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7KLV GLVVHUWDWLRQ LV FRPSRVHG RI P\ RULJLQDO ZRUN DQG FRQWDLQV QR PDWHULDO

SUHYLRXVO\ SXEOLVKHG RU ZULWWHQ E\ DQRWKHU SHUVRQ H[FHSW ZKHUH GXH UHIHUHQFH KDV

EHHQ PDGH LQ WKH WH[W� 7KH FRQWHQW RI P\ GLVVHUWDWLRQ LV WKH UHVXOW RI ZRUN , KDYH

FDUULHG RXW VLQFH WKH FRPPHQFHPHQW RI P\ UHVHDUFK SURMHFW DQG GRHV QRW LQFOXGH D

VXEVWDQWLDO SDUW RI ZRUN WKDW KDV EHHQ VXEPLWWHG WR TXDOLI\ IRU WKH DZDUG RI DQ\ RWKHU

GHJUHH RU GLSORPD LQ DQ\ XQLYHUVLW\ RU RWKHU WHUWLDU\ LQVWLWXWLRQ�
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)LUVW RI DOO� , ZRXOG OLNH WR H[SUHVV P\ PRVW VLQFHUH JUDWLWXGH WR P\ VXSHUYLVRU�

'U� 7DQ 7KXDQ &KHZ� IRU DVVLVWLQJ PH SDWLHQWO\ DQG SURYLGLQJ PH HYHU\WKLQJ WKDW ,

QHHGHG LQ WKH SURMHFW� +LV DGYLFH DQG NQRZOHGJH UHDVVXUHG PH HYHU\ WLPH , IRXQG

P\VHOI ORVW LQ IDLOXUH�

, ZRXOG DOVR OLNH WR WKDQN WKH 6FKRRO RI ,QGXVWULDO 7HFKQRORJ\ IRU JLYLQJ PH

WKH JROGHQ RSSRUWXQLW\ WR GR WKLV ZRQGHUIXO SURMHFW DQG SURYLGH PH ZLWK DOO WKH

HTXLSPHQW DQG LQVWUXPHQWV� 7KH SURMHFW DOVR PDGH PH NQRZ DERXW PDQ\ QHZ WKLQJV�

DQG , DP WKDQNIXO WR WKH VFKRRO�

6HFRQGO\� , DOVR ZDQW WR JLYH VSHFLDO JUDWLWXGH WR WKH ODE DVVLVWDQWV LQ WKH

6FKRRO RI ,QGXVWULDO 7HFKQRORJ\� HVSHFLDOO\ WKH )RRG 7HFKQRORJ\ 'LYLVLRQ� ZKR

JXLGH PH LQ XVLQJ WKH LQVWUXPHQWV DQG OHQG PH WKH FKHPLFDO DQG DSSDUDWXV

WKURXJKRXW WKH SURMHFW�

, DOVR OLNH WR WDNH WKLV RSSRUWXQLW\ WR WKDQN P\ IHOORZ FRXUVH PDWHV IRU

DOZD\V KHOSLQJ DQG JLYLQJ PH WKH PHQWDO VXSSRUW WKDW , QHHGHG WKURXJKRXW P\ IRXU

\HDUV LQ 860� /DVWO\� , ZRXOG OLNH WR WKDQN P\ SDUHQWV� ZKR JDYH PH WKHLU IXOO

VXSSRUW LQ ILQDOL]LQJ WKLV SURMHFW�
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7DEOH &DSWLRQ 3DJH

��� 3URWHLQ DQG ILEHU FRQWHQW LQ HGLEOH LQVHFWV �

��� 3URWHLQ FRQWHQW IURP FRPPRQ SURWHLQ VRXUFH �

��� )RRG SURGXFW PDGH IURP LQVHFW ��

��� $OOHUJHQV VXEVWDQFH IRXQG LQ LQVHFWV ��

��� )RUPXODWLRQ RI WKH ZKHDW QRRGOH ��

��� 2SWLPXP FRRNLQJ WLPH IRU ZKHDW QRRGOH ��
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)LJXUH &DSWLRQ 3DJH

��� :KLWH VDOWHG QRRGOH IRUPXODWLRQ /���63,�07* DIWHU
FRRNLQJ
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$EEUHYLDWLRQ &DSWLRQ

J *UDP

/0: /RZ PROHFXODU ZHLJKW

+0: +LJK PROHFXODU ZHLJKW

07* 0LFURELDO 7UDQVJOXWDPLQDVH�

63, 6R\ 3URWHLQ ,VRODWH�

:1�/� &RQWUROOHG ZKHDW QRRGOH�

:1�/� :KHDW QRRGOH ZLWK �� RI ORFXVW SRZGHU�

:1�/�$ :KHDW QRRGOH ZLWK �� RI ORFXVW SRZGHU
XVLQJ ��J RI ZDWHU�

:1�/�% :KHDW QRRGOH ZLWK �� RI ORFXVW SRZGHU
XVLQJ ��J RI ZDWHU�

:1�/�& :KHDW QRRGOH ZLWK �� RI ORFXVW SRZGHU
XVLQJ ��J RI ZDWHU�

:1�/��07* :KHDW QRRGOH ZLWK �� RI ORFXVW SRZGHU
DQG PLFURELDO WUDQVJOXWDPLQDVH�

:1�/��63, :KHDW QRRGOH ZLWK �� RI ORFXVW SRZGHU
DQG VR\ SURWHLQ LVRODWH�

:1�/���63, :KHDW QRRGOH ZLWK ��� RI ORFXVW SRZGHU
DQG VR\ SURWHLQ LVRODWH�

:1�/���63,�� :KHDW QRRGOH ZLWK ��� RI ORFXVW SRZGHU
DQG ��J RI VR\ SURWHLQ LVRODWH�

:1�/���63,�07* :KHDW QRRGOH ZLWK ��� RI ORFXVW
SRZGHU� VR\ SURWHLQ LVRODWH DQG PLFURELDO
WUDQVJOXWDPLQDVH�

ႏ 'HJUHH &HOVLXV

� 3OXV PLQXV
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3HQLQJNDWDQ SRSXODVL PHQJDQFDP NHVHODPDWDQ PDNDQDQ NHUDQD VXPEHU SURWLQ

