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%DWLN��D�PHWKRG�RI� WH[WLOH�GHFRUDWLRQ�LV�D�FUHD�
WLYH� IRUP� RI� VHOI-H[SUHVVLRQ� LQ� IDEULF� GHVLJQ��
XVLQJ�WHFKQLTXHV�VXFK�DV�UHVLVW�G\HLQJ��PRUGDQW�
SULQWLQJ�DQG�SDLQWLQJ��,W�LV�DOVR�D�IRUP�RI�UHVLVW�
LQJ� GHFRUDWLYH� WHFKQLTXH�� DQG� D� IDEULF� G\HLQJ�
PHWKRG�ZKLFK�XVHV�ZD[�RU�SDVWH� WR�FUHDWH�SDW�
WHUQV� DQG� GHVLJQV� �$VPDK� HW�� DO�� ������� 7KH�
GHVLJQV�DUH� WUDQVIHUUHG�RQ�IDEULFV�ZKHQ�PHOWHG�
ZD[�RU�SUHSDUHG�SDVWH�LV�DSSOLHG�LQ�DUHDV�RI�WKH�

FORWK� WR� SUHYHQW� WKHP� IURP� DEVRUELQJ� FRORXU�
ZKHQ�WKH�IDEULF�LV�GLSSHG�LQWR�D�G\H�EDWK�� 
 
%XWWHUZRUWKV� �������� DQG� 5LSD\DQGL� ��������
H[SODLQ� WKDW� WKH�ZRUG�EDWLN�GHVFULEHV� D� VRUW� RI�
UHVLVW� SULQWLQJ� NQRZQ� DQG� VWXGLHG� DV� D� QDWLYH�
FUDIW�LQ�-DYD��6RXWK�(DVW�DQG�SDUWV�RI�$IULFD��,W�
LV� ZHOO� NQRZQ� LQ� -DSDQ�� ,QGLD� DQG� ,QGRQHVLD�
�)UDVHU-/X���������+RZHYHU��LW�LV�E\�LWV�,QGRQH�
VLDQ� QDPH� RI� EDWLN� WKDW� WKH� SURFHVV� LV� EHVW�
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KWWS���G[�GRL�RUJ���������MXVW�Y��L�� 

.H\ZRUGV��1DWXUDO�UXEEHU�/DWH[��DPPRQLD�VROXWLRQ��SRO\�YLQ\O�DFHWDWH��PHUFHUL]HG�FRWWRQ��EDWLN� 

$%675$&7 
7R�UHGXFH�WKH�GHSHQGHQF\�RI�WKH�H[SRUWDEOH�3DUDIILQ�ZD[��DV�D�PDMRU�UHVLVW�FRPSRQHQW�LQ�EDWLN�
PDNLQJ�� WKH� VWXG\� H[DPLQHG� WKH� SRVVLELOLW\� RI� XVLQJ� WKH� ORFDOO\� DYDLODEOH� QDWXUDO� UXEEHU� ODWH[�
H[WUDFWHG�IURP�WKH�QDWXUDO�UXEEHU�WUHH�DV�D�UHVLVW�PHGLXP�IRU�EDWLN�SURGXFWLRQ��$�VHULHV�RI�H[SHU�
LPHQWV� ZHUH� FRQGXFWHG� XVLQJ� WKH� UXEEHU� ODWH[� RQ�PHUFHUL]HG� FRWWRQ� DV� D� UHVLVW� YLD� VWDPSLQJ��
WMDQWLQJ� DQG� VFUHHQ� SULQWLQJ� WHFKQLTXHV�� 7KH� H[SHULPHQWDO� DQG� GHVFULSWLYH�PHWKRGV� XQGHU� WKH�
TXDOLWDWLYH�UHVHDUFK�DSSURDFK�ZHUH�WKH�PDLQ�LQVWUXPHQW�GHSOR\HG��,W�ZDV�UHDOL]HG�EDVHG�RQ�WKH�
YDULRXV� H[SHULPHQWV� FRQGXFWHG�� WKDW� WKH� QDWXUDO� UXEEHU� ODWH[� FRDJXODWHV� ZKHQ� H[SRVH� WR� DLU��
PDNLQJ�LWV�DSSOLFDWLRQ�GLIILFXOW�WR�DGKHUH�ZHOO�RQ�WKH�IDEULF��7R�UHVROYH�WKLV��D�FRQFHQWUDWHG�DP�
PRQLD�VROXWLRQ�DQG�SRO\�YLQ\O�DFHWDWH�ZHUH�DGGHG� WR� WKH�IUHVKO\� WDSSHG�QDWXUDO�UXEEHU� ODWH[� WR�
SUHYHQW�FRDJXODWLRQ��SURORQJ�LWV�OLTXLG�VWDWH�DQG�LPSURYH�LWV�YLVFRVLW\�WR�PDNH�LW�DSSOLFDEOH�RQWR�
WKH�FRWWRQ� IDEULF��7KRXJK� WKH�XQSOHDVDQW� VPHOO� UHPDLQV�DIWHU�GH-ODWH[�� WKH�SURMHFW�SURYHG�VXF�
FHVVIXO�DIWHU�D�VHULHV�RI�ZDVKLQJ�WR�UHGXFH�WKH�VPHOO�RI�WKH�WXUSHQWLQH��)XUWKHU�UHVHDUFK�LV�VXJ�
JHVWHG�WR�H[DPLQH�KRZ�WKH�VPHOO�RI�WKH�WXUSHQWLQH�FDQ�EH�UHGXFHG�WR�DYRLG�HURGLQJ�WKH�EULJKWQHVV�
RI�WKH�G\HG�IDEULF��HVSHFLDOO\�ZKHQ�G\HG�ZLWK�OLJKWHU�FRORXUV�VXFK�DV�RUDQJH�DQG�\HOORZ�� 
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 ZDWHUSURRI� FORWKLQJ�� WKH� OLVW� JRHV� RQ� DQG� RQ�
�6HLJOHU��������� 
 
7KHUH�DUH�WZR�W\SHV�RI�UXEEHU��QDWXUDO�DQG�V\Q�
WKHWLF�EXW�WKH�QDWXUDO�UXEEHU�ODWH[�JXP�XVHG�IRU�
WKH� SURMHFW� RQ� WKH� RWKHU� KDQG� KDV� YHJHWDEOH�
RULJLQ�� DQ� LQGXVWULDO� PDWHULDO� DFKLHYHG� PDLQO\�
IURP�WKH�WUHH�FDOOHG�+HYHD�%UDVLOLHQVLV�EHORQJ�
LQJ� WR� (XSKRUELDFHD� IDPLO\�� ,W� QRUPDOO\� DF�
FRXQWV� IRU� ��-���� RI� WKH� UXEEHU� SURGXFHG�
WKURXJKRXW� WKH�ZRUOG� �<LS� DQG�&DFLROL�� ��������
,W� LV�SULPDULO\�JURZQ�LQ�RUFKDUGV� LQ�6RXWKHDVW�
HUQ� $VLD� �0DOD\VLD�� ,QGLD�� &KLQD�� 6UL� /DQND��
9LHWQDP��� LQ�:HVWHUQ� $IULFD� �*KDQD�� 1LJHULD��
&DPERGLD��DQG�LQ�1RUWK�SDUW�RI�6RXWK�$PHULFD�
�%UD]LO�� *XDWHPDOD��� �%U\GVRQ�� ������� $SDUW�
IURP�RWKHU� LQVWLWXWLRQDO� UHVHDUFK�UXEEHU�SODQWD�
WLRQV� LQ� YDULRXV�SDUWV� RI� WKH� FRXQWU\�� WKH�*RY�
HUQPHQW� RI� *KDQD� ZLWKLQ� D� VSDQ� RI� ��� \HDUV�
������–� ������KDV� HVWDEOLVKHG� D�5XEEHU� HVWDWH�
LQ� WKH� (DVWHUQ� UHJLRQ� LQ� WKH� QDPH� RI� 5XEEHU�
3ODQWDWLRQV�*KDQD�/LPLWHG���53*��ZLWK�WKH�DLP�
RI� VXVWDLQLQJ� WKH� FURS�� &XUUHQWO\� 53*� LQ� WKH�
HDVWHUQ� UHJLRQ� LV� SURGXFLQJ� ���� WRQV� RI� GU\�
UXEEHU� DQQXDOO\� DQG� DSSUR[LPDWHO\� �������
WRQQHV�RI�GU\�UXEEHU�IURP�RYHU������IDUPHUV�LQ�
WKH�:HVWHUQ�� $VKDQWL�� (DVWHUQ� DQG� WKH� &HQWUDO�
UHJLRQV�ZHUH�FROODWHG�E\�WKH�FORVH�RI������SUR�
GXFWLRQ�\HDU��6ULGHH�������� 
 
7KH� UXEEHU� ODWH[� LV� FROOHFWHG� IURP� D� VHULHV� RI�
VWHSV� LQYROYLQJ� SUHVHUYDWLRQ�� FRQFHQWUDWLRQ��
FRDJXODWLRQ�� GHZDWHULQJ�� GU\LQJ�� FOHDQLQJ�� DQG�
EOHQGLQJ�� ,WV� IRUPDWLRQ� LV�FUHDWHG�E\� WKH�HQ]\�
PDWLF� SURFHVVHV�� JURZQ� LQ� ZDUP� �DYHUDJH�
PRQWKO\� WHPSHUDWXUH� ��� –� ��� �&�� DQG� KXPLG�
�KXPLGLW\� DURXQG� ����� FOLPDWLF� FRQGLWLRQV�
�.RKML\D��DQG�,NHGD���������7KH�VRXUFH�RI�UXE�
EHU� LV� VXFURVH� FUHDWHG� IURP� FDUERQ� R[LGH� DQG�
ZDWHU�GXULQJ�SKRWRV\QWKHVLV�SURFHVV�WKDW�JHQHU�
DWHV� D� FROORLGDO� GLVSHUVLRQ�RI� VROLG�SDUWLFOHV� RI�
WKH�SRO\PHU�SRO\LVRSUHQH��&�+���Q�LQ�ZDWHU�E\�
SRO\PHUL]DWLRQ��&KHPLFDOO\��+HYHD�%UDVLOLHQVLV�
LV� SUDFWLFDOO\� SXUH� SRO\-FLV-���� LVRSUHQH�
�FRQWDLQV�PRUH�WKDQ��������RI�FLV�����VWUXFWXUDO�
XQLWV����&DQWHU����������)LJ��� 

$VPDK�HW�DO� ��� 

NQRZQ�� *URZWK� LQ� FUDIWVPDQVKLS� KDV� ERUQH�
WHVWLPRQ\�WR�PDQNLQG�LQPDWH�FUDYLQJ�WR�GHVLJQ�
RQ� VXEVWUDWHV�� WR� H[KLELW� FUHDWLYLW\�� XQLTXHQHVV�
DQG� D� VHQVH� RI� LGHQWLW\� �$VPDK� HW�� DO�� �������
7KLV� ILQGV� LWV� H[SUHVVLRQ� LQ� HPEUDFLQJ� DQ\�
PHWKRG� RI� DSSO\LQJ� FRORXU� RU� SDWWHUQ� WR� DQ\�
WH[WLOH� IDEULFV�� 6XFK� FRQJHDOLQJ� DJHQW� OLNH� WKH�
FRRNHG�VWDUFK��ZD[�DQG�NRQNRQWH�DUH�HVVHQWLDO�
O\�XVHG�WR�FUHDWH�UHVLVW�IRUPV�HVSHFLDOO\�RQ�DQ\�
FHOOXORVLF� IDEULFV��%DWLN�PDNLQJ� LQ�*KDQD�QRU�
PDOO\� XVHV� UHDFWLYH� G\HV�� LQGDQWKUHQH� G\HV��
6XOSKXU� G\HV�� YDW� G\HV� DQG� DFLG� G\HV�� EXW� WKH�
PHGLXP�RI� UHVLVW�� NHHSV� RQ� FKDQJLQJ� IURP� WKH�
XVH�RI�ZD[� WR�XQFRRNHG�VWDUFK� WR�D�PL[WXUH�RI�
FRRNHG�VWDUFK�DQG�FDXVWLF�VRGD�WR�FUHDWH�D�UHVLVW�
RQ� WKH� IDEULF��7KH� WUDGLWLRQDOO\�XVHG� UHVLVW�PH�
GLXP�� WKH� 3DUDIILQ�ZD[� KDV�ZRUNHG� RYHU� WLPH��
WKURXJK�PDQ\�DSSOLFDWLRQ�WHFKQLTXHV�\HW�LWV�XVH�
KDV�SURYHG�YHU\�H[SHQVLYH��VRPHWLPHV�XQDYDLO�
DEOH�DQG�XQVDIH�GXH� WR� LWV� KRW�PHOWHG�HIIHFW�RI�
WKH�ZD[�RQ�FRQWDFW�ZLWK�WKH�KXPDQ�VNLQ��+HQFH�
WKH�QHHG�WR�UHVHDUFK�LQWR�D�QHZ�ORFDOO\�DYDLODEOH�
UHVLVWV�PDWHULDO�WR�VXVWDLQ�WKH�EDWLN�WUDGH� 
 
(PSLULFDO� VWXGLHV� FRQGXFWHG� RQ� QDWXUDO� UXEEHU�
ODWH[�JXP�RYHU�D�VSDQ�RI�WZR�\HDUV�KDV�SURYHQ�
WKDW� LW�KDV�VSHFLDO�TXDOLWLHV�FDSDEOH�RI� UHVLVWLQJ�
G\HV� RQ� FHOOXORVLF� IDEULFV�� HVSHFLDOO\� PHUFHU�
L]HG�FRWWRQ�IDEULFV�WKDW�PD\�RIIHU�D�EHWWHU�SULQW�
DQG�UHVLVW�TXDOLW\��VXSHULRU�REYLRXVO\�WR�WKDW�RI�
WKH� VWDUFK�SDVWH�GHULYHG� IURP�FHUHDOV�� VWHPV�RU�
URRWV�VXFK�DV�FRUQ��ZKHDW��WDSLRFD�DQG�FDVVDYD��
7KH� JHQHUDO� REMHFWLYH� WKHUHIRUH� LV� WR� DVFHUWDLQ�
LWV�HIILFDF\�DV�D�UHVLVW�PDWHULDO�RQ�FRWWRQ�IDEULF�
ZKHQ�DSSOLHG�YLD�D�EORFN�VWDPSLQJ��WMDQWLQJ�DQG�
VFUHHQ�SULQWLQJ�� 
 
(PSLULFDOO\�� WKH� LQWURGXFWLRQ� RI� QDWXUDO� UXEEHU�
ODWH[� DV� D� UHVLVW� PDWHULDO� IRU� EDWLN� PDNLQJ� LV�
DOPRVW� QRQ-H[LVWHQW�� EXW� NQRZQ� WR� EH� XVHG� IRU�
WKH� SURGXFWLRQ� RI� JORYHV�� FRQGRPV�� WUHDGV� RQ�
YHKLFOH� WLUHV�� FRQYH\HU� EHOWV�� YDOXDEOH� SXPS�
KRXVLQJV� DQG� SLSHV� UDQJLQJ� IURP� GRPHVWLF�
FORWKHV� ZULQJHUV� WR� RWKHU� PHGLFDO� SURGXFWV��
+LVWRULFDOO\� WKH�SURSHUWLHV�RI� ODWH[�ZHUH�DSSDU�
HQWO\�GLVFRYHUHG�E\�GLIIHUHQW� JURXSV�RI� SHRSOH�
LQ�GLIIHUHQW�DUHDV��7KH�$]WHFV�RI�0H[LFR�SOD\HG�
EDOOV�PDGH�RI�ODWH[�RI�&DVWLOOD�(ODVWLFD�0RUDFH�
DH��� ,Q� WKH� $PD]RQ� DUHD�� WKH� ,QGLDQV� ZDWHU�
SURRIHG� FORWKLQJ� E\� FRDWLQJ� LW� ZLWK� ODWH[� RI�
+HYHD�EUDVLOLHQVLV� �(XSKRUELDFHDH���7KH�6SDQ�
LVK� LQ� 6RXWK� $PHULFD� DOVR� EHJDQ� WR� XVH� LW� WR�
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7KH� QDWXUDO� UXEEHU� DFKLHYHG� IURP� IUHVK� ODWH[�
FRQWDLQV�D�VPDOO�SRUWLRQ�RI�JHO�ZLWK�KLJKHU�FRQ�
WHQW�RI�QLWURJHQ�DQG�PLQHUDOV�PXWXDOO\�FRQQHFW�
HG� ZLWK� SURWHLQV� WKURXJK� K\GURJHQ� EULGJHV� DV�
VKRZQ� DERYH�� ,W� KDV� DOVR� H[FHOOHQW� VWUHQJWK�
FKDUDFWHULVWLFV� ZLWK� ORQJ�� UHJXODU�� IOH[LEOH� DQG�
SUDFWLFDOO\�OLQHDU�DQG�D�YHU\�JRRG�HODVWLF�SURS�
HUWLHV�ZLWK�D�VSRQWDQHRXV�PD[LPXP�FU\VWDOOL]D�
WLRQ�UDWH�RI�DSSUR[LPDWHO\�-����&��1DWXUDO�UXE�
EHU� ODWH[� KDV� D� JRRG� G\QDPLF� SHUIRUPDQFH��
OLPLWHG� KLJK� WHPSHUDWXUH� UHVLVWDQFH� �PD[��
���&���JRRG�ORZ�WHPSHUDWXUH�SURSHUWLHV��-��&��
DELOLW\�WR�ERQG�VWURQJO\�ZLWK�FHOOXORVLF�PDWHULDO�
DQG� HYHQ� PHWDOV�� ,W� LV� HDV\� WR� SURFHVV�� KDV� D�
KLJK� DQG� H[FHOOHQW� UHVLVWDQFH� WR� DEUDVLRQ� ZLWK�
JUHDWHU�UHVLVWDQFH�WR�WHDULQJ�ZKHQ�KRW�RU�WR�KHDW�
EXLOGXS��.RKML\D�DQG�,NHGD���������7DEOH���� LV�
WKH�FRPSRVLWLRQ�RI� IUHVKO\�QDWXUDO� UXEEHU� ODWH[�
DQG�LWV�FRQWHQW�SHUFHQWDJH�E\�ZHLJKW�� 
 
7KHUH� DUH� VPDOO� DPRXQWV� RI� SURWHLQV�� UHVLQRXV�
PDWWHUV� �LQFOXGLQJ� OLSLGV��� K\GURFDUERQV� DQG�
PLQHUDO�VXEVWDQFHV��7DEOH�����SUHVHQW�LQ�IUHVKO\�
QDWXUDO�UXEEHU�ODWH[��7KHVH�QRQ-UXEEHU\�PDWHUL�
DOV�� VXUURXQGHG� E\� D� VXUIDFH� RI� UXEEHU\� SDUWL�
FOHV�PDLQO\�SURWHLQV�DQG� OLSLGV��JLYHV� WKH� ODWH[�
LWV� QHJDWLYH� FKDUJH� DQG� WKH� VWDELOLW\� UHTXLUHG�

1DWXUDO�UXEEHU�ODWH[�DV�D�UHVLVW�PHGLXP�IRU�EDWLN�SURGXFWLRQ��� ��� 

 

)LJ�����3RO\-FLV-���-LVRSUHQH 

�&RXUWHV\�-�5XEEHU�&KHPLVWU\��&DQWHU������� 

�� 1+��� DGGHG� RQO\� LQ� YHU\� VPDOO� DPRXQWV��
QRUPDOO\������–����������$PPRQLD�VWDQGV�RXW�
DPRQJ�RWKHU�JDVHV�EHFDXVH�RI�LWV�JUHDW�VROXELOL�
W\�LQ�ZDWHU��HVSHFLDOO\�ZKHUH�LW�H[LVWV�DV�XQLRQ�
L]HG�DPPRQLD�DQG�LRQL]HG�DPPRQLD�XQGHU�QRU�
PDO�FLUFXPVWDQFHV��KRZHYHU��DW�ORZHU�WHPSHUD�
WXUHV�� WKH� YDSRUL]HG� DPPRQLD� FRQGHQVHV� DQG�
GLVVROYHV�LQ�ZDWHU��,VPDLO�DQG�0DWVXXUD�������� 
 
7KH�RWKHU�PDWHULDO�FRPSRQHQW�XVHG�LQ�WKH�VWXG\�
ZDV�WKH�WXUSHQWLQH��&��+����DQ�RUJDQLF�VROYHQW�
REWDLQHG�E\�WKH�GLVWLOODWLRQ�SURFHVV�IURP�PDLQO\�
OLYH� FRQLIHURXV� UHVLQ� WUHH� VSHFLHV� WR�GHULYH� WKH�
VHPL-ROHRUHVLQV� IOXLG��7KLV�H[WUDFWHG� VXEVWDQFH�
FRQWDLQV�D�PL[WXUH�RI�WHUSHQHV�DQG�HVVHQWLDO�RLOV�
���-��� SHUFHQW� RI� UHVLQV� DQG� ��-��� SHUFHQW� RI�
HVVHQWLDO�RLOV��DQG�DV� WKH� WXUSHQWLQH�RLO�DJHV�� LW�
EHFRPHV�R]RQL]HG�E\�WKH�IRUPDWLRQ�RI�SHUR[LGH�
LQ�WKH�SUHVHQFH�RI�DLU�DQG�ZDWHU��D�GHWHUPLQDQW�
WR� LWV� SRWHQF\� DQG� XQSOHDVDQW� RGRXU� DQG� WDVWH�
�0HLVWHU�� ������� $SDUW� IURP� EHLQJ� XVHG� DV� D�
VROYHQW��WKH�H[WUDFWHG�WXUSHQWLQH�LV�DSSOLFDEOH�WR�
VXFK� SURGXFWV� DV� WLUHV�� SODVWLFV�� DGKHVLYH�� IOD�
YRXUV� DQG� IUDJUDQFH�� FRVPHWLFV�� SDLQWV� DQG�
SKDUPDFHXWLFDOV�� 7KH� FKRLFH� RI� PHUFHUL]HG�
FRWWRQ� IDEULF� XVHG� LQ� WKLV� SURMHFW��ZDV� DV� D� UH�
VXOW� RI� LWV� KLJK� DIILQLW\� IRU� G\H�� WKH� SURFHGXUH�
EHLQJ�� VWDPSLQJ�� WMDQWLQJ� DQG� VFUHHQ� SULQWLQJ�
WHFKQLTXHV�XVHG�WR�FUHDWH�WKH�UHVLVW�YLD�WKH�QDWX�
UDO�UXEEHU�ODWH[�PL[WXUH�RQWR�WKH�IDEULF��LPSO\- 
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LQJ� WKDW� WKLV� IUDPHZRUN� UHWDLQV� LWV� UHVLVW� DSSOL�
FDWLRQ�GXULQJ�DQG�DIWHU�G\HLQJ� 
 
:LWK� SUHYLRXV� VXFFHVVIXO� H[SHULPHQWDWLRQ� RQ�
$FDFLD�JXP�E\�$VPDK����������DV�D�UHVLVW�PH�
GLXP� IRU� EDWLN� PDNLQJ�� QDWXUDO� UXEEHU� ODWH[�
EHORQJLQJ� WR� WKH� VDPH� SRO\VDFFKDULGH� JURXS�
DGYDQFHV�WKH�OLNHOLKRRG�RI�WKH�QDWXUDO�UXEEHU�DV�
D� SRWHQWLDO� ORFDO� UHVLVW� PDWHULDO� DSSOLFDEOH� WR�
FRWWRQ� IRU� EDWLN� SURGXFWLRQ�� 7KH� VWXG\�� WKHUH�
IRUH�� VRXJKW� WR� H[SORUH� LWV� XVH� DV� DQ� DOWHUQDWH�
UHVLVW� PHGLXP� IRU� EDWLN� PDNLQJ� EDVHG� RQ� LWV�
SK\VLFDO-PHFKDQLFDO� DQG� G\QDPLF� SURSHUWLHV��
7R� DFKLHYH� WKLV�� WKUHH� REMHFWLYHV� ZHUH� VHW� WR�
ILUVWO\� DFFHVV� WKH� SURSHUWLHV� DQG� FKDUDFWHULVWLFV�
RI� QDWXUDO� UXEEHU� ODWH[� DV� D� UHVLVW� PHGLXP� IRU�
EDWLN� PDNLQJ�� 6HFRQGO\�� WR� H[SHULPHQW� RQ� WKH�
VXLWDELOLW\� RI� XVLQJ� QDWXUDO� UXEEHU� ODWH[� DV� D�
UHVLVW�PHGLXP� IRU� EDWLN�SURGXFWLRQ� DQG� WKLUGO\�
WR�SURGXFH�DQ�H[SHULPHQWDO�EDWLN�SLHFH�RQ�PHU�
FHUL]HG� FRWWRQ� IDEULFV� XVLQJ� WKH� QDWXUDO� UXEEHU�
ODWH[�DV�WKH�UHVLVW�PDWHULDO�� 
 
,Q� DGGUHVVLQJ� WKH� FKDUDFWHULVWLFV� IRU� QDWXUDO�
UXEEHU� ODWH[� WUHH� JXP� WKH� IROORZLQJ� ZHUH� RE�
VHUYHG� 
 
7KH� ODWH[� JXP� DV� DQ� LVRSUHQH� LV� DOPRVW� DQ� LQ�
VROXEOH�RUJDQLF�SRO\PHU��FRDJXODWHV�DQG�VROLGL�
ILHV� ZKHQ� XQGHU� DWPRVSKHULF� WHPSHUDWXUH�� EXW�
GLVVROYHV� LQ� D� VROYHQW� �$OOHQ�� ������� 'LOXWLRQ�

ZLWK�ZDWHU� UHGXFHV� LWV� YLVFRVLW\� EXW�ZKHQ� DP�
PRQLD� VROXWLRQ� LV� DGGHG�� LW� SURORQJV� LWV� OLTXLG�
VWDWH�� DOORZLQJ� LW� WR� EH� PL[HG� ZLWK� SRO\� YLQ\O�
DFHWDWH�DV�LWV�WKLFNHQHU�LQWR�D�SDVWH�FRQVLVWHQF\��
7KLV� PDNHV� LW� HDVLHU� WR� DWWDLQ� WKH� QHHGHG� UH�
VLVWDQW�IOXLG�IRU�LWV�DSSOLFDWLRQ�RQ�FRWWRQ�IDEULFV��
:KHQ�LW�FRROV��LW�EHFRPHV�MHOO\��IRUPLQJ�D�JXP�
P\�VXEVWDQFH��ZKLFK�PDNHV�LW�SRWHQWLDOO\�DSSOL�
FDEOH�WR�G\H�DSSOLFDWLRQV��([SHULHQWLDOO\�� LW�KDV�
WKH�DELOLW\� WR�UHSHO� WKH�SHQHWUDWLRQ�RI�G\H�VROX�
WLRQ�MXVW�OLNH�VWDUFK�DQG�ZD[�DQG�LW¶V�FDSDEOH�RI�
DGKHULQJ�ZHOO�WR�FHOOXORVLF�IDEULFV�ZLWKRXW�GULS�
SLQJ� RII� GXH� WR� LWV� YLVFRXV� QDWXUH� ZLWK� QR� DG�
YHUVH�HIIHFW�RQ�WKH�IDEULF� 
 
.DGROSK�DQG�/DQJIRUG���������PDNHV�DQ�DVVHU�
WLRQ� WKDW� E\� IDU� WKH� EDWLN� FORWK� SURGXFWLRQ� LQ�
*KDQD� LV� WKH� PRVW� G\QDPLF� IDEULF� GHFRUDWLYH�
HQWHUSULVH� WRGD\�VWLOO�GHYHORSLQJ�QHZ�DSSURSUL�
DWH� WHFKQRORJ\��7KLV� WUHQG� KDV� DFTXLUHG� D� QHZ�
SURFHGXUDO� GLPHQVLRQ� LQWHJUDWLQJ� ERWK� QDWXUDO�
DQG� V\QWKHWLF� PDWHULDO� DSSOLFDWLRQV� YLD� WKH�
VWDPSLQJ�� WMDQWLQJ� DQG� VFUHHQ� SULQWLQJ� WHFK�
QLTXHV�� 6XFK� DFFHSWDELOLW\� RI� YDULHG� SURGXFWV�
KDV� JDLQHG� WUDGLWLRQDO� DSSURYDO� DPRQJ� ORFDO�
EDWLN�SURGXFHUV�LUUHVSHFWLYH�RI�WKH�VFDUFLW\�DQG�
KLJK�FRVW�RI�WKH�IRUHLJQ�FRPSRQHQWV�LQ�LWV�SUR�
GXFWLRQ�LQ�WKH�ORFDO�PDUNHW��$VPDK�HW�DO���������
%XW� WKH�QHHG� WR�PLQLPLVH� WKH�FRVW�RI� LWV�PDMRU�
PDWHULDO� EHLQJ� WKH� V\QWKHWLF� SDUDIILQ� ZD[� RU�
ILQG� DQRWKHU� VXEVWLWXWH� KDV� EHFRPH� YHU\� REYL- 

$VPDK�HW�DO� 

7DEOH����&RPSRVLWLRQ�RI�IUHVK�15�ODWH[� 

 
&RQVWLWXHQW &RQWHQW����E\�ZHLJKW 

5XEEHU ���–��� 

3URWHLQV ����–���� 

5HVLQV ����–���� 

6XJDU ����-��� 

0LQHUDOV ����–���� 

&DUERK\GUDWHV ����–���� 

:DWHU ���–��� 
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1DWXUDO�UXEEHU�ODWH[�DV�D�UHVLVW�PHGLXP�IRU�EDWLN�SURGXFWLRQ���� ��� 

RXV�DQG� WKLV�JDYH�ULVH� WR� WKH�XVH�RI� WKH� ORFDOO\�
IRUPXODWHG� QDWXUDO� UXEEHU� ODWH[� PL[WXUH� DV� D�
UHVLVW�SULQW�SDVWH�FDSDEOH�RI�DFKLHYLQJ�WKH�VDPH�
UHVXOWV� LI� QRW�EHWWHU� WKDQ� WKH�SDUDIILQ�ZD[��7KH�
FRQFHSW�LV�WR�LQWURGXFH�DQ�DOWHUQDWH�UHVLVW�PDWH�
ULDO� DQG� DQ� XQXVXDO� W\SH� RI� EDWLN� ZKLFK� DGGV�
YDOXH�DQG�H[FLWHPHQW�WR�EDWLN�PDNLQJ�LQ�*KDQD� 
 
0$7(5,$/6�$1'�0(7+2'6 
7KH�VWXG\�PDLQO\�HPSOR\HG� WKH�SUDFWLFH�EDVHG�
UHVHDUFK��GHSHQGHG�RQ�VWXGLR�DFWLYLWLHV�DQG�HQ�
JDJHG� WKH� H[SHULPHQWDO� DQG� GHVFULSWLYH� PHWK�
RGV� XQGHU� WKH� TXDOLWDWLYH� UHVHDUFK� SDUDG\P��
7KH� GHVFULSWLYH� UHVHDUFK� PHWKRG� ZDV� XVHG� WR�
GHVFULEH� WKH�SURFHVV�DOLJQHG� WR�H[HFXWH� WKH�H[�
SHULPHQW� FRQGXFWHG� WRZDUGV� WKH� SURGXFWLRQ� RI�
WKH� EDWLN� XVLQJ� ODWH[� IURP� WKH� QDWXUDO� UXEEHU�
WUHH�� 0DWHULDOV� XVHG� IRU� WKLV� SURMHFW� ZHUH� DV�
IROORZV��PHUFHUL]HG�FRWWRQ��DPPRQLDV�VROXWLRQ��
SRO\YLQ\O�DFHWDWH��QDWXUDO�UXEEHU�ODWH[�IURP�WKH�
.1867� UXEEHU� SODQWDWLRQ�� WXUSHQWLQH�� ZDWHU��
VRGLXP� K\GUR[LGH�� YDW� G\H�� VRGLXP� K\GURVXO�
ILGH� �FDXVWLF� VRGD��� 7RROV� DQG� HTXLSPHQW� HP�
SOR\HG� LQ� WKH�SURMHFW�ZHUH�DOXPLQLXP�EXFNHWV��
SODVWLF� ERZO�� SODVWLF� VSRRQV�� UXEEHU� JORYHV��
WUDFLQJ� SDSHU�� JORYHV�� VWDPSV�� WMDQWLQJ� WRRO��
NQLIH-VFUDSHU�� PL[LQJ� ERZO�� FRRNLQJ� ERZO��
SLQV�� SHQV� DQG� SHQFLOV�� ZRUNLQJ� WDEOH�� DQG�
DSURQV��$OO�RWKHU�PDWHULDOV�DQG�WRROV�DSDUW�IURP�
WKH�UXEEHU�ODWH[�ZKHUH�SXUFKDVHG�IURP�WKH�.X�
PDVL�FHQWUDO�PDUNHW�� 
 
7KH� VFRSH� RI� WKH� VWXG\� ZDV� IRFXVHG� RQ� EDWLN�
SURGXFHUV�� VHOOHUV� RI� FKHPLFDOV� DQG� PDWHULDOV�
XVHG� LQ� EDWLN�PDNLQJ� DW�$GXP� DQG�3DWDVL� DQG�
WDSSHUV� RI� QDWXUDO� UXEEHU� ODWH[� IURP� WKH�
.1867� UXEEHU� SODQWDWLRQ��$� VHULHV� RI� H[SHUL�
PHQWV� ZHUH� FRQGXFWHG� RQ� PHUFHUL]HG� FRWWRQ�
XVLQJ� WKH�UXEEHU� ODWH[�DV�D� UHVLVW�YLD�VWDPSLQJ��
WMDQWLQJ� DQG� VFUHHQ� SULQWLQJ� WHFKQLTXHV�� 7KH�
DFWLYLWLHV�RI�WKH�H[SHULPHQW�ZHUH�UHFRUGHG�FDUH�
IXOO\�DQG�FULWLFDO�REVHUYDWLRQV�PDGH��7R�DVFHU�
WDLQ� WKH� SURSHUWLHV� DQG� FKDUDFWHULVWLFV� RI� WKH�
1DWXUDO� UXEEHU� ODWH[� DV� D� VXLWDEOH� UHVLVW� PHGL�
XP��WKH�QDWXUDO�UXEEHU�ODWH[�ZDV�WHVWHG�WR�VHH�LI�
LW� SRVVHVVHV� WKH� SURSHUWLHV� RI� D� UHVLVW� PHGLXP�
IRU� EDWLN� PDNLQJ�� 9DW� G\HV� ZHUH� DOVR� XVHG� WR�
YHULI\� WKDW�� WKH� ODWH[� KDG� WKH� DELOLWLHV� WR� UHVLVW�
WKH�G\HV�XVHG�� 

3UHOLPLQDU\� SUHSDUDWLRQV� IRU� WKH� UHVLVW�
SULQWLQJ�� 
,QLWLDO�H[SHULPHQWV�ZHUH�FRQGXFWHG�RQ�WKH�QDWX�
UDO�UXEEHU�ODWH[�WR�DVFHUWDLQ�LWV�HIIHFWLYHQHVV�WR�
DFFRPPRGDWH�G\HLQJ�DQG�WR�DGKHUH�ILUPO\�RQWR�
WKH� SULQWHG� IDEULF� GXULQJ� DQG� DIWHU� WKH� UHVLVW�
SULQWLQJ�SURFHVV��7KLV�ZDV�H[WUHPHO\�LPSRUWDQW�
DV�QRWLFHG��WKDW�WKH�FKDUDFWHU�RI�WKH�QDWXUDO�UXE�
EHU� ODWH[�ZKHQ� XVHG� UDZ�GLG� QRW� DGKHUH� HIIHF�
WLYHO\�RQWR�WKH�IDEULF�EHFDXVH�RI�LWV�FRDJXODWLRQ�
VWDWH�� 7R� DYHUW� WKLV� FRDJXODWLRQ� VWDWH� DQG� SUR�
ORQJ� LWV� DGKHVLYH� OLTXLG� VWDWH�� DPPRQLD� DQG�
SRO\YLQ\O� DFHWDWH� ZHUH� DGGHG� WR� LQFUHDVH� WKH�
VWLFNLQHVV� DQG�YLVFRXV� FRQVLVWHQF\�RI� WKH� ODWH[�
LQ� RUGHU� WR� KROG�ZHOO� LQWR� WKH� IDEULF� GXULQJ� LWV�
DSSOLFDWLRQ�DV�D�UHVLVW��6FUHHQV�GHYHORSHG�ZHUH�
UHLQIRUFHG�ZLWK�ODFTXHU�RQ�WKH�LQQHU�SDUW�RI�WKH�
VFUHHQ�� 7KLV� SURYHG� KLJKO\� VXFFHVVIXO� XSRQ�
SULQWLQJ�� 7R� FRPPHQFH� ZLWK� WKH� SURMHFW�� WKH�
ZRRGHQ�VWDPSV�DQG� WKH� WMDQWLQJ�PDGH�RXW�RI�D�
FDNH�RI�IRDP�ZHUH�DOVR�SUHSDUHG��,Q�WKLV�UHJDUG��
WKUHH� SULQWLQJ� SURFHGXUHV� FRQVLVWLQJ� RI�
�([SHULPHQW� ,��� WKH� VWDPS� SULQWV� DQG� WKH�
WMDQWLQJ� SULQWV�� �([SHULPHQW� ,,�� WKH� XVH� RI�
VFUHHQ� SULQWV� � DQG� �([SHULPHQW� ,,,�� WKH� XVH� RI�
EORFNHG� IRDP� SULQWV� ZDV� HPSOR\HG� RQ� WKUHH�
VHSDUDWH� IDEULFV� WR� DFKLHYH� D� FRORXUIXO� EDWLN�
SULQW�GHVLJQ� 
 
)DEULF�PDWHULDO�� 
7KH�VHWV�RI�PHUFHUL]HG�ZKLWH�FRWWRQ�IDEULFV�IRU�
DOO� WKH� SULQWHG� H[SHULPHQWV� DQG� WKH� VFUHHQHG�
SULQW�ZHUH�XVHG�DV�WKH�VXEVWUDWH�IRU�G\HLQJ�DQG�
SULQWLQJ�� 7KH� JHRPHWULFDO� SURSHUWLHV� RI� WKH�
ZKLWH�FRWWRQ�IDEULFV�DUH�JLYHQ�LQ�7DEOH���� 
 
'\HV�DQG�FKHPLFDOV� 
7KH�IROORZLQJ�FKHPLFDOV�DQG�G\HV�ZHUH�XVHG�WR�
IRUPXODWH� WKH� QDWXUDO� UXEEHU� ODWH[� UHVLVW� SULQW�
SDVWH�IRU�WKH�PDLQ�SURMHFW�RQ�WKH���PHWUHV�PHU�
FHUL]HG� FRWWRQ� IDEULFV�� 7KH� GHWDLOV� RI� WKH� G\HV�
DQG� WKH�FKHPLFDOV�XVHG� IRU���PHWUHV� IDEULF�DUH�
JLYHQ�LQ�7DEOH���� 
 
([SHULPHQW�RQH 
7KH�QDWXUDO� UXEEHU� ODWH[�ZDV�DSSOLHG�XVLQJ� WKH�
ZRRGHQ� VWDPS� DQG� WKH� WMDQWLQJ� WHFKQLTXH��
:LWKLQ�WKLV�H[SHULPHQW��D�VDPSOH�RI�PHUFHUL]HG�
FRWWRQ� IDEULF�PHDVXULQJ� ��´� [� ��´� LQFKHV� ZDV�
VWUHWFKHG� DQG� WXJJHG�RQ� WKH�ZRUNLQJ� WDEOH�EH�
IRUH� WKH� ODWH[� DSSOLFDWLRQ��$� SUHSDUHG�$GLQNUD�
ZRRGHQ� GHVLJQHG� VWDPS� ZDV� GLSSHG� LQWR� WKH� 
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��� $VPDK�HW�DO� 

 

7DEOH����*HRPHWULF�SDUDPHWHUV�RI������PHUFHUL]HG�FRWWRQ�IDEULF� 

 )DEULF  
(QGV�F�P 

 
3LFNV�FP 

 
*0���P� 

 
:DUS�&RXQW��1H� 

 
:HIW�&RXQW��1H� 

���� 
0HUFHUL]HG�FRWWRQ �� �� ��� �� �� 

7DEOH����)XQFWLRQV��TXDQWLWLHV�RI�G\HV�DQG�FKHPLFDOV�XVHG�LQ�WKH�QDWXUDO�UXEEHU�ODWH[�UHVLVW�
SULQW�SDVWH�DQG�IRU�G\HLQJ�DQG�GH-ODWH[�RSHUDWLRQV�� 

�&RXUWHV\�,QWHUQDWLRQDO�6\VWHP�RI�8QLWV� 

'\H�DQG�&KHPLFDOV 4XDQWLW\ )XQFWLRQV 

2UDQJH����WDEOHVSRRQ�RI�UHG�YDW�G\H����
WDEOHVSRRQV�RI�RUDQJH�YDW�G\H��YDW�G\H 

���JUDPV '\HLQJ 

0DULQH�EOXH�YDW�G\H ���JUDPV '\HLQJ 

5HG� ���JUDPV '\HLQJ 
<HOORZ ���JUDPV '\HLQJ 

*UHHQ ���JUDPV '\HLQJ 
2UDQJH�YDW�G\H ���JUDPV '\HLQJ 

9LROHW�YDW�G\H ���JUDPV '\HLQJ 
6RGLXP�K\GURVXOILGH ���JUDPV 5HGXFLQJ�DJHQWV 

6RGLXP�K\GUR[LGH ���JUDPV 5HGXFLQJ�DJHQWV 

1DWXUDO�UXEEHU�ODWH[ ����JUDPV 0DLQ�5HVLVW�$JHQW 
&ROG�ZDWHU�����&� ��OLWUHV 6ROYHQW�IRU�PL[LQJ�G\HLQJ 
3RO\YLQ\O�FKORULGH��39&� ����PLOOLOLWUHV 7KLFNHQHU 

$PPRQLD�VROXWLRQ ����PLOOLOLWUHV 6WDELOL]LQJ�DJHQW��$QWL-&RDJXODWLQJ�DJHQW� 
7XUSHQWLQH �����PLOOLOLWUHV���ò�OLWUHV� 6ROYHQW�IRU�GH-ODWH[ 

PLON\�QDWXUDO�UXEEHU�ODWH[�DQG�WUDQVIHUUHG�RQWR�
WKH�IDEULF��)LJ�����DQG�WKHQ�DOORZHG�WR�GU\�� 
 
7KH�YDW� G\H� UHFLSH�XVHG�ZDV� �� WDEOHVSRRQV�RI�
JUHHQ� G\H�� �� WDEOHVSRRQ� RI� VRGLXP� K\GUR[LGH�
�FDXVWLF�VRGD��DQG��� WDEOHVSRRQ�RI�VRGLXP�K\�
GURVXOILGH��K\GURXV��PL[HG�LQ�D�ERZO�RI����PO� 
KRW� ZDWHU� DQG� VWLUUHG� WKRURXJKO\�� 7KH� G\HG�
FRORXU�VROXWLRQ�ZDV�WKHQ�SRXUHG�LQWR�D�G\H�EDWK�
ZKLFK� ZDV� ILOOHG� ZLWK� ����PO� RI� ZDWHU� DQG� 

VWLUUHG��7KH�VWDPSHG�IDEULF�ZDV�LPPHUVHG�LQWR�
WKH�G\H�VROXWLRQ�IRU���PLQXWHV��UHPRYHG��GULHG�
WR� DOORZ� IRU� �� PLQXWHV� R[LGDWLRQ� DV� VKRZQ� LQ�
)LJ�����7KH�GULHG�IDEULF�ZDV�WKHQ�SODFHG�RQ�WKH�
ZRUNLQJ� WDEOH� DJDLQ�� WKLV� WLPH� WKH� LPSURYLVHG�
WMDQWLQJ�WRRO�PDGH�IURP�IRDP��ZDV�GLSSHG�LQWR�
WKH�ODWH[�DQG�DSSOLHG�RQ�WKH�DOORWWHG�UHVLVW�DUHDV�
RI�WKH�IDEULF�DV�VKRZQ�LQ�)LJ���� 
 
7KH�VDPH�SURFHGXUH�XVHG�LQ�SUHSDULQJ�WKH�ILUVW� 
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1DWXUDO�UXEEHU�ODWH[�DV�D�UHVLVW�PHGLXP�IRU�EDWLN�SURGXFWLRQ��� ��� 

 

 

)LJ�� ��� 6WDPSHG� IDEULF� ZLWK� WKH� 1DWXUDO�
UXEEHU�ODWH[ 
 

)LJ�����'U\LQJ�RI�WKH�G\HG�IDEULF 

)LJ�����$SSOLFDWLRQ�RI�WKH�1DWXUDO�UXEEHU�
ODWH[� RQ� WKH� IDEULF� ZLWK� DQ� LPSURYLVHG�
WRRO 

)LJ�����7KH�ILQLVKHG�ZRUN 
 

G\H�VROXWLRQ�EXW�WKLV�WLPH��XVLQJ�WKH�YLROHW�FRO�
RXU�G\H��7KH� IDEULF�ZDV� LPPHUVHG� LQ� WKH�G\H�
EDWK�IRU���PLQXWHV��UHPRYHG�DQG�GULHG�IRU�R[L�
GDWLRQ� DV� EHIRUH�� $IWHU� R[LGDWLRQ�� WKH� UXEEHU�
ODWH[� ZDV� UHPRYHG� IURP� WKH� IDEULF�� KRZHYHU��
XQOLNH�WKH�ZD[�PHWKRG��ZKHUH�KRW�ZDWHU�RU�KRW� 

SUHVVLQJ� LURQ� LV� XVHG� WR� UHPRYH� WKH� ZD[� IURP�
WKH� IDEULF�� ����� PLOOLOLWUHV� RI� WXUSHQWLQH� ZDV�
SRXUHG� LQWR� D� ERZO� DQG� WKH� UHVLVW� IDEULF�� LP�
PHUVHG�� VWLUUHG� DQG� JHQWO\� SUHVVHG� XQWLO� DOO� RI�
WKH� IDEULF�ZDV� VXEPHUJHG��7KH� IDEULF�ZDV� OHIW�
LQ� WKH� WXUSHQWLQH� VROXWLRQ� IRU� ��� PLQXWHV�� 
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$VPDK�HW�DO� ��� 

VWLUUHG�DJDLQ� DQG� OLIWHG� XS� WR� DOORZ� WKH� GLV�
VROYHG�UXEEHU� ODWH[� WR�GHWDFK� LWVHOI�RU� IORZ�RXW�
IURP�WKH�IDEULF�RU�VXVSHQG�RQ�WKH�VXUIDFH�RI�WKH�
WXUSHQWLQH� VROXWLRQ�� 7KH� GH-ODWH[� IDEULF� ZDV�
WKHQ�ZDVKHG� WKRURXJKO\�ZLWK�FROG�VRDS\�ZDWHU�
WR�UHPRYH�WKH�H[FHVV�ODWH[�RQ�WKH�IDEULF��,W�ZDV�
WKHQ�ULQVHG�WKRURXJKO\�LQ�FOHDQ�ZDWHU�DQG�GULHG�
�)LJ����� 
 
([SHULPHQW�WZR 
,Q� WKLV� H[SHULPHQW�� ZRRGHQ� VWDPS� DQG� VFUHHQ�
SULQWLQJ� DSSOLFDWLRQ� WHFKQLTXH� ZHUH� XVHG�� )RU�
WKH� UHVLVW� SDVWH�� ��� PLOOLOLWUHV� RI� FRQFHQWUDWHG�
DPPRQLD�VROXWLRQ�ZHUH�SRXUHG�LQWR�D�ERZO�DQG�
D� ���� PLOOLOLWUHV� IUHVKO\� WDSSHG� QDWXUDO� UXEEHU�
ODWH[�DGGHG� WR� WKH�DPPRQLD�VROXWLRQ�DV� LQ�)LJ�� 
�� 
 
7KH�DPPRQLD�VROXWLRQ�KHOSHG�WR�SUHYHQW�FRDJX�
ODWLRQ� RI� WKH� QDWXUDO� UXEEHU� ODWH[�� /DWHU�� ���� 
0LOOLOLWUHV�RI�SRO\�YLQ\O�DFHWDWH�ZHUH�DOVR�DGGHG�
DQG�PL[HG�WKRURXJKO\�WR�SUHVHUYH�DQG�LQFUHDVH�
WKH� DGKHVLRQ� RI� WKH� QDWXUDO� UXEEHU� ODWH[�� DV�
VKRZQ� LQ�)LJ�� �� WR� DWWDLQ� D� SDVW\� YLVFRVLW\�EH�
IRUH� LWV� DSSOLFDWLRQ� RQWR� WKH� IDEULF� �)LJ�� ���� 

 
 

 

)LJ�����0L[WXUH�RI�QDWXUDO�
ODWH[� UXEEHU� ZLWK� DPPR�
QLD 
 

)LJ�����3RO\�YLQ\O�DFHWDWH�DGGHG�
WR� WKH� PL[WXUH� RI� 1DWXUDO� UXE�
EHU�ODWH[�DQG�DPPRQLD�VROXWLRQ 
 

)LJ�����$SSO\LQJ�WKH�ODWH[�
SDVWH�RQWR�WKH�IDEULF 
 

$Q� $GLQNUD� ZRRGHQ� GHVLJQHG� VWDPS� ZDV�
GLSSHG� LQWR� WKH� ODWH[� SDVWH�� DQG� WKHQ� XVHG� WR�
VWDPS�WKH�IDEULF�PHDVXULQJ���´�[���´�PHWUHV�LQ�
VL]H� ODLG� RQ� WKH� ZRUNLQJ� WDEOH� DQG� DOORZHG� WR�
GU\�XQGHU�D�VKDGH��7KH�YDW�G\H�UHFLSH�DQG�SUR�
FHGXUH�XVHG�LQ�H[SHULPHQW���WR�SUHSDUH�WKH�G\H�
VROXWLRQ� DQG� G\H� EDWK� ZDV� UHSHDWHG�� EXW� WKLV�
WLPH�� KDOI� D� WDEOHVSRRQ� RI� HDFK� FKHPLFDO� ZDV�
XVHG� GXH� WR� WKH� VL]H� RI� WKH� IDEULF�� 7KH� GULHG�
IDEULF�ZDV�WKHQ�LPPHUVHG�LQ�WKH�G\H�EDWK��)LJ��
���IRU���PLQXWHV�DQG�DIWHU��UHPRYHG�IRU�R[LGL]D�
WLRQ�DQG�DOORZHG�WR�GU\��)LJ������ 
 
,Q�XVLQJ�WKH�VFUHHQ�WR�WUDQVIHU�WKH�SDVWH�RQWR�WKH�
IDEULF�� WKH� HQGV� RI� WKH� ILUVW� G\HG� IDEULF� ZHUH�
VHFXUHO\� VWDSOHG�RQWR� WKH�ZRUNLQJ� WDEOH�� DQG� D�
SUHSDUHG� WH[WXUHG�VFUHHQ�GHVLJQ�ZDV�SODFHG�RQ�
WKH� IDEULF��$� VPDOO� TXDQWLW\� RI� WKH� ODWH[� SDVWH�
ZDV�SRXUHG�LQWR�WKH�UHVHUYRLU�DW�RQH�HQG�RI�WKH�
VFUHHQ�� DQG� ZLWK� WKH� KHOS� RI� D� VTXHHJHH�� WKH�
SDVWH��JHQWO\�DQG�VSDULQJO\�VSUHDG�ZLWK�DQ�HYHQ�
SUHVVXUH�IRU�SURSHU�UHJLVWUDWLRQ�RYHU�WKH�GHVLJQ�
FUHDWHG� E\� WKH� ILUVW� FRORXU� SULQW� RQ� WKH� IDEULF�
�)LJ������ 
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1DWXUDO�UXEEHU�ODWH[�DV�D�UHVLVW�PHGLXP�IRU�EDWLN�SURGXFWLRQ��� ��� 

 

)LJ������7KH�UHVLVWHG� IDE�
ULF� LPPHUVHG� LQWR� WKH�
G\HEDWK�EDWK 
 

)LJ�� ���� 7KH� UHVXOWDQW� HIIHFW�
DIWHU� WKH� G\HG� IDEULF�� KDG�
EHHQ� R[LGL]HG�� GULHG� DQG�
ZDVKHG 
 

)LJ�� ���6SUHDGLQJ� WKH� ODWH[�
SDVWH�RQWR�WKH�IDEULF�ZLWK�D�
VTXHHJHH����������������� 
 

 

)LJ�� ���� )DEULF� LP�
PHUVHG� LQWR� WKH�
G\HEDWK�������������������������� 
 

)LJ�� ���� 2[LGL]LQJ� RI�
WKH�G\HG�IDEULF 
 

)LJ������'U\LQJ�WKH�GH-ODWH[�IDEULF 
 

$IWHU� SULQWLQJ�� WKH� VFUHHQ� ZDV� FDUHIXOO\� UH�
PRYHG� IURP�WKH�SULQWHG� IDEULF��DQG� OHIW� WR�GU\��
7KH� ODVW� FRORXU� EHLQJ� WKH� YLROHW� G\H� VROXWLRQ�
�)LJ�� ���� ZDV� SUHSDUHG� XVLQJ� WKH� VDPH� UHFLSH�
SUHSDUHG�DV�WKH�G\H�VROXWLRQ�RI�WKH�ILUVW�H[SHUL�
PHQW��7KH�UHVLVWHG�IDEULF�ZDV�WKHQ�LPPHUVHG�LQ�
WKH�G\H�EDWK�IRU�ILYH�PLQXWHV��WKHQ�UHPRYHG�DQG�
GULHG�IRU�R[LGDWLRQ��)LJ�������7KH�UHVLVWHG�G\HG�
IDEULF� ZDV� GH-ODWH[� E\� SRXULQJ� ���� PLOOLOLWUHV� 

RI� WXUSHQWLQH� LQWR� D� ERZO� DQG� WKH� IDEULF�� LP�
PHUVHG� LQWR� WKH� WXUSHQWLQH� IRU� ��� PLQXWHV��
ZLWKLQ� WKLV� SHULRG� WKH� IDEULF� ZDV� VWLUUHG� DQG�
OLIWHG�XS�WR�DOORZ�WKH�GLVVROYHG�UXEEHU�ODWH[�WR�
GHWDFK� LWVHOI� RU� IORZ� RXW� IURP� WKH� IDEULF� DQG�
VXVSHQG� RQ� WKH� VXUIDFH� RI� WKH� WXUSHQWLQH� VROX�
WLRQ��7KH�GH-ODWH[�IDEULF�ZDV�WKHQ�ZDVKHG�WKRU�
RXJKO\��LQ�D�FROG�VRDS\�ZDWHU��ULQVHG�DQG�GULHG�
DV�LQ�)LJ���� 
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([SHULPHQW�WKUHH 
7KH�VDPH�QDWXUDO�UXEEHU�ODWH[�SDVWH�FRQVLVWHQF\�
XVHG�HDUOLHU�IRU�WKH�VHFRQG�H[SHULPHQW�ZDV�XVHG�
IRU�WKH�WKLUG�H[SHULPHQW��7KH�IDEULF�VL]H�RI���´�
[���´�LQFKHV�ZDV�ODLG�RQ�WKH�ZRUNLQJ�WDEOH�DQG�
D� SUHSDUHG� FXW� RXW� IRDP� GHVLJQHG� VWDPS� ZDV�
GLSSHG� LQWR� WKH� SDVWH�� DQG� WUDQVIHUUHG� RQWR� WKH�
IDEULF� �)LJ�� ����� 7KH� UHVLVWHG� IDEULF� ZDV� WKHQ�
DOORZHG�WR�GU\��)LJ������ 
 
7KH�OHXFR�FRPSRXQG�RI�\HOORZ�G\H�KDG�D�UHFL�
SH� RI�� ò� WDEOHVSRRQ� RI� \HOORZ� G\H�� ò� WDEOH�
VSRRQ� RI� VRGLXP� K\GUR[LGH� �FDXVWLF� VRGD�� DQG�
ò� WDEOHVSRRQ� RI� VRGLXP� K\GURVXOILGH� PL[WXUH�
DQG� WUDQVIHUUHG� RQWR� D� ELJJHU� ERZO� FRQWDLQLQJ�
ZDUP�ZDWHU� DV� VKRZQ� LQ�)LJ�� ���� 7KH� UHVLVWHG�
IDEULF�ZDV� WKHQ�LPPHUVHG� LQ� WKH�G\H�EDWK��)LJ��
����IRU���PLQXWHV��UHPRYHG�DQG�GULHG�DV�VKRZQ�
LQ�)LJ����� 
 
7KH�UHVLVWHG�G\HG�IDEULF�ZDV�GH-ODWH[�E\�SRXU�
LQJ�����PLOOLOLWUHV�RI�WXUSHQWLQH�RQWR�WKH�IDEULF�
LQ�D�SODVWLF�ERZO���)LJ������DQG�WKH�IDEULF��OHIW�LQ�
WKH� SODVWLF� ERZO� FRQWDLQLQJ� WKH� WXUSHQWLQH� IRU�
��� PLQXWHV� �)LJ�� ����� $IWHU� ZKLFK� WKH� IDEULF�
ZDV� VWLUUHG��ZLWKLQ� WKH� WXUSHQWLQH� WR� HQDEOH� DOO� 

$VPDK�HW�DO� ��� 

WKH�SDUWV�RI�WKH�G\HG�IDEULF�GLVVRFLDWH�IURP�WKH�
ODWH[� SDVWH� �)LJ�� ����� 7KH� GH-ODWH[� IDEULF� ZDV�
WKHQ�ZDVKHG�WKRURXJKO\��LQ�D�FROG�VRDS\�ZDWHU��
ULQVHG�DQG�GULHG�DV�VKRZQ�LQ�)LJ����� 
 
'HVLJQ�RI�WKH�PDLQ�SURMHFW 
+DYHQ�VXFFHVVIXOO\�FRPSOHWHG�WKH�DERYH�H[SHU�
LPHQWV�� WKH� UHVHDUFKHUV� SURFHHGHG� WR� DGGUHVV�
WKH�SRVVLELOLW\�RI�XVLQJ�LW�LQ�FRPPHUFLDO�TXDQWL�
W\� IRU� WKH� PDLQ� SURMHFW� RI� SURGXFLQJ� �� PHWUHV�
EDWLN� IDEULF� XVLQJ� WKH� QDWXUDO� ODWH[�� 7KLV� LQ�
YROYHG� WKH� DFWXDOL]DWLRQ� RI� WKH� GHVLJQ� FRQFHSW�
IRU� WKH� EDWLN�FORWKHV� WR� EH� SURGXFHG�� 3HU� WKH�
H[SHULPHQW�� G\H� UHFLSHV� ZHUH� IRUPXODWHG�� IDE�
ULFV�ZHUH�SUHSDUHG�� DQG� D� VHULHV� RI� WH[WLOHV� GH�
VLJQLQJ�VWDJHV�VXFK�DV�PRWLI�GHYHORSPHQW�� OD\�
RXW��DUUDQJHPHQW�DQG�FRORXULQJ�ZHUH�PDGH�XV�
LQJ� JHRPHWULF� VKDSHV� GHULYHG� IURP� HLWKHU� WKH�
$GLQNUD� V\PEROV� RU� IURP� QDWXUH�� 7KH� UHVLVW�
UXEEHU� ODWH[� SDVWH� ZHUH�IRUPXODWHG�� G\HEDWKV�
SUHSDUHG� DQG� WKH� SURFHGXUH� IRU� SULQWLQJ� YLD�
GHVLJQHG�IRDP�DQG�ZRRGHQ�VWDPS�EORFN��VFUHHQ�
SULQWLQJ��DV�LQ�)LJV���������DQG�����DQG�G\HLQJ�
WKURXJK�WDEOH�G\HLQJ�DQG�G\HLQJ�E\� LPPHUVLRQ�
ZHUH�DOO�SODQQHG�EHIRUH� WKH�FRPPHQFHPHQW�RI�
WKH�HQWLUH�EDWLN�SURGXFWLRQ� 

 

)LJ�� ���� $SSO\LQJ� WKH�
SDVWH� RQWR� WKH� IDEULF�
XVLQJ�D�IRDP�VWDPS 
 

)LJ�� ���� 'U\LQJ� WKH�
UHVLVW�IDEULF 
 

)LJ�� ���� 3UHSDUHG� OHXFR�
FRPSRXQG�RI�\HOORZ�G\H� 
 



-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\����.1867��$XJXVW����� 

 

 

1DWXUDO�UXEEHU�ODWH[�DV�D�UHVLVW�PHGLXP�IRU�EDWLN�SURGXFWLRQ��� ��� 

 

 

)LJ������'\HLQJ�WKH�UHVLVWHG�IDEULF 
 

)LJ������'U\LQJ�WKH�G\HG�IDEULF 
 

)LJ�� ���� 7XUSHQWLQH� EHLQJ�
SRXUHG�RQWR�WKH�IDEULF 
 

)LJ�� ���� 5HPRYLQJ� WKH�
ODWH[�IURP�WKH�IDEULF��������������������������� 
 

)LJ������'H-ODWH[�IDEULF 
 

:LWK� WKH� 3KRWRVKRS� VRIWZDUH�� PRWLI� DUUDQJH�
PHQWV�LQ�D�UHSHWLWLYH�SDWWHUQ�ZHUH�PDGH�WR�FUH�
DWH�DQ�RUGHUO\�GHVLJQ�DUUDQJHPHQW��7KH�FRORXUV�
ZHUH� FDUHIXOO\� FKRVHQ� WR� KHOS� SUHGLFW� WKH� VH�
TXHQFH�RI� WKH�G\HLQJ�SURFHVV�DQG�KRZ�WKH�HQG�
SURGXFW�ZRXOG�EH��7KH�LOOXVWUDWLRQV�EHORZ�DWWHVW�
WR�WKH�ODLG�RXW�GHVLJQ�SODQ�XWLOL]HG��)LJV���������
DQG����� 

$Q� DPRXQW� RI� ���� PLOOLOLWUHV� RI� FRQFHQWUDWHG�
DPPRQLD�VROXWLRQ�ZDV�SRXUHG�LQWR�D�ERZO��DQG�
�� OLWUHV� RI� IUHVKO\� WDSSHG� QDWXUDO� UXEEHU� ODWH[�
DGGHG��7KH�DPPRQLD�ZDV�DGGHG�WR�SUHYHQW�FR�
DJXODWLRQ�RI�WKH�QDWXUDO�UXEEHU�ODWH[������PLOOL�
OLWUHV� RI� SRO\� YLQ\O� DFHWDWH� ZDV� DGGHG� WR� SUH�
VHUYH� WKH� QDWXUDO� UXEEHU� ODWH[� DV� ZHOO� DV� WR�
WKLFNHQ�WKH�PL[WXUH��7KLV�ZDV�VWLUUHG�WKRURXJK- 
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$VPDK�HW�DO� ��� 

 

)LJ�� ���� $� GHYHORSHG�
ODFTXHUHG�VLON�VFUHHQ��������������������������� 
 

)LJ�� ���� :RRGHQ� VWDPS�
PDGH�RXW�RI�SO\ZRRG�DQG�
VROLG�ZRRG��������������������������� 
 

)LJ�� ���� $� FXW-RXW� 
GHVLJQHG�IRDP�EORFN��������������������������� 
 

 

)LJ������/DLG�RXW� 
GHVLJQ�SDWWHUQ�������� 

)LJ������/DLG�RXW�GHVLJQ�
SDWWHUQ�������� 

)LJ������/DLG�RXW� 
GHVLJQ�SDWWHUQ�������� 

O\�WR�DWWDLQ�WKH�GHVLUHG�SDVWH�FRQVLVWHQF\�QHHG�
HG��)LJ�������$OO� WKH�SUHSDUDWLRQV�DQG�ZHOO�KR�
PRJHQL]HG� ODWH[� SULQWLQJ� SDVWHV� ZHUH� DSSOLHG�
WR�WKH�IDEULFV�ZLWKLQ����PLQXWHV�RI�SUHSDUDWLRQ�
�)LJV�����DQG����� 
 
,Q� DOO� WKH� WKUHH� SURFHGXUDO� FDWHJRULHV�� QDPHO\�
VFUHHQ� SULQWLQJ�� ZRRG� VWDPSLQJ�� DQG� IRDP�
EORFN�SULQWV����PHWUHV�IDEULF�HDFK�ZHUH�XVHG�� 

:LWK�WKH�H[FHSWLRQ�RI�WKH�VFUHHQ�SULQWLQJ�IDEULF��
WKH�RWKHU�WZR�FDWHJRULHV�KDG�WKHLU�IDEULFV��G\HG�
ZLWK�D�ILUVW�FRORXU�G\H��7KH�EDFNJURXQG�G\H�IRU�
WKH� ILUVW� SURMHFW� KDG� D� G\H�PL[WXUH� RI� �� WDEOH�
VSRRQ� RI� UHG� YDW� G\H� DQG� �� WDEOHVSRRQV� RI� RU�
DQJH�YDW�G\H��7KH� WKLUG�EDFNJURXQG� IDEULF�G\H�
KDG� D� G\H�PL[WXUH� RI� �� WDEOHVSRRQV� RI� RUDQJH�
YDW� G\H�� $OO� WKH� G\HLQJ¶V� XVHG� LQ� WKLV� SURMHFW�
KDG� D� YDW� G\H� UHFLSH� E\� �� WDEOHVSRRQV� RI� G\H�� 
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1DWXUDO�UXEEHU�ODWH[�DV�D�UHVLVW�PHGLXP�IRU�EDWLN�SURGXFWLRQ��� ��� 

 

)LJ�� ���� 'HVLUHG� SDVWH�
FRQVLVWHQF\ 

)LJ�� ���� 3DVWH�� VFUHHQHG� RQWR�
WKH�IDEULF 

)LJ������3DVWH��VWDPSHG�RQWR�
WKH�G\HG�IDEULF 

�� WDEOHVSRRQV� RI� 6RGLXP� K\GURVXOILGH� DQG� ��
WDEOHVSRRQV�RI�VRGLXP�K\GUR[LGH��7KHVH�UHFLSH�
FRPSRQHQWV�ZHUH�PL[HG�E\�ILUVW�GLVVROYLQJ�WKH�
G\H� DQG� K\GURXV� LQ� ZDUP� ZDWHU� WR� SUHYHQW�
OXPS�IRUPDWLRQ�DQG�WKH�FDXVWLF�VRGD��GLVVROYHG�
LQ�FROG�ZDWHU�GXH�WR�LWV�YRODWLOH�QDWXUH�ZKHQ�LW�
FRPHV�LQWR�FRQWDFW�ZLWK�ZDUP�ZDWHU�� 
 
$OO�WKH�WKUHH�FRPSRQHQWV�ZHUH�PL[HG�WRJHWKHU�
DQG�VWLUUHG�EHIRUH�WKH�G\HLQJ�RSHUDWLRQV��,Q�DOO�
FDVHV�� ��� PLQXWHV� ZHUH� JLYHQ� WR� HDFK� G\HLQJ�
SURFHVV�� ,Q� HDFK� FDVH�� WKH� G\H� VROXWLRQ� ZDV�
SRXUHG� LQWR� D� KDOI� IXOO� ERZO� ����� OLWUHV�� ILOOHG�
ZLWK� FROG�ZDWHU� DQG� WKH� UHVLVWHG� IDEULF� IROGHG�
LQWR�WZR�DQG�LPPHUVHG�LQ�WKH�G\H�EDWK��:LWKLQ�
WKH����PLQXWHV�� WKH�IDEULF�XQGHUZHQW�D�VWLUULQJ�
PRYHPHQW�RI�ILJXUH���PRWLRQ�WKDW�LV�FORFNZLVH�
DQG�DQWL-FORFN�ZLVH�WR�HQVXUH�DQ�HYHQ�IORZ�DQG�
HYHQ� SHQHWUDWLRQ� RI� G\H� WKURXJKRXW� WKH� IDEULF�
G\HLQJ� SURFHVV�� 7KH� G\HG� IDEULF� ZDV� WKHQ� UH�
PRYHG�IURP�WKH�G\H�EDWK�DQG�GULHG�WR�DOORZ�WKH�
G\H�WR�R[LGL]H�� 
 
7KH�GULHG��G\HG�IDEULF�ZDV�UHPRYHG�DQG�SODFHG�
LQ� D� ERZO� FRQWDLQLQJ� ZDWHU�� 7KH� IDEULF� ZDV�
ZDVKHG� WR� UHPRYH�H[FHVV�G\H�DQG�DIWHU�ZDVK�
LQJ���ò�OLWUHV�RI�WXUSHQWLQH�ZHUH�SRXUHG�RQ�WKH�
IDEULF� DQG� OHIW� LQ� WKH� WXUSHQWLQH� IRU� ���
PLQXWHV�WR�GH-ODWH[�WKH�IDEULF��:LWKLQ�WKLV�WLPH�� 

WKH�IDEULF�LV�VWLUUHG�LQ�WKH�WXUSHQWLQH��WR�JHW�ULG�
RI� DOO� WKH� ODWH[� SULQWV� RQ� WKH� IDEULF�� $� NQLIH��
VFUDSHU�ZDV�XVHG� WR� UHPRYH� WKH� UHPDLQLQJ�H[�
FHVV�ODWH[�IURP�WKH�VXUIDFH�RI�WKH�IDEULF�EHIRUH�
WKRURXJK� ZDVKLQJ� ZDV� GRQH� ZLWK� ZDWHU�� 7KH�
IDEULF� LV� ZDVKHG� DJDLQ� LQ� VRDS\� ZDWHU� WR� UH�
PRYH� WKH� VFHQW� RI� WKH� WXUSHQWLQH�� WKHQ� ILQDOO\�
ULQVHG�DQG�GULHG��%HORZ�DUH�WKH�ILQLVKHG�ZRUNV�
RI�WKH�WKUHH�SURMHFWV��)LJV���������DQG����� 
 
5(68/76�$1'�',6&866,216 
7KH�UDZ�QDWXUDO�UXEEHU�ODWH[�FRDJXODWHV�ZLWKLQ�
VRPH�PLQXWHV�ZKHQ�H[SRVHG�WR�DLU��7KXV�PDGH�
WKH� VWDPSLQJ�RI� WKH� ILUVW� H[SHULPHQW� D� ELW�RI� D�
FKDOOHQJH�� ,W� ZDV� DOVR� GLIILFXOW� IRU� WKH� LPSUR�
YLVHG�WMDQWLQJ�WRRO�WR�DEVRUE�WKH�ODWH[�VLQFH�WKH�
ODWH[�FRDJXODWHG�DURXQG�WKH�WLS�RI�WKH�WRRO��FUH�
DWLQJ�D�EDOO�HGJH��WKHUHE\�PDNLQJ�LW�GLIILFXOW�WR�
GUDZ� WKLQ� OLQHV��:LWK� WKH� VWDPS�� WKH� HGJHV� RI�
WKH�GHVLJQ�ZHUH�EOHHGLQJ�EHFDXVH�WKH�ODWH[�FR�
DJXODWLQJ�RQ� WKH�VXUIDFH��GLG�QRW�DOORZ�WKH�GH�
VLJQ� WR� UHJLVWHU�ZHOO� RQ� WKH� IDEULF��'XH� WR� WKH�
FRDJXODWLQJ� FKDUDFWHULVWLF� RI� WKH� ODWH[�� GHHS�
SHQHWUDWLRQ� LQWR� WKH� IDEULF�ZDV�QRW� SRVVLEOH� DV�
H[SHFWHG�� ,W� ZDV� DOVR� UHDOL]HG� WKDW�� WKH� ODWH[�
ZDV� QRW� WKLFN� HQRXJK� WR� KROG� RQWR� WKH� VWDPS�
UHVXOWLQJ�LQ�WKH�EOHHGLQJ�RI�WKH�ODWH[�� 
 
7KH�VHFRQG�DQG� WKLUG�H[SHULPHQWV� VDZ� WKH�DG- 
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GLWLRQ� RI� DPPRQLD� VROXWLRQ� WR� WKH� IUHVKO\�
WDSSHG�ODWH[��ZKLFK�KHOSHG�WR�SUHYHQW�WKH�ODWH[�
IURP�FRDJXODWLQJ�IRU�D�WLPH�VSDQ�RI�RQH�PRQWK�
�1L\RJL�� �������)URP� WKH� ODVW� H[SHULPHQW� FRQ�
GXFWHG��LW�ZDV�UHDOL]HG�WKDW��WKH�SRO\�YLQ\O�DFH�
WDWH�ZKLFK�ZDV�DGGHG�WR�WKH�ODWH[�LQFUHDVHG�WKH�
YLVFRVLW\�RI�WKH�ODWH[�WR�IRUP�WKH�GHVLUHG�SDVWH��
WKLV� KHOSHG� WR� SUHYHQW� WKH� ODWH[� IURP� EOHHGLQJ�
ZKHQ�DSSOLHG�WR�WKH�IDEULF��,W�ZDV�UHDOL]HG�WKDW��
WKH�IRDP�VWDPS�XVHG�IRU�DSSO\LQJ�WKH�ODWH[�RQWR�
WKH� IDEULF� ZDV� DEOH� WR� DEVRUE� WKH� UHVLVW� SDVWH��
ZKLFK� JDYH� HDVH� WR� VWDPSLQJ� DQG� DYRLGHG�
EOHHGLQJ� RII� H[FHVV� SDVWH�� )URP� REVHUYDWLRQV��
WKH�SDWWHUQV�RI�H[SHULPHQW���DQG���KDG�D�VKDUS�
HGJH� DSSHDUDQFH� DQG� GLG� QRW� FUHDWH� DQ\� FUDFN�
HIIHFW�DV�LQ�WKH�FDVH�RI�ZD[�UHVLVW��DIWHU� WKH�UH�
PRYDO� RI� WKH� SDVWH�� /DVWO\�� LW� ZDV� HDVLHU� DQG�
IDVWHU�WR�GH-ODWH[�WKH�VFUHHQ�SULQWHG�DUHDV�RI�WKH�
IDEULF�VLQFH�WKRVH�DUHDV�KDG�OHVV�SDVWH�WKHUH�� 
 
2EVHUYDWLRQV�PDGH� IURP� WKH� H[SHULPHQWV� FRQ�
GXFWHG�� LQGLFDWH� WKDW� QDWXUDO� UXEEHU� ODWH[� SRV�
VHVVHV�VLPLODU�FKDUDFWHULVWLFV�DV�WKH�UHVLVW�PHGL�
XPV� WUDGLWLRQDO� XVHG� IRU� EDWLN� PDNLQJ�� 8QOLNH�
ZD[�ZKLFK�KDV�WR�EH�XVHG�LQ�D�KRW�PROWHQ�VWDWH�
DQG�VWDUFK�LQ�D�FRRNHG�IRUP��WKH�ODWH[�DV�D�UHVLVW�
PXVW� EH� PL[HG� ZLWK� DPPRQLD� VROXWLRQ� DQG�
ZKLWH�JOXH�EHIRUH�XVH��7KH�DPPRQLD�VXEVWDQFH�

XVHG�WR�SUHYHQW�FRDJXODWLQJ�RI�WKH�ODWH[�ZKLOHV�
WKH�SRO\�YLQ\O�DFHWDWH��ZKLWH�JOXH��LQFUHDVHV�WKH�
VWLFNLQHVV�RI�WKH�ODWH[�LQ�RUGHU�WR�KROG�ZHOO�LQWR�
WKH� IDEULF� ZKHQ� DSSOLHG� DQG� DOVR� WKLFNHQV� WKH�
ODWH[�LQWR�DQ�DSSOLFDEOH�SDVWH�FRQVLVWHQF\��� 
 
$VPDK�HW�DO������� LQGLFDWHV� WKDW� WKH�UHVLVW�PH�
GLXP� RIIHUV� D� WHPSRUDU\� EDUULHU� IRU� FRORXULQJ�
IDEULFV� DQG� DUHDV� RI� WKH� UHVLVW� PHGLXP� DUH�
VHDOHG�WR�SUHYHQW�WKRVH�SRUWLRQV�IURP�UHFHLYLQJ�
WKH� G\H�ZKHQ� GLSSHG� LQWR� D� G\H� EDWK� RU� LQWUR�
GXFH� WR�D�G\H� VROXWLRQ��7KLV� LV� DOVR� WUXH�RI� WKH�
SURSHUWLHV� DQG� FKDUDFWHULVWLFV� RI� QDWXUDO� UXEEHU�
ODWH[� ZKHQ�PDQLSXODWHG� LQWR� D� UHVLVW� SDVWH� IRU�
EDWLN�PDNLQJ�DV� WKLV�SURMHFW�HQGRUVHV� LWV� VXLWD�
ELOLW\�DV�D�UHVLVW�PHGLXP��6XUSULVLQJO\��QRQH�RI�
WKH�FRQWHQWV�RI�LWV�FRQVWLWXHQWV�ZLWKLQ�WKH�QDWX�
UDO� UXEEHU� ODWH[� �7DEOH�� ��� LQGLFDWHG� DQ\� KLQ�
GUDQFH� WR� WKH�PDQLSXODWHG� ODWH[�SDVWH� XVHG� IRU�
WKH�SURMHFW�� ,WV�YLVFRVLW\�ZDV�VXIILFLHQWO\�KLJK�WR�
SUHYHQW� UDSLG� GLIIXVLRQ� RI� WKH� FRORXU� WKURXJK�
WKH� IDEULF�� WR� DYRLG� SRRU� SULQW� GHILQLWLRQ� RXW�
OLQHV� �5DMDEL� DQG� $PDG�� ������ $VPDK� HW� DO��
������� � ,W�DOVR�VKRZHG�D�VWDEOH�SDVWH�YLVFRVLW\��
ZKLFK� DOORZHG� DQ� HYHQ� DQG� PHDVXUHG� IORZ��
HVSHFLDOO\� WKURXJK� WKH� VFUHHQ�� 7KH� YLVFRVLW\�
VWDELOLW\� ZDV� QRW� RQO\� GXUDEOH� LQ� WHUPV� RI� WKH�
WLPH� GXULQJ� IDEULF� SULQWLQJ�� EXW� HYHQ� WKURXJK� 

$VPDK�HW�DO� ��� 

 

)LJ������)LQLVKHG�ZRUN�RI�
WKH� G\HG� IDEULF�� GH�
VLJQHG�� DQG� IRDP�
VWDPSHG� 

)LJ������)LQLVKHG�ZRUN�RI�WKH�
VFUHHQHG�GHVLJQHG�G\HG�IDEULF� 

)LJ������)LQLVKHG�ZRUN�RI�
WKH� ZRRGHQ� GHVLJQHG�
EORFN�G\HG�IDEULF� 
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1DWXUDO�UXEEHU�ODWH[�DV�D�UHVLVW�PHGLXP�IRU�EDWLN�SURGXFWLRQ��� ��� 

WKH�G\HLQJ�SURFHVV���3IDII���������7KH�UHVXOWDQW�
FRKHVLYHQHVV�HQVXUHG� WKDW� WKH� VWUHQJWK�DQG� WKH�
IUHH� IORZLQJ� TXDOLW\� RI� WKH� SDVWH� UHPDLQHG� LQ�
WDFW� DIWHU� LWV� DSSOLFDWLRQ� DQG� LWV� H[HFXWLRQ�
�5DGOH\�� ������� ,W� LV� KRZHYHU� UHFRPPHQGHG�
WKDW� IXUWKHU� UHVHDUFK� EH� GRQH� RQ�� ���� ILQGLQJ�
HDVLHU�DQG�IDVWHU�PHWKRGV�RI�UHPRYLQJ�WKH�ODWH[�
IURP�WKH�IDEULF�ZKHQ�G\HG������XVLQJ�RWKHU�G\HV�
RWKHU� WKDQ� YDW� G\HV� DQG� RWKHU� W\SHV� RI� IDEULFV�
RWKHU� WKDQ�FRWWRQ�ZLWK� WKH�QDWXUDO� UXEEHU� ODWH[�
WR�DVFHUWDLQ�WKHLU�SRVVLELOLWLHV�RI�XVLQJ�WKHP�IRU�
EDWLN�PDNLQJ��5HVHDUFK�FRXOG�DOVR�EH�PDGH�WR��
���� ILQG� OHVV� FRVWO\� DOWHUQDWH� VROYHQW� IRU� WKH�
UHPRYDO� RI� WKH� ODWH[� IURP� WKH�G\HG� IDEULF� DQG�
DW� WKH� VDPH� WLPH� ILQG� OHVV� FRVWO\� \HW� HIIHFWLYH�
FKHPLFDO� WR� SUHYHQW� WKH� FRDJXODWLRQ� RI� WKH� OD�
WH[� 
 
&21&/86,216  
3HU� WKH� H[SHULPHQWV�� WKLV� UHVLVW� PHGLXP� KDV�
SURYHG� WR� EH� D� YHU\� JRRG� UHVLVW� PDWHULDO� IRU�
EDWLN�PDNLQJ��7KXV��IRU�DQ\�PDWHULDO�WR�EH�XVHG�
DV�D�UHVLVW��PXVW�EH�DEOH�WR�UHSHO�G\H�DQG�UHVLVW�
G\H� SHQHWUDWLQJ� LQWR� WKRVH� UHVLVWHG� DUHDV� RI� D�
VXEVWUDWH�� 7KH� UHVHDUFK� KDV� DOVR� SURYHQ� WKDW�
OLNH� WKH� WUDGLWLRQDO� UHVLVW�PDWHULDOV�� ODWH[� SDVWH�
LPSDUWV�DGKHVLYHQHVV�DQG�VRIWQHVV�WR�WKH�SULQW�
HG� IDEULF� VR�EHFRPLQJ� DSSOLFDEOH� WR� WKH� IDEULF�
VXUIDFH� ZLWKRXW� VSUHDGLQJ�� ,WV� FDSDELOLW\� WR�
PDLQWDLQ� LWV�SRVLWLRQ�XQGHU�H[FHVVLYH�SUHVVXUH��
IRUFHV�WKH�G\H�SDUWLFOHV�WR�DGKHUH�WR�LWV�GHVLUHG�
SODFH�RQ�WKH�IDEULF�XQWLO�WKH�WUDQVIHU�RI�WKH�G\H�
LQWR� WKH� IDEULF� DQG� LWV� IL[DWLRQ� DUH� FRPSOHWH��
WKXV� PDNLQJ� ODWH[� SDVWH� DQ� H[FHOOHQW� DOWHUQDWH�
UHVLVW�PHGLXP�IRU�EDWLN�SURGXFWLRQ��6LJQLILFDQW�
O\��WKH�RXWFRPH�FUHDWHV�WKH�SRVVLELOLW\�RI�PLQL�
PL]LQJ�WKH�XVH�RI�V\QWKHWLF�UHVLVW�PHGLXP��DQG�
UHGXFH� LWV� LPSRUWDWLRQ�GUDVWLFDOO\��7KLV� SURMHFW�
WKXV�VHUYHV�DV�D�SODWIRUP�IRU�IXUWKHU�H[SORUDWLRQ�
RI�VLPLODU�WUHH�ODWH[�IRU�EDWLN�PDNLQJ��,WV�VDWLV�
IDFWRU\� UHVXOWV�� QR� GRXEW� ZLOO� HQFRXUDJH� ORFDO�
EDWLN� HQWUHSUHQHXUV� WR� H[SUHVV�ZLWK� HDVH�� WKHLU�
EDWLN� SURGXFWLRQ� DFWLYLWLHV� WR� VXSSRUW� DQG� SUR�
YLGH� OLYHOLKRRG� IRU� HFRQRPLF� VXVWHQDQFH�
�$VPDK�HW�DO��������� 
 
$&.12:/('*0(17 
7KLV� UHVHDUFK� SDSHU� DFNQRZOHGJHV� WKH� IROORZ�
LQJ�IRU�WKHLU�SHUVRQDO�LQYROYHPHQW�LQ�WKH�H[HFX�
WLRQ�RI�WKH�SURMHFW��7KH�DVVLVWDQFH�RI�0LVV��(X�
JHQLD� $FKHDPSRQJ� DQG� 0U�� -HIIUH\� 1LPR�
0IXP�DW�.1867�UXEEHU�SODQWDWLRQ��.XPDVL�LV� 

DSSUHFLDWHG� 
 
5()(5(1&(6 
$-3�� 5�� '�� �������� $� EULHI� GHVFULSW- 
LRQ� RQ� WKH� UROH� RI� EDWLN� IRU� ,QGRQHVLDQ 
6RFLHW\�� KWWS���UHSRVLWRU\�XVX�DF�LG�ELWVWUHDP�
KDQGOH�������������������(������SGI 

 
$OOHQ�� 3�� :�� �������� 1DWXUDO� 5XEEHU� DQG� WKH�
6\QWKHWLFV��+DOVWHG�3UHVV��3S�����1HZ�<RUN��
:LOH\ 

 
$VPDK�� $�� (�� 2NSDWWDK� 9�� DQG� )ULPSRQJ�� &��
�������� $VRR�� $Q� LQQRYDWLYH� 3ULQW-� '\HLQJ��
&RORXUDWLRQ��2QOLQH� ,QWHUQDWLRQDO� -RXUQDO� RI�
$UW� DQG� +XPDQLWLHV�� �� ����� ��-���� KWWS���
ZZZ�RQOLQHUHVHDUFKMRXUQDOV�RUJ�,-$+ 

 
$VPDK�� $�� (�� �������� %DWLN� DQG� 7LH-G\H� IRU�
7HDFKHUV�� 8QSXEOLVKHG� 0�� 3KLO�� 7KHVLV��
.ZDPH�1NUXPDK�8QLYHUVLW\� RI�6FLHQFH� DQG�
7HFKQRORJ\��.XPDVL� 

 
%U\GVRQ�� -��$�� �������� 5XEEHU� FKHPLVWU\�� $S�

SOLHG�6FLHQFH�3XEOLVKHUV��/RQGRQ 
 
%XWWHUZRUWKV�� +�� �������� $Q� ,QWURGXFWLRQ� WR�
7H[WLOHV��3ULQWLQJ���QG�(G��%XWWHUZRUWK�	�&R��
�3XEOLVKHUV��/WG��/RQGRQ� 

 
&DQWHU�� 1�� �������� 0DQXIDFWXULQJ� WLUHV� IURP�
UHQHZDEOH�UHVRXUFHV��7ULERORJ\�DQG�/XEULFD�
WLRQ�7HFKQRORJ\������������ 

)UDVHU-/X��6����������,QGRQHVLDQ�EDWLN��3URFHVV�
HV�� SDWWHUQV�� DQG� SODFHV�� 2[IRUG� 8QLYHUVLW\�
3UHVV��86$� 

 
,VPDLO�� $�� )�� DQG�0DWVXXUD�� 7�� �(GV���� ��������
6XVWDLQDEOH� PHPEUDQH� WHFKQRORJ\� IRU� HQHU�
J\�� ZDWHU�� DQG� HQYLURQPHQW�� -RKQ� :LOH\� 	�
6RQV��&KDSWHU�����3S�����-����� 

 
.DGROSK�� 6�� -�� DQG� /DQJIRUG�� $�� �������� 7H[�
WLOHV� 3HDUVRQ� (GXFDWLRQ�� ,QF�� 8SSHU� 6DGGOH�
5LYHU��1HZ�-HUVH\� 

� 
.RKML\D��6��DQG�,NHGD��<���(GV������������&KHP�
LVWU\��PDQXIDFWXUH�DQG�DSSOLFDWLRQV�RI�QDWXUDO�
UXEEHU��(OVHYLHU��:RRGKHDG�3XEOLVKLQJ�� 

 
0HLVWHU�� -�� � -�� �������� ,QWURGXFWLRQ� WR�3RO\PHU� 



-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\����.1867��$XJXVW����� 

 

 

0RGLILFDWLRQ�� 3/$67,&6� (1*,1((5,1*-
1(:� <25.-�� ���� �-���%XWWHUZRUWKV��
��������$Q� ,QWURGXFWLRQ� WR� WH[WLOHV�� SULQWLQJ��
�QG�(G��%XWWHUZRUWKV�	�&R���3XEOLVKHUV��/WG��
/RQGRQ�� 

 
1L\RJL�� 8�� .�� �������� 1DWXUDO� DQG� 6\QWKHWLF�
5XEEHU��ZZZ��QLVFDLU�UHV�LQ 

 
3IDII��*����������6SHFLDO�HIIHFW�SLJPHQWV��WHFK�
QLFDO� EDVLFV� DQG� DSSOLFDWLRQV�� 9LQFHQW]� 1HW�
ZRUN�*PE+�	�&R�.*� 

 
5DGOH\�� -�� $�� �(G���� �������� ,QGXVWULDO� XVHV� RI�
VWDUFK� DQG� LWV� GHULYDWLYHV� �SS�� ��-����� /RQ�
GRQ��$SSOLHG�6FLHQFH�3XEOLVKHUV�� 

 
5DMDEL�� 0�� DQG� $PDG�� ,�� �������� 7RZDUGV� D�
&URVV� &XOWXUDO� 'HVLJQ� E\� ,QWHJUDWLQJ� %DWLN 
0RWLIV� LQWR�WKH�3HUVLDQ�&DUSHW�'HVLJQ��,QWHU- 

 
� 
 

QDWLRQDO� -RXUQDO� RI� WKH� 0DOD\� :RUOG� DQG�
&LYLOLVDWLRQ������������-���� 

 
6HLJOHU��'��6�� ��������3ODQW�VHFRQGDU\�PHWDER�

OLVP��6SULQJHU�6FLHQFH�	�%XVLQHVV�0HGLD� 
 
6ULGHH�� -�� �������� 5KHRORJLFDO� SURSHUWLHV� RI�

QDWXUDO�UXEEHU�ODWH[��7KHVLV��0DVWHU�RI�(QJL�
QHHULQJ� �3RO\PHU� (QJLQHHULQJ��� 6XUDQDUHH�
8QLYHUVLW\� RI� 7HFKQRORJ\�� 1DNKRQ�
5DWFKDVLPD��7KDLODQG�� 

 
ZZZ�JKDQDVWDU�FRP�EXVLQHVV�JUHO-WR-EX\-
�����-WRQQHV-RI-GU\-UXEEHU� �6HS� ���� ������ 

 
<LS��(��DQG�&DFLROL��3����������7KH�PDQXIDFWXUH�
RI� JORYHV� IURP� QDWXUDO� UXEEHU� ODWH[�� -RXUQDO�
RI�$OOHUJ\�DQG�&OLQLFDO�,PPXQRORJ\�����������
6�-6��� 

$VPDK�HW�DO� ��� 


