
ǆŝǀ
6FKRRO�RI�%LRFKHPLFDO�(QJLQHHULQJ��,,7��%+8��9DUDQDVL

35()$&(

7KLV DFDGHPLF� MRXUQH\� KDV� EHHQ� ORQJ� \HW� DQ� HQULFKLQJ� H[SHULHQFH� IRU� PH�� 0\� UHVHDUFK�

LQWHUHVW� KDV� WDNHQ�PH� WR� WKH� FKDOOHQJH� RI� FRPEDWLQJ IXHO� FULVLV� DQG� FUHDWLQJ� D� VXVWDLQDEOH�

VROXWLRQ�� 3RSXODWLRQ� H[SORVLRQ DQG� LQFUHDVHG� XUEDQL]DWLRQ KDYH FUHDWHG RYHUZKHOPLQJ�

SUHVVXUH RQ�UHQHZDEOH�HQHUJ\�UHVRXUFHV��(QYLURQPHQWDO�SROOXWLRQ��H[KDXVWLRQ RI�IRVVLO�IXHOV�

DQG� ULVH� LQ� SHWURO� DQG� GLHVHO� SULFHV DUH� LVVXHV� RI JUHDW� FRQFHUQ� DQG� WKXV� VXVWDLQDEOH��

UHQHZDEOH��DQG�FRVW�HIIHFWLYH�HQHUJ\�VRXUFHV�ZLWK� ORZ JUHHQKRXVH JDV� HPLVVLRQV DUH�EHLQJ�

SRQGHUHG�XSRQ�DOO�RYHU�WKH�ZRUOG��,Q�WKH�SUHVHQW�VWXG\��PLFURDOJDH�ZHUH VHOHFWHG�DV�D�VXLWDEOH�

DOWHUQDWLYH�IRU�ELRIXHO�SURGXFWLRQ�E\�XWLOL]LQJ�WKH�DEXQGDQW�VWDUFK�SUHVHQW�LQ�WKH�PLFURDOJDH�

WR� DFKLHYH� VXVWDLQDEOH� GHYHORSPHQW� RI� ELRIXHO� 7KH� DOJDO� VWDUFK� FDQ� EH� XVHG� DV� D� SRWHQWLDO�

VXEVWUDWH�IRU�ELRHWKDQRO�SURGXFWLRQ�WKURXJK�6+)�DQG�66)��� ,QLWLDOO\ VHYHQ�PLFURDOJDH�VWUDLQV�

ZHUH� LVRODWHG� DQG� RQO\� WZR� VWUDLQV� ZHUH� VHOHFWHG� EDVHG� RQ KLJK� FDUERK\GUDWH� FRQWHQW� IRU�

IXUWKHU�VWXGLHV� 7KH�3&5�DPSOLILHG�'1$�VHTXHQFHV�RI� WZR�PLFURDOJDH�ZHUH�IRXQG� DQG� WKH

%/$67� DQDO\VLV� IRU� ERWK PLFURDOJDH� ZDV� SHUIRUPHG�� 7KH� SK\ORJHQHWLF WUHH� RI� ERWK�

PLFURDOJDH�ZDV� DOVR� FRQVWUXFWHG� %DVHG� RQ� WKH� VLJQLILFDQW DPRXQW� RI� FDUERK\GUDWH� FRQWHQW�

WZR�SURPLVLQJ�DQG�SRWHQWLDO�PLFURDOJDH�ZHUH�FKRVHQ�IRU�HODERUDWH�VWXGLHV�

7KH� SK\VLFDO�� FKHPLFDO� DQG SK\VLFRFKHPLFDO FRQGLWLRQV� ZHUH� RSWLPL]HG DQG� EDVHG� RQ WKH�

RSWLPL]HG�SURFHVV�SDUDPHWHUV��VFDOH�XS�RI�WKH�PLFURDOJDO�FXOWLYDWLRQ�ZDV�GRQH�� $PRQJ�WKH�

YDULRXV SKRWRELRUHDFWRUV� XVHG�� WKH� H[WHUQDO� DLUOLIW� SKRWRELRUHDFWRU� SURYLGHG� WKH� KLJKHU�

ELRPDVV��FDUERK\GUDWH�DQG�VWDUFK�SURGXFWLYLWLHV�ZLWK����&2���Y�Y��VXSSO\� 0RUH�JURZWK�ZDV�

DFKLHYHG LQ�WKLV�FDVH��

7KUHH� VWUDWHJLF� FDUERK\GUDWH HQKDQFHPHQW� PHWKRGV� L�H�� QXWULHQW� OLPLWLQJ� PHWKRG�� XVH� RI�

FHUXOHQLQ� DQG� F\FORKH[LPLGH ZHUH� XVHG� WR� PD[LPL]H� WKH� DYDLODEOH� FDUERK\GUDWH LQ� WKH�
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UHVSHFWLYH� PLFURDOJDO� VSHFLHV�� 9DULRXV SUHWUHDWPHQW� PHWKRGV� ZHUH� XVHG� WR� H[WUDFW� WKH�

FDUERK\GUDWH�FRQWHQW�RI� WKH�PLFURDOJDO�VSHFLHV DQG� WKH PLFURDOJDH�FHOO�EUHDNDJH�VWXG\�ZDV�

IXUWKHU�FRQILUPHG�E\�6(0�VWXG\��

7KH�66) WHFKQLTXH�RI�ELRHWKDQRO�SURGXFWLRQ SURYLGHG KLJKHU�ELRHWKDQRO�SURGXFWLRQ�GXH� WR�

EHWWHU�VXEVWUDWH�XWLOL]DWLRQ� 7KH�\LHOG�IDFWRU�IRU�ELRHWKDQRO�SURGXFWLRQ�IURP�DOJDO�ELRPDVV�ZDV�

VLJQLILFDQW�� 7KH� XQVWUXFWXUHG� PRGHO� SURSRVHG� KHUH� IRU� ERWK� 66)� DQG� 6+)� SUHGLFWHG� WKH�

H[SHULPHQWDO�GDWD�RI� VWDUFK�GHSOHWLRQ��FHOO�PDVV�JURZWK��JOXFRVH�FRQFHQWUDWLRQ�DQG�HWKDQRO�

SURGXFWLRQ�� DV� KLJK� FRHIILFLHQWV� RI� GHWHUPLQDWLRQ� �5� YDOXHV�� IRU� GLIIHUHQW� YDULDEOHV� ZHUH�

REWDLQHG�� 7KH� FXUUHQW� SHUVSHFWLYH� RQ� ELRSURFHVV� LQWHQVLILFDWLRQ� IRU� ELRHWKDQRO SURGXFWLRQ�

ZRXOG� GUDZ� WKH� DWWHQWLRQ� WRZDUGV� WKH� LQFUHGLEOH� SRWHQWLDOLWLHV� RI� PLFURDOJDO� ELRIXHO� DQG

VWUDWHJLHV�WR�LPSURYH�LWV�SURGXFWLRQ���7KH�DLP�RI�WKLV�VWXG\�LV�WR�GHYHORS�YDULRXV�VWUDWHJLHV�WR�

DPHOLRUDWH�WKH�VXVWDLQDEOH�SURGXFWLRQ�RI�ELRIXHO WKURXJK�YDULRXV�FHOO�SURFHVVLQJ�VWUDWHJLHV�

7KH� ZRUN� LQFRUSRUDWHG� LQ� WKH� SUHVHQW� WKHVLV� KDV� EHHQ� DUUDQJHG� LQ� ILYH� FKDSWHUV�� 7KH� ILUVW�

FKDSWHU�FRQWDLQV�WKH�JHQHUDO�LQWURGXFWLRQ�RI�WKH�VXEMHFW��LWV�VWUXFWXUH�DQG�LPSRUWDQFH��

&KDSWHU�WZR�SURYLGHV�WKH�H[KDXVWLYH�UHYLHZ�RI�WKH�XS�WR�GDWH�OLWHUDWXUH�SXEOLVKHG�UHODWHG�WR�

WKH�ZRUN�RQ�WKH�YDULRXV�DVSHFWV�RI�WKH�KLVWRU\ RI�ELRHWKDQRO�SURGXFWLRQ�IURP�PLFURDOJDH��WKH�

FKDOOHQJH� RI� PLFURDOJDO� ELRHWKDQRO� SURGXFWLRQ�� DQG� YDULRXV� SURFHVVLQJ� VWUDWHJLHV� XVHG� WLOO�

GDWH�� 6\VWHPDWLF OLWHUDWXUH� LV� SURYLGHG� IRU� D EHWWHU XQGHUVWDQGLQJ� RI� WKH� SUHVHQW� ZRUN��

2EMHFWLYHV�RI�WKH�SUHVHQW�ZRUN�KDYH�DOVR�EHHQ�LQFOXGHG�LQ�WKH�FKDSWHU�

&KDSWHU� WKUHH� GLVFXVVHV� WKH� PDWHULDO� DQG� PHWKRGRORJ\� XVHG� IRU� WKH� HQWLUH� VWXG\�� *HQHUDO�

H[SHULPHQW� VHW� XS�� PHGLD� IRUPXODWLRQV�� GLIIHUHQW� DVVD\� DQG� SURWRFROV� XVHG� LQ� SURGXFWLRQ

VWXGLHV KDYH�EHHQ�GHVFULEHG�
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7KH� IRXUWK� FKDSWHU� GHDOV� ZLWK� WKH� UHVXOWV� REWDLQHG� GXULQJ� WKH� H[SHULPHQWV� FDUULHG� RXW� LQ�

FKDSWHU WKUHH�IROORZHG�E\�GLVFXVVLRQV�

&KDSWHU�ILYH�VXPPDUL]HV�WKH�PDLQ�ILQGLQJV�RI�WKH�DERYH�VWXGLHV�DQG�RYHUDOO�FRQFOXVLRQV�WKDW�

ZHUH�REWDLQHG��

,Q WKH�HQG��WKH�WKHVLV�KDV�EHHQ�DSSHQGHG�E\�DQ�XS�WR�GDWH OLVW�RI�UHIHUHQFHV��5HIHUHQFHV�KDYH�

EHHQ�DUUDQJHG�DOSKDEHWLFDOO\�DFFRUGLQJ�WR�WKH�VXUQDPH�RI�WKH�ILUVW�DXWKRU�

/LVW�RI�WKH�SXEOLFDWLRQV�KDV EHHQ�DWWDFKHG�DW�WKH�HQG�RI�WKH�WKHVLV�

,Q�P\�KRSH�DQG�EHOLHI WKH�HQWLUH�FRQWHQWV�RI�WKH�WKHVLV�KDYH EHHQ�FRPSLOHG�RQ�P\�UHVHDUFK���


