
 'LVLDORJDQJOLRVLGH�*'��LV�D�VLDOLF�DFLG-FRQWDLQLQJ�JO\FRVSKLQJROLSLG�WKDW�KDV�LPSRUWDQW�FOLQLFDO�DQG�SDWKRORJLFDO�LPSOL�
FDWLRQV���*'��LV�V\QWKHVL]HG�LQ�WKH�HQGRSODVPDWLF�UHWLFXOXP�DQG�*ROJL�DSSDUDWXV�DQG�LV�WKHQ�WUDQVIHUUHG�WR�WKH�RXWVLGH�OD\HU�RI�WKH�
SODVPD�PHPEUDQH��2Q�WKH�FHOO�VXUIDFH��*'��LV�LQYROYHG�LQ�FHOO-WR-FHOO�DGKHVLRQ�DQG�VLJQDO�WUDQVGXFWLRQ��SOD\LQJ�D�FUXFLDO�UROH�
ERWK�LQ�SK\VLRORJLFDO�DQG�LQ�SDWKRORJLFDO�SURFHVVHV�E\�GULYLQJ�SUROLIHUDWLRQ��QHRDQJLRJHQHVLV��LPPXQH-HVFDSH�DQG�LQYDVLRQ���,W�LV�
SULPDULO\�H[SUHVVHG�RQ�WKH�FHOO�VXUIDFH�DQG�LV�QRUPDOO\�IRXQG�PRVWO\�LQ�WKH�FHQWUDO�QHUYRXV�V\VWHP�DQG�LQ�ORZ�DPRXQWV�LQ�SHULSK�
HUDO�QHUYHV�DQG�VNLQ�PHODQRF\WHV���2QH�RI�*'�
V�PRVW�LPSRUWDQW�SDWKRORJLFDO�LPSOLFDWLRQV�LV�LW
V�SUHVHQFH�LQ�HOHYDWHG�DPRXQWV�LQ�
QXPHURXV�WXPRU�W\SHV��LQFOXGLQJ�EUHDVW�FDQFHU�FHOOV� 
 ,Q�PDOLJQDQW�FHOOV��*'��LV�XQLIRUPO\�H[SUHVVHG�LQ�QHXUREODVWRPDV�DQG�PRVW�PHODQRPDV�DQG�WR�D�YDULDEOH�GHJUHH�LQ�D�
YDULHW\�RI�RWKHU�WXPRUV��LQFOXGLQJ�ERQH�DQG�VRIW-WLVVXH�VDUFRPDV��VPDOO�FHOO�OXQJ�FDQFHU��DQG�EUDLQ�WXPRUV���*'��LV�WKRXJKW�WR�SOD\�
DQ�LPSRUWDQW�UROH�LQ�WKH�DWWDFKPHQW�RI�WXPRU�FHOOV�WR�H[WUDFHOOXODU�PDWUL[�SURWHLQV��WKHUHE\�LQFUHDVLQJ�WXPRULJHQHVLV���'XH�WR�LWV�
SUHYDOHQFH�LQ�YDULRXV�WXPRU�FHOOV��*'��FDQ�SRWHQWLDOO\�EH�XWLOL]HG�DV�D�XVHIXO�ELRPDUNHU�IRU�YDULRXV�FDQFHUV���,Q�D�UHFHQW�VWXG\��
*'��KDV�EHHQ�IRXQG�WR�EH�FRQVLVWHQWO\�HOHYDWHG�LQ�D�QXPEHU�RI�EUHDVW�FDQFHU�SDWLHQWV���7KLV�ILQGLQJ�OHG�WKH�UHVHDUFKHUV�WR�HYDOXDWH�
LWV�XVHIXOQHVV�DV�D�ELRPDUNHU�IRU�EUHDVW�FDQFHU� 
 7KH�UHVHDUFKHUV�IRXQG�D�VWDWLVWLFDOO\�VLJQLILFDQW�FRUUHODWLRQ�RI�*'��ZLWK�WULSOH-QHJDWLYH�EUHDVW�FDQFHU�LQ�FRPSDULVRQ�WR�
VHYHUDO�RWKHU�EUHDVW�FDQFHU�VXEW\SHV��WKXV�FRQILUPLQJ�WKDW�*'��PD\�EH�D�JRRG�FDQGLGDWH�DV�D�ELRPDUNHU���,W�ZDV�VSHFXODWHG�WKDW�
WKH�HOHYDWHG�*'��H[SUHVVLRQ�PLJKW�EH�UHODWHG�WR�EUHDVW�FDQFHU�VWHP�FHOOV�DQG�WR�WKH�DFWLYDWLRQ�RI�WKH�SURFHVV�RI�HSLWKHOLDO-
PHVHQFK\PDO�WUDQVLWLRQ� 
 7KH�UHVHDUFKHUV�ZHUH�
DEOH�WR�FRQFOXGH�WKDW�*'��
LPPXQRKLVWRFKHPLFDO�VWDLQLQJ�
ZDV�DEOH�WR�EH�XVHG�WR�VKRZ�D�
SRVVLEOH�FRUUHODWLRQ�ZLWK�
EUHDVW�FDQFHU�KLVWRW\SHV�
VWURQJO\�DVVRFLDWHG�ZLWK�HSL�
WKHOLDO-PHVHQFK\PDO�WUDQVL�
WLRQ���$�IXUWKHU�VWXG\�XWLOL]LQJ�
D�ODUJHU�SDWLHQW�SRRO�LV�QHHGHG�
WR�FRQILUP�VRPH�RI�WKH�ILQG�
LQJV�RI�WKLV�UHSRUW��KRZHYHU�
*'��DSSHDUV�WR�EH�D�QHZ�YDOLG�
ELRPDUNHU�IRU�FHUWDLQ�EUHDVW�
FDQFHU�VXEW\SHV��HVSHFLDOO\�IRU�
WULSOH-QHJDWLYH�EUHDVW�FDQFHU�
ZKLFK�FXUUHQWO\�ODFNV�DQ\�
VSHFLILF�PDUNHU�IRU�GLDJQRV�
WLFV�RU�WDUJHWHG�WKHUDSLHV� 
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3DJH���  0DWUH\D �1HZVOHW WHU  

0DWUH\D�//&�������+LJK�7HFK�5RDG��6WDWH�&ROOHJH��3$�������7HO�����-���-����������-���-������)D[�����-���-�������ZZZ�PDWUH\D�FRP 

 6SKLQJROLSLGRPLFV�LV�WKH�GHWHUPLQDWLRQ�RI�WKH�FRPSOHWH�VSKLQJROLSLG�SURILOH�RI�D�JLYHQ�V\VWHP�DQG�WKH�PHWDEROLVP�DQG�SDWK�
ZD\V�RI�WKRVH�VSKLQJROLSLGV���,W�LV�WKH�VSKLQJROLSLG�VXEILHOG�RI�WKH�JUHDWHU�OLSLGRPLF�GLVFLSOLQH�DQG�EHJDQ�WR�DSSHDU�DV�D�GLVWLQFW�HQWLW\�
DURXQG������������7KHUH�DUH�WHQV�RI�WKRXVDQGV�RI�SRVVLEOH�QDWXUDOO\�RFFXUULQJ�VSKLQJROLSLGV�WKDW�YDU\�LQ�WKHLU�SRODU�KHDG�JURXSV��DF\O�
FKDLQV��DQG�VSKLQJRLG�EDVHV���7KH�PHWDEROLF�SDWKZD\�RI�WKHVH�VSKLQJROLSLGV�KDV�EHHQ�H[WHQVLYHO\�VWXGLHG�LQ�DQ�DWWHPSW�WR�XQGHUVWDQG�
DQG�WUHDW�GLVHDVHV�UHODWHG�WR�VSKLQJROLSLGV�DQG�WR�XVH�VSKLQJROLSLGV�WR�FRUUHFW�YDULRXV�GLVHDVHV���0DQ\�RI�WKHVH�VSKLQJROLSLGV�DUH�SUH�
VHQW�LQ�RQO\�SLFRPROH�WR�QDQRPROH�DPRXQWV��PDNLQJ�GHWHFWLRQ�GLIILFXOW���+RZHYHU��ZLWK�WKH�LQFRUSRUDWLRQ�RI�VRIW�LRQL]DWLRQ�WHFK�
QLTXHV�LQ�PDVV�VSHFWURPHWU\�WKH�GHWHFWLRQ�RI�YHU\�VPDOO�DPRXQWV�RI�VSKLQJROLSLGV�KDV�EHHQ�DFFRPSOLVKHG���7KH�WZR�PDMRU�DSSURDFK�
HV�RI�VSKLQJROLSLGRPLF�VWXGLHV�DUH��WKH�/&-06�EDVHG�PHWKRGV�DQG�WKH�VKRWJXQ�OLSLGRPLFV�DSSURDFK������,Q�ERWK�PHWKRGV�LQWHUQDO�
VWDQGDUGV�IRU�HDFK�LQGLYLGXDO�VSKLQJROLSLG�GHWHFWHG�ZRXOG�EH�LGHDO���+RZHYHU��GXH�WR�WKH�YDVW�QXPEHU�RI�SRVVLEOH�VSKLQJROLSLGV�LQ�D�
V\VWHP�WKLV�LV�FXUUHQWO\�LPSUDFWLFDO���7KHUHIRUH��WKH�SUHIHUUHG�PHWKRG�LV�WR�XVH�LQWHUQDO�VWDQGDUGV�IRU�HDFK�FODVV�RI�VSKLQJROLSLG�H[�
SHFWHG�WR�EH�IRXQG�LQ�D�VDPSOH���7R�PHHW�WKH�QHHG�IRU�VWDQGDUGV�LQ�VSKLQJROLSLGRPLF�VWXGLHV��VSKLQJROLSLGV�WKDW�DUH�PRGLILHG�RQ�HLWKHU�
WKH�ROLJRVDFFKDULGH�KHDG��FHUDPLGH�DF\O�FKDLQ��RU�WKH�VSKLQJRVLQH�WDLO�KDYH�EHHQ�V\QWKHVL]HG���7KHVH�VWDQGDUGV�DUH�XVXDOO\�VWDEOH�LVR�
WRSH�ODEHOHG��XQXVXDO�FKDLQ�OHQJWK�PRGLILHG��RU�IOXRUHVFHQW�VSKLQJROLSLGV�������� 

2QH�RI�WKH�PRVW�SUHIHUUHG�LQWHUQDO�VWDQGDUGV�IRU�/&-06�DQG�VKRWJXQ�OLSLGRPLF�VWXGLHV�DUH�VWDEOH�LVRWRSH�ODEHOHG�VWDQGDUGV���
7KHVH�VWDQGDUGV�FDQ�EH�HDVLO\�GHWHFWHG�E\�PDVV�VSHFWURPHWU\�ZKLOH�GHPRQVWUDWLQJ�QHDUO\�LGHQWLFDO�SK\VLFDO�SURSHUWLHV�DV�FRPSDUHG�WR�
QDWXUDO�VSKLQJROLSLGV���7KLV�LV�YHU\�LPSRUWDQW�WR�HQVXUH�VLPLODU�H[WUDFWLRQ�SURSHUWLHV�EHWZHHQ�WKH�DQDO\WHV�DQG�WKH�LQWHUQDO�VWDQGDUGV
������0RVW�FRPPRQO\��GHXWHULXP�RU�FDUERQ-���DWRPV�DUH�LQWURGXFHG�LQ�WKH�DF\O�FKDLQ�RI�WKH�FHUDPLGH���+RZHYHU��WKH�ODEHO�FDQ�DOVR�EH�
LQWURGXFHG�LQWR�WKH�VSKLQJRVLQH�WDLO�RU�ROLJRVDFFKDULGH�KHDG�JURXS��DOORZLQJ�IRU�O\VR-VSKLQJROLSLGV�WR�EH�SURGXFHG���$QRWKHU�XVHIXO�
LQWHUQDO�VWDQGDUG�LV�RQH�WKDW�KDV�DQ�DF\O�RU�VSKLQJRVLQH�FKDLQ�WKDW�KDV�EHHQ�PRGLILHG�WR�D�OHQJWK�QRW�FRPPRQO\�IRXQG�LQ�QDWXUH��XVX�
DOO\�&���RU�&����RU�WKH�XVH�RI�IOXRUHVFHQW�WDJV�RQ�WKH�OLSLG�

����� 
 ,Q�DGGLWLRQ�WR�WKH�LQWHUQDO�VWDQGDUGV�PHQWLRQHG�DERYH�WKHUH�LV�D�QHHG�IRU�QDWXUDO�VSKLQJROLSLG�VWDQGDUGV�WKDW�FDQ�EH�FRPSDUHG�
WR�WKH�DQDO\WHV�GHWHFWHG�LQ�VDPSOHV���0HWKRGV�KDYH�EHHQ�GHYHORSHG�WR�ERWK�V\QWKHVL]H�WKHVH�FRPSRXQGV�DQG�WR�H[WUDFW�WKHP�IURP�
QDWXUDO�VRXUFHV���0DWUH\D�KDV�RYHU����\HDUV�RI�H[SHULHQFH�ZRUNLQJ�ZLWK�OLSLGV�DQG�RIIHUV�DQ�H[WHQVLYH�VHOHFWLRQ�RI�ERWK�ODEHOHG�DQG�
QDWXUDOO\�RFFXUULQJ�VWDQGDUGV� 

6WDEOH�,VRWRSH�/DEHOHG�6SKLQJROLSLGV�DV 
+LJKO\�6SHFLILF�0DVV�6SHFWURPHWU\�6WDQGDUGV 
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0DWUH\D �1HZVOHW WHU �  3DJH��� �  

0DWUH\D�//&�������+LJK�7HFK�5RDG��6WDWH�&ROOHJH��3$�������7HO�����-���-����������-���-������)D[�����-���-�������ZZZ�PDWUH\D�FRP 

6WDEOH�,VRWRSH�/DEHOHG�6SKLQJROLSLGV &DWDORJ�� ����$PRXQW����������������3XULW\ 
'-HU\WKUR-VSKLQJRVLQH��'�      ����  ��PJ  ���� 
1-RPHJD-&'�-2FWDGHFDQR\O-'-HU\WKUR-VSKLQJRVLQH   ����  ��PJ  ���� 
1-RPHJD-&'�-2FWDGHFDQR\O-'-HU\WKUR-GLK\GURVSKLQJRVLQH� ����  ��PJ  ����  
1-�-��&-+H[DGHFDQR\O-'-HU\WKUR-VSKLQJRV\OSKRVSKRU\OFKROLQH ����  ��PJ  ���� 
1-2FWDGHFDQR\O-'�-'-HU\WKUR-VSKLQJRVLQH-�-SKRVSKDWH��GHXWHUDWHG ����  ��PJ  ���� 
1-2FWDGHFDQR\O-'��-SV\FKRVLQH     ����  ��PJ  ���� 
��&�-*OXFRV\OVSKLQJRVLQH      ����  ��PJ  ����  
1-RPHJD-&'�-+H[DGHFDQR\O-JOXFRSV\FKRVLQH   ����  ��PJ  ���� 
1-RPHJD-&'�-2FWDGHFDQR\O-VXOIDWLGH    ����  ��PJ  ���� 
1-RPHJD-&'�-+H[DGHFDQR\O-ODFWRV\OFHUDPLGH   ����  ��PJ  ���� 
1-RPHJD-&'�-2FWDGHFDQR\O-FHUDPLGH�WULKH[RVLGH   ����  ����ȝJ  ���� 
1-RPHJD-&'�-2FWDGHFDQR\O�PRQRVLDORJDQJOLRVLGH�*0�  ����  ����ȝJ  ����  
1-RPHJD-&'�-2FWDGHFDQR\O�PRQRVLDORJDQJOLRVLGH�*0�  ����  ����ȝJ  ���� 
1-RPHJD-&'�-2FWDGHFDQR\O�PRQRVLDORJDQJOLRVLGH�*0�  ����  ����ȝJ  ���� 
1-RPHJD-&'�-2FWDGHFDQR\O�GLVLDORJDQJOLRVLGH�*'�   ����  ����ȝJ  ���� 

5HIHUHQFHV� 
���0��0DFH\ND�HW�DO���3URVWDJODQGLQV�2WKHU�/LSLG�0HGLDW���������������–�� 
���$��0HUULOO�HW�DO���0HWKRGV���������������–��� 
���;��+DQ�DQG�;��-LDQJ���(XU�-�/LSLG�6FL�7HFKQRO������������������–�� 
���-��+XDQJ�HW�DO���0RO�7KHU�0HWKRGV�&OLQ�'HY������������������-��� 
���6��.OHLQHFNH�HW�DO���H/LIH�������������H����� 
���7��6DGRZVNL�HW�DO���6FL�5HS������������������� 
���$��0HUULOO��&KHPLFDO�5HYLHZV�����������������-���� 
���1��/LSVN\�DQG�5��3DJDQR��-RXUQDO�RI�&HOO�%LRORJ\���������������-�� 

&KROHVWHU\O-ȕ-*OXFRVLGH 
 6WHU\O-ȕ-JOXFRVLGHV�DUH�V\QWKHVL]HG�E\�
SODQWV�LQFOXGLQJ�VLWRVWHU\O-ȕ-JOXFRVLGH�FDQ�VHUYH�DV�
SULPHU�LQ�WKH�ELRV\QWKHVLV�RI�FHOOXORVH���0XUDNDPL��
0XURIXVKL��DQG�KLV�FR-ZRUNHUV�KDYH�UHSRUWHG�RQ�WKH�
IRUPDWLRQ�RI�FKROHVWHURO-ȕ-JOXFRVLGH�LQ�FXOWHUHG�
ILEUREODVWV�DV�D�UDSLG�UHVSRQVH�WR�KHDW�VWUHVV���5H�
FHQWO\�WKH\�SUHVHQWHG�HYLGHQFH�WKDW�JOXFRV\OFHU�
DPLGH�DV�D�VXJDU�GRQRU�LQ�WKH�ELRV\QWKHVLV�RI�FKOR�
VWHU\O-ȕ-JOXFRVLGH�� 
 
5HIHUHQFHV� 
�� 3HQJ�/���HW��$O�6FLHQFH��������������-���� 
�� $NL\DPD��+���+DPDGD��7���1DJDWVXND��<���.R�

ED\DVKL��6���+LUDED\DVKL��<���0XUDNDPL-
0XUDIXVKL��&\WRORJLD��������������-��� 

�� $NL\DPD��+���6DVDNL��1���+DQD]DZD��6���*RWRK��
0���.RED\DVKL��6���+LUDED\DVKL��<��0XUDNDPL-
0XURIXVKL��%%$-0RO-&HOOR�%LRO��/��������
���������-��� 

 
 
3URGXFW�1DPH ��&DWDORJ�� ������ $PRXQW��������������3XULW\ 
&KROHVWHURO-ȕ-'-JOXFRVLGH ����������  �����PJ  ����� 
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3DJH���  0DWUH\D �1HZVOHW WHU  

0DWUH\D�//&�������+LJK�7HFK�5RDG��6WDWH�&ROOHJH��3$�������7HO�����-���-����������-���-������)D[�����-���-�������ZZZ�PDWUH\D�FRP 

 

 'HILFLHQFLHV�RI�JDODFWRV\OFHUDPLGDVH�DQG�JOXFRFHUHEURVLGDVH�UHVXOW�LQ�WKH�DFFXPXODWLRQ�RI�JDODFWRV\OVSKLQJRVLQH�DQG�JOXFR�
V\OVSKLQJRVLQH�LQ�.UDEEH�DQG�*DXFKHU�GLVHDVHV��UHVSHFWLYHO\��*DODFWRV\OVSKLQJRVLQH�DQG�JOXFRV\OVSKLQJRVLQH�DUH�XVHIXO�ELRPDUNHUV�
IRU�ERWK�GLDJQRVLV�DQG�PRQLWRULQJ�RI�WUHDWPHQW�HIIHFWV��-LDQJ�DQG�FRZRUNHUV�KDYH�GHYHORSHG�DQG�YDOLGDWHG�D�VHQVLWLYH��DFFXUDWH�KLJK-
WKURXJKSXW�DVVD\�IRU�VLPXOWDQHRXV�GHWHUPLQDWLRQ�RI�WKH�FRQFHQWUDWLRQ�RI�JDODFWRV\OVSKLQJRVLQH�DQG�JOXFRV\OVSKLQJRVLQH�LQ�PRXVH�
VHUXP��*DODFWRV\OVSKLQJRVLQH�DQG�JOXFRV\OVSKLQJRVLQH�DQG�WKHLU�GHXWHUDWHG�LQWHUQDO�VWDQGDUGV�ZHUH�H[WUDFWHG�E\�SURWHLQ�SUHFLSLWDWLRQ�
LQ�TXDQWLWDWLYH�UHFRYHULHV��EDVHOLQH�VHSDUDWHG�E\�K\GURSKLOLF�LQWHUDFWLRQ�FKURPDWRJUDSK\�DQG�GHWHFWHG�E\�SRVLWLYH-LRQ�HOHFWURVSUD\�
PDVV�VSHFWURPHWU\�LQ�PXOWLSOH�UHDFWLRQ�PRQLWRULQJ�PRGH��7RWDO�UXQ�WLPH�ZDV���PLQ��7KH�ORZHU�OLPLW�RI�TXDQWLILFDWLRQ�ZDV�����QJ�P/�
IRU�ERWK�JDODFWRV\OVSKLQJRVLQH�DQG�JOXFRV\OVSKLQJRVLQH��6DPSOH�VWDELOLW\��DVVD\�SUHFLVLRQ�DQG�DFFXUDF\��DQG�PHWKRG�UREXVWQHVV�ZHUH�
GHPRQVWUDWHG��7KLV�PHWKRG�KDV�EHHQ�VXFFHVVIXOO\�DSSOLHG�WR�PHDVXUHPHQW�RI�WKHVH�OLSLG�ELRPDUNHUV�LQ�D�QDWXUDO�KLVWRU\�VWXG\�LQ�
WZLWFKHU��.UDEEH��PLFH�� 
 
3URGXFW�1DPH &DWDORJ�� ������$PRXQW��������������3XULW\ 
*OXFRV\OVSKLQJRVLQH��V\QWKHWLF     ����  ��PJ  ���� 
*OXFRV\OVSKLQJRVLQH��EXWWHUPLON     ����  ��PJ  ���� 
*OXFRV\OVSKLQJRVLQH��SODQW     ����  ��PJ  ���� 
*DODFWRV\OVSKLQJRVLQH��3V\FKRVLQH���ERYLQH    ����  ���PJ  ���� 
*DODFWRV\OVSKLQJRVLQH��3V\FKRVLQH���V\QWKHWLF   ����  ��PJ  ���� 
 
5HIHUHQFHV� 
�� 6LGKX��5��0LNXOND��&5��)XMLZDUD��+��HW�DO��$�+,/,&ဨ06�06�PHWKRG�IRU�VLPXOWDQHRXV�TXDQWLILFDWLRQ�RI�WKH�O\VRVRPDO�GLVHDVH�

PDUNHUV�JDODFWRV\OVSKLQJRVLQH�DQG�JOXFRV\OVSKLQJRVLQH�LQ�PRXVH�VHUXP��%LRPHGLFDO�&KURPDWRJUDSK\�����������H������KWWSV���
GRL�RUJ���������EPF����� 

0DWUH\D¶V�2QOLQH�5HVRXUFHV 
 
 

%H� VXUH� WR� FKHFN� RXW�0DWUH\D
V� KHOSIXO� LQIRUPDWLRQ� IRXQG� RQOLQH� DW� ZZZ�PDWUH\D�FRP�� � 2Q� RXU� ZHEVLWH� \RX� FDQ�� GRZQORDG�
&2$
V�DQG�6'6¶V��ILQG�GHDOHUV�LQ�\RXU�FRXQWU\��UHDG�SDVW�QHZVOHWWHUV��ILQG�SURGXFW�GDWD�VKHHWV��DQG�PRUH���%H�VXUH�WR�FKHFN�WKH�
RQOLQH�FDWDORJ�RU�GRZQORDG�WKH�3')�YHUVLRQ�IRU�XS�WR�GDWH�SURGXFW�LQIRUPDWLRQ�DQG�SULFHV���*HW�H[SHUW�DGYLFH�RQ�0DWUH\D¶V�SURG�
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