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�6XFFHVV� RI� WKH� HQHUJ\� WUDQVLWLRQ�
QHHGV� LQQRYDWLRQV� JHQHUDWHG� E\�

UHVHDUFK� H[WHQGLQJ� IURP� IXQGDPHQWDOV� WR�
DSSOLFDWLRQV�

7KH� HQHUJ\� FULVLV�� JOREDO� ZDUPLQJ� DQG�
FOLPDWH� FKDQJHV� KDYH� OHG� WR� DQ� LQFUHDVHG�
LQWHUHVW�LQ�UHQHZDEOH�HQHUJ\�VRXUFHV��VXFK�
DV� IHHGVWRFN� SURGXFWLRQ� IRU� XVH� DV� ELRIX�
HOV�� )LUVW� JHQHUDWLRQ� ELRIXHOV� DUH� GHULYHG�
IURP� HGLEOH� IHHGVWRFN� VXFK� DV� ZKHDW��
SDOP�� FRUQ�� VR\D� EHDQV�� VXJDUFDQH�� UDSH�
VHHG�� RLO� FURSV�� VXJDU� EHHW�� DQG� PDL]H��
ZKLOH� VHFRQG� JHQHUDWLRQ� ELRIXHOV� XVH�
ZDVWH� DQG�GHGLFDWHG� OLJQRFHOOXORVLF�PDWH�
ULDOV� VXFK� DV� WKH� IHHGVWRFN� OLNH� MDWURSKD�
DQG�VZLWFKJUDVV��

2QH� RI� WKH� PDLQ� GUDZEDFNV� RI� ERWK� ILUVW�
DQG� VHFRQG�JHQHUDWLRQ�ELRIXHOV� OLHV� LQ� WKH�
IDFW� WKDW� WKH� FXOWLYDWLRQ� RI� WKHVH� IRRG� RU�
QRQ�IRRG�FURSV�IRU�ELRIXHO�SURGXFWLRQ�ZLOO�
FRPSHWH� IRU� OLPLWHG� DUDEOH� IDUPODQGV��
ZKLFK� DUH� LQWHQGHG� WR� EH� XVHG� WR� JURZ�
FURSV�IRU�IRRG�SURGXFWLRQ��0LFURDOJDO�ELR�
IXHOV�� NQRZQ� DV� WKLUG� JHQHUDWLRQ� ELRIXHOV��
DUH� WUHDWHG�DV�D� WHFKQLFDOO\�YLDEOH�DOWHUQD�
WLYH� HQHUJ\� VROXWLRQ� WKDW� RYHUFRPHV� WKH�
PDMRU� GUDZEDFNV� UHODWHG� WR� WKH� ILUVW� DQG�
VHFRQG� JHQHUDWLRQ� ELRIXHOV�� &RPSDUHG� WR�
ILUVW� DQG� VHFRQG�JHQHUDWLRQ� ELRIXHOV�� PL�
FURDOJDO� ELRIXHOV� RIIHU� PDQ\� PRUH� DG�
YDQWDJHV�� VXFK� DV� KLJK� JURZWK� UDWH�� KLJK�

&2�� PLWLJDWLRQ� HIILFLHQF\�� QRQ�
FRPSHWLWLRQ� IRU� IDUPODQG�� OHVV� ZDWHU� GH�
PDQG� WKDQ� ODQG� FURSV�� WROHUDWLRQ� RI�
ZDVWHZDWHUV� GXULQJ� FXOWLYDWLRQ� DQG� PRUH�
FRVW�HIIHFWLYH� IDUPLQJ�� +RZHYHU�� WKH� PL�
FURDOJDO� ELRIXHOV� WKDW� UHFHLYH� HYHU�
LQFUHDVLQJ� DWWHQWLRQ� ODFN� WKH� ODUJH� VFDOH�
FRPPHUFLDO� SURGXFWLRQ� QHHGHG� IRU� EXON�
DSSOLFDWLRQ�� 7KH� ORZ� HFRQRPLF� SHUIRU�
PDQFH� LV� GXH� WR� ORZ�SURGXFWLYLW\� DQG� WKH�
XQPHW� UHTXLUHPHQWV� RI� RYHUZKHOPLQJ� LQ�
YHVWPHQW�LQ�FDSLWDO�DQG�RSHUDWLRQ��,Q�RUGHU�
WR�SURPRWH�PLFURDOJDO�SURGXFWLRQ�IRU�ELR�
IXHO� FRQYHUVLRQ�� JUHDW� HIIRUW� KDV� EHHQ�
PDGH�LQ�ILHOGV�VXFK�DV�WKH�RSWLPL]DWLRQ�RI�
FXOWXUH� FRQGLWLRQV� �H�J��� QXWULHQW� GHSULYD�
WLRQ��PL[LQJ�� HWF���� KDUYHVW�PHWKRG� GHYHO�
RSPHQW��PLFURDOJDO�UHVLGXH�XWLOL]DWLRQ�DQG�
ELRUHILQHU\�GHVLJQ��2I�WKH�SRWHQWLDO�HIIRUWV�
PHQWLRQHG�DERYH��RQH�RI�WKH�PRVW�SURPLV�
LQJ� LV� WKH� DSSOLFDWLRQ� RI� YDULRXV� FXOWXUH�
VWUDWHJLHV�� ZKLFK� FDQ� JUHDWO\� LPSURYH� WKH�
SURGXFWLRQ� RI� GHVLUHG� HQG� SURGXFWV�� 7R�
GHWHUPLQH� WKH�VWDQG�RI� WKH� ODWHVW� DYDLODEOH�
PLFURDOJDO� FXOWXULQJ� WHFKQRORJLHV� DQG�
NHHS�WKH�JOREDO�DFDGHPLF�FRPPXQLWLHV�XS�
WR�GDWH� WR� WKH� FXUUHQW� DGYDQFHV�� WKLV� 5H�
VHDUFK� 7RSLF� IRFXVHV� RQ� WKH� PLFURDOJDO�
FXOWXUH�VWUDWHJLHV�IRU�ELRIXHO�SURGXFWLRQ��
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$FFRUGLQJ� WR� UHFHQW� VWXG\� E\� DQ�
1*2�)5,(1'6� 2)� 0$5,1(�

/,)(�� JKRVW� QHWV� �DEDQGRQHG�� ORVW� RU�
GXPSHG� ILVKLQJ� QHWV�� KDYH� HPHUJHG�
DV� WKH� JUHDWHVW� NLOOHUV� RI� WKH� PDULQH�
HFRV\VWHP� RII� .HUDOD�� 7KHVH� JKRVW�
QRWHV� PD\� KDYH� ORQJ�WHUP� LPSOLFD�
WLRQV�IRU�PDULQH�OLIH�LI�QR�SURSHU�FRU�
UHFWLYHV� DUH� WDNHQ� WR� GHDO�ZLWK� WKHP��
,W� PD\� EHFRPH� PDMRU� WKUHDW� WR� WKH�
QDWXUDO� KDELWDW� DQG� EUHHGLQJ� JURXQG�
RI�XQGHUZDWHU�ILVK�

*KRVW� QHWV� KDYH� GHVWUR\HG� RU� WKUHDW�
HQHG� PDQ\� RI� WKH� XQGHUZDWHU� UHHIV�
LGHQWLILHG� ZLWK� IORXULVKLQJ� ILVK� VWRFN�
EHFDXVH�RI�LWV�µVWLIOLQJ�FRYHU¶��*OREDO�
O\��LW�LV�HVWLPDWHG�WKDW�DW�OHDVW�����RI�
WKH�UHGXFHG�ILVK�FDWFK�FDQ�EH�EODPHG�
RQ� JKRVW� QHWV�� VRPH� RI� ZKLFK� KDYH�
VXUYLYHG�GHHS�XQGHUZDWHU�IRU�GHFDGHV�
WRJHWKHU�

7KHUH�DUH�IRXU�W\SHV�RI�JKRVW�QHWV�WKDW�

LQIHVW�WKH�ERWWRP�RI�WKH�VHDV��7KH�ILUVW�
DUH�WKH�ODUJH�ILVKLQJ�YHVVHOV�WKDW�VWUD\�
LQWR� WKH� WHUULWRULDO�ZDWHUV� DQG� GHSOR\�
ODUJH� QHWV�� 7KHVH� QHWV� JHW� FDXJKW� LQ�
XQGHUZDWHU� UHHIV�� IRUFLQJ� WKH� ILVKLQJ�
YHVVHO� WR� DEDQGRQ� WKHP� EHIRUH� OHDY�
LQJ� WKH� WHUULWRULDO�ZDWHUV��7KH� VHFRQG�
W\SH�RI�JKRVW�QHWV�DUH�VPDOOHU�DQG�DUH�
XVHG�E\�ILVKHUPHQ��EXW�DUH�FXW�RII�E\�
D�SDVVLQJ�YHVVHO��7KH\�WRR�GULIW�DW�WKH�
ERWWRP�RI� WKH�RFHDQ�IORRU�DQG�JHW�DW�
WDFKHG� WR� WKH� URXJK� IHDWXUHV� WKHUH��
7KH�WKLUG�W\SH�RI�JKRVW�QHWV�DUH�WKRVH�

WKDW�JHW�FDXJKW�LQ�YLROHQW�FXUUHQWV�DQG�
VZLYHO�GRZQ�WR�WKH�RFHDQ�IORRU��ZKHUH�
WKH\� JHW� VWXFN�� 7KH� IRXUWK� W\SH� DUH�
JKRVW� QHWV� DUH� WKRVH�ZKLFK� JHW� DEDQ�
GRQHG�DW� VHD� DIWHU� WKUHH� RU� IRXU�XVHV��
7KHVH� QHWV� UHPDLQ� XQGHU� ZDWHU� IRU�
GHFDGHV�LI�QRW�FHQWXULHV�

5HJDUGLQJ�WKH�VROXWLRQ�WR�WKH�SUREOHP�
VRPH� RI� WKH� FRXQWULHV� KDYH� WDNHQ�
VWHSV� OLNH� 0DOGLYHV� KDV� EDQQHG� DQ\�
XVH�RI� ILVKLQJ�QHWV� LQ� LWV� WHUULWRU\�EXW�
WKLV�LV�QRW�D�JRRG�LGHD�DV�GXH�WR�RFHDQ�
FXUUHQWV�WKHVH�QHWV�FDQ�WUDYHO�WKURXJK�
RXW� WKH� RFHDQ�� 6R� PDQ\� FRXQWULHV�
KDYH�VWDUWHG�WR�WUDLQ�WKHLU�ILVKHUPHQ�WR�
XVH�*36�DQG�WKH\�WU\�WR�SURYLGH�WKHP�
WKH�FRPSOHWH�GHWDLO� RI�RFHDQ� IORRU� VR�
WKDW�WKLV�SUREOHP�FDQ�EH�DYRLGHG��$O�
VR� WKH\� SURYLGH� WKHP� H[SHQVLYH� QHWV�
VR� WKDW� WKH� ILVKHUPDQ� KDYH� D� VWURQJ�
LQFHQWLYH� WR� SUHVHUYH� WKHP�
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:DVWH�WRLOHW�SDSHU�FDQ�EH�XVHG�WR�
JHQHUDWH� UHQHZDEOH� HOHFWULFLW\�

WKURXJK� D� WZR�VWHS� SURFHVV� DW� D� FRVW�
FRPSDUDEOH� WR� UHVLGHQWLDO� VRODU�SRZHU�
LQVWDOODWLRQV�� VFLHQWLVWV� VD\�� ,I� LPSOH�
PHQWHG�� WKH� SURFHVV� FRXOG� WDFNOH� WKH�
SUREOHPV� RI� RYHUIORZLQJ� PXQLFLSDO�
ODQGILOOV� DQG� GHSHQGHQF\� RQ� IRVVLO�
IXHOV��:DVWH� WRLOHW� SDSHU� LV� QRW� RIWHQ�
FRQVLGHUHG� DQ� DVVHW�� <HW� LW� LV� D� ULFK�
VRXUFH� RI� FDUERQ�� FRQWDLQLQJ� ������
SHU� FHQW� RI� FHOOXORVH� RQ� D� GU\� EDVLV��
2Q� DYHUDJH�� SHRSOH� LQ� :HVWHUQ� (X�
URSH�SURGXFH�������NLORJUDPPHV��NJ��
ZDVWH�WRLOHW�SDSHU�SHU�SHUVRQ�SHU�\HDU��
$FFXPXODWLQJ� LQ� PXQLFLSDO� VHZDJH�
ILOWHUV�� LW� LV� D� PRGHVW� \HW� VLJQLILFDQW�
SDUW� RI�PXQLFLSDO�ZDVWH��$W� WKH� VDPH�
WLPH��ZDVWH�WRLOHW�SDSHU� LV�D�EXVLQHVV�
PDQ
V�GUHDP�EHFDXVH�SHRSOH�ZLOO�DFWX�
DOO\�SD\�WR� WDNH�ZDVWH�WRLOHW�SDSHU�RII�
WKHLU� KDQGV�� $FFRUGLQJ� WR� WKH� UH�
VHDUFKHUV�IURP�WKH�8QLYHUVLW\�RI�$P�

VWHUGDP� LQ� WKH� 1HWKHUODQGV�� XVLQJ�
ZDVWH�WRLOHW�SDSHU�IRU�JHQHUDWLQJ�HOHF�
WULFLW\� LV� 
WKH�XOWLPDWH�ZDVWH�UHF\FOLQJ�
FRQFHSW
�� 6LQFH� WKH� FHOOXORVH� LQ�ZDVWH�
WRLOHW� SDSHU� FRPHV� IURP� WUHHV�� WKH�
HOHFWULFLW\� SURGXFHG� LV� UHQHZDEOH��
7KLV� RIIHUV� D� JUHDW� RSSRUWXQLW\� IRU�
PDWFKLQJ�VRFLHW\
V�GHPDQG�IRU�UHQHZ�
DEOH HQHUJ\� 5HQHZDEOH UHVRXUFHV RI�
WHQ�VKRZ�GLVFRQWLQXRXV�SHDNV��8QOLNH�
VRODU� DQG�ZLQG� HQHUJ\�� ZKLFK� IOXFWX�
DWH� ZLWK� WKH� WLPH� RI� WKH� GD\� DQG� WKH�
ZHDWKHU��ZDVWH�WRLOHW�SDSHU�LV�D�FRQWLQ�
XDOO\� DYDLODEOH� UHVRXUFH�� 5HVHDUFKHUV�
SURSRVHG� D� VLPSOH� WZR�VWHS� SURFHVV�

IRU� WKH� FRQYHUVLRQ� RI�ZDVWH� WRLOHW� SD�
SHU�� FUHDWLQJ� D� GLUHFW� URXWH� IURP� XQ�
ZDQWHG� ZDVWH� WR� D� XVHIXO� SURGXFW��
7KH\�H[DPLQHG�WKH�SRVVLELOLW\�RI�FRP�
ELQLQJ� GHYLFHV� IRU� WKH� JDVLILFDWLRQ� RI�
ZDVWH� WRLOHW� SDSHU� ZLWK� KLJK�
WHPSHUDWXUH�VROLG�R[LGH�IXHO�FHOOV�DEOH�
WR�GLUHFWO\�FRQYHUW�WKH�ZDVWH�WRLOHW�SD�
SHU�JDV� LQWR� HOHFWULFLW\�� 7KH� SURMHFW
V�
JRDO� ZDV� WR� DVVHVV� WKH� IHDVLELOLW\� RI�
VXFK� D� V\VWHP� DW� D� VFDOH� RI� �������
WRQQH� ZDVWH� WRLOHW� SDSHU� SHU� \HDU��
EDVHG� RQ� UHDO�OLIH� SDUDPHWHU� YDOXHV��
8VLQJ� WHFKQR�HFRQRPLF� DQDO\VLV�
PHWKRG�WHDP�SUHVHQWHG�D�EDVLF�GHVLJQ�
DQG� SUHVHQWHG� D� FDOFXODWLRQ� UHJDUGLQJ�
HIILFLHQF\�ZKLFK�FDPH�RXW� WR�EH������
VLPLODU� WR� WKDW� RI� QDWXUDO� JDV� SODQW��
6\VWHPV�FDSLWDO�FRVW� LV�KLJK�EXW�RSHU�
DWLQJ� FRVW� LV� ORZHU�ZKLFK� LQGLFDWHV� D�
SRVVLELOLW\� RI� DQ\� VXFK� SURMHFW� LQ� IX�
WXUH�
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3ODVWLF�LV�IDQWDVWLF��,W¶V�FKHDS��GXUD�
EOH��DQG�GRHVQ¶W�UHDFW�WR�WKH�XVXDO�

RUJDQLVPV� WKDW� EUHDN� GRZQ� RUJDQLF�
PDWWHU�� 7KLV� KDV� PDGH� LW� LQFUHGLEO\�
XVHIXO�IRU�WKH�SDFNDJLQJ�LQGXVWU\��EXW�
KDV� DOVR� OHG� WR� PRXQWDLQV� RI� ZDVWH��
OLNH� WKH� WULOOLRQ� SODVWLF� EDJV� GXPSHG�
LQ� ODQGILOOV� DQQXDOO\�� 1RZ�� WKRXJK��
WKH�ILJKW�DJDLQVW�SODVWLF�PLJKW�KDYH�DQ�
XQH[SHFWHG� DOO\�� D� W\SH� FDWHUSLOODU�
FDOOHG� WKH� ZD[� ZRUP� WKDW� ORYHV� WR�
FKRZ�GRZQ�RQ�SODVWLF�EDJV�

7KH�GLVFRYHU\�RI�WKH�ZD[�ZRUP¶V�SUH�
YLRXVO\�XQNQRZQ�GLHW�ZDV�PDGH�DFFL�
GHQWDOO\�E\�6SDQLVK�UHVHDUFKHU��)HGHU�
LFD %HUWRFFKLQL�� %HU WRFFKLQL� LV� D�
SDUW�WLPH� EHHNHHSHU�� DQG� LV� XVHG� WR�
UHPRYLQJ�ZD[�ZRUPV�IURP�KHU�KLYHV��
ZKHUH� WKH� FDWHUSLOODUV� OLNH� WR� PXQFK�
RQ�WKH�EHHVZD[�LQVLGH��$IWHU�OHDYLQJ�D�
UHFHQWO\�HYLFWHG�WURXSH�RI�ZD[�ZRUPV�
LQ� D� SODVWLF� EDJ� RQH� GD\��%HUWRFFKLQL�
IRXQG� WKDW� WKH� FULWWHUV� KDG� PXQFKHG�
WKHLU�ZD\�WR�IUHHGRP��

%HUWRFFKLQL�ZDV�FXULRXV�DV�WR�ZKHWKHU�
WKH� FHQWLPHWHU�ORQJ�ZD[�ZRUPV�ZHUH�

DFWLYHO\�GLJHVWLQJ�WKH�EDJ¶V�SODVWLF��RU�
MXVW� FKHZLQJ� WKURXJK� LW�� 6KH� FRQ�
ILUPHG�WKDW�WKH\�ZHUH��E\�PDVKLQJ�WKH�
FUHDWXUHV� LQWR� D�SDVWH� DQG�DSSO\LQJ� LW�
WR� D� SODVWLF� ILOP�� ZKLFK� VORZO\� GH�
JUDGHG�� 6KH� WKHQ� WHDPHG� XS�ZLWK� UH�
VHDUFKHUV� IURP� WKH� 8QLYHUVLW\� RI�
&DPEULGJH�WR�DQDO\]H�WKH�ZRUP�SDVWH�
DQG�ZDV�DEOH�WR�FRQILUP�KHU�ILQGLQJV��
7KH� UHVXOWLQJ� VWXG\� ZDV SXEOLVKHG�
LQ &XUUHQW�%LRORJ\�

%HUWRFFKLQL� WKLQNV� WKDW� WKH� FDWHUSLO�
ODU¶V� GLJHVWLYH� IHDW�PLJKW� EH� EHFDXVH�
RI�VWUXFWXUDO�VLPLODULWLHV�EHWZHHQ�SODV�
WLF�DQG�WKH�ZD[�WKDW�FRQVWLWXWHV�SDUW�RI�

WKHLU� XVXDO� GLHW�� 7KH� QH[W� VWHS� LV� WR�
ILQG�RXW�ZKHWKHU�WKLV�GLVFRYHU\�FDQ�EH�
SXW� WR� DQ\�XVH�� ,W¶V� QRW� WKH� ILUVW� WLPH�
ZH¶YH� IRXQG� RUJDQLVPV FDSDEOH� RI�
EUHDNLQJ� GRZQ� SODVWLF �DOWKRXJK� WKH�
ZD[� ZRUPV� ZRUN� IDVWHU� WKDQ� PRVW���
6RPH� VFLHQWLVWV�ZRUNLQJ� LQ� WKLV� ILHOG�
KDV� VRPH� GRXEWV� OLNH� XVLQJ� ZD[�
ZRUPV� WR� UHF\FOH� RQ� DQ� LQGXVWULDO�
VFDOH�PLJKW�MXVW�FUHDWH�QHZ�SUREOHPV��
&KHZLQJ� XS� SODVWLFV� FRXOG� FUHDWH�
VPDOO� IUDJPHQWV� WKDW� ³SLFN� XS� WR[LQV�
OLNH� D� VSRQJH�� WUDQVSRUW� WKHVH� WR[LQV�
XS�WKH�IRRG�FKDLQ��DQG�FDQ�FDXVH�KDUP�
WR�WKH�HQYLURQPHQW�DQG�KXPDQ�KHDOWK��
%XW� %HUWRFFKLQL� VD\V� WKH� QH[W� VWHS�
LVQ¶W� WR� XVH� WKH� ZD[� ZRUPV� WKHP�
VHOYHV��EXW�WR�ILQG�WKH�HQ]\PH�LQ�WKHLU�
GLJHVWLYH�V\VWHPV�WKDW¶V�EHLQJ�XVHG�WR�
EUHDN�XS�WKH�SODVWLF�LQ�WKH�ILUVW�SODFH��
,I�VFLHQWLVW�FRXOG�LVRODWH� WKDW�� LW�FRXOG�
EH� XVHG� DV� D� WUHDWPHQW� LQ� ODQGILOOV��
7KDW� ZRXOG� FHUWDLQO\� EH� HDVLHU� WKDQ�
GHDOLQJ�ZLWK�PLOOLRQV� RI�ZULJJO\� FDW�
HUSLOODUV��������

6RXUFH���YHUJH�FRP
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7KLV�LV�WKH�HUD�RI�WKH�HQHUJ\�FULVLV�
DQG�WKH�ZKROH�ZRUOG�LV�LQ�VHDUFK�

RI�VXFK�D�VRXUFH�RI�HQHUJ\�ZKLFK�FDQ�
PHHW� WKH� SUHVHQW� GHPDQG� RI� SRZHU�
FRQVXPSWLRQ� ZLWKRXW� FRPSURPLVLQJ�
WKH� QHHG� IRU� WKH� IXWXUH� JHQHUDWLRQ��
6RODU� HQHUJ\� LV� GHILQLWHO\� RQH� RI� WKH�
VRXUFH�ZKLFK� JLYHV� XV� D� EHWWHU� DOWHU�
QDWLYH�RYHU�WKH�H[LVWLQJ�VRXUFHV��6R�D�
ORW� RI� UHVHDUFK� LV� JRLQJ� � LV� JRLQJ� RQ�
IRU� ILQGLQJ� WKH� ZD\V� WR� H[SORLW� WKLV�
LPPHQVH� VRXUFH� RI� HQHUJ\� DW� WKH�
JOREDO�OHYHO��6RODU�SDLQW�LV�RQH�RI�WKH�
UHVXOW�RI�WKRVH�UHVHDUFKHV�

5HVHDUFKHUV� KDYH� GHYHORSHG� D� VRODU�
SDLQW� WKDW� FDQ� DEVRUE� ZDWHU� YDSRXU�
DQG� VSOLW� LW� WR� JHQHUDWH� K\GURJHQ� ��
WKH� FOHDQHVW� VRXUFH� RI� HQHUJ\�� 7KH�
SDLQW� FRQWDLQV� D� QHZO\� GHYHORSHG�
FRPSRXQG� WKDW� DFWV� OLNH� VLOLFD� JHO��
ZKLFK� LV� XVHG� LQ� VDFKHWV� WR� DEVRUE�
PRLVWXUH� DQG� NHHS� IRRG�� PHGLFLQHV�
DQG� HOHFWURQLFV� IUHVK� DQG� GU\�� %XW�
XQOLNH� VLOLFD� JHO�� WKH� QHZ� PDWHULDO��
V\QWKHWLF�PRO\EGHQXP�VXOSKLGH��DOVR�
DFWV� DV� D� VHPL�FRQGXFWRU� DQG� FDWDO\�

VHV� WKH� VSOLWWLQJ� RI� ZDWHU� PROHFXOHV�
LQWR�K\GURJHQ�DQG�R[\JHQ�

/HDG�UHVHDUFKHU�'U�7RUEHQ�'DHQHNH��
IURP�50,7�8QLYHUVLW\�LQ�0HOERXUQH��
$XVWUDOLD�� VDLG� WKDW� WKH\� KDYH�
IRXQG�WKDW�PL[LQJ�WKH�FRPSRXQG�ZLWK�
WLWDQLXP� R[LGH� SDUWLFOHV� OHDGV� WR� D�
VXQOLJKW�DEVRUELQJ�SDLQW� WKDW�SURGXF�
HV� K\GURJHQ� IXHO� IURP� VRODU� HQHUJ\�
DQG�PRLVW�DLU�

7LWDQLXP�R[LGH� LV� WKH�ZKLWH�SLJPHQW�
WKDW� LV� DOUHDG\� FRPPRQO\� XVHG� LQ�
ZDOO� SDLQW�� PHDQLQJ� WKDW� WKH� VLPSOH�

DGGLWLRQ�RI�WKH�QHZ�PDWHULDO�FDQ�FRQ�
YHUW�D�EULFN�ZDOO�LQWR�HQHUJ\�KDUYHVW�
LQJ�DQG�IXHO�SURGXFWLRQ�UHDO�HVWDWH�

+H�VDLG�WKDW�WKH�WHDP¶V�QHZ�GHYHORS�
PHQW� KDV� D� ELJ� UDQJH� RI� DGYDQWDJHV�
DQG� WKHUH
V� QR� QHHG� IRU� FOHDQ� RU� ILO�
WHUHG�ZDWHU� WR� IHHG� WKH� V\VWHP�� $Q\�
SODFH�WKDW�KDV�ZDWHU�YDSRXU�LQ�WKH�DLU��
HYHQ�UHPRWH�DUHDV�IDU�IURP�ZDWHU��FDQ�
SURGXFH�IXHO�

³+\GURJHQ�ZDV�WKH�FOHDQHVW�VRXUFH�RI�
HQHUJ\�DQG�FRXOG�EH�XVHG�LQ�IXHO�FHOOV�
DV� ZHOO� DV� FRQYHQWLRQDO� FRPEXVWLRQ�
HQJLQHV� DV� DQ� DOWHUQDWLYH� WR� IRVVLO�
IXHOV��7KLV�V\VWHP�FDQ�DOVR�EH�XVHG�LQ�
YHU\� GU\� EXW� KRW� FOLPDWHV� QHDU�
RFHDQV�� 7KH� VHD� ZDWHU� LV� HYDSRUDWHG�
E\� WKH� KRW� VXQOLJKW� DQG� WKH� YDSRXU�
FDQ�WKHQ�EH�DEVRUEHG�WR�SURGXFH�IXHO��
7KLV� LV� DQ� H[WUDRUGLQDU\� FRQFHSW� ��
PDNLQJ� IXHO� IURP� WKH� VXQ� DQG�ZDWHU�
YDSRXU�LQ�WKH�DLU���VDLG�KLV�FROOHDJXH��
GLVWLQJXLVKHG� 3URIHVVRU� .RXURVK�
.DODQWDU�]DGHK�

6RXUFH���6FLHQFH�GDLO\

sŽůƵŵĞ�ϭϭ�/ƐƐƵĞ�Ϭϯ�ͮ��ƵŐƵƐƚ�ϮϬϭϳ



�KD/��^�E^�

Yh/� �Z��/d^

�ŝƐĐůĂŝŵĞƌ͗���
dŚŝƐ�ŶĞǁƐůĞƩĞƌ�ŝƐ�ĨŽƌ�ŝŶƚĞƌŶĂů�ĐŝƌĐƵůĂƟŽŶ�ǁŝƚŚŝŶ�DE/d͘��ůů�ŝŶĨŽƌŵĂƟŽŶͬĂƌƟĐůĞƐ�ŚĂǀĞ�ďĞĞŶ�ĐŽŵƉŝůĞĚ�ĨƌŽŵ�ŶĞǁƐƉĂƉĞƌƐ͕�
ƚĞĐŚŶŝĐĂů�ŵĂŐĂǌŝŶĞƐ�ĂŶĚ�ŽƚŚĞƌ�ƐŽƵƌĐĞƐ͘�&Žƌ�ƋƵŝǌ�ĂŶƐǁĞƌƐ͕�ƐƵŐŐĞƐƟŽŶƐ͕�ĨĞĞĚďĂĐŬ͕�ĂŶĚ�ĂŶǇ�ŽƚŚĞƌ�ĂƌƟĐůĞ�ǇŽƵ�ǁĂŶƚ�ƚŽ�
ƌĞĂĚ�ŽŶ�ƐŽŵĞ�ƉĂƌƟĐƵůĂƌ�ƚŽƉŝĐ�Žƌ�ǁĂŶƚ�ƵƐ�ƚŽ�ƉƵďůŝƐŚ�ŝŶ�ŽƵƌ�ƌĞĂĚĞƌ͛Ɛ�ĐŽůƵŵŶ�ƚŚĞŶ�ŵĂŝů�ƵƐ�ƚŽ�ĞŶĞƌŐǇĐůƵďΛŵŶŝƚ͘ĂĐ͘ŝŶ Žƌ�
ǁƌŝƚĞ�ƚŽ�ƵƐ�ŽŶ�ŽƵƌ�ďůŽŐ�ŚƩƉ͗ͬͬǁǁǁ͘ƚŚĞĞŚďůŽŐŵŶŝƚ͘ďůŽŐƐƉŽƚ͘ĐŽŵ�

�ůƐŽ�ĨŽůůŽǁ�ƵƐ�ŽŶ�ŽƵƌ�&ĂĐĞďŽŽŬ�ƉĂŐĞ�ŚƩƉƐ͗ͬͬǁǁǁ͘ĨĂĐĞďŽŽŬ͘ĐŽŵͬ�,͘DE/d:ĂŝƉƵƌ͘ŝŶ

x dŚĞ�ůĂƌŐĞƐƚ�ǁŝŶĚ�ƚƵƌďŝŶĞ�ŝŶ�ƚŚĞ�ǁŽƌůĚ�ŝƐ�
ϮϬ�ƐƚŽƌĞǇƐ�ŚŝŐŚ�ĂŶĚ�ŝƐ�ůŽĐĂƚĞĚ�ŝŶ�,ĂǁĂŝŝ͘

x dŚĞ�ŵŽƐƚ�ĞĸĐŝĞŶƚ�ĂƉƉůŝĂŶĐĞ�ŝŶ�Ă�ŚŽƵƐĞ�ŝƐ�
Ă�ŵŝĐƌŽǁĂǀĞͲŝƚ�ŶĞĞĚƐ�ũƵƐƚϭͬϯ�ŽĨ�ŵŽƐƚ�
ŽǀĞŶƐ�ǁĂƩĂŐĞ͘

x /Ŷ�ŽŶĞ�ƐĞĐŽŶĚ�ƐƵŶ�ƉƌŽĚƵĐĞƐ�ĞŶŽƵŐŚ�ĞŶͲ
ĞƌŐǇ�ƚŽ�ŵĞĞƚ�ƚŚĞ�ĐƵƌƌĞŶƚ�ŶĞĞĚƐ�ŽĨ�ĞŶƟƌĞ�
�ĂƌƚŚ�ĨŽƌ�ϱϬϬ͕ϬϬϬ�ǇĞĂƌƐ͘

�� 1DPH�WKH�FRXQWU\�WR�KDYH�ZRUOG¶V�
ILUVW��VXVWDLQDEOH�ELRIXHOV�HFRQR�
P\�"

�� 1DPH�WKH�ZRUP�WKDW�FDQ�EH�XVHG�
IRU�SODVWLF�GHJUDGDWLRQ�"

�� :KDW�GRHV�WKH�ZRUG�µSKRWRYROWDLF¶�
PHDQ�"

sŝǀĞŬ�<ƵŵĂƌ�^ŚĂƌŵĂ��;//�zĞĂƌ��ůĞĐƚƌŝĐĂů��ŶŐŐͿ�

^ŚƌĞǇĂŶƐŚƵ�'ĂƌŐ���������;//�ǇĞĂƌ��ůĞĐƚƌŝĐĂů��ŶŐŐͿ

DĞŐŚĂ��^ŽŶŝ������������������;//�ǇĞĂƌ��ůĞĐƚƌŝĐĂů��ŶŐŐͿ

x WƌŽĨ͘�/ŶŐ͘�:ǇŽƟƌŵĂǇ�DĂƚŚƵƌ

x �ƌ͘�<ĂƉŝů�WĂƌĞĞŬ����;&ĂĐƵůƚǇ�ĐŽͲŽƌĚŝŶĂƚŽƌƐͿ

sŽůƵŵĞ�ϭϭ�/ƐƐƵĞ�Ϭϯ�ͮ��ƵŐƵƐƚ�ϮϬϭϳ

�ŶĞƌŐǇ�&ĂĐƚƐ

<EKt�zKhZ���Z�KE�&KKdWZ/Ed
�� ĐĂƌďŽŶ� ĨŽŽƚƉƌŝŶƚ� ŝƐ� ŶŽƚŚŝŶŐ� ďƵƚ� ƚŽƚĂů�
ƐĞƚ�ŽĨ�ŐƌĞĞŶŚŽƵƐĞ�ŐĂƐ�ĞŵŝƐƐŝŽŶƐ�ĐĂƵƐĞĚ�
ďǇ� ĂŶ� ŝŶĚŝǀŝĚƵĂů͕� ĞǀĞŶƚ͕� ŽƌŐĂŶŝǌĂƟŽŶ� Žƌ�
ƉƌŽĚƵĐƚ� ͕ĞǆƉƌĞƐƐĞĚ� ĂƐ� ĐĂƌďŽŶ� ĚŝŽǆŝĚĞ�
ĞƋƵŝǀĂůĞŶƚ͘� WŝĞ� ĐŚĂƌƚ� ƐŚŽǁƐ� ƚŚĞ� �ĂƌďŽŶ�
ĨŽŽƚƉƌŝŶƚ�ŽĨ�ĂŶ� ŝŶĚŝǀŝĚƵĂů�ĐĂƵƐĞĚ�ĚƵĞ� ƚŽ�
ŝƚƐ� ǀĂƌŝŽƵƐ� ĂĐƟǀŝƟĞƐ� ͘� ^Ž�ŶŽǁ�ǇŽƵ� ŬŶŽǁ��
ǇŽƵƌ�ĂĐƟǀŝƚǇ��ǁŚŝĐŚ�ŝƐ�ƚŚĞ�ŵĂǆŝŵƵŵ�ĐŽŶͲ
ƚƌŝďƵƚŽƌ� ŝŶ� ǇŽƵƌ� ĐĂƌďŽŶ� ĨŽŽƚƉƌŝŶƚ� ĂŶĚ�
ŚĞŶĐĞ� ǇŽƵ� ĐĂŶ� ŚĞůƉ� ĞĂƌƚŚ� ŝŶ� ƌĞƐƚŽƌŝŶŐ�
ŚĞƌƐĞůĨ͘

'K�&KZ�/d�͕���Zd,�t/>>��>�^^�zKh�͊


