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25*$1,=,1*�&200,77(( 
$ULI�6XOWDQ�$O�+DPPDGL��/2&�*HQHUDO�&KDLU�� 
 .KDOLID�8QLYHUVLW\�([HFXWLYH�9LFH�3UHVLGHQW 

0RKDPHG�6DVVL��/2&�&KDLU�� 
 .KDOLID�8QLYHUVLW\�&KDLU��3HWUROHXP�(QJLQHHULQJ 
'LPLWULRV�.\ULWVLV��/2&�&R-&KDLU� 
 .KDOLID�8QLYHUVLW\�&KDLU��0HFKDQLFDO�(QJLQHHULQJ 

6D\HG�$OKDVKPL��/2&�&R-&KDLU� 
 .KDOLID�8QLYHUVLW\�'LUHFWRU��0DUNHWLQJ�	�&RPPXQLFDWLRQ 
:DOHHG�$ODPHUL 
 .KDOLID�8QLYHUVLW\�3HWUROHXP�(QJLQHHULQJ 

0RKDPHG�$O-6KHKKL 
 .KDOLID�8QLYHUVLW\�0HFKDQLFDO�(QJLQHHULQJ 
(\DG�=HUED� 
 .KDOLID�8QLYHUVLW\�0DUNHWLQJ�6SHFLDOLVW 
(PDG�$O-6KDODEL 
 .KDOLID�8QLYHUVLW\�3HWUROHXP�(QJLQHHULQJ 
+DPLG�$LW�$EGHUUDKPDQH 
 .KDOLID�8QLYHUVLW\�0HFKDQLFDO�(QJLQHHULQJ 
(EUDKLP�$O-+DMUL 
 .KDOLID�8QLYHUVLW\�6HQLRU�9LFH-3UHVLGHQW��6XSSRUW�6HUYLFHV� 
0XKDPPDG�$ULI 
 .KDOLID�8QLYHUVLW\�3HWUROHXP�(QJLQHHULQJ 
0RKDPPHG�0RWLXU�5DKPDQ 
 .KDOLID�8QLYHUVLW\�$VVRFLDWH-&KDLU��3HWUROHXP�(QJLQHHULQJ 
9DOpULH�(YHOR\ 
 .KDOLID�8QLYHUVLW\�0HFKDQLFDO�(QJLQHHULQJ 
$IVKLQ�*RKDU]DGHK 
 .KDOLID�8QLYHUVLW\�0HFKDQLFDO�(QJLQHHULQJ 
7LHMXQ��7-��=KDQJ 
 .KDOLID�8QLYHUVLW\�0HFKDQLFDO�(QJLQHHULQJ 
6RILDQH�%HQQD 
 .KDOLID�8QLYHUVLW\�'LUHFWRU��7HFKQRORJ\�2SHUDWLRQV 
0XQD�$O-+DPPDGL� 
 .KDOLID�8QLYHUVLW\�63(�6WXGHQW�&KDSWHU�3UHVLGHQW� 
0RKDPPHG�7DPLQL� 
 .KDOLID�8QLYHUVLW\�$60(�6WXGHQW�&KDSWHU�3UHVLGHQW� 
2PHHU�$O-0DU]RXTL� 
 .KDOLID�8QLYHUVLW\�63(�6WXGHQW�&KDSWHU�9LFH-3UHVLGHQW� 

:H�DUH�VR�JODG�WR�ZHOFRPH�\RX� 
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3DWULFN�-HQQ\��&KDLU���(7+�=�ULFK��6ZLW]HUODQG 

6ULGKDU 5DQJDQDWKDQ��9LFH�&KDLU���.LPEHUO\-&ODUN�&RUSRUDWLRQ��8QLWHG�6WDWHV 

*RRGDU]�$KPDGL��&ODUNVRQ�8QLYHUVLW\��86$ 

0DWWKLDV�$SSHO��6KHOO�*OREDO�%9��7KH�1HWKHUODQGV� 

,QJD�%HUUH��%HUJHQ�8QLYHUVLW\��1RUZD\� 

$QR]LH�(ELJER��(7+�=�ULFK��6ZLW]HUODQG� 

5RVHDQQH�)RUG��8QLYHUVLW\�RI�9LUJLQLD��86$ 

6HEDVWLDQ�*HLJHU��+HULRW-:DWW�8QLYHUVLW\��8.� 

*HQQDG\�*RU��1HZ�-HUVH\�,QVWLWXWH�RI�7HFKQRORJ\��86$� 

%R�*XR��8QLYHUVLW\�RI�$UL]RQD��86$ 

7LLQD�5RRVH��8QLYHUVLW\�RI�6RXWKDPSWRQ��8.� 

+DPGL�7FKHOHSL��6WDQIRUG�8QLYHUVLW\��86$� 

6WpSKDQH�=DOHVNL��8QLYHUVLW\�3LHUUH�DQG�0DULH�&XULH��)UDQFH� 

 

352*5$0�&200,77(( 

:H�DUH�VR�JODG�WR�ZHOFRPH�\RX� 

2OHJ�,OLHY��&KDLU���)UDXQKRIHU�,QVWLWXWH�IRU�,QGXVWULDO�0DWKHPDWLFV��,7:0��*HUPDQ\� 

0��6DGHJK�5LDVL��6KRUW�&RXUVHV���8QLYHUVLW\�RI�&LQFLQQDWL��86$ 

(9(176�&200,77(( 
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:(/&20(�0(66$*(6 

0RKDPHG�6DVVL� 
.KDOLID�8QLYHUVLW\ 

$ULI�6XOWDQ�$O�+DPPDGL� 
.KDOLID�8QLYHUVLW\ 

:H� DUH� GHOLJKWHG� WR� KRVW� WKH� ,QWHU3RUH����� &RQIHUHQFH�
DQG� KLJKOLJKW� WKH� ODWHVW� UHVHDUFK� RXWFRPHV� LQ� SRURXV�
PHGLD� DSSOLFDWLRQV��:H� EHOLHYH� WKH� JDWKHULQJ� RI� OHDGLQJ�
H[SHUWV�LQ�SRURXV�PHGLD�ZLOO�KHOS�HPSKDVL]H�WKH�HVVHQWLDO�
UROH�RI�$EX�'KDEL�DQG�WKH�8$(�LQ�EULQJLQJ�LQQRYDWLRQV�WR�
WKH�RLO�DQG�JDV�LQGXVWU\�� 

 
'U��$ULI�6XOWDQ�$O�+DPPDGL� 

*HQHUDO�&KDLU��,QWHU3RUH������ 
DQG�([HFXWLYH�9LFH-3UHVLGHQW��.KDOLID�8QLYHUVLW\� 

:H�DUH�H[FLWHG�WR�KRVW�WKLV�FRQIHUHQFH�DQG�LW�ZLOO�RIIHU�DQ�
H[FLWLQJ� RSSRUWXQLW\� WR� HQJDJH� ZLWK� WKH� ZLGHU� VFLHQWLILF�
FRPPXQLW\� DQG� H[WHQG� UHVHDUFK� QHWZRUN� DQG�
FROODERUDWLRQ� DPRQJ� VWDNHKROGHUV�� 2XU� 3HWUROHXP�
(QJLQHHULQJ�'HSDUWPHQW� DW� .KDOLID�8QLYHUVLW\� LV� FXUUHQWO\�
UDQNHG� ��WK� LQ� WKH� ZRUOG�� DQG� ZH� ORRN� IRUZDUG� WR�
ZLGHQLQJ� RXU� FRQWULEXWLRQ� WR� WKH� UHOHYDQW� VFLHQWLILF�
FRPPXQLW\� WKURXJK� WKLV� HYHQW��:H� KRSH� DOO� SDUWLFLSDQWV�
ZLOO�KDYH�D�ZRQGHUIXO�H[SHULHQFH�DW�WKLV�FRQIHUHQFH��,�DOVR�
WDNH�WKLV�RSSRUWXQLW\�WR�WKDQN�RXU�/RFDO�2UJDQL]LQJ�7HDP�
FRPSULVLQJ� RI� RXU� )DFXOW\� DQG� 6WXGHQWV� IRU� WKHLU�
GHGLFDWLRQ�WR�PDNH�WKLV�HYHQW�SRVVLEOH�� 

 
'U��0RKDPHG�6DVVL� 
&KDLU�RI�WKH�,QWHU3RUH�����/RFDO�2UJDQL]LQJ�&RPPLWWHH��
DQG�3URIHVVRU�	�$FWLQJ�'HSDUWPHQW�&KDLU�� 
3HWUROHXP�(QJLQHHULQJ��.KDOLID�8QLYHUVLW\ 
 

:HOFRPH�WR�.KDOLID�8QLYHUVLW\ 
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https://www.ku.ac.ae/
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:(/&20(�0(66$*(6 

'HDU�&ROOHDJXHV� 
  
2Q� EHKDOI� RI� WKH� ([HFXWLYH� &RPPLWWHH�� ,� ZHOFRPH� \RX� WR� WKH�
��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 3RURXV� 0HGLD� DQG� $QQXDO�
0HHWLQJ� RI� WKH� ,QWHUQDWLRQDO� 6RFLHW\� IRU� 3RURXV� 0HGLD�
�,QWHU3RUH��� :H� DUH� SOHDVHG� WKDW� \RX� FDQ� MRLQ� XV� IRU� WKLV�
PXOWLGLVFLSOLQDU\� LQWHUQDWLRQDO� PHHWLQJ� WKDW� EULQJV� WRJHWKHU�
FROOHDJXHV� IURP� WKH� JOREDO� SRURXV� PHGLD� FRPPXQLW\�� 7KH�
&RQIHUHQFH�SUHVHQWDWLRQV�LQFOXGH�QHZ�DQG�H[FLWLQJ�DGYDQFHV�LQ�
SRURXV�PHGLD�VWXGLHV�WKDW�FXW�DFURVV�GLVFLSOLQHV�DQG�VSDQ�IURP�
IXQGDPHQWDO� VFLHQFH� WR� DSSOLFDWLRQV�� XVLQJ� QHZ� H[SHULPHQWDO�
PHWKRGV�� PDFKLQH� OHDUQLQJ� DQG� DGYDQFHG� FRPSXWDWLRQDO�
VLPXODWLRQ�DQG�DQDO\VLV� 
 
)RU�WZR�\HDUV��ZH�KDG�WR�RUJDQL]H� ,QWHU3RUH�&RQIHUHQFHV�DV�SXUH�RQOLQH�HYHQWV��
,QWHU3RUH�� &RPPLWWHHV� DQG� PHPEHUV� GLG� D� YHU\� JRRG� DQG� VXFFHVVIXO� MRE� WR�
XQGHUWDNH�VXFK�D�FKDOOHQJH��:KLOH�WKH�&29,'-���SDQGHPLF�LV�QRW�VWLOO�FRPSOHWHO\�
XQGHU�FRQWURO��LW�ZDV�SRVVLEOH�WR�FRQVLGHU�RUJDQL]LQJ�WKLV�\HDU·V�FRQIHUHQFH�DV�DQ�
K\EULG�FRQIHUHQFH��,QWHU3RUH�LV�GHHSO\�JUDWHIXO�WR�.KDOLID�8QLYHUVLW\�IRU�LWV�RIIHU�WR�
KRVW�WKH������,QWHU3RUH�$QQXDO�&RQIHUHQFH��(IILFLHQW�ZRUN�RI�WKH�ORFDO�RUJDQL]HUV��
SOXV�,QWHU3RUH�VWDII·V�DQG�SDUWLFLSDQWV·�DFTXLUHG�FRPSHWHQFHV�LQ�WKH�RUJDQL]DWLRQ�
RI�RQOLQH�HYHQWV��ZLOO�QR�GRXEW�PDNH�WKLV�QHZ�K\EULG�H[SHULHQFH�D�JUHDW�VXFFHVV�� 
 
,QGHHG�� WKH� &RQIHUHQFH� FRXOG� QRW� KDYH� KDSSHQHG� ZLWKRXW� WKH� HIIRUW� DQG�
GHGLFDWLRQ� RI� PDQ\� SHRSOH� ZKR� ZRUNHG� WLUHOHVVO\� RQ� VKRUW� QRWLFH�� 7KH� ORFDO�
RUJDQL]HUV��XQGHU�WKH�OHDGHUVKLS�RI�'U��$ULI�6XOWDQ�$O�+DPPDGL�DQG�'U��0RKDPHG�
6DVVL��GLG�DQ�LQFUHGLEOH� MRE�WR�RIIHU�VXFK�D�PDJQLILFHQW�DQG�SUDFWLFDO�YHQXH��7KH�
KDUG�ZRUN�RI�PRGHUDWRUV�DQG�PLQLV\PSRVLD�RUJDQL]HUV��WKH�3URJUDP�&RPPLWWHH��
WKH�2UJDQL]LQJ�&RPPLWWHH��&RPPXQLFDWLRQ�&RPPLWWHH��DQG�,QWHU3RUH·V�H[HFXWLYH�
VWDII�LV�JUHDWO\�DSSUHFLDWHG� 
 
7KDQN�\RX�IRU�SDUWLFLSDWLQJ� LQ� ,QWHU3RUH������3OHDVH�HQMR\�WKH�FRQIHUHQFH�� OHDUQ�
DV�PXFK�DV�\RX�FDQ��PHHW�DQG�PDNH� IULHQGV��SK\VLFDOO\�RU� YLUWXDOO\��$OO� NLQGV�RI�
RSSRUWXQLWLHV�DUH�DYDLODEOH�WR�SDUWLFLSDQWV�WR�PDNH�,QWHU3RUH�����D�WKULYLQJ�DQG�
IUXLWIXO�&RQIHUHQFH� 
 
 
2Q�EHKDOI�RI�WKH�H[HFXWLYH�FRPPLWWHH� 
 
0LFKHO�4XLQWDUG 
3UHVLGHQW�RI�,QWHU3RUH 
 

 

0LFKHO�4XLQWDUG 
&156��,QVWLWXW�GH�
0pFDQLTXH�GHV�

)OXLGHV�GH�7RXORXVH� 
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6ULGKDU 5DQJDQDWKDQ� 
.LPEHUO\-&ODUN� 
&RUSRUDWLRQ� 

3DWULFN�-HQQ\ 
(7+�=�ULFK 

:(/&20(�0(66$*(6 

,W� LV� RXU� JUHDW� SOHDVXUH� WR� ZHOFRPH� \RX� RQ� EHKDOI� RI� WKH� 3URJUDP�
&RPPLWWHH�� :H·UH� H[WUHPHO\� JODG� WKDW� XQOLNH� DW� ,QWHU3RUH����� DQG�
,QWHU3RUH����� LW·V� SRVVLEOH� DJDLQ� WR� PHHW� LQ� SHUVRQ�� WKDW� LV�� WKH�
FRQIHUHQFH�ZLOO� WDNH�SODFH� LQ�K\EULG�PRGH��7KDQNV� WR� WKH� ODUJH�QXPEHU�
RI�H[FHOOHQW�RUDO�DQG�SRVWHU�SUHVHQWDWLRQV��ZH�RQFH�PRUH�FDQ�SUHVHQW�DQ�
H[FLWLQJ�DQG�GLYHUVH�SURJUDP��:LWKRXW� WKH�KDUG�ZRUN�RI�PLQL-V\PSRVLD�
RUJDQL]HUV��ZKR�KDYH�SOD\HG�D�PDMRU�UROH�VLQFH�ODWH�ODVW�\HDU�DQG�ZKRVH�
ZRUN� ZLOO� FRQWLQXH� DV� VHVVLRQ� PRGHUDWRUV� GXULQJ� WKH� FRQIHUHQFH�� WKLV�
ZRXOG� KDYH� QRW� EHHQ� WKH� FDVH�� :H� DOVR� ZDQW� WR� PHQWLRQ� WKH� YHU\�
FRQVWUXFWLYH� LQWHUDFWLRQ� ZLWK� WKH� ([HFXWLYH� DQG� /RFDO� 2UJDQL]LQJ�
FRPPLWWHHV�DQG� WKH�JUHDW� VXSSRUW�E\� WKH� ,QWHU3RUH�2IILFH�� 7KH� VXFFHVV�
RI�,QWHU3RUH�DOVR�KHDYLO\�UHOLHV�RQ�WKH�LQGLYLGXDO�PHPEHUV�ZKR�YROXQWHHU�
DQG�SDUWLFLSDWH�LQ�VFLHQWLILF�DQG�RUJDQL]DWLRQDO�DFWLYLWLHV� 
 
+\EULG� FRQIHUHQFHV� ZLWK� WKH� RSWLRQ� RI� RQOLQH� SUHVHQWDWLRQV� DUH�
FKDOOHQJLQJ��EXW�GR�RIIHU�QHZ�SRVVLELOLWLHV�DQG�DOORZ�VRPH�WR�DWWHQG�DQG�
SUHVHQW� WKHLU�ZRUN�ZKR�FDQ
W� WUDYHO� IRU�YDULRXV� UHDVRQV� �VXFK�DV� ODFN�RI�
IXQGV���%XW�RI�FRXUVH�ZH�KRSH�WR�PHHW�PDQ\�RI�\RX�LQ�SHUVRQ�DQG�KRSH�
\RX�ZLOO�HQMR\�WKH�FRQIHUHQFH� 
 

3DWULFN�-HQQ\�DQG�6ULGKDU�5DQJDQDWKDQ� 
3URJUDP�&RPPLWWHH�&KDLU�	�9LFH-&KDLU� 
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$XVWUDOLD %HQHOX[ %UD]LO &ROXPELD &KLQD 

)UDQFH *HUPDQ\ ,QGLD ,UDQ ,VUDHO 

,WDO\ 0H[LFR 1RUZD\ 6DXGL�$UDELD 6SDLQ 

 8QLWHG�.LQJGRP 6RXWKHUQ�86   

9LVLW�WKH�1DWLRQDO�&KDSWHUV�RQOLQH�ERRWK�WR�OHDUQ� 
PRUH�DERXW�MRLQLQJ�RU�VWDUWLQJ�\RXU�ORFDO�FKDSWHU�� 

1DWLRQDO�FKDSWHUV�RIIHU�HOHYDWHG�YLVLELOLW\��LPSURYHG�ORFDO�DQG�JOREDO�
QHWZRUNLQJ��SODWIRUPV�IRU�MRLQW�ZRUNVKRSV�DQG�PDQ\�RWKHU�EHQHILWV�� 

([LVWLQJ�&KDSWHUV 

&KDSWHUV�8QGHU�)RUPDWLRQ�LQFOXGH�� 
:HVW�$IULFD��0DJKUHE��*UHHFH��'HQPDUN��$XVWULD�	�-DSDQ 

,QWHU3RUH�1DWLRQDO�&KDSWHU�&RPPLWWHH�0HPEHUV� 
 
0DMD�5XFNHU��7HFKQLFDO�8QLYHUVLW\�RI�(LQGKRYHQ��7KH�1HWKHUODQGV 
(GXDUGR�$EUHX��8QLYHUVLW\�RI�&DPSLQDV��%UD]LO 
0LFKHO�4XLQWDUG��&156��,0)7��)UDQFH 
1LFRODH�7RPR]HLX��&DQRQ�3URGXFWLRQ�3ULQWLQJ��7KH�1HWKHUODQGV 
;LDRIDQ�<DQJ��%HLMLQJ�1RUPDO�8QLYHUVLW\��&KLQD 
'LGLHU�/DVVHX[��&KDLU���&156��,�0��)UDQFH 

0LGZHVW�	�
1RUWKHDVW�86 

https://whova.com/portal/webapp/inter_202205/Exhibitors/207689
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&KDLU 
0RKDPPDG�
1RRUDLHSRXU 

8QLYHUVLW\�RI�2VOR��
1RUZD\ 

9LFH-&KDLU 
0DUFR�6DXHUPRVHU 
1RUZHJLDQ�8QLYHUVLW\�
RI�6FLHQFH�DQG�
7HFKQRORJ\��1RUZD\ 

,QWHU3RUH�6$&������%RDUG�0HPEHUV� 

(YHQWV�0DQDJHU�
DQG�)LQDQFLDO�

$GYLVRU 
1HHUMD�=DPEDUH 
0RQWDQD�6WDWH�
8QLYHUVLW\��86$ 

6HFUHWDU\�DQG�
&RPPXQLFDWLRQ�
$GYLVRU 
0DQXHOD�%DVWLGDV�
2OLYDUHV� 
,QULD��3DULV��)UDQFH� 

(YHQWV�'LUHFWRU 
1DUD�%UDQGDR�&RVWD�
)HGHUDO�8QLYHUVLW\�RI�

8EHUOkQGLD��%UD]LO� 

&RPPXQLFDWLRQ�
2IILFHU 
-DYLHU�(��6DQWRV� 
7KH�8QLYHUVLW\�RI�
7H[DV�DW�$XVWLQ��86$ 

 
:RXOG�\RX�OLNH�WR�MRLQ�6$&�DQG�
PDNH�,QWHU3RUH�����HYHQ�EHWWHU"�
&RQWDFW�VDF#LQWHUSRUH�RUJ� 

,Q� UHVSRQVH� WR� WKH� H[FHOOHQW� SDUWLFLSDWLRQ� LQ� WKH� SUHYLRXV� \HDUV·� FRQIHUHQFHV�� 7KH� 6WXGHQW� $IIDLUV�
&RPPLWWHH� �6$&�� ZLOO� RUJDQL]H� D� &DUHHU� 'HYHORSPHQW� (YHQW� �ZLWK� IRXU� HVWHHPHG� VSHDNHUV�� DQG� D�
/DERUDWRU\� 7RXU� �LQ� FROODERUDWLRQ� ZLWK� /2&�� GXULQJ� WKH� ,QWHU3RUH������ 7KH� 6$&� DFWLYLWLHV� DUH� IUHH� RI�
FKDUJH�DQG�RSHQ�WR�DOO�SDUWLFLSDQWV�IURP�DOO�FDUHHU�VWDJHV��IURP�XQGHUJUDGXDWH�VWXGHQWV�WR�HDUO\�FDUHHU�
UHVHDUFKHUV�DQG�HYHQ�H[SHULHQFHG� UHVHDUFKHUV�SURIHVVRUV��7KH\� IRUP�D�SHUIHFW� VHWWLQJ� IRU�\RX� WR�JHW� WR�
NQRZ�WKH�,QWHUQDWLRQDO�6RFLHW\�RI�3RURXV�0HGLD��,QWHU3RUH��EHWWHU��H[SDQG�\RXU�SURIHVVLRQDO�QHWZRUN��DQG�
JHW�LQVSLUHG�WR�EHFRPH�PRUH�LQYROYHG�ZLWK�WKH�VWXGHQW-IRFXVHG�DFWLYLWLHV�DW�WKH�QDWLRQDO�DQG�JOREDO�OHYHO��
7KH�VWXGHQWV�DOVR�KDYH�WKH�FKDQFH�WR�OHDUQ�PRUH�DERXW�,QWHU3RUH�<RXQJ�$FDGHP\�DQG�3RURXV�0HGLD�7HD�
7LPH�7DONV��3RURXV0HGLD777��OLYH�ZHELQDUV��&RPH�DORQJ� 
 
<RX�FDQ�ILQG�PRUH�LQIRUPDWLRQ�RQ�WKHVH�HYHQWV�LQ�WKH�GHWDLOHG�SURJUDP� 

&RPPXQLFDWLRQ�
2IILFHU 

&XQTL�-LD 
8QLYHUVLW\�RI� 
3HWUROHXP�� 

&KLQD 



��� 

 

,Q� VXSSRUW� RI� WKH� RXWUHDFK� DFWLYLWLHV�� RQH� JRDO� RI� WKH� 
)RXQGDWLRQ� LV� WR� IDFLOLWDWH� WKH� SDUWLFLSDWLRQ� RI� SURPLVLQJ�
\RXQJ� VFLHQWLVWV� LQ� LQWHUQDWLRQDO� VFLHQWLILF� JDWKHULQJV�
DQG�VXSSRUW�RXWVWDQGLQJ�\RXQJ�VFLHQWLVWV�IURP�FRXQWULHV�
ZLWK�ILQDQFLDO�GLIILFXOWLHV�LQ�MRLQLQJ�,QWHU3RUH�DFWLYLWLHV� 

6LQFH�������WKH�,QWHU3RUH�)RXQGDWLRQ�KDV�SURYLGHG�D�
WRWDO� RI� ��� FRQIHUHQFH JUDQWV� WR� VWXGHQWV� DQG�
\RXQJ� VFLHQWLVWV�� 7KH� )RXQGDWLRQ� DLPV� WR� LQFUHDVH�
ERWK�WKH�QXPEHU�DQG�DPRXQW�RI�WKHVH�JUDQWV�IRU�WKH�
FRPLQJ�\HDUV�� 

0DNH�DOO�WKLV�SRVVLEOH�-�� 
'21$7(�12:� 

9LVLW�RXU�ERRWK�LQ�WKH�YLUWXDO�H[KLELWLRQ�KDOO�WR�OHDUQ�
PRUH�DERXW�WKH�)RXQGDWLRQ�DQG�KRZ�\RXU�FRQWULEXWLRQV�
FRXQW� 

https://www.interpore.org/foundation/foundation-donate/
https://whova.com/portal/webapp/inter_202205/Exhibitors/207675
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3URPRWLQJ�,QWHU3RUH�HGXFDWLRQDO�DQG�WUDLQLQJ�DFWLYLWLHV�YLD� 
· 6KRUW�FRXUVHV 
· :HELQDUV 
· 7KHPDWLF�ZRUNVKRSV 
· <RXQJ�$FDGHP\�DFWLYLWLHV 

ZZZ�LQWHUSRUH�RUJ�DFDGHP\�� 

9LVLW�RXU�YLUWXDO�ERRWK�WR�OHDUQ�PRUH�DERXW� 
XSFRPLQJ�HYHQWV�	�VXJJHVW�WRSLFV�DQG�OHFWXUHUV�� 

<RXQJ�$FDGHP\�7HDP 

,QWHU3RUH�$FDGHP\�*RYHUQDQFH� 
 
'LUHFWRU��%ULDQ�%HUNRZLW]��:HL]PDQQ�,QVWLWXWH�RI�6FLHQFH��,VUDHO� 
6FLHQWLILF�6HFUHWDU\��0��6DGHJK�5LDVL��8QLYHUVLW\�RI�&LQFLQQDWL��86$� 
&KDLU�RI�:HELQDU�&RPPLWWHH��+ROJHU�6WHHE��8QLYHUVLW\�RI�6WXWWJDUW��*HUPDQ\ 
&KDLU�RI�6KRUW�&RXUVH�&RPPLWWHH��,OHQLD�%DWWLDWR��6WDQIRUG�8QLYHUVLW\��86$ 
&KDLU�RI�7KHPDWLF�:RUNVKRS�&RPPLWWHH��<RQJIHL�<DQJ��&KLQD�8QLYHUVLW\�RI�3HWUROHXP��&KLQD�� 
&R-&KDLU�RI�WKH�<RXQJ�$FDGHP\��0DUFHO�0RXUD��8QLYHUVLW\�RI�2VOR��1RUZD\� 

https://www.interpore.org/academy/
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https://www.shell.com/energy-and-innovation/shell-techxplorer-digest-2021.html
https://www.tescan.com/
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7KHUPR� )LVKHU� 6FLHQWLILF LV� WKH� ZRUOG�
OHDGHU� LQ� VHUYLQJ� VFLHQFH�� 2XU�PLVVLRQ�
LV�WR�HQDEOH�RXU�FXVWRPHUV�WR�PDNH�WKH�
ZRUOG�KHDOWKLHU��FOHDQHU�DQG�VDIHU� 
 
:LWK� 7KHUPR� 6FLHQWLILF�� 3HU*HRV� DQG�
$YL]R�� 6RIWZDUH�� ZH� SURYLGH� D� 
FRPSOHWH� VROXWLRQ� IURP� GDWD� 
DFTXLVLWLRQ� WR� YLVXDOL]DWLRQ�� DQDO\VLV�
DQG� VLPXODWLRQ� KHOSLQJ� \RX� WR� VROYH� 
FRPSOH[� QDWXUDO� DQG� LQGXVWULDO� SRURXV�
PHGLD�V\VWHPV�FKDOOHQJHV� 
 
ZZZ�WKHUPRILVKHU�FRP�SHUJHRV 

PLFUR-&7��XQPDWFKHG�VSHHG��TXDOLW\��DQG�
YHUVDWLOLW\�� ,GHQWLI\� DQG� PDWFK� HYHQWV� LQ�
UHDO� WLPH�2IIHULQJ� UHDO-WLPH�� FRPSOH[� 
LQ-VLWX� G\QDPLF� PLFUR-&7� FDSDELOLWLHV��
UHFRUGLQJ� DQG� YLVXDOL]LQJ� D�PXOWLWXGH� RI�
SK\VLFDO� SURFHVVHV� —� FRPSUHVVLRQ�� 
WRUVLRQ�� WHQVLRQ�� IORZ�� KHDWLQJ�� FRROLQJ��
JURZWK� RI� IRUPV�� GLVVROXWLRQ� RI� OLTXLGV�
DQG� PDQ\� RWKHU� G\QDPLF� HYHQWV� :LWK�
PLFUR-&7� WHFKQRORJ\�� \RX� FDQ� DFKLHYH�
WKH�IROORZLQJ�UHVXOWV� 
�� %RRVW�VDPSOH�WKURXJKSXW�ZLWK�VXSHUL�
RU�LPDJLQJ�VSHHG 
�� 3URWHFW� \RXU� LQYHVWPHQW� ZLWK� RXU�
PRGXODU�PLFUR-&7�V\VWHPV 
�� 1R� VDPSOH� LV� WRR� FRPSOH[� ZLWK� WKH� 
H[WUHPH�YHUVDWLOLW\�D�PLFUR-&7�FDQ�RIIHU 
 
7(6&$1�RIIHUV�D�ZLGH�UDQJH�RI�PLFUR-&7�
SURGXFWV�� LQFOXGLQJ� WKH� 8QL720� +5� IRU� 
VXE-PLFURQ� VSDWLDO� UHVROXWLRQ� DQG� KLJK� 
WHPSRUDO� UHVROXWLRQ� G\QDPLF� &7� LQ� D� 
VLQJOH� V\VWHP�� DQG� WKH� 8QL720� ;/� IRU�
PXOWL-VFDOH�� KLJK� WHPSRUDO� UHVROXWLRQ��'�
LPDJLQJ�� 6SHDN� ZLWK� RQH� RI� RXU� H[SHUWV�
WR�ILQG�RXW�PRUH� 
 
ZZZ�WHVFDQ�FRP 

%RRWK���� 
	�:KRYD�9LUWXDO�([KLELWLRQ 

%RRWK���� 
	�:KRYD�9LUWXDO�([KLELWLRQ 

https://www.thermofisher.com/de/de/home/electron-microscopy/products/software-em-3d-vis/pergeos-software.html
https://www.tescan.com/
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2XU� HIIRUWV� DUH� IRFXVHG� RQ� SURYLGLQJ� 
VROXWLRQV� WR� WKH� HQHUJ\� DQG� FOLPDWH� 
FKDOOHQJHV� WKDW� VRFLHW\� DQG� LQGXVWU\� DUH� 
IDFLQJ�� 2XU� ILHOG� RI� DFWLYLW\� H[WHQGV� IURP� 
VFLHQWLILF� FRQFHSWV� ZLWKLQ� WKH� IUDPHZRUN�
RI IXQGDPHQWDO� UHVHDUFK�� WKURXJK� 
WHFKQRORJLFDO� VROXWLRQV� LQ� WKH� FRQWH[W�
RI DSSOLHG�UHVHDUFK� 
:H� DUH� SOHDVHG� WR� SUHVHQW� RXU� VFLHQWLILF�
MRXUQDO 67(7�� MRLQWO\� VXSSRUWHG� ZLWK &($��
67(7� DGGUHVVHV� DOO� WRSLFV� UHODWHG� WR� WKH�
HFRORJLFDO� WUDQVLWLRQ�� DQG� ZHOFRPHV� 
VXEPLVVLRQV� IURP� DFDGHPLF� DQG� LQGXVWULDO�
UHVHDUFKHUV� 67(7� LV� DQ� RSHQ-DFFHVV� :R6�
MRXUQDO�ZLWKRXW�$3&� � 
 
ZZZ�LISHQHUJLHVQRXYHOOHV�FRP 

$V�D� OHDGLQJ�PDQXIDFWXUHU�RI�PLFURVFRSHV�
IRU� PRUH� WKDQ� ���� \HDUV�� =(,66� RIIHUV� 
LQVSLULQJ�VROXWLRQV�IRU�\RXU�UHVHDUFK���=(,66�
PLFURVFRSHV� IRU� XQGHUVWDQGLQJ� SRUH� 
VWUXFWXUHV�HQDEOH�\RX�WR�JDLQ� LQVLJKWV� LQWR�
\RXU�SRURVLW\�DFURVV�OHQJWK�VFDOHV��2IIHULQJ�
D� VXLWH� RI� PRGDOLWLHV� IRU� D� YDULHW\� RI� 
PDWHULDOV� 
 
· $FTXLUH�SRUH-VFDOH�LQIRUPDWLRQ�EDVHG�RQ�
PDFURVFRSLF�KHWHURJHQHLW\� IRU�TXDQWLWD�
WLYH�XSVFDOLQJ�RI�UHVHUYRLUV�� 

· &KDUDFWHUL]H� SRURVLW\�� YRLGV�� DQG�SKDVHV�
LQ��'�DQG��'�WR�GHVLJQ�\RXU�GHVLUHG�PL�
FURVWUXFWXUH�DQG�IODZOHVV�FHUDPLF�SDUWV��� 

· 8QGHUVWDQG�JDV�WUDQVSRUW�LQ�IXHO�FHOOV��RU�
OLWKLXP-LRQ� WUDQVSRUW� LQ� EDWWHULHV�� IURP�
WKH�EXON�SKDVH�GRZQ�WR�VXEPLFURQ�VFDOH��
ZLWK��'�WRPRJUDSKLF� LPDJLQJ�IURP�WHQV�
RI�PLFURQV�WR�WKH�QDQRVFDOH�� 

· 6ROYH� W\SLFDO� LPDJLQJ�SUREOHPV� IRU� VXE�
PLFURQ�IRDP�SRURVLW\�RI�ORZ-=�SRO\PHUV��
VWXG\LQJ� LQ� VLWX� WR� XQGHUVWDQG� ORDG-
EHDULQJ�DQG�VWUXFWXUDO�DSSOLFDWLRQV� 

 
=HLVV�FRP�PLFURVFRS\ 

%RRWK��� 
	�:KRYD�9LUWXDO�([KLELWLRQ 

:KRYD�9LUWXDO�([KLELWLRQ 

https://www.zeiss.com/microscopy/int/home.html?vaURL=www.zeiss.com/microscopy
https://www.ifpenergiesnouvelles.com/
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&RPSXWDWLRQ��,661�����-������LV�D�SHHU
-UHYLHZHG� MRXUQDO� RI� FRPSXWDWLRQDO� 
VFLHQFH� DQG� HQJLQHHULQJ� SXEOLVKHG�
PRQWKO\� RQOLQH� E\ 0'3,� &RPSXWDWLRQ�
SXEOLVKHV� UHYLHZV�� UHJXODU� UHVHDUFK� 
SDSHUV�� DQG� FRPPXQLFDWLRQV�� DQG� WKHUH�
LV� QR� UHVWULFWLRQ� RQ� WKH� OHQJWK� RI� WKH� 
SDSHUV�� 0DQXVFULSWV� UHJDUGLQJ� UHVHDUFK�
SURSRVDOV� DQG� UHVHDUFK� LGHDV� ZLOO� EH� 
SDUWLFXODUO\�ZHOFRPHG�� 
 
ZZZ�PGSL�FRP�MRXUQDO�FRPSXWDWLRQ 

+RZ� FDQ� \RX� HQVXUH� WKDW� \RXU� 
GHVLJQV�ZLOO�SHUIRUP�DV�H[SHFWHG� LQ�WKH�
UHDO�ZRUOG"�6LPXODWH�UHDO-ZRUOG�GHVLJQV��
GHYLFHV�� DQG� SURFHVVHV� ZLWK� WKH� 
&2062/� 0XOWLSK\VLFV�� VRIWZDUH�� 
&2062/� 0XOWLSK\VLFV�� LV� D� JHQHUDO-
SXUSRVH� VLPXODWLRQ� VRIWZDUH� EDVHG� RQ�
DGYDQFHG�QXPHULFDO�PHWKRGV� � 
 
ZZZ�FRPVRO�FRP 

:KRYD�9LUWXDO�([KLELWLRQ 

:KRYD�9LUWXDO�([KLELWLRQ 

%RRWK��� 
	�:KRYD�9LUWXDO�([KLELWLRQ 

+27�0LFURIOXLGLFV� ZDV� IRXQGHG� LQ� �����
WR� FRQVROLGDWH� WKH� +27� (QHUJ\� *URXS·V�
PLFURIOXLGLF� VROXWLRQV� H[SHUWLVH� 
GHYHORSHG� LQ� FROODERUDWLRQ�ZLWK� OHDGLQJ�
XQLYHUVLW\�DQG�UHVHDUFK�DVVRFLDWLRQV�� 
,QVS,25�� RXU� UHVHUYRLU� FRQGLWLRQ� 
PLFURIOXLGLF�IORRGLQJ�V\VWHP��LV�D�WXUQNH\�
´UHDG\-WR-XVHµ� SURIHVVLRQDO� GHYLFH� WR�
LQYHVWLJDWH�VXEVXUIDFH�IOXLG�IORZ� 
7KH� PDQ\� FKDOOHQJHV� UHODWHG� WR� WKH� 
HQHUJ\� WUDQVLWLRQ� DQG� UHGXFLQJ� JUHHQ�
KRXVH�JDVHV�KDYH�OHG�XV�WR�IRFXV�RQ�ODE�
VHUYLFHV�DQG�IOXLGLF�V\VWHPV� 
2XU� VHUYLFHV� DQG� SURGXFWV� FRQFHQWUDWH�
RQ� ,25�(25�� XQGHUJURXQG� JDV� 	� 
K\GURJHQ� VWRUDJH� DQG� &&6� LQ� FRPSOL�
DQFH�WR�KLJKHVW�+6(�UHJXODWLRQV�� 
 
KWWSV���IOXLGLFVODE�FRP 

https://fluidicslab.com/
https://www.comsol.com/
https://www.mdpi.com/journal/computation
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�06����3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG��(QHUJ\�	�&OLPDWH 
2UJDQL]HUV���+DPHG�$VODQQHMDG��/DXUHQ�%HFNLQJKDP��0DDUWMH %RRQ ��%ULDQ�(OOLV�� 
$QQD�+HUULQJ��:LOOLDP�5RVVHQ ��(OHQL�6WDYURSRXORX  

�06����3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG��:DWHU�	 $JULFXOWXUH 
'HGLFDWHG�WR�6MRHUG�YDQ�GHU�=HH�LQ�UHFRJQLWLRQ�RI�KLV�VFLHQWLILF�DFKLHYHPHQWV� 
2UJDQL]HUV���/L�&KHQ��$PLUKRVVHLQ�+DVVDQL��6WHYHQ�-DQVHQ���1LPD�6KRNUL �� 
-DQ�9DQGHUERUJKW��-XQ�<LQ 

�06����)ORZ��WUDQVSRUW�DQG�PHFKDQLFV�LQ�IUDFWXUHG�SRURXV�PHGLD 
2UJDQL]HUV��2ODY�0R\QHU��+DPLG�1LFN��+ROJHU�6WHHE��+RQJN\X�<RRQ 

�06����6ZHOOLQJ�DQG�VKULQNLQJ�SRURXV�PHGLD 
2UJDQL]HUV��'DQLHO�0DUNO��&KULV�0F0LQQ��6ULGKDU�5DQJDQDWKDQ 

�06����%LRFKHPLFDO�SURFHVVHV�DQG�ELRILOPV�LQ�SRURXV�PHGLD 
2UJDQL]HUV��$QR]LH�(ELJER��5RVHDQQH�)RUG��9DOHQWLQD�3ULJLREEH��(OHRQRUD�6HFFKL 

�06��-$��3K\VLFV�RI�PXOWL-SKDVH�IORZ�LQ�GLYHUVH�SRURXV�PHGLD 
2UJDQL]HUV��5\DQ�$UPVWURQJ��6DPDQ�$U\DQD��&DUO�)UHGULN�%HUJ��<DQLY�(GHU\��<LQJ�*DR�� 
6LJQH�.MHOVWUXS 

�06��-%��,QWHUIDFLDO�SKHQRPHQD�LQ�PXOWLSKDVH�V\VWHPV 
2UJDQL]HUV��(GXDUGR�$EUHX��*ULJRUL�&KDSLUR��5DQ�+ROW]PDQ��0DWWHR�,FDUGL�� 
%MRUQDU�6DQGQHV� 

�06����0DWKHPDWLFDO�DQG�QXPHULFDO�PHWKRGV�IRU�PXOWL-VFDOH�PXOWL-SK\VLFV��
QRQOLQHDU�FRXSOHG�SURFHVVHV 
2UJDQL]HUV��-DNXE�%RWK��&DULQD�%ULQJHGDO��0LFKHO�.HUQ��6KX\X�6XQ� 

�06����0L[LQJ��GLVSHUVLRQ�DQG�UHDFWLRQ�SURFHVVHV�DFURVV�VFDOHV�LQ�
KHWHURJHQHRXV�DQG�IUDFWXUHG�PHGLD 
2UJDQL]HUV��%UDQNR�%LMHOMLF��0DUFR�'HQW]��0R]KGHK�6DMMDGL��$PLU�5DRRI��4LQJZDQJ�<XDQ� 

�06����3RUH-VFDOH�PRGHOOLQJ 
2UJDQL]HUV��%R�*XR��<DVKDU�0HKPDQL��.H�;X��<RQJIHL�<DQJ��6WpSKDQH�=DOHVNL 

�06����$GYDQFHV�LQ�LPDJLQJ�SRURXV�PHGLD��WHFKQLTXHV��VRIWZDUH�DQG�FDVH�
VWXGLHV 
2UJDQL]HUV��0DUWLQ�%OXQW��0DULMQ�%RRQH��0DWWKLMV�GH�:LQWHU��(VHRVD�(NDQHP��0DMD�5XFNHU��
/LZHL�=KDQJ 
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�06����)OXLGV�LQ�1DQRSRURXV�0HGLD 
2UJDQL]HUV��(OL]DEHWK�%DUVRWWL��$KPDG�6DNKDHH-3RXU��(UNLQ�úHNHU 

�06����8QFHUWDLQW\�4XDQWLILFDWLRQ�LQ�3RURXV�0HGLD 
2UJDQL]HUV��0DUFLR�%RUJHV��)HOLSH�3HUHLUD��$UXQDVDODP�5DKXQDQWKDQ��)DEULFLR�6RXVD 

�06����0DFKLQH�/HDUQLQJ�DQG�%LJ�'DWD LQ�3RURXV�0HGLD 
2UJDQL]HUV��%DLOLDQ�&KHQ��3DWULFN�+XEHU��7HHUDWRUQ�.DGHHWKXP��-LDQFKXQ�;X�� 
+RQJN\X�<RRQ 

�06����)OXLG�,QWHUDFWLRQV�ZLWK�7KLQ�3RURXV�0HGLD 
2UJDQL]HUV��'LYHVK�%KDWW��5LFKPRQG�&RKHQ��6DWRUX�.DWRK��&KDR]KRQJ�4LQ 

�06����7KHUPDO�3URFHVVHV��7KHUPDO�&RXSOLQJ�DQG�7KHUPDO�3URSHUWLHV�RI�
3RURXV�0HGLD��PRGHOLQJ�DQG�H[SHULPHQWV�DW�GLIIHUHQW�VFDOHV 
2UJDQL]HUV��0RUDQ�:DQJ��+XLMLQ�;X��3HQJ�=X��5XLQD�;X��<LQJIDQJ�=KRX� 

�06����,QQRYDWLYH�0HWKRGV�IRU�&KDUDFWHUL]DWLRQ��0RQLWRULQJ��DQG�,Q-6LWX�
5HPHGLDWLRQ�RI�&RQWDPLQDWHG�6RLOV�DQG�$TXLIHUV 

2UJDQL]HUV��&DUOR�%LDQFR��6XMLW�'DWWD��-DLPH�*RPH]-+HUQDQGH]��7DQQD]�3DN 

�06����(OHFWURFKHPLFDO�SURFHVVHV�LQ�SRURXV�PHGLD 
2UJDQL]HUV��-HII�*RVWLFN��4LQJ\DQJ�/LQ��3DEOR�*DUFLD�6DODEHUUL��,U\QD�9��=HQ\XN 

�06����%LRSK\VLFV�RI�OLYLQJ�SRURXV�PHGLD��WKHRU\��H[SHULPHQW��PRGHOLQJ�DQG�
FKDUDFWHUL]DWLRQ 
2UJDQL]HUV��7RELDV�.RHSSO��'RPLQLN�2EULVW��)UHG�9HUPROHQ 

�06���� 1RQ-OLQHDU�HIIHFWV�LQ�IORZ�DQG�WUDQVSRUW�WKURXJK�SRURXV�PHGLD 
2UJDQL]HU��9LWWRULR�'L�)HGHULFR��<YHV�0pKHXVW��0RKDGGHVHK�0RXVDYL�1H]KDG��%MRUQDU�
6DQGQHV� 

�06����0DQXIDFWXUHG�3RURXV�0DWHULDOV�IRU�,QGXVWULDO�$SSOLFDWLRQV 
2UJDQL]HU��6HQ\RX�$Q��2OHJ�,OLHY��9DKLG�1LDVDU 

�06����6SHFLDO�VHVVLRQ�LQ�KRQRU�RI�%ULDQ�%HUNRZLW] 
2UJDQL]HU��$OEHUWR�*XDGDJQLQL��0DUWLQ�-��%OXQW� 

�06����$GYDQFHV�LQ�PRGHOLQJ�DQG�VLPXODWLRQ�RI�SRURPHFKDQLFV 
2UJDQL]HUV��-LDQFKDR�&DL��;LDR]KH�+X��)ORULQ�$��5DGX��-RVKXD�:KLWH 

�06����0LFURIOXLGLFV�DQG�QDQRIOXGLFV�LQ�SRURXV�V\VWHPV 
2UJDQL]HUV��)ORULDQ�'RVWHU��+RVVHLQ�+HMD]L��+DVVDQ�0DKDQL��6RSKLH�5RPDQ� 
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352*5$0�+,*+/,*+76 
:HOFRPH�5HFHSWLRQ� 

 6XQGD\��.KDOLID�8QLYHUVLW\�,QQRYDWLRQ�&HQWHU�������-������� 
 

2SHQLQJ�&HUHPRQ\ 
 0RQGD\��0DLQ�$XGLWRULXP������-����� 

 

$ZDUG�&HUHPRQ\��,QWHU3RUH�0HULWRULRXV�6HUYLFH�0HGDO� 
 0RQGD\��0DLQ�$XGLWRULXP������-����� 

 

3OHQDU\�/HFWXUH��$GDP�:HEHU� 
 0RQGD\��0DLQ�$XGLWRULXP������-����� 

 

&2062/�	�=(,66�3UHVHQWDWLRQV 
 0RQGD\��/HFWXUH�+DOO���	���������-����� 

 

,QYLWHG�/HFWXUHV��9DKLG�1LDVDU�	�6WHSKDQ�0DWWKDL 
0RQGD\��/HFWXUH�+DOO���	���������-����� 

 

/DE�7RXUV 
 0RQGD\�������-������ 

 

$ZDUG�&HUHPRQ\��,QWHU3RUH�+RQRUDU\�/LIHWLPH�0HPEHUVKLS�
$ZDUG�	�.LPEHUO\-&ODUN�'LVWLQJXLVKHG�/HFWXUHVKLS�$ZDUG 

 7XHVGD\��0DLQ�$XGLWRULXP������-����� 
 

3OHQDU\�/HFWXUH��/DXUD�'H�/RUHQ]LV� 
 7XHVGD\��0DLQ�$XGLWRULXP������-����� 

 

7HVFDQ�	�7KHUPR�)LVKHU�3UHVHQWDWLRQV 
 7XHVGD\��/HFWXUH�+DOO���	���������-������ 

 

,QYLWHG�/HFWXUHV��(GXDUGR�&DUGRVR�GH�$EUHX�	�6XMLW�6��'DWWD 
7XHVGD\��/HFWXUH�+DOO���	���������-������ 

 

9LVLW�WR�WKH�/RXYUH�$EX�'KDEL 
 7XHVGD\��������-������� 
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352*5$0�+,*+/,*+76 
$ZDUG�&HUHPRQ\��,QWHU3RUH�0HGDO�IRU�3RURXV�0HGLD�5HVHDUFK�
	�,QWHU3RUH�$ZDUG�IRU�3RURXV�0HGLD�5HVHDUFK 

:HGQHVGD\��0DLQ�$XGLWRULXP������-����� 
 

3OHQDU\�/HFWXUH��3HQJ�;X 
:HGQHVGD\��0DLQ�$XGLWRULXP������-����� 

 

0'3,�&RPSXWDWLRQV�	�,)3(1�67(7�3UHVHQWDWLRQV 
:HGQHVGD\��/HFWXUH�+DOO���	���������-������ 

 

,QYLWHG�/HFWXUHV��'RPLQLTXH�'HURPH�	�=XOHLPD�7��.DUS\Q 
:HGQHVGD\��/HFWXUH�+DOO���	���������-������ 

 

6$&�&DUHHU�(YHQW 
:HGQHVGD\��&ODVVURRP�&��������-������ 

 

6KHLNK�=D\HG�*UDQG�0RVTXH�7RXU�	�*DOD�'LQQHU 
:HGQHVGD\��������-������ 

 

+27�3UHVHQWDWLRQ 
7KXUVGD\��/HFWXUH�+DOO��������-����� 

 

,QYLWHG�/HFWXUHV��(YDQJHORV�7VRWVDV�	�5XLQD�;X 
7KXUVGD\��/HFWXUH�+DOO���	��������-����� 

 

$ZDUG�&HUHPRQ\��,QWHU3RUH�3RUH/DE�$ZDUG�IRU�<RXQJ�
5HVHDUFKHUV��3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG�$ZDUG�	�
1DWLRQDO�&KDSWHU�$ZDUG 

7KXUVGD\��0DLQ�$XGLWRULXP�������-������ 
 

.H\QRWH�/HFWXUH��$EUDKDP�'��6WURRFN 
7KXUVGD\��0DLQ�$XGLWRULXP�������-������ 

 

&ORVLQJ�&HUHPRQ\��0'3,�(QHUJLHV�6WXGHQW�3RVWHU�$ZDUGV�	�
,QWHU3RUH�5RVHWWHV 

7KXUVGD\��0DLQ�$XGLWRULXP�������-������ 
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/2895(�$%8�'+$%, 

7XHVGD\������� 
 
$OO� LQ-SHUVRQ� SDUWLFLSDQWV� DQG� DFFRPSDQ\LQJ� JXHVWV ZLOO� UHFHLYH� 
FRPSOLPHQWDU\� WLFNHWV WR� WKH� /RXYUH� $EX� 'KDEL�� PDGH� SRVVLEOH� E\�
D JHQHURXV� GRQDWLRQ� IURP� WKH� $EX� 'KDEL� 0LQLVWU\� RI� &XOWXUH� DQG� 
7RXULVP�� 
 
%XVHV�WR�WKH�/RXYUH�$EX�'KDEL��ZLOO�GHSDUW�.KDOLID�8QLYHUVLW\�DW� 
DSSUR[LPDWHO\��������GLUHFWO\�DIWHU�3DUDOOHO�6HVVLRQ���  � 
 
7KH�LFRQLF /RXYUH�$EX�'KDEL LV�WKH�ILUVW�XQLYHUVDO�PXVHXP�LQ�WKH�$UDE�:RUOG��
WUDQVODWLQJ� DQG� IRVWHULQJ� WKH� VSLULW� RI� RSHQQHVV� EHWZHHQ� FXOWXUHV�� $V� RQH� RI�
WKH�SUHPLHU� FXOWXUDO� LQVWLWXWLRQV� ORFDWHG� LQ� WKH�KHDUW� RI� WKH� 6DDGL\DW�&XOWXUDO�
'LVWULFW�RQ�6DDGL\DW� ,VODQG�� WKLV�DUW-ORYHUV·�GUHDP�GLVSOD\V�ZRUNV�RI�KLVWRULFDO��
FXOWXUDO�DQG�VRFLRORJLFDO�VLJQLILFDQFH��IURP�DQFLHQW�WLPHV�WR�WKH�FRQWHPSRUDU\�
HUD�� 
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https://www.careers.kimberly-clark.com/
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:HOFRPH�5HFHSWLRQ 
,QQRYDWLRQ�&HQWHU�������-������ 

:HOFRPLQJ�6SHHFKHV 
������-������ 
· 'U��$ULI�6XOWDQ�$O�+DPPDGL��.KDOLID�8QLYHUVLW\�([HFXWLYH�9LFH�3UHVL�
GHQW�DQG�*HQHUDO�&KDLU��,QWHU3RUH���� 

· 3URI��0DMLG�+DVVDQL]DGHK��,QWHU3RUH�0DQDJLQJ�'LUHFWRU 
· 'U��0RKDPHG�6DVVL��,QWHU3RUH�����/RFDO�2UJDQL]LQJ� 
&RPPLWWHH�&KDLU� 

-RLQ�XV�IRU�D�ZHOFRPH�UHFHSWLRQ��VSRQVRUHG�E\�RXU�KRVWV��.KDOLID�8QLYHUVLW\��
'ULQNV��GLQQHU��DQG�RIILFLDO�JUHHWLQJV�IURP�.KDOLID�GLJQLWDULHV�ZLOO�EH�SURYLGHG��
,QWHU3RUH� DZDUGV� ZLOO� DOVR� EH� SUHVHQWHG� WR� UHFLSLHQWV� RI� ����� DQG� �����
DZDUGV�� ZKR� DUH� SUHVHQW� LQ� $EX� 'KDEL�� DV� ZHOO� DV� WR� QHZ� UHFLSLHQWV� RI� 
,QWHU3RUH�5RVHWWH� 7KLV�LV�D�JUHDW�RSSRUWXQLW\�WR�VRFLDOL]H�ZLWK�\RXU�SHHUV��UXE� 
HOERZV�ZLWK�WKH�9,3��DQG�NLFN-RII�WKH�FRQIHUHQFH� 
 
7LFNHWV� DUH� LQFOXGHG� LQ� WKH� RQVLWH� UHJLVWUDWLRQ� DQG� DFFRPSDQ\LQJ� SHUVRQV�
IHHV��7KH�RSHQLQJ�DQG�DZDUGV�FHUHPRQLHV�ZLOO�EH�EURDGFDVW�WKURXJK�WKH�OLYH�
VWUHDP�RQ�:KRYD�IRU�YLHZLQJ�E\�RXU�RQOLQH�SDUWLFLSDQWV� � 

681'$<�����0$<����� 

$ZDUG�&HUHPRQ\ 
������-������ 
,QWHU3RUH�5RVHWWHV 
 
,QWHU3RUH� DFWLYLWLHV� DUH� FDUULHG� RXW� PDLQO\� E\� YROXQWHHUV�� ,W� WDNHV� PDQ\� 
YROXQWDU\�ZRUNLQJ�KRXUV� WR�PDNH�DQ� LQWHUQDWLRQDO�SODWIRUP� OLNH� ,QWHU3RUH�D�
VXFFHVV�� 5HFRJQL]LQJ� DQG� KRQRULQJ� YROXQWHHUV� VHWV� D� VWDQGDUG� IRU� VHUYLFH��
HQFRXUDJHV�D�VXVWDLQHG�FRPPLWPHQW�WR�SDUWLFLSDWLRQ��DQG�LQVSLUHV�RWKHUV�WR�
FRPPLW�WKHPVHOYHV�DV�ZHOO� 
 
(DFK�\HDU��,QWHU3RUH�KRQRUV�VHOHFWHG�LQGLYLGXDOV�ZKR�KDYH�PDGH�YHU\� 
VLJQLILFDQW�FRQWULEXWLRQV�WR�,QWHU3RUH�DFWLYLWLHV��WKH\�UHFHLYH�WKH�,QWHU3RUH�
5RVHWWH�� 
 
 
:HOFRPH�5HFHSWLRQ�6SRQVRUHG�%\� 

https://www.ku.ac.ae/
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3OHQDU\�6HVVLRQ 
0DLQ�$XGLWRULXP������-����� 
&KDLU��0LFKHO�4XLQWDUG 

$ZDUG�&HUHPRQ\������-����� 

,QWHU3RUH�0HULWRULRXV�6HUYLFH�0HGDO 
$]LWD�$KPDGL-6HQLFKDXOW� 
eFROH�1DWLRQDOH�6XSpULHXUH�G·$UWV�HW�0pWLHUV��)UDQFH� 
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7KH� ,QWHU3RUH� 0HULWRULRXV� 6HUYLFH� 0HGDO� UHFRJQL]HV�
LQGLYLGXDOV� IRU� H[FHSWLRQDO�� SURORQJHG�� LPSDFWIXO�� DQG�
PHDQLQJIXO� VHUYLFHV� WR� WKH� 6RFLHW\�� 7KHVH� LQGLYLGXDOV�
KDYH� H[KLELWHG� VXFK� H[FHSWLRQDO� GHYRWLRQ� RI� WLPH�� 
HIIRUW�� WKRXJKW�� DQG� DFWLRQ� DV� WR� VHW� WKHP� DSDUW� IURP�
RWKHU�FRQWULEXWLRQV�� 

2SHQLQJ�&HUHPRQ\������-����� 
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3OHQDU\�/HFWXUH������-����� 

$GDP�:HEHU 
/DZUHQFH�%HUNHOH\�1DWLRQDO�/DERUDWRU\� 
 
7UDQVSRUW�DQG�0XOWLSKDVH�)ORZ�LQ�3RURXV�0HGLD�IRU�
(OHFWURFKHPLFDO�7HFKQRORJLHV� 
 
$V� ORZ-WHPSHUDWXUH� HOHFWURFKHPLFDO� WHFKQRORJLHV�
EHFRPH� LQFUHDVLQJO\� LPSRUWDQW� LQ� RXU� HQHUJ\� SDUDGLJP��
WKHUH� LV� D� QHHG� WR� H[DPLQH� WKHP� KROLVWLFDOO\�� )RU�
FRPPHUFLDOL]DWLRQ� DQG� RSWLPL]DWLRQ�� RQH� UHTXLUHV� D�
GHWDLOHG� XQGHUVWDQGLQJ� RI� WKH� XQGHUO\LQJ� SK\VLFV� DQG�
SKHQRPHQD�� ZKLFK� LV� GLUHFWO\� FRXSOHG� WR� WKHLU� VWUXFWXUH�

WKDW� LV� FRPSRVHG� RI� YDULRXV� SRURXV� PHGLD� LQFOXGLQJ� SRURXV� HOHFWURGHV� DQG�
SRURXV�EDFNLQJ�OD\HUV��)XUWKHUPRUH��IRU�VXFK�WHFKQRORJLHV�WR�EHFRPH�SUDFWLFDO��
WKH\� QHHG� WR� RSHUDWH� DW� KLJK� FXUUHQW� GHQVLWLHV�� ZKLFK� GULYHV� WKH� QHHG� IRU�
HIILFLHQW�WUDQVSRUW�RI�UHDFWDQWV�DQG�UHPRYDO�RI�SURGXFWV�IURP�WKH�UHDFWLRQ�VLWH��
)LQDOO\�� VXFK� LQWHUDFWLRQV� PRVW� RIWHQ� LQYROYH� PXOWLSKDVH� IORZ�� ZKHWKHU� LW� LV�
K\GURJHQ�IXHO�FHOOV��ZDWHU�HOHFWURO\]HUV��&2��UHGXFWLRQ�GHYLFHV��HWF��,Q�WKLV�WDON��
ZH� ZLOO� H[SORUH� WKH� FRPPRQDOLWLHV� DQG� DSSURDFKHV� WRZDUGV� XQGHUVWDQGLQJ�
PXOWLSKDVH� IORZ� LQ� WKHVH� V\VWHPV� ZLWK� D� IRFXV� RQ� WKH� LPSRUWDQFH� WKDW� VXFK�
SKHQRPHQD�SOD\�RQ�WKH�RYHUDOO�WUDQVSRUW�SKHQRPHQD�DQG�FHOO�SHUIRUPDQFH��� �  
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 3RVWHU�([KLELWLRQ��6HVVLRQ�� 
([KLELWLRQ�$UHD������-������ 

1DQRSRURXV�0HGLD� 
>���@�0ROHFXODU�LQYHVWLJDWLRQ�RQ�VRUSWLRQ-LQGXFHG�NHURJHQ�GHIRUPDWLRQ�
DQG�LWV�LPSDFW�RQ�JDV�WUDQVSRUW  
-LDQ�:X��3(1*<8�+8$1*��/XPLQJ�6KHQ 

>���@�([SHULPHQW�DQG�PRGHO�RI�PXOWL-VFDOH�G\QDPLF�GLIIXVLYLW\�DQG�
SHUPHDELOLW\�IRU�JDV�&+��+H���IORZ�LQ�PLFUR-QDQR�SRUHV�LQ�VHULHV�
FRQQHFWLRQ�RI�FRDO  
]KLTLDQJ�/L��/LQ�/L 

>��@�0ROHFXODU�'\QDPLFV�6WXG\�RI�&DUERQDWHG�:DWHU�&RQILQHG�LQ�1DQR�6OLW�
,OOLWH�3RUH���(IIHFW�RI�WKH�/D\HU�&KDUJH 
0DVDVKLJH�6KLJD 

3RURXV�PHGLD��HQYLURQPHQW�DQG�ELRORJ\� 
>���@�3RUH-VFDOH�GLVSODFHPHQW�DQG�WUDSSLQJ�PHFKDQLVPV�IRU�XQGHUJURXQG�
K\GURJHQ�VWRUDJH  
0DNVLP�/\V\\��3HU-+LOPDU�.QXW�YDQ�GHU�+DUW��*HLU�(UVODQG��0DUWLQ�)HUQR 

>���@�4XDQWLI\LQJ�ULVNV�RI�VDOW�FRQWDPLQDWLRQ�RI�IUHVKZDWHU�DTXLIHUV�GXULQJ�
$TXLIHU�7KHUPDO�(QHUJ\�6WRUDJH  
*HUDOGLQH�5HJQLHU��3DEOR�6DOLQDV��0DWWKHZ�'��-DFNVRQ� 

>��@�/RZ-ILHOG�105�VWXGLHV�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�VDOLQLW\�LQ�WKH�
EHKDYLRXU�RI�EULQHV�ZLWKLQ�SRURXV�PHGLD� 
$ULVWDUFKRV�0DYULGLV��&DUPLQH�'
$JRVWLQR 

>���@�8QGHUVWDQGLQJ�WKH�LQIOXHQFH�RI�SRUH-VFDOH�VWUXFWXUDO�KHWHURJHQHLW\�
LQ�&2��JHR-VHTXHVWUDWLRQ 
)DUVKDG�'DUDHL�*KDGLNRODHL��$QQD�+HUULQJ��0DUN�.QDFNVWHGW��0RKDPPDG�
6DDGDWIDU 

>���@�0RGHOLQJ�0LFURELDO�(QKDQFHG�2LO�5HFRYHU\��0(25��2SWLPL]DWLRQ�
$XJPHQWHG�ZLWK�)RUPDWLRQ�'DPDJH�0LWLJDWLRQ�:LWKLQ�6DQGVWRQH�&RUH�
8QGHU�$GYHUVH�6XEVXUIDFH�2LO-)LHOG�&RQGLWLRQV 
6XVPLW�&KDNUDERUW\��6XUHVK�.XPDU�*RYLQGDUDMDQ��6DWK\DQDUD\DQD�1��*XPPDGL� 



��� 

 

021'$<�����0$<����� 
0
RQGD\�'

HWDLOHG�3URJUDP
 

0XOWL-VFDOH��PXOWL-SK\VLFV�DQG�QRQ-OLQHDU�HIIHFWV�LQ�SRURXV�PHGLD� 
>���@�+\GUDWH�JURZWK�DQG�HOHFWULFDO�SURSHUWLHV�PRGHOLQJ�EDVHG�RQ�GLJLWDO�
URFN�WHFKQLTXHV 
+DLWDR�7LDQ��-LDQFKDR�&DL��:HL�:HL��<X[XDQ�;LD 

>���@�7KH�GHJUHH�DQG�ODZ�RI�WKH�LQIOXHQFH�RI�PLFURVFRSLF�SRUH�VWUXFWXUH�
RQ�SHUPHDELOLW\�LQ�GLJLWDO�URFNV 
;LDRELQ�/L��:HL�:HL��/HL�:DQJ��-LDQFKDR�&DL 

>���@�6ROXWH�PRYHPHQW�LQ�VRLO�FROXPQV�XQGHU�GLIIHUHQW�VROXWH�
FRQFHQWUDWLRQV�DQG�LGHQWLILFDWLRQ�RI�WUDQVSRUW�SDUDPHWHUV 
%RULV�0DU\VKHY��$QQD�(YJUDIRYD��0LNKDLO�.KDELQ� 

>���@�7KH�)LUVW�([SHULPHQWDO�'HVLJQ�DQG�$SSOLFDWLRQ�RI�/DUJH�+RUL]RQWDO�
:HOO�6SDFLQJ�6XSHUKHDWHG�6WHDP�)ORRGLQJ�IRU�7KLQ�+HDY\�2LO�5HVHUYRLU�LQ�
%RKDL�%D\ 
*XDQJPLQJ�3DQ��/HL�=KDQJ��+DR�/L��/LMLH�<DQJ��/LNH�<XR 

%LJ�GDWD��XQFHUWDLQW\��PDFKLQH�OHDUQLQJ�DQG�LPDJLQJ�LQ�SRURXV�PHGLD� 
>���@�6WXG\�RQ�ODERUDWRU\�PHDVXUHPHQW�PHWKRG�RI�DQLVRWURSLF�
SHUPHDELOLW\�EDVHG�RQ�SDVVLYH�GLIIHUHQWLDO�SUHVVXUH�UDWLR  
;XHKDR�3HL��<XHWLDQ�/LX��7HQJGD�5DQJ 

>���@�7RZDUG�LQWHJUDWLRQ�RI�105�DQG�WUDGLWLRQDO�FHQWULIXJH�FDSLOODU\�
SUHVVXUH�FXUYHV��$�FRPSDULVRQ�VWXG\  
*HRUJH�<DEHVK��6WHSKHQ��%DQNV��$XVDPD�*LZHOOL��/LRQHO��(VWHEDQ��$KPHG�$O-
<DVHUL� 

>���@�(QKDQFHG�6XSHU�5HVROXWLRQ�*HQHUDWLYH�$GYHUVDULDO�1HWZRUN�
�(65*$1��IRU�LPSURYLQJ�WKH�UHVROXWLRQ�RI�PLFUR-&7�LPDJHV 
0RKDPHG�5HJDLHJ 

>���@�3DUDPHWHU�HVWLPDWLRQ�IRU�XQVDWXUDWHG�IORZ�ZLWK�DQ�HIILFLHQW�HQFRGHU
-GHFRGHU�FRQYROXWLRQDO�QHXUDO�QHWZRUN 
0RKDPPDG�5H]D�+DML]DGHK�-DYDUDQ��0RKDPPDG�0DKGL�5DMDEL��%HQMDPLQ�
%HOIRUW��0DUZDQ�)DKV 

3RVWHU�([KLELWLRQ��6HVVLRQ����FRQW� 
([KLELWLRQ�$UHD������-������ 
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 3RVWHU�([KLELWLRQ��6HVVLRQ����FRQW� 
([KLELWLRQ�$UHD������-������ 

%LJ�GDWD��XQFHUWDLQW\��PDFKLQH�OHDUQLQJ�DQG�LPDJLQJ�LQ�SRURXV�PHGLD��
FRQW�� 

>���@�7HVW�RI�PXOWL�WDVN�;*%RRVW�PRGHO�DQG�LWV�DSSOLFDWLRQ�LQ�0DRNRX-��
0HPEHU��HDVW�6LFKXDQ�%DVLQ 
.HUDQ�/L��<LQJMLH�0D��<DQJ�/DQ��=KDRNDL�=KDQJ��-LDQSLQJ�)DQ��-LQPLQ�6RQJ 

>���@�3RUH-VFDOH�LPDJLQJ�RI�DVSKDOWHQH�GHSRVLWLRQ�ZLWK�SHUPHDELOLW\�
UHGXFWLRQ�DQG�ZHWWDELOLW\�DOWHUDWLRQ 
<LKXDL�=KDQJ��4LQJ\DQJ�/LQ��$OL�4DVHPLQHMDG�5DHLQL��<XWDND�2QDND��+LURN�
,ZDPD��.DWVXPR�7DNDED\DVKL���0DUWLQ�%OXQW��%UDQNR�%LMHOMLF 

https://www.tescan.com/
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06����,QQRYDWLYH�0HWKRGV�IRU�&KDUDFWHUL]DWLRQ��0RQLWRULQJ��DQG�,Q
-6LWX�5HPHGLDWLRQ�RI�&RQWDPLQDWHG�6RLOV�DQG�$TXLIHUV 
/HFWXUH�+DOO�� 
&KDLUV��7DQQD]�3DN��&DUOR�%LDQFR��&KULV�%RHLMH� 

����� 
>���@�/DERUDWRU\�VFDOH�GHPRQVWUDWLRQ�RI�FDWLRQLF�RUJDQLFV�
UHPRYDO�E\�JUDSKHQH�R[LGH�QDQRVKHHWV�LQMHFWLRQ�LQ�SRURXV�PHGLD 
&DUOR�%LDQFR��$OL�%HU\DQL��$OHVVDQGUR�&DVDVVR��5DMDQGUHD�6HWKL��7L]LDQD�
7RVFR 

����� 

�>���@�(YDOXDWLRQ�RI�]HUR-YDOHQW�LURQ�QDQRSDUWLFOHV��Q=9,��LQMHFWLRQ�
WHVWV�LQ�SRURXV�PHGLD�XVLQJ�V\QFKURWURQ�;-UD\�FRPSXWHG�
PLFURWRPRJUDSK\ 
'DSKQH�6LOYD�3LQR��7DQQD]�3DN��/XL]�)HUQDQGR�GH�/LPD�/X]�-XQLRU��
7L]LDQD�7RVFR��5HJLQDOGR�%HUWROR��1DWKDO\�/RSHV�$UFKLOKD 

����� 
�>���@�/RQJ-WHUP�UHWHQWLRQ�DQG�OHDFKLQJ�RI�3)$6�LQ�WKH�YDGRVH�
]RQH��FRQWUROOLQJ�SURFHVVHV��PDWKHPDWLFDO�IRUPXODWLRQ��DQG�
SUDFWLFDO�PRGHOLQJ�DSSURDFKHV 
%R�*XR  

����� 
�>���@�7UDQVSRUW�DQG�UHWHQWLRQ�RI�QDQRSDUWLFOHV�LQ�QDWXUDO�SRURXV�
PHGLD-(IIHFW�RI�SRUH�VWUXFWXUH�DQG�JHRPHWU\� 
5DRXO�'MRX�)RSD��&DUOR�%LDQFR��1DWKDO\�/RSHV�$UFKLOKD��7DQQD]�3DN  

����� 

�>���@�3RUH-VFDOH�K\GURG\QDPLF�DQG�ELRJHRFKHPLFDO�FRQWUROV�RQ�
PDQJDQHVH�ELRPLQHUDOL]DWLRQ�LQ�JUDQXODU�PHGLD 
(OHDQRU�)DGHO\��*DLWDQ�*HKLQ��/HQD�5D\��9HURQLFD�0RUDOHV��-DVTXHOLQ�
3HxD 
  

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�� 
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021'$<�����0$<����� 
0
RQ

GD
\�
'
HW
DL
OH
G�
3U
RJ

UD
P

 

06��-$��3K\VLFV�RI�PXOWLSKDVH�IORZ�LQ�GLYHUVH�SRURXV�PHGLD 
/HFWXUH�+DOO�� 
&KDLUV��6KDURQ�(OOPDQ��3H\PDQ�0RVWDJKLPL 

����� 
>��@�'\QDPLF�0RGH�'HFRPSRVLWLRQ��'0'��IRU�$QDO\]LQJ�
'\QDPLFV�LQ�0XOWLSKDVH�)ORZ�LQ�3RURXV�0HGLD  
6WHIIHQ�%HUJ��-DPHV�0F&OXUH��5\DQ�$UPVWURQJ��&DWKHULQH�6SXULQ 

����� 
>��@�)URP�'DUF\�IORZ�WR�ILQJHULQJ�LQVWDELOLWLHV�LQ�D�IOXLG-GULYHQ�
VLOR  
0LOHV�0RUJDQ��'DYLG�-DPHV��0DUWLQ�0RQORXERX��%MRUQDU�6DQGQHV 

����� 
>��@�7HPSHUDWXUH�'HSHQGHQF\�RI�6WHDG\-6WDWH�5HODWLYH�
3HUPHDELOLW\�&XUYHV��$TXLVWRUH�&2��6WRUDJH�6LWH��&DQDGD 
$PLU�+DJKL��5LFKDUG�&KDODWXUQ\N 

����� 
>���@�4XDQWLWDWLYH�GHWHUPLQDWLRQ�RI�WKH�WKUHVKROG�SUHVVXUH�IRU�D�
GLVFRQWLQXRXV�SKDVH�WR�SDVV�WKURXJK�D�FRQVWULFWLRQ�XVLQJ�
PLFURVFDOH�VLPXODWLRQ 
*ORLUH�,PDQL��/HL�=KDQJ��0DUWLQ�%OXQW��&KDR�;X 

����� 
>���@�,QYHVWLJDWLQJ�WKH�SRUH�VFDOH�PHFKDQLVP�RI�PLVFLEOH�SKDVHV�
PL[LQJ�LQ�SRURXV�PHGLXP��' 
<DKHO�(OL\DKX-<DNLU��7DO�%DOODV��/XGPLOD�$EH]JDX]��\DQLY�HGHU\ 

����� 

>���@�7UDQVLWLRQ�IURP�YLVFRXV�ILQJHUV�WR�FRPSDFW�GLVSODFHPHQW�
GXULQJ�XQVWDEOH�GUDLQDJH�LQ�SRURXV�PHGLD 
0DUFHO�0RXUD��)UHGULN�.YDOKHLP�(ULNVHQ��0LKDLOR�-DQNRY��$QWRLQH�
7XUTXHW��.QXW�-RUJHQ�0DOR\ 
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06����0LFURIOXLGLFV�DQG�QDQRIOXLGLFV�LQ�SRURXV�V\VWHPV 
*�$XGLWRULXP 
&KDLUV��6RSKLH�5RPDQ��+RVVHLQ�+HMD]L 

����� 
>��@�([SHULPHQWDO�VWXG\�RI�GU\LQJ�LQ�WKH�SUHVHQFH�RI�IOXRUHVFHQW�
SDUWLFOHV�LQ�PRGHO�SRURXV�PHGLD  
(OLVD�*KLULQJKHOOL��0DQXHO�0$5&28;��0DUF�3UDW 

����� 
>��@�3RUH-6FDOH�,QVLJKWV�LQWR�,Q-6LWX�0L[LQJ�&RQWURO�%\�3RO\PHU-
(QKDQFHG�/RZ-6DOLQLW\�:DWHUIORRGLQJ��3(/6�  
+DVVDQ�0DKDQL���0RKDPPDGUH]D�3RVKWSDQDK��%HK]DG�5RVWDPL 

����� 

>��@�0LFURIOXLGLFV-EDVHG�DQDO\VLV�RI�G\QDPLF�FRQWDFW�DQJOHV�
UHOHYDQW�IRU�XQGHUJURXQG�K\GURJHQ�VWRUDJH 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 



��� 

 

021'$<�����0$<����� 
0
RQ

GD
\�
'
HW
DL
OH
G�
3U
RJ

UD
P

 2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����1RQ-OLQHDU�HIIHFWV�LQ�IORZ�DQG�WUDQVSRUW�WKURXJK�SRURXV�
PHGLD 
&ODVVURRP�*� 
&KDLUV��0RKDGGHVHK�0RXVDYL�1H]KDG��<YHV�0pKHXVW 

����� 
>���@�7KH�UROH�RI�ELUHIULQJHQW�VWUDQGV�RQ�WKH�VWDELOLW\�RI�
YLVFRHODVWLF�IORZV�WKURXJK�SRURXV�PHGLD  
2PDU�0RNKWDUL��-HDQ-&ODXGH�/DWFKp��0LFKHO�4XLQWDUG��<RKDQ�'DYLW 

����� 
>���@�(ODVWLF�IORZ�LQVWDELOLWLHV�LQ��'�SRURXV�PHGLD  
&KULVWRSKHU�%URZQH��5LFKDUG�+XDQJ��&DOOLH�=KHQJ��6XMLW�'DWWD 

����� 

>���@�6RPH�DQDO\WLFDO�UHVXOWV�DERXW�FRXQWHUFXUUHQW�FDSLOODU\�
LPELELWLRQ� 
%HQRLW�1RHWLQJHU��%HQMDPLQ�%UDFRQQLHU��)UHGHULF�'RXDUFKH��0LFKHO�
4XLQWDUG��6LQD�0RPHQL 

����� 
>���@�*DQJOLD�PRELOL]DWLRQ�E\�SXUHO\�HODVWLF�LQVWDELOLW\ 
SHJDK�VKDNHUL��0LFKDHO�-XQJ��5DOI�6HHPDQQ 

����� 
>���@�7ZR-SKDVH�QRQ-1HZWRQLDQ�IORZ�LQ�SRURXV�PHGLXP 
)HGHULFR�/DQ]D��$OH[�+DQVHQ��ODXUHQW�WDORQ��7RP�9LQFHQW-'RVSLWDO��
$OEHUWR�5RVVR 

����� 
>���@�7KH�DQRPDORXV�PRLVWXUH�WUDQVSRUW�LQ�FHPHQWLWLRXV�
PDWHULDOV��FDXVHV�DQG�PRGHOV 
=KLGRQJ�=KDQJ��8HOL�$QJVW 



��� 

 

021'$<�����0$<����� 
0
RQGD\�'

HWDLOHG�

06����$GYDQFHV�LQ�LPDJLQJ�SRURXV�PHGLD��WHFKQLTXHV��VRIWZDUH�
DQG�FDVH�VWXGLHV 
&ODVVURRP�*� 
&KDLUV��0DULMQ�%RRQH��0DWWKLMV�GH�:LQWHU� 

����� 

>���@�(QKDQFHPHQW�RI�LQ-VLWX�WHUDKHUW]�OLTXLG�IURQW�WUDFNLQJ�
WHFKQLTXH�LQ�SRURXV�PHGLD�XVLQJ�D�QRYHO�H[SHULPHQWDO�VHWXS�DQG�
DVVRFLDWHG�DQDO\VLV�WRRO  
-RQJPLQ�/HH��'DQLHO�-��*RRGZLQ��5DQMLW�0��'KHQJH��*DEULHOH�%DQR��$[HO�
-��=HLWOHU� 

����� 

>���@�'\QDPLF�;-UD\�PLFUR-&7�PHDVXUHPHQWV�RI�WDEOHW�
GLVLQWHJUDWLRQ  
-DQ�'HZDQFNHOH��:HVOH\�'H�%RHYHU��6KXPDL\D�)HUGRXVK��3HGUR�0DUWLQV��
0DUFLDO�*RQ]DOH] 

����� 

>���@�7LPH�DQG�VSDWLDO�UHVROYHG�;-UD\�LPDJLQJ�RI�ZLFNLQJ�LQ�
LQWHUODFHG�\DUQV 
5REHUW�)LVFKHU��'RPLQLTXH�'HURPH��&KULVWLDQ�6FKOHSXHW]��5HQH�5RVVL��
-DQ�&DUPHOLHW 

����� 
>���@�+\VWHUHVLV�LQ�0XOWLSKDVH�)ORZ�DQG�$SSOLFDWLRQ�WR�+\GURJHQ�
6WRUDJH 
6HSLGHK�*RRGDU]L��$EGXOOD�$OKRVDQL��0DUWLQ�%OXQW��%UDQNR�%LMHOMLF 

����� 

>���@�&KDUDFWHUL]LQJ�,FH�0HOWLQJ�'\QDPLFV�LQ�3RURXV�0HGLD�ZLWK�
105-05, 
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9DKLG�1LDVDU�������-������ 
8QLYHUVLW\�RI�0DQFKHVWHU 
 
 
$GYDQFHV�LQ�SRUH-VFDOH�FKDUDFWHULVDWLRQ�RI�PXOWLSKDVH�
IORZ�DQG�WUDQVSRUW�LQ�SRURXV�PDWHULDOV� 
 
8QGHUVWDQGLQJ� IXQGDPHQWDOV� RI� IORZ� DQG� WUDQVSRUW� LQ�
SRURXV� PHGLD� KDV� EHHQ� VLJQLILFDQWO\� HQKDQFHG� XVLQJ�
SRUH-VFDOH� FKDUDFWHULVDWLRQ�PHWKRGV�� VXFK� DV� SRUH-VFDOH�
PRGHOOLQJ� DQG� LPDJLQJ�� 'XULQJ� WKH� ODVW� ILYH� GHFDGHV�

´SRUH-VFDOH�FKDUDFWHULVDWLRQµ�KDV�EHHQ�HVWDEOLVKHG�DV�D�PDMRU�ILHOG�RI�SRURXV�
PHGLD� UHVHDUFK�� KDV� LPSRVHG� QHZ� TXHVWLRQV� DQG� KLJKOLJKWHG� JDSV� LQ�
NQRZOHGJH�WKDW�KDV�HQKDQFHG�RXU�XQGHUVWDQGLQJ�IRU�SUDFWLFDO�LPSOLFDWLRQV�� 
 
,Q�WKLV�SUHVHQWDWLRQ�� ,�SUHVHQW�VRPH�NH\�SRUH-VFDOH�ILQGLQJV�UHODWHG�WR�VROXWH�
WUDQVSRUW� LQ� VDWXUDWHG� DQG� XQVDWXUDWHG� SRURXV� PHGLD�� 7KH� H[SHULPHQWDO�
UHVXOWV�KDYH�EHHQ�REWDLQHG�XVLQJ�WKUHH�GLIIHUHQW�FRPSOHPHQWDU\�DSSURDFKHV���
�D��RSWLFDO� LPDJLQJ�RI�TXDVL-�'�PLFURPRGHOV�� �E���'�;-UD\�PLFUR&7� LPDJLQJ�
JODVV-EHDG�DQG�VDQG�SDFNLQJ���F��*38-HQKDQFHG�SRUH-QHWZRUN�PRGHOV�� 
 
7ZR�PDLQ�DVSHFWV�RI� WKH� UHVXOWV�ZLOO�EH�GLVFXVVHG� LQ� WKLV�SUHVHQWDWLRQ� �L�� WKH�
QRQ-)LFNLDQ� EHKDYLRXU� RI� WUDQVSRUW� LQ� XQVDWXUDWHG� SRURXV� PHGLD� DQG� WKH�
FULWLFDO� UROH� RI� VDWXUDWLRQ� PRUSKRORJ\� �LL�� WLPH� VFDOH� RI� WUDQVSRUW� GXULQJ�
ORDGLQJ� DQG� XQORDGLQJ� RI� D� VROXWH� DQG� WKH� SRWHQWLDO� UROH� RI� QRQ-OLQHDU�
WUDQVSRUW� 

,QYLWHG�3DUDOOHO�6HVVLRQ� 
/HFWXUH�+DOO���������-������ 
&KDLU��-DFTXHV�+X\JKH 

/HDUQ�DERXW�&2062/�0XOWLSK\VLFV�������-������ 
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6WHSKDQ�0DWWKDL�������-������ 
8QLYHUVLW\�RI�0HOERXUQH 
 
0RGHOOLQJ�	�6LPXODWLRQ�RI�0XOWLSKDVH�)ORZ�LQ�+LJKO\�
+HWHURJHQHRXV�*HRORJLF�3RURXV�0HGLD� 
 
*HRORJLF� KHWHURJHQHLW\� SUHVHQWV� LWVHOI� LQ� WKH� IRUP� RI�
QHVWHG�DFFXPXODWLRQV�RI�JUDQXODU�SRURXV�PHGLD��UDQJLQJ�
IURP� SRRUO\� LQGXUDWHG� VRLOV� WR� EULWWOH� URFNV�� 7KH�
GHSRVLWLRQDO� HQYLURQPHQW� GHWHUPLQHV� WKH� DVVRFLDWLRQ� RI�

VHGLPHQW� W\SHV�� DQG� WKH� HQYLURQPHQWDO� SURFHVVHV� VKDSH�� VWUXFWXUH�� DQG�
MX[WDSRVH�GLIIHUHQW�GHSRVLWV��'HVHUW�GXQHV��IRU�H[DPSOH��DUH�KXQGUHG-PHWUH-
WDOO�VWDFNV�RI�PP-WKLQ�VDQG�VKHHWV�YDU\LQJ�LQ�JUDLQ�VL]H�DQG�FRPSRVLWLRQ��7KLV�
OD\HULQJ� LV� GLVUXSWHG� E\� VOLGHV�� VOXPSV�� DQG� RWKHU� GLVFRQWLQXLWLHV�� ,W� LV�
DPSOLILHG� E\� FKHPLFDO� LQWHUDFWLRQV� ZLWK� LQILOWUDWLQJ� IOXLGV�� ERQGLQJ� JUDLQV�
WRJHWKHU�ZKLOH�VHOHFWLYHO\�GLVVROYLQJ�DQG-RU�SUHFLSLWDWLQJ�PLQHUDO�SKDVHV� 
 
7KLV�SUHVHQWDWLRQ�H[SORUHV�FRPSOH[�HPHUJHQW�EHKDYLRXU�WKDW�DULVHV�IURP�WKH�
LQWHUSOD\� RI� JHRKHWHURJHQHLW\� ZLWK� PXOWLSKDVH� IORZ�� 6RSKLVWLFDWHG� GLJLWDO�
RXWFURS�PRGHOV�UHVROYLQJ�JHRORJLF�IHDWXUHV�DFURVV�PXOWLSOH�OHQJWK�VFDOHV�DUH�
XVHG� WR� FRQVWUDLQ� GLJLWDO� WZLQV� RI� WKH� UHDO� ZRUOG�� RIIHULQJ� WKH� XQLTXH�
RSSRUWXQLW\� WR� LQYHVWLJDWH� V\VWHP� EHKDYLRXU� LQ� UHVSRQVH� WR� HQJLQHHULQJ�
LQWHUYHQWLRQV� DQG� UHYHDO� VLGH� HIIHFWV�� 2I� SDUWLFXODU� LQWHUHVW� DUH� WKH�
SHUIRUPDQFH� DQDO\VLV� DQG� RSWLPLVDWLRQ� RI�PXOWLSKDVH� IORZ� V\VWHPV� VXFK� DV�
&2�� JHR-VHTXHVWUDWLRQ� FRPSOH[HV�� JHRWKHUPDO� UHVHUYRLUV�� DQG� JDV� VWRUDJH�
VLWHV�� 7KHVH� VLPXODWLRQV� FDQ� DOVR� FRQVWUDLQ� XQFHUWDLQW\� DJJUDYDWHG� E\� WKH�
VSRUDGLF� QDWXUH� RI� PHDVXUHPHQWV� DQG� WKH� OLPLWDWLRQV� RI� WKH� JHRSK\VLFDO�
LPDJLQJ�RI�WKH�VXEVXUIDFH��  
 
7KH�ULFK�EHKDYLRXUDO�G\QDPLFV�RI�JHRORJLF�SRURXV�PHGLD�VDWXUDWHG�ZLWK�EULQH�
DQG� &2�� ZLOO� EH� LOOXVWUDWHG� ZLWK� UHVXOWV� RI� K\EULG� )(0-)90� FRPSXWDWLRQV�
H[SUHVVLQJ�MXPS�GLVFRQWLQXLWLHV�GXULQJ�VLPXODWLRQ� 

,QYLWHG�3DUDOOHO�6HVVLRQ��FRQW�� 
/HFWXUH�+DOO���������-������ 
&KDLU��7D\IXQ�%DEDGDJOL� 

/HDUQ�DERXW�/HDUQ�DERXW�=(,66�0LFURVFRS\�6ROXWLRQV�IRU�
3RUH�&KDUDFWHUL]DWLRQ�������-������ 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�� 
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PRUSKRORJLFDO�IHDWXUHV�DW�WKH�SRUH�VFDOH  
6DUDK�3HUH]��)UDQFLVFR�-��9DOGpV-3DUDGD��'LGLHU�/DVVHX[��3KLOLSSH�
3RQFHW 

����� 
>���@�6LPXOWDQHRXV�8QFHUWDLQW\�$QDO\VLV�IRU�6&$/�'DWD�
,QWHUSUHWDWLRQ  
2PLGUH]D�$PUROODKLQDVDE��6LURRV�$]L]�0RKDPPDGL��+ROJHU�2WW 

����� 

>���@�,19(56(�$1'�)25:$5'�81&(57$,17<�48$17,),&$7,21�
2)�5(/$7,9(�3(50($%,/,7<�$1'�)2$0�02'(/�3$5$0(7(56�
)25�(25�352&(66(6 
52'5,*2�:HEHU�GRV�6$1726��*DEULHO�%UDQGmR�GH�0LUDQGD��/XLVD�
6LOYD�5LEHLUR��%HUQDUGR�5RFKD��*ULJRUL�&KDSLUR 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 
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 2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����0L[LQJ��GLVSHUVLRQ�DQG�UHDFWLRQ�SURFHVVHV�DFURVV�VFDOHV�LQ�
KHWHURJHQHRXV�DQG�IUDFWXUHG�PHGLD 
&ODVVURRP�&� 
&KDLUV��0R]KGHK�6DMMDGL��<X�-LQJ 

����� 
>��@�7KUHH-'LPHQVLRQDO�,PDJLQJ�RI�'HQVLW\-'ULYHQ�&RQYHFWLRQ�LQ�
8QFRQVROLGDWHG�*ODVV�3DFNLQJV�DQG�&RQVROLGDWHG�5RFN�6DPSOHV�
8VLQJ�;-5D\�&7�6FDQQLQJ  
$QQD-0DULD�(FNHO��5RQQ\�3LQL� 

����� 
>���@�)ORZ�KHWHURJHQHLW\�LPSDFW�RQ�GLVVROXWLRQ�UHDFWLRQ�EHKDYLRU�
LQ�JHRORJLF�SRURXV�PHGLD  
=RH�.DQDYDV��9HURQLFD�0RUDOHV��-RKQ�1LPPR� 

����� 
>���@�*UDYLW\�VKDSHV�SHUPDIURVW�PHOWLQJ�DIWHU�VDOLQH�ZDWHU�
LQYDVLRQ 
<XPLQ�:DQJ��<XKHQJ�=KDQJ��.H�;X 

����� 

>���@�,PSDFW�RI�IORZ�UDWH�RQ�FKHPLFDO�JUDGLHQWV�DQG�PL[LQJ�
G\QDPLFV�LQ�SRURXV�PHGLD 
2VKUL�%RUJPDQ��5pJLV�7XUXEDQ��%DXGRXLQ�*pUDXG��7DQJX\�/H�%RUJQH��
<YHV�0pKHXVW 
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3RVWHU�([KLELWLRQ��6HVVLRQ�� 
([KLELWLRQ�$UHD�������-������ 

1DQRSRURXV�0HGLD� 
>���@�$�PROHFXODU�G\QDPLFV�VWXG\�RQ�&2��HQKDQFHG�VKDOH�JDV�UHFRYHU\�LQ�
NHURJHQ�QDQRSRUHV  
&KHQJ�&KHQ��-XQ�;LD��+DPLG�%DKDL 

>���@�:HWWLQJ�GU\LQJ�PHFKDQLVPV�DVVRFLDWHG�ZLWK�QDQRFRQILQHG�VDOW�
VROXWLRQV��DQ�RSWLFDO�UHIOHFWDQFH�VWXG\�RQ�YDSRXU�SKDVH�LPELELWLRQ�DQG�
DGVRUSWLRQ 
6XMHHW�'XWWD��+XJR�%HOOH]]D��3DWULFN�+XEHU��2OLYLHU�9LQFHQW� 

3RURXV�PHGLD��HQYLURQPHQW�DQG�ELRORJ\� 
>���@�&KDUDFWHULVDWLRQ�DQG�&RPSDULVRQ�RI�$OJDO�%LRFKDU�DW�'LIIHUHQW�
3\URO\VLV�7HPSHUDWXUHV  
.DPDO�(O\DVL�*RPDUL��'DYLG�+XJKHV��'XQFDQ�0DFTXDUULH��6XUDQMDQD�%RVH��
7DELWKD��3HWFKH\��7DQQD]�3DN��7KLHUU\��7RQRQ 

>���@�2SWLPL]DWLRQ�RI�RSHUDWLRQDO�SDUDPHWHUV�IRU�JHRORJLFDO�K\GURJHQ�
VWRUDJH�LQ�D�VDOLQH�DTXLIHU�-�6RWKHUQ�1RUWK�6HD�&DVH�6WXG\  
6DHHG�+DUDWL��7DQQD]�3DN��6LQD�5H]DHL-*RPDUL��)LUGRYVL�*DVDQ]DGH 

>���@���'�UHDFWLYH�WUDQVSRUW�PRGHOLQJ�RI�ODERUDWRU\-VFDOH�&2��LQMHFWLRQ�LQ�
OLPHVWRQH�OHDGLQJ�WR��ZRUPKROH�IRUPDWLRQ 
$WHIHK�9DIDLH��-RUGL�&DPD��-RVHS�0�6ROHU 

>���@�0RGHOLQJ�FRQWUDVW�SHUIXVLRQ�DQG�DGVRUSWLRQ�LQ�WKH��'�KHDUW 
52'5,*2�:HEHU�GRV�6$1726��(YDQGUR�'LDV�*DLR��%HUQDUGR�5RFKD 

>���@�&DSLOODU\�VHDOLQJ�HIILFLHQF\�RI�FDSURFN��,PSOLFDWLRQV�IRU�K\GURJHQ�DQG�
FDUERQ-GLR[LGH�JHR–VWRUDJH 
$PHU�$ODQD]L��0XKDPPDG�$OL��+XVVHLQ�+RWHLW 

>���@�7KH�623+,(�LQLWLDWLYH�–�7KH�ILUVW�LQWHUODERUDWRU\�FRPSDULVRQ�RI�WKH�
ZHW�HQG�RI�WKH�VRLO�ZDWHU�UHWHQWLRQ�FXUYH 
%HQMDPLQ�*XLOODXPH��$XURUH�'HJUp 
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3RURXV�PHGLD��HQYLURQPHQW�DQG�ELRORJ\���FRQW� 
>���@�'LJLWL]LQJ�DQG�([SORULQJ����<HDUV�RI�WKH�5HJLVWU\�RI�&RQWDPLQDWHG�
6LWHV�LQ�WKH�VWDWH�RI�6mR�3DXOR��%UD]LO 
1RXKD�6DPODQL��'DSKQH�6LOYD�3LQR��&DUOR�%LDQFR��1DWKDO\�/RSHV�$UFKLOKD��
7DQQD]�3DN 

0XOWL-VFDOH��PXOWL-SK\VLFV�DQG�QRQ-OLQHDU�HIIHFWV�LQ�SRURXV�PHGLD� 
>���@�$�QRYHO�PLFURIOXLGLF�3(0�ZDWHU�HOHFWURO\]HU�FHOO�IRU�WKH�VWXG\�RI�
FRXQWHU-FXUUHQW�WZR-SKDVH�IORZ�DW�WKH�DQRGH�VLGH  
1LFROH�9RUKDXHU��6XSUL\D�%KDVNDUDQ��(YDQJHORV�7VRWVDV��7DPDUD�0LOLFLF��9LNUDQWK�
.XPDU�6XUDVDQL 

>���@�6SDFH-WLPH�XSVFDOLQJ�RI�UHDFWLYH�WUDQVSRUW�LQ�SRURXV�PHGLD  
1LFRODH�6XFLX��)ORULQ�$GULDQ�5DGX��,XOLX�6RULQ�3RS 

>���@�'HVLJQ�DQG�)DEULFDWLRQ�RI��'�)UHVQHO�/HQVHV�IRU�2SWLFDO�DQG�7KHUPDO�
6HQVLQJ�$SSOLFDWLRQV 
0XUDG�$OL��+DLGHU�%XWW 

>���@�$GVRUSWLRQ�DQG�7UDQVSRUW�%HKDYLRUV�RI�6KDOH�2LO�LQ�.HURJHQ�6OLW�E\�
0ROHFXODU�'\QDPLFV�6LPXODWLRQ 
-LH�/LX��6KX\X�6XQ��<RQJIHL�<DQJ��-XQ�<DR��.RX�-LDQORQJ� 

>���@�([SHULPHQWDO�5HVHDUFK�DQG�$SSOLFDWLRQ�RI�)UDFWXUH�6WUHVV�6HQVLWLYLW\ 
-XQMLH�/LX��MLDQ�[LRQJ��MLQJSHQJ�ZDQJ��[LDQJMXQ�OLX 

%LJ�GDWD��XQFHUWDLQW\��PDFKLQH�OHDUQLQJ�DQG�LPDJLQJ�LQ�SRURXV�PHGLD� 
>���@�2Q�WKH�&2��FDSURFN�LQWHUDFWLRQ�EDVHG�RQ�TXDQWLWDWLYH�LPDJH�
DQDO\VLV�IURP�LQ-VLWX�[-UD\�WRPRJUDSK\ 
(OHQL�6WDYURSRXORX��/\HVVH�/DORXL� 

>���@�8VH�RI�VHPL-DXWRPDWLF�GHHS�OHDUQLQJ�DOJRULWKPV�IRU�WKH�
VHJPHQWDWLRQ�DQG�FODVVLILFDWLRQ�RI�FDYLWLHV�LQ�FDUERQDWH�IDXOW�URFNV 
(YD�:HOOPDQQ��-R\FH�6FKPDW]��0LQJ]H�-LDQJ��-RS�.ODYHU��$QDVWDVLD�+RIIPDQQ 

>���@�'LJLWDO�5RFN�3K\VLFV�DV�D�7RRO�IRU�8SVFDOLQJ�&RUHV�3HWURSK\LVFDO�
3URSHUWLHV�IURP�3RUH�WR�&RQWLQXXP�6FDOH 
0RKDPHG�0DKURXV��(Q]R�&XUWL��6HUJH\�&KXUDNRY��1LNRODRV�3UDVLDQDNLV 

3RVWHU�([KLELWLRQ��6HVVLRQ����FRQW� 
([KLELWLRQ�$UHD�������-������ 
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3RVWHU�([KLELWLRQ��6HVVLRQ����FRQW� 
([KLELWLRQ�$UHD�������-������ 

%LJ�GDWD��XQFHUWDLQW\��PDFKLQH�OHDUQLQJ�DQG�LPDJLQJ�LQ�SRURXV�PHGLD��
FRQW�� 

>���@�*URXQGZDWHU�FRQWDPLQDWLRQ�LQ�WKH�QRUWK-HDVW�RI�WKH�8.��([SORULQJ�
DQG�SURMHFWLQJ�SROOXWLRQ�WUHQGV�XVLQJ�WKH�(QYLURQPHQW�$JHQF\�GDWD�
DUFKLYHV  
1RXKD�6DPODQL��$NDQML�/DWHHI��=LD�8VK�6KDPV]DPDQ��7DQQD]�3DN� 

>���@�1RYHO�WHFKQLTXHV�LQ�;-UD\�QDQRWRPRJUDSK\��VFDQQLQJ�HOHFWURQ�
PLFURVFRS\�DQG�FU\RJHQLF�IRFXVHG�LRQ�EHDP�PLFURVFRS\�/LQNLQJ�VWUXFWXUH�
DQG�FDWDO\WLF�SURSHUWLHV�RI�KHWHURJHQHRXV�DQG�DXWRPRWLYH�FDWDO\VWV�LQ�
WKUHH�GLPHQVLRQV 
$QG\�+ROZHOO��0DDGKDY�.RWKDUL��0DUNXV�%RHVH 
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06����3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG��:DWHU�	�$JULFXOWXUH� 
/HFWXUH�+DOO�� 
&KDLUV��$PLUKRVVHLQ�+DVVDQL��/L�&KHQ��6DL�5DPD�.ULVKQD�<HUUDPLOOL� 

����� 

>���@�'\QDPLF�FKDQJHV�LQ�JDV�FRQFHQWUDWLRQ�LQ�WKH�VDS�RI�SODQWV�
UHLWHUDWH�WKH�HQLJPD�RI�SODQW�ZDWHU�WUDQVSRUW�XQGHU�QHJDWLYH�
SUHVVXUH  
/XFLDQR�3HUHLUD��6WHYHQ�-DQVHQ��0DUFHOD�7UHYHQ]ROL�0LUDQGD��9LQLFLXV�
6DFUDPHQWR�3DFKHFR��/XFLDQ�.DDFN��*DEULHO�6LOYD�3LUHV��;LQ\L�*XDQ��
(GXDUGR�&DUXVR�0DFKDGR��+��-RFKHQ�6FKHQN��5DIDHO�9DVFRQFHORV�
5LEHLUR 

����� 
>��@�(IIHFWV�RI�FKDUULQJ�WHPSHUDWXUH�RQ�SK\VLFRFKHPLFDO�
SURSHUWLHV�RI�ZKHDW�VWUDZ�ELRFKDU  
0DUGLQ�$EGDOTDGLU��7DQQD]�3DN��6LQD�5H]DHL-*RPDUL 

����� 
>���@�(IIHFWV�RI�)OXLG�6DWXUDWLRQ�RQ�8QVDWXUDWHG�6RLO�+\GUDXOLF�
DQG��6ROXWH�7UDQVSRUW�3DUDPHWHUV 
/XZHQ�=KXDQJ��0DUWLQXV�YDQ�*HQXFKWHQ 

����� 

>���@�([SOLFLW�VSDWLDO�PRGHOLQJ�DW�WKH�SRUH�VFDOH�XQUDYHOV�WKH�
LQWHUSOD\�RI�VRLO�RUJDQLF�FDUERQ�VWRUDJH�DQG�VWUXFWXUH�G\QDPLFV 
1DGMD�5D\��6LPRQ�=HFK��6WHIIHQ�6FKZHL]HU��)UDQ]LVND�%XFND��,QJULG�
.|JHO-.QDEQHU��$OH[DQGHU�3UHFKWHO 

����� 

>���@�+\GUR-PHFKDQLFDO�FRXSOLQJ�WR�XQFRYHU�VWDELOLW\�DQG�
SHUPHDELOLW\�RI�FRDWHG�ELRSRUH�RQ�WKH�SRUH-VFDOH��WKH�ZD\�WR�
LPSURYH�ODUJHU-VFDOH�PRGHOOLQJ 
/XLV�$OIUHGR�3LUHV�%DUERVD��.LULOO�*HUNH��+RUVW�*HUNH� 

����� 
>���@�,PELELWLRQ�G\QDPLFV�LQ�FHOOXODU��[\OHP-OLNH�QDQRSRURXV�
PHGLD 
2OLYLHU�9LQFHQW��7KpR�7DVVLQ��(ULN�+XEHU��$EUDKDP�6WURRFN 

����� 
>���@�0RGHOLQJ�HYDSRUDWLRQ�IURP�OHDYHV 
6LQD�$FNHUPDQQ��5DLQHU�+HOPLJ 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06��-%��,QWHUIDFLDO�SKHQRPHQD�LQ�PXOWLSKDVH�V\VWHPV� 
/HFWXUH�+DOO�� 
&KDLUV��*ULJRUL�&KDSLUR��(GXDUGR�$EUHX 

����� 
>���@�7KH�HIIHFW�RI�VXUIDFH�WHQVLRQ�DQG�FRQWDFW�DQJOH�G\QDPLFV�
LQ�DYHUDJHG�PRGHOV�IRU�WZR-SKDVH�IORZ�DW�WKH�SRUH�VFDOH  
6WHSKDQ�%��/XQRZD��$UMHQ�0DVFLQL��&DULQD�%ULQJHGDO��7RP�%XOWUH\V��
9HHUOH�&QXGGH��,XOLX�6RULQ�3RS� 