GDUL WXPEXKDQ GDQ KDLZDQ WLGDN PHQFXNXSL� %HODODQJ MXWD GLEHQDUNDQ GDODP ,VODP

GDQ PHQJDQGXQJL NDQGXQJDQ SURWLQ \DQJ DJDN WLQJJL� 63, GDQ 07* PXQJNLQ GDSDW

PHPEDQWX PHQJXNXKNDQ VWUXNWXU PL� 7XMXDQ SHQ\HOLGLNDQ DGDODK XQWXN PHQJNDML

NHPXQJNLQDQ IRUPXODVL PL SXWLK PDVLQ \DQJ GLSHUEXDW GDULSDGD VHUEXN EHODODQJ

GHQJDQ PHQLODL NXDOLWL PHPDVDN PL PDVLQ SXWLK DSDELOD � GDQ ��� EHUDW WHSXQJ

VHUEXN EHODODQJ PHQJJDQWL VHEDKDJLDQ GDULSDGD WHSXQJ JDQGXP GDQ PHQ\LDVDW NHVDQ

63, GDQ 07* VHEDJDL SHQJLNDW PDNDQDQ� 3HPEXDW PL PHQJXOL EDKDQ VHODPD � PLQLW

GDQ PHPELDUNDQQ\D EHUHKDW VHODPD � PLQLW� .HPXGLDQ� SHPEXDW PL PHQJHOXDUNDQ

DGXQDQ VHFDUD DXWRPDWLN GDQ PL GLODSLVL GHQJDQ ODSLVDQ WHSXQJ QLSLV XQWXN

PHQJHODNNDQQ\D PHOHNDW� 0L NHPXGLDQ GLNXNXV VHODPD �� PLQLW� GLPDVDN GDODP DLU

VXOLQJ PHQGLGLK� 6HPXD IRUPXODVL WLGDN EHUMD\D GLEXDW NHFXDOL /� GDQ /� � 63,�

6HPDNLQ EHUWDPEDKQ\D MXPODK SHUDWXVDQ VHUEXN EHODODQJ GDODP PL PDVLQ SXWLK�

VWUXNWXU MDULQJDQ GDODP PL JDQGXP VHPDNLQ OHPDK DSDELOD MXPODK SHUDWXVDQ JOXWHQ

PHQXUXQ DSDELOD GLSHUKDWLNDQ VHFDUD YLVXDO GDQ PDVD \DQJ GLSHUOXNDQ XQWXN

PHPDVDN PL MXJD PHQLQJNDW VHFDUD RSWLPXP� 3HUXPXVDQ VHODQMXWQ\D GLSHUOXNDQ

GHQJDQ PHQJJXQDNDQ VHUEXN EHODODQJ \DQJ GLEXDW GDUL EDKDJLDQ EDGDQ VDKDMD GDQ

PHPDVWLNDQ S+ PL VHVXDL XQWXN SHQJDNWLIDQ 07*�
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7KH LQFUHDVLQJ SRSXODWLRQ LV WKUHDWHQLQJ WKH IRRG VHFXULW\ DV WKH SURWHLQ VRXUFH

IURP SODQWV DQG DQLPDOV LV LQVXIILFLHQW� 0LJUDWRU\ ORFXVW LV SHUPLVVLEOH LQ ,VODP DQG

FRQWDLQ TXLWH KLJK SURWHLQ FRQWHQW� 63, DQG 07* PD\ KHOS WR VWUHQJWKHQ WKH QRRGOH

VWUXFWXUH� 7KH DLP RI WKH UHVHDUFK LV WR VXUYH\ WKH SRVVLEOH IRUPXODWLRQ IRU ZKLWH

VDOWHG QRRGOH PDGH IURP ORFXVW SRZGHU E\ HYDOXDWLQJ WKH FRRNLQJ TXDOLW\ RI ZKLWH

VDOWHG QRRGOH DV ORFXVW SRZGHU LV SDUWLDOO\ VXEVWLWXWHG ORFXVW SRZGHU �� DQG ��� E\

IORXU ZHLJKW� DQG LQYHVWLJDWH WKH HIIHFW RI 63, DQG 07* DV IRRG ELQGHU� 7KH QRRGOH

PDNHU NQHDGHG WKH LQJUHGLHQWV IRU � PLQXWHV DQG OHW LW UHVW IRU � PLQXWHV� 7KHQ� WKH

QRRGOH PDNHU H[WUXGHG WKH GRXJK DXWRPDWLFDOO\ DQG QRRGOHV ZHUH FRDWHG ZLWK D WKLQ

OD\HU RI IORXU WR SUHYHQW VWLFNLQJ WRJHWKHU� 7KH QRRGOH ZDV WKHQ VWHDPHG IRU ��

PLQXWHV� FRRNHG LQ ERLOLQJ GLVWLOOHG ZDWHU� $OO IRUPXODWLRQV ZHUH QRW IRUP

VXFFHVVIXOO\ H[FHSW IRU /� DQG /��63,� $V WKH DPRXQW RI ORFXVW SRZGHU SHUFHQWDJH LQ

ZKLWH VDOWHG QRRGOH LQFUHDVLQJ� QHWZRUN VWUXFWXUH LQ WKH ZKHDW QRRGOH ZDV ZHDNHQ DV

WKH DPRXQW RI JOXWHQ SHUFHQWDJH GHFUHDVHV ZKHQ REVHUYHG YLVXDOO\ DQG WKH WLPH

QHFHVVDU\ WR FRRN WKH QRRGOH RSWLPDOO\ LQFUHDVHV� )XUWKHU IRUPXODWLRQ LV QHHGHG

XVLQJ ORFXVW SRZGHU PDGH IURP ERG\ SDUW RQO\ DQG HQVXUH WKH QRRGOH¶V S+ VXLWDEOH

IRU 07* DFWLYDWLRQ�




