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&RUUHVSRQGLQJ�$XWKRU��VWDQJRODU#FX�HGX�WU

:LQH� JUDSH� SURGXFWLRQ� KDV� DQ� LPSRUWDQW�
DPRXQW� LQ� WRWDO� JUDSH� SURGXFWLRQ� RI� WKH� ZRUOG��
$QQXDO� ZRUOG� JUDSH� SURGXFWLRQ� LV� ����� PLOOLRQ�
PHWULF� WRQV�� $SSUR[LPDWHO\�� ���� RI� WKLV� WRWDO�
EHORQJV� WR� ZLQH� JUDSH� SURGXFWLRQ� >�@�� <HDUO\�
ZRUOG�ZLQH�SURGXFWLRQ�LV�DERXW����ELOOLRQ�OLWHUV�

,Q� 7XUNH\�� DERXW� ���� RI� WKH� WRWDO� JUDSH�
SURGXFWLRQ�ZKLFK�LV�IRXU�PLOOLRQ�WRQV�LV�XVHG�IRU�
UDLVLQV�� ���� XVHG� DV� WDEOH�� DQG� ���� XVHG� IRU�
ZLQHPDNLQJ� DQG� WKH� SURGXFWLRQ� RI� JUDSH� MXLFH��
MDP�� MHOO\� DQG� RWKHU� WUDGLWLRQDO� JUDSH� SURGXFWV�
�VXFK�DV�PRODVVHV��YLQHJDU��HWF���>����������@��

%HVLGHV�7XUNH\�� LQ� WKH�HQWLUH�ZLQH�SURGXFLQJ�
FRXQWULHV�� ZLQH� DQG� JUDSH� MXLFH� LQGXVWULHV� KDYH�
EHHQ� SURGXFLQJ� DQ� LPSRUWDQW� DPRXQW� RI� JUDSH�
ZDVWH�DQG�E\�SURGXFWV�>���������@��6RPH�RI�WKHVH�DUH�
JUDSH�VHHGV��VWDONV��VNLQ�DQG�SXOS��7RWDOO\��PRUH�
WKDQ� ��� SHUFHQW� RI� FOXVWHUV� RI� ZLQH� JUDSHV� DUH�
REWDLQHG�DV�ZDVWH��0DQDJHPHQW�RI�JUDSH�ZDVWHV�LV�
RQH�RI� WKH� LPSRUWDQW�SUREOHPV� IRU�ZLQH�DQG� WKH�
RWKHU�JUDSH�MXLFH�LQGXVWULHV��5HVHDUFKHV�KDYH�EHHQ�

JRLQJ�RQ�IRU�REWDLQLQJ�KLJK�TXDOLW\�SURGXFWV�VXFK�
DV� FRPSRVW�� IHUWLOL]HU�� JUDSHVHHG� RLO� HWF�� IURP�
JUDSH�ZDVWHV�>���������@�

5HFHQW�VWXGLHV�KDYH�VKRZQ�WKDW�JUDSHV�DQG�WKHLU�
ZDVWHV�KDYH�PDQ\�EHQH¿WV�RQ�KXPDQ�KHDOWK��VXFK�
DV� WKRVH� FRPLQJ� IURP� FDUERK\GUDWHV�� VXJDU��
RUJDQLF�DFLGV��VROXEOH�DQG�LQVROXEOH�¿EHU��YLWDPLQV�
�$�� %�� &�� DQG� (��� IDWW\� DFLGV�� DPLQR� DFLGV��
SRO\SKHQROV� �ÀDYRQRLGV�� SKHQROLF� DFLGV�� DQG�
UHVYHUDWURO�� DQG� PRVW� RI� WKH� PDFUR� DQG� PLFUR�
PLQHUDOV��FDOFLXP��SRWDVVLXP��PDJQHVLXP��ERURQ��
PDQJDQHVH�DQG�LURQ�HWF��>�����������������������������
��������������@��'DLO\�FRQVXPSWLRQ�RI�JUDSHV�DQG�
JUDSH�SURGXFWV�KDV�EHHQ�UHFRPPHQGHG�LQ�DUWLFOHV�
>������@�

+RZHYHU��WKHUH�LV�D�ODFN�RI�NQRZOHGJH�RQ�WKH�
XWLOL]DWLRQ�RI�ZLQH�DQG�JUDSH�MXLFH�LQGXVWU\�ZDVWHV�
IRU�IRRG�LQGXVWU\��WKH�XWLOL]DWLRQ�RI�WKHVH�ZDVWHV�LQ�
WKH�IRRG�LQGXVWU\�FDQ�FUHDWH�QHZ�IRRG�VRXUFHV�IRU�
KXPDQ� FRQVXPSWLRQ�� DQG� FUHDWH� DGGLWLRQDO�
PDUNHWV�IRU�JUDSH�SURGXFHUV�>������������@�
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,Q�WKLV�VWXG\��WKH�OHYHO�RI�PDFUR�DQG�PLFUR�HOHPHQWV�RI�VL[�ZLQH�JUDSH�FXOWLYDUV�ZHUH�GHWHUPLQHG�LQ�VHHGV��EDJDVVH��VNLQ�
DQG�SXOS��DQG�SRPDFH��VHHG��VNLQ�DQG�SXOS��E\�LQGXFWLYHO\�FRXSOHG�SODVPD�PDVV�VSHFWURPHWU\�DQG�DWRPLF�DEVRUSWLRQ�
VSHFWURVFRS\�DIWHU�PLFURZDYH�GLJHVWLRQ��,&3�$(6���7KH�OHYHOV�RI�PDFUR�DQG�PLFUR�HOHPHQWV�H[KLELWHG�D�JHQRW\SH�
GHSHQGHQW�DOWHUDWLRQ�DQG�DIIHFWHG�E\�WKH�SDUW�RI�WKH�EHUU\�VDPSOHG��3RWDVVLXP�ZDV�WKH�SUHGRPLQDQW�PDFUR�HOHPHQW�LQ�
EDJDVVH�DQG�SRPDFH��YDU\LQJ�IURP������J�NJ�GU\�ZHLJKW�LQ�SRPDFH��&DULJQDQH��WR�������J�NJ�GU\�ZHLJKW�LQ�EDJDVVH�
�&DEHUQHW�6DXYLJQRQ���+RZHYHU��WKH�OHYHO�RI�FDOFLXP�ZDV�KLJKHU�WKDQ�SRWDVVLXP�LQ�VHHGV�DQG�YDULHG�EHWZHHQ������J�NJ�
�.DOHFLN�NDUDVÕ��DQG������J�NJ��&DULJQDQH���6HHGV�ZHUH�DOVR�ULFKHU�WKDQ�WKH�EDJDVVH�DQG�SRPDFH�UHODWHG�ZLWK�SKRVSKRUXV��
PDJQHVLXP��DQG�VXOIXU��$PRQJ�WKH�PLFUR�HOHPHQWV��)H�KDG�WKH�KLJKHVW�DPRXQW�LQ�DOO�SDUWV�RI�WKH�EHUULHV��,WV�FRQWHQW�
UDQJHG�IURP������PJ�NJ�GU\�ZHLJKWV�LQ�EDJDVVH�RI�6HPLOORQ�WR������PJ�NJ�GU\�ZHLJKW�LQ�VHHGV�RI�6\UDK��,URQ��PDQJDQHVH��
]LQF�DQG�PRO\EGHQXP�LQ�VHHGV��FRSSHU�DQG�ERURQ�LQ�EDJDVVH�ZHUH�KLJKHU�DPRXQW�WKDQ�WKH�RWKHU�JURXSV�DQDO\]HG��7KH�
UHVXOWV�RI�WKLV�VWXG\�VKRZ�WKDW�DOO�SDUWV�RI�WKH�JUDSH�EHUULHV�DUH�SRWHQWLDOO\�ULFK�VRXUFHV�RI�PLQHUDO�HOHPHQWV��6R��WKH\�FRXOG�
EH�XVHG�DV�D�IRRG�VXSSOHPHQW�WR�LPSURYH�WKH�QXWULWLYH�YDOXH�RI�WKH�KXPDQ�GLHW�DQG�IRU�VRPH�HQJLQHHULQJ�SURFHVVHV�LQ�IRRG�
LQGXVWU\��



7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�
WKH�PDFUR�DQG�PLFUR�HOHPHQW�FRQVWLWXHQWV�RI�JUDSH�
EH U U L HV � R I � H LJK W � ZLQH � J UDSH � FX O W LYD U V �
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0DWHULDOV
7KLV�H[SHULPHQW�ZDV�FDUULHG�DW�DQ�H[SHULPHQWDO�

YLQH\DUG�� HVWDEOLVKHG� LQ� DSSUR[LPDWHO\� ����� P�
HOHYDWLRQ� IURP� VHD� OHYHO� LQ� 3R]DQWÕ�$GDQD�
5HVHDUFK� 6WDWLRQ� RI� &XNXURYD� 8QLYHUVLW\� RQ� D�
FOD\H\�ORDP�VRLO��:LQH�JUDSH�YDULHWLHV�XVHG�ZHUH�
.DOHFLN� NDUDVÕ�� 6\UDK�� &DULJQDQH�� 6HPLOORQ��
&KD UGRQQD\ � DQG � &DEH UQH W � 6DXY LJQRQ �

7KH�RZQ�URRWHG�JUDSHYLQHV�ZHUH����\HDUV�ROG�
DQG�WUDLQHG�RQ�EL�ODWHUDO�FRUGRQ�WUHOOLV�V\VWHP�ZLWK�
WKUHH�ZLUHV��RQH�ZLUH�IRU�WKH�DUPV�DQG�WZR�ZLUHV�
IRU�WKH�IROLDJH��DW�����P�FDQRS\�KHLJKW�DQG�VSXU�
SUXQHG��3ODQWLQJ�GLVWDQFHV�ZHUH���P�î���P��YLQH�î�
URZ��LQ�ZHVW�HDVW�URZ�RULHQWDWLRQ��9LQH\DUG�ZDV�
XQGHU� QRQ�LUULJDWHG� DQG� ZLWKRXW� PDQXUH�
FRQGLWLRQV��6XFNHULQJ�ZDV�GRQH�EHIRUH�ÀRZHULQJ�
DQG�VKRRW� WULPPLQJ�ZDV�DFKLHYHG�DIWHU�IUXLW�VHW��
$OO�RWKHU�SUDFWLFHV�ZHUH�DSSOLHG�DFFRUGLQJ�WR�WKH�
V W D Q G D U G � Y L W L F X O W X U D O � S U D F W L F H V �

7KLUW\�YLQHV�RI�HDFK�YDULHW\�ZHUH�DUUDQJHG�LQ�
WKUHH� UHSOLFDWLRQV� RI� ��� YLQHV� HDFK�� 7RWDO� WKLUW\�
FOXVWHUV�����FOXVWHUV�IURP�HDFK�UHSOLFDWLRQ��ZHUH�
UDQGRPO\�VDPSOHG�IURP�YLQHV�DW�KDUYHVW�WLPH�RI�
HDFK�FXOWLYDU��%UL[�OHYHO�ZDV����IRU�&DULJQDQH�����
IRU� &DEHUQHW� 6DXYLJQRQ�� ����� IRU� 6KLUD]� DQG�
6HPLOORQ�� ����� IRU� .DOHFLN� NDUDVÕ� DQG� ����� IRU�
&KDUGRQQD\��%HUULHV�ZHUH�VHSDUDWHG�IURP�FOXVWHUV�
ZLWKRXW�SHGLFHOV�DQG�WKHVH�ZHUH�VTXHH]HG�E\�KDQG�
WKURXJK�FKHHVHFORWK��$IWHU�UHPRYLQJ�WKH�MXLFH��WKH�
UHVW� ZHUH� VHSDUDWHG� LQWR� JURXSV� IRU� DQDO\VLV�� DV�
VHHGV�DQG�EDJDVVH��VNLQ�DQG�SXOS���6DPSOHV�ZHUH�

�KHOG�DW���� &�WR�FRQVWDQW�ZHLJKW�LQ�D�GU\LQJ�RYHQ�
DQG�GULHG�VDPSOHV�ZHUH�JURXQG�LQ�D�SODQW�JULQGHU��

�7KH\� ZHUH� VWRUHG� DW� ���� &� XQWLO� DQDO\]HG��

0HWKRGV
(OHPHQWDO�FRQFHQWUDWLRQ�IRU�PDFUR��3��.��&D��

0J��6��1D��DQG�PLFURQXWULHQWV��)H��&X��=Q��0Q��
0R��%��ZHUH�DQDO\]HG�DV�IROORZV��*URXQG�EHUU\�
VDPSOHV� ZHUH� VXEMHFWHG� WR� DFLG� GLJHVWLRQ� LQ� D�
FORVHG�PLFURZDYH�V\VWHP��0LOHVWRQH������0HJD��
E\�XVLQJ���PO�RI�����+ 2 �DQG���PO�RI�����+12 ��� � �

(OHPHQWDO�FRQFHQWUDWLRQV�RI�WKH�GLJHVWHG�VDPSOHV�
ZHUH� PHDVXUHG� E\� ,&3±$(6� �,QGXFWLYHO\�
&RXSOHG�3ODVPD�$WRPLF�(PLVVLRQ�6SHFWURPHWU\��
-RELQ� <YRQ�3DULV��� (OHPHQWV� FRQFHQWUDWLRQ� ZDV�
FKHFNHG� E\� XVLQJ� FHUWL¿HG� VWDQGDUG� UHIHUHQFH�

PDWHULDOV�IURP�WKH�1DWLRQDO�,QVWLWXWH�RI�6WDQGDUGV�
DQG�7HFKQRORJ\��1,67��*DLWKHUVEXUJ��0'��

6WDWLVWLFDO�DQDO\VHV
2QH�ZD\� DQDO\VLV� RI� YDULDQFH� XVLQJ� D�

FRPSOHWHO\�UDQGRPL]HG�GHVLJQ�ZDV�SHUIRUPHG�RQ�
WKH� GDWD� XVLQJ� WKH�067$7�&� VWDWLVWLFV� SURJUDP��
7KH�PHDQV�SUHVHQWHG�LQ�WKH�WDEOHV�ZLWK�D�VWDQGDUG�
HUURU� RI� WKH� PHDQ� FRQVLVW� RI� WKUHH� UHSOLFDWLRQV��
'LIIHUHQFHV�EHWZHHQ�WKH�PHDQV�ZHUH�REWDLQHG�E\�
WKH�/6'��/HDVW�6LJQL¿FDQW�'LIIHUHQFH��WHVW�DW����
OHYHO�>������@�
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%DJDVVH��VNLQ�DQG�SXOS��� �0DFUR�DQG�PLFUR�
HOHPHQW�FRQWHQWV�RI�EDJDVVH�DUH�SUHVHQWHG�LQ�7DEOH�
��� $PRQJ� WKH� PDFUR� HOHPHQWV�� WKH� OHYHO� RI�
SRWDVVLXP�ZDV�IRXQG�WR�EH�KLJKHU�WKDQ�WKH�RWKHU�
HOHPHQWV�� � 3RWDVVLXP� FRQWHQW� RI� EDJDVVH� ZDV�
EHWZHHQ������J�NJ�IRU�&DULJQDQH�DQG�������J�NJ�
IRU�&DEHUQHW�6DXYLJQRQ��,Q�WKLV�SDUW�RI�EHUU\��DIWHU�
SRWDVVLXP�� FDOFLXP� OHYHOV� UDQJHG� IURP� ����� WR�
����� J�NJ�� SKRVSKRUXV� IURP� ����� WR� ����� J�NJ��
VXOIXU� IURP������ WR������J�NJ��PDJQHVLXP� IURP�
�����WR������J�NJ��DQG�VRGLXP�IURP������WR������
J�NJ���

$PRQJ� WKH� PLFUR� HOHPHQWV� LURQ� ZDV� WKH�
SUHGRPLQDQW�HOHPHQW� LQ�EDJDVVH�RI�JUDSHV��7KLV�
HOHPHQW�ZDV�IROORZHG�E\�FRSSHU��PDQJDQHVH��]LQF��
DQG�WKH�RWKHUV��UHVSHFWLYHO\��7KH�PLFUR�HOHPHQWV�
OHYHO�RI�EDJDVVH�UDQJHG�IURP�������6HPLOORQ��WR�
����� PJ�NJ� �&KDUGRQQD\�� IRU� LURQ�� IURP� ����
�6HPLOORQ�� WR������PJ�NJ� �&DEHUQHW�6DXYLJQRQ��
IRU�FRSSHU�DQG�IURP������6HPLOORQ��WR������PJ�NJ�
�&DEHUQHW� 6DXYLJQRQ�� IRU� PDQJDQHVH�� IURP� ����
�6HPLOORQ��WR�����PJ�NJ��&DEHUQHW�6DXYLJQRQ��IRU�
]LQF��

�6HHGV��0DFUR�DQG�PLFUR�HOHPHQW�FRQWHQWV�RI�
VHHGV�DUH�SUHVHQWHG�LQ�7DEOH����$PRQJ�WKH�PDFUR�
HOHPHQWV�� WKH� FDOFLXP� FRQWHQWV� RI� VHHGV� ZHUH�
IRXQG�WR�EH�KLJKHU�WKDQ�WKH�RWKHU�HOHPHQWV�� �7KH�
FDOFLXP�OHYHO�RI�VHHGV�YDULHG�EHWZHHQ������J�NJ�
�.DOHFLN�NDUDVÕ��DQG������J�NJ��&DULJQDQH���7KLV�
HOHPHQW�ZDV�IROORZHG�E\�SRWDVVLXP��SKRVSKRUXV��
PDJQHVLXP�� VXOIXU� DQG� VRGLXP� HOHPHQWV� OHYHO��
UHVSHFWLYHO\��7KH�KLJKHVW�OHYHOV�RI�PDFUR�HOHPHQWV�
RI� VHHGV� ZHUH� IRXQG� LQ� .DOHFLN� NDUDVÕ� DQG�
&DEHUQHW� 6DXYLJQRQ� IRU� SRWDVVLXP�� LQ�&DEHUQHW�
6DXYLJQRQ� IRU� PDJQHVLXP�� LQ� 6\UDK� IRU�
SKRVSKRUXV�� LQ� &DULJQDQH� DQG� &KDUGRQQD\� IRU�
VXOIXU��DQG�ERWK�RI�WKH�6HPLOORQ�DQG�&KDUGRQQD\�
IRU�VRGLXP�

�
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$PRQJ�WKH�PLFUR�HOHPHQWV�LURQ�KDG�WKH�KLJKHVW�
DPRXQW�LQ�VHHGV�RI�WKH�EHUULHV��VLPLODU�WR�EDJDVVH�
OHYHOV�� 7KHUH� ZHUH� QR� VLJQL¿FDQFH� GLIIHUHQFHV�
DPRQJ� FXOWLYDUV� IRU� OHDG� OHYHOV� RI� VHHGV�� ,URQ��
PDQJDQHVH�� FRSSHU� DQG� ]LQF� FRQWHQWV� RI� VHHGV�
ZHUH�KLJKHU�WKDQ�WKDW�RI�WKH�RWKHU�PLFURV��

7KH� PLFUR� HOHPHQW� FRQWHQW� RI� VHHGV� UDQJHG�
IURP� ����� �6HPLOORQ�� WR� ����� �6\UDK� DQG�
&KDUGRQQD\��PJ�NJ�IRU�LURQ��IURP������6HPLOORQ��
WR�������&KDUGRQQD\��PJ�NJ�IRU�FRSSHU��IURP������
�.DOHFLN� NDUDVÕ�� WR� ����� �&DEHUQHW� 6DXYLJQRQ��
PJ�NJ�IRU�PDQJDQHVH��IURP������.DOHFLN�NDUDVÕ��WR�
����� �&KDUGRQQD\�� PJ�NJ� IRU� ]LQF�� IURP� �����
�6HPLOORQ�� WR������ �&DEHUQHW�6DXYLJQRQ��PJ�NJ�
IRU� ERURQ�� IURP� ����� �.DOHFLN� NDUDVÕ�� WR� �����
�6\UDK��PJ�NJ�IRU�0RO\EGHQXP�

3RPDFH� �VHHG�� VNLQ� DQG� SXOS���0DFUR� DQG�
PLFUR�HOHPHQW�FRQWHQWV�RI�SRPDFH�DUH�SUHVHQWHG�LQ�
7DEOH����$PRQJ�WKH�PDFUR�HOHPHQWV��WKH�OHYHO�RI�
SRWDVVLXP�ZDV�IRXQG�WR�EH�KLJKHU�WKDQ�WKH�RWKHU�
HOHPHQWV��7KH�KLJKHVW�OHYHOV�ZHUH�REWDLQHG�IURP�
&DEHUQHW� 6DXYLJQRQ� IRU� SRWDVVLXP� ������ J�NJ���
IURP�6\UDK�������J�NJ��DQG�&DULJQDQH�IRU�FDOFLXP�
������ J�NJ��� IURP� 6\UDK� IRU� SKRVSKRUXV� ������
J�NJ���IURP�&DEHUQHW�6DXYLJQRQ�IRU�VXOIXU�������
J�NJ��� IURP�&DULJQDQH� DQG�&DEHUQHW� 6DXYLJQRQ�
IRU�PDJQHVLXP�������J�NJ��DQG�IURP�6HPLOORQ�IRU�
VRGLXP�������J�NJ���

$PRQJ� WKH�PLFUR�HOHPHQWV� LURQ�KDG�DOVR� WKH�
KLJKHVW� DPRXQW� LQ� SRPDFH� RI� WKH� EHUULHV�� 7KLV�
HOHPHQW�ZDV�IROORZHG�E\�FRSSHU��PDQJDQHVH��]LQF��
DQG�WKH�RWKHUV��UHVSHFWLYHO\��([FHSW�IRU�LURQ��WKHUH�
ZHUH� VLJQL¿FDQW�GLIIHUHQFHV�DPRQJ� WKH�FXOWLYDUV�
IRU�DOO�WKH�PLFUR�HOHPHQWV�OHYHO�RI�SRPDFH��,URQ�
OHYHOV�KDYH�YDULHG�EHWZHHQ������ �6HPLOORQ�� DQG�
�����PJ�NJ��&DULJQDQH��� �7KH�KLJKHVW�DQG�ORZHVW�
YDOXHV�ZHUH� REWDLQHG� IURP�&DEHUQHW� 6DXYLJQRQ�
DQG�6HPLOORQ�������DQG�����PJ�NJ��UHVSHFWLYHO\��
IRU� FRSSHU�� IURP� &DEHUQHW� 6DXYLJQRQ� DQG�
6HPLOORQ� ������ DQG�����PJ�NJ�� UHVSHFWLYHO\�� IRU�
PDQJDQHVH�� IURP�6\UDK�DQG�6HPLOORQ� ������DQG�
���� PJ�NJ�� UHVSHFWLYHO\�� IRU� ]LQF� UHODWHG� ZLWK�
DQDO\VLV�RI�SRPDFH���

',6&866,21

0DFUR�DQG�PLFUR�HOHPHQWV�YDOXHV�IRXQG�LQ�RXU�
UHVHDUFK�IRU�JUDSH�SRPDFH�DQG�VHHGV�DQG�EDJDVVH�
IUDFWLRQV�ZHUH�HYDOXDWHG�DV�FRQVLGHUDEOH�DPRXQWV�
IRU�DOO�YDULHWLHV��$OWKRXJK�WKHUH�DUH�PDQ\�OLWHUDWXUH�
RQ�WKH�PLQHUDO�FRQWHQWV�RI�ZKROH�JUDSHV�>��������

�����������������@��NQRZOHGJH�RQ�FRPSDULQJ�WKH�
PLQHUDO� OHYHOV� LQ�GLIIHUHQW�SDUWV�RI� WKH�EHUULHV� LV�
ODFNLQJ��6R��WKLV�DUWLFOH�KDV�EHHQ�GLVFXVVHG�XVLQJ�
OLPLWHG�UHSRUWV�

7DQJRODU� HW� DO�� >��@� UHSRUWHG� WKDW� PDFUR� DQG�
PLFUR�HOHPHQW�YDOXHV�RI�JUDSH�VHHGV�ZHUH�FKDQJHG�
EHWZHHQ�����DQG�����J�NJ�IRU�SKRVSKRUXV������DQG�
���� J�NJ� IRU� SRWDVVLXP�� ���� DQG� ���� J�NJ� IRU�
PDJQHVLXP�� ���� DQG� ���� J�NJ� IRU� FDOFLXP� DQG�
������DQG�������PJ�NJ�IRU�]LQF��������DQG������
PJ�NJ�IRU�LURQ��������DQG�������PJ�NJ�DQG������
DQG� ������ PJ�NJ� IRU� FRSSHU� LQ� WKHLU� UHVHDUFK��
7KHVH�UHVXOWV�ZHUH�LQ�DJUHHPHQW�ZLWK�WKH�UHVXOWV�
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WR�LPSURYH�WKH�QXWULWLYH�YDOXH�RI�WKH�KXPDQ�GLHW�
DQG� LQGXVWULDO� SXUSRVHV�� WKH\� ZLOO� EH� YHU\�
EHQH¿FLDO� WR� KXPDQ� QXWULWLRQ� DQG� WKH� IRRG�
LQGXVWU\�
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