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7KH�LQFUHDVH�LQ�WKH�SRSXODWLRQ�DW�WKH�JOREDO�OHYHO�QHFHVVLWDWHV�WR�H[SORUH�SURPLVLQJ�DSSURDFKHV�WR�LQFUHDVH�IRRG�
VXSSO\�� LQFOXGLQJ� SURWHLQ� DQG� RLO�� WR� PHHW� WKH� QHHGV� RI� WKH� SHRSOH�� &RWWRQ� LV� RQH� RI� WKH� PRVW� LPSRUWDQW� RLO�
SURGXFLQJ�FURSV�DQG�FRWWRQVHHG�PHDO�SURYLGHV�LPSRUWDQW�SURWHLQ�QXWULHQWV�DV�DQLPDO�IHHG��+RZHYHU��LQIRUPDWLRQ�
RQ�WKH�JHQHWLF�EDVLV�RI�FRWWRQVHHG�RLO�DQG�SURWHLQ�FRQWHQWV�LV�ODFNLQJ��,Q�WKLV�VWXG\��SURWHLQ�FRQWHQWV��RLO�DQG�IDWW\�
DFLG� FRPSRVLWLRQ� RI� ���� FRWWRQ� JHQRW\SHV� ZHUH� REVHUYHG� IRU� GHYHORSLQJ� QHZ� FXOWLYDUV�� $FFHOHUDWHG� 6ROYHQW�
([WUDFWLRQ�PHWKRG�XVHG�IRU�GHWHUPLQLQJ�IDW�UDWLR��*DV�&KURPDWRJUDSK\�HPSOR\HG�IRU� IDWW\�DFLG�DQDO\VLV�ZKLOH�
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&RWWRQ� EHORQJV� WR� JHQXV� *RVV\SLXP� DQG� 0DOYDFHDH� IDPLO\� WKDW� JURZV� QDWXUDOO\� DV� D� SHUHQQLDO�� EXW� IRU�
FRPPHUFLDO SXUSRVHV�LV�JURZQ�DV�DQ�DQQXDO�FURS��:DNHO\Q�	�:DQ���������&RWWRQ�LV�D�PDMRU�FURS�LQ�WKH�ZRUOG�
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3DNLVWDQ�������%UD]LO�������FXUUHQWO\�DFFRXQW�IRU�������RI�JOREDO�RXWSXW��,&$&���������&RWWRQ�¿EHU�LV�D�VRXUFH�
RI� QDWXUDO� WH[WLOH�� DQG� FRWWRQVHHG� LV� D� VRXUFH� RI� RLO� IRU� KXPDQ� FRQVXPSWLRQ�� FRWWRQ� PHDO� DQG� PLQHUDOV� IRU�
OLYHVWRFN� IHHG� �<X� HW� DO��� ������ +H� HW� DO��� ������� 7KHUHIRUH�� PDLQWDLQLQJ� KLJK� TXDOLW\� ¿EHU� DQG� FRWWRQVHHG�
QXWULWLRQDO� YDOXH� LV� FULWLFDO�� &RWWRQVHHG� LV� WKH� VHFRQG�PDMRU� SURGXFW� IURP� WKH� FRWWRQ� SODQW� �DIWHU�¿EHU��ZKLFK�
VHUYHV� DV� UDZ� PDWHULDO� IRU� RLO� H[WUDFWLRQ� RU� DQLPDO� IHHG� SURGXFWLRQ� �+DPLOWRQ� HW� DO�� ������ $VKRNNXPDU� 	�
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VDWXUDWHG� IDWW\� DFLGV� DQG� JHQHUDOO\� FRQVLVWV� RI� ������� XQVDWXUDWHG� IDWW\� DFLGV� LQFOXGLQJ� �������
PRQRXQVDWXUDWHG� �ROHLF�� DQG� ������� SRO\XQVDWXUDWHG� �OLQROHLF�� DQG� ������� VDWXUDWHG� �SDOPLWLF� DQG� VWHDULF��
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