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GLYHUVLW\�DQG�GHJUDGHV�WKH�HFRORJLFDO� LQWHJULW\�RI�QDWXUDO�HFRV\VWHPV�� �7KLV� WXEHURXV�URRWHG�
SODQW�KDV�WZLQLQJ�YLQHV�WKDW�GLVSODFH�QDWLYH�IORUD�DQG�FDQ�FUHDWH�D�PRQRFXOWXUH�RI�LPSHQHWUD�
EOH�YHJHWDWLRQ���$Q�LQYHVWLJDWLRQ�ZDV�FRQGXFWHG�LQ������WR�HYDOXDWH�VHOHFWHG�KHUELFLGHV�IRU�WKH�
FRQWURO�RI�DLU�SRWDWR�DQG��VWXG\�JURZWK�DQG�GHYHORSPHQW�RI�WKH�DHULDO�EXOELOV���7KH�LQYHVWLJD�
WLRQ�ZDV�FRQGXFWHG� LQ�%XFNLQJKDP��)ORULGD�� LQ� D� FDEEDJH�SDOP� DQG�KDUGZRRG�KDPPRFN���
+HUELFLGH�WUHDWPHQWV�LQFOXGHG�)LQDOH��������5RXQGXS��������5HPHG\��������*DUORQ��$�����
DQG�������:HHGPDVWHU��������%DQYHO��������DQG�D�FKHFN���+HUELFLGHV�ZHUH�DSSOLHG�XVLQJ�D�
&2��SURSHOOHQW�EDFNSDFN�VSUD\HU�ZLWK�D�VLQJOH��IODW�IDQ�QR]]OH���3ORWV�FRQVLVWHG�RI�LQGLYLGXDO�
SDOP� WUHHV� WKDW� FRQWDLQHG� QXPHURXV� DLU� SRWDWR� YLQHV� ������� IW� WDOO��� 7KH� KHUELFLGHV� ZHUH�
VSUD\HG�WR�D�KHLJKW�RI���IW�ZLWK�DOO�YLQHV�DURXQG�WKH�WUHH�EHLQJ�VSUD\HG��3ODQW�LQMXU\�ZDV�YLVX�
DOO\� HYDOXDWHG�DW� ��� ��� ��� DQG� ���ZHHNV�DIWHU� WUHDWPHQW� �:$7��� �([SHULPHQWDO� GHVLJQ�ZDV� D�
UDQGRPL]HG�FRPSOHWH�EORFN�ZLWK�WKUHH�UHSOLFDWLRQV���1R�WUHDWPHQW�SURYLGHG�JUHDWHU�WKDQ�����
FRQWURO� DW� ��:$7�� � 5RXQGXS��5HPHG\� �WZR� WUHDWPHQWV��� DQG� ����*DUORQ� �$� SURYLGHG� ���
�����FRQWURO�DW����:$7�DQG�QR�DHULDO�EXOELOV�ZHUH�REVHUYHG�DW���:$7�IRU�WKHVH�WUHDWPHQWV���
)URP�$XJXVW�WR�2FWREHU��WKH�GLDPHWHUV�RI�UDQGRPO\�VHOHFWHG�EXOELOV�LQFUHDVHG�IURP����WR����
PP��%\�ODWH�1RYHPEHU��PDQ\�RI�WKH�EXOELOV�KDG�IDOOHQ�RII�WKH�SODQWV�DQG�ZHUH�VFDWWHUHG�RQ�
WKH�JURXQG���%XOELOV�FROOHFWHG� LQ�1RYHPEHU�ZHUH�SODQWHG�LQ�SRWWLQJ�VRLO��VSURXWLQJ�ZDV�RE�
VHUYHG�LQ�0DUFK�DQG�$SULO�RI��������,Q�WKH�VSULQJ�VHDVRQ�RI�������WKH�QXPEHU�RI�QHZ�YLQHV�DQG�
SODQW�YLJRU�ZHUH�OHVV�LQ�SORWV�WKDW�ZHUH�FKHPLFDOO\�WUHDWHG�WKH�SUHYLRXV�VXPPHU�FRPSDUHG�WR�
WKH�FKHFN���
�
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$LU�SRWDWR� �'LRVFRUHD�EXOELIHUD�/��� LV� D�KHUEDFHRXV� RU� VRPHWLPHV�ZRRG\�� WXEHURXV�
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URRWHG�WZLQLQJ�YLQH�IRXQG�LQ�QDWXUDO�DUHDV�RI�)ORULGD���6WHPV�WZLQH�FRXQWHUFORFN�
ZLVH�DQG�EHDU�D[LOODU\�EXOELOV� WKDW�DUH�VL[� LQFKHV� LQ�GLDPHWHU�RU�ZLGHU� �%DLOH\�DQG�
%DLOH\� ������� � ,Q� VRXWKZHVW� )ORULGD�� � EXOELOV� IRUP� LQ� $XJXVW� DQG� GURS� WR� WKH�
JURXQG�IURP�1RYHPEHU�WR�'HFHPEHU���'XULQJ�WKH�IDOO�VHDVRQ��WKH�IROLDJH�EHJLQV�D�
QDWXUDO� GLH�EDFN� ZLWK� OHDI� VHQHVFHQFH� FRPSOHWHG� E\� 'HFHPEHU�� � ,Q� WKH� VSULQJ�
�0DUFK�$SULO��� QHZ� YLQHV� VSURXW� IURP� EHORZ�JURXQG� WXEHUV� DQG� JURZ� XVLQJ� WKH�
ROG� YLQHV� IRU� FOLPELQJ�� � 9LQHV� FDQ� UHDFK� KHLJKWV� RI� ��� IW� DQG� FDQ� FRPSOHWHO\�
VPRWKHU�DQG�NLOO�D�WUHH��
�
&XUUHQW�FRQWURO�PHDVXUHV�FDOO�IRU�WKH�EDVDO�VWHP�DSSOLFDWLRQ�RI�*DUORQ���RU�D�EDVDO�
EDUN�WUHDWPHQW�RI�����*DUORQ���RU�����*DUORQ��$��%RGOH���������$SSOLFDWLRQ�RI�
����*DUORQ��� WR�VWHPV�HPHUJLQJ�IURP�WXEHUV� LQ� WKH� VSULQJ�KDV�EHHQ� VXFFHVVIXO���
,QIRUPDWLRQ�LV�ODFNLQJ�RQ�WKH�HIILFDF\�RI�KHUELFLGHV��RWKHU�WKDQ�WULFORS\U��IRU�FRQ�
WUROOLQJ� DLU� SRWDWR� DQG� WKH� HIIHFWV� RI� KHUELFLGHV� RQ� DHULDO� EXOELO� SURGXFWLRQ� DQG�
VXEVHTXHQW�VWHP�VSURXWLQJ�WKH�IROORZLQJ�VSULQJ�VHDVRQ���$Q�LQYHVWLJDWLRQ�ZDV�FRQ�
GXFWHG� WR� ���� HYDOXDWH� WKH� HIIHFWV� RI� KHUELFLGHV� RQ� WKH� FRQWURO� RI� DLU� SRWDWR�� ����
VWXG\�WKH�HIIHFW�RI�WKHVH�KHUELFLGHV�RQ�DHULDO�EXOELO�SURGXFWLRQ��DQG�����HYDOXDWH�WKH�
HIIHFW�RI�WKHVH�KHUELFLGHV�RQ�VWHP�VSURXWLQJ�GXULQJ�WKH�IROORZLQJ�VSULQJ�VHDVRQ��
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�

0HWKRGV�
�
$� VWXG\� ZDV� FRQGXFWHG� DW� WKH� %XFNLQJKDP� &RPPXQLW\� &HQWHU� LQ� /HH� &RXQW\��
)ORULGD�� GXULQJ� ������ �7KH� VWXG\� VLWH�ZDV� D� FDEEDJH� SDOP� �6DEDO�SDOPHWWR��:DOWHU��
6FKXOWHV� 	� 6FKXOWHV� I��� KDPPRFN� GHQVHO\� FRYHUHG� ZLWK� DLU� SRWDWR�� � +HUELFLGHV�
WHVWHG� ZHUH� ���� )LQDOH� �JOXIRVLQDWH��� ����5RXQGXS� �JO\SKRVDWH��� ���� 5HPHG\�
�WULFORS\U��� ����	�����*DUORQ� �$� �WULFORS\U��� ����%DQYHO� �GLFDPED��� DQG� ����
:HHGPDVWHU������'���GLFDPED����$�QRQ�LRQLF�VXUIDFWDQW��������ZDV�DGGHG�WR�WKH�
5RXQGXS�DQG�5HPHG\�WUHDWPHQWV��DQG�-/%�2LO�3OXV�ZDV�DGGHG�WR�WKH�*DUORQ��$��
%DQYHO�� DQG� 5HPHG\� WUHDWPHQWV�� $OO� WUHDWPHQWV� ZHUH� DSSOLHG� XVLQJ� D� &2��
SURSHOOHQW��EDFNSDFN�VSUD\HU�ZLWK�D�VLQJOH�IODW�IDQ�QR]]OH���+HUELFLGHV�ZHUH�EURDG�
FDVW�DSSOLHG��RQ�$XJXVW�����WR�WKH�SRLQW�RI�UXQRII��WR�WKH�ORZHU���IW�RI�DOO�DLU�SRWDWR�
YLQHV���3ORWV�FRQVLVWHG�RI�VHYHUDO�YLQHV�ORFDWHG�RQ�DQ�LQGLYLGXDO�SDOP�WUHH���7KHVH�
YLQHV�ZHUH�������IW�LQ�KHLJKW�DW�WKH�WLPH�RI�WUHDWPHQW������
�
$W����������DQG����ZHHNV�DIWHU�WUHDWPHQW��:$7���DOO�SORWV�ZHUH�YLVXDOO\�VFRUHG�IRU�
SHUFHQW�FRQWURO�RI� WKH�DERYH�JURXQG�� WUHDWHG�IROLDJH�� �'XULQJ�HDFK�UDWLQJ�SHULRG��
QRQ�WUHDWHG�DLU�SRWDWR�YLQHV�ZHUH�REVHUYHG�IRU�IROLDJH�GDPDJH�IURP�SDWKRJHQV�RU�
LQVHFWV���,Q�DGGLWLRQ��DW���DQG���:$7��WKH�SUHVHQFH�RI�DHULDO�EXOELOV�ZDV�UHFRUGHG���
,Q�WKH�VSULQJ��$SULO��RI�������DW����:$7��WKH�QXPEHU�DQG�KHLJKW�RI�QHZ�DLU�SRWDWR�
YLQHV� WKDW�VSURXWHG�IURP�WXEHUV�ZDV� UHFRUGHG�DV� DQ� LQGLFDWLRQ�RI� WKH�KHUELFLGH·V�
LPSDFW�RQ�SODQW� UHJHQHUDWLRQ�DQG�YLJRU�� �([SHULPHQWDO�GHVLJQ�ZDV�D� UDQGRPL]HG�
FRPSOHWH�EORFN�ZLWK�WKUHH�UHSOLFDWLRQV���7UHDWPHQW�PHDQV�ZHUH�FRPSDUHG�IRU�HDFK�
UDWLQJ�SHULRG�ZLWK�WKH�/6'�SURFHGXUH��6$6�,QVWLWXWH��������
�



���������

5HVXOWV�DQG�'LVFXVVLRQ�
�
,Q�WKH�FKHFN�SORWV��QR�IROLDJH�GDPDJH�ZDV�UHFRUGHG�RQ�QRQ�WUHDWHG�YLQHV�XS�WR���
:$7��IROLDJH�GLH�EDFN�ZDV�REVHUYHG�DW����:$7��'XULQJ�WKH�IDOO�VHDVRQ��DLU�SRWDWR�
IROLDJH�EHJDQ�WR�VHQHVFHQFH��DQG�E\�HDUO\�'HFHPEHU��DOO�RI�WKH�OHDYHV�KDG�IDOOHQ�WR�
WKH�JURXQG�DQG�WKH�YLQHV�ZHUH�EURZQ�LQ�FRORU����
�
)LQDOH�FRQWUROOHG�����RI�DLU�SRWDWR�FRPSDUHG�ZLWK�RQO\�����IRU�%DQYHO�DW���:$7�
�7DEOH������2QO\�)LQDOH��5RXQGXS��DQG�*DUORQ��$�SURYLGHG�����FRQWURO�RU�KLJKHU��
7KHVH� KHUELFLGHV� KDG� WUDQVORFDWHG� JUHDWHU� GLVWDQFHV� ZLWKLQ� WKH� SODQW� FRPSDUHG�
ZLWK� WKH�RWKHU� WUHDWPHQWV�� �&RQWURO� DW� ��:$7�ZDV� JUHDWHU� WKDQ����� IRU�)LQDOH��
5RXQGXS�� DQG� 5HPHG\�� ZKLOH�:HHGPDVWHU� DQG� %DQYHO� SURYLGHG� OHVV� WKDQ� ����
FRQWURO��7DEOH����� �$W����:$7��5RXQGXS��5HPHG\��DQG�����*DUORQ��$�DOO�SUR�
YLGHG�VLJQLILFDQWO\�KLJKHU� �������FRQWURO�RI� DLU�SRWDWR�FRPSDUHG� WR�:HHGPDVWHU�

��7UHDWPHQWV�ZHUH�DSSOLHG�$XJXVW����������
��:LWKLQ� FROXPQV��PHDQV� IROORZHG�E\� WKH� VDPH� OHWWHU� DUH� QRW� VLJQLILFDQWO\� GLIIHUHQW�E\� DQ��
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��������1RQ�WDUJHW�SODQW�GDPDJH�ZDV�QRW�REVHUYHG�ZLWK�DQ\�RI�WKH�KHUELFLGHV�XVHG�
LQ�WKLV�VWXG\����
�
3UHVHQFH�RI�DHULDO�EXELOV�ZDV�QRWHG�IRU�DOO�WUHDWPHQWV�GXULQJ�WKH���DQG���:$7�UDW�
LQJ�SHULRGV��7DEOH������1R�HVWLPDWH�RI�WKH�QXPEHUV�RI�DHULDO�EXOELOV�SHU�YLQH�ZDV�
WDNHQ���1R�DHULDO�EXOELOV�ZHUH�SUHVHQW�DW���:$7�IURP�WKH�)LQDOH�WUHDWPHQW��$HULDO�
EXOELOV�ZHUH�SUHVHQW� IRU� WKH�:HHGPDVWHU��%DQYHO��5HPHG\�ZLWK� -/%�RLO�� DQG� WKH�
FKHFN���1R�DHULDO�EXOELOV�ZHUH�SUHVHQW�DW���:$7�IRU�WKH�)LQDOH�DQG�5HPHG\��ZLWK�
.LQHWLF�DQG�-/%�2LO�3OXV��WUHDWPHQWV��$�UHODWLRQVKLS�ZDV�VHHQ�EHWZHHQ�SUHVHQFH�RI�
DHULDO�EXOELOV�DQG�KHUELFLGH�FRQWURO�RI�DLU�SRWDWR��SODQWV�WUHDWHG�ZLWK�KHUELFLGHV�WKDW�
KDG�KLJK�SODQW�PRUWDOLW\�WHQGHG�QRW�WR�KDYH�DHULDO�EXOELOV�DW���:$7���7KHVH�UHVXOWV�
FRXOG�EH�VLJQLILFDQW�IURP�D�PDQDJHPHQW�SHUVSHFWLYH�� �&KHPLFDOO\�WUHDWLQJ�DLU�SR�

�
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7DEOH�����(IIHFW�RI�VHOHFWHG�KHUELFLGHV�RQ�DHULDO�EXOELO�SURGXFWLRQ���
�

��7UHDWPHQWV�ZHUH�DSSOLHG�$XJXVW����������
��$EVHQFH�RI�DHULDO�WXEHUV� ����SUHVHQFH� ����
��:LWKLQ� FROXPQV��PHDQV� IROORZHG�E\� WKH� VDPH� OHWWHU� DUH� QRW� VLJQLILFDQWO\� GLIIHUHQW�E\� DQ�������
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7DEOH� ��� �(IIHFW�RI� VHOHFWHG�KHUELFLGHV� RQ� DLU� SRWDWR� VWHP�SUR�
GXFWLRQ�IURP�WXEHUV�GXULQJ�WKH�VSULQJ�VHDVRQ���
�

��7UHDWPHQWV�ZHUH�DSSOLHG�$XJXVW����������
��6WHP�PHDVXUHPHQWV�ZHUH�UHFRUGHG�DW����:$7��
��:LWKLQ� FROXPQV�� PHDQV� IROORZHG� E\� WKH� VDPH� OHWWHU� DUH� QRW� VLJQLIL�
FDQWO\�GLIIHUHQW��E\�DQ�$129$�SURWHFWHG�/6'�WHVW��3���������

WDWR�SULRU�WR�RU�VKRUWO\�DIWHU�WKH�LQLWLDWLRQ�RI�DHULDO�WXEHUV�FDQ�DUUHVW�WXEHU�SURGXF�
WLRQ�DQG�UHGXFH�WKH�SODQW·V�DELOLW\�WR�VSUHDG���5HVHDUFK�LV�QHHGHG�WR�GHWHUPLQH�WKH�
RSWLPXP�WLPH�WR�FKHPLFDOO\�WUHDW�DLU�SRWDWR�VR�KLJK�SODQW�PRUWDOLW\�RFFXUV�DQG�DHU�
LDO�WXEHU�SURGXFWLRQ�LV�HOLPLQDWHG���
��
,Q�$SULO�RI�������DOO�SORWV�KDG�LQLWLDWHG�QHZ�YLQHV��7DEOH������+RZHYHU��WKHUH�ZDV�D�
UHGXFWLRQ�LQ�WKH�QXPEHU�RI�YLQHV�IURP�WKH�KHUELFLGH�WUHDWHG�SORWV�FRPSDUHG�WR�WKH�
FKHFN� SORWV��1XPEHUV� RI� QHZ� YLQHV� IURP� DOO� WKH� KHUELFLGH� WUHDWHG� SORWV�� H[FHSW�
%DQYHO��ZHUH�VLJQLILFDQWO\�ORZHU�WKDQ�WKH�FKHFN��1R�PHDVXUHPHQW�RI�EHORZ�JURXQG�
WXEHUV�ZDV�UHFRUGHG�WR�GHWHUPLQH�SRVVLEOH�HIIHFWV�IURP�WKH�KHUELFLGH� WUHDWPHQWV���
,Q�DGGLWLRQ��VWHP�KHLJKW�ZDV�VLJQLILFDQWO\�OHVV�IRU�WKH�WUHDWHG�SORWV��H[FHSW�%DQYHO��
FRPSDUHG�WR�WKH�FKHFN��7DEOH������2YHUDOO��WKHUH�ZHUH�IHZHU�YLQHV�IURP�WXEHUV�LQ�
WKH� KHUELFLGH� WUHDWHG� DUHDV� DQG� WKRVH� YLQHV� ZHUH� OHVV� YLJRURXV� FRPSDUHG� WR� WKH�
FKHFN�DUHDV��5HDVRQV�IRU�WKLV�GHFOLQH�DUH�QRW�NQRZQ���,W�LV�SRVVLEOH�WKDW�WKH�KHUEL�

0XOODKH\�DQG�%URZQ�
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FLGH� UHVXOWHG� LQ�PRUWDOLW\� RI� WKH� EHORZ�JURXQG� WXEHUV�� WKXV� UHGXFLQJ� WKH� ´WXEHU�
EDQN�µ�
�
$HULDO�EXOELOV�ZHUH�FROOHFWHG�IURP�$XJXVW�WKURXJK�2FWREHU�WR�GRFXPHQW�GHYHORS�
PHQW��VL]H����,Q�HDUO\�$XJXVW��WKH�DYHUDJH�EXOELO�GLDPHWHU�ZDV������PP���$W�WKH�ODVW�
FROOHFWLRQ�SHULRG�LQ�2FWREHU��WKH�DYHUDJH�GLDPHWHU�ZDV����PP��$HULDO�EXOELOV�ZHUH�
QRWLFHG�GURSSLQJ�WR�WKH�JURXQG�LQ�1RYHPEHU�DQG�'HFHPEHU��$�VXEVHW�RI�EXOELOV�
ZDV�SODQWHG�LQ�SRWV�FRQWDLQLQJ�SRWWLQJ�PL[���3RWV�ZHUH� LUULJDWHG�DV�QHHGHG�LQ�WKH�
JUHHQKRXVH�DQG�VSURXWLQJ�IURP�WKH�EXOELOV�ZDV�UHFRUGHG���0RVW�VSURXWLQJ�GLG�QRW�
RFFXU� XQWLO� WKH� IROORZLQJ� VSULQJ� VHDVRQ� �0DUFK�$SULO��� ,Q� WKH� ILHOG�� VSURXWLQJ� RI�
QHZ�YLQHV�IURP�EHORZ�JURXQG�WXEHUV�ZDV�REVHUYHG�WR�RFFXU� LQ�HDUO\�$SULO�� � �1R�
VSURXWLQJ�ZDV�REVHUYHG�IURP�1RYHPEHU�WKURXJK�0DUFK��7KH�FDXVH�RI�HDUO\�VSULQJ�
VHDVRQ�VSURXWLQJ�PD\�EH�UHODWHG�WR�WHPSHUDWXUH�RU�SKRWRSHULRG��
�
�
6XPPDU\�
�
6XFFHVVIXO�������FRQWURO�RI�DLU�SRWDWR�UHVXOWHG�IURP�WKH�DSSOLFDWLRQ�RI�5RXQGXS��
5HPHG\��DQG�*DUORQ��$�� �9LQHV�WUHDWHG�ZLWK�5HPHG\�GLG�QRW�KDYH�DQ\�DHULDO� WX�
EHUV�E\���:$7���3URGXFWLRQ�RI�QHZ�YLQHV�WKH�IROORZLQJ�VSULQJ�VHDVRQ�WHQGHG�WR�
EH�OHVV�LQ�KHUELFLGH�WUHDWPHQWV�WKDW�SURYLGHG�KLJK�������FRQWURO���/DQG�PDQDJHUV�
VKRXOG�FKRRVH�D�KHUELFLGH� WKDW�SURYLGHV�KLJK�SODQW�PRUWDOLW\�� DUUHVWV� DHULDO�EXOELO�
SURGXFWLRQ��DQG�UHGXFHV� WKH�SURGXFWLRQ�RI�QHZ�YLQHV� IURP�EHORZ�JURXQG� WXEHUV�
WKH�IROORZLQJ�JURZLQJ�VHDVRQ���,Q�WKLV�VWXG\��5HPHG\�SHUIRUPHG�WKH�EHVW�UHODWLYH�
WR�SODQW�PRUWDOLW\�DQG�LPSDFWV�RQ�UHSURGXFWLRQ�DQG�VSUHDG���+HUELFLGH�DSSOLFDWLRQV�
RYHU�D�WZR�WR�WKUHH�\HDU�SHULRG�ZLOO�OLNHO\�EH�UHTXLUHG�WR�UHPRYH�DLU�SRWDWR���$GGL�
WLRQDO� UHVHDUFK� LV� QHHGHG� WR� HYDOXDWH� GLIIHUHQW� UDWHV� DQG� WLPH� RI� DSSOLFDWLRQ� RI�
5HPHG\� DQG� *DUORQ� �$� WR� SURYLGH� HFRQRPLFDO� FRQWURO� ZKLOH� PLQLPL]LQJ� QRQ�
WDUJHW�GDPDJH�WR�GHVLUDEOH�SODQWV����
�
�
/LWHUDWXUH�&LWHG�
�
%DLOH\�� /�� +��� DQG� (�� =�� %DLOH\�� � ������+RUWXV�7KLUG��$�&RQFLVH�'LFWLRQDU\�RI�3DQWV�&XOWLYDWHG�LQ�WKH�8QLWHG�

6WDWHV�DQG�&DQDGD���1HZ�<RUN��0DFPLOODQ��
%RGOH�� 0��� HG�� � ������ 3URFHHGLQJV�IURP�$SULO���������&OLPELQJ��7ZLQLQJ��)HUQV�DQG�,QYDVLYH�([RWLF�9LQHV�

:RUNVKRS���:HVW�3DOP�%HDFK��6RXWK�)ORULGD�:DWHU�0DQDJHPHQW�'LVWULFW��
6$6�,QVWLWXWH��������6$6�8VHU·V�*XLGH��6WDWLVWLFV��&DU\��1�&���6$6�,QVWLWXWH��

 


