6+(/;/�����&RPSXWHU�3URJUDP�IRU�&U\VWDO�6WUXFWXUH�5HIQHPHQW��x�8QLYHUVLW\�RI�*RWWLQJHP�������

«¾Â�ÇÖÉ¾�ÂÌ�ÎÃÂ¾ÈÔ��������������Î�
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