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7KLV�UHVHDUFK�GHYHORSV�HQKDQFHG�WLPEHU�FODVVLILFDWLRQ�V\VWHPV�IRU�6UL�/DQND��EDVHG�RQ�ZRRG�
SURSHUWLHV DQG�HQG�XVH DSSOLFDWLRQV��7KH�VWXG\�DQDO\]HG�ZRRG�SURSHUWLHV RI����WLPEHU�VSHFLHV�
ZKLFK� DUH� LQFOXGHG� LQ� HLJKW� FODVVHV� RI� WKH� FXUUHQW� WLPEHU� FODVVLILFDWLRQ� RI� 6WDWH� 7LPEHU�
&RUSRUDWLRQ��67&���DVVHVVHG�WKH�GXUDELOLW\ DQG�DSSOLFDWLRQV�WKURXJK�ORFDO�FDUSHQWHU�VXUYH\V�
DQG� SURSRVHG� LPSURYHG� FODVVLILFDWLRQ� V\VWHPV� LQWHJUDWLQJ� ZRRG� SURSHUW\� DQDO\VLV�� VXUYH\�
UHVXOWV�� DQG� LQWHUQDWLRQDO� FRPSDULVRQV��:RRG� SURSHUW\� DQDO\VLV LQFOXGHG� WKH�ZRRG� GHQVLW\��
0RGXOXV�RI�5XSWXUH��025���DQG�0RGXOXV�RI�(ODVWLFLW\��02(���7KURXJK�H[SHUW�FRQVXOWDWLRQV��
WKH�DQDO\VLV�\LHOGHG�D�IRXU�FDWHJRU\�TXDOLW\�EDVHG�FODVVLILFDWLRQ�V\VWHP��4��WR�4���IRFXVHG�RQ�
VWUXFWXUDO�DSSOLFDWLRQV��7KLV�GDWD�GULYHQ�DSSURDFK� UHYHDOHG�VLJQLILFDQW�GLIIHUHQFHV� IURP� WKH�
H[LVWLQJ� 67&� FODVVLILFDWLRQ��:KLOH� KLJK�TXDOLW\� �4��� VSHFLHV� OLNH� 6DWLQ� DQG� QDUURZ�OHDYHG�
0DKRJDQ\�DOLJQHG�ZLWK�KLJKHU�67&�JURXSV��RWKHU�4��VSHFLHV�VXFK�DV�+RUD DQG�&RFRQXW�ZHUH�
FDWHJRUL]HG� LQ� ORZHU� 67&� JURXSV� �ILIWK� DQG� VL[WK� JURXSV� RI� 67&� FODVVLILFDWLRQ��� 1RWDEOH�
GLVFUHSDQFLHV�LQFOXGHG�4��VSHFLHV�OLNH�-DFN��FODVVLILHG�LQ�67&
V�VHFRQG�JURXS��DQG�4��VSHFLHV�
LQFOXGLQJ�7RRQD��&\SUHVV� DQG�/XQXPLGHOOD �FODVVLILHG�LQ�VL[WK�JURXS�RI�67&�FODVVLILFDWLRQ���
7KH�UHVHDUFK�IXUWKHU�FODVVLILHG�WKH�ZRRG�VSHFLHV�DFFRUGLQJ�WR�GLPHQVLRQDO�VWDELOLW\ XVLQJ�WKH�
7DQJHQWLDO�5DGLDO� �7�5�� UDWLR�� GXUDELOLW\ FKDUDFWHULVWLFV� DQG� HQG�XVH VXLWDELOLW\�� 7KHVH�
FODVVLILFDWLRQ�V\VWHPV�SURYLGH�D�VFLHQWLILFDOO\�JURXQGHG�IUDPHZRUN�IRU�WLPEHU�VHOHFWLRQ�SURFHVV�
LQ� 6UL� /DQND�� HQDEOLQJ� HYLGHQFH�EDVHG� GHFLVLRQ�PDNLQJ� DQG� RSWLPDO� XWLOL]DWLRQ� RI� WLPEHU�
UHVRXUFHV�DFURVV�YDULRXV�DSSOLFDWLRQV�
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