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$EVWUDFW�
&RUURVLRQ LV D JOREDO SUREOHP ZKLFK OHDGV WR ERWK HFRQRPLFDO ORVVHV� QHJDWLYH LPSDFW RQ WKH� � � � � � � � � � � � � � �
HQYLURQPHQW DV ZHOO DV RWKHU QHJDWLYH VRFLDO DQG HWKLFDO DVSHFWV� 6|GUD &HOO 0|QVWHUnV� RQH RI� � � � � � � � � � � � � � �
WKH ODUJHVW SURGXFHU RI SXOS LQ WKH ZRUOG� VXIIHUV IURP FRUURVLRQ SUREOHPV LQ WKHLU HYDSRUDWLRQ� � � � � � � � � � � � � � �
SODQW���
�
3UREOHPV ZLWK FRUURVLRQ FDQ EH KDQGOHG ZLWK DQ HIIHFWLYH PDWHULDO VHOHFWLRQ SURFHVV� ZKHUH� � � � � � � � � � � � �
VXLWDEOH PDWHULDOV IRU VSHFLILF FRQGLWLRQV LV GLVFRYHUHG� 7KH SXUSRVH ZLWK WKLV UHSRUW LV WR� � � � � � � � � � � � � �
LQYHVWLJDWH WKH HYDSRUDWLRQ SODQW DW 6|GUD &HOO DQG LWV VSHFLILF FRQGLWLRQV� LQFOXGLQJ� � � � � � � � � � � �
HQYLURQPHQW DQG WHPSHUDWXUH� $OVR WR LQYHVWLJDWH GLIIHUHQW W\SHV RI FRUURVLRQV FRPPRQ LQ� � � � � � � � � � � �
SXOS PLOOV DQG KRZ WKHVH FDQ EH SUHYHQWHG� DV ZHOO DV KRZ PDWHULDOV EHKDYH XQGHU FRUURVLYH� � � � � � � � � � � � � � � �
FLUFXPVWDQFHV� 7KH LQIRUPDWLRQ LV ODWHU WR EH XVHG LQ D GHWDLOHG PDWHULDO VHOHFWLRQ SURFHVV�� � � � � � � � � � � � � �
ZKLFK LV KDQGOHG LQ WKLV UHSRUW EXW DOVR VKRXOG ZRUN DV D IRXQGDWLRQ IRU 6|GUD &HOO 0|QVWHUnV� � � � � � � � � � � � � � � � �
IRU�IXWXUH�PDWHULDO�VHOHFWLRQV��
�
7KH PDWHULDO VHOHFWLRQ SURFHVV LQ WKLV UHSRUW LV SHUIRUPHG DFFRUGLQJ WR $VKE\¶V PHWKRG� ZLWK� � � � � � � � � � � � � �
&(6 (GXSDFN DV D VXSSRUWLQJ WRRO� 7KH GXSOH[ VWHHOV� HVSHFLDOO\ (1 ������ DQG (1 �������� � � � � � � � � � � � � � �
VKRZHG WR EH WKH EHVW VXLWDEOH PDWHULDOV� +RZHYHU� WR GR D IDLU MXGJPHQW DQG WR FKRRVH RQH� � � � � � � � � � � � � � � � �
PDWHULDO� RQH VKRXOG GR D FRPSOHWH FRVW HIILFLHQF\ DQDO\VLV� DV ZHOO DV GHFLGH D VSHFLILF� � � � � � � � � � � � � � �
UHTXLUHG�SLWWLQJ�UHVLVWDQFH�HTXLYDOHQW�QXPEHU��35(1����
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6DPPDQIDWWQLQJ�
.RUURVLRQ lU HWW JOREDOW SUREOHP VRP OHGHU WLOO EnGH HNRQRPLVND I|UOXVWHU� QHJDWLY� � � � � � � � � � � �
PLOM|SnYHUNDQ VDPW DQGUD QHJDWLYD VRFLDOD RFK HWLVND DVSHNWHU� 6|GUD &HOO 0|QVWHUnV� HQ DY� � � � � � � � � � � � �
YlUOGHQV VW|UVWD SURGXFHQWHU DY PDVVD� OLGHU DY NRUURVLRQVSUREOHP L GHUDV� � � � � � � � � �
LQGXQVWQLQJVDQOlJJQLQJ���
�
.RUURVLRQVSUREOHP NDQ O|VDV JHQRP DWW KD HQ HIIHNWLY PDWHULDOYDOV SURFHVV GlU UlWW PDWHULDO� � � � � � � � � � � � �
I|U VSHFLILND I|UKnOODQGHQ RFK lQGDPnO XSSWlFNV� 6\IWHW PHG GHQ KlU UDSSRUWHQ lU DWW� � � � � � � � � � � � �
XQGHUV|ND YLOND VSHFLILND I|UKnOODQGHQ VRP UnGHU L 6|GUD &HOOV LQGXQVWQLQJVDQOlJJQLQJ�� � � � � � � � � �
GlULEODQG PLOM| RFK WHPSHUDWXU� bYHQ DWW XQGHUV|ND ROLND NRUURVLRQVW\SHU VRP YDQOLJHQ� � � � � � � � � � �
I|UHNRPPHU L PDVVDLQGXVWULQ� VDPW KXU GHVVD NDQ I|UKLQGUDV RFK KXU ROLND PDWHULDO EHWHU VLJ� � � � � � � � � � � � � �
XQGHU NRUURVLYD I|UKnOODQGHQ� ,QIRUPDWLRQHQ VNDOO VHGDQ NXQQD DQYlQGDV I|U HQ XWI|UOLJ� � � � � � � � � � �
PDWHULDOYDOV SURFHVV� VRP EnGH EHKDQGODV KlU PHQ lYHQ VNDOO NXQQD IXQJHUD VRP XQGHUODJ I|U� � � � � � � � � � � � � �
6|GUD�&HOO�0|QVWHUnV�LQI|U�IUDPWLGD�PDWHULDOYDO���
�
0DWHULDOYDOV SURFHVVHQ L GHQQD UDSSRUW lU XWI|UG HQOLJW $VKE\V PHWRG� PHG &(6 (GXSDFN VRP� � � � � � � � � � � � � �
HWW KMlOSPHGHO� 'HW YLVDU VLJ DWW 'XSOH[D VWnO� VSHFLHOOW (1 ������ VDPW (1 ������ lU PDWHULDO� � � � � � � � � � � � � � � �
VRP OlPSDU VLJ ElVW I|U DQYlQGQLQJ L GHQ NRUURVLYD PLOM|Q L LQGXQVWQLQJVDQOlJJQLQJHQ� )|U� � � � � � � � � � � � �
DWW NXQQD J|UD HQ UlWWYLV EHG|PQLQJ RFK YlOMD XW HWW PDWHULDO� E|U HQ IXOOVWlQGLJ� � � � � � � � � � � � � �
NRVWQDGVDQDO\V XWI|UDV� VDPW NODUJ|UD HWW VSHFLILNW YlUGH I|U YLONHW SLWWLQJ UHVLVWDQFH� � � � � � � � � � �
HTXLYDOHQFH�QXPEHU��35(1��VRP�NUlYV���
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7DEOH�RI�&RQWHQWV�
��,QWURGXFWLRQ ��

����%DFNJURXQG ��
����)RUPXODWLRQ�RI�*RDO ��
����3XUSRVH ��

���7KH�(YDSRUDWLRQ�3ODQW ��
����.UDIW�3XOS�0LOOV ��

������)DOOLQJ�)LOP�(YDSRUDWRU ��
����7KH�(YDSRUDWLRQ�3ODQW�DW�6|GUD�&HOO�0|QVWHUnV ��

������0DWHULDOV�8VHG�LQ�WKH�(YDSRUDWLRQ�3ODQW�DW�6|GUD�&HOO ��
����$GGLWLYHV ��
����%ODFN�/LTXRU ��

���&RUURVLRQ ��
����3DVVLYLW\ ��
����$ONDOLQH�(QYLURQPHQW ���
����8QLIRUP�&RUURVLRQ ���
����6WUHVV�&RUURVLRQ�&UDFNLQJ ���

������+RZ�WR�3UHYHQW�6WUHVV�&RUURVLRQ�&UDFNLQJ ���
����&UHYLFH�&RUURVLRQ ���

������+RZ�WR�3UHYHQW�&UHYLFH�&RUURVLRQ ���
����3LWWLQJ�&RUURVLRQ ���

������+RZ�WR�3UHYHQW�3LWWLQJ�&RUURVLRQ ���
����$OOR\LQJ�(OHPHQWV�WR�3UHYHQW�&RUURVLRQ ���

���0DWHULDO�&KRLFH ���
����0DWHULDO�6HOHFWLRQ�3URFHVV�DQG�7RROV ���

������:HOGLQJ�3HUVSHFWLYH ���
����0LFURVWUXFWXUHV�LQ�6WDLQOHVV�6WHHOV ���

������$XVWHQLWLF�6WHHOV ���
������)HUULWLF�6WHHOV ���
������0LFURVWUXFWXUH�6WDELOL]HUV ���
������'XSOH[�6WHHOV ���

����$OOR\LQJ�(OHPHQWV�LQ�6WDLQOHVV�6WHHOV ���
������&DUERQ ���
������&KURPLXP ���
������&RSSHU ���
������1LFNHO ���
������1LWURJHQ ���
������0RO\EGHQXP ���
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������0DQJDQHVH ���
����&RVW�(IILFLHQF\ ���

���&DVH�6WXGLHV�RQ�'LIIHUHQW�6WHHOV ���
����(YDOXDWLRQ�RI�&RUURVLRQ�%HKDYLRU�RI�'LIIHUHQW�6WHHOV�LQ�%ODFN�/LTXRU ���
����,QYHVWLJDWLRQV�RI�'LIIHUHQW�'XSOH[�6WDLQOHVV�6WHHOV�LQ�$ONDOLQH�(QYLURQPHQW ���
����$QDO\VLV�RI�D�3LSH�8VHG�LQ�WKH�(YDSRUDWLRQ�3ODQW ���
����6WXG\�RQ�6WHHOV�LQ�+RW�$ONDOLQH�(QYLURQPHQW ���
����6WXG\�RQ�'LIIHUHQW�6WHHOV�LQ�D�6XOIDWH�(QYLURQPHQW ���
����,QYHVWLJDWLRQ�RI�&DUERQ�6WHHOV�:KHQ�,QFUHDVLQJ�6XOILGLW\�&RQWHQW ���

���0HWKRG ���
����$VKE\V ���

������&(6�(GXSDFN ���

���5HVXOWV ���
����(YDSRUDWLRQ�3ODQW ���
����&RUURVLRQ ���
����0DWHULDO�&KRLFH ���

������0DWHULDO�6HOHFWLRQ�IRU�WKH�(YDSRUDWLRQ�3ODQW�DW�6|GUD�&HOO�0|QVWHUnV ���
������&DOFXODWLRQV�RI�3KDVHV�LQ�WKH�:HOGLQJ�6LWHV ���
������0DWHULDO�6HOHFWLRQ�E\�$VKE\¶V ���
������5HVXOW�IURP�(GXSDFN ���

���'LVFXVVLRQ ���
����7KH�0DWHULDOV�8VHG�LQ�WKH�(YDSRUDWLRQ�3ODQW ���
����6RFLDO�DQG�(WKLFDO�$VSHFWV ���
����&RPSDULVRQ�%HWZHHQ�5HFRPPHQGHG�0DWHULDOV ���

������(1������� ���
�������(1������� ���
������(1������� ���
������5DQNLQJ�RI�WKH�7KUHH�0DWHULDOV ���
������&RPPHQWV�RQ�WKH�&RPSDULVRQ ���

����0DWHULDO�&KRLFH�E\�&(6�(GXSDFN ���
������&RPPHQWV�RQ�WKH�&RPSDULVRQ ���

����(UURU�6RXUFHV ���

���&RQFOXVLRQ ���

����$FNQRZOHGJHPHQW ���

����5HIHUHQFHV ���

$SSHQGL[�$��&RPSRVLWLRQ�RI�GLIIHUHQW�OLTXRUV ���
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��,QWURGXFWLRQ�

����%DFNJURXQG�
7R FRQWURO WKH FRUURVLRQ LV RI JUHDW LPSRUWDQFH VLQFH LW KDV D QHJDWLYH LPSDFW RQ WKH� � � � � � � � � � � � � � � �
HQYLURQPHQW ZKHQ WKH WHFKQLFDO OLIHVSDQ RI WKH PDWHULDO VKRUWHQV� ZKLFK DOVR DIIHFWV WKH� � � � � � � � � � � � �
HFRQRPLF OLIH VSDQ� %\ FRQWUROOLQJ FRUURVLRQ� RQH FDQ PLQLPL]H PDWHULDO ORVV DV ZHOO DV� � � � � � � � � � � � � �
PDWHULDO ZDVWH� ZKLFK LV ERWK HIILFLHQW LQ DQ HQYLURQPHQWDO DQG DQ HFRQRPLF SHUVSHFWLYH� 7R� � � � � � � � � � � � � �
SURGXFH � WRQ RI VWHHO IURP LURQ RUH� WKH HQHUJ\ UHTXLUHG ZLOO FRYHU D IDPLO\¶V XVDJH IRU WKUHH� � � � � � � � � � � � � � � � � �
PRQWKV� &RUURVLRQ FDQ DOVR OHDG WR FDWDVWURSKLF IDLOXUH ZLWKRXW DQ\ QRWLFH DQG WKHUHE\ FDXVH� � � � � � � � � � � � � �
DFFLGHQWV DPRQJ ZRUNHUV� ,I WKH FRUURVLRQ LV FRQWUROOHG� WKH ZRUN HQYLURQPHQW FDQ EHFRPH� � � � � � � � � � � � �
VDIHU� 7KLV LV ZK\ WKH PDWHULDO VHOHFWLRQ SURFHVV LV RI LPSRUWDQFH DQG QHHGV WR EH GRQH� � � � � � � � � � � � � � � �
FDUHIXOO\� %\ ILQGLQJ WKH ULJKW PDWHULDO IRU D VSHFLILF DSSOLFDWLRQ� RQH FDQ PD[LPL]H WKH XVDJH� � � � � � � � � � � � � � �
RI WKH PDWHULDO� DQG WKHUHE\ GHFUHDVH WKH QHJDWLYH LPSDFW RQ WKH HQYLURQPHQW DQG HFRQRP\� � � � � � � � � � � � � �
>�@��
�
2QH RI WKH ZRUOG
V ODUJHVW SURGXFHU RI SXOS LV 6|GUD &HOO 0|QVWHUnV� 7KH\ KDYH D \HDU�URXQG� � � � � � � � � � � � � � � �
SURGXFWLRQ DQG DUH D KLJK�WHFK SURFHVV LQGXVWU\� ZKLFK SXWV KLJK GHPDQGV RQ WKH PDWHULDO� � � � � � � � � � � � � �
VHOHFWLRQ� 2QH RI WKH PRUH FRPSOH[ SDUWV RI WKH LQGXVWU\ LV FDOOHG WKH HYDSRUDWLRQ SODQW� ZKHUH� � � � � � � � � � � � � � � �
WKH EODFN OLTXRU LV GULHG LQ GLIIHUHQW VWHSV WR DFKLHYH D KLJKHU GU\ VROLG FRQWHQW� 7R HQDEOH� � � � � � � � � � � � � � � � �
FRPEXVWLRQ LQ WKH UHFRYHU\ ERLOHU DQG WKHUHE\ UHFRYHU WKH FKHPLFDOV� D KLJKHU KHDWLQJ YDOXH� � � � � � � � � � � � � �
QHHGV WR EH REWDLQHG E\ LQFUHDVLQJ WKH GU\ VROLG FRQWHQW� 7KH EODFN OLTXRU LV DQ DONDOLQH� � � � � � � � � � � � � � � �
VROXWLRQ DQG LV KLJKO\ FRUURVLYH ZKHQ WKH FRQFHQWUDWLRQ LQFUHDVHV� 7KLV KDV OHG WR JUHDW� � � � � � � � � � � � � �
PDWHULDO�ORVV�LQ�WKH�ILQDO�VWHS��ZKHUH�WKH�KLJKHVW�GU\�VROLG�FRQWHQW�LV�REWDLQHG��
�
7KHUH DUH GLIIHUHQW NLQGV RI FRUURVLRQ DQG LW KDV EHHQ VKRZQ WKDW VWUHVV FRUURVLRQ FUDFNLQJ�� � � � � � � � � � � � � � �
XQLIRUP FRUURVLRQ DV ZHOO DV FUHYLFH DQG SLWWLQJ FRUURVLRQ DUH WKH PRVW FRPPRQ RQHV LQ WKH� � � � � � � � � � � � � � � �
FHOOXORVD LQGXVWU\� 8QLIRUP FRUURVLRQ PD\ RFFXU GXH WR WKH SUHVHQFH RI DONDOLQH VROXWLRQV DQG� � � � � � � � � � � � � �
PROWHQ VDOWV� :KHQ XQLIRUP FRUURVLRQ RFFXUV� WKH SDVVLYH OD\HU WKDW ZRUNV DV D SURWHFWLRQ RI� � � � � � � � � � � � � � �
WKH PHWDO� LV EURNHQ GRZQ� 7KH VXUIDFH LV WKHQ DFWLYH DQG WKH UHPRYDO RI PHWDO VWDUWV ZLWK DQ� � � � � � � � � � � � � � � � � �
XQLIRUP SURSDJDWLRQ� :KLOH SLWWLQJ DQG FUHYLFH FRUURVLRQ DUH RQO\ ORFDOL]HG DWWDFNV� 6WUHVV� � � � � � � � � � � �
FRUURVLRQ FUDFNLQJ RFFXUV GXH WR WKH FRPELQDWLRQ RI D VXVFHSWLEOH PDWHULDO� PHFKDQLFDO� � � � � � � � � � � �
VWUHVVHV DQG D FRUURVLYH HQYLURQPHQW� &UDFNV DUH LQLWLDWHG DQG WKHQ SURSDJDWHV WKURXJK WKH� � � � � � � � � � � � �
PDWHULDO��FDXVLQJ�FDWDVWURSKLF�IDLOXUH�XQGHU�WKH�WHQVLOH�VWUHQJWK���
�
7KLV UHSRUW LQYHVWLJDWHV ZKLFK PDWHULDO WKDW FDQ EH PRVW VXLWDEOH LQ WKH HQYLURQPHQW ZLWK� � � � � � � � � � � � � �
FXUUHQW FRQGLWLRQV LQ WKH HYDSRUDWLRQ SODQW DW 6|GUD &HOO 0|QVWHUnV� 7KH FXUUHQW XVHG� � � � � � � � � � � � �
PDWHULDOV DUH HYDOXDWHG� UHFRPPHQGHG PDWHULDOV DUH LQYHVWLJDWHG DQG RWKHU SRVVLEOH PDWHULDOV� � � � � � � � � � �
DUH GLVFRYHUHG� 7KH HYDSRUDWLRQ SODQW KDV D FRPSOH[ VWUXFWXUH DQG WKLV UHSRUW LV WKHUHIRUH� � � � � � � � � � � � � �
OLPLWHG WR WKH ILQDO VWHS LQ WKH HYDSRUDWLRQ SODQW� RXU IRFXV OLHV VSHFLILFDOO\ RQ WKH ODVW HIIHFW� � � � � � � � � � � � � � � � �
�'��

� �
��



�

����)RUPXODWLRQ�RI�*RDO�
7KH DLP RI WKLV UHSRUW LV WR LQFUHDVH WKH NQRZOHGJH RI XVDEOH PDWHULDOV WKDW DUH DEOH WR� � � � � � � � � � � � � � � � �
ZLWKVWDQG�FRUURVLRQ�LQ�WKH�HYDSRUDWLRQ�SODQW�DW�6|GUD�&HOO�0|QVWHUnV��
�

����3XUSRVH�
7KH SXUSRVH RI WKLV UHSRUW LV WR SURYLGH D EHWWHU XQGHUVWDQGLQJ RI WKH PDWHULDO EHKDYLRU LQ WKH� � � � � � � � � � � � � � � � �
HQYLURQPHQW LQ WKH HYDSRUDWLRQ SODQW DQG ILQG D VXLWDEOH PDWHULDO� 7KLV ZLOO KRSHIXOO\ SURYLGH� � � � � � � � � � � � � �
6|GUD &HOO 0|QVWHUnV ZLWK D EHWWHU LQVLJKW RI WKH PDWHULDO VHOHFWLRQ SURFHVV DQG WKH XVDJH RI� � � � � � � � � � � � � � � �
PDWHULDOV�LQ�WKHLU�VSHFLILF�HQYLURQPHQW���
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���7KH�(YDSRUDWLRQ�3ODQW�

����.UDIW�3XOS�0LOOV�
�
7KHUH DUH GLIIHUHQW NLQGV RI SXOSLQJ PHWKRGV XVHG DQG WKH PRVW FRPPRQ RQH LV NUDIW SXOSLQJ�� � � � � � � � � � � � � � � �
3XOS LV XVHG ZKHQ SURGXFLQJ SDSHU DQG LW FDQ EH VHHQ DV D WZR�VWHS SURFHVV� )LUVW WKH ILEURXV� � � � � � � � � � � � � � � � � �
UDZ PDWHULDO KDV WR EH FRQYHUWHG LQWR SXOS� DQG WKHQ WKH SXOS FDQ EH FRQYHUWHG LQWR SDSHU� 7KH� � � � � � � � � � � � � � � � � �
PDLQ VWHSV DUH ZRRG \DUG SUHSDUDWLRQ� SXOS PDQXIDFWXULQJ� SXOS EOHDFKLQJ DQG SDSHU� � � � � � � � � � � �
PDQXIDFWXULQJ� 7KH ZRRG XVHG FRQVLVWV SULPDU\ RI ����� � FHOOXORVH� ����� � KHPLFHOOXORVH� � � � � � � � � � � � �
DQG ����� � OLJQLQ� ,W LV GHVLUDEOH WR GLVVROYH DQG VHSDUDWH PRVW RI WKH OLJQLQ DQG� � � � � � � � � � � � � � � �
KHPLFHOOXORVH IURP WKH KDUYHVWHG ZRRG� ZKLOH WKH FHOOXORVH ILEUH VKRXOG EH FRQYHUWHG LQWR� � � � � � � � � � � � �
SXOS� 7KLV FDQ EH DFKLHYHG E\ DGGLQJ ZKLWH OLTXRU� DOVR FDOOHG FRRNLQJ OLTXRU DQG YDSRU WR WKH� � � � � � � � � � � � � � � � �
ZRRG FKLSV LQ WKH GLJHVWHU� )URP WKH GLJHVWHU EODFN OLTXRU LV REWDLQHG� ZKLFK XQGHUJRHV D� � � � � � � � � � � � � � �
FKHPLFDO UHFRYHU\� 7KH SXOS LV EOHDFKHG DQG IXUWKHU SURFHVVHG� GHSHQGLQJ RQ W\SH DQG JUDGH� � � � � � � � � � � � � �
RI�SDSHU�WKDW�LV�WR�EH�SURGXFHG�>�@�>�@���
��
,Q WKH FKHPLFDO SXOSLQJ SURFHVV WKH UHFRYHU\ LV D YLWDO FRPSRQHQW� ,W LV LPSRUWDQW GXH WR WKH� � � � � � � � � � � � � � � � �
HQYLURQPHQWDO DQG HFRQRPLF EHQHILWV LW FUHDWHV IRU SXOS DQG SDSHU PLOOV� 7KH ILUVW VWHS LQ� � � � � � � � � � � � � � �
FKHPLFDO UHFRYHU\ LV WKH HYDSRUDWLRQ SODQW� IROORZHG E\ WKH UHFRYHU\ ERLOHU� )URP WKH� � � � � � � � � � � � �
UHFRYHU\ ERLOHU JUHHQ OLTXRU FRQWLQXHV WR WKH FDXVWLFL]LQJ ZKHUH ZKLWH OLTXRU LV REWDLQHG� � � � � � � � � � � � �
ZKLFK JRHV EDFN WR WKH GLJHVWLRQ XQLW� DQG D FORVHG F\FOH LV FUHDWHG� ,Q WKH HYDSRUDWLRQ� � � � � � � � � � � � � � � �
SURFHVV� EODFN OLTXRU ZLWK KLJK GU\ VROLG FRQWHQW LV SURGXFHG ZLWK PLQLPXP ORVVHV RI� � � � � � � � � � � � � �
FKHPLFDOV� %\ ZDVKLQJ VROLG SXOS LQ WKH GLJHVWHU� WKH SXOS DQG EODFN OLTXRU LV VHSDUDWHG� DQG� � � � � � � � � � � � � � � �
WKH UHVXOW LV ZHDN EODFN OLTXRU ZLWK D �� � GU\ VROLG FRQWHQW� %XUQLQJ EODFN OLTXRU ZLWK WKLV� � � � � � � � � � � � � � � � � �
ORZ�FRQWHQW�RI�GU\�VROLGV��ZRXOG�UHTXLUH�PRUH�KHDW�WKDQ�SURGXFHG�>�@��
��
:HDN EODFN OLTXRU JLYHV D QHJDWLYH HIIHFWLYH KHDWLQJ YDOXH DV LW ODFNV HQRXJK ODWHQW KHDW LQ WKH� � � � � � � � � � � � � � � � �
RUJDQLF PDWHULDO WR HYDSRUDWH DOO RI WKH ZDWHU� 7R EH DEOH WR FRPEXVW WKH OLTXRU LQ WKH UHFRYHU\� � � � � � � � � � � � � � � � � �
ERLOHU� DQG WKHUHE\ UHFRYHU WKH FKHPLFDOV� WKH GU\ VROLG FRQWHQW QHHGV WR EH LQFUHDVHG IRU� � � � � � � � � � � � � � �
KLJKHU KHDWLQJ YDOXH� 7KLV FDQ EH GRQH LQ WKH HYDSRUDWLRQ SODQW ZKHUH KHDY\ EODFN OLTXRU� � � � � � � � � � � � � � �
ZLWK���������GU\�VROLG�FRQWHQW�LV�REWDLQHG�>�@>�@��
�
6RPH RUJDQLF FRPSRXQGV DUH HYDSRUDWHG� EXW WKH PDMRU FRPSRQHQW WR EH HYDSRUDWHG LV ZDWHU�� � � � � � � � � � � � � �
(YDSRUDWLRQ RI ZDWHU UHTXLUHV KLJK KHDW DQG WKHUHIRUH LW LV RI XWPRVW LPSRUWDQFH WR SHUIRUP LW� � � � � � � � � � � � � � � �
DV HIILFLHQW DV SRVVLEOH E\ XVLQJ LQGLUHFW KHDWLQJ ZLWK VWHDP LQ D PXOWLSOH HYDSRUDWLRQ SODQW�� � � � � � � � � � � � � � �
ZKHUH WKH ILQDO VWHS XVXDOO\ LV SHUIRUPHG VHSDUDWHO\� $ PXOWLSOH HYDSRUDWLRQ SODQW FRQWDLQV RI� � � � � � � � � � � � � �
VHYHUDO XQLWV� DOVR FDOOHG HIIHFWV� FRQQHFWHG LQ VHTXHQFH �>�@>�@� ,W HQDEOHV WKH SURFHVV WR ZRUN� � � � � � � � � � � � � � �
DV D KHDW WUDQVIHU� ,Q WKH ILUVW HIIHFW� IUHVK VWHDP LV XVHG WR KHDW WKH EODFN OLTXRU WR ERLOLQJ� � � � � � � � � � � � � � � � � � �
SRLQW >�@� 7KH YDSRU ERLOHG RII IURP WKH EODFN OLTXRU LQ RQH HIIHFW LV WKHQ XVHG DV KHDWLQJ� � � � � � � � � � � � � � � � � �
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YDSRU LQ WKH IROORZLQJ HIIHFWV� XQWLO WKH ODVW HIIHFW ZKHUH WKH YDSRU LV FRQGHQVHG E\ XVLQJ� � � � � � � � � � � � � � � �
FRROLQJ ZDWHU LQ D FRQGHQVHU >�@� 7KH EODFN OLTXRU IORZV LQ WKH RSSRVLWH GLUHFWLRQ WR WKH YDSRU� � � � � � � � � � � � � � � � �
IORZ� WKLV HQDEOHV WKH EODFN OLTXRU WR EH SXPSDEOH VLQFH WKH YLVFRVLW\ LV GHFUHDVHG E\ NHHSLQJ� � � � � � � � � � � � � � � �
WKH GULHVW OLTXRU DV ZDUP DV SRVVLEOH ZLWK IUHVK VWHDP� :KHQ FRQFHQWUDWLQJ WKH EODFN OLTXRU XS� � � � � � � � � � � � � � � �
WR �� � GU\ VROLG FRQWHQW� D ORZ SUHVVXUH �/3� VWHDP LV XVHG� ZKHUHDV D PHGLXP SUHVVXUH� � � � � � � � � � � � � � � � �
�03��VWHDP�LV�XVHG�WR�FRQFHQWUDWH�WKH�OLTXRU�DERYH������GU\�VROLG�FRQWHQW�>�@���

������)DOOLQJ�)LOP�(YDSRUDWRU�
�
$V WKH GHVLUHG DPRXQW RI GU\ VROLG FRQWHQW KDV LQFUHDVHG RYHU WKH \HDUV� WKH HYDSRUDWRU V\VWHP� � � � � � � � � � � � � � � �
KDG WR XQGHUJR D VLJQLILFDQW GHYHORSPHQW WR ZLWKVWDQG WKH GHPDQGV� 7KH XVH RI RSHUDWLRQV� � � � � � � � � � � � � �
LQFOXGLQJ LQGLUHFW� VWHDP�KHDWHG HYDSRUDWRU V\VWHPV� KDYH ODWHO\ DGYDQFHG DQG VRPH QHZ� � � � � � � � � � �
W\SHV KDYH GHYHORSHG� ,Q SXOS PLOOV LW LV PRVW FRPPRQ WR ILQG ROG ULVLQJ�ILOP �5)�� � � � � � � � � � � � � � �
HYDSRUDWRUV PL[HG ZLWK PRGHUQ IDOOLQJ�ILOP �))� W\SHV� 7KH )) HYDSRUDWRU KDV VLJQLILFDQWO\� � � � � � � � � � � �
KLJKHU KHDW WUDQVIHU UDWHV WKDQ 5)� VLQFH WKH OLTXRU IDOOV WXUEXOHQWO\ RYHU WKH KHDWLQJ VXUIDFH� � � � � � � � � � � � � � �
DQG�LV�DOVR�WKHUHIRUH�FDSDEOH�RI�GHOLYHU�KLJKHU�GU\�VROLG�FRQWHQW�>�@>�@���
��
7KH )) HYDSRUDWLRQ FDQ HLWKHU EH RI SODWH�W\SH RU RI WXEXODU�W\SH� ZKLFK ERWK KDYH FRPPRQ� � � � � � � � � � � � � � �
XVH LQ WKH HYDSRUDWLRQ SODQW� 7KH ILUVW PHQWLRQHG GHVLJQ KDV D OLTXRU GLVWULEXWLRQ V\VWHP� � � � � � � � � � � � � �
ZKLFK VSUHDGV WKH OLTXRU HYHQO\ RQ WKH KHDWLQJ VXUIDFHV� 6WHDP RU YDSRU ZRUNV DV KHDWLQJ� � � � � � � � � � � � � � �
PHGLXP DQG FDQ EH IRXQG LQVLGH WKH ODPHOOD KHDW WUDQVIHU VXUIDFH� ,Q WKH VHFRQG GHVLJQ WKH� � � � � � � � � � � � � � � �
OLTXRU FDQ HLWKHU IORZ LQVLGH RU RXWVLGH WKH YHUWLFDO WXEHV� 7KHVH GLIIHUHQW W\SHV RI IORZ DUH QRW� � � � � � � � � � � � � � � � �
PXFK DOLNH� DQG WKH ODWHU RQH LV DFWXDOO\ PRUH VLPLODU WR D SODWH�W\SH WKDQ WR D WXEXODU ZLWK� � � � � � � � � � � � � � � � � �
OLTXRU IORZLQJ RQ WKH LQVLGH� $OVR� WKH ODWHU IORZ W\SH OLPLWV WKH FURVV�VHFWLRQ DUHD RI WKH YDSRU� � � � � � � � � � � � � � � � �
VLGH� ZKLFK FDQ EH D GLVDGYDQWDJH GXH WR WKH LQVXIILFLHQW URRP IRU WKH YDSRU WR SDVV WKURXJK� � � � � � � � � � � � � � � � �
>�@��
�
)URP D OLTXRU VXPS� D GHILQHG YROXPH LV FRQWLQXRXVO\ UHFLUFXODWHG� ZKLFK ERWK PDLQWDLQV D� � � � � � � � � � � � � �
IL[HG OHYHO RI OLTXRU RQ WKH ERWWRP DQG SUHYHQWV WKH VXUIDFH IURP JRLQJ GU\� $ FLUFXODWLQJ� � � � � � � � � � � � � � � �
SXPS LV XVHG WR UDLVH WKH OLTXRU WR WKH WRS� DQG E\ JUDYLW\ LW WKHQ IORZV EDFN GRZQ WR WKH� � � � � � � � � � � � � � � � � � � �
VXPS� 7KLV RFFXUV OLNH D WKLQ ILOP RQ WKH KHDWLQJ VXUIDFH ZKLOH LW LV EHLQJ SDUWLDOO\ HYDSRUDWHG�� � � � � � � � � � � � � � � � �
7KH IORZ RI OLTXRU KDV WR EH GLVWULEXWHG HYHQ RYHU WKH KHDWLQJ VXUIDFH ZKLFK FDQ EH GRQH E\� � � � � � � � � � � � � � � � � �
HLWKHU�D�WUD\�RU�D�VSUD\�QR]]OH�>�@>�@��

����7KH�(YDSRUDWLRQ�3ODQW�DW�6|GUD�&HOO�0|QVWHUnV�
�
6|GUD &HOO 0|QVWHUnV KDV D PXOWLSOH HYDSRUDWLRQ SODQW ZLWK D FRPSOH[ VWUXFWXUH� VHH ILJXUH ��� � � � � � � � � � � � � � �
,Q WKH IDOOLQJ ILOP HYDSRUDWRUV DW 6|GUD &HOO WKH EODFN OLTXRU IORZV RQ WKH RXWVLGH RI WKH WXEHV� � � � � � � � � � � � � � � � � �
ZKLOH WKH VWHDP DQG YDSRU IORZV RQ WKH LQVLGH� ,W FRQVLVWV RI WZR OLQHV LQFOXGLQJ GLIIHUHQW� � � � � � � � � � � � � � � �
HIIHFWV� ZKLFK DUH MRLQHG WRJHWKHU EHIRUH WKH ILQDO VWHS� FRQVLVWLQJ RI IRXU GLIIHUHQW HIIHFWV� � � � � � � � � � � � � �
�$��%��& DQG �'� FDOOHG ³RQHV´� 7KH HQYLURQPHQW LQ WKH HYDSRUDWLRQ SODQW LV DONDOLQH ZLWK D� � � � � � � � � � � � � � �
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S+ EHWZHHQ ������ PHDVXUHG LQ WKH EHJLQQLQJ DQG LW ZLOO LQFUHDVH ZLWK LQFUHDVLQJ� � � � � � � � � � � � �
FRQFHQWUDWLRQ >�@� /LQH RQH LQFOXGHV HIIHFWV ����������� DQG OLQH WZR ���������%��$��%��$�� � � � � � � � � � �
ZKHUH �% DQG �$ DUH SDUDOOHO JRLQJ� %RWK OLQHV LQFOXGH WKH RQHV� �%��&��$��'� ZKLFK UHVXOWV� � � � � � � � � � � � � � �
LQ WKH KHDY\ EODFN OLTXRU �+%/� WKDW LV DEOH WR XQGHUJR FRPEXVWLRQ LQ WKH UHFRYHU\ ERLOHU� VHH� � � � � � � � � � � � � � � � �
WDEOH���>�@��

�
)LJXUH����$�VFKHPDWLF�ILJXUH�RI�WKH�HYDSRUDWLRQ�SODQW�DW�6|GUD�&HOO�0|QVWHUnV��>�@��
�
7DEOH����6KRZV�GLIIHUHQW�IRUPV�RI�EODFN�OLTXRU�GHSHQGLQJ�RQ�GU\�VROLG�FRQWHQW��>�@>�@��

7KH�QDPH�RI�WKH�EODFN�OLTXRU� 'U\�VROLG�FRQWHQW�

:HDN�OLTXRU��:/� ң�����

0L[HG�OLTXRU��0/� ң�����

,QWHUPHGLDWH�OLTXRU��,0/� ��������

,QWHUPHGLDWH�WKLFN�OLTXRU��,07+/� ң�����

+HDY\�EODFN�OLTXRU��+%/� ��������

�
,Q WKH EHJLQQLQJ RI WKH SURFHVV� LQWHUPHGLDWH WKLFN OLTXRU LV DGGHG WR DFTXLUH D GU\ VROLG� � � � � � � � � � � � � � � �
FRQWHQW RI �� � LQ IRUP RI PL[HG OLTXRU� $W OLQH RQH� LQWHUPHGLDWH OLTXRU �,0/� LV DGGHG� � � � � � � � � � � � � � � � �
EHWZHHQ HIIHFW � DQG � ZKLFK UHVXOWV LQ LQWHUPHGLDWH WKLFN OLTXRU �,07+/�� $W WKH VDPH WLPH� � � � � � � � � � � � � � � �
,07+/ LV REWDLQHG DW OLQH WZR� E\ DGGLQJ ,0/ EHWZHHQ HIIHFW � DQG �%� %HIRUH HQWHULQJ WKH� � � � � � � � � � � � � � � � �
RQHV� DVK� ELRVOXGJH DQG WDOO RLO SODQW EULQH DUH DGGHG� 7KH DVK LV REWDLQHG LQ WKH UHFRYHU\� � � � � � � � � � � � � � � � �
ERLOHU DQG KDV D FRPSRVLWLRQ RI �� � VRGLXP FDUERQDWH DQG �� � VRGLXP VXOIDWH� (DUOLHU WKH� � � � � � � � � � � � � � � � �
DVK ZDV DGGHG LQ �&� ZKLFK UHVXOWHG LQ PRUH FRDWLQJV LQ IRUP RI GULHG EODFN OLTXRU RQ �%� ,W� � � � � � � � � � � � � � � � � � �
LV WKHUHIRUH RI XWPRVW LPSRUWDQFH WR DGG WKH DVK EHIRUH WKH RQHV EHJLQ VLQFH WKH FRDWLQJV� � � � � � � � � � � � � � � �
DIIHFW WKH FRUURVLRQ UDWHV QHJDWLYHO\� 7KHUH LV D SRVVLELOLW\ WR UHJXODWH WKH FRQFHQWUDWLRQ E\� � � � � � � � � � � � � �

� �
��



H[DPLQH WKH EODFN OLTXRU EHIRUH PRYLQJ RQ WR WKH UHFRYHU\ ERLOHU� ,I WKH GU\ VROLG FRQWHQW� � � � � � � � � � � � � � � �
GLIIHUV�IURP�GHVLUHG��PRUH�VWHDP�LV�DGGHG��DQG�PRUH�ODSV�DUH�UXQ�LQ�WKH�SURFHVV�>�@��
��
$V DIRUHPHQWLRQHG� WKH VWHDP LV XVHG DV D KHDWLQJ PHGLXP LQ WKH HYDSRUDWLRQ SODQW� ,W WUDYHOV� � � � � � � � � � � � � � � �
EHWZHHQ WKH HIIHFWV LQ QXPHULFDO RUGHU� ZKLOH WKH OLTXRU IORZV LQ WKH RSSRVLWH GLUHFWLRQ� 7KH� � � � � � � � � � � � � � �
WHPSHUDWXUH GLIIHUV EHWZHHQ WKH KHDWLQJ PHGLXP� VWHDP�YDSRU� DQG WKH OLTXRU ZKLFK ZLOO ZRUN� � � � � � � � � � � � �
DV D GULYLQJ IRUFH LQ WKH HYDSRUDWLRQ SODQW� 7R HDVH WKH SRVVLELOLW\ WR SXPS WKH EODFN OLTXRU� LW� � � � � � � � � � � � � � � � � �
QHHGV�WR�KDYH�D�WHPSHUDWXUH�RI�DW�OHDVW����Υ�>�@��
��
7KH SUHVHQFH RI EODFN OLTXRU LQ WKH HIIHFWV UHVXOWV LQ FRDWLQJV RQ WKH VXUIDFHV� ZKLFK QHHGV WR� � � � � � � � � � � � � � � � �
EH ZDVKHG RII� 8VXDOO\ D WKLQQHU OLTXRU LV XVHG� L�H� ZDWHU RU PL[HG OLTXRU� ZLWK ORZ� � � � � � � � � � � � � � � �
FRQFHQWUDWLRQ WR EH DEOH WR GLVVROYH WKH VDOWV� ZKLFK HQWHU WKH V\VWHP LQ WKH GLJHVWHU DQG� � � � � � � � � � � � � � � �
IROORZ WKH EODFN OLTXRU LQWR WKH HYDSRUDWLRQ SODQW� 7KH HIIHFWV �' DQG �$ DUH ZDVKHG HYHU\� � � � � � � � � � � � � � � �
WKLUG RU VHFRQG GD\� FRPSDUHG WR �% DQG �& ZKLFK DOPRVW QHYHU DUH ZDVKHG EHFDXVH RI WKH� � � � � � � � � � � � � � � � �
ORZHU FRQFHQWUDWLRQ RI WKH EODFN OLTXRU� ,I WKH GU\ VROLG FRQWHQW LV LQFUHDVHG� VR LV DOVR WKH� � � � � � � � � � � � � � � � �
FRDWLQJV ZKLFK WKHQ JURZ PRUH UDSLGO\� :KHQ WKH KHDW WUDQVIHU FRHIILFLHQW� N LV ORZ� FRDWLQJV� � � � � � � � � � � � � � �
KDYH IRUPHG� DQG LW LV WLPH WR ZDVK� 'XULQJ ZDVKLQJ� WKH WHPSHUDWXUH LV UHODWLYHO\ VWDEOH� ZLWK� � � � � � � � � � � � � � � �
D�PD[LPXP�GHFUHDVH�RI���Υ�>�@��
��
,Q HIIHFW �'� WKH GU\ VROLG FRQWHQW LV VXSSRVHG WR EH DURXQG ����� �� 7R IDFLOLWDWH WKH� � � � � � � � � � � � � � � � �
PDLQWHQDQFH RI FRQVWDQW GU\ VROLG FRQWHQW� WKH FRQFHQWUDWLRQV LV ORZHUHG WR �� � LQVWHDG RI ��� � � � � � � � � � � � � � � �
�� $W WKH PRPHQW RI ZULWLQJ� WKH KHDW SDFN LQ HIIHFW �' LV DERXW WR EH FKDQJHG� ZKLFK FDQ� � � � � � � � � � � � � � � � � � �
UHVXOW LQ SRVVLELOLWLHV WR LQFUHDVH WKH GU\ VROLG FRQWHQW� 7KRXJK D FRQWHQW RI ����� � REVFXUHV� � � � � � � � � � � � � � � �
WKH�SURFHVV�LQ�WKH�UHFRYHU\�ERLOHU�GXH�WR�XQNQRZQ�UHDVRQV�>�@��

������0DWHULDOV�8VHG�LQ�WKH�(YDSRUDWLRQ�3ODQW�DW�6|GUD�&HOO�
�
6|GUD &HOO 0|QVWHUnV KDYH GLIIHUHQW W\SHV RI PDWHULDOV LQ WKHLU YDULRXV HYDSRUDWLRQ SODQWV�� � � � � � � � � � � � �
7KH VHTXHQFHV IRU WKH HIIHFWV �$��' LQFOXGH PDWHULDOV VXFK DV DXVWHQLWLF VWDLQOHVV VWHHOV DQG� � � � � � � � � � � � � �
GXSOH[ VWHHOV� ,Q SUHYLRXV \HDUV WKH PDWHULDO XVHG IRU �& KDV EHHQ VWDLQOHVV VWHHO XQWLO EHLQJ� � � � � � � � � � � � � � � �
UHSODFHG WR GXSOH[ VWHHO DERXW ��� \HDUV DJR� 7KH PDWHULDO IRU WKHLU HIIHFW �' LV GXSOH[ VWHHO�� � � � � � � � � � � � � � � � �
(1 ������� 7KH ORRVH IODQJHV IRU WKH SODQW KDYH WKH PDWHULDO �(1 �������� ZKLFK LV VLPSOH� � � � � � � � � � � � � � � �
FDUERQ VWHHO� 7KH IHHW KDYH �(1 �� ����� ZKLFK DOVR LV D FDUERQ VWHHO IRU FRQVWUXFWLRQ� 7KH� � � � � � � � � � � � � � � � �
HFRQRPLF�OLIH�VSDQ�IRU�WKH�PDWHULDOV�LQ�WKH�HIIHFWV�LV�H[SHFWHG�WR�EH����\HDUV�>�@��
�
+RZHYHU� WKH GXSOH[ VWHHO LQ WKH HIIHFW �' KDV H[LVWHG IRU HLJKWHHQ \HDUV� DQG PXFK FRUURVLRQ� � � � � � � � � � � � � � � �
KDV VWLOO RFFXUUHG� 7KH FRUURVLRQV 6|GUD &HOO 0|QVWHUnV VWUXJJOH ZLWK DUH SULPDULO\ XQLIRUP� � � � � � � � � � � � �
FRUURVLRQ RQ WKH ODWHUDO VXUIDFH RQ WKH HIIHFW �'� +RZHYHU� WKH\ DOVR KDYH SUREOHPV ZLWK� � � � � � � � � � � � � � �
SLWWLQJ� FUHYLFH FRUURVLRQ� DQG VRPH VWUHVV FRUURVLRQ FUDFNLQJ �6&&� DURXQG WKH ZHOGLQJ DUHDV� � � � � � � � � � � � �
>�@��

� �
��



�����$GGLWLYHV�
�
&RRNLQJ OLTXRU� ZKLFK PDMRUO\ FRQVLVWV RI VRGLXP VXOILGH � � DQG VRGLXP K\GUR[LGH� � � � � � � � D 61 � � � � �
�1D2+�� LV DGGHG LQ WKH GLJHVWHU EHIRUH HQWHULQJ WKH HYDSRUDWLRQ SODQW� 'XULQJ WKH FRRNLQJ� � � � � � � � � � � � � �
SURFHVV� DQG 1D2+ R[LGL]H DQG IRUP DQG � 7KHVH VDOWV ODWHU HQWHU� D 61 � � � � � � D 621 � � � � D &21 � � � � � � �
WKH HYDSRUDWLRQ SODQW WRJHWKHU ZLWK ZHDN EODFN OLTXRU� %HIRUH OHWWLQJ WKH LQWHUPHGLDWH WKLFN� � � � � � � � � � � � �
OLTXRU SDVV WKURXJK WKH VHTXHQFH RI µ¶RQHV¶¶� DGGLWLYHV VXFK DV ELR VOXGJH� WDOO RLO SODQW EULQH� � � � � � � � � � � � � � � �
�723 EULQH�� DQG DVK DUH DGGHG >�@� 723 EULQH LV D E\�SURGXFW RI WDOO RLO SODQWV DQG LV WKH� � � � � � � � � � � � � � � � � � �
OHIWRYHU UHVLGXDO ZKHQ WDOO RLO DFLGLILHV >�@� 7KH UHVLGXDO LV DGGHG GXH WR LWV FRQWHQW RI VXOIXU�� � � � � � � � � � � � � � � � �
%LR VOXGJH LV SURGXFHG LQ WKH ELRORJLFDO ZDVWHZDWHU WUHDWPHQW� IROORZHG E\ EHLQJ EXUQW DV� � � � � � � � � � � � � �
ELRIXHO LQ WKH UHFRYHU\ ERLOHU� $V DIRUHPHQWLRQHG� WKH DVK KDV D �� � VRGLXP FDUERQDWH� � � � � � � � � � � � � � �
FRPSRVLWLRQ DQG �� � VRGLXP VXOIDWH DQG FDQ EH H[WUDFWHG LQ WKH UHFRYHU\ ERLOHU� 7KHVH� � � � � � � � � � � � � � �
DGGLWLYHV DUH DGGHG ODWH LQ WKH HYDSRUDWLRQ SURFHVV GXH WR PLQLPL]LQJ GLVWXUEDQFH LQ WKH� � � � � � � � � � � � � �
SURFHVV�>�@���

7KH LQRUJDQLF FRQWHQW QHHGHG LQ WKH FRRNLQJ SURFHVV LV SULPDU\ VRGLXP VDOWV� :KHQ� � � � � � � � � � � � �
LQFUHDVLQJ WKH GU\ VROLG FRQWHQW� WKH VDOWV WKDW SDVV WKURXJK WKH HYDSRUDWLRQ SODQW FU\VWDOL]H� ,Q� � � � � � � � � � � � � � �
RUGHU IRU FU\VWDOOL]DWLRQ WR RFFXU� WKH FRQFHQWUDWLRQ RI WKH VDOW PXVW EH KLJKHU WKDQ LWV� � � � � � � � � � � � � � �
VROXELOLW\ OLPLW DQG KDYH D VXUIDFH IRU WKH FU\VWDOV WR JURZ RQ >�@� ,QRUJDQLF VDOWV OLNH VRGLXP� � � � � � � � � � � � � � � � �
VXOIDWH DQG VRGLXP FDUERQDWH KDYH D VROXELOLW\ OLPLW LQ EODFN OLTXRU� :KHQ WKH GU\ VROLG� � � � � � � � � � � � � � �
FRQWHQW LQFUHDVHV WR DURXQG ����� �� WKH VROXELOLW\ OLPLW LV H[FHHGHG� 7KHUHIRUH� WKHVH VDOWV� � � � � � � � � � � � � �
ZLOO SUHFLSLWDWH ZKHQ LQFUHDVLQJ WKH GU\ VROLG FRQWHQW� ZKLFK FDQ FRDW WKH KHDW WUDQVIHU� � � � � � � � � � � � � �
VXUIDFH� 6FDOLQJ GHSHQGV RQ WKH VXUIDFH WHPSHUDWXUH� DQG E\ NHHSLQJ WKH FRQGHQVLQJ VWHDP� � � � � � � � � � � � �
EHORZ��������Υ��WKH�SUREOHPV�ZLWK�VFDOLQJ�DUH�UHGXFHG�>�@��

7KH UDWLR EHWZHHQ VDOWV VXFK DV VRGLXP FDUERQDWH � � DQG VRGLXP VXOIDWH � �� � � � � � � � D &21 � � � � � � D 621 � � �
LV DQ HVVHQWLDO IDFWRU� ZKLFK FDQ DIIHFW WKH FU\VWDOOL]DWLRQ LQ EODFN OLTXRU VLQFH EXUNHLWH DQG� � � � � � � � � � � � � � �
GLFDUERQDWH FDQ EH IRUPHG� %XUNHLWH DQG GLFDUERQDWH PD\ SUHFLSLWDWH RQ WKH KHDW WUDQVIHU� � � � � � � � � � � � �
VXUIDFH DW KLJK WHPSHUDWXUHV� GXH WR WKHLU UHYHUVHG VROXELOLW\� 7R DYRLG WKLV� DVK IURP WKH� � � � � � � � � � � � � � �
UHFRYHU\ ERLOHU LV PL[HG ZLWK EODFN OLTXRU WR D FU\VWDOOL]HG OLTXRU EHIRUH HQWHULQJ WKH QH[W� � � � � � � � � � � � � � �
HIIHFW� 7KLV SUHYHQWV WKH VDOWV IURP FU\VWDOL]LQJ RQ WKH KHDW WUDQVIHU VXUIDFH� 7KLV RFFXUV ZKHQ� � � � � � � � � � � � � � �
WHPSHUDWXUHV DUH KLJKHU DW WKH HQG RI WKH SURFHVV DQG WKHUHE\ D JUHDWHU ULVN IRU VFDOLQJ� ,W LV� � � � � � � � � � � � � � � � � �
RIWHQ VXJJHVWHG WR DGG WKH DVK ZKHQ WKH GU\ VROLG FRQWHQW UHDFKHV �� � DQG �� �� +RZHYHU�� � � � � � � � � � � � � � � � � �
GXH WR WKH EODFN OLTXRU KDYLQJ ORZHU VROXELOLW\ WKDQ LWV VROXELOLW\ OLPLW� LW HQKDQFHV WKH ULVN RI� � � � � � � � � � � � � � � � �
GLVVROYLQJ WKH DVK LQ WKH EODFN OLTXRU� ,W LV PRVW DSSURSULDWH WR DGG WKH DVK LQ WKH EODFN OLTXRU� � � � � � � � � � � � � � � � � � �
ZKHQ�WKH�GU\�VROLG�FRQWHQW�LV�DERYH������>�@��
�
�

� �
��



����%ODFN�/LTXRU�
�
7KH SURGXFWLRQ RI WKH SXOS FDQ EH GRQH LQ WZR GLIIHUHQW ZD\V� FKHPLFDOO\ RU PHFKDQLFDOO\�� � � � � � � � � � � � � � �
&KHPLFDO SXOS LV SURGXFHG E\ FRRNLQJ ZRRG FKLSV LQ D GLJHVWHU WRJHWKHU ZLWK DGGHG� � � � � � � � � � � � � �
FKHPLFDOV� VXFK DV VRGLXP K\GUR[LGH DQG VRGLXP VXOILWH� WKLV FDXVHV WKH ILEUHV LQ WKH ZRRG WR� � � � � � � � � � � � � � � �
VHSDUDWH E\ GLVVROYLQJ WKH OLJQLQ� 7KH FRRNHG FKHPLFDOV� WRJHWKHU ZLWK WKH OLJQLQ� IRUPV EODFN� � � � � � � � � � � � � �
OLTXRU�>�@��
�
:KHQ GHVLJQLQJ WKH HYDSRUDWLRQ SODQW� WKH SURSHUWLHV RI WKH EODFN OLTXRU� ERWK WKH SK\VLFDO� � � � � � � � � � � � � �
DQG WKH FKHPLFDO� DUH FRQVLGHUHG HVVHQWLDO WR WDNH LQWR DFFRXQW� 7KH FKHPLFDO SURSHUWLHV� VXFK� � � � � � � � � � � � � �
DV WKH FRPSRVLWLRQ RI WKH EODFN OLTXRU� KDYH D VLJQLILFDQW LQIOXHQFH VLQFH WKH\ GHFLGH WKH� � � � � � � � � � � � � � �
KHDWLQJ YDOXH RI WKH EODFN OLTXRU DIWHU HYDSRUDWLRQ� $OVR� GXH WR LWV FRPSRVLWLRQ� WKH EODFN� � � � � � � � � � � � � � �
OLTXRU ZRUNV DV D FRUURVLYH PHGLD� 7KH UDZ PDWHULDO FKRVHQ IRU WKH SXOSLQJ SURFHVV� � � � � � � � � � � � � �
GHWHUPLQHV WKH FRPSRVLWLRQ RI WKH EODFN OLTXRU� VRIWZRRG� KDUGZRRG� RU ILEURXV DUH VRPH� � � � � � � � � � � � �
H[DPSOHV RI UDZ PDWHULDOV� 7KH FRPSRVLWLRQ DOVR DIIHFWV WKH SURSHUWLHV RI WKH EODFN OLTXRU�� � � � � � � � � � � � � �
7KH UDZ PDWHULDO XVHG LQ WKH SXOS PLOO FRPHV IURP QHDUE\ IRUHVWV� $URXQG 6|GUD &HOO� � � � � � � � � � � � � � �
0|QVWHUnV� WKHUH LV PXFK VRIWZRRG� DQG WKHLU SULPDU\ UDZ PDWHULDO LV WKHUHIRUH� SLQH� VHH� � � � � � � � � � � � � �
FRPSRVLWLRQ�LQ�WDEOH������DQG�WDEOH�$�LQ�DSSHQGL[�$�>��@��
�
%ODFN OLTXRU LV D FRPSOH[ VROXWLRQ� DQG LWV VROLG�VWDWH FRPSRVLWLRQ FRQVLVWV RI LQRUJDQLF DQG� � � � � � � � � � � � � �
RUJDQLF FRPSRXQGV� $SSUR[LPDWHO\ WZR�WKLUGV RI WKH OLTXRU LQFOXGH RUJDQLF PDWHULDOV� WKH UHVW� � � � � � � � � � � �
RI WKH OLTXRU LV LQRUJDQLF� )UDJPHQWV RI FRPSRQHQWV VXFK DV PDJQHVLXP� VLOLFRQ PDQJDQHVH�� � � � � � � � � � � � �
DQG DOXPLQXP DOVR DSSHDU LQ WKH FRPSRVLWLRQ LQ ORZHU FRQFHQWUDWLRQV� 7KH RUJDQLF� � � � � � � � � � � �
FRPSRXQGV FRQVLVW RI KHPLFHOOXORVH UHVLGXH� GHJUDGHG SRO\VDFFKDULGH SURGXFWV� FRPSRVHG� � � � � � � � �
OLJQLQ� D VPDOO IUDFWLRQ RI VRGLXP� DQG VXOIXU� 7KH LQRUJDQLF PDWHULDOV FRQVLVW RI GLIIHUHQW� � � � � � � � � � � � � �
FRRNLQJ FKHPLFDOV VXFK DV VRGLXP VXOILWH� VRGLXP VXOIDWH� VRGLXP FDUERQDWH� DQG VRGLXP� � � � � � � � � � � �
SRO\VXOILGHV� DQG WKH LQRUJDQLF VDOWV FRPH IURP WKH ZKLWH OLTXRU� VHH WDEOH % LQ DSSHQGL[ $� � � � � � � � � � � � � � � �
>��@�>��@��
�
:KHQ LQFUHDVLQJ WKH GU\ VROLG FRQWHQW RI EODFN OLTXRU GXULQJ WKH HYDSRUDWLRQ SURFHVV� LW� � � � � � � � � � � � � �
EHFRPHV HYHQ PRUH FRUURVLYH� 2QH FRXOG VHH WKLV DV D UHVXOW RI LQFUHDVHG FRQFHQWUDWLRQV RI� � � � � � � � � � � � � � �
K\GUR[LGH��VXOILWH�DQG�WKLRVXOIDWH�ZKLFK�DUH�FRQVLGHUHG�DV�FRUURVLYH�FRPSRXQGV�>��@��
�
,Q WKH EHJLQQLQJ RI WKH HYDSRUDWLRQ SURFHVV ZKHQ WKH EODFN OLTXRU LV FDOOHG ZHDN DQG FRQVLVWV� � � � � � � � � � � � � � � �
RI DURXQG �� � GU\ VROLGV� FDUERQ VWHHO FDQ EH XVHG GXH WR LWV SDVVLYH VWDWH LV FRQVLGHUHG� � � � � � � � � � � � � � � � � �
VWDEOH DQG WKH FRUURVLRQ UDWH LV ORZ� +RZHYHU� ZKHQ WKH GU\ VROLG FRQWHQW LV LQFUHDVHG WR� � � � � � � � � � � � � � � �
LQWHUPHGLDWH EODFN OLTXRU� WKH SDVVLYH VWDWH JHWV XQVWDEOH DQG HYHQ VPDOO LQFUHDVHV LQ VXOILGLW\�� � � � � � � � � � � � � �
WHPSHUDWXUH RU YHORFLW\ FDQ UHPRYH WKH SDVVLYH ILOP� 6XFK D UHPRYDO ZLOO FKDQJH WKH� � � � � � � � � � � � � �
FRUURVLRQ VWDWH IURP SDVVLYH WR DFWLYH DQG WKHUHE\ LQFUHDVH WKH FRUURVLRQ UDWH IURP ORZ WR� � � � � � � � � � � � � � �
XQDFFHSWDEO\�KLJK�>��@��

� �
��



���&RUURVLRQ�
�
:KHQ PHWDOV DUH H[SRVHG WR DJJUHVVLYH HQYLURQPHQWV� WKH\ XQGHUJR D GHJUDGDWLRQ WKURXJK D� � � � � � � � � � � � �
FKHPLFDO UHDFWLRQ FDOOHG FRUURVLRQ� &RUURVLRQ FDQ EH GHILQHG DV ³GHVWUXFWLRQ RU GHJUDGDWLRQ RI� � � � � � � � � � � � �
D PDWHULDO FDXVHG E\ D UHDFWLRQ WR LWV HQYLURQPHQW´ DQG DOVR ³WKH VSRQWDQHRXV WHQGHQF\ RI D� � � � � � � � � � � � � � � �
PHWDOOLF FRPSRQHQW WR UHWXUQ WR LWV RULJLQDO VWDWH DV IRXQG LQ QDWXUH´� :KHQ SURGXFLQJ VWHHO�� � � � � � � � � � � � � � �
*LEEV IUHH HQHUJ\ LV LQFUHDVHG DQG RQH FRXOG VD\ FRUURVLRQ LV PHWDOOXUJ\ LQ UHYHUVH� VLQFH WKH� � � � � � � � � � � � � � � �
SURFHVV HQDEOHV WKH PHWDOV WR UHWXUQ WR WKHLU PRUH WKHUPRG\QDPLFDOO\ VWDEOH VWDWH DV R[LGHV�� � � � � � � � � � � � � �
VXOILGHV RU RWKHU FRPSRXQGV� �E\ GHFUHDVLQJ WKH HQHUJ\ >��@� &RUURVLRQ FDQ DIIHFW WKH� � � � � � � � � � � � �
SURSHUWLHV RI PDWHULDOV� L�H� PHFKDQLFDO VWUHQJWK� DSSHDUDQFH DQG SHUPHDELOLW\ WR OLTXLGV DQG� � � � � � � � � � � �
JDVHV�>��@��
��
$TXHRXV FRUURVLRQ� ZKHQ WKH PHWDO LV H[SRVHG WR ZDWHUV� VRLO� FKORULGH FRQWDPLQDWHG IOXLGV RU� � � � � � � � � � � � � �
RWKHU SURFHVV IOXLGV� WKDW ZRUNV DV DQ HOHFWURO\WH DQG KLJK WHPSHUDWXUH FRUURVLRQ� ZKHQ WKH� � � � � � � � � � � � � �
PHWDO LV H[SRVHG WR KRW JDV� DUH WZR GLIIHUHQW PHFKDQLVP RI PHWDO FRUURVLRQ� 7KH ILUVW� � � � � � � � � � � � � � �
PHFKDQLVP LQYROYHV WKH DQRGH DQG FDWKRGH UHDFWLRQV� ZKLFK LV DQ HOHFWURFKHPLFDO SURFHVV� � � � � � � � � � � �
ZKHUH HOHFWURQV SOD\ WKH NH\ UROH� ,W LV WZR VLPXOWDQHRXV DQG FRPSOHPHQWDU\ UHDFWLRQV� ZKLFK� � � � � � � � � � � � � �
RFFXU�DW�WKH�VDPH�UDWH��WKH�FRUURVLRQ�UDWH�>��@>��@��
�
%RWK WKH QDWXUH RI WKH PHWDO DQG WKH HQYLURQPHQW GHWHUPLQH WKH VXVFHSWLELOLW\ WR FRUURVLRQ� 7R� � � � � � � � � � � � � � �
WKH QDWXUH RI WKH PHWDO� RQH FDQ ILQG IDFWRUV VXFK DV WKH SRVLWLRQ RI WKH PHWDO LQ WKH JDOYDQLF� � � � � � � � � � � � � � � � � � �
VHULHV� WKH UHODWLYH DUHDV RI WKH DQRGH DQG FDWKRGH� WKH SXULW\ DQG SK\VLFDO VWDWH RI WKH PHWDO�� � � � � � � � � � � � � � � � �
LWV SDVVLYLW\� DV ZHOO DV WKH QDWXUH RI LWV FRUURVLRQ SURGXFWV DQG LWV R[LGH ILOP IRUPHG RQ WKH� � � � � � � � � � � � � � � � � �
VXUIDFH >��@� 7KH PHWDOV WKDW DUH PRUH HDVLO\ R[LGL]HG DUH FDOOHG XQ�QREOH� RU UHDFWLYH PHWDOV�� � � � � � � � � � � � � � �
DQG WKRVH PRVW UHVLVWDQW DUH FDOOHG QREOH RU SUHFLRXV PHWDOV� 7KH KLJKHU XS LQ WKH JDOYDQLF� � � � � � � � � � � � � � � �
VHULHV� WKH PRUH QREOH WKH PHWDO >��@� 7R WKH HQYLURQPHQW� RQH FDQ ILQG IDFWRUV VXFK DV WKH� � � � � � � � � � � � � � � � �
WHPSHUDWXUH� S+� KXPLGLW\ OHYHO� GLVVROYHG R[\JHQ FRQFHQWUDWLRQ DQG WKH IRUPDWLRQ RI R[\JHQ� � � � � � � � � � � �
FRQFHQWUDWLRQ�FHOOV�>��@��

����3DVVLYLW\��
�
1REOH PHWDOV FDQ EH VHHQ DV PRUH RU OHVV LQHUW WR PRVW HQYLURQPHQWV� 8Q�QREOH PHWDOV�� � � � � � � � � � � � � � �
KRZHYHU� FDQ IRUP D WKLQ� LQYLVLEOH DQG LQVROXEOH OD\HU FDOOHG SDVVLYH ILOP RU SDVVLYH OD\HU�� � � � � � � � � � � � � � �
(YHQ WKRXJK WKH ILOP LV H[WUHPHO\ WKLQ� RQO\ D IHZ QDQRPHWHUV� LW ZLOO HIIHFWLYHO\ NHHS WKH� � � � � � � � � � � � � � � �
PDWHULDO LVRODWHG IURP LWV VXUURXQGLQJV DQG DV D UHVXOW� WKH FRUURVLRQ UDWH ZLOO EH VORZHG GRZQ�� � � � � � � � � � � � � � � �
6WDLQOHVV VWHHO FDQ IRUP D SDVVLYH ILOP RI FKURPLXP RU LURQ R[LGHV DQG K\GUR[LGHV� ZKLFK ZLOO� � � � � � � � � � � � � � � �
IRUP VSRQWDQHRXVO\ LQ HQYLURQPHQWV FRQWDLQLQJ HQRXJK R[LGDQWV� 7R FUHDWH DQG PDLQWDLQ WKH� � � � � � � � � � � �
SDVVLYH ILOP RI VWDLQOHVV VWHHO� WKH R[\JHQ FRQWHQW RI DLU DQG DOVR PRVW DTXHRXV VROXWLRQV ZLOO� � � � � � � � � � � � � � � �
EH�HQRXJK�>��@��
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��



��
)DFWRUV VXFK DV WKH SRWHQWLDO DQG WKH VXUURXQGLQJV ZLOO DIIHFW WKH WKLFNQHVV DQG FRPSRVLWLRQ RI� � � � � � � � � � � � � � �
WKH SDVVLYH ILOP� 'LIIHUHQW HQYLURQPHQWV IRUP GLIIHUHQW SDVVLYH ILOPV ZLWK GLIIHUHQW� � � � � � � � � � �
FRPSRVLWLRQ� ,I WKH PHWDO EHQHDWK WKH SDVVLYH ILOP LV H[SRVHG E\ PHFKDQLFDO GDPDJH� L�H� E\ D� � � � � � � � � � � � � � � �
VFUDWFK RU JULQGLQJ� WKH ILOP ZLOO LPPHGLDWH DQG VSRQWDQHRXVO\ VHOI�UHSDLU DV ZHOO DV IRUPLQJ D� � � � � � � � � � � � � � �
EDUULHU�WKDW�SURWHFWV�WKH�PHWDO�IURP�WKH�HQYLURQPHQW�>��@��
��
7KH SDVVLYH OD\HU FDQ LQ VRPH HQYLURQPHQWV EUHDN GRZQ SHUPDQHQW DQG QRW EH UHEXLOW� ZKLFK� � � � � � � � � � � � � � �
IDFLOLWDWHV WKH FRUURVLRQ RQ WKH XQSURWHFWHG VXUIDFH� $ WRWDO EUHDNGRZQ RI WKH SDVVLYH OD\HU� � � � � � � � � � � � � �
UHTXLUHV H[SRVXUH RI WKH PHWDO WR VWURQJO\ UHGXFLQJ FRQGLWLRQV >��@� 7KH FRUURVLRQ FRXOG EH� � � � � � � � � � � � � �
HLWKHU JHQHUDOL]HG RU ORFDOL]HG FRUURVLRQ� *HQHUDOL]HG FRUURVLRQ LV ZKHQ WKH ZKROH VXUIDFH LV� � � � � � � � � � � � �
H[SRVHG� ZKLOH ORFDOL]HG FRUURVLRQ LV PRUH FRPPRQ DQG ZKHQ WKH SDVVLYH ILOP LV DWWDFNHG� � � � � � � � � � � � � �
ORFDOO\ ZKLOH WKH UHVW RI WKH VXUIDFH UHPDLQV LQWDFW� 6WDLQOHVV VWHHO FDQ OLYH DOPRVW IRUHYHU LI� � � � � � � � � � � � � � � �
WKH�SDVVLYH�OD\HU�LV�PDLQWDLQHG�>��@>��@��

����$ONDOLQH�(QYLURQPHQW�
$V DIRUHPHQWLRQHG� FRRNLQJ OLTXRU LV DGGHG LQ WKH NUDIW SXOS PLOOV DQG LW LV DQ DONDOLQH� � � � � � � � � � � � � � � �
VXEVWDQFH ZLWK KLJK S+ >��@� 7KH PRUH DONDOLQH D VXEVWDQFH LV� WKH PRUH HIIHFWLYH LW ZLOO EH DV� � � � � � � � � � � � � � � � � �
D�FRUURVLYH�VXEVWDQFH�>��@��
��
7R GHILQH DQ DONDOLQH HQYLURQPHQW� RQH FRXOG VD\ LW LV D VHWWLQJ WKDW FRQWDLQV DONDOL� � � � � � � � � � � � � � �
FRPSRQHQWV RU LV VWURQJO\ EDVLF� �8VXDOO\ LW UHIHUV WR D S+ YDOXH EHWZHHQ ���� DQG EHORZ � LV� � � � � � � � � � � � � � � � � �
FRQVLGHUHG DFLGLF� $FLGLF HQYLURQPHQWV DUH PRUH SURQH WR FDXVH FRUURVLRQ WKDQ DONDOLQH� EXW� � � � � � � � � � � � �
FRUURVLRQ GR KDSSHQ LQ DONDOLQH HQYLURQPHQWV DV ZHOO� EXW FRXOG EH VHHQ DV OHVV GDQJHURXV� � � � � � � � � � � � � � �
>��@��
��
,Q DONDOLQH HQYLURQPHQW WKH IRUPDWLRQ RI D SDVVLYH ILOP ZRUNV DV D QDWXUDO SURWHFWLRQ DJDLQVW� � � � � � � � � � � � � � �
FRUURVLRQ� L�H� LURQ R[LGHV ZRUN DV D SDVVLYH ILOP RQ VWHHO� 7KLV WKLQ ILOP RQ WKH VWHHO FDQ EH� � � � � � � � � � � � � � � � � � �
GHVWUR\HG HLWKHU E\ FDUERQDWLRQ RU E\ FKORULGH DWWDFN� DQG RQFH EURNHQ GRZQ� WKH FRUURVLRQ� � � � � � � � � � � � � �
ZLOO�VWDUW�ZKHQ�R[\JHQ�RU�PRLVWXUH�DUH�SUHVHQW�>��@��

����8QLIRUP�&RUURVLRQ�
��
8QLIRUP FRUURVLRQ� VRPHWLPHV FDOOHG JHQHUDOL]HG FRUURVLRQ� DIIHFW WKH ZKROH VXUIDFH RI WKH� � � � � � � � � � � �
PHWDO ZKHQ H[SRVHG WR WKH FRUURVLYH HQYLURQPHQW >��@� 7KH SDVVLYH OD\HU LV WKHQ GHVWUR\HG RQ� � � � � � � � � � � � � � �
WKH ZKROH� RU D ODUJH SDUW� RI WKH VXUIDFH� 'XULQJ XQLIRUP FRUURVLRQ WKH ZKROH VXUIDFH LV� � � � � � � � � � � � � � � �
DFWLYDWHG� DQG ZKHQ WKH VXUIDFH LV XQSURWHFWHG LW OHDGV WR PRUH RU OHVV XQLIRUP WKLFNQHVV� � � � � � � � � � � � � � �
UHGXFWLRQ RI WKH PHWDO >��@>��@� ,I WKH HQYLURQPHQWDO FRQGLWLRQV DUH NQRZQ� WKH PDWHULDO� � � � � � � � � � � � �
WKLQQLQJ LV JHQHUDWHG DW D SUHGLFWDEOH UDWH DQG ZKHQ WKH WHPSHUDWXUH DQG FKHPLFDO� � � � � � � � � � � � �
FRPSRVLWLRQ DUH FRQVWDQW� WKH UDWH RI XQLIRUP FRUURVLRQ LV DOVR FRQVWDQW� %\ WKLV� RQH FRXOG E\� � � � � � � � � � � � � � � �

� �
���



NQRZLQJ WKH VXUIDFH DUHD DQG PHDVXULQJ WKH ZHLJKW ORVV RYHU D SHULRG RI WLPH� GHWHUPLQH WKH� � � � � � � � � � � � � � � �
FRUURVLRQ�UDWH��PP�\HDU�>��@>��@��
�
,W LV DVVXPHG WR EH WKH PRVW FRPPRQ IRUP RI FRUURVLRQ DQG VKRXOG EH VHHQ DV UHVSRQVLEOH IRU� � � � � � � � � � � � � � � � � �
PRVW RI WKH PDWHULDO ORVV� +RZHYHU� VLQFH LW RFFXUV XQLIRUPO\ RYHU WKH H[SRVHG VXUIDFH� LW LV� � � � � � � � � � � � � � � �
QRW FRQVLGHUHG YHU\ GDQJHURXV DQG OHDGV WR D SUHGLFWDEOH DPRXQW RI PHWDO WKLQQLQJ >��@�� � � � � � � � � � � � � �
8QLIRUP FRUURVLRQ LV XQDYRLGDEOH EXW SUHIHUDEOH FRPSDUHG WR WKH PXFK OHVV SUHGLFWDEOH� � � � � � � � � � � �
ORFDOL]HG IRUPV RI FRUURVLRQ� (TXLSPHQW FDQ DFWXDOO\ EH GHVLJQHG WR DOORZ D FHUWDLQ GHJUHH RI� � � � � � � � � � � � � � �
FRUURVLRQ� DQG WKHUHIRUH VRPH PDWHULDO WKLQQLQJ FDXVHG E\ XQLIRUP FRUURVLRQ PD\ EH� � � � � � � � � � � �
WROHUDEOH� 8QLIRUP FRUURVLRQ RI VWDLQOHVV VWHHO LV PRVW OLNHO\ WR RFFXU LQ DFLGV RU KRW DONDOLQH� � � � � � � � � � � � � � � �
VROXWLRQV��EXW�DOVR�WRJHWKHU�ZLWK�PROWHQ�FKORULGH�DQG�IOXRULGH�VDOWV�>��@��

����6WUHVV�&RUURVLRQ�&UDFNLQJ�
�
7KH FRPELQHG HIIHFW RI PHFKDQLFDO VWUHVV DQG FRUURVLYH HQYLURQPHQW FDQ FDXVH VWUHVV� � � � � � � � � � � �
FRUURVLRQ FUDFNLQJ �6&&�� ,W LV GHILQHG DV IRUPDWLRQ RI FUDFNV� SHQHWUDWLQJ PDWHULDOV LQ D� � � � � � � � � � � � � �
GLUHFWLRQ ZKLFK LV SHUSHQGLFXODU WR LWV WHQVLOH VWUHVV� �'HSHQGLQJ RQ ZKHWKHU WKH WHQVLOH VWUHVV� � � � � � � � � � � � � �
LV FRQVWDQW RU YDULHV F\FOLFDOO\ LW LV FDOOHG 6&& RU FRUURVLRQ IDWLJXH >��@>��@� 2Q VWDLQOHVV VWHHO� � � � � � � � � � � � � � � �
LW WDNHV IRUP RI WKLQ� EUDQFKHG FUDFNV ZKLFK FDQ SURSDJDWH ERWK LQWHUJUDQXODU DQG� � � � � � � � � � � � �
WUDQVJUDQXODU� ,I WKH\ DUH FDXVHG E\ FKORULGH LQGXFHG 6&&� WKH\ DUH XVXDOO\ WUDQVJUDQXODU DQG� � � � � � � � � � � � � �
UXQ�VWUDLJKW�WKURXJK�WKH�JUDLQV�>��@>��@��
��
6&& FDQ EH FRQVLGHUHG XQSUHGLFWDEOH VLQFH WKH FUDFNV RIWHQ SURSDJDWHV ZLWK KLJK UDWHV DQG� � � � � � � � � � � � � �
WKH IDLOXUH KDSSHQV DEUXSWO\ ZLWKRXW ZDUQLQJ� ZLWKLQ D IHZ GD\V RU RQO\ KRXUV LQ WKH PRVW� � � � � � � � � � � � � � � �
VHYHUH FDVHV� 6&& LV FRQVLGHUHG DV DQ LQVLGLRXV IRUP RI FRUURVLRQ� VLQFH LW FDQ FRQWULEXWH WR� � � � � � � � � � � � � � � �
UDSLG ORVV RI PHFKDQLFDO VWUHQJWK RI WKH PDWHULDO DQG WKHUHIRUH� IUDFWXUHV DQG FDWDVWURSKLF� � � � � � � � � � � � �
IDLOXUHV FDQ RFFXU LQ HQYLURQPHQWV ZKHUH RWKHU IRUPV RI FRUURVLRQ� VXFK DV SLWWLQJ� FUHYLFH RU� � � � � � � � � � � � � � �
XQLIRUP FRUURVLRQ� DUH QRW H[SHFWHG� 7KHUH KDV WR EH VRPH IXOILOOHG UHTXLUHPHQWV IRU 6&& WR� � � � � � � � � � � � � � �
RFFXU��

��� 7KHUH�KDV�WR�EH�D�VXVFHSWLEOH�PDWHULDO�
��� $OVR� WKH PDWHULDO KDV WR EH H[SRVHG WR DQ HQYLURQPHQW LQ ZKLFK LW LV VHQVLWLYH WR� � � � � � � � � � � � � � � �

6&&�
��� ,W�KDV�WR�EH�DIIHFWHG�E\�VXIILFLHQW�WHQVLOH�VWUHVV�

,I DOO WKHVH GR QRW FRLQFLGH� 6&& ZLOO QRW RFFXU� 7KHUH H[LVW PDQ\ GLIIHUHQW H[SODQDWLRQV RI� � � � � � � � � � � � � � � �
WKH PHFKDQLVP DQG SKHQRPHQD EHKLQG 6&& DQG VRPH RI VWDLQOHVV VWHHO DUH ZRUWK SRLQWLQJ� � � � � � � � � � � � � �
RXW��7KH�SRVVLELOLW\�RI�D�SLW�WUDQVIRUPLQJ�WR�VWUHVV�FRUURVLRQ�FUDFNV�GHSHQGV�RQ��

Ɣ 7KH�JHRPHWU\�RI�WKH�SLW�DQG�WKH�HOHFWURFKHPLVWU\��
Ɣ 2Q�WKH�UDWH�RI�VWUDLQ�RU�VWUHVV�DW�WKH�EDVH�RI�WKH�SLW��
Ɣ 7KH�PDWHULDO�FKHPLVWU\�>��@�
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,Q VRPH VSHFLILF HQYLURQPHQWV DW PRGHUDWH VWUHVV OHYHOV� PRVW DOOR\V DUH VXVFHSWLEOH WR 6&&�� � � � � � � � � � � � � �
:KHQ LQFUHDVLQJ WKH FKORULGH FRQFHQWUDWLRQ DQG WHPSHUDWXUH� DQG DW WKH VDPH WLPH GHFUHDVLQJ� � � � � � � � � � � � �
S+��WKH�JUHDWHU�WKH�ULVN�IRU�6&&�WR�RFFXU�>��@>��@���
�
7KH HYDSRUDWLRQ OLTXLG FDQ FRQVLVW RI YHU\ ORZ FRQFHQWUDWLRQ RI FKORULGHV� DQG VHHP KDUPOHVV�� � � � � � � � � � � � � �
+RZHYHU� ZKHQ WKH ZDWHU HYDSRUDWHV WKH FRQFHQWUDWLRQ LQFUHDVHV� ZKLFK WKHQ FDQ FDXVH 6&&� � � � � � � � � � � � �
WR RFFXU HYHQ LQ VROXWLRQV ZLWK ORZ FKORULGH FRQWHQW� 9HU\ DONDOLQH HQYLURQPHQWV FDQ DOVR� � � � � � � � � � � � � �
FRQWULEXWH WR 6&& DW FRQGLWLRQV ZKHQ S+!�� DQG WHPSHUDWXUH!���Υ >��@� 'XH WR K\GUR[LGH� � � � � � � � � � � � �
VXFK DV 1D2+ DQG .2+ DQG DOVR +�6 UHJXODU VWHHOV DUH H[SRVHG WR 6&& ZKHQ WKH� � � � � � � � � � � � � � � �
WHPSHUDWXUH�LV�DERYH����Υ�>��@��
�
1RUPDOO\ PHWDOV FDQ IRUP D SURWHFWLYH ILOP RQ WKH VXUIDFH WR SUHYHQW IXUWKHU FRUURVLRQ� EXW� � � � � � � � � � � � � � �
ZKLOH XQGHU VWUHVV WKH\ DUH XQDEOH WR GR WKLV� DQG PHWDOV WKDW DUH YLUWXDOO\ LQHUW LQ D FRUURVLYH� � � � � � � � � � � � � � � � � �
PHGLXP EHFRPH VXVFHSWLEOH IRU 6&&� :KHQ PHWDOV DQG DOOR\V DUH H[SRVHG WR YDULRXV� � � � � � � � � � � � �
WUHDWPHQWV� XQHYHQO\ GLVWULEXWHG VWUHVV FDQ EH LQWURGXFHG� DQG WKH HOHFWURGH SRWHQWLDO ZLOO YDU\� � � � � � � � � � � � �
LQ WKH PDWHULDO� 6WUHVV PLJKW UHVXOW IURP DSSOLHG IRUFHV GXULQJ PDQXIDFWXUH� IDEULFDWLRQ DQG� � � � � � � � � � � � �
KHDW WUHDWPHQW� EXW FDQ DOVR EH ORFNHG�LQ UHVLGXDO VWUHVV RULJLQV IURP UDSLG WHPSHUDWXUH� � � � � � � � � � � � �
FKDQJHV RU XQHYHQ FRQWUDFWLRQ� L�H� IRUPLQJ RU ZHOGLQJ� 6LJQLILFDQWO\ IRU 6&& LV WKDW FUDFNV� � � � � � � � � � � � � �
FDQ EH IRUPHG EHORZ WKH WHQVLOH VWUHQJWK� 7KHUHIRUH� ORZ HQJLQHHULQJ ORDGV DUH VRPHWLPH� � � � � � � � � � � � �
HQRXJK WR SURYRNH 6&&� GHSHQGLQJ RQ WKH HQYLURQPHQW� ,PSXULWLHV FDQ OHDG WR LQWHUQDO� � � � � � � � � � � � �
VWUHVVHV�LQ�WKH�PDWHULDO�ZKLFK�FDQ�UHVXOW�LQ�6&&�>��@>��@��

������+RZ�WR�3UHYHQW�6WUHVV�&RUURVLRQ�&UDFNLQJ�
��
7R SUHYHQW 6&& RQH FDQ� UHGXFH WKH PDJQLWXGH RI WKH VWUHVV E\ KHDW WUHDWPHQWV DQG WKHUHE\� � � � � � � � � � � � � � � �
DQQHDO RXW DQ\ UHVLGXDO VWUHVVHV� EXW WKLV �FDQ EH KDUG WR DFKLHYH LQ ODUJH FRQVWUXFWLRQV� +HDW� � � � � � � � � � � � � � � �
WUHDWPHQWV FDQ WKRXJK UHVXOW LQ XQZDQWHG HIIHFWV� VXFK DV SUHFLSLWDWLRQV RI GDPDJLQJ SKDVHV�� � � � � � � � � � � � �
ZKLFK FDQ EH FRQVLGHUHG PRUH VHULRXV WR WKH SURSHUWLHV RI VWDLQOHVV VWHHO WKDQ UHVLGXDO VWUHVVHV�� � � � � � � � � � � � � � �
$QRWKHU DFWLRQ DJDLQVW 6&& FDQ EH WR UHGXFH WKH ORDG� HLWKHU E\ UHGXFLQJ WKH H[WHUQDO ORDG RU� � � � � � � � � � � � � � � � �
LQFUHDVLQJ WKH FURVV�VHFWLRQDO DUHD SHUSHQGLFXODU WR WKH DSSOLHG VWUHVV� 7R LQFUHDVH WKH� � � � � � � � � � � �
UHVLVWDQFH WR 6&&� FRPSUHVVLYH VWUHVVHV FDQ EH LQWURGXFHG LQ WKH VXUIDFH ZKLFK ZLOO KDPSHU� � � � � � � � � � � � � �
FUDFN JURZWK� :KHQ QRQH RI WKH DERYHPHQWLRQHG FDQ EH GRQH� RQH KDV WR UHSODFH WKH DOOR\� � � � � � � � � � � � � � � �
VXVFHSWLEOH�WR�6&&�ZLWK�D�UHVLVWDQW�DOOR\�>��@�>��@��

����&UHYLFH�&RUURVLRQ�
�
&UHYLFH FRUURVLRQ LV FRPPRQ LQ DOPRVW DOO LQGXVWULHV VLQFH LW RFFXUV LQ PDQ\ HQJLQHHU� � � � � � � � � � � � � �
VWUXFWXUHV� &UHYLFH FRUURVLRQ LV D QRQ�XQLIRUP FRUURVLRQ IRUP DQG LV FDXVHG ZKHQ WKH SDVVLYH� � � � � � � � � � � � � �
OD\HU LV EURNHQ GRZQ ORFDOO\ LQ D FUHYLFH� 7KLV ORFDOO\ DWWDFN RFFXUV DV D JDOYDQLF FRXSOH LV� � � � � � � � � � � � � � � � �
IRUPHG ORFDOO\ RQ WKH VXUIDFH GXH WR FKDQJH RI HQYLURQPHQW LQ WKH FUHYLFH UHODWLYH WKH EXON� � � � � � � � � � � � � � � �
VROXWLRQ� �>��@��
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�
7KLV FKDQJH LQ HQYLURQPHQW LV FDXVHG GXH WR WKH GLIIHUHQFH LQ FRPSRVLWLRQ LQ WKH VROXWLRQ WKDW� � � � � � � � � � � � � � � �
RFFXUV VLQFH WKH PHWDO VXUIDFH LV FRQVXPLQJ R[\JHQ LQ DQ DTXHRXV HQYLURQPHQW� EXW LQ WKH� � � � � � � � � � � � � � �
FUHYLFH� WKH VROXWLRQ LV VWDWLRQDU\ DQG WKH R[\JHQ OHYHO LV UHVWULFWHG� $ GLIIHUHQFH LQ� � � � � � � � � � � � � �
FRPSRVLWLRQ OHDGV WR WKDW D FRUURVLRQ FHOO LV FUHDWHG DQG WKH FUHYLFH FRUURVLRQ LV LQLWLDWHG�� � � � � � � � � � � � � � �
,QVLGH WKH FUHYLFH D K\GURO\VLV VWDUWV� WKH VPDOO DPRXQW RI PHWDO LRQV GHFUHDVHV WKH S+ LQ WKH� � � � � � � � � � � � � � � � �
VROXWLRQ� ,Q RUGHU WR EDODQFH WKH HOHFWURQHJDWLYLW\� FKORULGH LRQV PLJUDWH LQWR WKH FUHYLFH DQG� � � � � � � � � � � � � �
WKH VROXWLRQ EHFRPHV PRUH DJJUHVVLYH LQ DVSHFW RI FRUURVLRQ� VLQFH WKH QHZ HQYLURQPHQW FDQ� � � � � � � � � � � � � �
EUHDN�GRZQ�WKH�SDVVLYH�OD\HU�LQ�WKH�FUHYLFH� �>��@��
�
7KH PHWDO VXUIDFH LV EDUH ZKHUH WKH SDVVLYH OD\HU LV EURNHQ GRZQ DQG ZRUNV DV DQ DQRGH� � � � � � � � � � � � � � � � �
UHODWLYH WKH XQEURNHQ DQG PXFK ODUJHU SDVVLYH OD\HU VXUURXQGLQJ WKH FUHYLFH� 7KHQ WKH FUHYLFH� � � � � � � � � � � � � �
SURSDJDWHV LQ WKH RULJLQDWH VKDSH DQG LV DFFHOHUDWHG E\ WKH GLIIHUHQFH LQ R[\JHQ FRQWHQW� 7KH� � � � � � � � � � � � � � �
FRUURVLRQ UDWH LV QRW RI LPSRUWDQFH� VLQFH WKH PDWHULDO FDQ EH SHQHWUDWHG YHU\ TXLFNO\ RQFH� � � � � � � � � � � � � � �
LQLWLDWHG� �>��@��
�
&UHYLFH FRUURVLRQ LV GHSHQGHQW RQ WKH HQYLURQPHQWDO IDFWRUV� FRUURVLRQ UHVLVWDQFH RI WKH DOOR\� � � � � � � � � � � � �
DQG WKH JHRPHWU\ RI WKH FUHYLFH� /RZ S+ DQG KLJK FKORULGH FRQWHQW LQFUHDVH WKH ULVN RI� � � � � � � � � � � � � � � �
FUHYLFH FRUURVLRQ� +RZHYHU� HYHQ YHU\ VPDOO DPRXQWV RI FKORULGH FRQWHQW� XQGHU ��� SSP FDQ� � � � � � � � � � � � � �
OHDG WR FUHYLFH FRUURVLRQ� 7KH LQIOXHQFH RI FKORULGHV ORZHUV WKH SRWHQWLDO RI FRUURVLRQ WR� � � � � � � � � � � � � �
RFFXU� HVSHFLDOO\ IRU FUHYLFH FRUURVLRQ ZKLFK PDNHV LW WKH PRVW FULWLFDO IRUP RI FRUURVLRQ� � � � � � � � � � � � � �
>��@>��@��
�
$ FULWLFDO FKORULGH LRQV FRQFHQWUDWLRQ LV DOUHDG\ GHWHUPLQHG IRU PDQ\ PDWHULDOV� EHORZ WKLV� � � � � � � � � � � � �
FRQFHQWUDWLRQ FUHYLFH FRUURVLRQ LV QRW OLNHO\ WR RFFXU� EXW RYHU WKLV FRQFHQWUDWLRQ WKH� � � � � � � � � � � � �
SUREDELOLW\ IRU FUHYLFH FRUURVLRQ LV LQFUHDVLQJ ZLWK LQFUHDVLQJ FRQFHQWUDWLRQ� VLQFH WKH� � � � � � � � � � �
SRWHQWLDO�LV�GHFUHDVHG� �>��@��

�������+RZ�WR�3UHYHQW�&UHYLFH�&RUURVLRQ�
�
7KH VROXELOLW\ RI R[\JHQ GHSHQGV RQ WKH WHPSHUDWXUH DQG VDOW FRQWHQW RI WKH VROXWLRQ EXW E\� � � � � � � � � � � � � � � �
FRPSOHWHO\ UHPRYLQJ R[\JHQ IURP WKH HQYLURQPHQW ZLOO LQKLELW WKH FDWKRGLF UHDFWLRQ WR RFFXU�� � � � � � � � � � � � �
DQG WKHUHIRUH SUHYHQW FUHYLFH FRUURVLRQ� +RZHYHU� WKHUH DUH RWKHU R[LGDQWV PXFK VWURQJHU WKDQ� � � � � � � � � � � � �
R[\JHQ��VXFK�DV�FKORULQH��K\SRFKORULWH�DQG�K\GURJHQ�SHUR[LGH���
�
,PSXULWLHV WKDW ZLOO QRW R[LGL]H� VXFK DV VXOIDWHV DQG QLWUDWHV DUH QRW KDUPIXO WR WKH SDVVLYH� � � � � � � � � � � � � � � �
OD\HU� LQVWHDG WKH\ FDQ LQKLELW WKH FRUURVLRQ E\ DEVRUELQJ RQ WKH VXUIDFH� ,Q RUGHU IRU WKHVH� � � � � � � � � � � � � � � �
LPSXULWLHV WR KDYH DQ HIIHFW RQ LQKLELWLQJ WKH FRUURVLRQ� WKH DPRXQW PXVW EH PXFK KLJKHU WKDQ� � � � � � � � � � � � � � � �
WKH�FKORULGH�FRQWHQW�� �
�
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6PRRWK VXUIDFHV WKDW DUH FOHDQ DUH PRUH UHVLVWDQW WR FUHYLFH FRUURVLRQ� DQG LI WKH HQYLURQPHQW� � � � � � � � � � � � � � �
KDV KLJK FKORULGH FRQWHQW� RQH VKRXOG DYRLG DV PDQ\ FUHYLFHV DV SRVVLEOH LQ WKH FRQVWUXFWLRQ�� � � � � � � � � � � � � � �
,QVWHDG RI EROWHG MRLQWV DQG VSRW ZHOGV� VHDOLQJ ZHOGV LV PRUH SUHIHUDEOH� 7KH ZHOGLQJ VLWHV DW� � � � � � � � � � � � � � � �
SRWHQWLDO FUHYLFH VSRWV VKRXOG EH FRYHUHG LQ D PRUH FRUURVLRQ UHVLVWDQW PDWHULDO� %\ SDLQWLQJ� � � � � � � � � � � � � �
PHWDO VXUIDFHV DURXQG WKH FUHYLFH DUHDV SUHYHQWV WKH FDWKRGLF UHDFWLRQ WR RFFXU� WKLV LV DQ� � � � � � � � � � � � � � �
HIIHFWLYH�ZD\�LQ�RUGHU�WR�UHGXFH�WKH�UDWLR�RI�DQRGH�FDWKRGH� �>��@��
�
'HSRVLW LV D SRWHQWLDO VLWH IRU FUHYLFH FRUURVLRQ� DQG VXVSHQGHG VROLGV VKRXOG EH UHPRYHG IURP� � � � � � � � � � � � � � �
WKH VXUIDFHV� 7KH FUHYLFH VKRXOG KDYH D XQLIRUP JDS EHWZHHQ ������� ȝP� WKH QDUURZHU D� � � � � � � � � � � � � � �
FUHYLFH JHWV WKH PRUH SUREDELOLW\ IRU FUHYLFH FRUURVLRQ WR RFFXU EHFDXVH RI WKH UHVWULFWHG PDVV� � � � � � � � � � � � � � �
WUDQVSRUW� 7KH WHPSHUDWXUH SOD\V D ELJ UROH LQ FRUURVLRQ� EHORZ WKH FULWLFDO WHPSHUDWXUH LW LV QRW� � � � � � � � � � � � � � � �
OLNHO\ IRU FUHYLFH FRUURVLRQ WR RFFXU DQG WKH PDWHULDO LV VHHQ DV UHVLVWDQW� 2YHU WKH FULWLFDO� � � � � � � � � � � � � � � �
WHPSHUDWXUH�WKH�FRUURVLRQ�UDWH�LQFUHDVHV�ZLWK�LQFUHDVHG�WHPSHUDWXUH� �>��@��

����3LWWLQJ�&RUURVLRQ�
�
3LWWLQJ FRUURVLRQ LV VHHQ DV WKH PRVW GDPDJLQJ IRUP RI FRUURVLRQ� DV LW FDQ FDXVH FDWDVWURSKLF� � � � � � � � � � � � � � � �
IDLOXUH >��@� 7KH LQLWLDWLRQ RI SLWWLQJ LV D SKHQRPHQRQ WKDW KDV QRW EHHQ IXOO\ JUDVSHG \HW� DV� � � � � � � � � � � � � � � � �
SLWWLQJ FDQ RFFXU GXH WR LQFOXVLRQV RU VXUIDFH GDPDJH� +RZHYHU� LW FDQ DOVR RFFXU RQ SHUIHFW� � � � � � � � � � � � � � � �
VXUIDFHV� (YHQ WKRXJK WKH LQLWLDWLRQ LV XQFOHDU� WKH SURSDJDWLRQ LV D PRUH XQGHUVWRRG DVSHFW� � � � � � � � � � � � � �
>��@� 7KH SDVVLYH ILOP EHFRPHV XQVWDEOH ZKHQ WKH PHWDO VXUIDFH LV DWWDFNHG E\ FKORULGH LRQV�� � � � � � � � � � � � � � �
DQ DJJUHVVLYH DQLRQ� ZKLFK OHDGV WR VPDOO DUHDV RQ WKH PHWDO VXUIDFH� ZKLFK DUH H[SRVHG WR WKH� � � � � � � � � � � � � � � � �
HQYLURQPHQW GXH WR LW EHLQJ XQSURWHFWHG >��@� :KHQ D EDUH PHWDO DFWV DV DQ DQRGH� DQG WKH� � � � � � � � � � � � � � � � �
HQYLURQPHQW�DFWV�DV�D�FDWKRGH��D�JDOYDQLF�FHOO�LV�IRUPHG�>��@��
�
,Q PDQ\ FDVHV� WKH FRUURVLRQ VWRSV GXH WR WKH SDVVLYH ILOP UHIRUPLQJ ZKHUH WKH DWWDFN� � � � � � � � � � � � � � �
RFFXUUHG� FDOOHG UHSDVVLYDWH� :KHQ D SLW LQLWLDWHV DQG UHSDVVLYDWHV� WKH SLW LV FRQVLGHUHG WR EH� � � � � � � � � � � � � � �
PHWDVWDEOH� KRZHYHU� WKH SLW SURSDJDWHV IXUWKHU LI UHSDVVLYDWLRQ GRHV QRW RFFXU� OHDGLQJ WR WKH� � � � � � � � � � � � � �
KLJK�FRUURVLRQ�UDWH�DW�WKH�SLW�VLWH�>��@��
� �
7KH S+ GHFUHDVHV DV WKH SLW FRQWLQXHV WR JURZ HYHQ IXUWKHU� 7KLV LV GXH WR WKH K\GURO\VLV RI� � � � � � � � � � � � � � � � � �
GLVVROYHG PHWDO LRQV VXFK DV DQG � 7KH SRVLWLYH PHWDO LRQV DUH WKHQ EDODQFHG� � � � � U�& ��� � � )H�� ��� � � � � � � � �
RXW E\ FKORULGH LRQV WKDW KDYH UHORFDWHG LQWR WKH SLW� ZKLFK UHVXOWV LQ DQ HYHQ PRUH DJJUHVVLYH� � � � � � � � � � � � � � � � �
HQYLURQPHQW LQVLGH� $V DQ RXWFRPH� SURSDJDWLRQ RI SLWWLQJ RFFXUV DW D KLJK UDWH DQG OHDGV WR� � � � � � � � � � � � � � � �
FRUURVLRQ�>��@��
�
6LQFH SLWV DUH WLQ\ RQ WKH PHWDO VXUIDFHV� LW LV HDV\ IRU FRUURVLRQ SURGXFWV WR FRYHU XS WKH SLWV�� � � � � � � � � � � � � � � � � � �
ZKLFK PDNHV WKHP XQQRWLFHDEOH GXH WR KDYLQJ D ODUJHU FURVV�VHFWLRQDO DUHD XQGHU WKH VXUIDFH�� � � � � � � � � � � � � �
7KH SUHVHQFH RI SLWV FDQ EH RI XWPRVW GDPDJH EHFDXVH RI WKH ULVN RI OHDNDJH DQG FDYLWLHV >��@�� � � � � � � � � � � � � � � � � �
7R GHWHFW SLWWLQJ DW DQ HDUO\ VWDJH� LQVWUXPHQWV WKDW FDQ PHDVXUH PLFURVFRSLF VFDOHV DUH QHHGHG� � � � � � � � � � � � � � �
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>��@� 3LWWLQJ FRUURVLRQ LV DIIHFWHG E\ WKH VDPH IDFWRUV DV FUHYLFH� ORZ S+ DQG KLJK FKORULGH� � � � � � � � � � � � � � � �
FRQFHQWUDWLRQV� ZKLFK LQFUHDVH WKH LQLWLDWLRQ RI WKH SLW DV ZHOO DV KLJK WHPSHUDWXUHV DQG� � � � � � � � � � � � � �
KDOLGHV�VXFK�DV�EURPLGH�DQG�LRGLGH�>��@��
�
7KH LQLWLDWLRQ DQG SURSDJDWLRQ RI SLWWLQJ FRUURVLRQ DUH PDLQO\ DIIHFWHG E\ WKH FDWKRGLF� � � � � � � � � � � � �
UHDFWLRQ� +RZHYHU� UHPRYLQJ R[\JHQ IURP WKH VXUURXQGLQJ ZLOO OLPLW VXFK FRUURVLRQ� � � � � � � � � � �
UHDFWLRQV� 7KH R[\JHQV VROXELOLW\ LV GHSHQGHQW RQ WKH FRQFHQWUDWLRQ DQG WHPSHUDWXUH RI WKH� � � � � � � � � � � � �
VDOWV LQ WKH VROXWLRQ >��@� 7KH SLWV UHPDLQ ORFDOL]HG ZKHQ ERWK WKH DQRGLF DQG FDWKRGLF� � � � � � � � � � � � � � �
UHDFWLRQV WDNH SODFH RQ WKH VDPH PHWDO VXUIDFH� 7KH FDWKRGLF GHQVLW\ LV VPDOOHU LQVLGH WKH SLWV� � � � � � � � � � � � � � � �
GXH WR WKH UHGXFWLRQ RI R[\JHQ� 5HVXOWLQJ LQ WKH SUHVHQFH RI ODUJH FDWKRGLF DUHDV DOORZLQJ WKH� � � � � � � � � � � � � � � �
DFWLYLW\�RI�WKH�VPDOO�DQRGH�WR�EH�EDODQFHG�>��@��

������+RZ�WR�3UHYHQW�3LWWLQJ�&RUURVLRQ�
�
7KHUH�DUH�WKUHH�GLIIHUHQW�ZD\V�WR�SUHYHQW�SLWWLQJ�FRUURVLRQ���

�� %\ FKRRVLQJ DQ DSSURSULDWH PDWHULDO ZLWK VSHFLILF DOOR\LQJ HOHPHQWV ZKLFK LQFUHDVH� � � � � � � � � � � �
UHVLVWDQFH�WRZDUGV�SLWWLQJ�

����%\�FRQWUROOLQJ�WKH�DQLRQV�FRQFHQWUDWLRQ�RU�E\�XVLQJ�LQKLELWRUV�
�� %\ KDYLQJ FRQWURO RI WKH HOHFWURGH SRWHQWLDO� 3LW SURSDJDWLRQ LV RQO\ IRXQG RYHU WKH� � � � � � � � � � � � � � �

SLWWLQJ�SRWHQWLDO�>��@�
�

%\ FKRRVLQJ DQ DOOR\ ZLWK KLJK 35(1� SLWWLQJ FRUURVLRQ FDQ EH DYRLGHG� ,Q RUGHU WR FRPSDUH� � � � � � � � � � � � � � � �
KRZ YDULRXV DOOR\V FDQ UHVLVW FRUURVLRQ� WKH SLWWLQJ HTXLYDOHQFH QXPEHU PXVW EH FDOFXODWHG�� � � � � � � � � � � � �
7KLV�FDQ�EH�GRQH�XVLQJ�WKH�35(1�IRUPXOD��VHH�HTQ����� ���>��@ ����
�

(TQ�������� 5(1 � &U� ���0R ��: � 13  � � � � � � [ �
�
:KHQ ZRUNLQJ ZLWK GXSOH[ VWDLQOHVV VWHHOV [ �� DQG ZKHQ ZRUNLQJ ZLWK DXVWHQLWLF DOOR\V� � � � � � � � � � � � �
[ ��� 7KH FULWLFDO FUHYLFH WHPSHUDWXUH �&&7� DQG WKH 35(1 LV QHDUO\ HTXLYDOHQW� ZKHUH &&7� � � � � � � � � � � � � �
LV�GHILQHG�XVLQJ�HTQ��������&&7�LV�JLYHQ�LQ�&HOVLXV� �>��@��
�

(TQ�������� &7 � ���&U� ���0R� ���1 � �&  � � � � � í � ��

����$OOR\LQJ�(OHPHQWV�WR�3UHYHQW�&RUURVLRQ�
�
7KH DOOR\ FRPSRVLWLRQ ZLOO DIIHFW WKH UHVLVWDQFH WR FRUURVLRQ DQG ZLOO YDU\ VLJQLILFDQWO\� � � � � � � � � � � � �
EHWZHHQ GLIIHUHQW HQYLURQPHQWV DQG IRU GLIIHUHQW NLQGV RI FRUURVLRQ� 7KH FKURPLXP FRQWHQW LQ� � � � � � � � � � � � �
VWDLQOHVV VWHHOV QHHGV WR EH PRUH WKDQ �� � WR HQDEOH IRUPDWLRQ RI D SDVVLYH ILOP� DQG GXH WR� � � � � � � � � � � � � � � � � � �
SUHFLSLWDWLRQV RI � D KLJKHU FRQWHQW PD\ EH QHHGHG >��@� 7KH UHVLVWDQFH WR XQLIRUP� � &&U�� � � � � � � � � � � � � �
FRUURVLRQ ZLOO EH LPSURYHG E\ KLJKHU FRQWHQW RI DOOR\LQJ HOHPHQWV VXFK DV FKURPLXP DQG� � � � � � � � � � � � � �
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QLFNHO� &KURPLXP ZLOO EH HQVXULQJ SDVVLYLW\ DQG QLFNHO ZLOO KHOS UHGXFH WKH FRUURVLRQ UDWH RI� � � � � � � � � � � � � � �
GHSDVVLYDWHG VWHHO� $QRWKHU HOHPHQW RI LPSRUWDQFH LV PRO\EGHQXP DQG D KLJK FRQWHQW LV� � � � � � � � � � � � �
IDYRUDEOH LQ PRVW HQYLURQPHQWV VLQFH LW RIWHQ HQKDQFHV SDVVLYLW\ >��@� :KHQ DGGLQJ� � � � � � � � � � � �
PRO\EGHQXP� QLWURJHQ DQG DOVR VLOLFRQ WKH UHVLVWDQFH DJDLQVW 6&& LV LQFUHDVHG� HVSHFLDOO\� � � � � � � � � � � �
ZKHQ�FRQVLGHULQJ�DXVWHQLWLF�VWHHOV�ZKLFK�DUH�VXVFHSWLEOH�WR�6&&�>��@��
�
&KURPLXP� PRO\EGHQXP� QLWURJHQ DQG QLFNHO DUH DOOR\V RI JUHDW LPSRUWDQFH IRU WKH UHVLVWDQFH� � � � � � � � � � � � �
WR FUHYLFH FRUURVLRQ LQ PDQ\ W\SHV RI DOOR\V� +RZHYHU� QLFNHO KDV EHHQ VKRZQ WR EH EHQHILFLDO� � � � � � � � � � � � � � � �
ZKHQ DGGHG WR DXVWHQLWLF VWDLQOHVV VWHHOV ZKHQ WKH PRO\EGHQXP FRQWHQW LV ��� � EXW RQO\� � � � � � � � � � � � � � �
VKRZV OLWWOH HIIHFW ZKHQ WKH PRO\EGHQXP FRQWHQW LV DV KLJK DV ��� � LQ VWDLQOHVV VWHHOV�� � � � � � � � � � � � � � � �
0RO\EGHQXP DQG QLWURJHQ KDYH DQ LQWHUDFWLYH HIIHFW RQ WKH LQFUHDVHG UHVLVWDQFH WR FUHYLFH� � � � � � � � � � � � �
FRUURVLRQ� DOOR\V FRQWDLQLQJ PRO\EGHQXP VKRZ VLJQLILFDQW LQFUHDVHG FUHYLFH FRUURVLRQ� � � � � � � � �
UHVLVWDQFH�RQFH�QLWURJHQ�LV�DGGHG� �>��@��
�
3LWWLQJ FRUURVLRQ FDQ EH DYRLGHG E\ KDYLQJ D PDWHULDO ZLWK D KLJK 35(1 E\ FRQWDLQLQJ� � � � � � � � � � � � � � �
DOOR\LQJ HOHPHQWV ZLWK KLJK UHVLVWDQFH WR ORFDOL]HG DWWDFN VXFK DV FKURPLXP� PRO\EGHQXP�� � � � � � � � � � � �
WXQJVWHQ DQG QLWURJHQ >��@� 0RO\EGHQXP KDV VKRZQ WR EH EHQHILFLDO IRU LQLWLDWLRQ DQG� � � � � � � � � � � � �
UHSDVVLYDWLRQ�RI�SLWV�DQG�DOVR�GHFUHDVHV�FKORULGH�LRQV�>��@��
�
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���0DWHULDO�&KRLFH�

����0DWHULDO�6HOHFWLRQ�3URFHVV�DQG�7RROV�
7KH VHOHFWLRQ SURFHVV RI PDWHULDOV IRU DQ DSSOLFDWLRQ LV DQ LPSRUWDQW SURFHVV DQG QHHGV WR EH� � � � � � � � � � � � � � � �
KDQGOHG FDUHIXOO\� 7KH FKRLFH RI PDWHULDO ZLOO DIIHFW WKH DSSOLFDWLRQ LQ PDQ\ ZD\V� WKH� � � � � � � � � � � � � �
DSSHDUDQFH� WKH WH[WXUH� WKH FRVW� WKH PDQXIDFWXULQJ SURFHVV� EXW PRVW LPSRUWDQW� WKH HQG� � � � � � � � � � � � �
SURGXFWV OLIHF\FOH ZLOO EH DIIHFWHG� +RZHYHU� KLVWRULFDOO\ WKH PDWHULDO VHOHFWLRQ SURFHVV KDV� � � � � � � � � � � �
RQO\ EHHQ D VPDOO SDUW RI WKH ZKROH GHVLJQ SURFHVV� 0DWHULDOV KDV EHHQ FKRVHQ E\ ³WULDO DQG� � � � � � � � � � � � � � � � �
HUURU ³ RU E\ FKRRVLQJ ZKDW KDV EHHQ XVHG EHIRUH ZLWK VXFFHVV� 7KLV FRXOG OHDG WR WKDW QRW� � � � � � � � � � � � � � � � � �
VXVWDLQDEOH PDWHULDOV DUH EHLQJ XVHG� DQG WKDW WKH PRVW DSSURSULDWH PDWHULDO LV QRW HYHQ� � � � � � � � � � � � � �
FRQVLGHUHG� $ EDG PDWHULDO VHOHFWLRQ FRXOG EH GHYDVWDWLQJ DQG OHDG WR IDLOXUH DQG VKRUWHQ WKH� � � � � � � � � � � � � � �
HQG SURGXFWV OLIHF\FOH� :KHQ VHOHFWLQJ D PDWHULDO IRU D VSHFLILF DSSOLFDWLRQ WKHUH LV D ORW RI� � � � � � � � � � � � � � � �
DVSHFWV�WKDW�QHHGV�WR�EH�FRQVLGHUHG��DQG�LW�LV�D�WLPH�FRQVXPLQJ�DQG�GLIILFXOW�SURFHVV� �>��@��
�
2QH WRRO WKDW FRXOG EH XVHG LQ RUGHU WR LPSURYH WKH VHOHFWLQJ RI PDWHULDO SURFHVV LV &RKHQ
V� � � � � � � � � � � � � � � � �
UHFLSURFLW\� 0RUULV &RKHQ GHVFULEHG WKH UHFLSURFLW\ EHWZHHQ VFLHQFH DQG HQJLQHHULQJ� 7KH� � � � � � � � � � �
VFLHQFH LV EDVHG RQ FDXVH DQG HIIHFW DQG GHVFULEHV KRZ WKH SURFHVVLQJ RI D PDWHULDO DIIHFW WKH� � � � � � � � � � � � � � � � �
VWUXFWXUH� ZKLFK LV DIIHFWLQJ WKH SURSHUWLHV ZKLFK LQ WXUQ ZLOO DIIHFW WKH SHUIRUPDQFHV RI WKH� � � � � � � � � � � � � � �
PDWHULDO� 7KH HQJLQHHULQJ LV EDVHG RQ JRDO�PHDQV DQG JRHV WKH RWKHU ZD\� WKH GHVLUHG� � � � � � � � � � � � � �
SHUIRUPDQFHV RI D PDWHULDO GHSHQG RQ FHUWDLQ SURSHUWLHV� WKHVH SURSHUWLHV GHSHQG RQ WKH� � � � � � � � � � � � �
VWUXFWXUHV ZKLFK LQ WXUQ DUH GHSHQGLQJ RQ WKH SURFHVVLQJ RI WKH PDWHULDO� 7KLV KHOSV WR GHVLJQ� � � � � � � � � � � � � � � �
D�PDWHULDO�IURP�UHTXLUHPHQWV�RI�WKH�SUHVWDQGD� �>��@��
�
$QRWKHU ZD\ LQ KRZ WR DSSURDFK PDWHULDO VHOHFWLRQ LV E\ $VKE\¶V PHWKRG� 7KH PHWKRG VWDUWV� � � � � � � � � � � � � � �
E\ LGHQWLI\ ZKLFK WKH UHTXLUHG SURSHUWLHV DUH DQG FUHDWH D SURILOH� 7KLV SURILOH LV WKHQ� � � � � � � � � � � � � � �
FRPSDUHG ZLWK DOUHDG\ H[LVWLQJ PDWHULDOV DQG WKHLU SURSHUWLHV WR ILQG D PDWFK� 7R LGHQWLI\ WKH� � � � � � � � � � � � � � �
LPSRUWDQW DWWULEXWHV IRU WKH FHUWDLQ DSSOLFDWLRQ WKH QH[W VWHS LV D WUDQVODWLRQ VWHS WKDW LV GLYLGHG� � � � � � � � � � � � � � � �
LQWR�IRXU�DFWLRQV��

�� ([SUHVV�IXQFWLRQV�
�� /DEHO�UHVWULFWLRQV�
�� 'HILQH�WKH�DLP�
�� ([SUHVV�WKH�IUHH�YDULDEOHV�IRU�WKH�GHVLJQHU�WR�GHFLGH�

�
7KH UHVWULFWLRQV DUH EDVHG RQ WKH SURSHUWLHV WKDW OHDGV WR WKH GHVLUHG SHUIRUPDQFHV DV ZHOO DV� � � � � � � � � � � � � � � �
GLPHQVLRQ UHTXLUHPHQWV RI WKH FRPSRQHQW� 7KH SURSHUWLHV DUH SUHVHQWHG LQ FKDUWV FDOOHG� � � � � � � � � � � �
$VKE\ FKDUWV RU PDWHULDO SURSHUWLHV FKDUWV� ,Q WKHVH FKDUWV� WZR GLIIHUHQW SURSHUWLHV FDQ EH� � � � � � � � � � � � � �
LQYHVWLJDWHG DW WKH VDPH WLPH ZKLFK OHDGV WR WKDW WKH SHUIRUPDQFHV RI WKH PDWHULDO ZLWK UHVSHFW� � � � � � � � � � � � � � � �
WR WKH SURSHUWLHV FDQ LPPHGLDWHO\ EH HYDOXDWHG� 7KLV DQDO\VLV RI WKH FRQQHFWLRQ RI SURSHUWLHV� � � � � � � � � � � � � �

� �
���



LV ERWK TXLFN DQG VLPSOH DQG PDNHV WKHVH FKDUWV DQ HIIHFWLYH WRRO LQ WKH PDWHULDO VHOHFWLRQ� � � � � � � � � � � � � � � �
SURFHVV���
�
7KH�WKLUG�VWHS�LV�D�VFUHHQLQJ�RI�DOO�WKH�PDWHULDOV�WKDW�DUH�VXLWDEOH�DFFRUGLQJ�WR�WKH�WUDQVODWLRQ���
+HUH��WKH�XVHIXO�DYDLODEOH�PDWHULDOV�KDYH�UHGXFHG�VLJQLILFDQWO\��VLPSOLI\LQJ�WKH�VHOHFWLRQ���
7KH FDQGLGDWHV WKDW SDVVHG WKH VFUHHQLQJ SURFHVV LV QRZ PRYLQJ RQWR WKH QH[W VWHS� ZKLFK LV� � � � � � � � � � � � � � � �
UDQNLQJ��7KLV�VWHS�LV�UDQNLQJ�WKH�VFUHHQHG�PDWHULDOV�E\�WKH�DLPV��
�
$V D ILQDO VWHS� LQIRUPDWLRQ DERXW WKH WRS�UDQNHG DOWHUQDWLYHV WKDW FDQ VXSSRUW WKH GHFLVLRQ� LV� � � � � � � � � � � � � � �
FROOHFWHG� 7KLV VXSSRUWLQJ LQIRUPDWLRQ FRXOG UHJDUG KLVWRU\ RI XVDJH� DYDLODELOLW\ DQG� � � � � � � � � � �
UHF\FODELOLW\� �>��@��
��
:KHQ VHOHFWLQJ D PDWHULDO� LW LV RI XWPRVW LPSRUWDQW WR UHDOLVH DOO WKH FKDQJHV RI WKH FRQGLWLRQV� � � � � � � � � � � � � � � � �
GXULQJ WKH SURFHVV� 7KHUH ZLOO SUREDEO\ EH FKDQJHV LQ IRU H[DPSOH� WHPSHUDWXUH DQG FKHPLFDO� � � � � � � � � � � � � �
FRPSRVLWLRQ DORQJ WKH ZD\� ZKLFK QHHG WR EH WDNHQ LQWR FRQVLGHUDWLRQV� 7KH FRQGLWLRQ GXULQJ� � � � � � � � � � � � � �
VWDUW�XSV� VKXWGRZQV DQG LQFLGHQWV PLJKW GLIIHU IURP GXULQJ QRUPDO RSHUDWLRQV� $OVR� ZKHQ D� � � � � � � � � � � � �
SURFHVV LQYROYHV FOHDQLQJ RI HTXLSPHQW� FKHPLFDOV FDQ EH XVHG ZKLFK DOVR QHHGV WR EH QRWHG�� � � � � � � � � � � � � � �
:KHQ FKRRVLQJ D VWDLQOHVV VWHHO LW LV RI LPSRUWDQFH WR FRQVLGHU ZKLFK NLQG RI FRUURVLRQ� � � � � � � � � � � � � � �
HQYLURQPHQW WKH VWHHO LV JRLQJ WR HQGXUH� LW LV DOVR LPSRUWDQW WR FRQVLGHU WKH ZHOGLQJ� � � � � � � � � � � � � � �
SURSHUWLHV RI WKH PDWHULDO LQ RUGHU WR HDVH WKH FRQVWUXFWLRQ RI WKH GHVLJQHG DSSOLFDWLRQ �>��@� � � � � � � � � � � � � � �
>��@��

������:HOGLQJ�3HUVSHFWLYH�
�
:KHQ D FRQVWUXFWLRQ LV ZHOGHG� D WUDQVIRUPDWLRQ LQ VWUXFWXUH PD\ RFFXU GXH WR WKH KHDW� 7KH� � � � � � � � � � � � � � � �
NQRZOHGJH RI VWUXFWXUH WUDQVIRUPDWLRQ LV RI LPSRUWDQFH LQ RUGHU WR DYRLG FRUURVLRQ�� � � � � � � � � � � �
6FKDHIIOHU GLDJUDPV VKRZV ZKLFK NLQG RI VWUXFWXUH D PDWHULDO LV IRUPLQJ DIWHU ZHOGLQJ� ZKHQ� � � � � � � � � � � � � �
FRROLQJ� VHH ILJXUH �� 7KH\ DUH XVHG LQ JHQHUDO WR SUHGLFW WKH QHZ PLFURVWUXFWXUH WKDW LV� � � � � � � � � � � � � � � �
IRUPHG GXULQJ ZHOGLQJ DQG E\ WKDW WKH ZHOGDELOLW\ RI WKH VWHHO DQG FDQ EH DSSOLHG DW PDQ\� � � � � � � � � � � � � � � � �
GLIIHUHQW�FRROLQJ�UDWHV� �>��@��
�
:HOGLQJ VLWHV DUH FUXFLDO WR ORFDO FRUURVLRQ VXFK DV SLWWLQJ DQG FUHYLFH FRUURVLRQ� LQ RUGHU WR� � � � � � � � � � � � � � � �
SUHYHQW WKLV ORFDO FRUURVLRQ WR RFFXU LQ WKH VLWHV LW LV RI LPSRUWDQFH WR SRVW�ZHOG FOHDQ� :KHQ� � � � � � � � � � � � � � � � �
ZHOGLQJ� WKH SDVVLYH OD\HU LV GHVWUR\HG DV ZHOO DV D WKLFNHU KHDW WLQW RU R[LGH VFDOH DUH IRUPHG� � � � � � � � � � � � � � � � � �
ZKLFK GR QRW KDYH WKH VDPH SURWHFWLYH HIIHFW DV WKH SDVVLYH OD\HU KDV WR FRUURVLRQ� 7KHUHIRUH�� � � � � � � � � � � � � � � �
LQ DSSOLFDWLRQV ZKHUH WKHUH LV D ULVN IRU ORFDOL]HG FRUURVLRQ WKLV PXVW EH UHPRYHG� 8QGHU WKLV�� � � � � � � � � � � � � � � �
WKH PDWHULDO LV GHSOHWHG RI FKURPLXP ZKLFK JLYHV D ORZHU UHVLVWDQFH WR FRUURVLRQ DV ZHOO� DQG� � � � � � � � � � � � � � � �
WKHUHIRUH WKLV QHHGV WR EH UHPRYHG WRR �>��@� �$ KLJKHU FDUERQ FRQWHQW LQ WKH VWHHO UHVXOWV LQ D� � � � � � � � � � � � � � � � � �
PDMRU�ULVN�ZKHQ�ZHOGLQJ� �>��@��
�

� �
���



��
)LJXUH����6FKDHIIOHU�GLDJUDP��XVHG�WR�FDOFXODWH�SKDVH�WUDQVIRUPDWLRQ�LQ�WKH�ZHOGLQJ�VLWHV��>��@��

����0LFURVWUXFWXUHV�LQ�6WDLQOHVV�6WHHOV�
�
6WDLQOHVV VWHHO KDV D FKURPLXP FRQWHQW RYHU �� � VLQFH WKH FRUURVLRQ UHVLVWDQFH LV DFFHSWDEOH� � � � � � � � � � � � � � �
LQ R[LGL]LQJ HQYLURQPHQWV� DQG LQ DTXHRXV VROXWLRQV DW WKLV FRQWHQW� %\ DGGLQJ QLFNHO� WKH� � � � � � � � � � � � � �
FRUURVLRQ UHVLVWDQFH LV LPSURYHG� DQG WKH PDWHULDO LV FRUURVLRQ UHVLVWDQW LQ UHGXFHG FRQGLWLRQV� � � � � � � � � � � � �
DV ZHOO� 2WKHU DGGLWLYHV FRXOG LQFUHDVH WKH UHVLVWDQFH HYHQ PRUH� +RZHYHU� WKH PLFURVWUXFWXUH� � � � � � � � � � � � �
GLIIHUV�LQ�GLIIHUHQW�VWHHOV�ZKLFK�OHDGV�WR�GLIIHUHQW�SURSHUWLHV�DQG�SHUIRUPDQFHV� �>��@��

������$XVWHQLWLF�6WHHOV�
$XVWHQLWLF VWHHOV VKRZ JRRG UHVLVWDQFH WR FRUURVLRQ JHQHUDOO\� 7KH DXVWHQLWLF VWHHOV DUH QRW� � � � � � � � � � � � �
VWDEOH� XQOHVV D FHUWDLQ QLFNHO FRQWHQW LV DGGHG� ZKLFK SUHYHQWV WKH DXVWHQLWLF SKDVH IURP� � � � � � � � � � � � � �
WUDQVIRUP LQWR� IRU H[DPSOH PDUWHQVLWH� 'XH WR WKH FKURPLXP EHLQJ SDUWO\ ERXQGHG LQ� � � � � � � � � � � � �
FDUELGHV��PDUWHQVLWLF�VWHHOV�FDQ�EH�PRUH�VXVFHSWLEOH�WR�FRUURVLRQ� �>��@��
�
7KH FDUERQ FRQWHQW LV SURILWDEOH IRU VWDELOL]DWLRQ RI DXVWHQLWLF SKDVH� EXW DW WKH VDPH WLPH� WKH� � � � � � � � � � � � � � � �
FDUERQ FDQ GXULQJ WKH ZHOGLQJ SURFHVV� IRUP FDUELGHV LQ WKH JUDLQ ERXQGDULHV� 7KH� � � � � � � � � � � � �
SUHFLSLWDWLRQ RI FKURPLXP FDUELGHV FDQ GHSOHWH WKH JUDLQ ERXQGDULHV RQ FKURPLXP� ZKLFK� � � � � � � � � � � �
GHFUHDVHV WKH FRUURVLRQ UHVLVWDQFH DQG FDQ OHDG WR LQWHUJUDQXODU FRUURVLRQ� 7KLV FDQ EH� � � � � � � � � � � � �
SUHYHQWHG LI WKH FDUERQ FRQWHQW LV GHFUHDVHG� EXW LW ZLOO DIIHFW WKH VWDELOLW\ RI WKH SKDVH�� � � � � � � � � � � � � � � �

� �
���



+RZHYHU� E\ DGGLQJ DQRWKHU VWURQJ FDUELGH IRUPHU� WKH GHSOHWHG FKURPLXP FRXOG DOVR EH� � � � � � � � � � � � �
SUHYHQWHG��VHH�ILJXUH��� �>��@>��@>��@��
�
7KH DXVWHQLWLF SKDVH LV HVSHFLDOO\ FRQVLGHUHG WR EH PRUH VXVFHSWLEOH WR FKORULGH LQGXFHG 6&&�� � � � � � � � � � � � � �
DQG HYHQ ORZ FRQFHQWUDWLRQV RI FKORULGHV DW KLJK WHPSHUDWXUH FDQ FDXVH 6&&� $V D UHVXOW� WKH� � � � � � � � � � � � � � � �
FODVVLF DXVWHQLWLF VWHHOV (1 ������ DQG (1 ������ DUH FRQVLGHUHG DV VRPH RI WKH PRVW� � � � � � � � � � � � � � �
VHQVLWLYH�WR�6&&��+RZHYHU��ZLWK�KLJK�QLFNHO��DERYH�������LW�FDQ�EH�YHU\�UHVLVWDQW� �>��@�>��@��

�
)LJXUH����7KH�WHQGHQF\�RI�DOOR\LQJ�HOHPHQWV�WR�IRUP�FDUELGHV�LQFUHDVHV�IURP�OHIW�WR�ULJKW��>��@��

������)HUULWLF�6WHHOV�

7KH ORZHVW DOOR\HG IHUULWLF VWHHOV KDYH UHODWLYHO\ ORZ FRUURVLRQ UHVLVWDQFH� KRZHYHU KLJK� � � � � � � � � � � �
DOOR\HG IHUULWLF VWHHOV FDQ VKRZ JRRG UHVLVWDQFH DJDLQVW FUHYLFH FRUURVLRQ >��@� )HUULWLF VWHHOV� � � � � � � � � � � � �
RXWVWDQG DXVWHQLWLF VWHHOV UHJDUGLQJ 6&&� :KHQ WKH FKURPLXP FRQWHQW LV ����� � DQG VRPH� � � � � � � � � � � � � �
QLFNHO DQG FRSSHU DUH DGGHG� WKH IHUULWLF VWHHOV DFKLHYH D KLJK UHVLVWDQFH WR FKORULGH LQGXFHG� � � � � � � � � � � � � � �
6&&�>��@��

7KH FKURPLXP FRQWHQW LV DURXQG ����� �� WKH FDUERQ FRQWHQW LV ORZ� DQG WKH QLFNHO FRQWHQW LV� � � � � � � � � � � � � � � � �
DOPRVW QRQ H[LVWLQJ� WKLV PDNHV WKH IHUULWLF VWUXFWXUH VWDEOH DW DOO WHPSHUDWXUHV� 7KH FDUERQ� � � � � � � � � � � � � �
FRQWHQW KDV D KLJK LQIOXHQFH RQ WKH VWDELOLW\ RI WKH IHUULWLF SKDVH� D FDUERQ FRQWHQW DW ��� �� � � � � � � � � � � � � � � � � �
GHPDQGV D FKURPLXP FRQWHQW DW �� � LQ RUGHU WR SUHYHQW DQ DXVWHQLWLF WUDQVIRUPDWLRQ� 7KH� � � � � � � � � � � � � � �
FRUURVLRQ UHVLVWDQFH LV JRRG DW �� � FKURPLXP DQG LQFUHDVHV ZLWK LQFUHDVHG FKURPLXP� � � � � � � � � � � � �
FRQWHQW� :LWK QHZ WHFKQLTXHV WKH QLWURJHQ DQG FDUERQ FRQWHQW DUH HDVLO\ FRQWUROOHG DQG YHU\� � � � � � � � � � � � � �
ORZ FRQWHQWV FDQ EH DFKLHYHG� ZKLFK LQFUHDVHV WKH FRUURVLRQ UHVLVWDQFH �>��@� �'XULQJ ZHOGLQJ� � � � � � � � � � � � �
WKHUH�LV�D�ULVN�IRU�WKH�IHUULWLF�SKDVH�WR�WUDQVIRUP�LQWR�DXVWHQLWLF�RU�PDUWHQVLWLF�SKDVH� �>��@��

7KH PDUWHQVLWH FRXOG HLWKHU FRQWULEXWH ZLWK SRVLWLYH UHVLGXDO VWUHVVHV RU E\ LQFUHDVLQJ WKH� � � � � � � � � � � � �
PHFKDQLFDO VWUHQJWK� WKLV FRXOG IDYRU WKH UHVLVWDQFH WRZDUGV 6&&� +RZHYHU� WKH PDUWHQVLWH� � � � � � � � � � � �
FRXOG DOVR FRQWULEXWH ZLWK DQ LQKRPRJHQHRXV VWUXFWXUH ZLWK SRWHQWLDO VHQVLWLYH FUDFN SDWKV� � � � � � � � � � � �
>��@��

������0LFURVWUXFWXUH�6WDELOL]HUV�

$OOR\V DIIHFW WKH PLFURVWUXFWXUH LQ GLIIHUHQW ZD\V� WKH\ FDQ EH DXVWHQLWH VWDELOL]HUV RU IHUULWLF� � � � � � � � � � � � � �
VWDELOL]HUV� ,I WKH VROXELOLW\ RI DQ DOOR\ LV HDVLHU LQ RQH SKDVH� WKH DOOR\ LV D VWDELOL]HU RI WKDW� � � � � � � � � � � � � � � � � � �
SKDVH���

� �
���



$XVWHQLWH�VWDELOL]HUV��1L��0Q��3W��,U��3G��&��1��&X��$X�

)HUULWH�VWDELOL]HUV��%H��$O��6L��3��7L��9��$V��6Q��6E��:��0R��*H��1E��7D��=U��&H��2��6��%� �>��@��

������'XSOH[�6WHHOV�
�
'XSOH[ PLFURVWUXFWXUH LV D PL[ RI DURXQG �� � IHUULWLF DQG �� � DXVWHQLWLF PLFURVWUXFWXUH�� � � � � � � � � � � � � � �
7KH PLFURVWUXFWXUH LV FRPELQHG ZLWK PDQ\ RI WKH EHQHILFLDO SURSHUWLHV IURP ERWK DXVWHQLWLF� � � � � � � � � � � � �
VWHHOV DQG IHUULWLF VWHHOV� 7KHVH VWHHOV DUH XVHIXO ZKHQ WKHUH LV KLJK GHPDQGV RQ WKH FRUURVLRQ� � � � � � � � � � � � � � � �
UHVLVWDQFH� 7KLV PDNHV GXSOH[ VWHHOV SURILWDEOH LQ WKH FHOOXORVD LQGXVWU\� 7KH ZHOGLQJ SURFHVV� � � � � � � � � � � � �
LV DOVR EHWWHU LQ GXSOH[ VWHHOV� FRPSDULQJ WR IHUULWLF DQG DXVWHQLWLF VWHHOV� +RZHYHU� ZLWK D� � � � � � � � � � � � � � �
KLJKHU�FRQWHQW�RI�0R�DQG�&U��WKH�ZHOGLQJ�SURFHVV�JHWV�ZRUVH����

'XSOH[ VWHHOV DUH HVSHFLDOO\ UHVLVWDQW WR VWUHVV FRUURVLRQ FUDFNLQJ� DQG JHQHUDOO\ UHVLVWDQW WR� � � � � � � � � � � � �
FUHYLFH FRUURVLRQ DV ZHOO �>��@� �+RZHYHU� FUHYLFH FRUURVLRQ UHVLVWDQFH LQ GXSOH[ VWHHOV KDV� � � � � � � � � � � � �
EHHQ LQYHVWLJDWHG� DQG WKH UHVXOWV VKRZHG WKDW WKH JUDLQ ERXQGDULHV EHWZHHQ WKH IHUULWLF DQG� � � � � � � � � � � � � �
DXVWHQLWLF�SKDVH�FDQ�ZRUN�DV�LQLWLDWRU�VLWHV�ZKHUH�FUHYLFH�FRUURVLRQ�FDQ�SURSDJDWH�>��@��

3URSHUWLHV�RI�GXSOH[�VWHHOV��

Ɣ %HWWHU�PHFKDQLFDO�SURSHUWLHV�WKDQ�DXVWHQLWLF�VWHHOV�
Ɣ *RRG�ZHOGLQJ�SURSHUWLHV�
Ɣ *RRG�HURVLRQ�UHVLVWDQFH�
Ɣ $OORZHG�VXUIDFH�WHPSHUDWXUH����� �Υ��XS�WR�DURXQG�������� �Υ�
Ɣ &RVW HIILFLHQW GXH WR WKHLU VWUHQJWK� ZKLFK DOORZV WKLFNQHVV UHGXFWLRQ FRPSDUHG WR� � � � � � � � � � � �

RWKHU�VWDLQOHVV�VWHHOV�>��@�

����$OOR\LQJ�(OHPHQWV�LQ�6WDLQOHVV�6WHHOV�

������&DUERQ��
�
7KH DGGLWLRQ RI &DUERQ� ZKLFK LV WKH PRVW LPSRUWDQW HOHPHQW LQ VWHHO� LV VWHHULQJ WKH KDUGQHVV� � � � � � � � � � � � � � � �
DQG�VWUHQJWK�RI�D�PDWHULDO��LQFUHDVHG�DPRXQW�RI�FDUERQ�LQFUHDVHV�WKH�KDUGQHVV�DQG�VWUHQJWK���
+RZHYHU� LQFUHDVHG DPRXQWV RI FDUERQ GHFUHDVHV RWKHU SURSHUWLHV VXFK DV GXFWLOLW\ DQG� � � � � � � � � � � �
ZHOGDELOLW\�RI�WKH�VWHHO� �>��@��
�
�

� �
���



������&KURPLXP��
�
&KURPLXP LV DGGHG LQ VWHHOV EHFDXVH LW JLYHV WKH VWHHOV JRRG SURSHUWLHV� 7KH LQFUHDVHG DPRXQW� � � � � � � � � � � � � � �
RI FKURPLXP ZLOO JLYH DQ LQFUHDVHG KDUGHQDELOLW\ DQG FRUURVLRQ UHVLVWDQFH �>��@� &KURPLXP� � � � � � � � � � � �
FDQ EH FRQVLGHUHG DV WKH PRVW LPSRUWDQW DOOR\LQJ HOHPHQW LQ VWDLQOHVV VWHHOV DQG VKRXOG EH� � � � � � � � � � � � � � �
DURXQG ����� �� ,W ZLOO IRUP FKURPLXP R[LGHV ZLWK WKH VXUURXQGLQJ R[\JHQ� ZKLFK ZLOO ZRUN� � � � � � � � � � � � � � �
DV�D�SDVVLYH�ILOP�SURWHFWLQJ�WKH�PDWHULDO�DJDLQVW�FRUURVLRQ�>��@��

������&RSSHU�
�
&RSSHU LV RIWHQ DGGHG WR VWHHOV EHFDXVH RI LWV JRRG FRUURVLRQ UHVLVWDQFH� EXW LW ZLOO DOVR� � � � � � � � � � � � � � � �
LQFUHDVH�WKH�KDUGHQDELOLW\�D�OLWWOH� �>��@��

������1LFNHO�
�
1LFNHO LV RQH RI WKH NH\ FRPSRQHQWV LQ VWHHOV� EXW WKH DPRXQW YDULHV LQ GLIIHUHQW VWHHOV DQG� � � � � � � � � � � � � � � � �
FDUERQ VWHHOV KDV D ORZ DPRXQW RI QLFNHO� $GGLWLRQ RI QLFNHO JLYHV LQFUHDVHG FRUURVLRQ� � � � � � � � � � � � � �
UHVLVWDQFH LQ VWHHOV� EXW LW ZLOO DOVR LQFUHDVH WKH KDUGHQDELOLW\� ,QFUHDVHG QLFNHO FRQWHQW ZLOO� � � � � � � � � � � � � �
DOVR LPSURYH WKH IUDFWXUH WRXJKQHVV E\ LPSURYLQJ WKH EHKDYLRU RI WKH VWHHO LQ ORZ� � � � � � � � � � � � � �
WHPSHUDWXUHV� �>��@��

������1LWURJHQ��
�
1LWURJHQ FDQ VXEVWLWXWH FDUERQ EHFDXVH RI WKHLU VLPLODULWLHV� +RZHYHU� LW LV KDUG WR WRWDO� � � � � � � � � � � � � �
H[FKDQJH�FDUERQ�ZLWK�QLWURJHQ�EXW�QHZ�WHFKQRORJLHV�LPSURYH�WKH�SURFHVV��PDNLQJ�LW�HDVLHU���
7KH XVH RI QLWURJHQ LQ VWHHOV� LQFUHDVHV WKH KDUGQHVV� EXW LW ZLOO DOVR LPSURYH WKH FRUURVLRQ� � � � � � � � � � � � � � � �
UHVLVWDQFH� 7KH FRUURVLRQ SURSHUWLHV DUH LPSURYHG VLQFH QLWURJHQ ZLOO IRUP QLWULGHV� FRPSDULQJ� � � � � � � � � � � �
WR FDUERQ WKDW LV IRUPLQJ FDUELGHV� FKURPLXP FDUELGHV DUH PRUH HDVLO\ IRUPHG WKDQ FKURPLXP� � � � � � � � � � � � � �
QLWULGHV ZKLFK OHDGV WR OHVV GHSOHWLRQ RI FKURPLXP ZKHQ DGGLQJ QLWURJHQ �>��@� �(YHQ VPDOO� � � � � � � � � � � � � �
DPRXQWV RI QLWURJHQ ZLOO HQKDQFH WKH SDVVLYLW\ DQG LW LV WKHUHIRUH WKH RQO\ DXVWHQLWH VWDELOL]HU� � � � � � � � � � � � � � �
WKDW�ZLOO�IDYRU�WKH�SDVVLYLW\�RI�WKH�VWHHO�>��@��

������0RO\EGHQXP��
�
0RO\EGHQXP LV XVXDOO\ DGGHG WR LPSURYH WKH FRUURVLRQ UHVLVWDQFH RI WKH VWHHO� ,W LV D VWURQJ� � � � � � � � � � � � � � � �
FDUELGH IRUPHU� LQFUHDVHV WKH KDUGHQDELOLW\ DV ZHOO DV VWUHQJWK RI WKH PDWHULDO LQ KLJKHU� � � � � � � � � � � � � �
WHPSHUDWXUHV��0RO\EGHQXP�DOVR�KDV�D�SRVLWLYH�HIIHFW�RQ�WKH�FUHHS�VWUHQJWK�>��@��
�

� �
���



0RO\EGHQXP FDQ IRUP SDVVLYH ILOPV PRUH HDVLO\ WKDQ FKURPLXP DQG HYHQ VPDOO FRQWHQWV ZLOO� � � � � � � � � � � � � �
SURWHFW WKH PDWHULDO IURP FRUURVLRQ� HVSHFLDOO\ LQ DFLGLF DQG R[\JHQ�SRRU HQYLURQPHQWV� ,W LV� � � � � � � � � � � � �
WKRXJK�FRQVLGHUHG�WR�EH�H[SHQVLYH�EXW�ZLOO�FRXQWHUDFW�DOO�FRUURVLRQ�W\SHV�>��@��

������0DQJDQHVH��
�
2QH FRXOG VD\ WKDW 0DQJDQHVH LV WKH VHFRQG PRVW LPSRUWDQW HOHPHQW LQ VWHHOV� :LWKRXW� � � � � � � � � � � � � �
PDQJDQHVH WKH KRW UROOLQJ SURFHVV RI VWHHOV ZRXOG EH LPSRVVLEOH� 0DQJDQHVH ZRUNV DV D� � � � � � � � � � � � � �
FOHDQHU LQ WKH VWHHO� E\ UHPRYLQJ R[\JHQ DQG VXOIXU LQ WKH PHOW DQG WUDQVIHU LW WR WKH VODJ�� � � � � � � � � � � � � � � � � �
'XFWLOLW\ GHFUHDVHV ZLWK LQFUHDVHG PDQJDQHVH� EXW WKH KDUGHQDELOLW\ DQG WHQVLOH VWUHQJWK� � � � � � � � � � �
LQFUHDVHV� ,I WRR KLJK DPRXQWV RI FDUERQ DQG PDQJDQHVH LV DGGHG WRJHWKHU WKH VWHHO ZLOO EH� � � � � � � � � � � � � � � �
HPEULWWOH� 7R EH DEOH WR JHW JRRG ZHOGLQJ SURSHUWLHV� WKH UDWLR EHWZHHQ PDQJDQHVH DQG VXOIXU� � � � � � � � � � � � � � �
VKRXOG�EH����WR��� �>��@��

����&RVW�(IILFLHQF\��
&RUURVLRQ KDV D QHJDWLYH LPSDFW RQ WKH HFRQRP\ DQG DFFRUGLQJ WR D VWXG\ SHUIRUPHG ������ � � � � � � � � � � � � � �
6ZHGHQ
V FRVW DV D UHVXOW RI FRUURVLRQ ZDV HVWLPDWHG WR EH EHWZHHQ ��� WR ��� PLOOLRQ 6(.� � � � � � � � � � � � � � � � �
GXULQJ WKH \HDU WKH VWXG\ ZDV SHUIRUPHG� 7KH VWXG\ DOVR VKRZHG WKDW ����� � RI WKH FRVW� DUH� � � � � � � � � � � � � � � � � �
FRVWV�WKDW�FRXOG�EH�DYRLGHG��
�
7KH WRWDO FRVW RI FRUURVLRQ LV QRW RQO\ WKH PDWHULDO ORVV� VHH ILJXUH �� 7KHUH LV D ORW RI RWKHU� � � � � � � � � � � � � � � � � � � �
RYHUKHDG FRVW VXFK DV FRVW IRU� PDLQWHQDQFH DQG UHSDLU� LQYHQWRU\ RI SDUWV DQG HTXLSPHQWV�� � � � � � � � � � � � � �
GHVLJQ FRVWV� UHSODFHPHQW RI HTXLSPHQW� FRUURVLRQ FRQWURO DQG VR RQ� %\ FKRRVLQJ WKH ULJKW� � � � � � � � � � � � � �
PDWHULDO IRU WKH ULJKW DSSOLFDWLRQ� FRVWV IRU WKH XVDJH RI HQHUJ\� WHFKQLFDO H[SHUWLVH DQG� � � � � � � � � � � � � �
PDWHULDOV�FRXOG�EH�DYRLGHG� �>��@��
�
7KH JRRG FRUURVLRQ UHVLVWDQFH LQ FRPELQDWLRQ ZLWK JUHDW PHFKDQLFDO VWUHQJWK PDNHV WKH� � � � � � � � � � � �
GXSOH[ VWHHOV LQWHUHVWLQJ IRU PDQ\ DSSOLFDWLRQV ZLWKLQ WKH SXOS LQGXVWU\� 7KH GXSOH[ VWHHOV� � � � � � � � � � � � �
ZHUH HDUO\ XVHG LQ WKH SXOS LQGXVWU\ DQG LV VWLOO D SURILWDEOH DQG ZLGHO\ XVHG PDWHULDO LQ WKLV� � � � � � � � � � � � � � � � � �
LQGXVWU\� �>��@��
�
'XH WR WKH PHFKDQLFDO VWUHQJWK DQG FRUURVLRQ UHVLVWDQFH RI GXSOH[ VWHHOV� WKH PDWHULDO� � � � � � � � � � � � �
WKLFNQHVV QHHGHG LV UHGXFHG FRPSDUHG WR RWKHU DOWHUQDWLYHV� DQG WKHUHE\ WKH PDWHULDO FRVWV DUH� � � � � � � � � � � � � �
ORZHUHG� 7KLV ZLOO DOVR DIIHFW WKH ZHOGLQJ VLWHV� L�H� D PDWHULDO WKLFNQHVV UHGXFWLRQ RI �� �� � � � � � � � � � � � � � � �
ZLOO JLYH D ZHOGLQJ PHWDO UHGXFWLRQ RI �� �� 7KH WKLFNQHVV UHGXFWLRQ ZLOO DOVR DIIHFW WKH� � � � � � � � � � � � � � � �
ZHLJKW RI WKH PDWHULDO DQG WKHUHE\ WKH WUDQVSRUWDWLRQ FRVWV� DV ZHOO DV UHGXFLQJ HPLVVLRQV LQ� � � � � � � � � � � � � � �
WKH�HQYLURQPHQW� �>��@��
�
�
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���



�
)LJXUH����,OOXVWUDWHV�WKH�GLIIHUHQW�SDUWV�RI�WKH�WRWDO�FRVW�IRU�D�PDWHULDOV�OLIH�F\FOH��>��@��
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���&DVH�6WXGLHV�RQ�'LIIHUHQW�6WHHOV�

����(YDOXDWLRQ�RI�&RUURVLRQ�%HKDYLRU�RI�'LIIHUHQW�6WHHOV�LQ�%ODFN�/LTXRU��
�
7KH PDWHULDO RI FRQVWUXFWLRQ LQ WKH SXOS PLOOV KDV WR SRVVHVV ERWK JUHDW FRUURVLRQ DQG� � � � � � � � � � � � � � �
PHFKDQLFDO SURSHUWLHV� )RU �� \HDUV� GXSOH[ VWDLQOHVV VWHHO �'66� KDV EHHQ WKH PDWHULDO FKRLFH� � � � � � � � � � � � � �
GXH WR LWV H[FHOOHQW FRUURVLRQ UHVLVWDQFH FRPELQHG ZLWK KLJK PHFKDQLFDO VWUHQJWK� DOORZLQJ� � � � � � � � � � � �
WKLFNQHVV UHGXFWLRQ LQ HTXLSPHQW� (TXLSPHQW RI FDUERQ VWHHO LQ WKH SXOS PLOO� L�H� GLJHVWHUV� � � � � � � � � � � � � �
DQG VWRUDJH YHVVHOV KDYH VKRZHG WR EH H[SRVHG WR ERWK JHQHUDO FRUURVLRQ DQG VWUHVV FRUURVLRQ� � � � � � � � � � � � � � �
FUDFNLQJ� %\ DQ HYDOXDWLRQ RI WKH FRUURVLRQ EHKDYLRU RI GLIIHUHQW NLQGV RI VWHHOV LQ EODFN� � � � � � � � � � � � � � �
OLTXRU� LQ IRUP RI V\QWKHWLF OLTXRU RI ILYH GLIIHUHQW ZRRG VSHFLHV� RQH FRXOG VHH WKDW WKH� � � � � � � � � � � � � � � �
FRPSRXQGV LQ WKH EODFN OLTXRU ZHUH RI XWPRVW LPSRUWDQW� 7KH VWHHOV WHVWHG ZHUH FDUERQ VWHHO� � � � � � � � � � � � � � �
�(1 ������� (1 ������ DQG (1 ������ VWDLQOHVV VWHHOV� DQG WZR '66V �(1 ������ DQG (1� � � � � � � � � � � � � � � �
���������ZKHUH�WKH�'66V�VKRZHG�D�KLJK�FRUURVLRQ�UHVLVWDQFH�LQ�DOO�W\SHV�RI�EODFN�OLTXRU�>��@��

��� ,QYHVWLJDWLRQV RI 'LIIHUHQW 'XSOH[ 6WDLQOHVV 6WHHOV LQ $ONDOLQH� � � � � � � � �
(QYLURQPHQ�W��
�
'LIIHUHQW '66V� (1 ������� (1 ������� DQG (1 ������ KDYH DOVR EHHQ LQYHVWLJDWHG UHJDUGLQJ� � � � � � � � � � � � � �
WKHLU HOHFWURFKHPLFDO EHKDYLRU DQG FRUURVLRQ SURSHUWLHV DW GLIIHUHQW WHPSHUDWXUHV LQ KLJK S+� � � � � � � � � � � �
FDXVWLF DQG DONDOLQH VXOILGH VROXWLRQV� :LWK IRFXV RQ WKH UROHV RI DOOR\LQJ HOHPHQWV LQ WKHVH� � � � � � � � � � � � � � �
HQYLURQPHQWV� WKH SRODUL]DWLRQ EHKDYLRU RI SXUH )H� &U� 1L DQG 0R� DQG '66 (1 ������ ZDV� � � � � � � � � � � � � � � �
DQDO\VHG� ,W ZDV QRWHG WKDW WKH FRUURVLRQ UDWHV RI '66 LQFUHDVHG ZLWK VXOILGH DGGLWLRQ� 7KH� � � � � � � � � � � � � � �
SDVVLYH OD\HU IRUPHG LQ SUHVHQFH RI VXOIXU LV SURSRVHG WR EH OHVV SURWHFWLYH WKDQ WKH R[LGH� � � � � � � � � � � � � � � �
ILOP� ,W GLIIHUHG EHWZHHQ WKH GLIIHUHQW '66V DQG (1 ������ ZDV PRVW VXVFHSWLEOH WR JHQHUDO� � � � � � � � � � � � � � �
FRUURVLRQ DQG (1 ������ SRVVHVVHG WKH ORZHVW FRUURVLRQ UDWH LQ D VXOILGH FDXVWLF HQYLURQPHQW�� � � � � � � � � � � � � �
7KLV ZDV EHFDXVH D SDVVLYH ILOP FRQWDLQLQJ PDJQHWLWH DQG DZDUXLWH � �� ZKLFK PDGH LW� � � � � � � � � � H1L) � � � � �
PRUH�VWDEOH��ZDV�GHYHORSHG�RQ�(1��������DQG�WKH�FRUURVLRQ�UDWH�ZDV�WKHUHIRUH�ORZHUHG�>��@��

����$QDO\VLV�RI�D�3LSH�8VHG�LQ�WKH�(YDSRUDWLRQ�3ODQW��
�
,Q D SUH�HYDSRUDWLRQ VWDJH� D SLSH PDGH RI VWHHO (1 ������ ZDV KHDWHG LQWHUQDOO\ E\ XVLQJ� � � � � � � � � � � � � � � �
VWHDP DV KHDWLQJ PHGLXP� 7KH FRQFHQWUDWLRQ RI DJJUHVVLYH VXEVWDQFHV ZDV DVVXPHG WR EH� � � � � � � � � � � � �
LQFUHDVHG DV WKH OLTXRU ZDV QRW FRQWLQXDOO\ FRYHUHG WKH SLSH� $V D UHVXOW� FUDFNV VWDUWHG WR� � � � � � � � � � � � � � � �
LQLWLDWH LQ WKH PDWHULDO� HLWKHU DW VKDUS VXUIDFH LQGHQWDWLRQV RU LQ DUHDV ZKHUH ZHOGLQJ KDG EHHQ� � � � � � � � � � � � � � � �
SHUIRUPHG� DQG VRPH HYHQ SHQHWUDWHG WKURXJK WKH PDWHULDO� $Q DQDO\VLV RI D FUDFN SLSH� � � � � � � � � � � � � �
VHFWLRQ VKRZHG KLJK TXDQWLWLHV RI VRGLXP DQG VXOIXU LQ WKH FUDFNV� DQG DOVR VPDOO TXDQWLWLHV RI� � � � � � � � � � � � � � � �
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���



R[\JHQ� %\ ERWK WKH DQDO\VLV DQG WKH DSSHDUDQFH RI WKH FUDFNV� FRQFOXVLRQV DERXW WKH W\SH RI� � � � � � � � � � � � � � � �
FRUURVLRQ RFFXUUHG FRXOG EH GUDZQ� 7KH WHPSHUDWXUH ZDV PHDVXUHG WR DW OHDVW ���Υ DQG WKH� � � � � � � � � � � � � � � �
SLSH KDG XQGHUJRQH 6&&� 7RGD\� (1 ������ LV XVHG LQVWHDG WR DYRLG WKH VDPH VLWXDWLRQ WR� � � � � � � � � � � � � � � �
RFFXU�LQ�WKH�SLSHV�>��@��

����6WXG\�RQ�6WHHOV�LQ�+RW�$ONDOLQH�(QYLURQPHQW��
�
2XWRNXPSX GLG D VWXG\ RQ GLIIHUHQW VWHHOV LQ KRW DONDOLQH VROXWLRQV ZKLFK VKRZV WKDW KLJK� � � � � � � � � � � � � � �
FKURPLXP FRQWHQW DQG ORZ PRO\EGHQXP FRQWHQW LV EHQHILFLDO LQ KRW DONDOLQH VROXWLRQV� VHH� � � � � � � � � � � � �
WDEOH���>��@��
�
7DEOH �� 6KRZV ZHLJKW ORVV >PJ@ RI VWDLQOHVV VWHHOV H[SRVHG WR DQ DONDOLQH HQYLURQPHQW ZLWK D� � � � � � � � � � � � � � � �
WHPSHUDWXUH�RI����Υ�IRU����GD\V��>��@��

6WHHO� ���Υ�����GD\V�

(1� :HLJKW�ORVV�>PJ@�

������� ����
����

������� ����
����

������� ����
����

�

����6WXG\�RQ�'LIIHUHQW�6WHHOV�LQ�D�6XOIDWH�(QYLURQPHQW��

$QRWKHU VWXG\ IURP 2XWRNXPSX RQ WKH FRUURVLRQ UDWH LQ GLIIHUHQW NLQGV RI VWHHOV LQ D VXOIDWH� � � � � � � � � � � � � � � �
HQYLURQPHQW��VHH�WDEOH���>��@��
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7DEOH����6KRZV�WKH�FRUURVLRQ�UDWH�ZKHQ�GLIIHUHQW�VWHHOV�DUH�H[SRVHG�WR�DQ�HQYLURQPHQW�RI�VXOIDWH��>��@��

(1�FRGH� 6XOIDWH��PP�\HDU��

&DUERQ�6WHHO� ����

�������������
� ������

������� ������

������� ������


 ������ FRQWDLQV ORZHU FDUERQ FRQWHQW ������ �� WKDQ ������ ������ ��� WKH UHVW RI� � � � � � � � � � � � � � �
FRPSRXQGV�DUH�WKH�VDPH�

����,QYHVWLJDWLRQ�RI�&DUERQ�6WHHOV�:KHQ�,QFUHDVLQJ�6XOILGLW\�&RQWHQW��
$Q LQYHVWLJDWLRQ ZKHUH FDUERQ VWHHO VSHFLPHQV ZHUH H[SRVHG WR LQWHUPHGLDWH EODFN OLTXRU DW D� � � � � � � � � � � � � �
WHPSHUDWXUH RI �� Υ ZDV SHUIRUPHG� :KHQ WKH VXOILGLW\ FRQWHQW LQ WKH EODFN OLTXRU ZDV DV� � � � � � � � � � � � � � � �
ORZ DV �� �� WKH FDUERQ VWHHO UHPDLQHG SDVVLYH ZKLFK FRXOG EH QRWHG DV WKH SRWHQWLDO YDOXH� � � � � � � � � � � � � � � � �
ZDV DERYH � PLOOLYROWV� ,QFUHDVLQJ WKH VXOILGLW\ FRQWHQW WR �� � DIIHFWHG WKH VWHHO WR FKDQJH LQ� � � � � � � � � � � � � � � � �
FRUURVLRQ VWDWH� WR DFWLYH IURP SDVVLYH RQO\ DIWHU �� KRXUV� 7KH DFWLYH VWDWH ZDV UHFRJQL]HG E\� � � � � � � � � � � � � � � �
QHJDWLYH�YDOXHV�RI�WKH�SRWHQWLDO�>��@��
�
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���0HWKRG�
�
$ OLWHUDWXUH VWXG\ ZDV PDGH LQ RUGHU WR JDWKHU XVHIXO LQIRUPDWLRQ WR HQDEOH DQ LQYHVWLJDWLRQ RI� � � � � � � � � � � � � � � �
ZKDW NLQG RI PDWHULDOV WKDW ZRXOG EH VXLWDEOH LQ WKH HYDSRUDWLRQ SODQW DW 6|GUD &HOO� � � � � � � � � � � � � � �
0|QVWHUnV� $ YLVLW WR 6|GUD &HOO 0|QVWHUnV ZDV PDGH DQG UHVXOWHG LQ PHHWLQJV ZLWK GLIIHUHQW� � � � � � � � � � � � � � �
HQJLQHHUV DQG H[SHUWV LQ WKH ILHOG� ZKLFK SURYLGHG XV ZLWK YDOXDEOH LQIRUPDWLRQ� ,Q RUGHU WR� � � � � � � � � � � � � � �
PDNH D PDWHULDO VHOHFWLRQ SURFHVV� $VKE\¶V PHWKRG ZDV XVHG WRJHWKHU ZLWK D VXSSRUWLQJ� � � � � � � � � � � � �
SURJUDP��&(6�(GXSDFN���
�

Ɣ 'LIIHUHQW�VHDUFK�WRROV�ZHUH�XVHG���
� .7+�OLEUDU\�DQG�JRRJOH�VFKRODU�
� .H\ZRUGV� &RUURVLRQ� %ODFN OLTXRU� (YDSRUDWLRQ SODQW� $ONDOLQH� 6WDLQOHVV� � � � � � � �

VWHHO� 'XSOH[� &RVW HIILFLHQF\� :HOGLQJ� &RUURVLRQ UHVLVWDQFH� 0DWHULDO� � � � � � � �
VHOHFWLRQ�

Ɣ 'LIIHUHQW�ERRNV�ZHUH�DOVR�XVHG�WR�JDWKHU�QHFHVVDU\�LQIRUPDWLRQ�
Ɣ 6XSSRUWLQJ�SURJUDP��

� �&(6�(GXSDFN�
�

����$VKE\V�
7KH ZDQWHG SHUIRUPDQFHV ZHUH HVWDEOLVKHG DQG WKHQ WUDQVIRUPHG LQWR UHTXLUHPHQWV� )URP WKH� � � � � � � � � � � �
UHTXLUHPHQWV� WKH SURSHUWLHV ZHUH GHILQHG� 7KHVH SURSHUWLHV ZHUH WKHQ XVHG LQ &(6 (GXSDFN� � � � � � � � � � � � �
WR�VHW�WKH�OLPLWDWLRQV�WR�HQDEOH�VFUHHQLQJ�RI�DYDLODEOH�PDWHULDOV���

������&(6�(GXSDFN�
/HYHO � ZDV XVHG DQG WKH PDWHULDO FDWHJRU\ ZDV VHOHFWHG WR µ¶VWDLQOHVV VWHHO¶¶� ZKLFK UHVXOWHG� � � � � � � � � � � � � � �
LQ DURXQG ��� DYDLODEOH PDWHULDOV� 7KH SURSHUWLHV JDLQHG IURP $VKE\¶V ZHUH XVHG DV� � � � � � � � � � � � �
OLPLWDWLRQV LQ (GXSDFN DQG WKH PDWHULDOV ZHUH UHGXFHG WR ��� 7KHVH �� PDWHULDOV ZHUH UDQNHG� � � � � � � � � � � � � � �
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�
&KDUW�����
7KH \�D[LV GHVFULEHG WKH FRVW SHU YROXPH ZKHQ FRQVLGHULQJ WKH PDWHULDO WKLFNQHVV UHGXFWLRQ� � � � � � � � � � � � �
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�
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����(YDSRUDWLRQ�3ODQW�
�
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�
7DEOH����6KRZV�WKH�FRQGLWLRQV��WKH�PDWHULDOV�XVHG�DQG�WKH�DGGLWLYHV�DGGHG�LQ�WKH�HYDSRUDWLRQ�SODQW��
DQG�DOVR�LQ�HIIHFW��'��
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�
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7DEOH �� 6KRZV WKH FRPSRVLWLRQ RI WKH DVK IURP 6|GUD &HOO 0|QVWHUnV �$YHUDJH IURP �� PHDVXUHG� � � � � � � � � � � � � � � �
YDOXHV���
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����&RUURVLRQ�
,W�LV�RI�LPSRUWDQFH�WR�FRQWURO�WKH�FRUURVLRQ�DQG�LQ�WDEOH����IDFWRUV�WKDW�ERWK�IDYRUV�DQG�SUHYHQWV��
WKH�PRVW�FRPPRQ�FRUURVLRQ�W\SHV�LQ�WKH�HYDSRUDWLRQ�SODQW�DUH�SUHVHQWHG���
�
7DEOH����6KRZV�LQYHVWLJDWHG�W\SHV�RI�FRUURVLRQV�DQG�GLIIHUHQW�IDFWRUV�WKDW�DIIHFW�WKHP��ERWK�
�IDYRUV�DQG�SUHYHQW���

7\SHV�RI�FRUURVLRQ�� )DYRUV�WKH�FRUURVLRQ� 3UHYHQW�FRUURVLRQ�

8QLIRUP�� $FLGV�RU�KRW�DONDOLQH�
VROXWLRQV�WRJHWKHU�ZLWK�
PROWHQ�FKORULGH�DQG�IOXRULGH�
VDOWV�

+LJK�FRQWHQW�RI�DOOR\LQJ�
HOHPHQW�L�H��&U��1L��0R�
�
=LQN�FRDWLQJV�
�

6WUHVV�FRUURVLRQ�FUDFNLQJ�� �� 6XVFHSWLEOH�PDWHULDO��
�� ([SRVHG�WR�D�

FRUURVLYH�
HQYLURQPHQW��

�� $IIHFWHG�E\�WHQVLOH�
VWUHVV��

�
&RUURVLYH�HQYLURQPHQW�LQ�
IRUP�RI�KLJK�FRQFHQWUDWLRQ�
RI�FKORULGH�DV�ZHOO�DV�KLJK�
WHPSHUDWXUH�WRJHWKHU�ZLWK�
GHFUHDVLQJ�S+��
�
7HPSHUDWXUHV�!�����Υ�DQG�
S+�!���
�
&DUERQ�FRQWHQW�EHORZ��������
�
$XVWHQLWLF�VWHHOV�
�

,I�RQH�RI�WKH�WKUHH�
UHTXLUHPHQWV�DUH�QRW�
IXOILOOHG��6&&�FDQQRW�RFFXU�
�
'HFUHDVH�VWUHVV�E\�KHDW�
WUHDWPHQW�
�
5HGXFH�WKH�ORDG�RQ�WKH�
PDWHULDO��LQFUHDVH�FURVV�
VHFWLRQDO�DUHD�
�
&RPSUHVVLYH�VWUHVVHV�
�
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�
'XSOH[�VWHHOV��
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�
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�
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VWUHVVHV�IURP�WUHDWPHQWV�RI�
WKH�PDWHULDO�
�
,PSXULWLHV�
�
0DUWHQVLWLF�VWHHOV�
�

0RO\EGHQXP� QLWURJHQ DQG� � �
DOVR�VLOLFRQ�
�
0DUWHQVLWLF�VWHHOV�

&UHYLFH�� &KORULGH�FRQWHQW�DQG�ORZ�S+�
�
7KH�JUDLQ�ERXQGDULHV�
EHWZHHQ�DXVWHQLWLF�DQG�
IHUULWLF�SKDVHV�

5HPRYLQJ�R[LGL]HUV�
�
6PRRWK�FOHDQ�VXUIDFHV�
�
5HGXFH�WKH�UDWLR�EHWZHHQ�
DQRGH�DQG�FDWKRGH�
�
'XSOH[�VWHHOV�
�
+LJK�DOOR\HG�IHUULWLF�VWHHOV��
�
$XVWHQLWLF�VWHHOV�
�
&KURPLXP��PRO\EGHQXP��
QLWURJHQ�DQG�QLFNHO��
+RZHYHU��QLFNHO�KDV�EHHQ�
VKRZQ�WR�EH�EHQHILFLDO�ZKHQ�
DGGHG�WR�DXVWHQLWLF�VWDLQOHVV�
VWHHOV�ZKHQ�WKH�0R�FRQWHQW�
LV�������EXW�RQO\�VKRZV�D�
OLWWOH�HIIHFW�ZKHQ�WKH�0R�
FRQWHQW�LV�DV�KLJK�DV�������LQ�
VWDLQOHVV�VWHHOV���
�

3LWWLQJ�� /RZ�S+�DQG�KLJK�FKORULGH�
FRQFHQWUDWLRQV�
�
+LJK�WHPSHUDWXUHV�DQG�
KDOLGHV�VXFK�DV�EURPLGH�DQG�
LRGLGH�
��
�

&KURPLXP��PRO\EGHQXP��
WXQJVWHQ��QLWURJHQ��
�
�%\�FRQWUROOLQJ�WKH�DQLRQV�
FRQFHQWUDWLRQ�RU�E\�XVLQJ�
LQKLELWRUV�
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&RQWUROOLQJ�WKH�HOHFWURGH�
SRWHQWLDO��

����0DWHULDO�&KRLFH�
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7KH�PLFURVWUXFWXUH�RI�WKH�VWHHO�KDV�D�ELJ�LPSDFW�RQ�WKH�FRUURVLRQ�UHVLVWDQFH��,Q�WDEOH����
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0LFURVWUXFWXUH� 3RVLWLYH�DVSHFWV� 1HJDWLYH�DVSHFWV�

$XVWHQLWLF�VWHHOV�
�

*HQHUDOO\�JRRG�FRUURVLRQ�
UHVLVWDQFH�
�
*RRG�R[LGDWLRQ�UHVLVWDQFH�

6HQVLWLYH�WR�6&&�
�
'HSHQGHQW�RQ�QLFNHO�
FRQWHQW�LQ�RUGHU�WR�EH�
VWDEOH�
�
:HOGLQJ�FDQ�OHDG�WR�
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�
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*RRG�FRUURVLRQ�
UHVLVWDQFH��HVSHFLDOO\�
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JHQHUDOO\�UHVLVWDQW�WR�
FUHYLFH�
�
*RRG�HURVLRQ�UHVLVWDQFH�
�
&RVW�HIILFLHQW��
�
$ELOLW\�WR�UHGXFH�WKH�
WKLFNQHVV�RI�WKH�PDWHULDO�
GXH�WR�LWV�KLJK�VWUHQJWK�
�
*RRG�PHFKDQLFDO�
SURSHUWLHV��

*UDLQ�ERXQGDULHV�EHWZHHQ�
IHUULWLF�DQG�DXVWHQLWLF�
SKDVH�FDQ�EH�VXVFHSWLEOH�
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5HFRPPHQGHG�PDWHULDOV�WKDW�FDQ�EH�XVHG�LQ�WKH�HYDSRUDWLRQ�SODQW�DUH�IROORZLQJ��
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Ɣ (1��������

�
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VXFK�DV�GLJHVWHUV�
DQG�FRPSRQHQWV�
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�
)ODQJHV�DQG�
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Ļ�

5HTXLUHPHQWV��
Ɣ 0DQDJH�D�WHPSHUDWXUH�RI�����Υ�
Ɣ 0DQDJH�FRUURVLYH�HQYLURQPHQWV��LQ�WKLV�FDVH�DONDOLQH�VROXWLRQV��KLJK�S+�
Ɣ &RVW�HIILFLHQW��
Ɣ *RRG�ZHOGDELOLW\�
Ɣ *RRG�PHFKDQLFDO�SURSHUWLHV�
Ļ�

'HILQLWLRQV�RI�SURSHUWLHV��
Ɣ +LJK�35(1��
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���'LVFXVVLRQ�

����7KH�0DWHULDOV�8VHG�LQ�WKH�(YDSRUDWLRQ�3ODQW��
7KH LQYHVWLJDWLRQ RI WKH FRUURVLYH HQYLURQPHQW LQ 6|GUD &HOO 0|QVWHUnV VKRZV WKDW WKH� � � � � � � � � � � � �
SUREOHP ZLWK FRUURVLRQ GHSHQGV RQ WKH FRPSRXQGV LQ WKH EODFN OLTXRU� EXW DOVR WKH DGGLWLYHV� � � � � � � � � � � � � � �
DGGHG� DQG WKH FKORULGHV EURXJKW LQWR WKH V\VWHP IURP WKH WUHHV XVHG LQ WKH SXOS PLOO� 7KH� � � � � � � � � � � � � � � � �
HQYLURQPHQW LV VWURQJO\ DONDOLQH ZLWK D KLJK S+ YDOXH DQG D WHPSHUDWXUH UDQJH RI ������Υ�� � � � � � � � � � � � � � �
VHH WDEOH �� 7KH EODFN OLTXRU EHFRPHV PRUH FRUURVLYH IXUWKHU DORQJ LQ WKH SURFHVV� VLQFH WKH� � � � � � � � � � � � � � � �
FRQFHQWUDWLRQ LQFUHDVHV LQ HDFK HIIHFW� VHH WDEOH �� :KHQ WKH EODFN OLTXRU LV HYDSRUDWHG�� � � � � � � � � � � � � �
FRDWLQJV RI WRWDOO\ GULHG VROLG OLTXRU DUH IRUPHG ZKLFK KDYH D YHU\ QHJDWLYH HIIHFW RQ WKH� � � � � � � � � � � � � � � �
PDWHULDO XVHG LQ WKH SODQW LQ D FRUURVLYH DVSHFW� &RDWLQJV PDNH WKH VWHHO OHVV UHVLVWDQW WR� � � � � � � � � � � � � � � �
FUHYLFH FRUURVLRQ VLQFH FUHYLFH FRUURVLRQ FDQ EH SUHYHQWHG E\ KDYLQJ FOHDQ VXUIDFHV� VHH WDEOH� � � � � � � � � � � � � �
�� 7KHVH FRDWLQJV DOVR FRQVLVW RI FRQFHQWUDWHG FKORULGH FRQWHQW� ZKLFK PDNHV HYHQ ORZ� � � � � � � � � � � � �
FKORULGH FRQWHQW LQ WKH OLTXRU FRUURVLYH� 7KH DVK DGGHG LQ WKH SURFHVV FRQVLVWV RI FRQFHQWUDWHG� � � � � � � � � � � � � � �
VDOWV�ZKLFK�DOVR�DIIHFW�WKH�FRUURVLRQ�UDWH���
�
$ FRPELQDWLRQ RI WKHVH IDFWRUV PDNHV WKH HQYLURQPHQW DJJUHVVLYH WRZDUGV WKH PDWHULDO� ZKLFK� � � � � � � � � � � � �
WKHQ KDYH UHVXOWHG LQ XQLIRUP FRUURVLRQ LQ WKH ODWHUDO VXUIDFHV� DOVR SLWWLQJ DQG FUHYLFH� � � � � � � � � � � � � �
FRUURVLRQ DQG 6&& LQ WKH ZHOGLQJ DUHDV� 7KH PDWHULDOV XVHG ZHUH SULPDULO\ ������� D GXSOH[� � � � � � � � � � � � � � �
VWHHO ZKLFK LV UHFRPPHQGHG� EXW DOVR WZR VLPSOH FDUERQ VWHHOV LQ ORRVH IODQJHV DQG IHHW� 7KH� � � � � � � � � � � � � � � �
PDWHULDOV ZHUH VXSSRVHG WR ODVW IRU �� \HDUV EXW QRZ� DIWHU RQO\ �� \HDUV� D ORW RI FRUURVLRQ� � � � � � � � � � � � � � � � � �
KDV�RFFXUUHG�DQG�WKHUHIRUH�WKH\�PXVW�EH�UHSODFHG��
�
&DUERQ VWHHO LQ JHQHUDO LV QRW YHU\ UHVLVWDQW WR FRUURVLRQ� &DVH VWXG\ QXPEHU � VKRZV WKDW WKH� � � � � � � � � � � � � � � � �
LQFUHDVHG VXOILGLW\ LQ EODFN OLTXRU DFFHOHUDWHG WKH FRUURVLRQ UDWH LQ FDUERQ VWHHO DQG LW LV� � � � � � � � � � � � � � �
WKHUHIRUH QRW D VXLWDEOH FKRLFH� &DVH VWXG\ QXPEHU � VKRZV DQ H[DPSOH LQ ZK\ WKH VWDLQOHVV� � � � � � � � � � � � � � � �
VWHHO (1 ������ ZDV UHSODFHG� DQG LW ZDV DFWXDOO\ UHSODFHG WR (1 ������ ZKLFK LV FXUUHQWO\� � � � � � � � � � � � � � � �
XVHG� +RZHYHU� WKH FDVH VWXG\ GRHV QRW VKRZ KRZ WKH UHSODFHPHQW WXUQHG RXW� 7KRXJK� WKH� � � � � � � � � � � � � � �
LQYHVWLJDWLRQ DW 6|GUD &HOO VKRZV WKDW WKH XVDJH RI WKLV PDWHULDO FDQ OHDG WR SUREOHPV ZLWK� � � � � � � � � � � � � � � �
FRUURVLRQ� 7KLV LV HQULFKHG E\ FDVH VWXG\ QXPEHU �� VKRZLQJ WKDW ZKHQ FRPSDULQJ GLIIHUHQW� � � � � � � � � � � � � �
GXSOH[ VWHHOV� (1 ������ ZDV PRVW VXVFHSWLEOH WR XQLIRUP FRUURVLRQ LQ KLJK S+ FDXVWLF DQG� � � � � � � � � � � � � � �
DONDOLQH�VXOILGH�VROXWLRQV���
�
�
�
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$OO WKH DERYH PHQWLRQHG FRUURVLRQ W\SHV DUH OLNHO\ WR RFFXU LQ WKH FXUUHQW HQYLURQPHQW LQ WKH� � � � � � � � � � � � � � � �
HYDSRUDWLRQ SODQW� 7KH VWURQJ DONDOLQH HQYLURQPHQW WRJHWKHU ZLWK WKH PROWHQ FKORULGHV LV WKH� � � � � � � � � � � � �
PRVW FRPPRQ HQYLURQPHQW IRU XQLIRUP FRUURVLRQ WR RFFXU LQ� &UHYLFH FRUURVLRQ FDQ RFFXU LQ� � � � � � � � � � � � � �
WKH JUDLQ ERXQGDULHV EHWZHHQ WKH DXVWHQLWLF DQG IHUULWLF SKDVHV LQ WKH GXSOH[ VWHHO� :KHQ� � � � � � � � � � � � � �
ZHOGLQJ� DFFRUGLQJ WR WKH 6FKDHIIOHU GLDJUDP� VHH ILJXUH �� D SUHGLFWDEOH SKDVH IUDFWLRQ IRU (1� � � � � � � � � � � � � � �
������ FDQ EH FDOFXODWHG WR �� � IHUULWLF SKDVH DQG �� � DXVWHQLWLF SKDVH� 6HH FDOFXODWLRQV LQ� � � � � � � � � � � � � � � � �
UHVXOW ������ 'HSHQGLQJ RQ DOOR\LQJ HOHPHQW IHUULWH FDQ EH VHQVLWLYH WR SLWWLQJ DQG FUHYLFH� � � � � � � � � � � � � �
FRUURVLRQ EXW ZLOO SURYLGH D KLJK UHVLVWDQFH DJDLQVW 6&&� 7KH DXVWHQLWLF SKDVH WRJHWKHU ZLWK� � � � � � � � � � � � � �
LQWHUQDO�VWUHVVHV�DV�D�UHVXOW�RI�WKH�ZHOGLQJ�SURFHVV�FDQ�SURYRNH�6&&��6HH�WDEOH���DQG����

����6RFLDO�DQG�(WKLFDO�$VSHFWV��
&DWDVWURSKLF IDLOXUH GXH WR UDSLG ORVV RI PHFKDQLFDO VWUHQJWK IURP FRUURVLRQ FDQ OHDG WR� � � � � � � � � � � � � �
LQMXULHV RU HYHQ GHDWKV DPRQJ WKH ZRUNHUV� ,Q RUGHU WR PDNH WKH ZRUN HQYLURQPHQW VDIH� RQH� � � � � � � � � � � � � � � �
QHHGV WR FRQWURO WKH FRUURVLRQ� 7KLV UHSRUW LV VXSSRVHG WR SURYLGH NQRZOHGJH DERXW FRUURVLRQ� � � � � � � � � � � � � �
DQG KRZ WR FRQWURO LW E\ FKRRVLQJ D VXLWDEOH PDWHULDO DQG WKLV ZLOO KRSHIXOO\ OHDG WR PDQ\� � � � � � � � � � � � � � � � �
SRVLWLYH DVSHFWV� $ VWURQJO\ FRUURVLRQ UHVLVWDQW PDWHULDO ZLOO EH PRUH FRVW HIILFLHQW� LW ZLOO� � � � � � � � � � � � � �
UHGXFH QHJDWLYH HQYLURQPHQWDO LPSDFWV DV ZHOO DV VWUHQJWKHQ WKH VDIHW\ DURXQG ZRUNHUV LQ WKH� � � � � � � � � � � � � �
PLOO���

����&RPSDULVRQ�%HWZHHQ�5HFRPPHQGHG�0DWHULDOV��
�
7KH PDWHULDOV DVNHG WR LQYHVWLJDWH ZHUH (1 ������� (1 ������� (1 ������ DQG (1 �������� � � � � � � � � � � � � � �
(1 ������ LV WKH PDWHULDO FXUUHQWO\ XVHG EXW LV DOVR QRW ZRUNLQJ LQ WKHLU SURFHVV� VR WKH UHVW RI� � � � � � � � � � � � � � � � � � �
WKH PDWHULDOV PHQWLRQHG LV HYDOXDWHG ZLWK ������ DV UHIHUHQFH� 6LQFH WKH ZHOGLQJ VLWHV DUH� � � � � � � � � � � � � �
FUXFLDO� WKH 6FKDHIIOHU GLDJUDP LV XVHG LQ RUGHU WR SUHGLFW ZKLFK SKDVHV WKH GLIIHUHQW PDWHULDOV� � � � � � � � � � � � � � �
ZLOO WUDQVIRUP WR DQG WKH IUDFWLRQV RI WKHP LQ WKH ZHOGLQJ VLWHV� VHH ILJXUH �� (1 ������ LV� � � � � � � � � � � � � � � � � �
SUHGLFWHG WR KDYH �� � IHUULWH DQG �� � DXVWHQLWH DQG PDUWHQVLWH� (1 ������ LV SUHGLFWHG WR� � � � � � � � � � � � � � � � �
KDYH �� � IHUULWH DQG �� � DXVWHQLWH DQG PDUWHQVLWH� (1 ������ LV SUHGLFWHG WR KDYH �� �� � � � � � � � � � � � � � � � � �
IHUULWH�DQG������DXVWHQLWH�DQG�PDUWHQVLWH���6HH�FDOFXODWLRQV�LQ�UHVXOW��������

������(1���������
�
(1 ������ LV D OHDQ GXSOH[ VWHHO DQG GXULQJ ZHOGLQJ LV SUHGLFWHG WR IRUP �� � IHUULWH DQG ��� � � � � � � � � � � � � � � � � � �
� DXVWHQLWH DQG PDUWHQVLWH� /RZ DOOR\HG IHUULWLF VWHHOV KDYH UHODWLYHO\ ORZ FRUURVLRQ� � � � � � � � � � � �
UHVLVWDQFH EXW KLJK DOOR\HG IHUULWLF VWHHOV ZLOO VKRZ JRRG UHVLVWDQFH DJDLQVW FUHYLFH� ZKLFK DOVR� � � � � � � � � � � � � �
LV WKH FDVH FRQVLGHULQJ DXVWHQLWLF VWHHOV� )HUULWLF VWHHOV DUH QRW VXVFHSWLEOH WR 6&& FRPSDUHG� � � � � � � � � � � � � �
ZLWK DXVWHQLWLF VWHHOV� 6LQFH 6&& OHDGV WR FDWDVWURSKLF IDLOXUH ZLWKRXW DQ\ QRWLFH� LW LV RI� � � � � � � � � � � � � � �
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LPSRUWDQFH WR DYRLG LW DQG LV WKHUHIRUH YDOLG KLJK LQ WKLV FRPSDULVRQ� 7KH ZHOGLQJ VLWHV LQ (1� � � � � � � � � � � � � � � � �
������ FRXOG KDYH D ORZHU ULVN IRU 6&&� VLQFH WKH\ KDYH �� � DXVWHQLWH DQG PDUWHQVLWH� ZKLOH� � � � � � � � � � � � � � � � �
(1 ������ KDV �� � SXUH DXVWHQLWH IURP WKH SUHGLFWLRQV� 7KH PDUWHQVLWH IRUPHG ZLOO SUREDEO\� � � � � � � � � � � � � � �
IRUP FKURPLXP FDUELGHV ZKLFK ORZHU WKH FRUURVLRQ UHVLVWDQFH� 0DUWHQVLWH FDQ HLWKHU EH� � � � � � � � � � � �
SRVLWLYH�RU�QHJDWLYH�WR�6&&��ZKLOH�DXVWHQLWH�LV�YHU\�VXVFHSWLEOH ����6HH�WDEOH���DQG����
�
7KH QLWURJHQ FRQWHQW LV KLJKHU ZKLFK OHDGV WR OHVV GHSOHWLRQ RI FKURPLXP LQ JHQHUDO� ZKLFK LV� � � � � � � � � � � � � � � �
IDYRUDEOH IURP D FRUURVLRQ SHUVSHFWLYH VLQFH WKH FKURPLXP LV DQ LPSRUWDQW DOOR\ WR LQFUHDVH� � � � � � � � � � � � � �
WKH UHVLVWDQFH� 7KH FRQWHQW RI PRO\EGHQXP LV WKRXJK PXFK ORZHU� ZKLFK FDQ KDYH D QHJDWLYH� � � � � � � � � � � � � � �
LPSDFW VLQFH PRO\EGHQXP KDV D VWURQJHU DIILQLW\ WR FDUERQ WKDQ FKURPLXP� VHH ILJXUH �� 7KLV� � � � � � � � � � � � � � �
ZLOO JLYH WKH RSSRVLWH HIIHFW ZLWK PRUH FKURPLXP FDUELGHV DQG WKHUHE\ ORZHU WKH UHVLVWDQFH� � � � � � � � � � � � � �
DJDLQVW FRUURVLRQ� DV ZHOO DV KDUP WKH SDVVLYLW\� +RZHYHU� FDVH VWXG\ QXPEHU � VWDWHV WKDW� � � � � � � � � � � � � � �
KLJK FKURPLXP FRQWHQW DQG ORZ PRO\EGHQXP FRQWHQW LV EHQHILFLDO LQ KRW DONDOLQH VROXWLRQV�� � � � � � � � � � � � �
7KH FKURPLXP FRQWHQW LV KLJK DQG DOPRVW WKH VDPH LQ ERWK VWHHOV� DQG ������ VKRXOG WKHUHIRUH� � � � � � � � � � � � � � � �
EH PRUH VXLWDEOH LQ WKH DONDOLQH HQYLURQPHQW� 6LQFH ������ KDV ORZHU FRQWHQWV RI &U� 0R DQG� � � � � � � � � � � � � � � �
1L� LW FDQ VKRZ ORZHU UHVLVWDQFH DJDLQVW XQLIRUP FRUURVLRQ� SLWWLQJ DQG FUHYLFH FRUURVLRQ� EXW� � � � � � � � � � � � � �
WKH�DGGLWLRQ�RI�FRSSHU�KDV�D�SRVLWLYH�HIIHFW�RQ�WKH�FRUURVLRQ�UHVLVWDQFH��6HH�WDEOH���DQG�����

�������(1���������
�
(1 ������ LV D OHDQHU GXSOH[ VWHHO WKDQ (1 ������ DQG GXULQJ ZHOGLQJ LV SUHGLFWHG WR IRUP ��� � � � � � � � � � � � � � � � � �
� IHUULWH DQG �� � DXVWHQLWH DQG PDUWHQVLWH� 7KH IHUULWH IUDFWLRQ LV WKH VDPH� KRZHYHU� (1� � � � � � � � � � � � � � � �
������ KDV VPDOO DPRXQWV RI PDUWHQVLWH WKDW FDQ DIIHFW WKH UHVLVWDQFH WR 6&& ERWK QHJDWLYHO\� � � � � � � � � � � � � � �
DQG�SRVLWLYHO\��6HH�WDEOH���DQG����
�
7KH FKURPLXP FRQWHQW LV KLJKHU LQ (1 ������ DQG D KLJKHU FRQWHQW ZLOO UHGXFH ERWK XQLIRUP�� � � � � � � � � � � � � � � �
SLWWLQJ DQG FUHYLFH FRUURVLRQ� 7KH FRQWHQW RI QLFNHO� PRO\EGHQXP DQG QLWURJHQ LV ORZHU ZKLFK� � � � � � � � � � � � � �
LV OHVV EHQHILFLDO WR FRUURVLRQ� +RZHYHU� DV DIRUHPHQWLRQHG� FDVH VWXG\ QXPEHU � VWDWHV WKDW� � � � � � � � � � � � � �
WKH FRPELQDWLRQ RI KLJK FKURPLXP DQG ORZ PRO\EGHQXP LV EHQHILFLDO LQ KRW DONDOLQH� � � � � � � � � � � � �
VROXWLRQV� &DVH VWXG\ QXPEHU � VKRZV WKDW (1 ������ KDV WKH EHVW FRUURVLRQ UHVLVWDQFH LQ� � � � � � � � � � � � � � �
VXOIDWH� &DVH VWXG\ QXPEHU � VWDWHV WKDW ERWK (1 ������ DQG (1 ������ VKRZV JRRG FRUURVLRQ� � � � � � � � � � � � � � � �
UHVLVWDQFH WR GLIIHUHQW W\SHV RI EODFN OLTXRU FRPSDUHG WR FDUERQ VWHHOV DQG VWDLQOHVV VWHHOV� 7KH� � � � � � � � � � � � � � �
VWXG\ GRHV QRW WHOO ZKLFK RI WKH GXSOH[ VWHHOV WKDW VKRZV WKH EHVW UHVLVWDQFH� +RZHYHU� (1� � � � � � � � � � � � � � � �
������ LV PRVW VXVFHSWLEOH WR XQLIRUP FRUURVLRQ DQG (1 ������ SRVVHVVHV WKH ORZHVW� � � � � � � � � � � � �
FRUURVLRQ UDWH LQ VXOILGH FDXVWLF HQYLURQPHQW DFFRUGLQJ WR FDVH VWXG\ QXPEHU �� 6HH WDEOH �� � � � � � � � � � � � � � �
DQG�����

� �
���



������(1���������
�
(1 ������ LV DQ DXVWHQLWLF VWDLQOHVV VWHHO DQG GXULQJ ZHOGLQJ LV SUHGLFWHG WR IRUP �� � IHUULWH� � � � � � � � � � � � � � � � �
DQG �� � DXVWHQLWH DQG PDUWHQVLWH� 7KLV VWHHO ZLOO SUREDEO\ EH VHQVLWLYH WR 6&& GXH WR LWV� � � � � � � � � � � � � � � � �
DXVWHQLWLF SKDVH EXW DW WKH VDPH WLPH� D VPDOO DPRXQW RI IHUULWH FDQ RFFXU LQ WKH ZHOGLQJ VLWH�� � � � � � � � � � � � � � � � � �
ZKLFK FDQ KDYH D SRVLWLYH LPSDFW RQ 6&&� 7KH PDUWHQVLWH IRUPHG LQ WKH ZHOGLQJ VLWHV FDQ� � � � � � � � � � � � � � � �
HLWKHU EH SRVLWLYH RU QHJDWLYH WR 6&& EXW DOVR SDUWO\ ELQG WKH FKURPLXP DQG WKHUHE\ ORZHU WKH� � � � � � � � � � � � � � � � �
FRUURVLRQ�UHVLVWDQFH�JHQHUDOO\��6HH�WDEOH���DQG����
�
&DVH VWXG\ QXPEHU � VKRZV WKDW WKH (1 ������� D YHUVLRQ RI (1 ������� LV H[SRVHG WR 6&&� � � � � � � � � � � � � � � � � �
ZKHQ WKH GU\ VROLG FRQWHQW LQFUHDVHV LQ WKH HYDSRUDWLRQ SODQW� 7KLV LV FRPSDUDEOH VLQFH WKH\� � � � � � � � � � � � � � �
KDYH DOPRVW WKH VDPH FRPSRVLWLRQ� &DVH VWXG\ QXPEHU � VKRZV WKDW (1 ������ KDV EHWWHU� � � � � � � � � � � � � � �
FRUURVLRQ UHVLVWDQFH WKDQ (1 ������ LQ VXOIDWH HQYLURQPHQW� +RZHYHU� WKH VWXG\ VKRZV WKDW� � � � � � � � � � � � �
(1��������LV�EHWWHU�WKDQ�FDUERQ�VWHHOV�LQ�WKLV�HQYLURQPHQW���
�
7KLV VWHHO RQO\ FRQWDLQV FDUERQ� FKURPLXP DQG QLFNHO ZKLFK FDQ SURYLGH OHVV FRUURVLRQ� � � � � � � � � � � � �
UHVLVWDQFH�WKDQ�(1���������VHH�WDEOH���DQG�����

������5DQNLQJ�RI�WKH�7KUHH�0DWHULDOV�

(1 ������ LV SUHGLFWHG WR EH OHVV FRUURVLRQ UHVLVWDQW WKDQ (1 ������ LQ DOO W\SHV RI FRUURVLRQ�� � � � � � � � � � � � � � � � �
WKHUHE\�WKH�IRFXV�OLHV�RQ�D�FRPSDULVRQ�RI�(1��������DQG�(1����������
�
%RWK (1 ������ DQG (1 ������ FDQ KDYH EHWWHU UHVLVWDQFH WR 6&& WKDQ (1 ������� %\ D� � � � � � � � � � � � � � � � �
FRPSDULVRQ EHWZHHQ (1 ������ DQG (1 ������ RQH FDQ VHH WKDW (1 ������ LV PRUH IDYRUDEOH�� � � � � � � � � � � � � � � �
VLQFH WKH DXVWHQLWH IUDFWLRQ LV ORZHU DV ZHOO DV WKH IHUULWLF SKDVH LV PRUH FRUURVLRQ UHVLVWDQW GXH� � � � � � � � � � � � � � � � �
WR WKH IDFW WKDW (1 ������ LV OHVV OHDQ WKDQ (1 ������� &DVH VWXG\ QXPEHU � LQFOXGHV ERWK (1� � � � � � � � � � � � � � � � � � �
������ DQG (1 ������� ZKHUH ERWK VKRZ JRRG UHVXOWV EXW (1 ������ DOVR VKRZV KLJK� � � � � � � � � � � � � � �
UHVLVWDQFH LQ FDVH VWXGLHV �� � DQG �� +RZHYHU� (1 ������ ZDV QRW LQYHVWLJDWHG LQ WKHVH� � � � � � � � � � � � � � � �
VWXGLHV�DQG�LW�LV�WKHUHIRUH�KDUG�WR�GR�D�IDLU�FRPSDULVRQ���
�
:KHQ FRQVLGHULQJ WKH DOOR\LQJ HOHPHQWV LQ WKH VWHHOV� (1 ������ LQFOXGHV PRUH FRUURVLRQ� � � � � � � � � � � � �
UHVLVWDQW HOHPHQWV WKDQ (1 ������ EXW ERWK RI WKHP KDYH D KLJK FKURPLXP DQG ORZ� � � � � � � � � � � � � � �
PRO\EGHQXP FRQWHQW� ZKLFK LV IDYRUDEOH LQ DONDOLQH VROXWLRQV DFFRUGLQJ WR FDVH VWXG\ QXPEHU� � � � � � � � � � � � �
���6HH�WDEOH���DQG�����
�
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���



������&RPPHQWV�RQ�WKH�&RPSDULVRQ�
�
'XH WR FRQWDLQLQJ VHYHUDO FRUURVLRQ UHVLVWDQW DOOR\V� (1 ������ VHHPV WR EH D VXLWDEOH FKRLFH� � � � � � � � � � � � � � �
LQ WKH HYDSRUDWLRQ SODQW� +RZHYHU� FDVH VWXGLHV �� � DQG � VKRZ WKDW PRUH OHDQ GXSOH[ VWHHOV� � � � � � � � � � � � � � � � �
KDYH EHWWHU SHUIRUPDQFH LQ WKH HQYLURQPHQW LQ WKH HYDSRUDWLRQ SODQW� 7KLV GHYLDWH UHVXOW FDQ� � � � � � � � � � � � � �
RFFXU GXH WR PRVW RI WKH NQRZOHGJH DERXW DOOR\V SUHYHQWLQJ FRUURVLRQ VHHPV WR RULJLQV IURP� � � � � � � � � � � � � � �
FRUURVLRQ RQ PDWHULDOV LQ DFLGLF RU KLJK FKORULGH FRQWHQW HQYLURQPHQWV� DQG WKHUHIRUH LW PLJKW� � � � � � � � � � � � � �
QRW�EH�DSSOLFDEOH�LQ�DONDOLQH�HQYLURQPHQWV���
�
,I WKH SKDVH WUDQVIRUPDWLRQV LQ WKH ZHOGLQJ VLWHV DUH QRW FRQVLGHUHG� RQH FDQ HDVLO\ SUHGLFW D� � � � � � � � � � � � � � � �
WRR ORQJ OLIHVSDQ� :HOGLQJ VLWHV DUH FUXFLDO� VLQFH WKH\ DUH VHQVLWLYH WR DOO W\SHV RI FRUURVLRQ� ,I� � � � � � � � � � � � � � � � �
ORFDOL]HG FRUURVLRQ LQLWLDWHV LQ WKH ZHOGLQJ VLWHV� LW FDQ SURSDJDWH WKURXJK WKH ZKROH PDWHULDO� � � � � � � � � � � � � �
DQG FDXVH UDSLG IDLOXUH� 7KLV FDQQRW EH GHWHFWHG E\ RQO\ VWXG\LQJ WKH FRPSRVLWLRQ RI WKH VWHHO� � � � � � � � � � � � � � � �
DORQH���
�
$ KLJK DOOR\HG VWHHO WKDW SHUIRUPV ZRUVH DJDLQVW FRUURVLRQ WKDQ D ORZ DOOR\HG� LV QRW� � � � � � � � � � � � � � �
SURILWDEOH��VLQFH�DOOR\V�DUH�RIWHQ�PRUH�H[SHQVLYH���

����0DWHULDO�&KRLFH�E\�&(6�(GXSDFN�
�
%\ FRPSDULQJ GLIIHUHQW PDWHULDOV LQ (GXSDFN� �� PDWHULDOV IXOILOOHG WKH UHTXLUHPHQWV DQG WKH� � � � � � � � � � � � �
IRXU KLJKHVW UDQNHG PDWHULDOV DUH LQYHVWLJDWHG IXUWKHU� VHH UHVXOW ����� DQG ILJXUH � DQG ��� � � � � � � � � � � � � � �
6XSSRUWLQJ LQIRUPDWLRQ LV JDWKHUHG LQ WDEOH �� DQG WKH IROORZLQJ GLVFXVVLRQ LV EDVHG RQ WKLV� � � � � � � � � � � � � � �
LQIRUPDWLRQ� 7KH PDWHULDO %LRGXU ��� GRHV QRW QHHG WR EH FRQVLGHUHG VLQFH LW LV GHVLJQHG IRU� � � � � � � � � � � � � � � �
VPDOO�GLDPHWHU DSSOLFDWLRQV� 'XH WR WKH LPSRUWDQFH RI DYRLGLQJ 6&&� DV ZHOO DV WDNLQJ WKH� � � � � � � � � � � � � �
DONDOLQH HQYLURQPHQW LQWR FRQVLGHUDWLRQ� (1 ������� ZKLFK VKRZV RQO\ JRRG UHVLVWDQFH LQ� � � � � � � � � � � �
DONDOLQH HQYLURQPHQW DQG LV VOLJKWO\ VXVFHSWLEOH WR 6&& FRPSDUHG WR WKH UHPDLQLQJ PDWHULDOV�� � � � � � � � � � � � �
FDQ WKHUHIRUH DOVR EH QHJOHFWHG� %RWK RI WKH UHPDLQLQJ PDWHULDOV DUH W\SLFDOO\ XVHG LQ SXOS� � � � � � � � � � � � � � �
PLOOV DQG WKH\ KDYH ERWK YHU\ KLJK 35(1� EXW (1 ������ KDV WKH KLJKHVW� $ QRWDEOH� � � � � � � � � � � � � � � �
GLIIHUHQFH EHWZHHQ WKH PDWHULDOV LV WKHLU FODVVLILFDWLRQ RI WKH VXVFHSWLELOLW\ WRZDUGV 6&&� � � � � � � � � � � �
ZKLFK FDQ KDYH DQ LPSDFW RQ WKH FRPSDULVRQ� 7HVWLQJ RI (1 ����� GRHV QRW LQFOXGH K\GURJHQ� � � � � � � � � � � � � � � �
VXOILGH HQYLURQPHQWV FRPSDUHG WR WHVWLQJ RI (1 ������� ZKLFK LQFOXGHV ERWK FKORULGH DQG� � � � � � � � � � � � �
K\GURJHQ VXOILGH HQYLURQPHQWV� :KHQ VWXG\LQJ WDEOH ��� FRQVLGHULQJ WKH WRWDO PDWHULDO FRVW� LW� � � � � � � � � � � � �
VKRZV WKDW WKH UHPDLQLQJ PDWHULDOV GR QRW GLIIHU VLJQLILFDQWO\ LQ SULFH SHU YRO\P QHHGHG ZKHQ� � � � � � � � � � � � � � �
FRQVLGHULQJ�WKLFNQHVV�UHGXFWLRQ���
�
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���



,Q WKH SURJUDP &(6 (GXSDFN� WKHUH LV QR LQIRUPDWLRQ DERXW WKH PDWHULDO (1 ������ DQG� � � � � � � � � � � � � � �
WKHUHIRUH D FRPSDULVRQ EHWZHHQ (1 ������ DQG WKH KLJKHVW UDQNHG PDWHULDO (1 ������ LV� � � � � � � � � � � � � �
GRQH�VHSDUDWHO\���
�
:KHQ LQYHVWLJDWLQJ WKH ZHOGLQJ VLWHV ZLWK KHOS RI 6FKDHIIOHU GLDJUDPV� (1 ������ LV� � � � � � � � � � � � �
SUHGLFWHG WR IRUP �� � IHUULWH DQG � � DXVWHQLWH� VHH FDOFXODWLRQV LQ UHVXOW ������ )URP WKLV�� � � � � � � � � � � � � � � � �
RQH FDQ DVVXPH KLJK UHVLVWDQFH DJDLQVW 6&& GXH WR ORZ IUDFWLRQ RI DXVWHQLWH DQG KLJK IUDFWLRQ� � � � � � � � � � � � � � � �
RI IHUULWH LQ WKH ZHOGLQJ VLWHV� 7KH SKDVH WUDQVIRUPDWLRQV LQ WKH ZHOGLQJ VLWHV GLIIHU EHWZHHQ� � � � � � � � � � � � � � �
WKH PDWHULDOV� DQG (1 ������ KDV VRPH PDUWHQVLWH DQG DOVR OHVV IHUULWH� $V DIRUHPHQWLRQHG�� � � � � � � � � � � � � �
PDUWHQVLWH�FDQ�KDYH�ERWK�SRVLWLYH�DQG�QHJDWLYH�LPSDFW�RQ�6&&��6HH�WDEOH���DQG�����
�
,Q (1 ������ WKH FDUERQ KDV SUREDEO\ EHHQ UHSODFHG ZLWK PRUH QLWURJHQ ZKLFK LV SRVLWLYH� � � � � � � � � � � � � � �
VLQFH WKH FKURPLXP ZLOO QRW IRUP DV PXFK FKURPLXP FDUELGHV� 7KH FKURPLXP� QLFNHO DQG� � � � � � � � � � � � � �
PRO\EGHQXP FRQWHQW DUH DOVR KLJKHU WKDQ LQ (1 ������� 7KHVH DOOR\V SURYLGH WKH VWHHO ZLWK� � � � � � � � � � � � � � �
EHWWHU UHVLVWDQFH WRZDUGV FRUURVLRQ EXW ZLOO DW WKH VDPH WLPH LQFUHDVH WKH SULFH� 6HH WDEOH ��� � � � � � � � � � � � � � � �
DQG�����

������&RPPHQWV�RQ�WKH�&RPSDULVRQ�

�
(1 ������ VKRZV EHWWHU FRUURVLRQ UHVLVWDQFH� KDV KLJKHU 35(1� KDV PRUH FRUURVLRQ UHVLVWDQW� � � � � � � � � � � � �
DOOR\V EXW KDV D KLJKHU SULFH� VHH WDEOH ��� ,Q RUGHU WR PDNH PRUH DFFXUDWH FRPSDULVRQ� RQH� � � � � � � � � � � � � � � � �
VKRXOG LQFOXGH DVSHFWV UHJDUGLQJ WKH WRWDO FRVW RI WKH XVDJH RI WKH GLIIHUHQW PDWHULDOV YHUVXV� � � � � � � � � � � � � � �
WKH DFWXDO FRUURVLRQ UHVLVWDQFH QHHGHG� 7KHUH LV QR SRLQW WR LQYHVW LQ D PRUH H[SHQVLYH� � � � � � � � � � � � � � �
PDWHULDO LI WKH FRUURVLRQ UHVLVWDQFH LV KLJKHU WKDQ QHFHVVDU\ DQG WKH FKHDSHU KDYH D FRUURVLRQ� � � � � � � � � � � � � � �
UHVLVWDQFH�KLJK�HQRXJK�IRU�WKH�SXUSRVH���

����(UURU�6RXUFHV�
�

Ɣ 7KH HYDSRUDWLRQ SODQW LV D FRPSOH[ SURFHVV DQG LW GLIIHUV IURP GLIIHUHQW SXOS PLOOV� � � � � � � � � � � � � �
ZKLFK PDNHV LW KDUG WR JDWKHU JHQHUDO LQIRUPDWLRQ� 7KLV DOVR EHFRPHV D SUREOHP ZKHQ� � � � � � � � � � � � � �
LQYHVWLJDWLQJ EODFN OLTXRU DQG WKH DGGLWLYHV LQ WKH SURFHVV� LQ DGGLWLRQ WKHUH LV QRW� � � � � � � � � � � � � �
PXFK LQIRUPDWLRQ DYDLODEOH� 7KH FRPSRVLWLRQ RI WKH EODFN OLTXRU GHSHQGV RQ WKH� � � � � � � � � � � �
ZKHUH WKH WUHHV� WKDW DUH EURXJKW WR WKH SXOS PLOOV� JURZV DQG DUH WKHUHIRUH GLIIHUHQW� � � � � � � � � � � � � � �
JHRJUDSKLFDOO\��
�

Ɣ &RUURVLRQ LV D YHU\ FRPSOH[ VXEMHFW DQG WKH NQRZOHGJH LV RIWHQ EDVHG RQ FRUURVLRQ LQ� � � � � � � � � � � � � � �
DFLGLF�RU�KLJK�FKORULGH�HQYLURQPHQWV�ZKLFK�FRPSOLFDWHV�WKLV�LQYHVWLJDWLRQ��
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�
Ɣ 6SHFLILF FRPSRVLWLRQV IRU WKH GLIIHUHQW VWHHOV DUH QRW DYDLODEOH IRU SXEOLF XVH� DQG� � � � � � � � � � � � �

WKHUHIRUH�WKH�FRPSDULVRQ�LV�VLPSOLILHG���
�

Ɣ ,Q (GXSDFN� DOO PDWHULDOV DUH QRW LQFOXGHG ZKLFK FDQ UHVXOW LQ VXLWDEOH PDWHULDOV EHLQJ� � � � � � � � � � � � � �
RYHUVHHQ���
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���&RQFOXVLRQ��
7KH FRQFOXVLRQ IURP WKLV VWXG\ LV WKDW WKH PDWHULDO (1 ������ QHHGV WR EH UHSODFHG ZLWK D� � � � � � � � � � � � � � � � �
PRUH VXLWDEOH PDWHULDO� 7KH LQYHVWLJDWLRQ VKRZV WKDW ERWK (1 ������ DQG (1 ������ DUH� � � � � � � � � � � � � �
VXLWDEOH LQ WKH WXEHV LQ WKH HYDSRUDWLRQ SURFHVV ZKHUH (1 ������ VKRZV KLJKHVW FRUURVLRQ� � � � � � � � � � � � � �
UHVLVWDQFH� +RZHYHU� D FRPSOHWH FRVW HIILFLHQF\ DQDO\VLV DQG VSHFLILF 35(1 UHTXLUHG DUH RI� � � � � � � � � � � � �
LPSRUWDQFH LQ RUGHU WR FKRRVH WKH PRVW SURILWDEOH PDWHULDO� 7KH PDWHULDOV (1 ������ DQG (1� � � � � � � � � � � � � � �
�� ��� DUH VLPSOH FDUERQ VWHHOV WKDW FDQ EH UHSODFHG ZLWK (1 ������ VLQFH WKH\ VXIIHUHG IURP� � � � � � � � � � � � � � � � �
OLJKW FRUURVLRQ DWWDFNV EXW DUH QRW LQ GLUHFWO\ FRQWDFW ZLWK WKH OLTXRU� (YHQ WKRXJK RQH RI WKH� � � � � � � � � � � � � � � � �
HUURU VRXUFHV VWDWHV WKH GLIILFXOWLHV RI ILQGLQJ LQIRUPDWLRQ DERXW DONDOLQH FRUURVLRQ� WKLV� � � � � � � � � � � �
FRPSDULVRQ FDQ EH YHU\ DFFXUDWH VLQFH WKH SUHVHQFH RI PROWHQ VDOWV DQG WKH DONDOLQH VROXWLRQ� � � � � � � � � � � � � � �
ZRUN�DV�D�KLJKO\�FRUURVLYH�PHGLD���
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����$FNQRZOHGJHPHQW��
:H ZRXOG OLNH WR WKDQN 6|GUD &HOO 0|QVWHUnV IRU OHWWLQJ XV LQYHVWLJDWH WKHLU SUREOHP DQG IRU� � � � � � � � � � � � � � � �
KDYLQJ XV DW WKHLU SXOS PLOO� :H ZDQW WR HVSHFLDOO\ WKDQN RXU VXSHUYLVRU DW 6|GUD &HOO� gUMDQ� � � � � � � � � � � � � � � � �
-RKDQVVRQ� +HDG RI WKH 3URFHVV 'HSDUWPHQW DQG DOVR +nNDQ 2OVVRQ� &RQVWUXFWLRQ (QJLQHHU�� � � � � � � � � � � �
+nNDQ (GYLQVVRQ� 3URFHVV (QJLQHHU DQG 0DWV +lOO� 2SHUDWLRQDO (QJLQHHU IRU SURYLGLQJ XV� � � � � � � � � � � �
ZLWK�XVHIXO�LQIRUPDWLRQ���
�
:H ZRXOG DOVR OLNH WR WKDQN RXU VXSHUYLVRU DW .7+� $QGHUV (OLDVVRQ� 'LUHFWRU RI 6WXGLHV DW� � � � � � � � � � � � � � � �
WKH 0DWHULDO 6FLHQFH 'HSDUWPHQW� IRU VXSSRUWLQJ XV WKURXJKRXW WKLV SURMHFW DQG &KULVWRSKHU� � � � � � � � � � � �
+XOPH�6PLWK� .7+ $VVLVWDQW 3URIHVVRU LQ 3RZGHU 0HWDOOXUJ\� IRU JXLGLQJ XV WKURXJK WKH� � � � � � � � � � � �
SURJUDP�&(6�(GXSDFN��
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����5HIHUHQFHV�
>�@ 9� 6DVWUL� �&KDOOHQJHV LQ &RUURVLRQ� &RVWV� &DXVHV� &RQVHTXHQFHV DQG &RQWURO�� -RKQ� � � � � � � � � � � �
:LOH\�	�6RQV��������S�������
�
>�@� �%DMSDL��3��������� �3XOS�$QG�3DSHU�,QGXVWU\��&KHPLFDO�5HFRYHU\ ���SS��������
�
>�@ 0� 5� 2OVVRQ� �6LPXODWLRQV RI (YDSRUDWLRQ 3ODQWV LQ .UDIW 3XOS 0LOOV�� *|WHERUJ� 6ZHGHQ�� � � � � � � � � � � � � �
�������
�
>�@ �6XOIDWPDVVDIDEULNHQV NHPLNDOLHnWHUYLQQLQJ�� �6NRJV6YHULJH�� ����� >2QOLQH@� $YDLODEOH�� � � � � � �
KWWSV���ZZZ�VNRJVVYHULJH�VH�SDSSHU�IDNWD�RP�PDVVD�RFK�SDSSHUVWLOOYHUNQLQJ�VXOIDWPDVVDIDEUL
NHQV�NHPLNDOLHDWHUYLQQLQJ��>$FFHVVHG������$SU������@��
�
>�@��0��+lOO��6|GUD�&HOO�0|QVWHUnV��������
�
>�@ (� 1LOVVRQ� �6WXG\ RI %ODFN /LTXRU (YDSRUDWRU )RXOLQJ DW 6|GUD &HOO 9lU|�� *|WHERUJ�� � � � � � � � � � � � � �
&+$/0(56�81,9(56,7<�2)�7(&+12/2*<��������
�
>�@ $� +DJOXQG� �,QGXQVWQLQJ Sn SURJUDPPHW I|U nUHWV 6RGDKXVNRQIHUHQV�� �(QHUJLQ\KHWHU�VH ��� � � � � � � � � �
����� >2QOLQH@�� �
$YDLODEOH�KWWSV���ZZZ�HQHUJLQ\KHWHU�VH����������������LQGXQVWQLQJ�SD�SURJUDPPHW�DUHWV�V
RGDKXVNRQIHUHQV��>$FFHVVHG������0DU������@��
�
>�@�%DMSDL��3��������� �3XOS�$QG�3DSHU�,QGXVWU\��&KHPLFDO�5HFRYHU\ ���SS��������
�
>�@ 3� %DMSDL� �(QYLURQPHQWDOO\ )ULHQGO\ 3URGXFWLRQ RI 3XOS DQG 3DSHU �� 1HZ -HUVH\� -RKQ� � � � � � � � � � � � �
:LOH\�	�6RQV��������SS��������
�
>��@ 3� %DMSDL� �&KDSWHU � � 3URSHUWLHV� &RPSRVLWLRQ� DQG $QDO\VLV RI %ODFN /LTXRU�� 3XOS DQG� � � � � � � � � � � � � � �
3DSHU�&RQVXOWDQW��.DQSXU��������
�
>��@�'��&OD\���(YDSRUDWLRQ�3ULQFLSOHV�DQG�%ODFN�/LTXRU�3URSHUWLHV���VOLGH������
�
>��@ �:K\ HYDSRUDWRUV FRUURGH � 3XOS DQG 3DSHU &DQDGD�� �3XOS DQG 3DSHU &DQDGD�� ������ � � � � � � � � � � � � �
>2QOLQH@� $YDLODEOH�� �
KWWSV���ZZZ�SXOSDQGSDSHUFDQDGD�FRP�ZK\�HYDSRUDWRUV�FRUURGH������������� >$FFHVVHG�� �
����$SU������@��
�
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>��@ 3� 3HGHIHUUL� �&RUURVLRQ 6FLHQFH DQG (QJLQHHULQJ �� &KDP� 6SULQJHU ,QWHUQDWLRQDO� � � � � � � � � �
3XEOLVKLQJ��������SS�������
�
>��@� �2XWRNXPSX�� �&RUURVLRQ�+DQGERRN�����WK�HG��6DQGYLN��2XWRNXPSX��������SS���������
�
>��@ 9� &LFHN� �&RUURVLRQ HQJLQHHULQJ �� %HYHUO\� 0DVVDFKXVHWWV� 6FULYHQHU 3XEOLVKLQJ� ������ � � � � � � � � �
SS�������
�
>��@ �.HPLVN PDVVD�� �6NRJV6YHULJH�� ����� >2QOLQH@� $YDLODEOH�� � � � � � �
KWWSV���ZZZ�VNRJVVYHULJH�VH�SDSSHU�IDNWD�RP�SDSSHU�RFK�PDVVD�PDVVD�RFK�SDSSHUVWLOOYHUNQL
QJ�NHPLVN�PDVVD��>$FFHVVHG������0D\������@��
�
>��@ �:KDW LV DQ $ONDOLQH (QYLURQPHQW" � 'HILQLWLRQ IURP &RUURVLRQSHGLD�� �&RUURVLRQSHGLD ��� � � � � � � � � � �
����� >2QOLQH@� $YDLODEOH�� � �
KWWSV���ZZZ�FRUURVLRQSHGLD�FRP�GHILQLWLRQ������DONDOLQH�HQYLURQPHQW� >$FFHVVHG� ��� $SU�� � � �
����@��
�
>��@ �$ONDOLQH (QYLURQPHQW � DQ RYHUYLHZ _ 6FLHQFH'LUHFW 7RSLFV�� �6FLHQFHGLUHFW�FRP �� ������ � � � � � � � � � �
>2QOLQH@� $YDLODEOH� KWWSV���ZZZ�VFLHQFHGLUHFW�FRP�WRSLFV�HQJLQHHULQJ�DONDOLQH�HQYLURQPHQW�� � �
>$FFHVVHG������0D\������@��
�
>��@�2XWRNXPSX�� �&RUURVLRQ�+DQGERRN�����WK�HG��6DQGYLN��2XWRNXPSX��������SS���������
�
>��@�1��&RUOHWW��/��(LVHOVWHLQ�DQG�1��%XGLDQVN\�� �&UHYLFH�&RUURVLRQ ���(OVHYLHU�%�9��$��������
�
>��@ -� *DOYHOH DQG 6� %HJXP� �&RUURVLRQ� 3LWWLQJ�� �5HIHUHQFH 0RGXOH LQ 0DWHULDOV 6FLHQFH� � � � � � � � � � � � �
DQG 0DWHULDOV (QJLQHHULQJ �� ����� $YDLODEOH� ��������E�������������������������� � � � � �
>$FFHVVHG����0DUFK�����@��
�
>��@ *� %XUVWHLQ� &� /LX� 5� 6RXWR DQG 6� 9LQHV� �2ULJLQV RI SLWWLQJ FRUURVLRQ�� �&RUURVLRQ� � � � � � � � � � � � � � �
(QJLQHHULQJ� 6FLHQFH DQG 7HFKQRORJ\�� YRO� ��� QR� �� SS� ������ ����� $YDLODEOH�� � � � � � � � � � � �
���������������������������>$FFHVVHG����0DUFK�����@��
�
>��@ $� -DKDQ� .� (GZDUGV DQG 0� %DKUDPLQDVDE� �0XOWL�FULWHULD GHFLVLRQ DQDO\VLV IRU� � � � � � � � � � � �
VXSSRUWLQJ�WKH�VHOHFWLRQ�RI�HQJLQHHULQJ�PDWHULDOV�LQ�SURGXFW�GHVLJQ ���������SS���������
�
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>��@ *� 2OVRQ DQG :� 0XUSK\� �1RYHO 3URFHVVHV IRU $GYDQFHG 0DQXIDFWXULQJ�� �*RRJOH� � � � � � � � � � � �
%RRNV �� ����� >2QOLQH@� $YDLODEOH�� � � �
KWWSV���ERRNV�JRRJOH�VH�ERRNV"LG PZ-�$J$$4%$-	SJ 3$��	OSJ 3$��	GT FRKHQ���V
�UHFLSURFLW\�PDWHULDO�GHVLJQ	VRXUFH EO	RWV +$�IB*Z7KF	VLJ $&I8�8�\E;�8�UL5\V
*+X<B(�GRO\SQ-ZJ	KO VY	VD ;	YHG �DK8.(ZLDB�&K��MR$K95��<.+5:*&�J4�
$(Z(+R(&$J4$4�Y RQHSDJH	T FRKHQ
V���UHFLSURFLW\���PDWHULDO���GHVLJQ	I IDOVH��
>$FFHVVHG������0DU������@���
�
>��@ 5� $QWXQHV DQG 0� GH 2OLYHLUD� �&RUURVLRQ LQ ELRPDVV FRPEXVWLRQ� $ PDWHULDOV VHOHFWLRQ� � � � � � � � � � � � � �
DQDO\VLV DQG LWV LQWHUDFWLRQ ZLWK FRUURVLRQ PHFKDQLVPV DQG PLWLJDWLRQ VWUDWHJLHV�� �&RUURVLRQ� � � � � � � � � � �
6FLHQFH ���YRO������SS��������������$YDLODEOH����������M�FRUVFL��������������
�
>��@ 6� %UDQGL DQG &� 6FK|Q� �$ 7KHUPRG\QDPLF 6WXG\ RI D &RQVWLWXWLRQDO 'LDJUDP IRU� � � � � � � � � � � � � �
'XSOH[ 6WDLQOHVV 6WHHOV�� �-RXUQDO RI 3KDVH (TXLOLEULD DQG 'LIIXVLRQ �� YRO� ��� QR� �� SS�� � � � � � � � � � � � � �
���������������$YDLODEOH����������V�����������������>$FFHVVHG����0DUFK�����@��
�
>��@ 0� +LOOHUW� -� cJUHQ DQG $� %RUJHQVWDP� �0LNUR RFK QDQRVWUXNWXUHU L PDWHULDOGHVLJQ ��� � � � � � � � � � � � �
6WRFNKROP� ,QVWLWXWLRQHQ I|U 0DWHULDOYHWHQVNDS� .XQJOLJD 7HNQLVND +|JVNRODQ� ����� SS�� � � � � � � � �
���������

>��@ 0� +LOOHUW� -� cJUHQ DQG $� %RUJHQVWDP� �0LNUR RFK QDQRVWUXNWXUHU L PDWHULDOGHVLJQ ��� � � � � � � � � � � � �
6WRFNKROP� ,QVWLWXWLRQHQ I|U 0DWHULDOYHWHQVNDS� .XQJOLJD 7HNQLVND +|JVNRODQ� ����� SS�� � � � � � � � �
���������

>��@ �$XVWHQLWLVNW URVWIULWW VWnO�� �'DPVWDKO�VH�� ����� >2QOLQH@� $YDLODEOH�� � � � � � � �
KWWSV���ZZZ�GDPVWDKO�VH�URVWIUL�NXQVNDS�IDNWD�RP�URVWIULWW�VWDO�DXVWHQLW�� >$FFHVVHG� ��� 0DU�� � � �
����@��

>��@ 6� 1LQJVKHQ DQG 8� .DPDFKL0XGDOL� �&RUURVLRQ RI $XVWHQLWLF 6WDLQOHVV 6WHHOV� � � � � � � � � � �
0HFKDQLVP� 0LWLJDWLRQ DQG 0RQLWRULQJ�� �:RRGKHDG �� YRO�� SS� ������ ����� >$FFHVVHG ��� � � � � � � � � � �
$SULO�����@��

>��@ �)HUULWLVNW URVWIULWW VWnO�� �'DPVWDKO�VH�� ����� >2QOLQH@� $YDLODEOH�� � � � � � � �
KWWSV���ZZZ�GDPVWDKO�VH�URVWIUL�NXQVNDS�IDNWD�RP�URVWIULWW�VWDO�IHUULWLVNW�� >$FFHVVHG� ���� � �
$SU������@��

>��@�5��3HWWHUVVRQ���$�TXHVWLRQ�DERXW�FRUURVLRQ���������

>��@ �'XSOH[� URVWIULWW VWnO�� �'DPVWDKO�VH�� ����� >2QOLQH@� $YDLODEOH�� � � � � � � �
KWWSV���ZZZ�GDPVWDKO�VH�URVWIUL�NXQVNDS�IDNWD�RP�URVWIULWW�VWDO�GXSOH[�� >$FFHVVHG� ��� 0D\�� � � �
����@��
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>��@�7��6WHUQHODQG���'XSOH[D�URVWIULD�VWnO�RFK�GHUDV�DQYlQGQLQJVRPUnGHQ���$YYHVWD��������
�
>��@ ��� &KHPLFDO (OHPHQWV DQG (IIHFWV RQ 6WHHO 0HFKDQLFDO 3URSHUWLHV�� �2WDL 6SHFLDO 6WHHO��� � � � � � � � � � � � �
����� >2QOLQH@� $YDLODEOH�� � �
KWWSV���ZZZ�DVWPVWHHO�FRP�VWHHO�NQRZOHGJH�FKHPLFDO�HOHPHQWV�DQG�HIIHFWV�PHFKDQLFDO�SURSH
UWLHV���>$FFHVVHG������0D\������@��
�
>��@ �2IWD DQYlQGD OHJHULQJVWLOOVDWVHU L URVWIULWW VWnO�� �'DPVWDKO�VH�� ����� >2QOLQH@� $YDLODEOH�� � � � � � � � � � �
KWWSV���ZZZ�GDPVWDKO�VH�URVWIUL�NXQVNDS�IDNWD�RP�URVWIULWW�VWDO�OHJHULQJVWLOOVDWVHU�� >$FFHVVHG�� �
����0D\������@��
�
>��@ ,� +MDOPDUVRQ� �0HWRG I|U SURYWDJQLQJ DY VYDUWOXW RFK DQDO\V DY VnSDQ L VYDUWOXW��� � � � � � � � � � � � � �
/LQN|SLQJ��6ZHGHQ��������
�
>��@ (� /DJHUEHUJ 1LOVVRQ� �6WXG\ RI %ODFN /LTXRU (YDSRUDWRU )RXOLQJ DW 6|GUD &HOO 9lU|��� � � � � � � � � � � � � �
*|WHERUJ��6ZHGHQ��������
�
>��@ 0� +LOOHUW� -� cJUHQ DQG $� %RUJHQVWDP� �0LNUR RFK QDQRVWUXNWXUHU L PDWHULDOGHVLJQ ��� � � � � � � � � � � � �
6WRFNKROP��,QVWLWXWLRQHQ�I|U�0DWHULDOYHWHQVNDS��.XQJOLJD�7HNQLVND�+|JVNRODQ��������S�������
�
>��@ 5� 5HYLH� �8KOLJ
V &RUURVLRQ +DQGERRN� �UG (GLWLRQ �� -RKQ :LOH\ 	 6RQV� ����� SS�� � � � � � � � � � � � � �
�������
�
>��@ 5� 5HYLH� �8KOLJ
V &RUURVLRQ +DQGERRN� �UG (GLWLRQ �� -RKQ :LOH\ 	 6RQV� ����� SS�� � � � � � � � � � � � � �
���������
�
>��@ ����� >2QOLQH@� $YDLODEOH�� � � �
KWWSV���ZZZ�RXWRNXPSX�FRP�SURGXFWV�VWDLQOHVV�VWHHO�W\SHV�GXSOH[�VWDLQOHVV�VW HHO� >$FFHVVHG�� � �
����0DU������@��
�
>��@ /� (VWHYHV� 0� &DUGRVR DQG 9� /LQV� �&RUURVLRQ %HKDYLRU RI 'XSOH[ DQG /HDQ 'XSOH[� � � � � � � � � � � � � � �
6WDLQOHVV 6WHHOV LQ 3XOS 0LOO�� �0DWHULDOV 5HVHDUFK �� YRO� ��� QR� �� ����� $YDLODEOH�� � � � � � � � � � � � �
������������������PU�����������>$FFHVVHG����$SULO�����@��
�
>��@ $� 'HOEODQF %DXHU DQG 0� /XQGEHUJ� �&KRRVLQJ PDWHULDOV WR VROYH FRUURVLRQ SUREOHPV LQ� � � � � � � � � � � � � �
WKH SXOS DQG SDSHU LQGXVWU\�� �$QWL�&RUURVLRQ 0HWKRGV DQG 0DWHULDOV �� YRO� ��� QR� �� SS�� � � � � � � � � � � � � �
���������������$YDLODEOH����������������������������>$FFHVVHG����$SULO�����@��
�
�
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>��@ �&RPSDUH SURGXFWV _ 2XWRNXPSX�� �2XWRNXPSX�FRP �� ����� >2QOLQH@� $YDLODEOH�� � � � � � � � �
KWWSV���ZZZ�RXWRNXPSX�FRP�FRPSDUH�SURGXFWV"LWHPV ^���%��$����$���$����(���)�'�
)������$`_^���(�������($����'���%���%��$���&�('`_^()����&��)&�����)%������
�'�'&''��)��`	FRORUV �����I_�����I_�����I	UHW KWWSV���ZZZ�RXWRNXPSX�FRP�SURGXFW
V�SURGXFW�UDQJHV�IRUWD"JFOLG &M�.&4MZ\E'�%5'\$5,V$&\6�PYOL�WJ5JE.\��I�RT7�QZ)
V1$�VQW�'���2M�GKZ&/�*%U�0EM748D$J��($/ZBZF%��>$FFHVVHG������$SU������@��
�
>��@ �%LR'XU� ��� � 6������� �$LUFUDIWPDWHULDOV�FRP �� ����� >2QOLQH@� $YDLODEOH�� � � � � � � � �
KWWSV���ZZZ�DLUFUDIWPDWHULDOV�FRP�GDWD�JURXQG�ELRGXU����KWPO��>$FFHVVHG������0D\������@��
�
>��@�+��5DSRVR���6WDLQOHVV�6WHHOV�IRU�6PDOO�'LDPHWHU�$SSOLFDWLRQV���������
�
>��@ �6DQGYLN 6$) ������ ² 6DQGYLN 0DWHULDOV 7HFKQRORJ\�� �0DWHULDOV�VDQGYLN�� ������ � � � � � � � � �
>2QOLQH@� $YDLODEOH�� �
KWWSV���ZZZ�PDWHULDOV�VDQGYLN�HQ�PDWHULDOV�FHQWHU�PDWHULDO�GDWDVKHHWV�EDU�DQG�KROORZ�EDU�EDU
�VDQGYLN�VDI���������>$FFHVVHG������0D\������@��
�
>��@� �&(6�(GXSDFN���*5$17$�'(6,*1��������
�
>��@�.��/HSSlQHQ���$QDO\V�DY�OXW���������
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$SSHQGL[�$��&RPSRVLWLRQ�RI�GLIIHUHQW�OLTXRUV�
�
7DEOH�$��7\SLFDO�FRPSRVLWLRQ�RI�EODFN�OLTXRU�LQ�VFDQGLQDYLDQ�ZRRG��>��@�

6FDQGLQDYLDQ�:RRG�

6RIWZRRG��SLQH�� +DUGZRRG��ELUFK��

�

� 7\SLFDO� 5DQJH� 7\SLFDO�� 5DQJH�

&DUERQ���� ����� ������ ����� ������

+\GURJHQ���� ���� �������� ���� ��������
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