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([WUDFWLRQ�RI�&DUER[\PHWK\O�&HOOXORVH�IURP�%DUOH\�

5DP�-HHZDQ�<DGDY

'HSDUWPHQW�RI�&KHPLVWU\��3ULWKYL�1DUD\DQ�&DPSXV��3RNKDUD��1HSDO�
(PDLO��UDPMHHZDQ�\DGDY#JPDLO�FRP��

$EVWUDFW�

&DUER[\PHWK\O� &HOOXORVH� �&0&�� RU� VRGLXP� FDUER[\PHWK\O� FHOOXORVH� �1D&0&�� LV� D� FHOOXORVH�
GHULYDWLYH�ZLWK� FDUER[\PHWK\O� JURXSV� ��&+��&221D��ERQGHG� WR� VRPH�RI� K\GUR[\O� JURXSV�RQ� FHOOXORVH�
EDFNERQH��7KH�DSSOLFDWLRQ�RI�&0&�LV�EHFRPLQJ�DWWUDFWLYH�DQG�SURPLVLQJ�LQ�WKH�ILHOGV�RI�VXSHUDEVRUEHQW�
GXH� WR� SRODU�� FKHPLFDOO\� UHDFWLYH� DQG� VWURQJO\� K\GURSKLOLF� FDUER[\O� JURXS�� 6XSHUDEVRUEHQW� SRO\PHUV�
�6$3V��FDQ�DEVRUE�DQG�UHWDLQ�H[WUDRUGLQDU\�ODUJH�DPRXQWV�RI�ZDWHU�RU�DTXHRXV�VROXWLRQ�UHODWLYH�WR�WKHLU�
RZQ�PDVV�� 6$3V�PDWHULDOV� DUH� ZLGHO\� XVHG� IRU� WKH� SURGXFWV� WKDW� UHTXLUH� KLJK� K\JLHQLF�� VXFK� DV� EDE\�
GLDSHUV�DQG�VDQLWDU\�QDSNLQV��&HOOXORVH�ZKLFK�LV� WKH�UDZ�PDWHULDO�RI�JHQHUDWLQJ�PRGLILHG�FHOOXORVH�LV�D�
FRPPRQ�QDWXUDO�SRO\PHU�IRXQG�YDVWO\�LQ�SODQWV�DQG�RQH�DPRQJ�WKHP�LV�%DUOH\��+RUGROHXP�YXOJDUH���,W�LV�
D� FURS�JUDLQ� FXOWLYDWHG� LQ� WKH� YDULRXV� SDUWV� RI� 1HSDO� UDQJLQJ� IURP� (DVW� WR� ZHVW�� 7KLV� UHVHDUFK� KDV�
LQYHVWLJDWHG��LVRODWHG��DQG�FKDUDFWHUL]HG�&0&�LQ�%DUOH\�FROOHFWHG�IURP�6LUDKD�'LVWULFW�RI�1HSDO�ZLWK�WKH�
DLP�RI�LPSURYLQJ�VRFLR�HFRQRPLF�FRQGLWLRQ�RI�IDUPHUV��

.H\�ZRUGV��FDUER[\PHWK\O�FHOOXORVH��VXSHUDEVRUEHQW��GLVSRVDEOH�GLDSHUV��%DUOH\��

,QWURGXFWLRQ�

&DUER[\PHWK\O� FHOOXORVH� �&0&�� RU� VRGLXP� FDUER[\PHWK\O� FHOOXORVH� �1D&0&�� LV� D� FHOOXORVH�
GHULYDWLYH�ZLWK�FDUER[\PHWK\O�JURXSV���&+��&221D��ERQGHG� WR�VRPH�RI�K\GUR[\O�JURXSV�RQ�FHOOXORVH�
EDFNERQH�� 7KH� SRODU� FDUER[\O� JURXSV� SURYLGH� WKH� FHOOXORVH� VROXEOH�� FKHPLFDOO\� UHDFWLYH� DQG� VWURQJO\�
K\GURSKLOLF�DQG�VR� WKH�DSSOLFDWLRQ�RI�&0&�LQ�VXSHUDEVRUEHQW� ILHOGV�EHFRPHV�DWWUDFWLYH�DQG�SURPLVLQJ��
6XSHUDEVRUEHQW�SRO\PHUV��RWKHUZLVH�NQRZQ�DV�6$3V��DUH�VXSHU�VRDNHUV��RU�ZDWHU�KROGLQJ�FU\VWDOV�ZKLFK�
DUH�PDWHULDOV�WKDW�VZHOO�LQ�ZDWHU�WR�IRUP�D�FOHDU�JHO�DQG�XQOLNH�D�VSRQJH��LQ�ZKLFK�ZDWHU�FDQ�EH�ZUXQJ�RXW�
HDVLO\�� WKH� K\GUDWHG� JHO� SDUWLFOHV� UHWDLQ� WKH� DEVRUEHG�ZDWHU� HYHQ�XQGHU� SUHVVXUH��7KLV� XQLTXH� DELOLW\� WR�
KROG� DEVRUEHG� ZDWHU�� HYHQ� DJDLQVW� SUHVVXUH� LV� WKH� SULPDU\� EHQHILW� RI� XVLQJ� VXSHUDEVRUEHQW� SRO\PHUV��
6XSHUDEVRUEHQW�PDWHULDOV�DUH�ZLGHO\�XVHG�IRU�SURGXFWV� WKDW� UHTXLUH�KLJK�K\JLHQLF�� VXFK�DV�EDE\�GLDSHUV�
DQG�VDQLWDU\�QDSNLQV��

7KH�YHUVDWLOLW\�RI�FHOOXORVH�KDV�EHHQ�UH�HYDOXDWHG�DV�D�XVHIXO�VWUXFWXUDO�DQG�IXQFWLRQDO�PDWHULDO��7KH�
HQYLURQPHQWDO� EHQHILWV� RI� FHOOXORVLFV� KDYH� EHFRPH� HYHQ� PRUH� DSSDUHQW��� ,Q� WKH� JOREDO� DUHQD� RI�
VXSHUDEVRUEHQW�SRO\PHUV��6$3V��UHODWHG�UHVHDUFK�ZRUNV�VRPH�RI�WKH�QDPHV�DQG�WKHLU�ZRUNV�DUH�QRWDEOH��
0RVW�RI� WKH� VXSHUDEVRUEHQW�PDWHULDO� IRXQG� LQ�SUHVHQW�PDUNHWV�XVHV�D� V\QWKHWLF�PDWHULDO� VXFK�DV� DFU\OLF�
FRPSRXQGV��+RZHYHU��WKH�XVH�RI�VXFK�VXSHUDEVRUEHQW�PDWHULDO�LQ�ODUJH�TXDQWLWLHV�DV�D�GLVSRVDEOH�PDWHULDO�
LV� FDXVLQJ�HQYLURQPHQWDO�SUREOHPV�� 7KHUHIRUH�� WKH�XVH�RI� HQYLURQPHQWDO�IULHQGO\�PDWHULDOV�QHHGV� WR�EH�
GHYHORSHG�PRUH��3RO\VDFFKDULGH�WKDW�FDQ�EH�XVHG�DV�UDZ�PDWHULDO�VXSHUDEVRUEHQW�PDWHULDO�LV�WKH�FKHDSHVW��

&RUUHVSRQGLQJ�DXWKRU
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PRVW�DEXQGDQW��DYDLODEOH�DQG�UHQHZDEOH�RUJDQLF�PDWHULDO�� $PRQJ�WKH�YDULRXV�W\SHV�RI�SRO\VDFFKDULGHV��
FHOOXORVH� LV� WKH� PRVW� SRWHQWLDO� RQH�� VLQFH� LW� LV� WKH� PRVW� DEXQGDQW� QDWXUDO� SRO\PHU� ZLWK� H[FHOOHQW�
ELRGHJUDGDELOLW\�DQG�ELRFRPSDWLELOLW\�� &KHPLFDO�IXQFWLRQDOLW\�RI�FHOOXORVH�LQFOXGH�UHDFWLRQV�RI�K\GUR[\O�
JURXSV� VXFK� DV� HVWHULILFDWLRQ�� HWKHULILFDWLRQ�� LQWHUPROHFXODU� FURVV�OLQNLQJ� UHDFWLRQV�� DQG�PDFURFHOOXORVLF�
IUHH� UDGLFDO� UHDFWLRQV�� SDUWLFXODUO\� LQ� WKH� IRUPDWLRQ� RI� JUDIW� FHOOXORVH� FRSRO\PHUV� WR� LQFUHDVH� WKH�
XVHIXOQHVV�RI�FHOOXORVH�E\�DOWHULQJ�LWV�SURSHUWLHV��7KHVH�FHOOXORVH�GHULYDWLYHV�DUH�JURXSHG�DFFRUGLQJ�WR�WKH�
SURFHVVHV�DQG�VXEVWLWXHQWV��IRU�LQVWDQFH��HVWHUV��FHOOXORVH�DFHWDWH�WKURXJK�HVWHULILFDWLRQ�DQG�HWKHUVPHWK\O�
FHOOXORVH�F\DQRHWK\O�FHOOXORVH�FDUER[\PHWK\O�FHOOXORVH��&0&��YLD�HWKHULILFDWLRQ��

2SWLPL]DWLRQ� RI� UHDFWLRQ� FRQGLWLRQV� IRU� SUHSDULQJ� FDUER[\PHWK\O� FHOOXORVH� LV� QHFHVVDU\� WR� REWDLQ�
FDUER[\PHWK\O� FHOOXORVH� �&0&�� E\� HWKHULILFDWLRQ� XVLQJ� VRGLXP� PRQRFKORURDFHWDWH� DQG� VRGLXP�
K\GUR[LGH���7KHUH�DUH�WZR�UHDFWLRQV�RFFXUULQJ�VLPXOWDQHRXVO\�GXULQJ�WKH�FDUER[\PHWK\ODWLRQ��WKDW�DUH�WKH�
SULPDU\� UHDFWLRQ� ZKLFK� SURGXFHV� SXUH� &0&� DQG� WKH� VLGH� UHDFWLRQ� WKDW� SURGXFHV� XQGHVLUHG� VRGLXP�
JO\FRODWH���&KHPLFDO� SUH�WUHDWPHQWV� RI� WKH� DJUR�ZDVWHV� DUH�GRQH� IROORZHG�E\� HQ]\PLF� VDFFKDULILFDWLRQ��
(PSKDVLV�KDV�EHHQ�JLYHQ�WRZDUG�LQYHVWLJDWLQJ�WKH�DSSURSULDWH�FRQGLWLRQV�OHDGLQJ�WR�JRRG�GHOLJQLILFDWLRQ�
ZLWK�WKH�OHDVW�ORVV�RI�FHOOXORVH DQG�KHPLFHOOXORVH�FRQWHQWV���&HOOXORVH�LVRODWLRQ�LV�SHUIRUPHG�E\�H[WUDFWLRQ�
IROORZHG� E\� DFHW\ODWLRQ� UHVXOWLQJ� FHOOXORVH� GLDFHWDWH�� &KHPLFDO� IXQFWLRQDOL]DWLRQ� RI� FHOOXORVH� GHULYHG�
IURP�QRQ�FRQYHQWLRQDO�VRXUFHV�KDV�EHHQ�UHSRUWHG�ZKLFK�FRQWLQXH� WR�SOD\�D�GRPLQDQW� UROH� LQ� LPSURYLQJ�
WKH�RYHUDOO�XWLOL]DWLRQ�RI�FHOOXORVLF�SRO\PHUV������

&0&� FDQ� EH� REWDLQHG� IURP� YDULRXV� SODQWV� UHVRXUFHV� DQG� WKHLU� H[WUDFWLRQ� IURP� DJUR�ZDVWHV� RI� ULFH��
ZKHDW�DQG�EDUOH\�KDV�PXOWL�GLPHQVLRQDO�LPSRUWDQFH��7KH�IROORZLQJ�WDEOH�VKRZV�WKH�FKHPLFDO�FRPSRVLWLRQ�
RI�VRPH�ILEUHV����7KH� WDEOH���VKRZV� WKH�FKHPLFDO�FRPSRVLWLRQ�RI� WKH� � ILEUHV�IURP�VHYHUDO� W\SHV�RI�QRQ�
WLPEHU�SODQW��6RPH�RI�FXOWLYDWHG�SODQWV�VXFK�DV�FRWWRQ��IOD[��KHPS��UDPLH��MXWH��NHQDI�DQG�VLVDO�KDYH�D�KLJK�
FHOOXORVH� FRQWHQW� XS� WR� ����Z�� %DJDVVH�� ULFH� VWUDZ�� ZKHDW� VWDONV�� EDPERR�� RLO� SDOP� HPSW\� EXQFKHV��
EDUOH\�HWF�DUH�VRPH�H[DPSOHV�RI�WKH�FXOWLYDWLRQ�QRQ�FXOWLYDWLRQ�VRXUFHV�RI�FHOOXORVH����

&DUER[\PHWK\O�FHOOXORVH�REWDLQHG�IURP�WKHVH�SODQWV�ZDVWHV�KDV�D�KLJKHU�GHJUHH�RI�VXEVWLWXWLRQ��'6��DQG�
LV�H[SHFWHG�WR�EH�PRUH�YDOXDEOH���7KH�XVH�RI�QRQ�ZRRG�FHOOXORVH�VRXUFHV�KDV�EHHQ�H[SORUHG�DQG�GHYHORSHG�
VLQFH� WKH� ZRRG� SULFH� LV� UHODWLYHO\� H[SHQVLYH� DQG� DVVRFLDWHG� ZLWK� IRUHVW� FRQVHUYDWLRQ� LVVXHV�� $PRQJ� WKH�
SODQWV�WKDW�DUH�QRW�FXOWLYDWHG��RDW�DQG�ULFH�FRQWDLQV�UHODWLYHO\�KLJK�FHOOXORVH�DW���������Z��VR�WKHVH�KDYH�WKH�
SRWHQWLDOLW\�WR�EH�XVHG�DV�D�VRXUFH�RI�FHOOXORVH�IRU�YDULRXV�DSSOLFDWLRQV��,Q�DGGLWLRQ��ZLWK�UHODWLYHO\�ORZ�OLJQLQ�
FRQWHQW��L�H���������Z��IURP�WKHVH�SODQWV�ZLOO�EH�PRUH�HDVLO\�UHPRYHG�WR�REWDLQ�KLJK�SXULW\�FHOOXORVH����

7DEOH�����&KHPLFDO�FRPSRVLWLRQ�RI�VHYHUDO�W\SHV�RI�ILEHUV����Z���

)LEUH &HOOXORVH +HPLFHOOXORVH /LJLQ 3HFWLQ )DW�:D[
&RWWRQ ����� � � � �
)OD[ ����� ����� ������� ����� ��
+HPS ����� ����� ����� ��� ���
-XWH ����� ����� ��������� ���� ��
%DUOH\ �� ���� �� �� ��
2DW ����� ���� � � �
5LFH�VWUDZ ���� ���� ���� ����
:KHDW�VWUDZ �� ���� �� � ��
6XJDUFDQH�
%DJDVVH

���� ���� ���� � ����
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&XUUHQWO\�� VHYHUDO�XVHIXO�DSSOLFDWLRQV� IRU� WKHVH�SODQWV�KDYH�EHHQ�IRXQG������ 7KLV�SURMHFW�ZLOO�XWLOL]H� WKH�
&0&�RI�%DUOH\�ULFH� WR�V\QWKHVL]H�6$3V�IRU� WKH�SUHSDUDWLRQ�RI�FRVW�HIIHFWLYH�GLVSRVDEOH�GLDSHU� �QDSNLQV�
IRU�EDELHV�DV�ZHOO�DV�DGXOWV¶�KHDOWK�FDUH������

([SHULPHQWDO�0HWKRGV�

&ROOHFWLRQ�RI�%DUOH\��

%DUOH\�KXVNV�ZHUH�FROOHFWHG�IURP�'KDQJDGKLPDL�PXQLFLSDOLW\��6LUDKD�GLVWULFW�RI�1HSDO��7KH�ZKROH�SODQW�
H[FHSW�JUDLQ�ZDV�GULHG�DQG�PLOOHG��$Q� LGHDO�SUH�WUHDWPHQW�ZDV�GRQH� WR� UHGXFH� WKH� OLJQLQ�FRQWHQW� LQ� WKH�
EDUOH\�DQG�IXUWKHU�SURFHVVLQJ�ZDV�FDUULHG�RXW�LQ�WKH�3�1��&DPSXV�&KHPLVWU\�ODERUDWRU\��

3UHWUHDWPHQW�ZLWK�$ONDOL��

3UHWUHDWPHQW�ZDV�FDUULHG�RXW�LQ�(UOHQPH\HU�IODVNV������PO��E\�WUHDWLQJ�ZLWK����������������DQG�����
1D2+�VROXWLRQ�YDU\LQJ�WLPH�GXUDWLRQ�DW�����R&�DV�VKRZQ�LQ�WKH�WDEOH�EHORZ�

6DPSOH�VHW�$ 1D2+�&RQFHQWUDWLRQ 7LPH��0LQXWHV� 7HPSHUDWXUH��R&��

$� ���� �� ����

$� ���� ��

$� ���� ���

$� ���� ���

$� ���� ���

&DUER[\PHWK\ODWLRQ

7KH�FHOOXORVH�REWDLQHG�DIWHU�SUH�WUHDWPHQW�SKDVH�LV�FRQYHUWHG�WR�FDUER[\�PHWK\O�FHOOXORVH��&0&��E\�
HWKHULILFDWLRQ�SURFHVV�XVLQJ�VRGLXP�PRQRFORURDFHWDWH� DQG� VRGLXP�K\GUR[LGH����7KHUH�DUH� WZR� UHDFWLRQV�
RFFXU�VLPXOWDQHRXVO\�GXULQJ�FDUER[\PHWK\ODWLRQ��7KHVH�DUH��L��WKH�SULPDU\�UHDFWLRQ�ZKLFK�SURGXFHV�SXUH�
&0&�DQG��LL��VLGH�UHDFWLRQ�WKDW�SURGXFHV�XQGHVLUHG�VRGLXP�JO\FRODWH����

�&HOO�2+���&O&+�&22+������1D2+���������� ������&HOO�2&+�&221D�������1D&O���+�2�

�&HOOXORVH���0RQRFKORURDFHWLF�DFLG����������6RGLXP�FDUER[\PHWK\O�FHOOXORVH��

&O&+�&22+���1D2+������������������+2&+�&221D����1D&O���

&KDUDFWHUL]DWLRQ��

&0&�SHOOHWV�EHLQJ�JURXQG�ZLWK�.%U�ZHUH�VXEMHFWHG�WR�)RXULHU�7UDQVIRUPV�,5��)7,5��PHDVXUHPHQW�DW�
WKH�ZDYH�QXPEHU�UDQJH�RI����������FP�����7KH�)7,5�RI�WKH�VDPSOHV�ZHUH�WDNHQ�IURP�WKH�ODERUDWRU\�RI�WKH�
GHSDUWPHQW�RI�WD[�	�UHYHQXH��7ULSXUHVKZRU��.DWKPDQGX�DQG�1HSDO�$FDGHP\�RI�6FLHQFH�DQG�7HFKQRORJ\�
�1$67���.KXPDOWDU��
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���������������)LJXUH����)7,5�RI�WKH�VDPSOHV�$��DQG�$��

$V�HYLGHQW�IURP�WKH�)7,5�SORWV��DERYH���IUHTXHQF\�UDQJH�EHWZHHQ�����������FP���LV�IRXQG�WR�EH�WKH�
K\GURJHQ ERQGHG� DOFRKROV�� SKHQROV�ZKRVH� LQWHQVLW\� OLHV� WR� EH� YDULDEOH�� )URP� WKH� JUDSK�� WKH� IUHTXHQF\�
�������� FP��� OLHV� LQ� EHWZHHQ� WKH� UDQJH� ����������� ZKLFK� FRQILUPV� WKH� SUHVHQFH� RI� K\GURJHQ� ERQGHG�
DOFRKROV��SKHQROV��$OVR�WKH�IUHTXHQF\���������FP���VKRZV�WKDW�WKH�SUHVHQFH�RI�DONHQHV�ZKRVH�LQWHQVLW\�LV�
YDULDEOH�DQG�OLHV�ZLWKLQ�WKH�UDQJH�������������FP��������������

&RQFOXVLRQV�

&0&�H[WUDFWHG�IURP�%DUOH\�VKRZHG�WKH�SUHVHQFH�RI�DOFRKRO�DQG�SKHQRO�JURXSV�SURYLQJ�LWV�SRWHQWLDOLW\�WR�
EH�XVHG�DV�6$3��$OWKRXJK�WKH�PDMRULW\�RI�WKH�VXSHUDEVRUEHQWV�DUH�QRZDGD\V�PDQXIDFWXUHG�IURP�V\QWKHWLF�
SRO\PHUV��HVVHQWLDOO\�DFU\OLFV��GXH�WR�WKHLU�VXSHULRU�SULFH�WR�HIILFLHQF\�EDODQFH�WKH�ZRUOG¶V�ILUP�GHFLVLRQ�
IRU�HQYLURQPHQWDO�SURWHFWLRQ�SRWHQWLDOO\�VXSSRUW�WKH�LGHDV�RI�SDUWLDOO\�WRWDOO\�UHSODFLQJ�WKH�V\QWKHWLFV�E\�
�JUHHQHU��DOWHUQDWLYHV�OLNH�EDUOH\��

$FNQRZOHGJHPHQW�

7KH� DXWKRU� H[SUHVVHV� JUDWLWXGH� WR� WKH� 'HSDUWPHQW� RI� &KHPLVWU\�� 3�1�� &DPSXV�� 3RNKDUD� IRU� SURYLGLQJ�
QHFHVVDU\� ODERUDWRU\� IDFLOLWLHV�� 6LQFHUH� WKDQNV� JR� WR� WKH� 'HSDUWPHQW� RI� WD[� 	� UHYHQXH�� 7ULSXUHVKZRU��
.DWKPDQGX�DQG�1HSDO�$FDGHP\�RI�6FLHQFH�DQG�7HFKQRORJ\��1$67���.KXPDOWDU�IRU�)7,5�RI�WKH�UHVHDUFK�
VDPSOHV��

5HIHUHQFHV��

�� :��:DQJ��DQG�:��$LTLQ��&DUERK\GUDWH�3RO\PHU������������������

�� '��+RQ� 3RO\VDFFKDULGHV�LQ�PHGLFLQDO�DSSOLFDWLRQV��������0DUFHO�'HNNHU��1HZ��

��������<RUN�

�� 6��.LDWNDPMRUQZRQJ��.��0RQJNROVDZDW��DQG�0��6RQVXN��3RO\PHU�����������������������

�� 0�-��=RKXULDDQ�0HKU��	��.��.DELUL� 6XSHUDEVRUEHQW�3RO\PHU�0DWHULDOV��$�5HYLHZ��
,UDQLDQ�3RO\PHU�-RXUQDO���������������������

�� -�&�$UWKXU��*��$OOHQ��DQG�-��&��%HYLQJWRQ��&RPSUHKHQVLYH�SRO\PHU�VFLHQFH�
3HUJDPRQ��2[IRUG��������S��������
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�� 9��3XVKSDPDODU��6�-��/DQJIRUG��0��$KPDG��DQG�<��<�/LP���&DUERK\GUDWH�3RO\PHUV��
�������������±�����

�� 1�0��,VPDLO��$��%RQR���$�&�5��9DOLQWLQXV��6�1LOXV��/��0���&KQJ��-RXUQDO�RI�$SSOLHG�
6FLHQFHV�����������������������

�� )��$KPHG����$��0RDKPHG�&DUERK\GUDWH�3RO\PHUV������������������±�������

�� 7��,VWLURNKDWXQD���1���5RNKDWLE���5��5DFKPDZDW\��0���0HUL\DQL��3UL\DQWR��6�+����
6XVDQWR���3URFHGLD�(QYLURQPHQWDO�6FLHQFHV����������������±������

��� 9�.��9DUVKQH\���6��1DLWKDQL��&HOOXORVH�)LEHUV��%LR��DQG�1DQR�3RO\PHU�&RPSRVLWHV�
�������KWWS���ZZZ�VSULQJHU�FRP��������������������

��� $�%��3LWDORND���$�+��6DSXWUD���0��1DVLNLQ��:RUOG�$SSOLHG�6FLHQFHV�-RXUQDO�����������
���������

��� 0��0LVEDKXGGLQ��$��)DULGXGGLQ���$UFKLYHV�RI�(QYLURQPHQWDO�+HDOWK����������������
�����

��� %��*RSDO��:DWHU�+\DFLQWK��$TXDWLF�3ODQWV�6WXGLHV��(OVHYLHU��1HZ�<RUN��������

��� '�5��%LVZDO���5��3��6LQJK��&DUERK\GUDWH�3RO\PHUV���������������������


