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�
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�
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�

,QFUHDVLQJO\�VWULFW�GLVFKDUJH�OLPLWV�IRU�ZDVWHZDWHU�KDYH�DFFHOHUDWHG�WKH�UHVHDUFK�IRU�HIIHFWLYH�WUHDWPHQW�
WHFKQRORJLHV�� ,W� LV� QRZ� ZHOO� NQRZQ� WKDW� PLQHUDO� SURFHVVLQJ� WHFKQLTXHV� FDQ� SURYLGH� VROXWLRQV� WR� WKH�
HQYLURQPHQWDO� SUREOHPV�� 0DJQHWLF� VHSDUDWLRQ� PHWKRG� KDV� EHHQ� VHHQ� LQ� WKLV� UHJDUG� DV� DQ� DOWHUQDWLYH�
PHWKRG�IRU�ZDVWHZDWHU�WUHDWPHQW��$V�PDWWHU�RI�IDFW��LW�KDV�EHHQ�ZHOO�NQRZQ�WKDW�PDJQHWLF�VHSDUDWLRQ�KDV�
EHHQ�XVHG�IRU�WKH�UHPRYDO�RI�PDJQHWLF�VROLG�SDUWLFOHV�IURP�ZDVWHZDWHU��5HFHQW�SURJUHVV�LQ�WKLV�ILHOG�LV�WKH�
UHPRYDO� RI� QRQ�PDJQHWLF� ZDWHU� SROOXWDQWV� VXFK� DV� YLUXV�� DOJDH� DQG� GLVVROYHG� SROOXWDQWV� E\� PDJQHWLF�
VHSDUDWLRQ��5HVXOWV�RI�UHVHDUFK�GRQH�LQ�WKH�SDVW�WHQ�\HDUV�KDYH�VKRZQ�WKDW�WKH�PDJQHWLF�VHSDUDWLRQ�PHWKRG�
FDQ� DOVR� EH� XVHG� IRU� QRQ�PDJQHWLF� SROOXWDQWV� E\� VHHGLQJ� WKH� ZDVWHZDWHU� ZLWK� PDJQHWLF� VHHGV� �H�J���
PDJQHWLWH�� ZKLFK� SUHIHUHQWLDOO\� DGVRUE� RU� FR� SUHFLSLWDWH� WKH� PDWHULDO� WKDW� LV� WR� EH� UHPRYHG�� ,Q� VXFK�
DSSOLFDWLRQV�� IORFFXODQWV�DOVR�PD\�EH�DGGHG�WR� IDFLOLWDWH� WKH�DJJORPHUDWLRQ�DQG�UHPRYDO�RI� WKH�SROOXWDQWV��
:LWK�WKH�DGYDQWDJHV�RI�KLJK�SHUIRUPDQFH��FKHDSQHVV��VLPSOLFLW\��FRPSDFW�SURFHVV�DQG�ZRUNDELOLW\�DW�KLJK�
IORZ�UDWHV�� WKH�PDJQHWLF�VHSDUDWLRQ�FRXOG�EH�DQ�DOWHUQDWLYH�PHWKRG�IRU�ZDVWHZDWHU�WUHDWPHQW��7KLV�DUWLFOH�
GHVFULEHV� WKH� UHPRYDO� RI� QRQ�PDJQHWLF� ZDWHU� SROOXWDQWV� IURP� ZDVWHZDWHU� E\� WKH� PDJQHWLF� VHSDUDWLRQ�
PHWKRG�ZLWK�D�FRPELQDWLRQ�RI�PDJQHWLF�VHHGLQJ�WHFKQLTXH�E\�JLYLQJ�H[DPSOHV�RI�LQGXVWULDO�DSSOLFDWLRQV�LQ�
WKLV�ILHOG���������6'8��$OO�ULJKWV�UHVHUYHG��
�
.H\ZRUGV��:DVWHZDWHU�WUHDWPHQW��0DJQHWLF�VHHGLQJ��0DJQHWLF�VHSDUDWLRQ�
�

���,1752'8&7,21�
�

0DJQHWLF�VHSDUDWLRQ�LV�D�PHWKRG�IRU�WKH�VHSDUDWLRQ�RI�SDUWLFOHV�RQ�WKH�EDVLV�RI�WKHLU�PDJQHWLF�SURSHUWLHV�
DQG�KDV�EHHQ�XVHG� LQ� WKH�PLQHUDO�SURFHVVLQJ�DQG� WKH� UHF\FOH� LQGXVWULHV� IRU�PDQ\�\HDUV� IRU�FRQFHQWUDWLRQ�
DQG� SXULILFDWLRQ� UHTXLUHPHQWV�� (IILFLHQW� XVH� RI� PDJQHWLF� VHSDUDWLRQ� PHWKRGV� LQ� PLQHUDO� SURFHVVLQJ� KDV�
HQFRXUDJHG�LWV�XVH�LQ�ZDVWHZDWHU�WUHDWPHQW��7KH�LQWURGXFWLRQ�RI�KLJK�JUDGLHQW�PDJQHWLF�VHSDUDWRUV��+*06��
LQ� WKH�����V�KDV�PDGH�WKH�PDJQHWLF�VHSDUDWLRQ�PHWKRG�DSSOLFDEOH� WR� WKH�KDQGOLQJ�RI�ZHDNO\�VXEPLFURQ�
PDJQHWLF� SDUWLFOHV�� :KHUH� WKH� VXVSHQGHG� SDUWLFOHV� WR� EH� UHPRYHG� DUH� PDJQHWLF�� WKH� +*06� LV� GLUHFWO\�
DSSOLFDEOH�ZLWKRXW�DGGLWLRQDO�XQLW�RSHUDWLRQ��SURYLGLQJ�ZRUNLQJ�DW� IORZ�UDWHV�VHYHUDO�KXQGUHG�WLPHV�IDVWHU�
WKDQ�FRQYHQWLRQDO�ILOWUDWLRQ��$V�D�PDWWHU�RI�IDFW��WKH�XVDJH�RI�PDJQHWLF�VHSDUDWRUV�IRU�WKLV�SXUSRVH�LV�QRW�D�
QHZ�VXEMHFW��$�QXPEHU�RI�VWXGLHV�KDYH�EHHQ�UHSRUWHG�RQ�WKH�XWLOL]DWLRQ�RI�+*06�PHWKRG�IRU�WKH�UHPRYDO�RI�
PDJQHWLF�SROOXWDQWV�IURP�ZDVWHZDWHU��2EHUWHXIIHU�HW�DO�� ������+DUODQG�HW�DO�� ������6YREDGD���������(DUOLHU�
SXEOLFDWLRQV� LQFOXGH�WKH�DSSOLFDWLRQ�RI�PDJQHWLF�VHSDUDWLRQ�IRU�WKH�WUHDWPHQW�RI�VWHHO�SODQW�ZDVWHZDWHU�WR�
UHPRYH�PDJQHWLF� VXVSHQGHG� SDUWLFOHV� DQG� ILUVW� IXOO� VFDOH� +*06� WUHDWPHQW�ZDV� LQVWDOOHG� LQ� ����� DW� WKH�
&KLED� 3ODQW� RI� WKH� .DZDVDNL� 6WHHO� &RUSRUDWLRQ� WR� WUHDW� WKH� JDV� VFUXEEHU�ZDVWHZDWHU� IURP� WKH� GHJDVVLQJ�
SURFHVV��6YREDGD���������

$GYDQWDJHV�RI�PDJQHWLF�VHSDUDWLRQ�VXFK�DV� ORZ�FRVW��VLPSOLFLW\�DQG�DELOLW\� WR�ZRUN�DW�KLJK� IORZ�UDWHV�
KDYH�HQFRXUDJHG�WKH�VWXGLHV��ZKLFK�SURYLGH�WKH�DSSOLFDWLRQ�RI�PDJQHWLF�VHSDUDWLRQ�WR�WKH�UHPRYDO�RI�RWKHU�
ZDWHU� SROOXWDQWV� KDYLQJ� QR�PDJQHWLF� SURSHUWLHV�� ,Q� UHFHQW� \HDUV�� D� QXPEHU� RI� UHVHDUFKHUV� H[DPLQHG� WKH�
UHPRYDO� RI� QRQ�PDJQHWLF�ZDWHU� SROOXWDQWV� VXFK� DV� VXVSHQGHG� VROLG� SDUWLFOHV�� RUJDQLF� FRPSRXQGV�� DOJDH��
YLUXV� DQG� KHDY\�PHWDO� LRQV� E\� XVLQJ�PDJQHWLF� VHSDUDWLRQ�PHWKRGV� �$QGHUVRQ�HW� DO�� ������$QDQG�HW� DO��
������7UHVKLPD�HW�DO�� ������9DQ�9DOVHQ�HW�DO�� ������'H�5HXYHU��������<DQJ�HW�DO�� ������1XQH]�HW�DO��
������)UDQ]UHE�HW�DO�� ������*LOOHW�DQG�'LRW������E���
�

 &RUUHVSRQGLQJ�DXWKRU��(�PDLO��NDUDSLQDUQXUD\#KRWPDLO�FRP�
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$V� D� UHVXOW�� LW�ZDV� SURYHG� WKDW� WKH� DSSOLFDWLRQ� RI�PDJQHWLF� VHSDUDWLRQ�PHWKRG� FRXOG� EH� XVHG� IRU� WKH�
UHPRYDO�RI�QRQ�PDJQHWLF�ZDWHU�SROOXWDQWV��

7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�XQGHUWDNH�D�UHYLHZ�RI�WKH�DSSOLFDELOLW\�RI�PDJQHWLF�VHSDUDWLRQ�PHWKRG�
WR�WKH�ZDVWHZDWHU�WUHDWPHQW�IRU�WKH�UHPRYDO�RI�QRQ�PDJQHWLF�SROOXWDQWV��$OWKRXJK�WKHUH�LV�PXFK�ODERUDWRU\�
ZRUN�UHODWHG�ZLWK�WKLV�VXEMHFW��WKH�UHYLHZ�ZDV�WR�EH�VHHNLQJ�WR�GHVFULEH�WKH�SURMHFWV�SHUIRUPHG�LQ�LQGXVWULDO�
VFDOH�� 7KLV� UHYLHZ� KDV� EHHQ� EURXJKW� RXW� LQ� WKH� KRSH� WKDW� LW� ZLOO� HQFRXUDJH� DQ� LQFUHDVHG� LQWHUHVW� LQ� WKH�
SRVVLELOLW\�RI�WKH�DSSOLFDWLRQ�RI�PDJQHWLF�VHSDUDWLRQ�PHWKRG�WR�WKH�ZDVWHZDWHU�WUHDWPHQW��
�
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�

6HSDUDWLRQ�LV�DQ�HVVHQWLDO�XQLW�LQ�ZDVWHZDWHU�WUHDWPHQW�IDFLOLWLHV��0DQ\�VHSDUDWLRQ�V\VWHPV�WKDW�DUH�XVHG�
DUH�VHGLPHQWDWLRQ��ILOWUDWLRQ��FHQWULIXJDWLRQ�DQG�IORWDWLRQ��$PRQJVW�WKHP��WKH�PDJQHWLF�VHSDUDWLRQ�PHWKRG�LV�
UDWKHU�D�QHZ�DQG�QRW�ZHOO�NQRZQ�SURFHVV��DOWKRXJK�D�QXPEHU�RI�UHSRUWV�KDYH�EHHQ�SXEOLVKHG�RQ�WKH�VXEMHFW�
�0RIIDW��������3UHQJHU�HW�DO�� ������� 7KH�PDLQ� UHDVRQ� IRU� WKH� ODWH� LQWURGXFWLRQ�RI�PDJQHWLF� VHSDUDWLRQ� LQ�
ZDVWHZDWHU�WUHDWPHQW�KDV�EHHQ�VWDWHG�DV�WKH�SRRU�PDJQHWLF�VXVFHSWLELOLW\�RI�WKH�SROOXWDQWV�WR�EH�UHPRYHG�
IURP� WKH�ZDWHU� DQG� FRQVHTXHQW� QHHG� IRU� VSHFLILF�PDJQHWLF� VHSDUDWLRQ� V\VWHPV� �9DQ�9DOVHQ�HW� DO�� ������
*LOOHW�DQG�'LRW������D���

0DJQHWLF� VHSDUDWLRQ�PHWKRG�XVXDOO\�RIIHUV�D�VROXWLRQ� WR� WKH�SUREOHP�RI�SXULI\LQJ�XUEDQ�DQG� LQGXVWULDO�
ZDVWHZDWHU�� 7ZR� W\SHV� RI� DSSOLFDWLRQ� DUH� DYDLODEOH�� WKH�PHWKRG� FDQ� EH� XVHG� GLUHFWO\� IRU� WKH� UHPRYDO� RI�
SDUDPDJQHWLF�VROLG�SDUWLFOHV�LQ�ZDVWHZDWHU�VWUHDPV�RU�IRU�WKH�UHPRYDO�RI�QRQ�PDJQHWLF�SROOXWDQWV�ZLWK�WKH�
FRPELQDWLRQ�RI�PDJQHWLF�VHHGLQJ�DQG�FRDJXODWLRQ�IORFFXODWLRQ�WHFKQLTXHV��0RIIDW�HW�DO�� �������7KH�ODWWHU�
FDVH�ZLOO�EH�GLVFXVVHG�LQ�WKH�IROORZLQJ�VHFWLRQV��
�
�����5HPRYDO�RI�QRQ�PDJQHWLF�SROOXWDQWV�IURP�ZDVWHZDWHU�E\�XVLQJ�PDJQHWLF�VHHGLQJ�WHFKQLTXH�
�

$OWKRXJK�PRVW�SROOXWDQWV� LQ�ZDVWHZDWHU�V\VWHPV�DUH�QRQ�PDJQHWLF�� LW� LV�VWLOO�SRVVLEOH� WR�XVH�PDJQHWLF�
VHSDUDWLRQ�IRU�WKH�UHPRYDO�RI�QRQ�PDJQHWLF�SROOXWDQWV�VXFK�DV�VXVSHQGHG�VROLGV��RUJDQLF�VXEVWDQFHV��DOJDH��
YLUXVHV� DQG� GLVVROYHG� SROOXWDQWV� VXFK� DV� KHDY\�PHWDO� LRQV� E\� XVLQJ�PDJQHWLF� VHHGLQJ� WHFKQLTXH� ZKLFK�
UHTXLUHV�WKH�DGGLQJ�RI�PDJQHWLF�VHHGLQJ�PDWHULDO�WR�WKH�ZDVWHZDWHU�� ,W�FDQ�EH�VDLG�WKDW�WKH�DYDLODELOLW\�RI�
KLJK�JUDGLHQW�PDJQHWLF�VHSDUDWRUV� LQ�WKH�VHYHQWLHV�PDGH�WKLV�FRQFHSW�IHDVLEOH�IRU� ODUJH�VFDOH�DSSOLFDWLRQV�
�6YRERGD���������

$SSOLFDWLRQ�RI�WKH�PDJQHWLF�VHSDUDWLRQ�PHWKRG�WR�ZDVWHZDWHU�WUHDWPHQW�UHOLHV�RQ�D�VWURQJO\�PDJQHWLF�
VHHGLQJ� DJHQW� OLNH�PDJQHWLWH��ZKLFK� FDQ� EH�SUHSDUHG� FKHPLFDOO\� RU�PLQHG� IURP� LURQ�RUH�GHSRVLWV��2WKHU�
R[LGHV�OLNH�)H�2�� &U�2�� RU�0Q2� FRXOG�DOVR�EH�XVHG�DV�D�VHHGLQJ�DJHQW��EXW�WKH�PDJQHWLWH�LV�DFFHSWHG�DV�
WKH�PRVW�FRQYHQLHQW�VHHGLQJ�PDWHULDO�IRU�+*06�EHFDXVH�RI�LWV�VWURQJ�PDJQHWLF�FKDUDFWHU�DQG�DYDLODELOLW\��
5HPRYDO�RI�QRQ�PDJQHWLF�SROOXWDQWV�E\�PDJQHWLF� VHSDUDWLRQ� WHFKQRORJ\� UHTXLUHV�DQ�DGGLWLRQDO� WUHDWPHQW�
VXFK� DV� SUHFLSLWDWLRQ�IORFFXODWLRQ�FRDJXODWLRQ�� 7KH� SURFHVV� KDV� WKUHH� PDLQ� VWDJHV�� DWWDFKPHQW� RI� WKH�
SROOXWDQWV�WR�D�PDJQHWLF�VHHGLQJ�PDWHULDO��WKH�VXEVHTXHQW�PDJQHWLF�VHSDUDWLRQ��DQG�ILQDOO\�UHFRYHU\�RI�WKH�
PDJQHWLF� VHHG� IURP� WKH� VOXGJH�� :KHQ� WKH� SROOXWDQWV� DUH� DJJORPHUDWHG� RQWR� WKH� VXUIDFHV� RI� PDJQHWLF�
VHHGLQJ�PDWHULDO��WKH\�FDQ�EH�VZHSW�RXW�IURP�WKH�SURFHVV�ZDWHU�DW�YHU\�KLJK�IORZ�UDWHV�E\�D�PDJQHWLF�ILOWHU�
VXFK�DV�+*06��

7KH�VHHG��ILQHO\�GLYLGHG�PDJQHWLWH�SUHSDUHG�FKHPLFDOO\�RU�PLQHG��SURYLGHV�D�YHU\�HIIHFWLYH�VXUIDFH�IRU�
WKH� DGVRUSWLRQ� RI� EDFWHULD�� YLUXVHV�� DOJDH� DQG� PDQ\� RWKHU� FRORXU� FRPSRQHQWV� �$QGHUVRQ� HW� DO�� ������
$QGHUVRQ�DQG�3ULHVWOH\��������.RODULN���������IRU�ILQH�SKRVSKDWH�SDUWLFOHV��9DQ�9DOVHQ�HW�DO�� ������6KDLNK�
DQG�'L[LW��������)UDQ]UHE�HW�DO�� �������IRU�UDGLR�QXFOLGHV��1XQH]�HW�DO�� ������DQG�IRU�PHWDO�LRQV��$QDQG�HW�
DO��������7UHVKLPD�HW�DO�� ������$QGHUVRQ�HW�DO�� ������&KHQ�HW�DO�� ������*LOOHW�DQG�'LRW������E��)HQJ�HW�DO��
������ :KLWH� DQG� $WKDQDVLRX�� ������ .DUDSLQDU�� ������ DV� ZHOO� DV� SURYLGLQJ� QXFOHDWLRQ� VLWHV� IRU�
DJJORPHUDWLRQ�RI�FRDJXODWHV��

7KH�SUHOLPLQDU\�VWXGLHV�RQ�WKLV�VXEMHFW�ZHUH�FRQGXFWHG�E\�'H�/DWRXU���������,Q�KLV�WHVWV�RQ�ZDWHU�IURP�
WKH� &KDUOHV� 5LYHU� LW� ZDV� UHSRUWHG� WKDW� WKH� FRORXU� DV� ZHOO� DV� WKH� TXDOLW\� RI� WKH� ILOWHUHG� ZDWHU� FRXOG� EH�
LPSURYHG��

5HFHQW� DSSOLFDWLRQV� RI� PDJQHWLF� VHHGLQJ� WHFKQLTXH� IRU� GLIIHUHQW� ZDVWHZDWHU� WUHDWPHQW� DLGV� DUH�
GHVFULEHG�LQ�WKH�IROORZLQJ�VHFWLRQV��
�
�������6,52)/2&� SURFHVV�IRU�SRWDEOH�ZDWHU�DQG�VHZDJH�WUHDWPHQW�
�

7KH� 6LURIORF� SURFHVV� KDV� EHHQ� GHYHORSHG� E\� 7KH� &RPPRQZHDOWK� 6FLHQWLILF� DQG� ,QGXVWULDO� 5HVHDUFK�
2UJDQL]DWLRQ� �&6,52�� LQ�$XVWUDOLD��7KH�SURFHVV�ZDV�RULJLQDOO\�GHYHORSHG� IRU�SRWDEOH�ZDWHU� WUHDWPHQW�DQG�
KDV� EHHQ� IXUWKHU� GHYHORSHG� IRU� WKH� WUHDWPHQW� RI� VHZDJH� DQG� LQGXVWULDO� HIIOXHQWV�� 7KH� SURFHVV� LV� QRZ�
PDUNHWHG�DV�WKH�6,52)/2&� ����3URFHVV�)RU�3RWDEOH�:DWHU�7UHDWPHQW�DQG�6,52)/2&� ����3URFHVV�)RU�6HZDJH�
7UHDWPHQW� �$QGHUVRQ�DQG�3ULHVWOH\��������$QGHUVRQ�HW�DO�� ������%ROWR��������%RNHU�HW�DO�� ������&6,52��
�������
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7KH�PDUN� ����6,52)/2&� 3URFHVV�ZDV�GHVLJQHG�WR�UHPRYH�FRORXU�� WXUELGLW\��DOJDH�DQG�RWKHU� LPSXULWLHV�
IURP�ZDWHU�� $IWHU� WKH� SURFHVV� GHYHORSPHQW� WKDW� LV� WHFKQLFDOO\� DQG� HFRQRPLFDOO\� IHDVLEOH� �$QGHUVRQ� DQG�
3ULHVWOH\�� ������� D� IXOO\� FRQWLQXRXV� SLORW� SODQW� FDSDEOH� RI� WUHDWLQJ� ��O�PLQ� RI� KLJKO\� FRORXUHG� DQDHURELF�
JURXQG� ZDWHU� FRQWDLQLQJ� VLJQLILFDQW� OHYHOV� RI� ERWK� VROXEOH� LURQ� DQG� +�6 ZDV� FRQVWUXFWHG� LQ� 0LUUDERRND�
�$QGHUVRQ�HW�DO�� �������7KH�SLORW�SODQW�GHVLJQ�IRU�WKLV�SURFHVV�LV�VKRZQ�LQ�)LJXUH����$W�WKH�WLPH�RI�WKH�UHSRUW�
�%ROWR�� ������� WRWDO� FDSDFLW\� RI� FRQVWUXFWHG� RU� EHLQJ� FRQVWUXFWLRQ� ODUJH�VFDOH� SODQWV� VXSSO\LQJ� GULQNLQJ�
ZDWHU�ZDV�JLYHQ�LQ�7DEOH����
�
7DEOH���
7RWDO�FDSDFLW\�RI�SODQWV��%ROWR��������

0LUUDERRND��:HVWHUQ�$XVWUDOLD� ��0O�G�
%HOO�%D\��7DVPDQLD� ��0O�G�
5HGPLUHV��8.� ��0O�G�
/LWWOHKHPSVWRQ��8.� ��0O�G�
.DRKVLXQJ��7DLZDQ� �0O�G�
5LYHOLQ��8.��XQGHU�FRQVWUXFWLRQ�� ��0O�G�
.LOO\KHYOLQ��1RUWKHUQ�,UHODQG��EHLQJ�GHVLJQHG�� ��0O�G�

)LJXUH� ��� 3LORW� SODQW� GHVLJQ� IRU� WKH� 6,52)/2&� SRWDEOH� ZDWHU� WUHDWPHQW� SURFHVV� �$QGHUVRQ� DQG� 3ULHVWOH\��
������
�

,Q�WKH�PDUN�����6,52)/2&� 3URFHVV��PDJQHWLWH� LV�XVHG�LQ�FRQMXQFWLRQ�ZLWK�D�VXLWDEOH�SRO\HOHFWURO\WH�RU�
DOXP� IRU� UHPRYLQJ� FRORXU�� WXUELGLW\�� DOJDH� DQG� RWKHU� LPSXULWLHV� IURP� ZDWHU�� 7KH� SURFHVV� EDVHG� RQ� WKH�
DGVRUSWLRQ�RI� WKH� LPSXULWLHV�RQWR�PDJQHWLWH�DQG�WKH�UHPRYDO�RI� WKHP�WRJHWKHU��7KH�R[LGH�UDSLGO\�DGVRUEV�
WKH�VROXEOH�FRORXUHG�DQLRQV�RI�IXOYLF�DQG�KXPLF�DFLG��,I�WXUELGLW\�LV�SUHVHQW��D�FRDJXODQW�DLG�LQ�WKH�IRUP�RI�D�
FDWLRQLF�SRO\PHU�LV�DGGHG�WR�ELQG�WKH�QHJDWLYHO\�FKDUJHG�WXUELGLW\�SDUWLFOHV�WR�WKH�QHJDWLYH�VXUIDFH�RI�WKH�
R[LGH��DV�GHSLFWHG�LQ�)LJXUH����:KHQ�PDJQHWLFDOO\�IORFFXODWHG��WKH�SDUWLFOHV�DUH�VHSDUDWHG�UDSLGO\�IURP�WKH�
WUHDWHG�ZDWHU��$IWHU�WKH�VHSDUDWLRQ��WKH�PDJQHWLWH�SDUWLFOHV�ORDGHG�ZLWK�LPSXULWLHV�DUH�WUHDWHG�ZLWK�DONDOL�RU�
DFLG�WR�UHXVH��:KHQ�PDJQHWLWH�LV�XVHG�ZLWK�DOXP��LW�FDQ�DOVR�EH�UHF\FOHG��

,W�LV�UHSRUWHG�WKDW�WKH�WRWDO�SURFHVV�WLPH�LV�DERXW����PLQ��$SDUW�IURP�WKH�DGYDQWDJHV�RI�VSHHG�DQG�UHXVH�
RI�SULPDU\�FRDJXODQW��VLPSOLFLW\�WR�VWDUW�DQG�VKXW�GRZQ��UHDFKLQJ�VSHFLILFDWLRQV�IRU�WKH�SURGXFW�ZDWHU� LQ�D�
IHZ�PLQXWHV�DQG�QRW�EHLQJ�VHQVLWLYH�WR�ORZ�WHPSHUDWXUHV�DUH�DPRQJ�WKH�DGYDQWDJHV�RI�WKLV�SURFHVV��
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�

)LJXUH� ��� 'LDJUDPPDWLF� UHSUHVHQWDWLRQ� RI� DWWDFKPHQW� RI� WXUELGLW\� DQG� FRORXU� ERGLHV� WR� ILQHO\� GLYLGHG�
PDJQHWLWH�SDUWLFOHV��ZKLFK�SRVVHVV�D�SRVLWLYH�VXUIDFH�FKDUJH��%ROWR��������
�

7R� PDNH� D� GLUHFW� FRPSDULVRQ�� WKH� 6LURIORF� SLORW� SODQW� ZDV� RSHUDWHG� LQ� SDUDOOHO� ZLWK� D� IXOO�VFDOH�
FRQYHQWLRQDO� SURFHVV�� )URP� WKH� UHVXOWV� REWDLQHG� LW� LV� FODLPHG� WKDW� WKHUH� LV� QR� VLJQLILFDQW� GLIIHUHQFH� LQ�
RSHUDWLQJ� FRVWV� EHWZHHQ� WKH� WZR� SURFHVVHV� DQG� WRWDO� FDSLWDO� FRVW� LV� OHVV� WKDQ� IRU� FRQYHQWLRQDO� SURFHVV�
EHFDXVH� RI� WKH� UHODWLYH� VSHHG� DQG� VLPSOLFLW\� RI� WKH� PDJQHWLWH� SURFHVV�� %XW� IRU� KDUG� DONDOLQH� ZDWHUV��
PDJQHWLWH� SURFHVV� VKRXOG� VKRZ� D� VLJQLILFDQW� UHGXFWLRQ� LQ� RSHUDWLQJ� FRVWV�� :KHQ� WKH� VOXGJH� KDQGOLQJ� LV�
FRQVLGHUHG��FRQYHQWLRQDO�SURFHVV��ZKLFK�LQFOXGHV�VLPSOH�GU\LQJ�RI�WKH�VOXGJH�DQG�WKHQ�WUDQVSRUWDWLRQ�RI�LW�
WR� VXLWDEOH� GLVSRVDO� VLWH�� DUH� QRW� VXLWDEOH� LQ�PDQ\� ORFDWLRQV� DQG�PRUH� FRVWO\� VHFRQGDU\� WUHDWPHQW� RI� WKH�
VOXGJH�EHFRPHV�QHFHVVDU\��,Q�WKLV�FRQFHSW��VLURIORF�SURFHVV�KDV�DGYDQWDJHV�RYHU�WKH�FRQYHQWLRQDO�SURFHVV��

7KH�PDUN�����6,52)/2&� 3URFHVV�ZDV�FRPPHUFLDOL]HG�DQG�UHSRUWV�FODLPHG�WKDW�WKH�SODQWV�DUH�RSHUDWLQJ�
VXFFHVVIXOO\�LQ�$XVWUDOLD�DQG�8.��7KH�SURFHVV�KDV�EHHQ�SDWHQWHG�E\�&6,52��ZKLFK�RZQV�WKH�WHFKQRORJ\��DQG�
OLFHQVHG�WR�$XVWHS�3W\�/WG��DQG�WKRXJK�WKHP�WR�'DY\�-RKQ�%URZQ�3W\�/WG��LQ�$XVWUDOLD�DQG�'DY\�(QHUJ\�DQG�
(QYLURQPHQW�/WG��LQ�WKH�8.��

7KH�6,52)/2&� ����VHZDJH� WUHDWPHQW�SURFHVV� �673��ZDV�GHYHORSHG�DIWHU� WKH�VXFFHVVIXO�DSSOLFDWLRQ�RI�
WKH� 6,52)/2&� ����:DWHU� 7UHDWPHQW� 3URFHVV�� ,W� LV� UHSRUWHG� WKDW� SLORW� VFDOH� WULDOV� KDYH� EHHQ� VXFFHVVIXOO\�
FRPSOHWHG� DW�0HOERXUQH� DQG� 6\GQH\� LQ�$XVWUDOLD�� DQG� DW� 6KHIILHOG� DQG� 6HDPHU� LQ� WKH�8.�� 7KH� UHVXOWV� RI�
WKHVH�WULDOV�ZHUH�XVHG�WR�GHVLJQ�D��0O�GD\�SURWRW\SH�RI�WKH�SURFHVV�DW�0DODERU��6\GQH\��$W�WKH�WLPH�RI�WKH�
�����UHSRUW�� LW�KDG�EHHQ�VXFFHVVIXOO\�RSHUDWHG�VLQFH�2FWREHU�������7KH�SURFHVV�LV�RZQHG�E\�WKH�6\GQH\�
:DWHU�&RUSRUDWLRQ�������DQG�&6,52�������DQG�LV�OLFHQVHG�WR�HQJLQHHULQJ�FRQWUDFWRUV�'DY\�-RKQ�%URZQ�3W\��
/WG��

7KH� LQWHQVH� SXEOLF� SUHVVXUH� WR� UHGXFH� WKH� HQYLURQPHQWDO� LPSDFW� RI� WKH� GLVFKDUJH� RI� VHZDJH� LQWR� WKH�
QHDU�FRDVWDO�UHJLRQ�PDGH�WKH�6\GQH\�:DWHU�%RDUG�ILQG�D�VROXWLRQ�WR�LPSURYH�WKH�WUHDWPHQW�OHYHO�RI�WKH�WKHLU�
VHZDJH� WUHDWPHQW� SODQWV��:KDW� WKH\� QHHGHG�ZDV� D� FRPSDFW� SURFHVV� KDYLQJ� D� VLPLODU� SHUIRUPDQFH�ZLWK�
FRQYHQWLRQDO�� ELRORJLFDO� DQG� VHFRQGDU\� WUHDWPHQW� WR� UHGXFH� WKH� VXVSHQGHG� VROLGV� DQG� JUHDVH�� 7KH�
6,52)/2&� 673�ZDV�FKRVHQ�DPRQJVW� WKH�SURFHVVHV� LQFOXGLQJ�GLVVROYHG�DLU� IORWDWLRQ� �'$)��DQG�FKHPLFDOO\�
DVVLVWHG�VHGLPHQWDWLRQ��&$6���,Q�WKLV�FRQFHSW��FRQYHQWLRQDO�ELRORJLFDO�WUHDWPHQW�SURFHVV�ZDV�QRW�FRQVLGHUHG�
EHFDXVH�RI�LWV�KLJK�FRVW��

7KH�SURFHVV�XWLOL]HV�ILQHO\�GLYLGHG�SDUWLFOHV�RI�PDJQHWLWH�FRPELQHG�ZLWK�DQ� LQRUJDQLF�FRDJXODQW�WR�DLG�
WKH�UDSLG�VHSDUDWLRQ�RI�FROORLGDO�DQG�VXVSHQGHG�VROLGV�IURP�VHZDJH��7KH�PDJQHWLWH�DQG�LQRUJDQLF�FRDJXODQW�
DUH�UHFRYHUHG�DQG�UHXVHG�ZLWKLQ�WKH�SURFHVV��WKXV�PLQLPL]LQJ�WKH�RSHUDWLQJ�FRVW��$�VFKHPDWLF�IORZ�VKHHW�RI�
WKH�SURFHVV�LV�VKRZQ�LQ�)LJXUH����
�

)LJXUH����6,52)/2&� VHZDJH�WUHDWPHQW�SODQW��673��VFKHPDWLF�OD\RXW��%RRNHU�HW�DO�� ������
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,W� LV�UHSRUWHG�WKDW��WKH�SURFHVV�FDQ�DFKLHYH�UHGXFWLRQV�RI�DERXW�����LQ�WRWDO�VXVSHQGHG�VROLGV������RLO�
DQG�JUHDVH�DQG�����&2'��7KH�ELRORJLFDO�R[\JHQ�GHPDQG��%2'�� LV�DERXW� LQ�KDOI��%DFWHULD��SKRVSKDWH�DQG�
KHDY\�PHWDOV�UHPRYDOV�DUH�����������DQG���������UHVSHFWLYHO\��6LQFH�WKH�VROXEOH�PDWHULDO�LV�QRW�UHPRYHG��
WKHUH�LV�QR�UHGXFWLRQ�LQ�DPPRQLD��7KH�SHUIRUPDQFH�LV�QRW�DIIHFWHG�E\�YDULDWLRQV�LQ�UDZ�VHZDJH�TXDOLW\�DQG�
HIIOXHQW�TXDOLW\��$V�WKH�XVH�RI�PDJQHWLWH�DOORZV�UDSLG�FRDJXODWLRQ�DQG�FODULILFDWLRQ�RI�VHZDJH��UDZ�VHZDJH�
FDQ�EH�WUHDWHG�WR�D�KLJK�TXDOLW\�ZLWKLQ����PLQXWHV��VR�WKH�SURFHVV�LV�H[WUHPHO\�FRPSDFW�DQG�UHTXLUHG�YHU\�
OLWWOH�ODQG�VSDFH��

%HFDXVH�RI�WKH�KLJK�UDWH�DQG�UDSLG�VWDUW�XS�WKDW�FDQ�EH�DFKLHYHG��WKH�6,52)/2&�673�KDV�EHHQ�SURSRVHG�
DV�DQ�HIIHFWLYH�SURFHVV�ZKHQ�WKHUH�PD\�EH�UDSLG�IOXFWXDWLRQV�LQ�VHZDJH�IORZ��$SDUW�IURP�WKLV�DSSOLFDWLRQ��LW�
KDV� EHHQ� UHSRUWHG� WKDW� DV� D� KLJK�UDWH� SURFHVV�� 6,52)/2&� 673� KDV� EHLQJ� VWXGLHG� IRU� VHZHU� RYHUIORZ�
WUHDWPHQW��%RRNHU�HW�DO�� �������
�
�������0DJQHWLF�VHSDUDWLRQ�RI�SKRVSKDWH�IURP�VHZDJH�
�

0DJQHWLF� SKRVSKDWH� UHPRYDO� LV� D� SURFHVV� WR� UHPRYH� DQG� UHFRYHU� SKRVSKDWHV� IURP� GRPHVWLF� DQG�
LQGXVWULDO� ZDVWHZDWHU�� 7KHUH� DUH� WZR� H[DPSOHV� RI� PDJQHWLF� SKRVSKDWH� UHPRYDO� RQ� WKH� LQGXVWULDO� VFDOH��
XQGHUWDNHQ� LQ� WKH�1HWKHUODQGV� DQG�*HUPDQ\�� ,Q� ERWK� DSSOLFDWLRQV�� D� QHZ�PDJQHW� KDV� EHHQ�GHVLJQHG� IRU�
ZDVWHZDWHU� WUHDWPHQW�DSSOLFDWLRQV�DQG� WKH�PRWLYDWLRQ� IRU� WKH�ZRUN� LV� WR�PHHW� WKH�SKRVSKRUXV�GLVFKDUJH�
OLPLWV� RI� 8UEDQ� :DVWHZDWHU� 'LUHFWLYH� ��������� DQG� FRQVHTXHQWO\�� WKH� UHGXFWLRQ� RI� GDPDJH� FDXVHG� E\�
SKRVSKRUXV�GLVFKDUJH�WR�HQYLURQPHQW��

7KH� SURFHVV� GHYHORSHG� LQ� WKH� 1HWKHUODQGV� FDQ� EH� VXPPDUL]HG� DV� IROORZV�� 6PLW� 1\PHJHQ�0DJQHWLF�
:DWHU�7UHDWPHQW�6\VWHPV� �0:6���D�VXEVLGLDU\�RI�'XWFK�FRPSDQ\�6PLW�7UDQVIRUPDWLRQ�%9��GHYHORSHG� WKH�
SURFHVV�� ,W� UHTXLUHV� WKH�XVDJH�RI�D�PDJQHWLF�FDUULHU�PDWHULDO� �PDJQHWLWH��DQG� LW� LV�EDVHG�RQ�WKH�ELQGLQJ�RI�
FDOFLXP�SKRVSKDWH�FDOFLXP�FDUERQDWH�WR�LWV�VXUIDFH��
�

)LJXUH����6FKHPDWLF�GLDJUDP�RI�PDJQHWLF�SKRVSKDWH�UHPRYDO�SODQW��9DQ�9DOVHQ�HW�DO���������
�

,Q� WKH� ILUVW� VWDJH�� SKRVSKDWHV� DUH� SUHFLSLWDWHG� ZLWK� OLPH� �RU� LURQ� DQG� DOXPLQLXP� VDOWV�� DQG� WKH�
SUHFLSLWDWHG�SKRVSKDWHV� DUH� WKHQ�DWWDFKHG� WR� WKH�PDJQHWLWH�� ,Q� WKH� VHFRQG� VWDJH�� UHPRYDO�RI�SKRVSKDWHV�
IURP�ZDVWHZDWHU�LV�DFKLHYHG�E\�XVLQJ�D�PDJQHWLF�VHSDUDWLRQ�XQLW��ZKHUH�WKH�DSSOLHG�PDJQHWLF�ILHOG�LV�����
7HVOD��$IWHU�PDJQHWLF�VHSDUDWLRQ��PDJQHWLWH�LV�UHFRYHUHG�IRU�UHXVH��

7KH� RSHUDWLQJ� SHULRG� RI� WKH�PDJQHWLF� VHSDUDWRU� LV� GHWHUPLQHG� E\� WKH� ORDGLQJ� DPRXQW� RI� WKH�PDWUL[��
:KHQ� WKH�PDWUL[� LV� ILOOHG�XS� WR��������RI� WKH� VHSDUDWLRQ�FKDPEHU�YROXPH� �LW� WDNHV�������PLQXWHV��� WKH�
IORZ� DQG� WKH� SRZHU� DUH� FXW� DQG� WKH� PDJQHWLF� SDUWLFOHV� DUH� ZDVKHG� RXW� RI� WKH�PDWUL[�� ,Q� WKH�PDJQHWLF�
UHFRYHU\� XQLW�� PDJQHWLWH� LV� XQFRXSOHG� IURP� WKH� SKRVSKDWH� SDUWLFOHV� E\� VKHDU� IRUFHV�� 7KHUHDIWHU�� XVLQJ� D�
GUXP�PDJQHWLF� VHSDUDWRU� IRU� UHXVH� VHOHFWLYHO\� VHSDUDWHV�PDJQHWLWH��7KH� UHPDLQLQJ�SURGXFW��SKRVSKDWH� LQ�
WKH�ZDWHU��LV�WKHQ�SURFHVVHG�IRU�ILQDO�SURGXFW�XVH��

$V�PHQWLRQHG�EHIRUH��D�QRYHO� IHDWXUH�RI� WKLV�SURFHVV� LV� WKH�XVH�RI�D�VSHFLDO�PDJQHW��ZKLFK�PHHWV� WKH�
VSHFLILF� XVHG� LQ� ZDVWHZDWHU� WUHDWPHQW� SURFHVVHV� GHVLJQHG� E\� 6PLW� 1\PHJHQ�� 7KH� QHZ� PDJQHW� FDOOHG�
o$TXDPDJp�KDV�DGYDQWDJHV�RYHU�WKH�FRQYHQWLRQDO�PDJQHW�WKDW�LV�XVHG�LQ�PLQHUDO�SURFHVVLQJ�IDFLOLWLHV��,W�KDV�
QR� FORJJLQJ� DQG� EDFNZDVK� SUREOHPV�� 0RUHRYHU�� WKLV� QHZ� PDJQHW� KDV� D� ORZHU� SRZHU� FRQVXPSWLRQ� RI�
����NZK�P�� 7ZR� W\SHV� RI� PDJQHW� ZHUH� GHYHORSHG�� DQ� HOHFWURPDJQHW� WKDW� LV� IRU� IORZV� ODUJHU� WKDQ� F��
��P��K� DQG� D� GLVF� VHSDUDWRU� ZLWK� SHUPDQHQW� PDJQHWV� RI� WKH� UDUH� HDUWK� W\SH� IRU� IORZV� VPDOOHU� WKDQ� F��
��P��K��

$W� YDULRXV� VHZDJH�ZRUNV�� WZR� SLORW� VFDOH� SODQWV� ���P��K� SURWRW\SH� SODQW� DQG� ��P��K� WUDQVSRUWDEOH�
SODQW�� ZHUH� WHVWHG� DQG� WKH� UHVXOWV� VKRZHG� WKDW� WKH� PDJQHWLF� VHSDUDWLRQ� UHGXFHV� WKH� WRWDO� SKRVSKDWH�
FRQFHQWUDWLRQ� ��������PJ�O�� WR� YDOXHV� DV� ORZ�DV��������PJ�O�ZLWK� WKH� HIILFLHQFLHV� UDQJLQJ� IURP��������
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/LPH�ZDV�XVHG�LQ�WKH�UDQJH�RI��������PJ�O�GRVDJHV��7KH�DPRXQW�RI�PDJQHWLWH�XVHG�ZDV�����PJ�O�DQG�
WKH�V\VWHP�ZDV�DEOH�WR�UHFRYHU�����RI�LW��,Q�DGGLWLRQ�WR�SKRVSKDWH�UHPRYDO��%2'�DQG�&2'�OHYHOV�ZHUH�DOVR�
UHGXFHG�DQG�WKH�V\VWHP�VKRZHG�D�VRIWHQLQJ�HIIHFW��

,W� LV� UHSRUWHG� WKDW� WKH� FRVW� RI� WKH� PDJQHWLF� SKRVSKDWH� UHPRYDO� ZLWK� OLPH� LV� LQ� WKH� UDQJH� RI� ���
��'IO�SH�\U� DQG� WKH� SURFHVV� LV� FRPSHWLWLYH� ZLWK� RWKHU� WHFKQLTXHV� XQGHU� FRPSDUDEOH� FRQGLWLRQV� DQG�
UHTXLUHPHQWV�� :KHQ� WKH� OLPH� LV� XVHG� IRU� SUHFLSLWDWLRQ�� FRVWV� DUH� LQGHSHQGHQW� RI� SKRVSKRUXV� LQIOXHQW�
FRQFHQWUDWLRQV��8QOLNH�OLPH��IRU�LURQ�FKORULGH��FRVWV�RI�WKH�SURFHVV�DUH�LQFUHDVHG�ZLWK�LQFUHDVLQJ�SKRVSKRUXV�
FRQFHQWUDWLRQ��7KH�UHDVRQV�JLYHQ�ZHUH�DQ�LQFUHDVH�LQ�WKH�LURQ�FKORULGH�FRQVXPSWLRQ�DQG�LQ�WKH�SURGXFWLRQ�
RI� LURQ� SKRVSKDWH� VOXGJH� WKDW� KDV� WR� EH� KDQGOHG� DQG� GXPSHG�� +RZHYHU�� DW� WKH� FRQGLWLRQV� ZKHUH� WKH�
SKRVSKRUXV�FRQFHQWUDWLRQ�LV�ORZHU�WKDQ����PJ�O��WKH�XVH�RI�LURQ�FKORULGH�LV�HFRQRPLFDOO\�DWWUDFWLYH�RYHU�WKH�
XVH�RI�OLPH��

1R�PHQWLRQ�LV�PDGH�LQ�WKH�OLWHUDWXUH�RI�SDWHQWV�RU�OLFHQVH�DJUHHPHQWV��KRZHYHU��WKHUH�DUH�DW�OHDVW�WZR�
UHDVRQV� WR� DVVXPH� WKH� SURFHVV� LV� SDWHQWHG�� WKDW� DUH� IXOO�VFDOH� SODQW� DSSOLFDWLRQV� XQGHUWDNHQ� LQ� WKH�
1HWKHUODQGV�DQG�LPSRUWDWLRQ�RI�WKH�(QYLPDJ�6\VWHP�WR�86��VHFWLRQ�����

,W�ZDV�UHSRUWHG�WKDW�WKLV�PDJQHWLF�SKRVSKDWH�UHPRYDO�V\VWHP�FRXOG�EH�XVHG�DV�D�WHUWLDU\�WUHDWPHQW�DW�
VHZDJH� WUHDWPHQW�ZRUNV�� DV� D� 3�VWULSSLQJ�XQLW� LQ� D� oVLGH� VWUHDPp�RI� ELRORJLFDO� 3�UHPRYDO� SODQWV� DQG�D� 3�
UHPRYDO�XQLW�IRU�LQGXVWULDO�ZDVWHZDWHU��

7DNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�UHTXLUHPHQWV�WR�EH�FRPSOLHG�ZLWK�PDJQHWLF�VHSDUDWRU�LQ�ZDWHU�WUHDWPHQW��
ZLWK�WKH�LPSURYHPHQW�RI�SHUPDQHQW�PDJQHW�WHFKQRORJ\�ZLWKLQ�WKH�ODVW�GHFDGH��GLIIHUHQW�W\SHV�RI�PDJQHWLF�
VHSDUDWRUV� EDVHG� RQ� SHUPDQHQW�PDJQHW� ZHUH� GHYHORSHG� DW� WKH� ,QVWLWXWH� IRU� 7HFKQLFDO� &KHPLVWU\� RI� WKH�
)RUVFKXQJ]HQWUXP�.DUOVUXKH��*HUPDQ\���)UDQ]UHE������D���7KH�ILUVW�SURWRW\SH�FDURXVHO�PDJQHWLF�VHSDUDWRU�
HPSOR\HG� D� VROHQRLG� DQG� ZDV� WHVWHG� IRU� HOLPLQDWLRQ� RI� PDJQHWLWH�FRQWDLQLQJ� LURQ� SKRVSKDWH� DQG� LURQ�
K\GUR[LGH�IORFV��)UDQ]UHE�HW�DO����������7KH�UHVXOWV�VKRZ�WKDW�SKRVSKDWH�FRQFHQWUDWLRQ�XS�WR���PJ�O�32�

����3�
LQ� WKH� LQOHW�ZHUH� UHGXFHG� WR� OHVV� WKDQ��PJ�O�32�

���3� LQ� WKH�RXWOHW�DW� WKH� ILOWUDWLRQ� UDWHV�DERXW���P�K��7R�
UHGXFH� WKH� HQHUJ\� FRQVXPSWLRQ�� WKH� VHFRQG�SURWRW\SH� EDVHG� RQ� UDUH�HDUWK�PDJQHWV�ZDV� GHYHORSHG� DQG�
WHVWHG�IRU�oWKLUG�VWDJHp�SKRVSKDWH�HOLPLQDWLRQ��)UDQ]UHE�DQG�+ÎOO���������$V�FRPSDUHG�WR�WKH�ILUVW�SURWRW\SH��
WKH�ILOWHU�WKURXJKSXW�KDV�EHHQ�LQFUHDVHG�E\�PRUH�WKDQ������WR�DERXW����P��K�ZLWK�WKH�GLPHQVLRQV�DQG�WKH�
PDJQHW�V\VWHP�XVHG�UHPDLQLQJ�WKH�VDPH��$W�WKH�LQOHW�FRQFHQWUDWLRQ�RI��PJ�O�3��VHSDUDWLRQ�HIILFLHQFLHV�RI�
DSSUR[LPDWHO\�����FDQ�EH�DFKLHYHG�E\�FRQWLQXRXV�RSHUDWLRQ�DW�ILOWUDWLRQ�UDWHV�RI����P�K��,W�ZDV�FODLPHG�
WKDW� WKH� V\VWHP� UHSUHVHQWV� D� UHDO� DOWHUQDWLYH� WR� WKH� ZHOO�HVWDEOLVKHG� VROLG�OLTXLG� VHSDUDWLRQ�PHWKRGV� IRU�
SKRVSKDWH�HOLPLQDWLRQ��H�J��VDQG�ILOWHUV�RU�PLFUR�VLHYHV��

,Q� FR�RSHUDWLRQ� ZLWK� WKH� FRPSDQ\� 6WHLQHUW� (OHFWURPDJQHWEDX� *PE+� DQ� LQGXVWULDO� SURWRW\SH� RI� WKH�
FDURXVHO�PDJQHWLF� VHSDUDWRU� ZDV� EXLOW�� 7KLV� VHSDUDWRU� ZLOO� EH� D� SDUW� RI� D�PRELOH� SLORW� SODQW� LQFOXGLQJ� LQ�
DGGLWLRQ�D�SURGXFWLRQ�XQLW�IRU�V\QWKHWLF�PDJQHWLWH�DQG�D�IORFFXODWLRQ�VWDJH��)RU�WKH�DSSOLFDWLRQ�RI�SKRVSKDWH�
HOLPLQDWLRQ��WKLV�SLORW�SODQW�LV�H[SHFWHG�WR�KDYH�D�WKURXJKSXW�RI�DERXW���P��K��

7DNLQJ� LQWR�FRQVLGHUDWLRQ�WKH�FRVW�RI�WKH�VHDOLQJ�RI� ODUJH�URWDWLQJ�SDUWV�DQG�WKH�ULVN�RI�ZHDU�ZKHQ�WKH�
VXVSHQVLRQ�FRQWDLQV�DEUDVLYH�SDUWLFOHV��F\FOLFDOO\�RSHUDWLQJ�PDJQHWLF�ILOWHUV�ZDV�ILQDOO\�GHYHORSHG��7KH�PDLQ�
IHDWXUH�RI�WKLV�NLQG�RI�VHSDUDWRU�LV�WKDW�DOWKRXJK�LW�LV�EDVHG�RQ�SHUPDQHQW�PDJQHWV�LW�FDQ�EH�VZLWFKHG�oRQp�
DQG�oRIIp��'XULQJ�WKH�RSHUDWLRQ��WKH�VXVSHQVLRQ�LV�SXPSHG�WKURXJK�WKH�ILOWHU�XQWLO�D�FHUWDLQ�SUHVVXUH�GURS�RU�
HIIOXHQW�WXUELGLW\�LV�H[FHHGHG��7KHQ�WKH�IORZ�LV�VWRSSHG�DQG�WKH�PDJQHW�V\VWHP�LV�VZLWFKHG�oRIIp��ZKHUHXSRQ�
D VKRUW� LQWHQVLYH� ULQVLQJ��SUHIHUDEO\� LQ� WKH�FRXQWHU� IORZ�GLUHFWLRQ�FOHDQV� WKH�PDWUL[�� )LQDOO\�� WKH�PDJQHW� LV�
VZLWFKHG�oRQp�DJDLQ�DQG�D�QHZ�ILOWUDWLRQ�F\FOH�LV�VWDUWHG��7KXV��LW�LV�FODLPHG�WKDW�WKH�RSHUDWLRQ�RI�WKLV�W\SH�RI�
PDJQHWLF�ILOWHU�LV�FRPSDUDEOH�WR�RQH�RI�VDQG�ILOWUDWLRQ��

7KH�DGYDQWDJH�RI� WKH�V\VWHP�DUH�JLYHQ�DV� IROORZV��YHU\�VPDOO�HQHUJ\�FRQVXPSWLRQ�DQG�FKHDS��'XULQJ�
WKH�\HDU������WKH�V\VWHP�ZDV�WHVWHG�LQ�VHYHUDO�SLORW�DSSOLFDWLRQV�LQ�VWHHO� LQGXVWU\��ZKHUH�WKH�ILOWUDWLRQ�RI�
PDJQHWLF�PLFUR�SDUWLFOHV�ZDV�FRQGXFWHG�DW�ILOWUDWLRQ�UDWHV�RI�XS�WR�����P�K��)UDQ]UHE������E���
�
�������(QYLPDJ�V\VWHP�LQVWDOOHG�LQ�86$�IRU�UHPRYLQJ�KHDY\�PHWDO�LRQV�IURP�LQGXVWULDO�ZDWHUV��
�

7KLV�LV�DQ�H[DPSOH�RI�PDJQHWLF�VHSDUDWLRQ�SODQW�UHFHQWO\�LQVWDOOHG�DW�D�FKHPLFDO�FRPSDQ\�LQ�WKH�8QLWHG�
6WDWHV� �'H� 5HXYHU�� ������� 7KH� &KHPLFDO� &RPSDQ\� ZKHUH� (QYLPDJnV� ZDVWHZDWHU� WUHDWPHQW� V\VWHP� LV� LQ�
RSHUDWLRQ� SURGXFHV� VHPL�PDQXIDFWXUHG� SODVWLF� SURGXFWV�� 7KH� SURGXFWLRQ� SURFHVV� UHTXLUHV� FRSSHU� DV� D�
FDWDO\VW��GXULQJ�SRO\PHUL]DWLRQ�� VPDOO�TXDQWLWLHV�RI� WKH�FRSSHU�FDWDO\VW�GLVVROYH� LQ� WKH�SURFHVV�ZDWHU�DQG�
HPHUJH�LQ�D����P��K�ZDVWHZDWHU�IORZ�DW�FRQFHQWUDWLRQV�EHWZHHQ������DQG������SDUWV�SHU�ELOOLRQ��

7R�PHHW� WKH� GLVFKDUJH� OLPLWV� ���SSE� IRU� FRSSHU� GLVFKDUJH�� LPSRVHG� E\� WKH� (QYLURQPHQWDO� 3URWHFWLRQ�
$JHQF\��(3$���WKH�$PHULFDQ�&KHPLFDO�,QGXVWU\�FDPH�IDFH�ZLWK�WKH�SUREOHP�RI�ILQGLQJ�D�VXLWDEOH�WUHDWPHQW�
VROXWLRQ� DQG� IRXQG� D� VXLWDEOH� FDQGLGDWH� LQ� WKH� (QYLPDJ� SURFHVV� �SUHYLRXVO\� QDPH� WKH� 6PLW� 1\PHJHQ�
0DJQHWLF� :DWHU� WUHDWPHQW� 6\VWHP� �9DQ� 9DOVHQ�� ������� 7KH� SURFHVV� ZDV� VKRZQ� WR� PHHW� WKH� LPSRVHG�
UHTXLUHPHQWV��ZRUNDELOLW\�DW�KLJK�ZDVWHZDWHU�IORZ�UDWHV�DQG�WKH�DELOLW\�WR�SURYLGH�ORZ�GLVFKDUJH�OLPLWV��%RWK�
FKHPLFDO�DQG�HFRQRPLFDO�HYDOXDWLRQV�ZHUH�GRQH�WR�PDNH�D�FDUHIXO�VHOHFWLRQ��$W�WKH�HQG��LW�ZDV�IRXQG�WKDW�
PDJQHWLF� VHSDUDWLRQ� SURYHG� WR� WKH�PRVW� HIIHFWLYH� DPRQJVW� WKH� RWKHUV�� 7KHUH� LV� QR� GHWDLOHG� LQIRUPDWLRQ
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DERXW�WKH�RWKHU�V\VWHPV�WKDW�ZHUH�HYDOXDWHG�LQ�WKH�VHOHFWLRQ�SURFHVV��+\SHU�ILOWUDWLRQ�ZDV�RQO\�JLYHQ�DV�D�
RQH�RI�WKH�RWKHU�V\VWHPV�WKDW�ZDV�FRQVLGHUHG��

$V� LQ� RWKHU� DSSOLFDWLRQV�� WKLV� V\VWHP� LV� DOVR� EDVHG� RQ� WKH� PDJQHWLF� FDUULHU� SULQFLSOH�� 3ROOXWDQWV� DUH�
DWWDFKHG�WR�WKH�PDJQHWLF�FDUULHU�PDWHULDO��PDJQHWLWH�DQG�WKHQ�UHPRYHG�IURP�WKH�ZDVWHZDWHU�VWUHDPV�E\�D�
PDJQHW��7KH�PDJQHWLWH�LV�UHFRYHUHG�DQG�UHF\FOHG�ZLWKLQ�WKH�SURFHVV��,Q�WKH�SUH�WUHDWPHQW�VWDJH��FRQWURO�RI�
DFLGLW\�DQG�UHGR[�SRWHQWLDO�DUH�UHTXLUHG�IRU�WKH�FRQGLWLRQLQJ�RI�WKH�ZDVWHZDWHU��S+�LV�FRQWUROOHG�E\�FDUERQ�
GLR[LGH�JDV��DQG�VXOSKLGH�FRQWDLQLQJ�FKHPLFDO�LV�XVHG�IRU�WKH�SUHFLSLWDWLRQ�RI�WKH�GLVVROYHG�FRSSHU�IUDFWLRQ��
$ SRO\PHU� LV� DOVR� DGGHG� WR� WKH� V\VWHP� WR� LPSURYH� WKH� HIILFLHQF\� RI� WKH� SROOXWDQW� DGKHUHQFH� RQWR� WKH�
PDJQHWLWH��%\�DSSO\LQJ�WKLV�SURFHGXUH��LW�ZDV�UHSRUWHG�WKDW�FRSSHU�FRQFHQWUDWLRQ�ZDV�UHGXFHG�WR�WKH�OHYHO�
EHORZ�RI�WKH����SDUW�SHU�ELOOLRQ��

$V� LQ� RWKHU� DSSOLFDWLRQV�� KLJK� VHSDUDWLRQ� HIILFLHQF\�� ORZ� VSDFH� UHTXLUHPHQWV� LQ� FRPSDULVRQ� ZLWK�
FRPSHWLWLYH�V\VWHPV��QR�EORFNDJH�DQG�FORJJLQJ�SUREOHPV�EHFDXVH�RI�WKH�RSHQ�VWUXFWXUH�LQVLGH�WKH�PDJQHW�
DQG� ORZ� HQHUJ\� UHTXLUHPHQW� DUH� DPRQJVW� WKH� DGYDQWDJHV� RI� WKH� SURFHVV�� $� VFKHPDWLF� GLDJUDP� RI� WKH�
(QYLPDJ�V\VWHP�LV�VKRZQ�LQ�)LJXUH����
�

)LJXUH����6FKHPDWLF�GLDJUDP�RI�WKH�(QYLPDJ�PDJQHWLF�ZDVWHZDWHU�WUHDWPHQW�V\VWHP��'H�5HXYHU��������
�

,Q� WKLV� DUWLFOH�� WKH� DXWKRU� SDUWLFXODUO\� FDOOHG� DWWHQWLRQ� WR� D� FRPPRQ� PLVXQGHUVWDQGLQJ�� WKDW�
HOHFWURPDJQHWV� FRQVXPH� FRQVLGHUDEOH� DPRXQW� RI� HQHUJ\��+H� GLVPLVVHG� WKLV� FODLP� E\� JLYLQJ� DQ� H[DPSOH�
IURP� WKH� UHVXOWV� RI� WKLV� DSSOLFDWLRQ�� $Q� HQYLPDJ� HOHFWURPDJQHWV�� VSHFLDOO\� GHVLJQHG� IRU� DSSOLFDWLRQ� WR�
ZDVWHZDWHU�DQG�VXLWDEOH�IRU�D�IORZ�UDWH�RI����P��KU�FRQVXPHG�RQO\����N:��

7KH� WRWDO� FRVWV� RI� WKH� SURFHVV� ZHUH� JLYHQ� DV� IROORZV�� WKH� FRVW� RI� WKH� VNLG�PRXQWHG� LQVWDOODWLRQ� ZDV�
DSSUR[LPDWHO\�86���������DQG�WKH�FRVW�RI�FKHPLFDO�DQG�HQHUJ\�GHPDQG�IRU�SHU�P� RI�ZDVWHZDWHU�DUH�86��
�����DQG����N:K��UHVSHFWLYHO\��
�
�������0DJQHWLF�UHPRYDO�RI�PHWDO�LRQV��GHSHQGLQJ�RQ�VXSHUFRQGXFWLQJ�PDJQHWV�WHFKQRORJ\�
�

7KLV� GHYHORSPHQW� ZDV� XQGHUWDNHQ� DW� WKH� /DERUDWRLUH� (QYLURQPHQW� HW� 0LQHUDOXUJLH� LQ� )UDQFH�� DQG�
LQFOXGHV� WKH� GHYHORSPHQW� RI� D� QHZ� VXSHUFRQGXFWLQJ� VHSDUDWRU� SURGXFLQJ� KLJK�PDJQHWLF� ILHOGV�ZLWK� ORZ�
HQHUJ\�FRQVXPSWLRQ��*LOOHW�DQG�'LRW������D��E���

7DNLQJ� LQ� WR� FRQVLGHUDWLRQ� WKH�KLJK�PDJQHWLF� ILHOG� UHTXLUHPHQW� IRU� WKH� VHSDUDWLRQ�RI�PDWHULDOV�KDYLQJ�
ORZ�PDJQHWLF� VXVFHSWLELOLW\� DQG�RU� YHU\� VPDOO� SDUWLFOH� VL]H� �JHQHUDOO\� SUHVHQW� LQ�ZDVWHZDWHU� WUHDWPHQW���
WKH\�GHYHORSHG�D�VHSDUDWLRQ�V\VWHP�WKDW�XVHV�VXSHUFRQGXFWLQJ�PDJQHWV�WKDW�DUH�FRPSOHWHO\�DXWRPDWHG��

7KH�VHSDUDWRU�FRQVLVWV�RI�WKUHH�PDLQ�HOHPHQWV��WKH�PDJQHW��WKH�FU\RJHQLF�V\VWHP�DQG�WKH�SURJUDPPDEOH�
FRQWURO�XQLW��$�1E�7L�PRQROLWKLF�PXOWLVWUDQG�FRQGXFWRU�ZDV�XVHG�WR�EXLOG�D�VXSHU�FRQGXFWLQJ�VROHQRLG��ZKLFK�
SURYLGHV�D�PDJQHWLF�ILHOG�RI���7HVOD�RQ�WKH�VROHQRLG�D[LV��

8QOLNH�PRVW�RI�WKH�VLPLODU�V\VWHPV��WKLV�FU\RPDJQHWLF�XQLW�GRHV�QRW�UHTXLUH�H[WHUQDO�OLTXLG�KHOLXP�VXSSO\��
7KH�PDLQ�IHDWXUHV�RI� WKH�V\VWHP�LQFOXGH�WKH�RSHUDWLQJ� LQ�D�FRQWLQXRXV�PRGH�DQG�QR�SRZHU�UHTXLUHPHQWV�
RQFH�WKH�PDJQHW�LV�HQHUJL]HG��

,W�ZDV�UHSRUWHG�WKDW�WKLV�VHSDUDWRU�FRXOG�EH�XVHG�LQ�ERWK�PLQHUDO�SURFHVVLQJ�DQG�ZDVWHZDWHU�WUHDWPHQW�
DLGV��1HYHUWKHOHVV�� LW�KDV�EHHQ�VHHQ�WKDW�PXFK�HIIRUW�ZDV�PDGH�WR�FOHDQ�XS�LQGXVWULDO�HIIOXHQWV�FRQWDLQLQJ�
GLVVROYHG� PHWDOV�� %RWK� WKH� V\QWKHWLF� DQG� WKH� LQGXVWULDO� HIIOXHQW� �PRVWO\� FRPLQJ� IURP� VXUIDFH�WUHDWPHQW�
SODQWV� VXFK� DV� ULQVLQJ� ZDWHU�� ZHUH� WUHDWHG� E\� WKH� 6XSHUFRQGXFWLQJ� PDJQHWLF� VHSDUDWRU� �*LOOHW� DQG� 'LRW��
����E���

0DJQHWLWH� ZDV� REWDLQHG� E\� WKH� SUHFLSLWDWLRQ� RI� D� PL[HG� VROXWLRQ� RI� IHUURXV� DQG� IHUULF� VDOWV� DQG� WKH�
UHPRYDO� RI� PHWDO� LRQV� DFKLHYHG� E\� DGVRUSWLRQ� RQ� DQG�RU� FR�SUHFLSLWDWLRQ� ZLWK� WKH� K\GUDWHG� PDJQHWLWH��
:KHQ�WKH�PDWUL[�LV�VDWXUDWHG��LW�LV�FOHDQHG�E\�HLWKHU�GLVVROYLQJ�RI�SUHFLSLWDWH�ZLWK�D�FLUFXODWLQJ�DFLG�VROXWLRQ�
LQ�WKH�ILHOG�RI�PDJQHW�RU�E\�ZDWHU�ZLWKRXW�D�PDJQHWLF�ILOHG��
�

:DVWHZDWHU�

3RO\�HOHFWURO\WH

6OXGJH

(IIOXHQW

0DJQHWLWH���
UHFRYHU\

S+�DGMXVWPHQW

6XOILGH��
� FRDJXODQW�

0DJQHWLWH
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7KH�UHVXOWV�IRU�LQGXVWULDO�ULQVLQJ�IOXLGV�VKRZHG�WKDW�SXULILFDWLRQ�SHUIRUPDQFH�REWDLQHG�LV�PRUH�WKDQ������
,W�LV�FODLPHG�WKDW�WKH�SURFHVV�WUHDWV�LPSRUWDQW�YROXPHV�RI�LQGXVWULDO�HIIOXHQWV�FKDUJHG�ZLWK�PHWDOV�LQ�VROXWLRQ�
ZLWKRXW�DGGLQJ�VROLG�RU�FRDJXODQW�VDOW��:KHQ�WKH�HIIOXHQWV�LQFOXGH�VPDOO�DPRXQW�RI�GLVVROYHG�PHWDOV��ZKLFK�
DUH� GLIILFXOW� WR� WUHDW� ZLWK� FRQYHQWLRQDO� SUHFLSLWDWLRQ� DQG� WKLFNHQLQJ�� LW� LV� FODLPHG� WKDW� WKLV� PHWKRG� LV�
SURPLVLQJ� IRU� WKH� WUHDWPHQW�� ,Q� DGGLWLRQ� WR� FRPPRQ� DGYDQWDJHV� RI� PDJQHWLF� VHSDUDWLRQ� LQ� ZDVWHZDWHU�
WUHDWPHQW�� JHQHUDWLQJ� KLJK� PDJQHWLF� ILOHG� LV� DQ� LPSRUWDQW� IHDWXUH� RI� WKLV� VHSDUDWRU� IRU� DSSOLFDWLRQ� RI�
PDJQHWLF� VHSDUDWLRQ� WR� WKH� ZDVWHZDWHU� WUHDWPHQW�� 7KH� SURFHVV� GHVFULEHG� ZDV� SDWHQWHG� �)UHQFK� SDWHQW�
����������������%5*0B,13/����
�

���6800$5<�
�

7KH�H[DPSOHV�SUHVHQWHG� LQ� WKLV�SDSHU�DUH� LQGXVWULDO�rVFDOH�DSSOLFDWLRQV��7KHUH� LV�DOVR�PXFK� ODERUDWRU\�
ZRUN�XQGHUWDNHQ�LQ�WKLV�VXEMHFW��ZKLFK�ZDV�QRW�UHYLHZHG�KHUH��7KH�UHVXOWV�RI�ODERUDWRU\�VWXGLHV�LQGLFDWH�WKDW�
DSSOLFDWLRQ�RI�PDJQHWLF�VHSDUDWLRQ�WR�WKH�ZDVWHZDWHU�WUHDWPHQW�LV�WHFKQLFDOO\�IHDVLEOH��7KH�H[DPSOHV�JLYHQ�
LQ�WKLV�SDSHU�DUH�VKRZHG�WKDW�WKH�SURFHVV�LV�DOVR�HFRQRPLFDOO\�IHDVLEOH��

0DLQ� UHDVRQV� IRU� WKH� ODWH� LQWURGXFWLRQ� RI� PDJQHWLF� VHSDUDWLRQ� LQ� ZDVWHZDWHU� WUHDWPHQW� KDYH� EHHQ�
DFFHSWHG�DV�WKH�SRRU�PDJQHWLF�VXVFHSWLELOLW\�RI�SROOXWDQWV�DQG�WKH�QHHG�IRU�VSHFLILF�PDJQHW�WKDW�PHHWV�WKH�
ZDVWHZDWHU�WUHDWPHQW�UHTXLUHPHQWV��,Q�WKLV�UHJDUG��PDJQHWLF�FDUULHU�WHFKQRORJ\�FDQ�SURYLGH�WKH�VROXWLRQ�IRU�
SRRU� PDJQHWLF� VXVFHSWLELOLW\� RI� SROOXWDQWV�� ,W� FDQ� EH� VDLG� WKDW�� LQ� SULQFLSOH�� DOO� VXEVWDQFHV� WKDW� FDQ� EH�
HIIHFWLYHO\�DWWDFKHG�WR�D�PDJQHWLF�VHHGLQJ�PDWHULDO�FDQ�EH�VHSDUDWHG�RXW�E\�XVLQJ�D�PDJQHWLF�VHSDUDWLRQ�
PHWKRG��$V� IRU� WKH�VHFRQG� UHDVRQ�� LQQRYDWLRQ�VKRZHG� WKDW�D�QHZ�PDJQHW� WKDW� LV�VXLWDEOH� IRU�ZDVWHZDWHU�
WUHDWPHQW�DSSOLFDWLRQ�KDV�DOUHDG\�EHHQ�GHYHORSHG��7KHUHIRUH��WKHUH�LV�QRZ�QR�UHDVRQ�QRW�WR�XVH�WKLV�PHWKRG�
LQ�WKH�DUHD�RI�ZDVWHZDWHU�WUHDWPHQW��RQ�WKH�FRQWUDU\�WKHUH�DUH�PDQ\�UHDVRQ�WR�XVH�RI�LW��

/DERUDWRU\� DQG� SLORW� SODQW� WHVWV� LQGLFDWH� WKDW� WKLV� WHFKQLTXH� LV� FDSDEOH� RI� H[FHOOHQWO\� SXULI\LQJ�
ZDVWHZDWHU� DW� KLJK� IORZ� UDWHV�� 7KH� PDJQHWLF� VHSDUDWLRQ� WHFKQLTXH� IRU� ZDVWHZDWHU� WUHDWPHQW� LV�
FKDUDFWHUL]HG�E\�KLJK�HOLPLQDWLRQ�SHUIRUPDQFH��FRPSDFW�SURFHVV��ORZ�FRVW��ZRUNDELOLW\�DW�IORZ�UDWHV�VHYHUDO�
KXQGUHG�WLPHV�IDVWHU�WKDQ�FRQYHQWLRQDO�ILOWUDWLRQ�DQG�LQFRPSDUDEOH�LQ�PDQ\�ZDVWHZDWHU�WUHDWPHQW�V\VWHPV��

,W� LV�SRVVLEOH� WKDW�PDJQHWLF� VHSDUDWRUV�ZLOO�EH�D�FHQWUDO�FRPSRQHQW�RI� ODUJH�ZDWHU�WUHDWPHQW� IDFLOLWLHV��
$SSOLFDWLRQV�VKRZ�WKDW�WKLV�LQQRYDWLRQ�KDV�DOUHDG\�EHJXQ�DOO�RYHU�WKH�ZRUOG��
�

5()(5(1&(6�
�
$QDQG�� 3��� (W]HO�� -�(��� )ULHGODHQGHU�� )�-��� +HDY\�PHWDOV� UHPRYDO� E\� KLJK� JUDGLHQW�PDJQHWLF� VHSDUDWLRQ�� ,(((�

7UDQV��RQ�0DJQHWLFV����������� �����������
$QGHUVRQ��1�-��DQG�3ULHVWOH\��$�-���&RORXU�DQG�WXUELGLW\�UHPRYDO�ZLWK�UHXVDEOH�PDJQHWLWH�SDUWLFOHV�9�3URFHVV�

GHYHORSPHQW��:DW��5HV������������ �����������
$QGHUVRQ�� 1�-�� DQG� %ROWR�� %�$��� %OHVLQJ�� 1�9��� .RODULN� /�2��� &RORXU� DQG� WXUELGLW\� UHPRYDO� ZLWK� UHXVDEOH�

PDJQHWLWH�SDUWLFOHV�9,�3LORW�SODQW�RSHUDWLRQ��:DW��5HV������������ �����������
$QGHUVRQ��3�5���&KHQ��:�<���5RWK��.�(���(YDOXDWLRQ�RI�D�PDJQHWLWH�EDVHG�DGVRUSWLRQ�SURFHVV�IRU�WKH�UHFRYHU\�

RI�PHWDOV� IURP� LQGXVWULDO�ZDVWHZDWHU�� 1HZ�'HYHORSPHQWV� LQ� ,QGXVWULDO�:DVWHZDWHU� 7UHDWPHQW�� HG�� $��
7XUNPDQ�DQG�2��8VOX���1$72�$6,�6HULHV������������ ���������

%ROWR��%�$���0DJQHWLF�SDUWLFOH� WHFKQRORJ\��'HVDOLQDWLRQ�DQG�:DWHU�5HXVH�$SSOLFDWLRQV��'HVDOLQDWLRQ��HG��0��
%DODEDQ��7KH� ,QWHUQDWLRQDO� -RXUQDO�RQ� WKH�6FLHQFH�DQG�7HFKQRORJ\�RI�'HVDOWLQJ�DQG�:DWHU�3XULILFDWLRQ��
���������������

%RRNHU�� 1�$��� &RRQH\�� (��� 2FDO�� *��� 3ULHVWOH\�� $�-��� 7KH� 6,52)/2&� VHZDJH� WUHDWPHQW� SURFHVV�� $� KLJK� UDWH�
SURFHVV�IRU�VHZDJH�FODULILFDWLRQ��3URFHHGLQJV�RI�WKH���WK�*RWKHQEXUJ�6\PSRVLXP��&KHPLFDO�:DWHU�DQG�
:DVWHZDWHU�7UHDWPHQW�,,,��HG��5��.OXWH�DQG�+��+DKQ��6SULQJHU�9HUODJ�����������������

%RRNHU��1�$���2FDO��*���3ULHVWOH\��$�-���1RYHO�KLJK�UDWH�SURFHVVHV�IRU�VHZHU�RYHUIORZ�WUHDWPHQW��:DW��6FL��7HFK���
������������������������

&KHQ�� :�<��� $QGHUVRQ�� 3�5��� DQG� +ROVHQ�� 7�0��� 5HFRYHU\� DQG� UHF\FOH� RI� PHWDOV� IURP� ZDVWHZDWHU� ZLWK� D�
PDJQHWLWH�EDVHG�DGVRUSWLRQ�SURFHVV��5HVHDUFK�-RXUQDO�:3&)����������� ���������

&6,52�� 6LURIORF� IRU� 3RWDEOH�:DWHU�7UHDWPHQW� DQG�6LURIORF� IRU� 6HZDJH�7UHDWPHQW��������KWWS���ZZZ�FVLUR��
ZHE�SDJHV�

'H�/DWRXU��&���0DJQHWLF�VHSDUDWLRQ�LQ�ZDWHU�SROOXWLRQ�FRQWURO��,(((�7UDQVDFWLRQV�RQ�0DJQHWLFV��������PDJ�
���������������

'H� 5HXYHU�� -�/��� 0DJQHWLF� ZDVWHZDWHU� WUHDWPHQW� LQ� WKH� 86� FKHPLFDO� LQGXVWU\�� )LOWUDWLRQ� DQG� 6HSDUDWLRQ�
-RXUQDO�������������������������

)HQJ�� '��� $OGULFK�� &��� 7DQ�� +���5HPRYDO� RI� KHDY\�PHWDO� LRQV� E\� FDUULHU�PDJQHWLF� VHSDUDWLRQ� RI� DGVRUSWLYH�
SDUWLFXODWHV��+\GURPHWDOOXUJ\������������������������

�
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)UDQ]UHE��0���.DPSHLV��3��� )UDQ]��0���DQG�(EHUOH��6�+���8VH�RI�PDJQHW� WHFKQRORJ\� IRU�SKRVSKDWH�HOLPLQDWLRQ�
IURP�PXQLFLSDO�VHZDJH��$FWD�+\GURFKLPLFD�HW�+\GURELRORJLFD�������������������������

)UDQ]UHE�� 0�� DQG� +ÎOO�� :�+��� 3KRVSKDWH� UHPRYDO� E\� KLJK�JUDGLHQW� PDJQHWLF� ILOWUDWLRQ� XVLQJ� SHUPDQHQW�
PDJQHWV��,(((�7UDQVDFWLRQ�RQ�$SSOLHG�6XSHUFRQGXFWLYLW\������������������������

)UDQ]UHE�� 0��� 1HZ� GHVLJQ� RI� KLJK� JUDGLHQW� PDJQHWLF� VHSDUDWRUV� XVLQJ� SHUPDQHQW� PDJQHWV�� �WK� :RUOG�
&RQJUHVV�RI�&KHPLFDO�(QJLQHHULQJ��VHSW������D��0HOERXUQH��$XVWUDOLD��SS��������

)UDQ]UHE��0������E��RUDO�FRQYHUVDWLRQ��
)U\HU��/���������0DJQHWLF�ZDWHU�WUHDWPHQW��$�FRPLQJ�DWWUDFWLRQ"�3XEOLVKHU�(�6RXUFH��,QF������SDJHV���
*LOOHW�� *�� DQG�'LRW�� )���7HFKQRORJ\� RI� VXSHUFRQGXFWLQJ�PDJQHWLF� VHSDUDWLRQ� LQ�PLQHUDO� DQG� HQYLURQPHQWDO�

SURFHVVLQJ��0LQHUDOV�DQG�0HWDOOXUJLFDO�3URFHVVLQJ������D��������������
*LOOHW�� *�� DQG� 'LRW�� )���5HPRYDO� RI� KHDY\�PHWDO� LRQV� E\� VXSHUFRQGXFWLQJ�PDJQHWLF� VHSDUDWLRQ�� 6HSDUDWLRQ�

6FLHQFH�DQG�7HFKQRORJ\������E���������������������
+DUODQG��-��5���1LOVRQ��/���:DOOLQ��0���3LORW�VFDOH�KLJK�JUDGLHQW�PDJQHWLF�ILOWUDWLRQ�RI�VWHHO�PLOO�ZDVWHZDWHU��,(((�

7UDQVDFWLRQ�RQ�0DJQHWLFV��������0$*�����������������
.DUDSLQDU��1���5HPRYDO�RI�3E��&X��=Q�LRQV�IURP�ZDVWHZDWHU�E\�XVLQJ�PDJQHWLF�VHHGLQJ�PHWKRG��3K�'��WKHVLV��

+DFHWWHSH�8QLYHUVLW\��0LQLQJ�(QJ��'HSW���$QNDUD��7XUNH\������������S��
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SURFHVVHV�XVLQJ�PDJQHWLF�FDUULHU�WHFKQRORJ\��0LQHUDOV�(QJ����������� �������������
1XQH]�� /��� %XFKKRO]�� %�$��� DQG� 9DQGHJULIW�� *�)��� :DVWH� UHPHGLDWLRQ� XVLQJ� LQ� VLWX� PDJQHWLFDOO\� DVVLVWHG�

FKHPLFDO�VHSDUDWLRQ��6HSDUDWLRQ�6FLHQFH�DQG�7HFKQRORJ\����������������������������
2EHUWXHIIHU��-�$���:HFKVOHU��,���0DUVWRQ��3�*�DQG�0F1DOODQ��0�-���+LJK�JUDGLHQW�PDJQHWLF�ILOWUDWLRQ�RI�VWHHO�PLOO�

SURFHVV�DQG�ZDVWHZDWHU��,(((�7UDQVDFWLRQV�RQ�0DJQHWLFV��������PDJ������������������
3UHQJHU��)�&���6WHZDUW��:�)���+LOO��'��'���$YHQV��/�5���:RUO��/��$��6FKDNH��$��GH�$JXHUR��.�-���3DGLOOD��'�'���DQG�7ROW�

7�/���+LJK�JUDGLHQW�PDJQHWLF� VHSDUDWLRQ�DSSOLHG� WR�HQYLURQPHQWDO� UHPHGLDWLRQ��$GYDQFHV� LQ�&U\RJHQLF�
(QJLQHHULQJ����������� ����������

6KDLNK�� $�0�+�� DQG� 'L[LW�� 6�*��� 5HPRYDO� RI� SKRVSKDWH� IURP� ZDWHUV� E\� SUHFLSLWDWLRQ� DQG� KLJK� JUDGLHQW�
PDJQHWLF�VHSDUDWLRQ��:DW��5HV������������ ����������

6YRERGD��-���0DJQHWLF�PHWKRGV�IRU�WKH�WUHDWPHQW�RI�PLQHUDOV��$PVWHUGDP��(OVHLYHU�����������������
7UHVKLPD��<���2]DNL��+���6HNLQH��0���5HPRYDO�RI�GLVVROYHG�KHDY\�PHWDOV�E\�FKHPLFDO�FRDJXODWLRQ��PDJQHWLF�

VHHGLQJ�DQG�KLJK�JUDGLHQW�PDJQHWLF�ILOWUDWLRQ��:DWHU�5HVHDUFK����������� ����������
9DQ� 9DOVHQ�� $�)�0��� 9DQ� GHU� 9RV�� *��� %RHUVPD�� 5��� DQG�GH� 5HXYHU� -�/���+LJK�*UDGLHQW�0DJQHWLF� 6HSDUDWLRQ�

7HFKQLTXH�IRU�:DVWHZDWHU�7UHDWPHQW��:DWHU�6FL��7HFKQRO������������ ����������
9DQ� 9DOVHQ�� $�)�0��� 0DJQHWLF� 6HSDUDWLRQ� RI� 3KRVSKDWHV� IURP� 6HZDJH�� 6FRSH� 1HZVOHWWHU�� ������

KWWS���ZZZ�FHHS�SKRVSKDWHV�RUJ��ZHE�SDJH���
:KLWH�� '�$�� DQG� $WKDQDVLRX�� *��� 5HPRYDO� RI� KHDY\� PHWDOV� XVLQJ� PDJQHWLF� IORFV�� 3URFHVV� 6DIHW\� DQG�
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