����� 
>���@�0DUDQJRQL�(IIHFW�0DLQWDLQV�)DVW�(YDSRUDWLRQ�LQ�1HDU-
)UDFWXUH�3RURXV�0HGLD  
<DQGRQJ�=KDQJ��.H�;X��)HL�<X 

����� 
>��@�+RZ�VLPSOLI\LQJ�FDSLOODU\�HIIHFWV�FDQ�DIIHFW�WKH�WUDYHOLQJ�
ZDYH�VROXWLRQ�SURILOHV�RI�WKH�IRDP�IORZ�LQ�SRURXV�PHGLD 
/XLV�)HUQDQGR�/R]DQR��-KXDQ�&HGUR��5RVPHU\�4XLVSH�=DYDOD��*ULJRUL�
&KDSLUR� 

����� 

>���@�$VVHVVLQJ�XQFHUWDLQWLHV�DQG�LGHQWLILDELOLW\�RI�IRDP�
GLVSODFHPHQW�PRGHOV�HPSOR\LQJ�GLIIHUHQW�REMHFWLYH�IXQFWLRQV�
IRU�SDUDPHWHU�HVWLPDWLRQ 
%HUQDUGR�5RFKD��$QGUHV�9DOGH]��*ULJRUL�&KDSLUR��52'5,*2�:HEHU�
GRV�6$1726 

����� 
>���@�)RDP�)RUPDWLRQ�DQG�)ORZ�'LYHUVLRQ�LQ�6XUIDFWDQW-
$OWHUQDWLQJ-*DV�,QMHFWLRQ�LQ�3RURXV�0HGLD�0LFURPRGHOV 
1LFROOH�/LPD��0DUFLR�&DUYDOKR� 

����� 
>���@�,QWULQVLF�0RELOLW\�FRQWURO�E\�)RDP-OLNH�(PXOVLRQ" 
$KPDG�.KDUUDW��%LDQFD�%UDQGVWlWWHU��+ROJHU�2WW 

����� 
>���@�&DSLOODU\�:DYH�7ZHH]HUV 
3UDVKDQW�$JUDZDO��%HWKDQ\�2UPH��5LFKDUG�)X��0DWWKHZ�8QWKDQN��
+DPGL�7RUXQ� 
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06����3RUH-VFDOH�PRGHOOLQJ� 
*�$XGLWRULXP 
&KDLUV��0RKDPPDG�0DVRXGL��<DVKDU�0HKPDQL��.H�;X 

����� 

>���@�8VLQJ�,Q-VLWX�:HWWDELOLW\�0HDVXUHPHQWV�WR�5HFRQVWUXFW�WKH�
:HWWLQJ�&RQGLWLRQV�RI�D�1DWXUDO�5RFN  
5XLFKDQJ�*XR��&KHQJ�&KHQ��'XVWLQ�&UDQGDOO��/DXUD�'DOWRQ��-DPHV�
0F&OXUH��+RQJVKHQJ�:DQJ 

����� 
>���@�)($785(6�2)�7+(�325(�6&$/(�5($&7,9(�)/2:�:,7+�
&203/(;�&$7$/<7,&�5($&7,216  
3DYHO�7RNWDOLHY��2OHJ�,OLHY 

����� 
>���@�(IILFLHQW�SHUPHDELOLW\�SUHGLFWLRQ�RI�UHDO�GLJLWDO�URFN�EDVHG�
RQ�'DUF\·V�ODZ 
4LQ]KXR�/LDR��-XQ�/L��*DQJ�/HL��:HLTLQJ�&KHQ��;X�/LX��6KLULVK�3DWLO 

����� 
>���@�([WUDFWLRQ�RI�WKUHH-GLPHQVLRQDO�SRUH�QHWZRUN�DQG�FRUQHU�
QHWZRUN�ZLWK�SRUHV�RI�KLJK�DVSHFW�UDWLRV 
1LQJKXD�=KDQ��5XL�:X��(YDQJHORV�7VRWVDV��$EGROUH]D�.KDUDJKDQL 

����� 
>��@�'\QDPLF�3RUH-1HWZRUN�0RGHOLQJ�RI�6ROYHQW�9DSRXU�
([WUDFWLRQ 
0HURXDQH�.KDPPDU��9DKLG�1LDVDU 

����� 

>���@�$Q�LPDJH-EDVHG�K\EULG�SRUH�QHWZRUN-FRQWLQXXP�PRGHOLQJ�
IUDPHZRUN�IRU�IOXLG�IORZ�DQG�WUDQVSRUW�LQ�PXOWLVFDOH�SRURXV�
PHGLD 
/L�=KDQJ��%R�*XR��&KDR-=KRQJ�4LQ��<RQJTLDQJ�;LRQJ 

����� 
>���@�,PDJH-EDVHG�UHFRQVWUXFWLRQ�RI�PXOWLVFDOH�SRURXV�VWUXFWXUHV�
DQG�FRDUVHQLQJ�RI�PLFURSRURVLW\�UHJLRQV 
ERZHQ�VKL��+DQ�-LDQJ��/L�=KDQJ��%R�*XR��&KDR-=KRQJ�4LQ 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����7KHUPDO�3URFHVVHV��7KHUPDO�&RXSOLQJ�DQG�7KHUPDO�
3URSHUWLHV�RI�3RURXV�0HGLD��PRGHOLQJ�DQG�H[SHULPHQWV�DW�GLIIHUHQW�
VFDOHV� 
&ODVVURRP�*� 
&KDLUV��0RUDQ�:DQJ��<LQJIDQJ�=KRX��:HQELQ�)HL 

����� 
>��@�2Q�WKH�HIIHFWV�RI�WKH�OLWKRVWDWLF��K\GURVWDWLF�SUHVVXUHV��DQG�
WKH�WHPSHUDWXUH�RQ�3ODVPD�3XOVH�*HR�'ULOOLQJ��33*'�  
0RKDPHG�(]]DW��-DVFKD�%|UQHU��'DQLHO�9RJOHU��:LWWLJ�9RONHU��0DUWLQ�2��
6DDU 

����� 
>��@�7KUHH-GLPHQVLRQDO�5D\OHLJK-'DUF\�FRQYHFWLRQ�DW�KLJK�
5D\OHLJK�QXPEHUV  
0DUFR�'H�3DROL��)UDQFHVFR�=RQWD��6HUJLR�3LUR]]ROL��$OIUHGR�6ROGDWL 

����� 
>���@�3LQ-ILQ�VKDSH�DQG�RULHQWDWLRQ�HIIHFWV�RQ�KHDW�WUDQVIHU�DQG�
IOXLG�IORZ�LQ�JDV�WXUELQH�EODGH 
VDLGD�FKDWWL��FKHNLE�JKDEL��DEGDOODK�PKLPLG��0RKDPHG�6DVVL� 

����� 
>���@�0RGHOLQJ�RI�3RZGHU�%HG�'\QDPLFV�LQ�7KHUPRFKHPLFDO�+HDW�
6WRUDJH 
7RUEHQ�3ULOO��0DULH�*ROOVFK��+HQULNH�6FKPLHV��0DUF�/LQGHU��7KRPDV�
-DKQNH 

����� 

>���@�0LFUR-VFDOH�/DVHU-LQGXFHG�)OXRUHVFHQFH�7KHUPRPHWU\�IRU�
0XOWLSKDVH�)ORZ�LQ�3RURXV�0HGLD 
6DPXHO�6LPPRQV��&KULVWLDQ�3HGULJDO��)DU]DQ�.D]HPLIDU 

����� 

>���@�$FXWH�REVHUYDWLRQV�LQWR�PXOWLIUDFWDO�FKDUDFWHULVWLFV�RI�
ELWXPLQRXV�FRDOV�E\�4XDOLWDWLYH�DQDO\WLFV  
3DXO�1DYHHQ��'HEMHHW�0RQGDO� 
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06����8QFHUWDLQW\�4XDQWLILFDWLRQ�LQ�3RURXV�0HGLD� 
&ODVVURRP�*� 
&KDLUV��$UXQDVDODP�5DKXQDQWKDQ��)HOLSH�3HUHLUD��)UDQFLDQH�5RFKD� 

����� 

>���@�0XOWLVFDOH�PL[HG�GRPDLQ�GHFRPSRVLWLRQ�PHWKRGV�IRU�WKH�
VLPXODWLRQ�RI�KHWHURJHQHRXV�EODFN-RLO�IORZV  
)DEULFLR�6RXVD��9LWRU�$��3LUHV��5DIDHO�*XLUDOGHOOR��5REHUWR�$XVDV��
*XVWDYR�&DUORV�%XVFDJOLD��)HOLSH�3HUHLUD 

����� 
>���@�,PSURYLQJ�WKH�HIILFLHQF\�RI�UHVHUYRLU�VLPXODWLRQV�ZLWK�WKH�
0XOWLVFDOH�3HUWXUEDWLRQ�0HWKRG�IRU�7ZR-3KDVH�)ORZV  
)UDQFLDQH�5RFKD��+HW�0DQNDG��)DEULFLR�6RXVD��)HOLSH�3HUHLUD 

����� 

>���@�0&0&�&RQYHUJHQFH�6WXGLHV�IRU�)ORZ�3UREOHPV�ZLWK�
0XOWLVFDOH�6DPSOLQJ 
$OVDGLJ�$OL��$EGXOODK�$O-0DPXQ��)HOLSH�3HUHLUD��$UXQDVDODP�
5DKXQDQWKDQ 

����� 

>���@�4XDQWLILFDWLRQ�RI�+HWHURJHQHLW\�RI�6SDWLDOO\�$YHUDJHG�
*HQHUDOL]HG�VXE-*DXVVLDQ�5DQGRP�)LHOGV 
0DWWKHZ�+DUULVRQ��0RKDGGHVHK�0RXVDYL�1H]KDG��7KRPDV�+XGVRQ��
$OEHUWR�*XDGDJQLQL��0RQLFD�5LYD 

����� 

>���@�4XDQWLI\LQJ�WKH�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�UHVHUYRLU�
FRPSDFWLRQ�IRUHFDVWLQJ��5ROH�RI�WKH�H[SHULPHQWDO�HVWLPDWLRQ�RI�
WKH�K\GURVWDWLF�\LHOG�VWUHVV� 
)UpGpULF�$PRXU��0RKDPPDG�5H]D�+DMLDEDGL��+DPLG�0��1LFN 

����� 
>���@�3RWHQWLDO�JHRORJLFDO�VHTXHVWUDWLRQ�RI�&2��LQ�.D]DNKVWDQ 
$LEDU�.DPDVKHY��<HUODQ�$PDQEHN 

����� 
>���@�2SWLPDO�FRQWURO�DQDO\VLV�RI�OHDNDJH�ULVN�LQ�JHRORJLFDO�&2��
VHTXHVWUDWLRQ�XQGHU�XQFHUWDLQWLHV 
%HQ�0DQVRXU�',$��0D]HQ�6DDG��0DQDO�$ORWLEL 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 
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0
RQGD\�'

HWDLOHG�3URJUDP
 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����)OXLG�,QWHUDFWLRQV�ZLWK�7KLQ�3RURXV�0HGLD� 
&ODVVURRP�&� 
&KDLUV��&KDR-=KRQJ�4LQ��1LFRODH�7RPR]HLX� 

����� 
>��@�,QNMHW�SULQWLQJ�RI�VXUIDFWDQW�VROXWLRQV�RQWR�WKLQ�PRYLQJ�
SRURXV�PHGLD  
*LDQPDUFR�9HQGLWWL��9LJQHVK�0XUDOL��$QWRQ�'DUKXEHU 

����� 
>���@�6XUIDFH-ZDVKLQJ�RI�FRQWDPLQDWHG�SRURXV�VXEVWUDWHV  
)UDQFHVFR�3DROR�&RQWR��0HUOLQ�$UDJRQ�(W]ROG��(PLO\�%XWOHU��-XOLHQ�5��
/DQGHO��6WXDUW�%��'DO]LHO� 

����� 
>���@�&DSLOODU\�LPELELWLRQ�DQG�VZHOOLQJ�RI�WKLQ�SDSHU�VKHHWV 
UXEHQ�QLFDV\��+HQN�+XLQLQN��8OULFK�+LUQ��&DULQD�:DOGQHU��%DUW�(ULFK��
2ODI�$GDQ 

����� 
>���@�$SSOLFDWLRQ�RI�6FUHHQ�&KDQQHO�/LTXLG�$FTXLVLWLRQ�'HYLFHV�
IRU�3KDVH�6HSDUDWLRQ�LQ�0LFURJUDYLW\ 
3ULWKYL�6KXNOD��0LFKDHO�'UH\HU 

����� 
>���@�$�5HYLHZ�RQ�3RO\PHU�$GVRUSWLRQ�LQ�&DUERQDWH�DQG�
6DQGVWRQH�5HVHUYRLUV 
$QRR�6HEDVWLDQ 

����� 

>���@�'HYHORSPHQW�RI�D�PHWKRG�WR�LQYHVWLJDWH�WKH�GLVWULEXWLRQ�RI�
FRPSRQHQWV�LQ�WKH�FURVV-VHFWLRQ�RI�FRDWHG�PHGLD�EHIRUH�DQG�
DIWHU�SULQWLQJ 
$PEHU��/RXZKRII��-DVSHU�YDQ�GHQ�+RHN��-HURHQ�6FKHOO��&KULV�6PLW��
+pOGHU�0DUTXHV�6DOYDGRU��1LFRODH�7RPR]HLX 

����� 

>���@�$�2QH-'LPHQVLRQDO�1XPHULFDO�PRGHO�RI�&DUERQ�&RUURVLRQ�
LQ�&DWDO\VW�/D\HUV�RI��3URWRQ�([FKDQJH�0HPEUDQH�)XHO�&HOOV 
'RQJ�(QFL��=KDQJ�5XL\XDQ��/L�&KHQ 



��� 

 

/$%�72856 
 
0RQGD\������ 
 
$WWHQGHHV�ZKR�UHJLVWHUHG�IRU�ODE�WRXUV��YLD�FRQIHUHQFH�UHJLVWUDWLRQ��ZLOO�KDYH�
WKH�RSSRUWXQLW\�WR�YLVLW�RQH�RI�WZR�.KDOLID�8QLYHUVLW\�FDPSXVHV� 
 
$OO�SDUWLFLSDQWV�UHJLVWHUHG�IRU�D�WRXU�VKRXOG�PHHW�DW�WKH�UHJLVWUDWLRQ�GHVN�QR�
ODWHU�WKDQ�������� 
 
6DV�$O�1DNKO�&DPSXV 
7RXU�GXUDWLRQ��$SSUR[LPDWHO\���KRXUV��LQFOXGLQJ�WUDQVSRUWDWLRQ� 
· 5(6($5&+�$1'�,1129$7,21�&(17(5�21�&2��$1'� 

+<'52*(1 �5,&+� 
* $GYDQFHG�0DWHULDOV 
* 3KRWRFDWDO\WLF�DQG�&KHPLFDO�5HDFWLRQ�/DE 
* %LRFKHPLFDO�3URFHVVHV�/DE 
* &RPEXVWLRQ�DQG�&KHPLFDO�3URFHVVHV�/DE 

 
· &(17(5�)25�0(0%5$1(6�$1'�$'9$1&('�:$7(5�7(&+12/2*<��&0$7� 

* :DWHU�7HFKQRORJ\�/DERUDWRULHV 
· &KHPLFDO�(QJLQHHULQJ�/DE��SRURXV�PDWHULDOV� 
· 'ULOOLQJ�6LPXODWRU�/DE  
· )OXLG�3URSHUW\�/DE 
· &RUH�3UHSDUDWLRQ�/DE 
· 5RFN�3URSHUWLHV�/DE 
· 'ULOOLQJ�)OXLGV�/DE 
· 5RFN�0HFKDQLFV�/DE 
· 3URGXFWLRQ�)DFLOLWLHV�/DE 
 
 
0DLQ�&DPSXV 
7RXU�GXUDWLRQ��$SSUR[LPDWHO\���KRXU 
· $'9$1&('�',*,7$/�$1'�$'',7,9(�0$18)$&785,1*�&(17(5��$'$0� 

* .8�$'$0��.KDOLID�8QLYHUVLW\�$GYDQFHG�'LJLWDO�	�$GGLWLYH�0DQXIDFWXULQJ��&HQWHU 
· 1DQR�DQG�:DWHU�/DERUDWRU\ 
· .8�63$&(�7(&+12/2*<�$1'�,1129$7,21�&(17(5 

* <DKVDW�6SDFH�/DE��<6/� 
· ,QWHUIDFLDO�(QHUJ\�7UDQVSRUW�/DE 
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,QWHU3RUH�+RQRUDU\�/LIHWLPH�0HPEHUVKLS�
$ZDUG 
6LJQH�.MHOVWUXS� 
1RUZHJLDQ�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��
1RUZD\ 
 
7KH�+RQRUDU\�/LIHWLPH�0HPEHUVKLS�$ZDUG�LV�UHVHUYHG�
IRU�LQGLYLGXDOV�ZKR�KDYH�PDGH�H[WUDRUGLQDU\�
FRQWULEXWLRQV�WR�SRURXV�PHGLD�VFLHQFH�DQG�
WHFKQRORJ\��ZKR�DUH�ZRUOG�UHQRZQHG�LQ�WKH�SRURXV�

PHGLD�FRPPXQLW\��DQG�ZKRVH�FRQWULEXWLRQV�DUH�FRQVLVWHQW�ZLWK�WKH�DLPV�
DQG�LGHDOV�RI�,QWHU3RUH�� 

7XHVGD\�'
HWDLOHG�3URJUDP

 
7XHVGD\�'

HWDLOHG�3URJUDP
 

$ZDUG�&HUHPRQ\������-����� 

.LPEHUO\-&ODUN�'LVWLQJXLVKHG�/HFWXUHVKLS�$ZDUG 
$GULDQ�%HMDQ 
'XNH�8QLYHUVLW\��86$ 
 
 

 
(DFK�\HDU�� ,QWHU3RUH�VHOHFWV�D�SRURXV�PHGLD�UHVHDUFKHU�ZLWK�DQ�
HVWHHPHG� LQWHUQDWLRQDO� UHFRJQLWLRQ� DQG� H[FHOOHQW� SUHVHQWDWLRQ�
VNLOOV��ZKR�ZRUNV�RQ�D�EURDG�UDQJH�RI�SRURXV�PHGLD�WRSLFV��DV�
WKH�´,QWHU3RUH�.LPEHUO\-&ODUN�'LVWLQJXLVKHG�/HFWXUHU�RQ�3RURXV�
0HGLD� 6FLHQFH�	�7HFKQRORJ\µ�� 7KH� DZDUGHH�ZLOO� VKDUH� D� WRSLF�
UHOHYDQW� WR� WKH� LQGXVWULDO� SRURXV�PHGLD� FRPPXQLW\� WKURXJK� D�
VHULHV� RI� OHFWXUHV� DW� YDULRXV� PHPEHU� DQG� QRQ-PHPEHU�
RUJDQL]DWLRQV�� 

6HFXUH�\RXU�FKDQFH�WR�KRVW�3URI��%HMDQ�DW�\RXU�LQVWLWXWH��9LVLW�WKH�,QWHU3RUH�YLUWXDO�
ERRWK�IRU�PRUH�LQIRUPDWLRQ�RQ�KRZ�WR�DSSO\�� 

$� ZRUG� RI� JUDWLWXGH�� 7KLV� DZDUG� KDV� EHHQ�PDGH� SRVVLEOH� E\� D� JHQHURXV� JUDQW�
IURP .LPEHUO\-&ODUN��KRPH�WR�VRPH�RI� WKH�ZRUOG·V�PRVW� LFRQLF�DQG� WUXVWHG�EUDQGV��
LQFOXGLQJ�� +XJJLHV�� 6FRWW�� .OHHQH[�� &RWWRQHOOH� DQG� .RWH[�� )RU�PRUH� WKDQ� D� FHQWXU\�
.LPEHUO\-&ODUN� KDV� EHHQ� WUDQVIRUPLQJ� LQVLJKWV� DQG� WHFKQRORJLHV� LQWR� LQQRYDWLYH�
SURGXFWV� DQG� VHUYLFHV� WKDW� LPSURYH� WKH� OLYHV� RI� QHDUO\� D� TXDUWHU� RI� WKH� ZRUOG·V�
SRSXODWLRQ� 

3OHQDU\�6HVVLRQ 
0DLQ�$XGLWRULXP������-����� 
&KDLU��.DUVWHQ�7KRPSVRQ 
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/DXUD�'H�/RUHQ]LV 
(7+�=�ULFK 
 
3KDVH-ILHOG�PRGHOLQJ� DQG� VLPXODWLRQ� RI� GHVLFFDWLRQ-
LQGXFHG�FUDFNLQJ�� 
 
:H� GHYHORSHG� D� SKDVH-ILHOG� DSSURDFK� WR� PRGHO�
GHVLFFDWLRQ-LQGXFHG�IUDFWXUH�LQ�SRURXV�PHGLD��7KH�PRGHO�
GHVFULEHV� WKH� FRXSOLQJ� RI� GHIRUPDWLRQ�� IOXLG� IORZ� DQG�
IUDFWXUH� LQ� SDUWLDOO\� VDWXUDWHG� PDWHULDOV�� 'LIIHUHQW�

FRXSOLQJ� RSWLRQV� DUH� GLVFXVVHG� DQG� FRPSDUHG�� DQG� SK\VLFDOO\� PRWLYDWHG�
LPSURYHPHQWV� ZLWK� UHVSHFW� WR� SUHYLRXV� PRGHOV� DUH� LQWURGXFHG�� 7KH�
GLVFUHWL]DWLRQ� VHWWLQJ� KLQJHV� XSRQ� D� VWDELOL]HG� ORZ-RUGHU� ILQLWH� HOHPHQW� WR�
PD[LPL]H� HIILFLHQF\� ZLWKLQ� D� WKUHH-GLPHQVLRQDO� LPSOHPHQWDWLRQ�� :H� DOVR�
GLVFXVV� WKH�FRPSDULVRQ�RI�QXPHULFDO� UHVXOWV� WR�SUHGLFWLRQV�RI�VHPL-DQDO\WLFDO�
DSSURDFKHV�DQG�WR�H[SHULPHQWDO�UHVXOWV� � 

3OHQDU\�6HVVLRQ��FRQW� 
0DLQ�$XGLWRULXP������-����� 
&KDLU��.DUVWHQ�7KRPSVRQ 

3OHQDU\�/HFWXUH������-����� 
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3RVWHU�([KLELWLRQ��6HVVLRQ�� 
([KLELWLRQ�$UHD������-������ 

0XOWLSKDVH�IORZ�LQ�SRURXV�PHGLD� 
>��@�&KDUDFWHUL]DWLRQ�RI�ZDWHU�WUDQVSRUW�LQ�EXLOGLQJ�SRURXV�PDWHULDOV�EDVHG�RQ�
DQ�DQDO\WLFDO�VSRQWDQHRXV�LPELELWLRQ�PRGHO 
0LQJOLDQJ�4X��6KHQJ\XH�/X��4LQJ\DQJ�/LQ��6DMMDG�)RURXJKL��=LWDR�<X��0DUWLQ�%OXQW 

>���@�3RUH-VFDOH�WZR-SKDVH�IORZ�VLPXODWLRQ�RI�YROFDQLF�JDV�UHVHUYRLU�EDVHG�RQ�
9ROXPH�RI�)OXLG�PHWKRG 
<RQJIHL�<DQJ��4XDQ�;X��;LQ]H�/L 

>���@�3RUH�VWUXFWXUH�FKDUDFWHUL]DWLRQ�DQG�VHHSDJH�ODZ�DQDO\VLV�RI�WLJKW�
UHVHUYRLU 
/LDQJ�-LDR��-LDQFKDR�&DL��<X[XDQ�;LD��;LDQJMLH�4LQ��.DL�;X��+HQJOHL�=KDQJ 

>���@�3RUH-6FDOH�0RGHOOLQJ�RI�+\GURJHQ�7UDQVSRUW�LQ�3RURXV�0HGLD 
6KDRELQ�&DL��<RQJIHL�<DQJ��4XDQ�;LH 

,QWHUDFWLRQV�EHWZHHQ�IORZ�DQG�PHFKDQLFV�LQ�SRURXV�PHGLD� 
>��@�)RDP�SOXJJLQJ�SHUIRUPDQFH�DQG�IORZ�FKDUDFWHULVWLFV�LQ�IUDFWXUH�V\VWHP  
=KHQJ[LDR�;X��=KDRPLQ�/L��%LQIHL�/L��4LIHQJ�=KDQJ��/HL�=KHQJ��<RQJMLQ�6RQJ��7RQJ�<X� 

>��@�'LJLWDO�5RFN�7HFKQLTXHV�WR�6WXG\�3K\VLFDO�3URSHUWLHV�RI�+\GUDWH�%HDULQJ�
6HGLPHQWV��&RQVLGHULQJ�+\GUDWH�'LVWULEXWLRQ�3DWWHUQV  
<XTL�:X��.H\X�/LX��6HQ\RX�$Q��&KHQJ\DQ�/LQ 

>���@�:DYH-LQGXFHG�IOXLG�IORZ�LQ�IUDFWDO�SRURXV�PHGLD 
VKDQVKDQ�-LDQJ��-LDQFKDR�&DL��:HL�:HL��+HQJOHL�=KDQJ� 

>���@�3HIRUPDQFH�HYDOXDWLRQ�RQ�WHPSRUDU\�SOXJJLQJ��RI�PDJQHWLF�UHVSRQVLYH�
K\GURJHO�LQ�K\GUDXOLF�IUDFWXULQJ�RI�K\GURFDUERQ�UHVHUYRLUV 
0LQJOLDQJ�/XR��;LDRGRQJ�6L��<LJH�+XDQJ 

7XHVGD\�'
HWDLOHG�3URJUDP
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3RVWHU�([KLELWLRQ��6HVVLRQ����FRQW� 
([KLELWLRQ�$UHD������-������ 

,QWHUDFWLRQV�EHWZHHQ�IORZ�DQG�PHFKDQLFV�LQ�SRURXV�PHGLD��FRQW� 
>���@�6WXG\�RQ�TXDQWLWDWLYH�LGHQWLILFDWLRQ�PHWKRG�IRU�OLWKRORJ\�RI�
S\URFODVWLF�URFN 
*DQJ�+X��=KLTLDQJ�0DR��SHLTLDQJ�]KDR 

>���@�6LPXODWLRQ�RI�WXUEXOHQW�PL[LQJ�LQ�FKDQQHOV�ZLWK�UHDFWLYH�ERXQGDU\�
FRQGLWLRQV 
$OLVGDLU�6RSSLWW��0RKDGGHVHK�0RXVDYL�1H]KDG��$OEHUWR�*XDGDJQLQL��7KRPDV�
+XGVRQ 

%LJ�GDWD��XQFHUWDLQW\��PDFKLQH�OHDUQLQJ�DQG�LPDJLQJ�LQ�SRURXV�PHGLD� 

>��@�$�PXOWL-GLPHQVLRQDO�SDUDPHWULF�VWXG\�RI�YDULDELOLW\�LQ�PXOWL-SKDVH�IORZ�
G\QDPLFV�GXULQJ�JHRORJLF�&2��VHTXHVWUDWLRQ�DFFHOHUDWHG�ZLWK�PDFKLQH�
OHDUQLQJ  
+DR�:X��1LFKRODV��/XEEHUV��+DUL�9LVZDQDWKDQ��5\DQ�3ROO\HD� 

>���@�3K\VLFV�,QIRUPHG�1HXUDO�1HWZRUNV�IRU�)OXLG�)ORZ�LQ�3RURXV�0HGLD  
:DOHHG�'LDE��0RKDPPHG�6DDG�$O�.REDLVL 

>���@�'LUHFW�FRPSDULQJ�WKH�SHUPHDELOLW\�GHULYDWLRQ�IURP�,PDJHV��(PSLULFDO�
0RGHOLQJ�YV�3K\VLFV-%DVHG�6LPXODWLRQ�YV�'HHS�/HDUQLQJ 
/LQJ\XQ�.RQJ� 

>���@�3UHGLFWLQJ�3HUPHDELOLW\�RI�3RURXV�0DWHULDOV�RQ��'��-&7�,PDJHV�YLD�
0DFKLQH�/HDUQLQJ 
0RKDPPDG�%DNKWLDU\��-DIDU�4DMDU 

>���@�$Q�RSWLPL]DWLRQ-EDVHG�PHWKRG�IRU�XSVFDOLQJ�FDUERQDWH�YROXPHWULF�
LPDJH�GDWD  
$QXS�6KDKL��$QLO�.XPDU��+HPDQW�6LQJK�.XPDU��5DQMLWK�3DWKHJDPD�*DPDJH 
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7XHVGD\�'

HWDLOHG�3URJUDP
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�� 

06����3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG��(QHUJ\�	�&OLPDWH� 
/HFWXUH�+DOO�� 
&KDLUV��:LOOLDP�5RVVHQ��0DDUWMH�%RRQ� 

����� 
>���@�&2��GLVVROXWLRQ�SDWWHUQV�ZLWK�SUHFLSLWDWLRQ�UHDFWLRQ�XQGHU�
GLIIHUHQW�SHUPHDELOLW\  
6KXDL�=KHQJ��.H�;X��'RQJ[LDR�=KDQJ 

����� 
>���@�8QGHUVWDQGLQJ�&2��WUDQVSRUW�DQG�FDUERQDWH�IRUPDWLRQ�LQ�
SRUWODQG�FHPHQW-EDVHG�PDWHULDOV�XVLQJ�;-UD\�PLFUR-&7 
/DXUD�'DOWRQ��'XVWLQ�&UDQGDOO��.DUO�-DUYLV��0RKDPPDG�3RXU-*KD] 

����� 
>���@�$�1RYHO�7HFKQLTXH�WR�,QYHVWLJDWH�(IIHFWV�RI�7KHUPDO�6KRFNV�
RQ�&HPHQW�IRU�&&6�:HOO�,QWHJULW\ 
.DL�/L��$QQH�3OX\PDNHUV 

����� 
>���@�&RXSOHG�*HRFKHPLFDO-JHRPHFKDQLFDO�3URFHVVHV�LQ�&2��
6WRUDJH�5HVHUYRLUV 
=KXRIDQ�6KL��/DXUHQ�%HFNLQJKDP��-DFN�0RQWJRPHU\��&KDUORWWH�*DULQJ 

����� 
>���@�6XSHUFULWLFDO�$GVRUSWLRQ�RI�&2��DQG�&+��RQ�6KDOHV�DQG�
6XUURJDWH�3RURXV�0HGLD 
+XPHUD�$QVDUL��-3�0DUWLQ�7UXVOHU��*HRIIUH\�0DLWODQG��5RQQ\�3LQL 

����� 

>���@�8QGHUVWDQGLQJ�LQGXFHG�VHLVPLFLW\�IRU�D�VDIH�XVH�RI�SRURXV�
PHGLD�WR�UHDFK�FDUERQ�QHXWUDOLW\��WKH�FDVH�RI�WKH�8QGHUJURXQG�
*DV�6WRUDJH�RI�&DVWRU��6SDLQ 
9LFWRU�9LODUUDVD��6LOYLD�'H�6LPRQH��-HVXV�&DUUHUD��$QWRQLR�9LOODVHxRU� 

����� 
>���@�&2��GHJDVVLQJ�NLQHWLFV�LQ�SRURXV�PHGLD 
&KULV�%RHLMH��&DV�9HUZHLM��3DFHOOL�=LWKD��$QQH�3OX\PDNHUV 
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06��-%��,QWHUIDFLDO�SKHQRPHQD�LQ�PXOWLSKDVH�V\VWHPV� 
/HFWXUH�+DOO�� 
&KDLUV��%MRUQDU�6DQGQHV��-DPDO�$ODDPUL� 

����� 
>���@�(YROXWLRQ�RI�SDUWLDOO\�PLVFLEOH�JDQJOLD�LQ�SRURXV�PHGLD��$�
SRUH-QHWZRUN�DSSURDFK  
<DVKDU�0HKPDQL��.H�;X 

����� 
>���@�6WXG\�RQ�)ORZ�0HFKDQLVP�DQG�RLO�'LVSODFHPHQW�0HFKDQLVP�
RI�0LFURFDSVXOH�3RO\PHU�LQ�3RURXV�0HGLD  
<RQJVKHQJ�/LX��%HL�:HL��-LDQ�+RX 

����� 

>���@�&RPSUHKHQVLYH�6WXG\�RI�)OXLG-)OXLG�'LVSODFHPHQW�LQ�0L[HG-
:HW�3RURXV�0HGLD 
$VKNDQ�,UDQQH]KDG��%DX\U]KDQ�3ULPNXORY��5XEHQ�-XDQHV��%HQ]KRQJ�
=KDR 

����� 

>���@�&RXSOLQJ�SRURXV�PHGLXP-IUHH�IORZ��)RUPDWLRQ�DQG�
HYDSRUDWLRQ�RI�PXOWLSOH�GURSOHWV�DW�WKH�LQWHUIDFH 
0D]LDU�9H\VNDUDPL��5DLQHU�+HOPLJ��&\QWKLD�0LFKDONRZVNL��&DULQD�
%ULQJHGDO 

����� 
>���@�8QVWDEOH�LQYDVLRQ�GXULQJ�LPELELWLRQ�LQ�UHJXODU�SRURXV�PHGLD 
=KRQJ]KHQJ�:DQJ��-HDQ-0LFKHO�3HUHLUD��(PLOLH�6DXUHW��<L[LDQJ�*DQ 

����� 
>���@�)DFWRUV�LQIOXHQFLQJ�VKDOH�ZHWWDELOLW\�IURP�QDQR�WR�PDFUR-
VFDOH 
$KPHG�5HGD�)DWK\��0XKDPPDG��$ULI��6WHIDQ�,JODXHU 

����� 
>���@�&KDUDFWHULVDWLRQ�RI�K\GURFDUERQ�ELR-GHJUDGDWLRQ�LQ�SRURXV�
PHGLD 
(GLWK�/DUXH��<RKDQ�'DYLW��0LFKHO�4XLQWDUG��0DQXHO�0$5&28; 

����� 
>���@�$�TXDGUDWXUH-EDVHG�VFKHPH�IRU�QXPHULFDO�VROXWLRQV�WR�
OLQHDUL]HG�XQVDWXUDWHG�IORZ�HTXDWLRQ 
0DUFR�%HUDUGL��)DELR�'LIRQ]R 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����3RUH-VFDOH�PRGHOOLQJ� 
*�$XGLWRULXP 
&KDLUV��.H�;X��<RQJIHL�<DQJ��6WpSKDQH�=DOHVNL��0RKDPPDG�0DVRXGL� 

����� 

>���@�3RUH�VFDOH�PRGHOOLQJ�RI�VWUHVV-GHSHQGHQW�SHUPHDELOLW\�DQG�
WXRULVLW\�RI�K\GUDWH�EHDULQJ�VHGLPHQW�EDVHG�RQ�KLJK�UHVROXWLRQ�
V\QFKURWURQ�[-UD\�FRPSXWHG�WRPRJUDSK\�LPDJLQJ  
/L�5XL��<LQJIDQJ�=KRX��:HQER�=KDQ��-LDQKXL�<DQJ 

����� 
>���@�/DJUDQJLDQ�PRGHOLQJ�DQG�XSVFDOLQJ�RI�SRUH-VFDOH�WUDQVSRUW�
LQ�UDQGRP�PHGLD  
*LRYDQQL�3RUWD��0DWWHR�5DGLFH��*DHO�*XHGRQ 

����� 
>���@�3RUH-VFDOH�PRGHOLQJ�RI�WKH�G\QDPLFV�RI�LQWHUIDFH-FRXSOHG�
GLVVROXWLRQ-SUHFLSLWDWLRQ 
'HQJ�+DQJ��-HQQD�3RRQRRVDP\��6HUJL�0ROLQV 

����� 

>���@�3RUH-VFDOH�PRGHOOLQJ�RI�QRQ-LVRWKHUPDO�UHDFWLYH�WUDQVSRUW�
EDVHG�RQ�WKH�PLFUR-FRQWLQXXP�DSSURDFK��DSSOLFDWLRQ�WR�FRNH�
FRPEXVWLRQ�LQ�D�PDWUL[-IUDFWXUH�V\VWHP 
4LDQJKXL�;X��-XQ\X�<DQJ��=KL\LQJ�/LX��/LQ�6KL 

����� 

>���@�/DWWLFH�%ROW]PDQQ�PRGHOLQJ�RI�WKH�LQWHUIDFLDO�PDVV�WUDQVSRUW�
DQG�KHWHURJHQHRXV�FKHPLFDO�UHDFWLRQ�LQ�WKH�PXOWLSKDVH�V\VWHP��
QXPHULFDO�PRGHOV�DQG�DSSOLFDWLRQV 
-XQ\X�<DQJ��4LDQJKXL�;X��=KL\LQJ�/LX��/LQ�6KL 

����� 
>���@�0HPRU\��HQHUJ\�GLVVLSDWLRQ�DQG�K\VWHUHVLV�RI�WZR-SKDVH�
IORZV 
5DQ�+ROW]PDQ��0DUFR�'HQW]��5DPRQ�3ODQHW��-RUGL�2UWLQ 

����� 
>���@�0RGHOOLQJ�OLTXLG�WUDQVSRUW�LQ�3(0�IXHO�FHOOV��7KH�HIIHFWV�RI�
FRPSUHVVLYH�VWUHVV 
<DQ\DR�%DR��<L[LDQJ�*DQ 

����� 

>���@�3DUDPHWULF�VWXG\�RI�FRRODQW-LQMHFWLRQ�IORZ�WKURXJK�GLIIHUHQW�
SRUH�JHRPHWULFDO�SDWWHUQV�IRU�LQMHFWLRQ�IORZ�FRQWURO�LQ�K\SHUVRQLF�
IORZ 
$GULDQR�&HUPLQDUD��'DYLG�$GHED\R��$KPDG�%DURXWDML��$UXQ�$UMXQDQ 
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06����0DWKHPDWLFDO�DQG�QXPHULFDO�PHWKRGV�IRU�PXOWL-VFDOH�PXOWL-
SK\VLFV��QRQOLQHDU�FRXSOHG�SURFHVVHV� 
&ODVVURRP�*� 
&KDLUV��&DULQD�%ULQJHGDO��6KX\X�6XQ� 

����� 
>��@�6LPXODWLRQ�RI�UHDFWLYH�WUDQVSRUW�LQ�KHWHURJHQHRXV�SRURXV�
PHGLD�ZLWK�D�1HZWRQ-.U\ORY�PHWKRG  
/DLOD�$PLU��0LFKHO�.HUQ� 

����� 
>���@�$Q�HQKDQFHG�EUDQFK�DQG�ERXQG�DOJRULWKP�IRU�SKDVH�VWDELOLW\�
WHVWLQJ�RI�PXOWLFRPSRQHQW�PL[WXUHV  
0DUWLQ�-H[��-Lĝt�0LN\äND 

����� 
>���@�0RGHOLQJ�RI�0XOWLFRPSRQHQW�)ORZ�LQ�3RURXV�0HGLD�XVLQJ�
+LJKHU-2UGHU�0HWKRGV 
3HWU�*iOLV��-Lĝt�0LN\äND 

����� 
>���@�$�QXPHULFDO�DSSURDFK�WR�LQFRUSRUDWLQJ�VKHDU�WKLQQLQJ�HIIHFWV�
RI�SRO\PHU�LQ�SRO\PHU�IORRGLQJ� 
3UDELU�'DULSD 

����� 

>���@�'HYHORSPHQW�DQG�H[SHULPHQWDO�YDOLGDWLRQ�RI�ODWWLFH�
%ROW]PDQQ�PHWKRG-EDVHG�VLPXODWRU�IRU�YDSRU�WUDQVSRUW�LQ�DLU�RYHU�
D�PRLVW�VRLO�OD\HU 
-DNXE�.OLQNRYVNë��5DGHN�)XÿtN��$QGUHZ�7UDXW]��7LVVD�,OODQJDVHNDUH 

����� 

>���@�3KDVH-ZLVH�&RQVHUYDWLYH�DQG�3K\VLFV�3UHVHUYLQJ�$OJRULWKPV�
IRU�3RURXV�0HGLD�)ORZ 
6KX\X�6XQ 

����� 
>���@�7KHUPRG\QDPLFV-,QIRUPHG�1HXUDO�1HWZRUN�IRU�3KDVH�
(TXLOLEULXP�LQ�6XEVXUIDFH�5HVHUYRLUV 
WDR�]KDQJ��6KX\X�6XQ 

����� 

>���@�7LJKWO\�&RXSOHG�+\SHUEROLF�7UHDWPHQW�RI�%XR\DQW�7ZR-
3KDVH�)ORZ�DQG�7UDQVSRUW�LQ�3RURXV�0HGLD 
3DWULFN�-HQQ\��5DVLP�+DVDQ]DGH��+DPGL�7FKHOHSL 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 
06����$GYDQFHV�LQ�LPDJLQJ�SRURXV�PHGLD��WHFKQLTXHV��VRIWZDUH�DQG�
FDVH�VWXGLHV� 
&ODVVURRP�*� 
&KDLUV��*ZHQROH�7DOOHF��/LZHL�=KDQJ� 

����� 

>���@�3RUH-VFDOH�LPDJLQJ�ZLWK�PHDVXUHPHQW�RI�UHODWLYH�
SHUPHDELOLW\�DQG�FDSLOODU\�SUHVVXUH�LQ�DQ�DOWHUHG-ZHWWDELOLW\�
OLPHVWRQH�ZLWK�ELPRGDO�SRURVLW\  
*XDQJOHL�=KDQJ��$OL�4DVHPLQHMDG�5DHLQL��0DUWLQ�%OXQW��%UDQNR�%LMHOMLF� 

����� 
>���@�1(:�,16,*+76�,1�325286�0(',$�&+$5$&7(5,=$7,21���
63(&75$/�&20387('�7202*5$3+<  
:HVOH\�'H�%RHYHU��0DULMQ�%RRQH��'HQLV�9DQ�/RR��0DUHN�'RVEDED 

����� 
>���@�0XOWLVFDOH�SRUH�VWUXFWXUH�HYROXWLRQ�RI�VKDOH�LQGXFHG�E\�
GLOXWH�DFLG 
6DL�;X��-LDQFKDR�&DL��/HL�:DQJ��4L�=KDQJ 

����� 
>��@��'�;-UD\�YHORFLPHWU\�IRU�SRUH-VFDOH�IORZV�LQ�JHRORJLFDO�DQG�
LQGXVWULDO�SRURXV�PHGLD 
7RP�%XOWUH\V��6WHIDQLH�9DQ�2IIHQZHUW��:DQQHV�*RHWKDOV��-DQ�$HOWHUPDQ��
0DWWKLHX�%RRQH��9HHUOH�&QXGGH 

����� 

>���@�0LFURVWUXFWXUDO�DQG�PLQHUDO�SKDVH�FKDQJHV�RI�UHLQIRUFHG�
FRQFUHWH�FDXVHG�E\�KLJK�FRQFHQWUDWLRQ�&2� 
4XDQ�;XH��/LZHL�=KDQJ��.$,<8$1�0(,��<DQ�:$1*��3DQLD�1HZHOO��
0DQJXDQJ�*DQ��;LDRMXDQ�)X��;LDRFKXQ�/L� 

����� 
>���@�,PDJLQJ�IOXLG�WUDQVIHUV�LQ�SRUHV�DQG�SRUH�FKDQJHV�WKURXJK�
G\QDPLF�105�UHOD[RPHWU\ 
%HQMDPLQ�0DLOOHW��5DKLPD�6LGL-%RXOHQRXDU��3KLOLSSH�&RXVVRW 

����� 
>���@�0XOWL-VFDOH�&RQIRFDO�,PDJLQJ�$SSURDFK�$SSOLHG�WR�6WXG\�
WKH�&RPSOH[�3RUH�6\VWHPV�LQ�0LGGOH-(DVWHUQ�&DUERQDWHV 
$KPHG�+DVVDQ��9LVZDVDQWKL�&KDQGUD��7$'(86=�3$7=(. 

����� 

>���@�7KUHH-GLPHQVLRQDO�LPDJLQJ�RI�SRUH-IUDFWXUH�SURSDJDWLRQ�LQ�
7ULDVVLF�WLJKW�VDQGVWRQHV�RI�WKH�2UGRV�%DVLQ��1RUWKHUQ�&KLQD 
6RQJWDR�:X��=KLFKDR�<X��;LDRKXD�-LDQJ��/LQJ�6X��+XD�7LDQ��)HQJURQJ�
/LDR��&RQJ�<X� 
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06����0L[LQJ��GLVSHUVLRQ�DQG�UHDFWLRQ�SURFHVVHV�DFURVV�VFDOHV�LQ�
KHWHURJHQHRXV�DQG�IUDFWXUHG�PHGLD� 
&ODVVURRP�&� 
&KDLUV��0R]KGHK�6DMMDGL��$QQD-0DULD�(FNHO 

����� 
>��@�'LVSHUVLRQ�DQG�5HWHQWLRQ�RI�&ROORLGV�LQ�6DWXUDWHG�6DQGVWRQH�
IURP�WKH�0LFURVFDOH�WR�WKH�0DFURVFDOH  
'LDQ�)DQ��(PLO\�&KDSPDQ��5RQQ\�3LQL��$OEHUWR�6WULROR 

����� 
>���@�2SHQ-)2$0�VLPXODWLRQ�DQG�DQDO\VLV�RI�QRQ-)LFNLDQ�
WUDQVSRUW�LQ�WUXQFDWHG�SOXUL-*DXVVLDQ�SHUPHDELOLW\�ILHOGV�  
(XJHQLR�3HVFLPRUR��0DWWHR�,FDUGL��0DUFR�%LDQFKL 

����� 
>���@�(YLGHQFH�RI�DQRPDORXV�WUDQVSRUW�FRQWUROV�RQ�ORQJ-WHUP�
YDULDELOLW\�LQ�VWUHDP�ZDWHU�FKHPLVWU\ 
0DUFR�'HQW]��(UZLQ�=HKH��-DPHV�.LUFKQHU��%ULDQ�%HUNRZLW] 

����� 

>���@�3ROOXWDQW�GLVSHUVLRQ�LQ�KHWHURJHQHRXV�SRURXV�PHGLD��2Q�WKH�
LPSDFW�RI�WKH�KHWHURJHQHLW\�RI�WKH�H[FKDQJH�UDWH�DQG�
SHUPHDELOLW\�ILHOG�LQ�0RELOH-,PPRELOH�WUDQVSRUW�VLPXODWLRQV 
ODXUHQW�WDORQ��HPPD�ROOLYLHU-WULTXHW��0DUFR�'HQW]��'DQLHOD�%DXHU 

����� 
>���@�+RZ�GRHV�WKH�SUHVHQFH�RI�DQ�RLO�SKDVH�LQIOXHQFH�WKH�QRQ-
)LFNLDQ�VDOW�WUDQVSRUW�GXULQJ�ORZ�VDOLQLW\�ZDWHUIORRGLQJ�(25" 
$UPDQ�'DUYLVK�6DUYHVWDQL��%HK]DG�5RVWDPL��+DVVDQ�0DKDQL 

����� 

>���@�(IIHFW�RI�WKH�FRQQHFWLYLW\�RI�DOOXYLDO�DTXLIHUV�RQ�JURXQGZDWHU�
IORZ�DQG�VROXWH�WUDQVSRUW 
DQWKRQ\�EHDXGRLQ��$OHMDQGUR�%RVFKDQ��LYDQ�&ROHFFKLR 

����� 

>���@�,PSDFW�RI�QDQRSRUHV�LQ�FOD\�RQ�DFFHVVLELOLW\�DQG�FRQQHFWHG�
SRURVLW\�LQ�VDQGVWRQH�VDPSOHV 
0G�)DKLP�6DOHN��)DQTL�4LQ��/DXUHQ�%HFNLQJKDP 

����� 

>���@�0RGHOOLQJ�7UDQVYHUVH�$QRPDORXV�6ROXWH�7UDQVSRUW�LQ�+LJKO\�
+HWHURJHQHRXV�3RURXV�0HGLD 
$URQQH�'HOO�2FD��0DUFR�'HQW] 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 
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(GXDUGR�$EUHX�������-������ 
8QLYHUVLW\�RI�&DPSLQDV��,0(&&�–�81,&$03�� 
 
/HVVRQV�IURP�IORZV�WKURXJK�SRURXV�PHGLD�IRU�VROYLQJ�
QRQOLQHDU�K\SHUEROLF�SUREOHPV� 
 
+\SHUEROLF� SUREOHPV� DQG� EDODQFH� ODZV� DUH� UHOHYDQW� RQ�
WKH� IRXQGDWLRQV� RI� PDWKHPDWLFDO� PRGHOLQJ� DQG�
QXPHULFDO� VLPXODWLRQ� WR� WKH� VWXG\� RI� IOXLG� G\QDPLFV� LQ�
SRURXV�PHGLD��6XFK�QRQOLQHDU�PRGHOV�DSSHDU�QDWXUDOO\�LQ�
EDVLF� DQG� DSSOLHG� VFLHQFHV� UHODWHG� WR� HQHUJ\�� FOLPDWH��

ZDWHU��DJULFXOWXUH�DQG�WKH\�DUH�DOVR�FXUUHQW�HYHQWV�IRU�D�JUHHQ�ZRUOG��:H�ZLOO�
GLVFXVV�KRZ�IUHVK�LQVLJKWV�IURP�IORZV�WKURXJK�SRURXV�PHGLD�RQ�FRQVHUYDWLRQ�
SURSHUWLHV�� GLPHQVLRQDO� DQDO\VLV� DQG� UHOD[DWLRQ� DUH� NH\� LQJUHGLHQWV� IRU�
FRQVWUXFWLRQ� RI� QHZ� HIIHFWLYH� VFKHPHV� IRU� VROYLQJ� K\SHUEROLF� WUDQVSRUW�
PRGHOV� DQG� D� QHZ� GHVLQJXODUL]DWLRQ� DQDO\VLV� WRRO� IRU� FRQVWUXFWLRQ� RI�
FRPSXWDWLRQDOO\�VWDEOH�QXPHULFDO�IOX[�LQ�ORFDOO\�FRQVHUYDWLYH�IRUP��,Q�IDFW��WKH�
DSSURDFK�LV�PRUH�JHQHUDO��:H�ZLOO�DOVR�SUHVHQW�DGYDQFHV�LQ�WKH�PDWKHPDWLFDO�
PRGHOLQJ�DQG�GHVLJQ�RI�D�QHZ�FODVV�RI�SRVLWLYH�/DJUDQJLDQ-(XOHULDQ�VFKHPHV�
ZLWK� ULJRURXV� QXPHULFDO� DQDO\VLV� IRU� VROYLQJ� PXOWLGLPHQVLRQDO� K\SHUEROLF-
WUDQVSRUW�SUREOHPV�DQG�UHODWHG�DSSOLFDWLRQV�LQ�JHRVFLHQFHV�� 
 

,QYLWHG�3DUDOOHO�6HVVLRQ� 
/HFWXUH�+DOO���������-������ 
&KDLU��,YDQ�<RWRY� 

&RPH�VHH�KRZ�7(6&$1�FKDQJHV�PLFUR-&7� 
LPDJLQJ��������-������ 



��� 

 

 
6XMLW�'DWWD�������-������ 
3ULQFHWRQ�8QLYHUVLW\ 
 
/LIH�LQ�D�7LJKW�6SRW��+RZ�%DFWHULD�6ZLP��'LVSHUVH��
DQG�*URZ�LQ�3RURXV�0HGLD� 
 
%DFWHULDO� PRWLOLW\� DQG� JURZWK� SOD\� FHQWUDO� UROHV� LQ�
DJULFXOWXUH�� WKH� HQYLURQPHQW�� DQG� PHGLFLQH�� :KLOH�
EDFWHULDO�EHKDYLRU�LV�W\SLFDOO\�VWXGLHG�LQ�EXON�OLTXLG�RU�RQ�
IODW� VXUIDFHV�� PDQ\� EDFWHULDO� KDELWDWV� --� H�J��� VRLOV��
VHGLPHQWV�� DQG� ELRORJLFDO� JHOV�WLVVXHV� --� DUH� FRPSOH[�

SRURXV�PHGLD��+HUH��XVLQJ�VWXGLHV�RI�(��FROL�LQ�WUDQVSDUHQW��'�SRURXV�PHGLD��
ZH�GHPRQVWUDWH�KRZ�FRQILQHPHQW�LQ�D�SRURXV�PHGLXP�IXQGDPHQWDOO\�DOWHUV�
EDFWHULDO� EHKDYLRU�� ,Q� SDUWLFXODU�� ZH� VKRZ� KRZ� WKH� SDUDGLJP� RI� UXQ-DQG-
WXPEOH�PRWLOLW\� LV� GUDPDWLFDOO\� DOWHUHG� E\� SRUH-VFDOH� FRQILQHPHQW�� ERWK� IRU�
FHOOV� SHUIRUPLQJ� XQGLUHFWHG� PRWLRQ� DQG� WKRVH� SHUIRUPLQJ� FKHPRWD[LV��
GLUHFWHG�PRWLRQ� LQ� UHVSRQVH� WR�D� FKHPLFDO� VWLPXOXV��2XU�SRURXV�PHGLD�DOVR�
HQDEOH� SUHFLVHO\� VWUXFWXUHG� PXOWL-FHOOXODU� FRPPXQLWLHV� WR� EH� �'� SULQWHG��
8VLQJ�WKLV�FDSDELOLW\��ZH�VKRZ�KRZ�VSDWLDO�YDULDWLRQV�LQ�WKH�DELOLW\�RI�FHOOV� WR�
SHUIRUP�FKHPRWD[LV�HQDEOH�SRSXODWLRQV�WR�DXWRQRPRXVO\�VWDELOL]H�ODUJH-VFDOH�
SHUWXUEDWLRQV� LQ� WKHLU� RYHUDOO� PRUSKRORJ\�� )LQDOO\�� ZH� VKRZ� KRZ� ZKHQ� WKH�
SRUHV� DUH� VPDOO� HQRXJK� WR� SUHYHQW� FHOOV� IURP� VZLPPLQJ� WKURXJK� WKH� SRUH�
VSDFH��H[SDQVLRQ�RI�D�FRPPXQLW\�YLD�FHOOXODU�JURZWK�DQG�GLYLVLRQ�JLYHV�ULVH�WR�
GLVWLQFW��KLJKO\-FRPSOH[��ODUJH-VFDOH�FRPPXQLW\�PRUSKRORJLHV��7RJHWKHU��RXU�
ZRUN� WKXV� UHYHDOV� QHZ� SULQFLSOHV� WR� SUHGLFW� DQG� FRQWURO� WKH� EHKDYLRU� RI�
EDFWHULD�� DQG� DFWLYH� PDWWHU� LQ� JHQHUDO�� LQ� FRPSOH[� HQYLURQPHQWV� VXFK� DV�
SRURXV�PHGLD�� 

,QYLWHG�3DUDOOHO�6HVVLRQ��FRQW�� 
/HFWXUH�+DOO���������-������ 
&KDLU��5DOI�+DHVH� 
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/HDUQ�DERXW�7KHUPR�6FLHQWLILF�DQDO\WLFDO�VRIWZDUH� 
VROXWLRQV�������-������ 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�� 

06����3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG��:DWHU�	�$JULFXOWXUH� 
/HFWXUH�+DOO�� 
&KDLUV��-XQ�<LQ��1LPD�6KRNUL��6LYD�5DPD�6DW\DP�%DQGDUX 

����� 
>���@�2SWLPL]LQJ�ODWHULWH�VRLO�EHG�ILOWHUV�YLD�SUHGLFWLYH�PRGHOOLQJ�
DQG�VLPXODWLRQV  
=DKUD�/DNGDZDOD 

����� 
>���@�0RGHOLQJ�FROORLG�UHPRELOL]DWLRQ�GXULQJ�WHPSRUDO�YDULDWLRQ�
LQ�LRQLF�VWUHQJWK�LQ�SRURXV�PHGLD  
6DL�5DPD�.ULVKQD�<HUUDPLOOL��6HHWKD�1 

����� 
>���@�&OLPDWH�FKDQJH�DQG�SULPDU\�VRLO�VDOLQL]DWLRQ��$�JOREDO�VFDOH�
SHUVSHFWLYH�IRU�WKH���VW�FHQWXU\ 
$PLUKRVVHLQ�+DVVDQL��$GLVD�$]DSDJLF��1LPD�6KRNUL 

����� 
>��@�$QDO\VLV�RI�HYDSRUDWLRQ�DQG�WUDQVSRUW�RI�VWDEOH�ZDWHU�
LVRWRSRORJXHV�LQ�D�FRXSOHG�VRLO-DWPRVSKHUH�PRGHO 
6WHIDQLH�.LHPOH��.DWKDULQD�+HFN��5DLQHU�+HOPLJ� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06��-$��3K\VLFV�RI�PXOWLSKDVH�IORZ�LQ�GLYHUVH�SRURXV�PHGLD� 
/HFWXUH�+DOO�� 
&KDLUV��6DPDQ�$U\DQD��6LJQH�.MHOVWUXS��.ULVWLQD�$ULVNLQD 

����� 
>���@�7KH�LQIOXHQFH�PHFKDQLVP�RI�SRUH�VWUXFWXUDO�SURSHUWLHV�RQ�
JDV�K\GUDWH�VDWXUDWLRQ�DQG�SHUPHDELOLW\�YLD�PLFUR-&7�WHFKQRORJ\  
+XDLPLQ�'RQJ��-LDQPHQJ�6XQ 

����� 

>���@�$GYDQFHG�'LJLWDO-6&$/�PHDVXUHPHQWV�RI�JDV�WUDSSLQJ�LQ�
VDQGVWRQH  
<LQJ�*DR��7LEL�6RURS��+LOEHUW�YDQ�GHU�/LQGH��$E�&RRUQ��1LHOV�%UXVVHH��
6WHIIHQ�%HUJ 

����� 
>���@�3RUH-VFDOH�LPDJLQJ�RI�K\GURJHQ�LQ�SRURXV�PHGLD 
<LKXDL�=KDQJ��%UDQNR�%LMHOMLF��0DUWLQ�%OXQW 

����� 
>���@�'LIIXVLRQ�RI�PHWKDQH�DQG�FDUERQ�GLR[LGH�ZLWKLQ�IOH[LEOH�
NHURJHQ�IURP�PROHFXODU�G\QDPLFV�VLPXODWLRQV 
.ULVWLQD�$ULVNLQD��*XLOODXPH�*DOOLHUR��$PDHO�2EOLJHU 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����0DQXIDFWXUHG�3RURXV�0DWHULDOV�IRU�,QGXVWULDO�$SSOLFDWLRQV� 
*�$XGLWRULXP 
&KDLUV��6HQ\RX�$Q��9DKLG�1LDVDU 

����� 
>�@�$GMRLQW-EDVHG�WRSRORJ\�RSWLPL]DWLRQ�RI�SRURXV�VWUXFWXUHV  
1DWDOLH�-�QJOLQJ��-HQQLIHU�1LHVVQHU 

����� 

>���@�$GGLWLYH�0DQXIDFWXULQJ�RI�RSHQ�SRURXV�VWUXFWXUHV��
FRUUHODWLRQ�RI�ODERUDWRU\�WHVWLQJ�WR�VLPXODWLRQV�IRU�DSSOLFDWLRQ�
UHODWHG�SURSHUWLHV 
5REHUW�2WWR��8OLDQD�6RHOOQHU��6WHIDQ�%RVFKHUW��&KULVWRSK�.LHQHU��.QXW�
6¡UE\� 

����� 
>���@�)DEULFDWLRQ��&KDUDFWHUL]DWLRQ��DQG�7HVWLQJ�RI�$UFKLWHFWHG��'�
*UDSKHQH�)RDPV 
6RPD\\D�7DKHU��-XYHLULDK�0��$VKUDI��.LQ�/LDR��5DVKLG�.��$EX�$O-5XE 

����� 
>��@�+RZ�WR�GHVLJQ�D��'�RUGHUHG�PLFURVWUXFWXUH�IRU�UHGR[�IORZ�
EDWWHULHV��$�SRUH�QHWZRUN�PRGHOLQJ�VWXG\ 
0RKDPPDGMDYDG�6KRNULDIUD��0DVRXG�%DEDHL��9DKLG�1LDVDU 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����(OHFWURFKHPLFDO�SURFHVVHV�LQ�SRURXV�PHGLD� 
&ODVVURRP�*� 
&KDLUV��4LQJ\DQJ�/LQ��3DEOR�$QJHO�*DUFLD-6DODEHUUL� 

����� 

>��@�6XSHUK\GURSKLOLF�SRURXV�WUDQVSRUW�OD\HU�HQKDQFHV�HIILFLHQF\�
RI�SRO\PHU�HOHFWURO\WH�PHPEUDQH�HOHFWURO\]HUV  
%HQ]KRQJ�=KDR��&KXQJ+\XN��/HH��-DVRQ�/HH��.LHUDQ�)DK\��-DFRE��
/D0DQQD��(OLDV�%DOWLF��'DYLG�-DFREVRQ��'DQLHO�+XVVH\��$LP\��%D]\ODN 

����� 

>���@�3RUH-QHWZRUN�PRGHOLQJ�RI�WKH�WZR-SKDVH�IORZ�DQG�WUDQVSRUW�
LQ�WKH�03/-*'/�GRXEOH�OD\HU��PRGHO�YDOLGDWLRQ�DQG�H[SORUDWLRQ�RI�
RSWLPDO�SRUH�VWUXFWXUHV  
:HQTLDQ�=KDQJ��6LGLDQ�&KHQ��-RKQ�;X��&KDR-=KRQJ�4LQ��%R�*XR 

����� 
>���@�,QYHVWLJDWLQJ�WKH�HIIHFW�RI�WULSOH-SKDVH�ERXQGDU\�LQ�]LQF-DLU�
FDWKRGHV�XWLOL]LQJ�SRUH�QHWZRUN�PRGHOLQJ�DSSURDFK 
1LORR�0LVDJKLDQ��$PLQ�6DGHJKL��(GZDUG�5REHUWV��-HII�*RVWLFN 

����� 

>���@�([-VLWX�YLVXDOL]DWLRQ�RI�ZHWWLQJ�G\QDPLFV�LQ�D�PLFURSRURXV�
OD\HU�RI�SRO\PHU�HOHFWURO\WH�IXHO�FHOOV�E\�;-UD\�FRPSXWHG�
WRPRJUDSK\�XQGHU�ZDWHU�YDSRU�VXSSO\ 
6DWRUX�.DWR��6DWRVKL�<DPDJXFKL��<RULNR�0DWVXRND��$NLKLNR�.DWR��
<DVXWDND�1DJDL��7DNDKLVD�6X]XNL 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 
06����$GYDQFHV�LQ�LPDJLQJ�SRURXV�PHGLD��WHFKQLTXHV��VRIWZDUH�
DQG�FDVH�VWXGLHV� 
&ODVVURRP�*� 
&KDLUV��:HVOH\�'H�%RHYHU��6LDUKHL�.KLUHYLFK 

����� 
>���@�1RYHO�PD[LPXP�HQWURS\�DOJRULWKP�IRU�PXOWLVFDOH�SRUH�
QHWZRUN�UHFRQVWUXFWLRQ�DQG�H[WHQVLRQ�  
5XVWHP�6LUD]RY��$OHNVH\�.KO\XSLQ��.LULOO�*HUNH��$OHNVHL�6DPDULQ 

����� 

>��@�8VH�RI�DGYDQFHG�LPDJLQJ�WHFKQLTXHV�DV�D�YDOXDEOH�WRRO�WR�
DQDO\]H�WKH�IUHH]H-GU\LQJ�SURFHVV�LQ�PRUH�GHWDLO�LQ�VLWX  
6HEDVWLDQ�*UXEHU��0D[LPLOLDQ�7KRPLN��1LFROH�9RUKDXHU-+XJHW��
)UHGHULN�&RSSHQV��(YDQJHORV�7VRWVDV��3HWUD�)|UVW� 

����� 

>���@�2SWLPLVLQJ�0LFUR-&7�,PDJLQJ�5HFRQVWUXFWLRQ�8VLQJ�
,WHUDWLYH�0HWKRGV 
3X\DQ�%DNKVKL��&KORp�0DXFXHU��2PLG�6KDKURNKL��0��0HUFHGHV�0DURWR-
9DOHU� 

����� 
>���@�$�+\EULG�0XOWLVFDOH�3RUH�1HWZRUN�0RGHOLQJ�0HWKRG�
$SSOLHG�WR�&RPSOH[�&DUERQDWH�5RFNV 
9LVZDVDQWKL�&KDQGUD��*ZHQROH�7DOOHF��DUVDODQ�=ROIDJKDUL 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����)ORZ��WUDQVSRUW�DQG�PHFKDQLFV�LQ�IUDFWXUHG�SRURXV�PHGLD� 
&ODVVURRP�&� 
&KDLUV��+DPLG�1LFN��2ODY�0¡\QHU��+ROJHU�6WHHE 

����� 

>��@�6KULQNDJH-LQGXFHG�FUDFNLQJ�LQ�2SDOLQXV�&OD\��LQYHVWLJDWLRQ�RI�
FUDFN�PRGHOLQJ�SDUDPHWHUV�DQG�UHVSRQVH�LQ�WKH�&'-$�H[SHULPHQW
  
7XDQQ\�&DMXKL��.HLWD�<RVKLRND��*HVD�=LHIOH��-REVW�0D�PDQQ��7KRPDV�
1DJHO��:HQTLQJ�:DQJ 

����� 
>��@�0DWUL[-IUDFWXUH�IORZ�WUDQVIHU�LQ�IUDFWXUHG�SRURXV�PHGLD��
H[SHULPHQWV�DQG�VLPXODWLRQV  
-LDIDQ�*XR��=KHFKDR�:DQJ 

����� 

>���@�$Q�H[SHULPHQWDO�VWXG\�RI�QRQOLQHDU�IORZ�EHKDYLRU�LQ�
IUDFWXUHG�SRURXV�PHGLD�E\��'�SULQWLQJ�WHFKQRORJ\ 
\XQORQJ�ZX��-HDQ-3KLOLSSH�&DUOLHU��1LFRODV�%85��-HDQ-%DSWLVWH�&2//,$7��
<XQ�-LD 

����� 
>���@�5HDFWLYH�7UDQVSRUW�0RGHOLQJ�RI�'LVVROXWLRQ�3UHFLSLWDWLRQ�LQ�
)UDFWXUHG�3RURXV�0HGLD 
+RVVHLQ�)D]HOL��)ORULDQ�'RVWHU 
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3RVWHU�([KLELWLRQ��6HVVLRQ�� 
([KLELWLRQ�$UHD�������-������ 

0XOWLSKDVH�IORZ�LQ�SRURXV�PHGLD 
>��@�7ZR-HTXDWLRQ�PDFURVFRSLF�FRQWLQXXP�PRGHO�IRU�GU\LQJ�FDSLOODU\�
SRURXV�PHGLD��%HQFKPDUNLQJ�DJDLQVW�SRUH�QHWZRUN�PRGHO�VLPXODWLRQV  
)DHH]�$KPDG��0DUF�3UDW��(YDQJHORV�7VRWVDV��$EGROUH]D�.KDUDJKDQL� 

>���@�&RPSXWDWLRQDO�DQG�H[SHULPHQWDO�PLFURIOXLGLFV�IRU�JHRVFLHQFHV  
6RSKLH�5RPDQ��&\SULHQ�6RXODLQH 

>���@�:HWWDELOLW\�5HVWRUDWLRQ�RI�5HVHUYRLU�5RFNV��$�&RPSDULVRQ�EHWZHHQ�
6WDWLF�DQG�'LIIHUHQW�'\QDPLF�0HWKRGV 
$PLQ�5H]DHL��<YHV�0pKHXVW 

>���@��'�3DUWLFOH�7UDFNLQJ�9HORFLPHWU\�LQ�0XOWLSKDVH�)ORZ�LQ�3RURXV�
0HGLD 
)DU]DQ�.D]HPLIDU��-DVRQ�:RQJ��0LQJMLD�;X 

 ,QWHUDFWLRQV�EHWZHHQ�IORZ�DQG�PHFKDQLFV�LQ�SRURXV�PHGLD� 

>��@�&KURPDWRJUDSKLF�(IIHFWV�LQ�,QNMHW�3ULQWLQJ  
*LDQPDUFR�9HQGLWWL��9LJQHVK�0XUDOL��$QWRQ�'DUKXEHU 

>���@�&RPSOH[�)OXLGV�–�7KLQ�3RURXV�0DWHULDOV�,QWHUDFWLRQV�UHYHDOHG�YLD�
(OHFWULFDO�,PSHGDQFH�6SHFWURVFRS\��(,6�  
1LFRODH�7RPR]HLX��+pOGHU�0DUTXHV�6DOYDGRU��+DPLG�0DQVRXUL� 

>���@�1XPHULFDO�VWXG\�RI�VLQJOH�GURSOHW�GU\LQJ�LQ�DQ�DFRXVWLF�OHYLWDWRU 
0DUWLQ�'R���(EHUKDUG�%lQVFK��1DGMD�5D\� 

>���@�3ULQW�4XDOLW\�DQG�3DUWLFOHV��SRUH-VFDOH�VLPXODWLRQV�RI�SDUWLFOHV�OLTXLG�
LQWHUDFWLRQ�ZLWK�SULQWLQJ�VXEVWUDWH 
,ĂŵĞĚ��ƐůĂŶŶĞũĂĚ͕�8HEHUW�0RUHLUD��)UDQFLDQH�5RFKD��$OIUHGR�-DUDPLOOR��)DEULFLR�
6RXVD��5REHUWR�$XVDV��*XVWDYR�&DUORV�%XVFDJOLD 

>���@�(IIHFWV�RI�SRURXV�PHGLD�PRUSKRORJ\�RQ�WZR-SKDVH�IOXLG�
GLVSODFHPHQW�DQG�GLVWULEXWLRQ  
+DUULV�5DEEDQL��1LPD�6KRNUL��7DQQD]�3DN� 
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 ,QWHUDFWLRQV�EHWZHHQ�IORZ�DQG�PHFKDQLFV�LQ�SRURXV�PHGLD��FRQW�� 
>���@�$�3RWHQWLDO�(QHUJ\�EDVHG�/DWWLFH�%ROW]PDQQ�0RGHO�IRU�7ZR-3KDVH�
)ORZ�LQ�)UDFWXUHG�3RURXV�0HGLD 
=KRQJNXQ�1LX��]KHQJPLQJ�\DQJ��<XWLDQ�/XR��\DSX�]KDQJ��<LOLQ�&KDQJ��;LQOLDQJ�
&KHQ��;LQOL�=KDR 

>���@�([SHULPHQWDO�VWXG\�RQ�SRURVLW\�DQG�SHUPHDELOLW\�FKDUDFWHULVWLFV�RI�
XQFRQYHQWLRQDO�UHVHUYRLU�XQGHU�RYHUEXUGHQ�SUHVVXUH 
;LQOLDQJ�&KHQ��]KHQJPLQJ�\DQJ��;LQOL�=KDR��\DSX�]KDQJ��=KRQJNXQ�1LX��:HQ�/L��
<LOLQ�&KDQJ 

%LJ�GDWD��XQFHUWDLQW\��PDFKLQH�OHDUQLQJ�DQG�LPDJLQJ�LQ�SRURXV�PHGLD� 
>���@�,PDJLQJ�DQG�FKHPLFDO�DQDO\VLV�RI�XUHWHUDO�VWHQW�HQFUXVWDWLRQ�DQG�
LQFUXVWDWLRQ 
7DO�$PLWD\-5RVHQ��,VKDL�'URU��<DQLY�6KLOR��%ULDQ�%HUNRZLW] 

>���@�'HVLJQ�RI�D�PRGHO�IRU�WKH�SUHGLFWLRQ�RI�SHWURSK\VLFDO�SURSHUWLHV�
IURP�PLFURVWUXFWXUDO�LPDJH�GDWD 
0LQJ]H�-LDQJ��-R\FH�6FKPDW]��(YD�:HOOPDQQ��-RS�.ODYHU 

>���@�)RUHFDVWLQJ�ZDWHU�FRQWHQW�LQ�DQ�LUULJDWHG�ILHOG�E\�0DFKLQH�/HDUQLQJ�
$SSURDFK 
0DUFR�%HUDUGL��$QWKRQ\�*LRUJLR��)DELR�'LIRQ]R��*DHWDQR�$OHVVDQGUR�9LYDOGL��
1LFROHWWD�'HO�%XRQR 

>���@�6LPSOLILHG�VLPXODWLRQ�RI�WZR-SKDVH�IORZ�LQ�NDUVW�FRQGXLWV�LQ�
FDUERQDWH�URFNV 
8HEHUW�0RUHLUD��)UDQFLDQH�5RFKD��$OIUHGR�-DUDPLOOR��)DEULFLR�6RXVD��5REHUWR�
$XVDV��*XVWDYR�&DUORV�%XVFDJOLD 

>���@�&2��VWRUDJH�VLWH�FKDUDFWHUL]DWLRQ�XVLQJ�YDULDWLRQDO�DXWRHQFRGHUV 
%DR�-LFKDR��+RQJN\X�<RRQ��-RQJK\XQ�/HH 

>���@�6XUURJDWH�PRGHOV�IRU�DTXLIHU�PDQDJHPHQW 
9$1(66$�$��*2'2<��-DQLUH�8ULEH-$VDUWD��*LDQ�1DSD��-��-DLPH�*yPH]-
+HUQiQGH] 

3RVWHU�([KLELWLRQ��6HVVLRQ����FRQW� 
([KLELWLRQ�$UHD�������-������ 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�� 

06����%LRFKHPLFDO�SURFHVVHV�DQG�ELRILOPV�LQ�SRURXV�PHGLD� 
/HFWXUH�+DOO�� 
&KDLUV��6DP�&KDUOWRQ��5RVHDQQH�)RUG��(OHRQRUD�6HFFKL� 

����� 

>��@�0HFKDQLVPV�GULYLQJ�LQWHUPLWWHQF\�LQ�SUHIHUHQWLDO�IORZ�SDWKV�
LQ�SRURXV�PHGLD�ELRILOPV  
'RURWKHH�/XLVH�.XU]��(OHRQRUD�6HFFKL��)UDQFLVFR�&DUULOOR��,DQ�&�%RXUJ��
5RPDQ�6WRFNHU��-RDTXLQ�-LPHQH]-0DUWLQH] 

����� 

>��@�7LPH�HYROXWLRQ�RI�ELRILOP·�SHUPHDELOLW\�ILHOG�LQ�SRURXV�PHGLD�
DQG�FRQWURO�RQ�IOXLG�IORZ�YHORFLWLHV  
'RURWKHH�/XLVH�.XU]��(OHRQRUD�6HFFKL��5RPDQ�6WRFNHU��-RDTXLQ�-LPHQH]-
0DUWLQH] 

����� 

>���@�9LVXDOL]LQJ�ELRILOPV�ZLWKLQ�SRURXV�PHGLD�XVLQJ�FRQWUDVW-
HQKDQFLQJ�VWDLQLQJ�DJHQWV 
/DXUHQ]�6FKU|HU��7LP�'H�.RFN��7LP�%DOFDHQ��*UHHW�.HUFNKRIV��.DUHO�
)ROHQV��1LFR�%RRQ��9HHUOH�&QXGGH 

����� 
>���@�$�QRYHO�SODWIRUP�IRU�PRQLWRULQJ�DQG�LPDJLQJ�EDFWHULDO�
ELRILOP�JURZWK�LQ�FRPSOH[�VWUXFWXUHV 
&KULVWRV�3DSDGRSRXORV��/DXUHQW�0DODTXLQ��-XOLH�)RQF\��<RKDQ�'DYLW 

����� 
>���@�(QJLQHHULQJ�ELRILOP�K\GUDXOLF�UHVLVWDQFH�RQ�WKH�PLFURVFDOH 
(OHRQRUD�6HFFKL��'RURWKHH�/XLVH�.XU]��&DPHURQ�%RJJRQ��6DP�&KDUOWRQ 

����� 

>���@�0LFURIOXLGLF�VWXG\�RI�ELRPDVV-JURZWK�LQGXFHG�FKDQJHV�RQ�
K\GUDXOLF�SURSHUWLHV��,QYHVWLJDWLRQ�RI�JURZWK�FKDUDFWHULVWLFV�
XQGHU�YDU\LQJ�QXWULHQW�JDV�HQYLURQPHQWV� 
+ROJHU�2WW��1HGD�+DVVDQQD\HEL��%RULV�-DPPHUQHJJ��3DWULFN�-DVHN��
+DQQHV�.RQHJJHU��)ULHGHU�(Q]PDQQ��0LFKDHO�.HUVWHQ��$QGUHDV�/RLEQHU��
0DUWLQ�)HUQR 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06��-%��,QWHUIDFLDO�SKHQRPHQD�LQ�PXOWLSKDVH�V\VWHPV� 
/HFWXUH�+DOO�� 
&KDLUV��$KPHG�0��6DDG��0DWWHR�,FDUGL 

����� 

>��@�,PSDFW�RI�$TXHRXV-SKDVH�,RQV�RQ�$VSKDOWHQLF�&UXGH�2LO-
:DWHU�,QWHUIDFHV  
$KPHG�0��6DDG��6WHIDQR�$LPH��6KDUDWK�0DKDYDGL��<L-4LDR�6RQJ��0D[LP�
<XWNLQ��'DYLG�$��:HLW]��7$'(86=�3$7=(. 

����� 

>���@�&RPSDULVRQ�EHWZHHQ�VHFRQGDU\�DQG�WHUWLDU\�ORZ�VDOLQLW\�
ZDWHUIORRGLQJ�LQ�FDUERQDWHV��SRUH-VFDOH�SURFHVVHV��ZHWWDELOLW\�
FKDQJHV�DQG�UHFRYHU\  
$KPHG�6HOHP��1LFRODV��$JHQHW��%UDQNR�%LMHOMLF��0DUWLQ�%OXQW 

����� 
>���@�3RUH-VFDOH�$VVHVVPHQW�RI�6SRQWDQHRXV�,PELELWLRQ�IURP�
/D\HU�WR�/D\HU 
-DPDO�$ODDPUL��9LVZDVDQWKL�&KDQGUD��+XVVHLQ�+RWHLW 

����� 
>���@�1XPHULFDO�6LPXODWLRQ�RI�0XOWL-SKDVH�)ORZ�LQ�3RURXV�0HGLD�
ZLWK�D�3KDVH-ILHOG�0HWKRG 
/XNDV�0DLHU��0DQXHO�+RSS-+LUVFKOHU��8OULFK�1LHNHQ 

����� 

>���@�/LTXLG�UHODWLYH�SHUPHDELOLW\�WKURXJK�IRDP-ILOOHG�SRURXV�
PHGLD 
2OLYLHU�3,72,6��0DUJDX[�&HFFDOGL��9LQFHQW�/DQJORLV��0DULHOOH�*XpJXHQ��
'DQLHO�*UDQGH��6pEDVWLHQ�9LQFHQW-%RQQLHX 

����� 

>���@�(IIHFW�RI�QDQRSDUWLFOHV�RQ�WKH�ZDWHU-VROXEOH�SRO\PHUV�IORZ�
LQ�SRURXV�PHGLD 
0RKVHQ�0LU]DLH�<HJDQH��)DWHPHK�+DVKHPL��)UDQN��9HUFDXWHUHQ��1LFROH��
0HXOHQGLMNV��5LGKD�*KDUEL��3RX\DQ�%RXNDQ\��3DFHOOL�=LWKD 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����0LFURIOXLGLFV�DQG�QDQRIOXLGLFV�LQ�SRURXV�V\VWHPV� 
*�$XGLWRULXP 
&KDLUV��+DVVDQ�0DKDQL��+RVVHLQ�+HMD]L 

����� 
>���@�,QIOXHQFH�RI�VROXWH�WUDQVSRUW�DQG�FDSLOODULW\�RQ�EXEEOH�
HYROXWLRQ�LQ�SRURXV�QHWZRUNV  
1HULQH�-RHZRQGR��9DOHULD�*DUELQ��5RQQ\�3LQL 

����� 
>���@�6DOW�FU\VWDOOL]DWLRQ�DW�D�K\GURSKRELF-K\GURSKLOLF�LQWHUIDFH�LQ�
TXDVL��'�OD\HUHG�SRURXV�PDWHULDO�  
5R]HOLQH�:LMQKRUVW��/HR�3HO��1RXVKLQH�6KDKLG]DGHK� 

����� 
>���@�1RYHO�3RUH�6FDOH�9LVXDOL]DWLRQ�GXULQJ�&2��,QMHFWLRQ�LQWR�&+��
+\GUDWH�6DWXUDWHG�3RURXV�0HGLD 
-\RWL�6KDQNHU�3DQGH\���UMDQ�6WUDQG��1LFRODV�YRQ�6ROPV��*HLU�(UVODQG��
6WLDQ��$OPHQQLQJHQ 

����� 
>���@�3URELQJ�0XOWLVFDOH�'LVVROXWLRQ�'\QDPLFV�LQ�1DWXUDO�5RFNV�
WKURXJK�0LFURIOXLGLFV�DQG�&RPSRVLWLRQDO�$QDO\VLV 
%RZHQ�/LQJ��0R�6RGZDWDQD��$UMXQ��.RKOL��&\QWKLD�0���5RVV��$GDP�-HZ��
$QWKRQ\�.RYVFHN��,OHQLD�%DWWLDWR� 

����� 

>���@�2Q�WKH�&KDOOHQJHV�RI�3RUH�6FDOH�0RGHOV�WR�&DSWXUH�0LQHUDOV�
3UHFLSLWDWLRQ�DQG�'LVVROXWLRQ�LQ�PLFURIOXLGLF�VHWXSV��$�&RPELQHG�
&RPSXWDWLRQDO-/DE-RQ-D-&KLS�$SSURDFK 
0RKDPHG�0DKURXV��-HQQD�3RRQRRVDP\��(Q]R�&XUWL��6HUJH\�&KXUDNRY��
1LNRODRV��3UDVLDQNLV 

����� 
>���@�3,9�DQG�0LFURIOXLGLF�,QYHVWLJDWLRQ�RI�UHFLUFXODWLRQ�LQGXFHG�
UHDFWLRQ�KRW�VSRWV�LQ�SRURXV�PHGLD 
0LFKDHO�&KHQ��6DQJ�/HH��3HWHU�.DQJ 
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78(6'$<�����0$<����� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����)OXLGV�LQ�1DQRSRURXV�0HGLD� 
&ODVVURRP�*� 
&KDLUV��+LFKDP�'LDOOD��(OL]DEHWK�%DUVRWWL 

����� 
>��@�(ODVWLFLW\�RI�/LTXLG�1LWURJHQ�LQ�1DQRSRURXV�9\FRU�*ODVV  
.ODXV�6FKDSSHUW��5ROI�3HOVWHU 

����� 

>���@�$�1HZ�3UHFLVH�&RUUHODWLRQ�IRU�3HUPHDELOLW\�(VWLPDWLRQ�RI�
7LJKW�&DUERQDWH�5RFNV�8VLQJ�0HUFXU\�,QWUXVLRQ�3RURVLPHWU\��0,3��
'DWD  
$PLQ�5H]DHL��<YHV�0pKHXVW� 

����� 

>���@�,PSDFW�RI�VDOW�RQ�VRUSWLRQ�LVRWKHUPV�RI�ZDWHU�LQ�QDQRSRURXV�
PHGLD 
+XJR�%HOOH]]D��%XVFK�0DUN��6WHOOD�*ULHV��-XDQ�6DQFKH]��3DWULFN�+XEHU��
2OLYLHU�9LQFHQW 

����� 

>��@�([WHQVLRQ�RI�WKH�6$)7�HTXDWLRQ�RI�VWDWH�WR�FDSWXUH�WKH�HIIHFW�
RI�WKH�VROLG�ZDOO�LQWR�WKH�FRQILQHG�IOXLG�SURSHUWLHV��XVLQJ�
PROHFXODU�G\QDPLF�VLPXODWLRQ 
6DMMDG�$KPDGLJROWDSHK��5RKDOGLQ�0LUL��3HU�$DJDDUG��+HOJH�+HOOHYDQJ 

����� 

>���@�&RQILQHG�SKDVH�EHKDYLRU�RI�D�&+�-&2��ELQDU\�V\VWHP��
PROHFXODU�VLPXODWLRQV��HTXDWLRQ�RI�VWDWH��DQG�ODWWLFH�%ROW]PDQQ�
PHWKRG 
/LQJIX�/LX��&DUORV�1LHWR-'UDJKL��9pURQLTXH�/DFKHW��+HLGDU\DQ�(KVDQ��
6DPDQ�$U\DQD 

����� 

>��@�0ROHFXOHV�GLIIXVLQJ�DQG�UHOD[LQJ�LQ�PDFUR��PHVR�DQG�
PLFURSRURXV�PDWHULDOV��$Q�105�DSSURDFK�IRU�VWXG\LQJ�WKH�
EHKDYLRXU�RI�IOXLGV�FRQILQHG�LQ�QDQRSRURXV�PHGLD 
&DUPLQH�'
$JRVWLQR 
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78(6'$<�����0$<����� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����0DFKLQH�/HDUQLQJ�DQG�%LJ�'DWD�LQ�3RURXV�0HGLD� 
&ODVVURRP�*� 
&KDLUV��+RQJN\X�<RRQ��1LNRODL�$QGULDQRY� 

����� 

>�@�,PDJH-EDVHG�3HWURSK\VLFDO�&KDUDFWHUL]DWLRQ�RI�3RURXV�0HGLD��
$�&RPSDUDWLYH�6WXG\�RI�&RPPRQ�'HHS-OHDUQLQJ-EDVHG�'HQRLVLQJ�
$OJRULWKPV  
0LUDO�7DZILN��$PRJK�$GLVKHVKD� <XKDQ +VL��3UDNDVK�3XUVZDQL��5XVVHOO�
-RKQV��3DULVD�6KRNRXKL� ;LDROHL�+XDQJ� =XOHLPD�.DUS\Q� 

����� 
>���@�7RZDUGV�3RUH�6XSHU�6HJPHQWDWLRQ�RQ�$UWLILFLDOO\�(QKDQFHG�
6(0�,PDJHV�RI�2SDOLQXV�&OD\�E\�9RWLQJ�&ODVVLILFDWLRQ  
0DUFR�%U\VFK��%HQ�/DXULFK��&KULVWRSK�6FKHWWOHU��0RQLND�6HVWHU 

����� 
>���@�0DFKLQH�'HHS�/HDUQLQJ�0HWKRGV�IRU�3RUH-0LQHUDO�
&KDUDFWHUL]DWLRQ�DQG�6XUIDFH�$UHDV�$QDO\VLV 
/DXUHQ�%HFNLQJKDP��3DULVD�$VDGL 

����� 

>���@�)LWWLQJ�FRUUHODWLRQ-EDVHG�DQG�QHXUDO-QHWZRUN-EDVHG�UHODWLYH�
SHUPHDELOLW\�PRGHOV�WR�D�ODUJH�GDWDVHW�RI�IRUFHG�DQG�VSRQWDQHRXV�
LPELELWLRQ�H[SHULPHQWV 
+HOWRQ�0DJQR�&LULDFR��+DPLG�0��1LFN��$OL�$NEDU�(IWHNKDUL 

����� 

>��@�(VWLPDWLQJ�SHUPHDELOLW\�RI�UHDO-URFN�PLFUR-&7�LPDJHV�E\�
SK\VLFV-LQIRUPHG�QHXUDO�QHWZRUNV 
6WHSKDQ�*lUWWQHU��)DUXN�2PHU�$OSDN��$QGUHDV�0HLHU��1DGMD�5D\��)ORULDQ�
)UDQN 

����� 
>���@�������-FXEHG�'LJLWDO�5RFN�$QDO\VLV��%H\RQG�+DUGZDUH�6XSHU�
5HVROXWLRQ�,PDJLQJ�DQG�(IILFLHQW�+3&�0RGHOOLQJ 
<LQJ�'D�:DQJ��5\DQ�$UPVWURQJ��3H\PDQ�0RVWDJKLPL 
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78(6'$<�����0$<����� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����$GYDQFHV�LQ�PRGHOLQJ�DQG�VLPXODWLRQ�RI�SRURPHFKDQLFV� 
&ODVVURRP�&� 
&KDLUV��-LDQFKDR�&DL��-RVKXD�:KLWH��7KRPDV�6D\HW 

����� 
>��@�105�FKDUDFWHUL]DWLRQ�RI�FULWLFDO�ERXQGDU\�RI�SRUH�IOXLG�LQ�
VKDOH  
;8�'21*��%R�/LX��/LMXDQ�&KHQJ��<DQJFKXDQ�/LQ��<XH�-LQ��;XH�+DQ 

����� 
>���@�6WXG\�RQ�WKH�GLVWULEXWLRQ�FKDUDFWHULVWLFV�RI�LQ-VLWX�VWUHVV�RI�
&KDQJ���UHVHUYRLU�LQ�2UGRV�%DVLQ  
+RX�ELQJ��=XR�OXR��[LDR[XDQ�.RX��=KDQJ�\X��/L�=KXDQJ 

����� 

>���@�0XOWLPRGDO�JHR-G\QDPLF�IORZ�FKDUDFWHUL]DWLRQ�LQ�
KHWHURJHQHRXV�FDUERQDWH�UHVHUYRLU��$Q�LQWHJUDWHG�DSSURDFK�
OLQNLQJ�VWDWLF�DQG�G\QDPLF�EHKDYLRU 
-LDKHQJ�&KHQ��/LSLQJ�<L��/LDQJ�:HL��<RQJMXQ�:DQJ��&KDR]KRQJ�1LQJ��
*XDQJ\D�=KX 

����� 
>���@�$�SUREDELOVWLF�DSSURDFK�GHGLFDWHG�WR�WKH�SUHGLFWLRQ�RI�WKH�
UHDFWLYH�PDVV�WUDQVSRUW�LQ�SRURXV�PHGLD 
7KRPDV�6$<(7��/XNDV�-DNDEFLQ��$WKDQDVLRV�%DWDNLV� 

����� 

>���@�7KH�\LHOG�VXUIDFH�RI�UHVHUYRLU�FKDON�IURP�WKH�1RUWK�6HD��
LQIOXHQFH�RI�DJH��PLQHUDORJ\�DQG�ZDWHU�VDWXUDWLRQ� 
)UpGpULF��$PRXU��0RKDPPDG�5H]D�+DMLDEDGL��+DPLG�0��1LFN 
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3OHQDU\�6HVVLRQ 
0DLQ�$XGLWRULXP������-����� 
&KDLU��$]LWD�$KPDGL-6HQLFKDXOW� 

 
,QWHU3RUH�0HGDO�IRU�3RURXV�0HGLD�5HVHDUFK � 
0DVD�3URGDQRYLF� 
7KH�8QLYHUVLW\�RI�7H[DV�DW�$XVWLQ��86$ 

7KH� ,QWHU3RUH�0HGDO� IRU�3RURXV�0HGLD�5HVHDUFK� �IRUPHUO\�
,QWHU3RUH�$ZDUG� IRU�([FHOOHQFH� LQ�3RURXV�0HGLD�5HVHDUFK��
LV� JLYHQ� WR� VFLHQWLVWV� ZLWK� DQ� HVWDEOLVKHG� FDUHHU�� LQ�
UHFRJQLWLRQ�RI�H[FHOOHQW�UHVHDUFK�LQ�JHQHUDO�SRURXV�PHGLD��
ZLWK� HPSKDVLV� RQ� UHVHDUFK� FRQGXFWHG� RYHU� WKH� SDVW� ���
\HDUV� 
 
$ZDUGHHV� DUH� VHQLRU� VFLHQWLVWV� ZKR� KDYH� DQ� H[FHOOHQW�

UHVHDUFK� UHFRUG� WKDW� KDV� FRQWULEXWHG� WR� WKH� WKHRUHWLFDO�� H[SHULPHQWDO� DQG�RU�
PRGHOOLQJ� DGYDQFHV� LQ� XQGHUVWDQGLQJ� RI� SUREOHPV� LQYROYLQJ� QDWXUDO� DQG�RU�

,QWHU3RUH�$ZDUG�IRU�3RURXV�0HGLD�5HVHDUFK 
6XMLW�6��'DWWD� 
3ULQFHWRQ�8QLYHUVLW\��86$ 
 

7KH�,QWHU3RUH�$ZDUG�IRU�3RURXV�0HGLD�5HVHDUFK��IRUPHUO\�
3URFWHU� 	� *DPEOH� $ZDUG� IRU� 7KLQ� DQG� 6ZHOOLQJ� 3RURXV�
0HGLD� 5HVHDUFK� LV� JLYHQ� WR� PLG-FDUHHU� UHVHDUFKHUV� LQ�
UHFRJQLWLRQ� RI� RXWVWDQGLQJ� UHVHDUFK� LQ� JHQHUDO� SRURXV�
PHGLD�� ZLWK� HPSKDVLV� RQ� UHVHDUFK� FRQGXFWHG� RYHU� WKH�
SDVW���\HDUV� � 

$ZDUG�&HUHPRQ\������-����� 
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:
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HWDLOHG�3URJUDP
 

 
3HQJ�;X 
&KLQD�-LOLDQJ�8QLYHUVLW\� 
 
)UDFWDO�7KHRU\�RI�3RURXV�0HGLD� 
 
2YHU�WKH�SDVW�IRXU�GHFDGHV��IUDFWDO�JHRPHWU\�KDV�VSDUNHG�
FRQVLGHUDEOH� LQWHUHVW� LQ�PDQ\� GLVFLSOLQHV� WR� FKDUDFWHUL]H�
LUUHJXODU� DQG� GLVRUGHU� REMHFWV� WKDW� WUDGLWLRQDO� (XFOLGHDQ�
JHRPHWU\� IDLOV� WR� DQDO\]H�� 6LQFH� .DW]� DQG� 7KRPSVRQ�
SUHVHQWHG� H[SHULPHQWDO� HYLGHQFH� LQGLFDWLQJ� WKDW� SRUH�

VSDFHV� RI� VDQGVWRQH� DUH� VHOI-VLPLODU� LQ� ������ IUDFWDO� JHRPHWU\� KDV� EHHQ�
VXFFHVVIXOO\�DSSOLHG�LQWR�YDULHW\�RI�SRURXV�PHGLD�VXFK�DV�VRLO��URFN��FRDO��VKDOH��
ILEHU��ZRRG�� FHUDPLF�� FRQFUHWH�� WLVVXH��HWF�� ,Q� WKLV� WDON�� ,�ZLOO� ILUVWO\� UHYLHZ� WKH�
EDFNJURXQG� DQG� DSSOLFDWLRQV� RI� IUDFWDO� JHRPHWU\� LQ� SRURXV�PHGLD�� $QG� WKH�
IUDFWDO� WKHRU\� DQG� PHWKRGV� WR� FKDUDFWHUL]H� DQG� UHFRQVWUXFW� WKH� FRPSOH[�
VWUXFWXUHV� RI� SRURXV� PHGLD� DUH� LOOXVWUDWHG�� ,� ZLOO� DOVR� LQWURGXFH� WKH� IUDFWDO�
PRGHOV�IRU�WKH�WUDQVSRUW�SURSHUWLHV�RI�SRURXV�PHGLD� � 

3OHQDU\�/HFWXUH������-����� 
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3RVWHU�([KLELWLRQ��6HVVLRQ�� 
([KLELWLRQ�$UHD������-������ 

3RUHVFDOH�V\VWHPV�DQG�PLFURIOXLGLFV� 

>��@�&KDOOHQJHV�IRU�0LFURIOXLGLF�'HYLFHV�LQ�5HSUHVHQWLQJ�)ORZ�LQ�*HRORJLFDO�
)RUPDWLRQV  
6LPRQ�&R[��$IVKLQ�'DYDUSDQDK��:LOOLDP�5RVVHQ 

>��@�5HODWLYH�3HUPHDELOLWLHV�LQ�6WHDG\�7ZR-3KDVH�)ORZ�LQ�0LFURIOXLGLF�
'HYLFHV 
(ZDOG�2EEHQV��:LOOLDP�5RVVHQ��6LPRQ�&R[� 

>���@��'�0LFURVFDOH�)ORZ�6LPXODWLRQ�RI�1HZWRQLDQ�DQG�6KHDU�7KLQQLQJ�
)OXLGV�LQ�6DQGVWRQH�DQG�&DUERQDWH�6DPSOHV 
0HKGL�$PLUL��-DIDU�4DMDU��$OL�4DVHPLQHMDG�5DHLQL 

>���@�0LFUR�H[SHULPHQWDO�VWXG\�RQ�UHVLGXDO�RLO�RI�PDULQH�FDUERQDWH�URFNV�
GXULQJ�ZDWHU�IORRGLQJ�EDVHG�RQ�&7�VFDQQLQJ 
:HQORQJ�-LQJ��$LIHQ�/L��/HL�=KDQJ��+DL�6XQ��-XQ�<DR 

>���@�0LFURSRURVLW\-SHUPHDELOLW\�UHODWLRQVKLS�IRU�FRPSOH[�6RXWK�(DVW�$VLD�
FDUERQDWH�UHVHUYRLU 
:HQ�3LQ�<RQJ��6HEDVWLDQ�*HLJHU��+DQQDK�0HQNH��.DPDOMLW�6LQJK��-XOLHQ�0DHV� 

>���@�7KH�LQIOXHQFH�RI�:HWWDELOLW\�DQG�IORZ�UDWHV�RQ�WZR-SKDVH�IOXLG�
GLVSODFHPHQW�LQ�SRURXV�PHGLD��3RUH�VFDOH�H[SHULPHQWDO�YLVXDOL]DWLRQ�DQG�
QXPHULFDO�VLPXODWLRQV 
3HL[LQJ�;X��QRQJ�NDQJ��&RQJMLDR�;LH��6KXDQJPHL�=RX 

 0XOWLSKDVH�IORZ�LQ�SRURXV�PHGLD� 
>�@�&KDUDFWHUL]DWLRQ�RI�)OXLG-)OXLG�,QWHUDFWLRQV�LQ�+HWHURJHQHRXV�3RURXV�
0HGLD  
$UWXU�6KDSRYDO��6KHLN�6KHLN�5DKPDQ��0RKDPPHG�$O]DKUDQL� 
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3RVWHU�([KLELWLRQ��6HVVLRQ����FRQW� 
([KLELWLRQ�$UHD������-������ 

 0XOWLSKDVH�IORZ�LQ�SRURXV�PHGLD��FRQW�� 
>��@�&U�,,,�-HQWUDSSHG�1DQRFDSVXOHV�2EWDLQHG�YLD�:�2�:�'RXEOH�
0LQLHPXOVLRQ�1DQRSUHFLSLWDWLRQV�RI�+\GURSKRELF�3RO\PHUV�IRU�'HOD\LQJ�
+3$0�*HODWLRQ  
-LQJ\DQJ�3X��.HLWK�-RKQVWRQ 

>���@�([SHULPHQWDO�,QYHVWLJDWLRQ�RI�5HODWLYH�3HUPHDELOLW\�&XUYHV�LQ�2LO�
ZDWHU�7UDQVLWLRQ�=RQH�RI�7LJKW�6DQGVWRQH�5HVHUYRLU 
PLQ�PD��$LIHQ�/L 

>���@�(IIHFW�RI�SRUH�VWUXFWXUH�FKDUDFWHULVWLFV�RQ�LPELELWLRQ�UHFRYHU\�RI�
VKDOH�ZLWK�GLIIHUHQW�IDEULF�IDFLHV 
4LQJKDR��6XQ��<XOLDQJ��6X��-LORQJ��;X��:HQGRQJ�:DQJ��;LQFKHQJ��*XR��*XDQTXQ�
/L��7LDQ\X��=KDQJ 

>���@�,PSDFW�RI�1RYHO�1DQR-SDUWLFOH�6ROXWLRQV�RQ�)RDP�6WDELOLW\��
:HWWDELOLW\�5HYHUVDO�DQG�,QWHUIDFLDO�7HQVLRQ�5HGXFWLRQ 
0RKDPPDG�5H]DHH��6H\HG�0RMWDED�+RVVHLQL-1DVDE��-DODO�)DKLPSRXU��
0RKDPPDG�6KDULIL 

,QWHUDFWLRQV�EHWZHHQ�IORZ�DQG�PHFKDQLFV�LQ�SRURXV�PHGLD� 
>��@�([SHULPHQWDO�VWXG\�RQ�VLO\ODWHG�SRO\DFU\ODPLGH�EDVHG�UHODWLYH�
SHUPHDELOLW\�PRGLILHUV�LQ�SRURXV�FDUERQDWH�JDV�FRUHV  
/LPLQJ�4LQ��$OL�6DHHGL��&ROLQ�:RRG��&ODXV�2WWR��0DWW�0\HUV� 

>��@�,QVLJKWV�LQWR�8SVFDOLQJ�RI�0RGHOLQJ�RI�7KHUPDO�'LVSHUVLRQ�LQ�
*HRWKHUPDO�'RXEOHWV  
-LQ\X�7DQJ��3HOOH�YDQ��1LHXZNHUN��:LOOLDP�5RVVHQ 

>���@�([SHULPHQWDO�6WXGLHV�RQ�3HUPHDELOLWLHV�RI�7KLQ�)LEURXV�0DWHULDOV 
/XZHQ�=KXDQJ��6��0DMLG�+DVVDQL]DGHK 

>���@�+HWHURJHQHRXV�QXFOHDWLRQ�DQG�SUHFLSLWDWLRQ�RQ�VROLG�VXUIDFHV��
([SHULPHQWDO�REVHUYDWLRQ�RI�FDOFLXP�FDUERQDWH�IRUPDWLRQ�RQ�SULPDU\�DQG�
VHFRQGDU\�VXEVWUDWHV 
0RKDPPDG�1RRUDLHSRXU��0RKDPPDG�0DVRXGL��1LPD�6KRNUL��+HOJH�+HOOHYDQJ 

:
HGQHVGD\�'

HWDLOHG�3URJUDP
 

:('1(6'$<�����-81(����� 
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3RVWHU�([KLELWLRQ��6HVVLRQ����FRQW� 
([KLELWLRQ�$UHD������-������ 

,QWHUDFWLRQV�EHWZHHQ�IORZ�DQG�PHFKDQLFV�LQ�SRURXV�PHGLD��FRQW�� 

>���@�,QYHVWLJDWLRQ�RI�FRXSOHG�SURFHVVHV�LQ�IUDFWXUHV�DQG�WKH�ERUGHULQJ�
PDWUL[�YLD�D�PLFUR-FRQWLQXXP�UHDFWLYH�WUDQVSRUW�PRGHO 
4LDQ�=KDQJ��'HQJ�+DQJ��<DQKXL�'RQJ��6HUJL�0ROLQV 

>���@�+LJK�3UHFLVLRQ�6DOLQH�,QWUXVLRQ�0RGHOOLQJ�LQ�+HWHURJHQHRXV�$TXLIHUV�
XVLQJ�'\QDPLF�0HVK�2SWLPLVDWLRQ 
3DEOR�6DOLQDV��0HLVVDP�%DKODOL��&DUO�-DFTXHP\Q��&KULVWRSKHU�&��3DLQ��$GULDQ�3��
%XWOHU��0DWWKHZ�'��-DFNVRQ 

>���@�(IIHFW�RI�SK\VLFRFKHPLFDO�SURSHUWLHV�DQG�VWUXFWXUDO�KHWHURJHQHLW\�RQ�
UHDFWLYH�WUDQVSRUW�LQ�VDWXUDWHG�SRURXV�PHGLD 
-LDQ\LQJ�6KDQJ��-LQKXL�7RQJ��;LDRIDQ�<DQJ��;XH\LQJ�/L��<XDQ\XDQ�/LX 
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https://www.shell.com/energy-and-innovation/shell-techxplorer-digest-2021.html
https://www.ifpenergiesnouvelles.com/article/energy-transition-ifpen-and-cea-launch-international-scientific-journal-science-and-technology-energy-transition-stet


��� 

 
:
HGQHVGD\�'

HWDLOHG�3URJUDP
 

:('1(6'$<�����-81(����� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�� 

06����3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG��(QHUJ\�	�&OLPDWH� 
/HFWXUH�+DOO�� 
&KDLUV��:LOOLDP�5RVVHQ��(OHQL�6WDYURSRXORX� 

����� 
>��@�$�PLFUR-VFDOH�DQDO\VLV�IRU�ZHWWDELOLW\�FKDUDFWHULVWLFV�RI�+��LQ�
KHWHURJHQHRXV�JHRORJLFDO�PHGLD  
0DDUWMH�%RRQ��/HLOD�+DVKHPL��:LOOHPLMQ�YDQ�5RRLMHQ��5RXKL�)DUDM]DGHK��
+DGL�+DMLEH\JL� 

����� 
>���@��'�9LVXDOL]DWLRQ�RI�K\GURJHQ�VWRUDJH�LQ�VDQGVWRQHV�DW�
UHVHUYRLU�FRQGLWLRQV  
=DLG�-DQJGD��$QGUHDV�%XVFK��6HEDVWLDQ�*HLJHU��.DPDOMLW�6LQJK 

����� 
>���@�$QDO\WLFDO�DQDO\VLV�RI�ZHWWDELOLW\�LQ�K\GURJHQ-URFN-EULQH�
V\VWHPV 
)DU]DQHK�1D]DUL��5RXKL�)DUDM]DGHK��9DKLG�1LDVDU 

����� 

>���@�0RGHOLQJ�DQG�6LPXODWLRQ�RI�/RQJ-WHUP�:HWWDELOLW\�
$OWHUDWLRQ�RQ�&2�B���6WRUDJH�(IILFLHQF\�DQG�&RQWDLQPHQW 
6DUDK�*DVGD��'DYLG�/DQGD�0DUEiQ��$ED\�.DVVD��.XQGDQ�.XPDU��7RU�
+DUDOG�6DQGYH 

����� 

>���@�7UDSSLQJ�G\QDPLFV�GXULQJ�JHRORJLFDO�FDUERQ�VWRUDJH��
6\QFKURWURQ�WLPH-ODSVH�LPDJLQJ�RI�SRUH-VFDOH�FDSLOODU\�WUDSSLQJ�
HYHQWV�RYHU�WKH�FHQWLPHWUH-VFDOH�LQ�D�KHWHURJHQRXV�VDQGVWRQH� 
&DWULQ�+DUULV��$QQ�0XJJHULGJH��6DP�.UHYRU��6DPXHO�-DFNVRQ 

����� 

>���@�$�)LHOG-'DWD�%DVHG�1XPHULFDO�,QYHVWLJDWLRQ�RI�)DFWRUV�
&RQWUROOLQJ�&2��3OXPH�0LJUDWLRQ�LQ�6WRUDJH�&DQGLGDWH�6LWHV 
4L�6KDR��0DDUWMH�%RRQ��$EG$OODK�<RXVVHI��6WHSKDQ�0DWWKDL��6DOO\�
%HQVRQ 

����� 

>���@�0RQLWRULQJ�RI�%ULQH�/HDNDJH�IRUP�&DUERQ�6WRUDJH�LQ�'HHS�
6DOLQH�)RUPDWLRQV��0HWKRG�9DOLGDWLRQ�8VLQJ�,QWHUPHGLDWH-6FDOH�
7HVWLQJ 
7LVVD�,OODQJDVHNDUH��$KPDG�$VNDU� 



��� 

 

:('1(6'$<�����-81(����� 
:
HG

QH
VG
D\
�'
HW
DL
OH
G�
3U
RJ

UD
P

 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06��-$��3K\VLFV�RI�PXOWLSKDVH�IORZ�LQ�GLYHUVH�SRURXV�PHGLD� 
/HFWXUH�+DOO�� 
&KDLUV��6KDURQ�(OOPDQ��6DPDQ�$U\DQD� 

����� 
>��@�3UHGLFWLQJ�DQG�PHDVXULQJ�SRUH-VFDOH�FDSLOODU\�SUHVVXUHV�
DVVRFLDWHG�ZLWK�PHQLVFXV�PRYHPHQWV�GXULQJ�VORZ�LPELELWLRQ  
6KDURQ�(OOPDQ��$UMHQ�0DVFLQL��7RP�%XOWUH\V� 

����� 

>��@�$�TXDQWLWDWLYH�VWXG\�RI�RLO�PRELOL]DWLRQ�LQGXFHG�E\�ZDWHU�
GLIIXVLRQ�LQ�Q-DONDQH�SKDVHV��IURP�SRUH-VFDOH�H[SHULPHQWV�WR�
PROHFXODU�G\QDPLF�VLPXODWLRQ  
/,)(,�<$1��<XDQKDR�&KDQJ��6��0DMLG�+DVVDQL]DGHK��6HQER�;LDR��$PLU�
5DRRI��&DUO�)UHGULN�%HUJ��-LDQ\LQJ�+H 

����� 
>���@�-D\QHV�6WDWLVWLFDO�0HFKDQLFV�$SSOLHG�WR�0XOWLSKDVH�)ORZ�LQ�
3RURXV�0HGLD 
$OH[�+DQVHQ��HLULN�IOHNN¡\��3HU�$UQH�6ORWWH��6DQWDQX�6LQKD 

����� 
>���@�([WHQVLRQ�DQG�8QFHUWDLQW\�0RGHOLQJ�RI�,PELELWLRQ�3URFHVVHV�
XVLQJ�WKH�0RUSKRORJLFDO�0HWKRG�–�D�5HDOLW\�&KHFN 
3LW�$UQROG��0DULR�'UDJRYLWV��)DWLPH�=HNLUL��6YHQ�/LQGHQ��+ROJHU�2WW 

����� 

>���@�9LVFRXV��JUDYLWDWLRQDO�DQG�FDSLOODU\�IRUFHV�LQ��'�H[SHULPHQWV�
ZLWK�D�V\QWKHWLF�SRURXV�PHGLD 
-RDFKLP�)DOFN�%URGLQ��3HU�$UQH�5LNYROG��.QXW�-RUJHQ�0DOR\��0DUFHO�
0RXUD��0LKDLOR�-DQNRY 

����� 

>���@�7KHUPRG\QDPLFV�RI�FRQWLQXXP�VFDOH�LPPLVFLEOH�DQG�
LQFRPSUHVVLEOH�WZR-SKDVH�IORZ�LQ�SRURXV�PHGLD��$�VWDWLVWLFDO�
PHFKDQLFV�DSSURDFK�XVLQJ�WKH�&RORU�/DWWLFH-%ROW]PDQQ�PRGHO 
+nNRQ�3HGHUVHQ��6DQWDQX�6LQKD��$OH[�+DQVHQ 

����� 
>���@�325(-72-&25(�/,1.$*(6�$1'�836&$/,1*�)25�*$6�
,1-(&7,21��&2��6725$*(��(25��,1�&$5%21$7(6 
6RMZDO�0DQRRUNDU��6HQ\RX�$Q��6DP�.UHYRU 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����0DQXIDFWXUHG�3RURXV�0DWHULDOV�IRU�,QGXVWULDO�$SSOLFDWLRQV� 
*�$XGLWRULXP 
&KDLUV��6HQ\RX�$Q��2OHJ�,OLHY 

����� 
>���@�7+(�())(&7�2)�32526,7<�$1'�325(�6758&785(�21�7+(��
$&&808/$7,21�2)�3$57,&/(6�,172�&(//8/26,&�),%5286�
),/7(56 
$QWWL�.RSRQHQ��-XVVL�9LUNDMlUYL��.LPPR�+HLQRQHQ��7XRPDV�7XUSHLQHQ 

����� 

>���@�/LQNLQJ�VWUXFWXUH�DQG�FDWDO\WLF�SURSHUWLHV�RI�DXWRPRWLYH�DQG�
KHWHURJHQHRXV�FDWDO\VWV�IRU�LQGXVWULDO�DSSOLFDWLRQV�WKURXJK�;-UD\�
QDQRWRPRJUDSK\��VFDQQLQJ�HOHFWURQ�PLFURVFRS\�DQG�FU\RJHQLF�
IRFXVHG�LRQ�EHDP�PLFURVFRS\�LQ�WKUHH�GLPHQVLRQV  
$QG\�+ROZHOO��0DDGKDY�.RWKDUL��0DUNXV�%RHVH 

����� 

>���@�'LUHFW�6RODU�0HPEUDQH�'LVWLOODWLRQ�'HYLFH�ZLWK�0LFUR-�'�
3ULQWHG�6SDFHU�DQG�7LWDQLXP�0HVK 
$EGXO-5DKPDQ�.KDUEDWOL��+RQJ[LD�/L��$ODD�6KDKHHQ��)DLVDO�$O0DU]RRTL��
7LH-XQ�=KDQJ� 

����� 

>���@�2SWLPLVDWLRQ�DQG�FKDUDFWHULVDWLRQ�RI�D�GXDO�SRURVLW\�
PHGLFDO�JUDGH�SRURXV�PHGLXP�IRU�SHUVRQDOLVHG�LQNMHW�SULQWHG�
GRVDJHV�DSSOLFDWLRQV 
+DPHG�$VODQQHMDG��7DPDQQD�/DVKNDUL��(OPLQ�%UHHMHQ��5REEHUW�-DQ�NRN��
5DLQHU�+HOPLJ��2OLYHU�5|KUOH��6��0DMLG�+DVVDQL]DGHK 

����� 
>���@�,QLWLDO�<LHOG�6XUIDFH�RI�&HOOXODU�6KHHW�7306�/DWWLFHV 
1DUHJ�%DJKRXV��%DUVRXP�,PDG��5DVKLG�.��$EX�$O-5XE 

����� 
>���@�6KHUZRRG�QXPEHU�FRUUHODWLRQ�IRU�UHYHUVH�RVPRVLV�
PHPEUDQH�V\VWHPV�LQ�WXUEXOHQW�UHJLPH 
6LTLQ�<X��%RZHQ�/LQJ��,OHQLD�%DWWLDWR 

����� 
>���@�*ROG�1DQRFRPSRVLWH�&RQWDFW�/HQVHV�IRU�2FXODU�+HDOWK�
0DQDJHPHQW 
+DLGHU�%XWW��$KPHG�(��6DOLK��0RKDPHG�(OVKHULI��)DKDG�$ODP� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 
06����0DWKHPDWLFDO�DQG�QXPHULFDO�PHWKRGV�IRU�PXOWL-VFDOH�PXOWL-
SK\VLFV��QRQOLQHDU�FRXSOHG�SURFHVVHV� 
&ODVVURRP�*� 
&KDLUV��-DNXE�%RWK��&DULQD�%ULQJHGDO��0DQXHOD�%DVWLGDV� 

����� 
>�@�7KH�QXPHULFDO�VROXWLRQ�RI�WKH�PLFUR-VFDOH�SKDVH-ILHOG�HTXDWLRQ�
DQG�LWV�UROH�LQ�D�WZR-VFDOH�WZR-SKDVH�IORZ�PRGHO�  
0DQXHOD�%DVWLGDV��6RKHO\�6KDUPLQ��&DULQD�%ULQJHGDO��,XOLX�6RULQ�3RS 

����� 
>��@�8SVFDOLQJ�RI�SKDVH-ILHOG�PRGHOV�IRU�WZR-SKDVH�IORZ�EDVHG�RQ�
IOXLG�PRUSKRORJ\  
0DWKLV�.HOP��&DULQD�%ULQJHGDO��%HUQG�)OHPLVFK 

����� 
>��@�0LFUR-PDFUR�PRGHOV�IRU�UHDFWLYH�WZR-PLQHUDO�V\VWHPV 
1DGMD�5D\��6WHSKDQ�*lUWWQHU��3HWHU�)URONRYLF��3HWHU�.QDEQHU 

����� 
>��@�$�SKDVH-ILHOG�DSSURDFK�WR�PRGHO�HYDSRUDWLRQ�LQ�SRURXV�
PHGLD��8SVFDOLQJ�IURP�SRUH�WR�'DUF\�VFDOH 
7XIDQ�*KRVK��&DULQD�%ULQJHGDO 

����� 
>���@�8SVFDOLQJ�DQG�$XWRPDWLRQ��3XVKLQJ�WKH�%RXQGDULHV�RI�
0XOWLVFDOH�0RGHOLQJ�WKURXJK�6\PEROLF�&RPSXWLQJ 
.\OH�3LHWU]\N��6Y\DWRVODY�.RUQHHY��0RUDG�%HKDQGLVK��,OHQLD�%DWWLDWR 

����� 
>���@�3RSXODWLRQ�%DODQFH�(TXDWLRQ�IRU�3RURXV�0HGLD��8SVFDOHG�
'\QDPLFV�DQG�(YROXWLRQ 
1LFRGHPR�'L�3DVTXDOH��0DWWHR�,FDUGL 

����� 
>���@�,QIOXHQFH�RI�3RUH�0RUSKRORJ\�RQ�0HFKDQLFDO�3URSHUWLHV�RI�
6HFRQG�*UDGLHQW�0DWHULDOV 
3DQLD�1HZHOO��%R]R�9D]LF 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����0DFKLQH�/HDUQLQJ�DQG�%LJ�'DWD�LQ�3RURXV�0HGLD� 
&ODVVURRP�*� 
&KDLUV��3DWULFN�+XEHU��1LNRODL�$QGULDQRY� 

����� 
>���@�8-)12�-�DQ�HQKDQFHG�)RXULHU�QHXUDO�RSHUDWRU-EDVHG�GHHS-
OHDUQLQJ�PRGHO�IRU�PXOWLSKDVH�IORZ  
*HJH�:HQ��=RQJ\L�/L��.DP\DU�$]L]]DGHQHVKHOL��$QLPD��$QDQGNXPDU��
6DOO\�%HQVRQ 

����� 

>���@�5HGXFHG�RUGHU�PRGHOLQJ�ZLWK�%DUORZ�7ZLQV�VHOI-VXSHUYLVHG�
OHDUQLQJ��1DYLJDWLQJ�WKH�VSDFH�EHWZHHQ�OLQHDU�DQG�QRQOLQHDU�
VROXWLRQ�PDQLIROGV  
7HHUDWRUQ�.DGHHWKXP��)UDQFHVFR�%DOODULQ��'DQLHO�2
0DOOH\��<RXQJVRR�
&KRL��1LNRODRV�%RXNODV��+RQJN\X�<RRQ 

����� 
>���@�3K\VLFV-HQKDQFHG�&RQYROXWLRQDO�1HXUDO�1HWZRUNV�IRU�
3UHGLFWLQJ�(IIHFWLYH�'LVSHUVLRQ�LQ�3RURXV�0HGLD 
5RVV�:HEHU��,OHQLD�%DWWLDWR 

����� 
>���@�'HHS�/HDUQLQJ�$FFHOHUDWHG�+LVWRU\�0DWFKLQJ�DQG�
)RUHFDVWLQJ�IRU�*HRORJLF�&2��6HTXHVWUDWLRQ 
%DLOLDQ�&KHQ��%LFKHQJ�<DQ��4LQMXQ�.DQJ��5DMHVK�3DZDU 

����� 

>���@�'DWD-GULYHQ�SURGXFWLRQ�RSWLPL]DWLRQ�XWLOL]LQJ�PXOWL-
REMHFWLYH�SDUWLFOH�VZDUP�DOJRULWKP�EDVHG�RQ�HQVHPEOH-OHDUQLQJ�
SUR[\�PRGHO 
6KX\L�'X��+RQJTLQJ�6RQJ��&KL\X�;LH��:DQJ�-LXORQJ 

����� 

>���@�'DWD-'ULYHQ�3K\VLFV-LQIRUPHG�,QWHUSRODWLRQ�(YROXWLRQ�
&RPELQLQJ�+LVWRULFDO-3UHGLFWHG�.QRZOHGJH�IRU�5HPDLQLQJ�2LO�
'LVWULEXWLRQ�3UHGLFWLRQ 
-LQJZHL�=KX��&KL\X�;LH��-LXORQJ�:DQJ��6KX\L�'X��+RQJTLQJ�6RQJ 

����� 
>���@�8SVFDOLQJ�RI�5HDOLVWLF�'LVFUHWH�)UDFWXUH�6LPXODWLRQV�8VLQJ�
0DFKLQH�/HDUQLQJ 
1LNRODL�$QGULDQRY 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����)ORZ��WUDQVSRUW�DQG�PHFKDQLFV�LQ�IUDFWXUHG�SRURXV�PHGLD� 
&ODVVURRP�&� 
&KDLUV��+DPLG�1LFN��+RQJN\X�<RRQ 

����� 

>��@�1XPHULFDO�VLPXODWLRQ�RI�GHVLFFDWLRQ�FUDFN�QXFOHDWLRQ�DQG�
SURSDJDWLRQ�E\�D�YDULDWLRQDO�SKDVH-ILHOG�PRGHO  
.HLWD�<RVKLRND��7XDQQ\�&DMXKL��7KRPDV�1DJHO��2ODI�.ROGLW]��:HQTLQJ�
:DQJ 

����� 
>���@�RQ�WKH�GHIRUPDWLRQ�RI�SRURXV�PHGLXP�E\�SUHVVXUL]HG�IORZ  
DUQROG�EDFKUDFK��\DQLY�HGHU\� 

����� 
>���@�&RQVLVWHQW�7UHDWPHQW�RI�6KHDU�)DLOXUH�RI�(PEHGGHG�'LVFUHWH�
)UDFWXUH�1HWZRUNV�8VLQJ�;)90 
*LXOLD�&RQWL��5DMGHHS�'HE��6WHSKDQ�0DWWKDL��3DWULFN�-HQQ\ 

����� 

>���@�&RXSOHG�SRUR-HODVWR-SODVWLFLW\�RI�JHRPDWHULDOV��6LPXODWLRQ�
DQG�YDOLGDWLRQ 
0DULD�:DUUUHQ��-DPHV�%HDQ��5�&KDUOHV�&KRHQV��0DULR�0DUWLQH]��$OHF�
.XFDOD��+RQJN\X�<RRQ� 

����� 

>���@�$Q�8QFHUWDLQW\�4XDQWLILFDWLRQ�:RUNIORZ�IRU�1DWXUDOO\�
)UDFWXUHG�5HVHUYRLUV�XVLQJ�3UR[\�0RGHOOLQJ�EDVHG�RQ�3RUR-
PHFKDQLFDOO\�,QIRUPHG�)ORZ�'LDJQRVWLFV�6LPXODWLRQV 
/HVO\�*XWLHUUH]�6RVD��6HEDVWLDQ�*HLJHU��)ORULDQ�'RVWHU 

����� 

>���@�3URSSDQW�7UDQVSRUW�DQG�&RYHUDJH�LQ�5RFN�)UDFWXUHV�–$�
&RPSXWDWLRQDO�0RGHOLQJ�$SSURDFK 
)DULG�5RXVWD��$PLU�0RIDNKDP��'XVWLQ�&UDQGDOO��*RRGDU]�$KPDGL 
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'RPLQLTXH�'HURPH�������-������ 
8QLYHUVLWp�GH�6KHUEURRNH� 
 
+\VWHUHVLV�RI�PDVV�WUDQVSRUW�LQ�SRURXV�PHGLD� 
 
$�GLVFXVVLRQ�RQ�WKH�RFFXUUHQFH�RI�K\VWHUHVLV� LQ�GLIIHUHQW�
DVSHFWV� RI� PDVV� WUDQVSRUW� LQ� SRURXV� PHGLD�� LQFOXGLQJ�
FRQWDFW� DQJOH� RI� DGYDQFLQJ� DQG� UHFHGLQJ� IORZ� LQ�
FDSLOODULHV�� RFFXUUHQFH� RI� FDSLOODU\� FRQGHQVDWLRQ�
K\VWHUHVLV� DW� PHVRSRUH� VFDOH� DQG� K\VWHUHWLF� VZHOOLQJ� RI�

K\JURVFRSLF�SRO\PHUV�XSRQ� VRUSWLRQ��5HOHYDQFH�RI� FRQVLGHULQJ�K\VWHUHVLV� LQ�
FRPSXWDWLRQDO�PRGHOLQJ��QDPHO\�ODWWLFH�%ROW]PDQQ�DQG�DWRPLVWLF�PRGHOLQJ�� 
 

,QYLWHG�3DUDOOHO�6HVVLRQ� 
/HFWXUH�+DOO���������-������ 
&KDLU��3KLOLSSH�&RXVVRW� 

/HDUQ�DERXW�0'3,�&RPSXWDWLRQ��D�MRXUQDO�RI� 
FRPSXWDWLRQDO�VFLHQFH�������-������ 
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=XOHLPD�.DUS\Q�������-������ 
3HQQ�6WDWH�8QLYHUVLW\� 
 
([SHULPHQWDO�,QYHVWLJDWLRQ�RI�&RQGLWLRQV�)DYRULQJ�
(QKDQFHG�*DV�6WRUDJH�LQ�6KDOHV� 
 
6KDOH� JDV� UHVHUYRLUV� DUH� FXUUHQWO\� YLHZHG� DV� DQ� HPHUJHQW�
RSSRUWXQLW\� WR� VXVWDLQ�JURZLQJ� HQHUJ\� QHHGV�ZKLOH� UHGXFLQJ�
WKH�FDUERQ�LQWHQVLW\�RI�HQHUJ\�V\VWHPV�UHODWLYH�WR�RWKHU�IRVVLO�
IXHOV�� +RZHYHU�� WKHVH� UHVHUYRLUV� DUH� JHRORJLFDOO\� FRPSOH[� LQ�
WKHLU� FKHPLFDO� FRPSRVLWLRQ� DQG� GRPLQDQFH� RI� QDQR-VFDOH�

SRURVLW\�� UHVXOWLQJ� LQ� OLPLWHG� SUHGLFWDELOLW\� RI� WKHLU� HIIHFWLYH� VWRUDJH� FDSDFLW\�� 7R�
SUHGLFW�JDV�VWRUDJH�DQG�HVWLPDWH�YROXPHWULF�JDV-LQ-SODFH��LQ-VLWX�JDV�SURSHUWLHV�QHHG�
WR�EH�GHILQHG��+RZHYHU��RQO\�D�IHZ�GLUHFW�H[SHULPHQWDO�PHDVXUHPHQWV�RQ�LQ-VLWX�JDV�
SURSHUWLHV� DUH� DYDLODEOH� LQ� WKH� OLWHUDWXUH�� DQG� WKH� LQWHUDFWLRQV� EHWZHHQ� JDV� DQG� WKH�
VXUURXQGLQJ�VXUIDFH�DUHD�RI�WKH�PHGLXP�UHPDLQ�SRRUO\�XQGHUVWRRG��,Q�WKLV�VWXG\��JDV�
LQYDVLRQ�H[SHULPHQWV�ZHUH�FRQGXFWHG�LQ�FRQMXQFWLRQ�ZLWK�;-UD\�PLFUR&7�LPDJLQJ�RQ�
WKUHH�GLIIHUHQW�VKDOHV�� L�H���%DNNHQ��+D\QHVYLOOH�DQG�0DUFHOOXV��5HVXOWV� VKRZ�HYLGHQFH�
RI�HQKDQFHG�VWRUDJH�FDSDFLW\� LQ�DOO�FDVHV��ZLWK�GLIIHUHQW�GHJUHHV�RI�JDV�GHQVLILFDWLRQ�
DFURVV� WKH� WKUHH� VKDOH� VSHFLPHQV�� 7KH� DYHUDJH� RI� PHDVXUHG� LQ-VLWX� [HQRQ� GHQVLW\�
ZLWKLQ� WKH� %DNNHQ�� +D\QHVYLOOH� DQG� 0DUFHOOXV� VKDOH� VDPSOHV� ZHUH� IRXQG� WR� EH�
������NJ�P���������NJ�P��DQG����NJ�P���UHVSHFWLYHO\��7KHVH�PHDVXUHG�GHQVLWLHV�DUH�
KLJKHU� WKDQ� WKHLU� FRUUHVSRQGLQJ� WKHRUHWLFDO� IUHH�JDV�GHQVLW\�� WKRXJK� ORZHU� WKDQ� WKH�
[HQRQ� GHQVLW\� DW� ERLOLQJ� SRLQW�� LQGLFDWLQJ� WKDW� FXUUHQW� SUDFWLFHV� RI� HVWLPDWLQJ�
DGVRUEHG� JDV� DQG� JDV� LQ� SODFH�� XVLQJ� ERLOLQJ� SRLQW� OLTXLG� GHQVLW\�� PD\� EH�
RYHUHVWLPDWHG��7KH�[HQRQ�GHQVLILFDWLRQ� IDFWRU� LQ� WKH�0DUFHOOXV�VDPSOH�ZDV� IRXQG� WR�
EH� ����� LQGLFDWLQJ� WKH� PRVW� VLJQLILFDQW� GHJUHH� RI� ORFDOL]HG� GHQVLILFDWLRQ�� 7KLV�
GHQVLILFDWLRQ�IDFWRU�GURSV�WR������DQG�WR������LQ�WKH�+D\QHVYLOOH�DQG�WKH�%DNNHQ�VDPSOH��
UHVSHFWLYHO\��&KDUDFWHUL]DWLRQ�RI�VKDOH�FRPSRVLWLRQ�DQG�SRUH�VWUXFWXUH�DUH�GLVFXVVHG��
LQ� RUGHU� WR� DVVHVV� WKH� VKDOH� SURSHUWLHV� IDYRULQJ� HQKDQFHG� JDV� VWRUDJH�� 6WDWLVWLFDO�
UHVXOWV� LQGLFDWH� WKDW� FRPSRVLWLRQDO� SURSHUWLHV� DUH� ZHDNO\� FRUUHODWHG� ZLWK� JDV�
GHQVLILFDWLRQ��ZKLOH�SRUH� VWUXFWXUH� LV� D� VWURQJ� LQGLFDWRU�RI�JDV�GHQVLILFDWLRQ� OHYHOV� LQ�
VKDOHV�� 7KH� ILQGLQJV� LQ� WKLV� ZRUN� OD\� D� IRXQGDWLRQ� WR� HYDOXDWH� HQKDQFHG� VWRUDJH�
FDSDFLW\�IRU�YDULRXV�JDVHV�LQ�UDQJLQJ�WLJKW�IRUPDWLRQV�� 

,QYLWHG�3DUDOOHO�6HVVLRQ��FRQW�� 
/HFWXUH�+DOO���������-������ 
&KDLU��,YDQ�'HVKHQHQNRY� 

/HDUQ�DERXW�67(7�MRXUQDO��D�QHZ�RSHQ-DFFHVV�DQG�RSHQ-
VFLHQFH�MRXUQDO�GHYRWHG�WR�HQHUJ\�WUDQVLWLRQ�������-������ 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�� 

06����%LRFKHPLFDO�SURFHVVHV�DQG�ELRILOPV�LQ�SRURXV�PHGLD� 
/HFWXUH�+DOO��� 
&KDLUV��'RURWKHH�.XU]��9DOHQWLQD�3ULJLREEH��$QR]LH�(ELJER� 

����� 
>���@�7UDQVSRUW�RI�6SRURVDUFLQD�3DVWHXULL�LQ�SRURXV�VDWXUDWHG�
VDQGV�DQG�DSSOLFDWLRQV�RQ�VRLO�LPSURYHPHQW  
*XLMLH�6DQJ��5HEHFFD�/XQQ��-DPHV�0LQWR��*UiLQQH��(O�0RXQWDVVLU 

����� 
>���@�2SWLPL]DWLRQ�RI�LQMHFWLRQ�VWUDWHJLHV�IRU�ILHOG-VFDOH�OHDNDJH�
UHPHGLDWLRQ�XVLQJ�PLFURELDOO\�LQGXFHG�FDOFLWH�SUHFLSLWDWLRQ  
6YHQQ�7YHLW��'DYLG�/DQGD�0DUEiQ 

����� 

>���@�$�TXDQWLWDWLYH�VWXG\�RI�WKH�HIIHFW�RI�SRUH-VFDOH�
KHWHURJHQHLW\�RQ�0,&3�LQ�PHWHU-ORQJ�PLFURIOXLGLF�SRURXV�PHGLD�
DQDORJXHV 
$ULDGQL�(OPDORJORX��'LPLWULRV�7HU]LV��3LHWUR�'H�$QQD��/\HVVH�/DORXL 

06��-$��3K\VLFV�RI�PXOWLSKDVH�IORZ�LQ�GLYHUVH�SRURXV�PHGLD� 
/HFWXUH�+DOO�� 
&KDLUV��4L�/LX��<LQJ�*DR 

����� 
>���@�3UHIHUHQWLDO�)ORZ�RI�(PXOVLRQ�WKURXJK�+RPRJHQHRXV�
3RURXV�0HGLD  
.H�;X��4LQJURQJ�+H��:HL�<DQJ 

����� 
>���@�+\VWHUHVLV�LQ�&RQWDFW�$QJOH�DQG�,QWHUIDFLDO�7HQVLRQ��
,PSOLFDWLRQV�RQ�0XOWLSKDVH�)ORZ  
4L�/LX��0DUFHOR�%HQLWH]��&DUORV�6DQWDPDULQD 

����� 

>���@�'\QDPLF�%HKDYLRXUV�RI�)RDP�)ORRGLQJ�DVVLVWHG�E\�
1HZWRQLDQ�DQG�QRQ-1HZWRQLDQ�9LVFRVLI\LQJ�$JHQWV�LQ�3RURXV�
0HGLD 
6H\HG�0RMWDED�+RVVHLQL-1DVDE��0DUWLQ�7DDO��0RKDPPDG�5H]DHH��
3DFHOOL�=LWKD� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����3RUH-VFDOH�PRGHOOLQJ� 
*�$XGLWRULXP 
&KDLUV��<RQJIHL�<DQJ��6WpSKDQH�=DOHVNL��0RKDPPDG�0DVRXGL� 

����� 
>���@�&DQ�ZH�WUXVW�FRPSXWHUV�WR�DQDO\VH�SRUH-VFDOH�LPDJHV"  
3H\PDQ�0RVWDJKLPL��5\DQ�$UPVWURQJ��<LQJ�'D�:DQJ 

����� 
>���@�2Q�D�ZRUNIORZ�IRU�HIILFLHQW�FRPSXWDWLRQ�RI�WKH�SHUPHDELOLW\�
RI�WLJKW�VDQGVWRQHV  
9ODGLVODY�3LPDQRY��(NDWHULQD�0XUDYOHYD��'HQLV�2UORY��'PLWU\�.RURWHHY��
2OHJ�,OLHY��9ODGLVODY�/XNRVKNLQ��3DYHO�7RNWDOLHY 

����� 
>���@�3RUH-VFDOH�VWXG\�RQ�FRQYHFWLYH�GU\LQJ�RI�SRURXV�PHGLD�E\�
WKH�ODWWLFH�%ROW]PDQQ�PHWKRG 
/LQOLQ�)HL��)HLIHL�4LQ��-LDQOLQ�=KDR��'RPLQLTXH�'HURPH��-DQ�&DUPHOLHW 

06����0DWKHPDWLFDO�DQG�QXPHULFDO�PHWKRGV�IRU�PXOWL-VFDOH�PXOWL-
SK\VLFV��QRQOLQHDU�FRXSOHG�SURFHVVHV� 
&ODVVURRP�*� 
&KDLUV��-DNXE�%RWK��0LFKHO�.HUQ��0DQXHOD�%DVWLGDV 

����� 
>���@�$�PXOWLSRLQW�VWUHVV-IOX[�PL[HG�ILQLWH�HOHPHQW�PHWKRG�IRU�WKH�
6WRNHV-%LRW�IOXLG�SRURHODVWLF�VWUXFWXUH�LQWHUDFWLRQ�PRGHO  
6HUJLR�&DXFDR��7RQJWRQJ�/L��,YDQ�<RWRY 

����� 
>���@�5HOLDEOH�DQG�HIILFLHQW�HUURU�HVWLPDWHV�IRU�QRQOLQHDU�IORZ�
SURFHVVHV�XVLQJ�OLQHDU�LWHUDWLYH�VFKHPHV  
.RRQGL�0LWUD��0DUWLQ�9RKUDOLN 

����� 
>���@�3RVLWLYH�'')9�VFKHPH�IRU�GHJHQHUDWH�SDUDEROLF�HTXDWLRQV�
DULVLQJ�IURP�LQILOWUDWLRQ�SUREOHP 
0D]HQ�6DDG��(O�+RXVVDLQH�4XHQMHO��%HQ�0DQVRXU�',$� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����$GYDQFHV�LQ�PRGHOLQJ�DQG�VLPXODWLRQ�RI�SRURPHFKDQLFV� 
&ODVVURRP�&� 
&KDLUV��-RVKXD�:KLWH��-LDQFKDR�&DL��2PDU�$O-)DULVL� 

����� 
>���@�6WXG\�RQ�0LFURVFRSLF�,PELELWLRQ�SURFHVV�LQ�9DULDEOH�
'LDPHWHU�&DSLOODU\�7XEHV  
/LKXD�6KL��6KLTLQJ��&KHQJ��<XZHQ�&KDQJ��%LQFKL�+RX 

����� 
>���@�([SHULPHQWDO�5HVHDUFK�RI�6SRQWDQHRXV�:DWHU�,PELELWLRQ�LQ�
2LO-6DWXUDWHG�5HVHUYRLUV�ZLWK�8OWUD-ORZ�3HUPHDELOLW\  
+DLORQJ�'DQJ��+DQTLDR�-LDQJ��%LQFKL�+RX 

����� 
>���@�$�PDFUR-VFDOH�HODVWR-WKHUPR-YLVFRSODVWLF�FRQVWLWXWLYH�
PRGHO�IRU��VDWXUDWHG�IUR]HQ�VRLOV 
'DQD�$PLQL��0DJKRXO�3RRQHK��+ROODHQGHU�+DUWPXW 

&DQRQ� LV�D�JOREDOO\� UHFRJQL]HG�EUDQG�WKDW�PDQXIDFWXUHV�D�ZLGH�UDQJH�RI� 
SURGXFWV�� DPRQJ� RWKHUV� LQ� WKH� ILHOG� RI� SULQWLQJ�� FDPHUDV�� PHGLFDO� DQG� 
LQGXVWULDO�HTXLSPHQW��&DQRQ�3URGXFWLRQ�3ULQWLQJ�LV�DQ�LQWHUQDWLRQDO�OHDGHU�
LQ� GLJLWDO� GRFXPHQW� PDQDJHPHQW� DQG� SULQWLQJ� IRU� SURIHVVLRQDOV�� 
GHYHORSLQJ� DQG� PDQXIDFWXULQJ� KLJK-WHFK� SULQWLQJ� SURGXFWV� DQG� ZRUNIORZ�
VRIWZDUH� IRU� WKH� FRPPHUFLDO� SULQWLQJ�PDUNHW��0DQ\� )RUWXQH� ���� FRPSD�
QLHV�DQG�OHDGLQJ�FRPPHUFLDO�SULQWHUV�XVH�&DQRQ�VROXWLRQV�IRU�ZLGH�IRUPDW�
SULQWLQJ�� KLJK-VSHHG� SURGXFWLRQ� SULQWLQJ� DQG� GRFXPHQW-UHODWHG� EXVLQHVV�
VHUYLFHV��&DQRQ�HPSOR\V������� VSHFLDOLVWV� DW� LQQRYDWLRQ�DQG� WHFKQRORJ\�
FHQWUHV�LQ�(XURSH�DQG�$VLD��7KURXJK�LWV�RZQ�5	'��LW�GHYHORSV�FRUH�WHFK�
QRORJLHV�DQG�WKH�PDMRULW\�RI�WKHLU�LWV�SURGXFW�FRQFHSWV� 

KWWSV���FSS�FDQRQ 
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3RVWHU�([KLELWLRQ��6HVVLRQ�� 
([KLELWLRQ�$UHD�������-������ 

3RUHVFDOH�V\VWHPV�DQG�PLFURIOXLGLFV� 

>��@�3DUWLFOH�PLJUDWLRQ�DQG�GHSRVLWLRQ�DW�WKH�SRUH�VFDOH��(XOHULDQ-
/DJUDQJLDQ�DSSURDFK  
6DHLG�6DGHJKQHMDG��)ULHGHU�(Q]PDQQ��0LFKDHO�.HUVWHQ 

>���@�7KH�(IIHFW�RI�3RZHU�/DZ�,QGH[�RQ�6KLIW�)DFWRU�IRU�6KHDU�7KLQQLQJ�
)OXLGV�E\��'�0LFURVFDOH�)ORZ�6LPXODWLRQ  
0HKGL�$PLUL��-DIDU�4DMDU��$OL�4DVHPLQHMDG�5DHLQL 

>���@�7KH�(IIHFW�RI�,QWHUIDFLDO�(ODVWLFLW\�RI�D�1DQRIOXLG�6XUIDFWDQW�V\VWHP�
IRU�(25�WKURXJK�D�9LVXDO�0LFURPRGHO�6WXG\ 
+HFWRU�%RQLOOD��6��+��+HMD]L 

>���@�+\GURG\QDPLF�LQVWDELOLWLHV�RI�LPPLVFLEOH�IOXLGV�LQ�D�+HOH-6KDZ�FHOO 
&KHNLE�*KDEL��+DPLG��$EGHUUDKPDQH��0RKDPHG�6DVVL 

>���@�$SSOLFDWLRQ�RI�/DWWLFH�%ROW]PDQQ�0HWKRG�LQ�3RUH-VFDOH�
&KDUDFWHULVDWLRQ�RI�)ORZ�'\QDPLFV�LQ�7KUHH-'LPHQVLRQDO�3RURXV�0HGLXP 
0HKUGDG�9DVKHJKDQL�)DUDKDQL��0RKDGGHVHK�0RXVDYL�1H]KDG 

0XOWLSKDVH�IORZ�LQ�SRURXV�PHGLD� 
>��@�7KH�LQIOXHQFH�RI�JDV�EXEEOH�LQWHUIDFHV�RQ�WKH�DFRXVWLF�SURSHUWLHV�RI�
SDUWLDOO\�VDWXUDWHG�SRURHODVWLF�PHGLD  
3DWULFN�.XU]HMD��+ROJHU�6WHHE 

>���@�([SHULPHQWDO�HYDOXDWLRQ�RI�SHUFRODWLRQ�LQ�HYROXWLRQ�RI�IORZ  
6DPDQHK�9DKLG�'DVWMHUGL��1LNRODRV�.DUDGLPLWULRX��6��0DMLG�+DVVDQL]DGHK��+ROJHU�
6WHHE 

>���@�(YDOXDWLRQ�RI�IOXLG�IORZ�EHKDYLRU�DQG�WUDSSHG�QRQ-ZHWWLQJ�SKDVH�
VDWXUDWLRQ�ZLWK�PRGLILHG�SRUH�PRUSKRORJLFDO�DSSURDFK�LQ�FODVWLF�UHVHUYRLUV 
)DWLPH�=HNLUL��*RUGRQ�%XUPHVWHU��+UYRMH�-XUFLF��3LW�$UQROG��+ROJHU�2WW� 
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3RVWHU�([KLELWLRQ��6HVVLRQ����FRQW� 
([KLELWLRQ�$UHD�������-������ 

0XOWLSKDVH�IORZ�LQ�SRURXV�PHGLD��FRQW�� 

>���@�7KH�,QIOXHQFH�RI�,PDJLQJ�&RQWUDVW�$JHQWV�RQ�(PXOVLILFDWLRQ�XQGHU�
)ORZ�&RQGLWLRQV 
$KPDG�.KDUUDW��0RVWDID�%RUML��%LDQFD�%UDQGVWlWWHU��+ROJHU�2WW 
>���@�2QVDJHU-V\PPHWU\�LQ�DWKHUPDO�WZR-SKDVH�IORZ�LQ�SRURXV�PHGLD�ZLWK�
WKH�/DWWLFH-%ROW]PDQQ�PRGHO 
+nNRQ�3HGHUVHQ��&KULVWLDQ�8OULFKVHQ��6LJQH�.MHOVWUXS��'LFN�%HGHDX[��6DQWDQX�
6LQKD� 

 ,QWHUDFWLRQV�EHWZHHQ�IORZ�DQG�PHFKDQLFV�LQ�SRURXV�PHGLD� 
>���@�(YDOXDWLRQ�RI�VDWXUDWLRQ�RI�WLJKW�VDQGVWRQHV�XVLQJ�GLHOHFWULF�ORJV��
2UGRV�%DVLQ��&KLQD  
SHLTLDQJ�]KDR��=KLTLDQJ�0DR��*DRUHQ�/L��+DRSHQJ�*XR 
>���@�7KUHH-GLPHQVLRQDO�$FFXUDWH�0RGHOLQJ�DQG�0HWDO�6HHSDJH�6WXG\�RI�
&RDO-EDVHG�3RURXV�0HGLD  
4LOL�:DQJ��-LDUXL�6XQ��-LDQZHQ�+X 

>���@�1XPHULFDO�,QYHVWLJDWLRQV�RQ�WKH�'LVVROXWLRQ�&KDUDFWHULVWLFV�RI�&2��LQ�
)UDFWXUHG�3RURXV�0HGLD�XVLQJ�'HQVLW\�'ULYHQ�0RGHOOLQJ 
0DQRMNXPDU�*XGDOD��%LFKHQJ�<DQ��6KX\X�6XQ 

>���@�'HFRQWDPLQDWLRQ-LQGXFHG�FRQWDPLQDQW�UHGLVWULEXWLRQ�LQ�SRURXV�
PHGLD 
(PLO\�%XWOHU��)UDQFHVFR�3DROR�&RQWR��0HUOLQ�$UDJRQ�(W]ROG��6WXDUW�%��'DO]LHO��-RHO�
'DRX��-XOLHQ�5��/DQGHO 

>���@�$�1RYHO�$QDO\VLV�0HWKRG�IRU�:DWHU�%UHDNWKURXJK�0HFKDQLVP�LQ�DQ�
2IIVKRUH�+HDY\�2LO�5HVHUYRLU�ZLWK�%RWWRP�:DWHU 
*XDQJPLQJ�3DQ��.DL�.DQJ��-LDQWLQJ�+XDQJ��-LIHQJ�4X��3(1*�6+, 

>���@�0LFURIOXLGLF�H[SHULPHQWV�RQ�FRQVWUDLQHG�RLO�UHPRELOL]DWLRQ�LQGXFHG�
E\�ZDWHU�WUDQVSRUW�LQ�WKH�RLO�SKDVH  
/,)(,�<$1��$PLU�5DRRI��6��0DMLG�+DVVDQL]DGHK 

>���@�0RQWHFDUOR�VLPXODWLRQV�RI�JDV�WUDQVSRUWDWLRQ�LQ�PXOWLIUDFWDO�VKDOH�
UHVHUYRLUV  
3DXO�1DYHHQ��'HEMHHW�0RQGDO 

:
HGQHVGD\�'

HWDLOHG�3URJUDP
 

:('1(6'$<�����-81(����� 



���� 

 

:('1(6'$<�����-81(����� 
:
HG

QH
VG
D\
�'
HW
DL
OH
G�
3U
RJ

UD
P

 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�� 
06����%LRSK\VLFV�RI�OLYLQJ�SRURXV�PHGLD��WKHRU\��H[SHULPHQW��
PRGHOLQJ�DQG�FKDUDFWHUL]DWLRQ� 
/HFWXUH�+DOO�� 
&KDLUV��3KLOLSSH�&RXVVRW��7RELDV�.RHSSO��)UHG�9HUPROHQ 

����� 
>��@�7ZR-VWHS�GLIIXVLRQ�LQ�FHOOXODU�K\JURVFRSLF��YDVFXODU�SODQW-
OLNH��PDWHULDOV  
3KLOLSSH�&RXVVRW��%HQMDPLQ�0DLOOHW��5DKLPD�6LGL-%RXOHQRXDU��6DELQH�
&DUp� 

����� 

>��@�5HGXFHG-RUGHU�PRGHO�WR�LQYHVWLJDWH�FHOO-VFDOH�KHPRG\QDPLFV�
WKURXJK�GLVRUGHUHG�SRURXV�QHWZRUNV�RI�WKH�KXPDQ�SODFHQWD  
(OHDQRU�'RPDQ��4L�=KRX��0LJXHO�2��%HUQDEHX��7LPP�.U�JHU��2OLYHU�(��
-HQVHQ��,JRU�&KHUQ\DYVN\ 

����� 

>���@�$�SRURXV�PHGLD�IORZ�PRGHO�IRU�VLPXODWLQJ�IORZ�RI�QRQ-
1HZWRQLQDQ�ERQH�FHPHQW�LQVLGH�D�GHIRUPDEOH�YHUWHEUD�LQ�WKH�
FRQWH[W�RI�YHUWHEURSODVW\ 
=XELQ�7ULYHGL��'RPLQLF�*HKZHLOHU��$UQGW�:DJQHU��%R\NR�*XHRUJXLHY-
5�HJJ��7LP�5LFNHQ��2OLYHU�5|KUOH 

����� 
>���@�0XOWLVFDOH�)LQLWH�HOHPHQW�PRGHOV�ZLWK�3RURPHFKDQLFV�IRU�
0\RFDUGLDO�%ORRG�3HUIXVLRQ 
6XPHVK�6DVLGKDUDQ��-DFTXHV�+X\JKH��3HWHU�%RYHQGHHUG 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����6SHFLDO�6HVVLRQ�LQ�KRQRU�RI�%ULDQ�%HUNRZLW]� 
/HFWXUH�+DOO�� 
&KDLUV��/LQGD�/XTXRW��$OEHUWR�*XDGDJQLQL� 

����� 
>���@�)LHOG-VFDOH�0RGHOLQJ�RI�&2��,QMHFWLRQ�LQWR�+LJKO\�5HDFWLYH�
5RFNV  
7RP�3RVWPD��.DUO�%DQGLOOD��0LNH�&HOLD 

����� 
>���@�'\QDPLF�PHVK�RSWLPLVDWLRQ�IRU�HIILFLHQW�GHQVLW\-GULYHQ�IORZ�
VLPXODWLRQV  
0HLVVDP�%DKODOL��3DEOR�6DOLQDV��&DUO�-DFTXHP\Q��0DWWKHZ�'��-DFNVRQ 

����� 

>���@�0RGHOLQJ�RI�WKH�'DUF\-%ULQNPDQ�(TXDWLRQ�,QGLFDWHV�
3RVVLELOLW\�RI�'HWHUPLQLVWLF�&KDRWLF�%HKDYLRU�IRU�)ORZ�LQ�)UDFWXUHG-
3RURXV�0HGLD 
%RULV�)D\ELVKHQNR��-HQV�%LUNKRO]HU 

����� 

>���@�6WUXFWXUH�LQGXFHG�YRUWLFHV�FRQWURO�DQRPDORXV�GLVSHUVLRQ�LQ�
SRURXV�PHGLD 
$QNXU�%RUGRORL��GDYLG�VFKHLGZHLOHU��0DUFR�'HQW]��0DUFR�$EEDUFKL��
0RKDPPHG�%RXDEGHOODRXL��3LHWUR�'H�$QQD� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����3RUH-VFDOH�PRGHOOLQJ� 
*�$XGLWRULXP 
&KDLUV��<DVKDU�0HKPDQL��<RQJIHL�<DQJ��-XOLHQ�0DHV 

����� 
>��@�*HR&KHP)RDP��DQ�RSHQ-VRXUFH�WRROER[�IRU�SRUH-VFDOH�
VLPXODWLRQ�RI�FRPSOH[�SURFHVVHV  
-XOLHQ�0DHV��+DQQDK�0HQNH��6HEDVWLDQ�*HLJHU 

����� 
>���@�3DUWLFOH-6WUHQJWK-([FKDQJH�PHWKRGV�IRU�/DJUDQJLDQ��'�'16�
RI�UKHRORJLFDO�DQG�UHDFWLYH�IOXLGV�ZLWK�HYROYLQJ�LQWHUIDFHV�DW�WKH�
SRUH-VFDOH  
6DUDK�3HUH]��3KLOLSSH�3RQFHW 

����� 

>���@�+RZ�WKH�3UREDELOLVWLF�1DWXUH�RI�WKH�1XFOHDWLRQ�3URFHVV�
$IIHFWV�DQG�&RQWUROV�WKH�'LVWULEXWLRQ�RI�0LQHUDO�3UHFLSLWDWHV�LQ�
3RURXV�0HGLD 
0RKDPPDG�0DVRXGL��0RKDPPDG�1RRUDLHSRXU��+HOJH�+HOOHYDQJ 

����� 
>���@�3RUH�VFDOH�PRGHOLQJ�RI�WKH�PRLVWXUH�WUDQVSRUW�LQ�
FHPHQWLWLRXV�SRURXV�PHGLD 
/XND�0DOHQLFD��=KLGRQJ�=KDQJ��8HOL�$QJVW� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����)OXLGV�LQ�1DQRSRURXV�0HGLD� 
&ODVVURRP�*� 
&KDLUV��$PLQ�5H]DHL��$KPDG�6DNKDHH�3RXU 

����� 
>���@�(OHFWURFKHPLFDO�$FWXDWLRQ�LQ�1DQRSRURXV�6LOLFRQ  
PDQXHO�%ULQNHU��3DWULFN�+XEHU 

����� 
>���@�0ROHFXODU�7UDQVSRUW�LQ�1DQRSRURXV�*ROG�7KLQ�)LOPV�IRU�'UXJ�
'HOLYHU\�$SSOLFDWLRQV  
(UNLQ�6HNHU 

����� 

>���@�2SHUDQGR�'HWHUPLQDWLRQ�RI�3RUH-ILOOLQJ�0HFKDQLVP�DQG�
6DWXUDWLRQ�RI�3()&�&DWDO\VW�/D\HU�XVLQJ�6PDOO-$QJOH�;-UD\�
6FDWWHULQJ 
.LQDQWL�+DQWL\DQD�$OL\DK��&KULVWLDQ�$SSHO��&KULVWLDQ�3UHKDO��0DQXHO�
*XL]DU-6LFDLURV��/RUHQ]�*XEOHU��-HQV�(OOHU 

����� 

>��@�:DWHU�WUDQVIHUV��LPELELWLRQ��GU\LQJ��LQ�FHPHQWLWLRXV�PDWHULDOV�
IROORZHG�E\�05,��0DJQHWLF�5HVRQDQFH�,PDJLQJ� 
+LFKDP�',$//$��$OEDQ�*266$5'��%HQMDPLQ�0DLOOHW��-HDQ-%DSWLVWH�
&+$03(12,6��3KLOLSSH�&RXVVRW 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����FRQW� 

06����6ZHOOLQJ�DQG�VKULQNLQJ�SRURXV�PHGLD� 
&ODVVURRP�*� 
&KDLUV��6ULGKDU�5DQJDQDWKDQ��1LFRODLQH�$JRIDFN 

����� 

>���@�0RGHOOLQJ�SKDUPDFHXWLFDO�WDEOHW�VZHOOLQJ�XVLQJ�GLVFUHWH�
HOHPHQW�PRGHOOLQJ�DQG�D�VLQJOH�SDUWLFOH�VZHOOLQJ�PRGHO  
0LWKXVKDQ�6RXQGDUDQDWKDQ��0RKDPPHG�$O-6KDUDEL��7KRPDV�6ZHLMHQ��
3LWW�.HQGDO��$[HO�-��=HLWOHU��6��0DMLG�+DVVDQL]DGHK��%ODLU�-RKQVWRQ��'DQLHO�
0DUNO 

����� 
>���@�$�VKULQNLQJ�SRUH�QHWZRUN�PRGHO�IRU�GU\LQJ�SRURXV�PHGLD 
;LDQJ�/X��$EGROUH]D�.KDUDJKDQL 

����� 
>���@�([WUDFWLRQ�RI�SRUH�QHWZRUNV�IURP�;-UD\�LPDJHV�RI�VLQJOH�
ZRRG�SDUWLFOHV�VXEMHFWHG�WR�GU\LQJ 
&KHQ�-LQJ��1LQJKXD�=KDQ��;LDQJ�/X��5XL�:X��$EGROUH]D�.KDUDJKDQL 
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6$&�&DUHHU�'HYHORSPHQW�(YHQW 
&ODVVURRP�&��������-������ 

2QH� RI� WKH� PRVW� FRPPRQ� VWUXJJOHV� IRU� D� 3K'� VWXGHQW� LV� WR� GHFLGH� ZKLFK�
FDUHHU�SDWK�WR�IROORZ�DIWHU�JUDGXDWH�VFKRRO��7KHUH�DUH�QXPHURXV�RSSRUWXQLWLHV�
WKDW� DUH�SRWHQWLDOO\�RSHQ� WR�XV�DV�3K'V��ZKLFK� FDQ� WDNH�XV�RQ�YHU\�GLIIHUHQW�
FDUHHU� SDWKV�� 7KHUH� DUH� OLNHO\� PDQ\� TXHVWLRQV� \RX� KDYH� DERXW� SLFNLQJ� D�
GLUHFWLRQ� �LQGXVWU\�DFDGHPLD�JRYHUQPHQW�� DQG� WKH� SURV� DQG� FRQV� RI� WKH�
YDULRXV� SRVVLELOLWLHV�� $� JRRG� DSSURDFK� WR� PDNLQJ� DQ� LQIRUPHG� GHFLVLRQ� LV�
OLVWHQLQJ� WR�H[SHULHQFHV�DQG�SHUVRQDO� YLHZV�RI�HVWDEOLVKHG�SURIHVVLRQDOV�� 7KH�
6$&·V�FDUHHU�HYHQW�ZLOO�KDYH�VSHDNHUV� IURP�YDULHG�EDFNJURXQGV��VKDULQJ�WKHLU�
SURIHVVLRQDO� MRXUQH\V�DQG�WKH� LPSRUWDQW�FKRLFHV�WKH\�KDG�WR�PDNH�DORQJ�WKH�
ZD\�� <RX� ZLOO� DOVR� KDYH� WKH� FKDQFH� WR� DVN� WKH� VSHDNHUV� DQ\� TXHVWLRQV� \RX�
KDYH� 
 
7KLV�HYHQW�LV�IUHH�DQG�RSHQ�WR�DOO�SDUWLFLSDQWV�RI�,QWHU3RUH����� 
 

6DUDK�*DVGD� 
125&(��1RUZD\ 

9DKLG�1LDVDU 
8QLYHUVLW\�RI�

0DQFKHVWHU��8. 

3DWULFN�-HQQ\ 
(7+�=XULFK�� 
6ZLW]HUODQG 

0DVD�3URGDQRYLF 
8QLYHUVLW\�RI�7H[DV��

86$ 



���� 

 

*$/$�(9(1,1* 
 
:HGQHVGD\��������-������ 
 
)RU�WKH�JDOD�DIIDLU�RQ�:HGQHVGD\�HYHQLQJ��SDUWLFLSDQWV�ZLOO�EH�WUHDWHG�WR�D�WRXU�
RI� WKH 6KHLNK�=D\HG�*UDQG�0RVTXH�� IROORZHG�E\�D� FHOHEUDWRU\�GLQQHU�DW�(UWK�
$EX� 'KDEL�� 7LFNHWV� WR� WKLV� HYHQW� DUH� LQFOXGHG� ZLWK� LQ-SHUVRQ� DQG� 
DFFRPSDQ\LQJ�JXHVW�UHJLVWUDWLRQV� 
 
'UHVV�FRGH� IRU� WKH�HYHQW� LV�EXVLQHVV� FDVXDO��'XH� WR� WKH�KHDW�RXWVLGH�DQG� WKH�
FRRO� DLU� FRQGLWLRQLQJ� LQVLGH�� LW� LV� DGYLVDEOH� WR�ZHDU� VKRUW� VOHHYHV� DQG�EULQJ� D�
OLJKW�MDFNHW�RU�VZHDWHU��  
 
%XVHV�WR�WKH�PRVTXH�DQG�JDOD�GLQQHU�ZLOO�GHSDUW�.KDOLID�8QLYHUVLW\�DW� 
DSSUR[LPDWHO\��������GLUHFWO\�DIWHU�3DUDOOHO�6HVVLRQ���  � 
 
 
 
 
 
 
 
 
 
 
 
 
 
9LVLW�WR�WKH�6KHLNK�=D\HG�*UDQG�0RVTXH 
7KH�LPSUHVVLYH�DQG�LQVSLULQJ 6KHLNK�=D\HG�*UDQG�0RVTXH LV�RQH�RI�WKH�ZRUOG·V�
ODUJHVW� PRVTXHV� DQG� WKH� RQO\� RQH� WKDW� FDSWXUHV� WKH� XQLTXH� LQWHUDFWLRQV� 
EHWZHHQ� ,VODP�DQG�RWKHU�ZRUOG�FXOWXUHV�� 6KHLNK�=D\HG�ELQ�6XOWDQ�$O�1DK\DQ��
WKH� )RXQGHU� RI� WKH� 8$(�� KDG� D� YHU\� VSHFLILF� YLVLRQ� IRU� WKLV� PRVTXH�� WR� 
LQFRUSRUDWH� DUFKLWHFWXUDO� VW\OHV� IURP� GLIIHUHQW� 0XVOLP� FLYLOL]DWLRQV� DQG� 
FHOHEUDWH� FXOWXUDO� GLYHUVLW\� E\� FUHDWLQJ� D� KDYHQ� WKDW� LV� WUXO\� ZHOFRPLQJ� DQG� 
LQVSLUDWLRQDO�LQ�LWV�IRXQGDWLRQ��7KH�PRVTXH·V�DUFKLWHFWV�ZHUH�%ULWLVK��,WDOLDQ�DQG�
(PLUDWL��ZLWK�GHVLJQ� LGHDV� ERUURZHG� IURP�SDUWV�RI� 7XUNH\��0RURFFR�� 3DNLVWDQ�
DQG� (J\SW�� DPRQJ� RWKHU� ,VODPLF� FRXQWULHV�� 7KH� HQG� UHVXOW� LV� D� EUHDWKWDNLQJ��
JOHDPLQJ�DUFKLWHFWXUDO�PDUYHO�� 
 
 
*DOD�'LQQHU 
)ROORZLQJ�WKH�YLVLW�WR�WKH�PRVTXH��SDUWLFLSDQWV�ZLOO�EH�WDNHQ�MXVW�DFURVV�WKH�ZD\�
WR�(UWK�$EX�'KDEL� D�EHDFRQ�RI�FXOWXUH��KHULWDJH�DQG�(PLUDWL�KRVSLWDOLW\�� IRU�D�
IDEXORXV�VRFLDO�RFFDVLRQ�� 
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7KXUVGD\�'

HWDLOHG�3URJUDP
 

 
(YDQJHORV�7VRWVDV������-����� 
2WWR�YRQ�*XHULFNH�8QLYHUVLW\�0DJGHEXUJ� 
 
'LVFUHWH� PRGHOV�� FRQWLQXXP� PRGHOV� DQG� VFDOH�
WUDQVLWLRQV�IRU�WKH�GU\LQJ�RI�SRURXV�PHGLD� 
 
&RQWLQXXP� PRGHOV� VLPLODU� WR� WKRVH� XVHG� IRU� GLIIXVLRQ��
KHDW� FRQGXFWLRQ� RU� YLVFRXV� IORZ� DUH� VLQFH� ORQJ� DYDLODEOH�
IRU� GU\LQJ� SURFHVVHV�� VR� RQH�PLJKW� WKLQN� WKDW� WDEXODWLQJ�
UHVSHFWLYH� WUDQVSRUW� FRHIILFLHQWV� IRU� YDULRXV� PDWHULDOV�

VKRXOG�EH�WKH�PDLQ�UHVHDUFK�WDVN�OHIW�WR�EH�IXOILOOHG��+RZHYHU��WKH�RSSRVLWH�LV�
WUXH�� EHFDXVH� H[SDQVLRQ� DQG�� HVSHFLDOO\�� GHHSHQLQJ� RI� WKH� UHVHDUFK� RQ� WKH�
GU\LQJ�RI�SRURXV�PHGLD�LQ�WKH�ODVW�\HDUV�KDV�XQYHLOHG��KRZ�VHYHUHO\�UHVWULFWHG�
FRPPRQ� FRQWLQXXP� PRGHOV� IRU� GU\LQJ� LQ� UHDOLW\� DUH�� 7KLV� KDV� PDLQO\� EHHQ�
DFKLHYHG�E\�XVLQJ�SRUH�QHWZRUN�VLPXODWLRQV�DV� LQ�VLOLFR�H[SHULPHQWV�RI�PXFK�
VXSHULRU�UHVROXWLRQ�DQG�DFFXUDF\�WKDQ�UHDO�H[SHULPHQWV�FDQ�SURYLGH�WR�GHULYH�
FRQWLQXXP�PRGHO�SDUDPHWHUV�� 7UHPHQGRXV�YDULDELOLW\��PLVVLQJ�XQLTXHQHVV�RI�
VXFK� SDUDPHWHUV� DW� ORFDO� VFDOH�� DQG� WKH� QHFHVVLW\� RI� FRUUHFWLRQV� E\� VR-FDOOHG�
QRQ-ORFDO-HTXLOLEULXP�IXQFWLRQV�DUH�VRPH�RI�WKH�GHILFLHQFLHV�GLDJQRVHG��7KH\�
FDQ�H[SODLQ�WKH�QRWRULRXV�KDUGVKLS� LQ� LGHQWLI\LQJ�WKH� WUDQVSRUW�SDUDPHWHUV�RI�
GU\LQJ�SRURXV�PHGLD�� EXW� FDQ� DOVR� UHVXOW� LQ� VHULRXV�PLVXQGHUVWDQGLQJ�RI� WKH�
SK\VLFV�EHKLQG�WKH�GU\LQJ�SURFHVV��2Q�WKH�RWKHU�KDQG��GLVFUHWH��SRUH-UHVROYLQJ�
PRGHOV�DUH�QRW�MXVW�WKH�VWDUWLQJ�SRLQW�RI�FRDUVHQLQJ��EXW�WKH\�FDQ�DOVR�EH�XVHG�
RQ�WKHLU�RZQ�WR�EHWWHU�XQGHUVWDQG��ZKLFK�VWUXFWXUDO�IHDWXUHV�RI�SRURXV�PHGLD�
FRUUHODWH�ZLWK�WKHLU�GU\LQJ�EHKDYLRU��KRZ��DQG�ZK\��3RLQWLQJ�LQ�WKH�GLUHFWLRQ�RI�
UHYHUVH� HQJLQHHULQJ� WRZDUGV�PDWHULDOV�ZLWK� VXSHULRU�SURSHUWLHV�� VXFK� DVSHFWV�
LQGLFDWH�KRZ�DPSOH�WKH�SRWHQWLDO�RI�UHVHDUFK�RQ�GU\LQJ�SRURXV�PHGLD�VWLOO�LV�� 

,QYLWHG�3DUDOOHO�6HVVLRQ� 
/HFWXUH�+DOO��������-����� 
&KDLU��-DQ�&DUPHOLHW� 

/HDUQ�DERXW�+27�0LFURIOXLGLFV�–�2SWLPLVLQJ�6XEVXUIDFH� 
(QHUJ\�6\VWHPV�������-����� 
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5XLQD�;X�������-����� 
7VLQJKXD�8QLYHUVLW\� 
 
6XSHUFULWLFDO�&2��IORZ�DQG�KHDW�PDVV�WUDQVIHU�LQ�
PLFUR�QDQR-SRURXV�VWUXFWXUHV�LQ�&2��JHRORJLFDO�
XWLOL]DWLRQ�DQG�VWRUDJH� 
 
&2�� JHRORJLFDO� VWRUDJH� DQG� LWV� XVH� WR� HQKDQFH�
JHRWKHUPDO� V\VWHPV� DQG� VKDOH� RLO�JDV� UHFRYHU\� DUH�
FULWLFDO�WHFKQRORJLHV�IRU�DGGUHVVLQJ�FOLPDWH�FKDQJH��&2��
LV�LQ�D�VXSHUFULWLFDO�FRQGLWLRQ�DPRQJ�WKH�DERYH�PHWKRGV��

2QH�RI� WKH�PRVW� LPSRUWDQW� FKDOOHQJHV� LQ� LPSURYLQJ� UHFRYHU\�HIILFLHQF\�DQG�
ORQJ-WHUP� VWRUDJH� VDIHW\� LV� WKH� PLJUDWLRQ� DQG� KHDW�PDVV� WUDQVIHU� RI�
VXSHUFULWLFDO� IOXLGV� LQ� UHVHUYRLU� SRURXV� VWUXFWXUHV�� 8QGHU� WKH� VXEVXUIDFH�
FRQGLWLRQV�� PLFUR�QDQR-VFDOH� FRQILQHPHQW�� LQWHUIDFH� HIIHFW�� DQG� UDSLG�
FKDQJHV� LQ� VXSHUFULWLFDO-IOXLG� SK\VLFDO� SURSHUWLHV� DOO� KDYH� D� VLJQLILFDQW�
LQIOXHQFH� RQ� WUDQVSRUW� EHKDYLRU� LQ� WKH� SRURXV� VWUXFWXUH�� 7KLV� WDON� ZLOO� EH�
GLYLGHG� LQWR�WKUHH�SDUWV�� ����KHDW�WUDQVIHU�FKDUDFWHULVWLFV�RI�VXSHUFULWLFDO�&2��
LQ� URFNV�� ���� &2��&+�� DGVRUSWLRQ� LQ� NHURJHQ� QDQR� SRUHV�� ���� VXSHUFULWLFDO�
&2���ZDWHU��DQG�RLO�PXOWLSKDVH�IORZ�LQ�PLFUR-SRURXV�VWUXFWXUHV�� 

,QYLWHG�3DUDOOHO�6HVVLRQ��FRQW�� 
/HFWXUH�+DOO��������-����� 
&KDLU��0LFKDHO�&HOLD� 
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HWDLOHG�3URJUDP
 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��� 

06����3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG��:DWHU�	�$JULFXOWXUH� 
/HFWXUH�+DOO�� 
&KDLUV��6WHYHQ�-DQVHQ��-DQ�9DQGHUERUJKW��6LYD�5DPD�6DW\DP�%DQGDUX� 

���� 
>���@�$�1RYHO�0DVV�7UDQVSRUW�0RGHO�IRU�'LUHFW�&RQWDFW�
0HPEUDQH�'LVWLOODWLRQ�)OX[�3UHGLFWLRQ  
,VDP�-DQDMUHK��.KDGLMH�(ONDGL 

���� 

>���@�'HYHORSPHQW�RI�&DUERQ�PHPEUDQHV�DQG�FDUERQ�&17�
PHPEUDQHV�IRU�ZDVWHZDWHU�WUHDWPHQW  
,/<(6�-(',',��0DUF�&UHWLQ��0RKDPHG�6DLI�$O�6DLGL��6XODLPDQ�$O�,VDHH��
0RKDPHG�0LKRXE��0RKDPHG�6DODK��%DVNDUDQ�.ULVKQDQ��0DNNL�
$EGHOPRXOHK 

���� 
>���@�$�QRYHO�WHFKQRORJ\�WR�UHPRYH�FR-RFFXUULQJ�DUVHQLF�DQG�
DWUD]LQH�LQ�WKH�JURXQGZDWHU�XVHG�IRU�GULQNLQJ 
6LYD�5DPD�6DW\DP�%DQGDUX��$UNDGHHS�.XPDU��0RKLW�1DKDWD��'DQD�
+HUQDQGH]��$VKRN�*DGJLO 

���� 
>���@�)HQWRQ�5HDFWLRQ�LQ�3RURXV�0HGLD 
$PELND�6HOYDUDM 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�����FRQW� 

06����6SHFLDO�6HVVLRQ�LQ�KRQRU�RI�%ULDQ�%HUNRZLW]� 
/HFWXUH�+DOO�� 
&KDLUV��/HRQDUGR�'RQDGR��%RULV�/RUD�$UL]D� 

���� 
>���@�)URP�VWUHDPOLQHV�WR�GLVFUHWH�IUDFWXUH�PRGHOOLQJ�RI�PXOWL-
SKDVH�IORZ�DQG�GHIRUPDWLRQ�LQ�IUDFWXUHG�SRURXV�PHGLD  
5DLQHU�+HOPLJ��%HUQG�)OHPLVFK��+ROJHU�&ODVV��'HQQLV�*ODHVHU 

���� 
>���@�&KDUDFWHULVLQJ�IORZ�DQG�WUDQVSRUW�LQ�IUDFWXUHG�JHRORJLFDO�
PHGLD�����\HDUV�ODWHU  
6HEDVWLDQ�*HLJHU� 

���� 

>���@�*OREDO�VHQVLWLYLW\�DQDO\VLV�RQ�D�JURXQGZDWHU�IORZ�PRGHO�LQ�D�
UHJLRQDO-�VFDOH�ZLWK�XQFHUWDLQ�SDUDPHWHUV��D�FDVH�VWXG\�LQ�WKH�
0LGGOH�0DJGDOHQD�9DOOH\-�&RORPELD� 
%RULV�/RUD�$UL]D��/XLV�6LOYD�9DUJDV��(GXDUGR�&DVWUR�$OFDOi��/HRQDUGR�
'RQDGR�*DU]yQ 

���� 
>���@�6WUXFWXUH�DQG�VWRFKDVWLF�G\QDPLFV�RI�K\GURG\QDPLF�IORZ�
DQG�WUDQVSRUW�LQ�WKUHH-GLPHQVLRQDO�UDQGRP�IUDFWXUH�QHWZRUNV 
-HIIUH\�+\PDQ��0DUFR�'HQW] 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�����FRQW� 

06����3RUH-VFDOH�PRGHOOLQJ� 
*�$XGLWRULXP 
&KDLUV��%R�*XR��.H�;X��-XOLHQ�0DHV 

���� 

>���@�9DULDWLRQ�RI�WKH�UHSUHVHQWDWLYH�HOHPHQWDU\�YROXPH��5(9��LQ�
KHWHURJHQHRXV�URFNV�ZLWK�FKDQJLQJ�&7�LPDJH�UHVROXWLRQ  
0DUFHO�5HLQKDUGW��6DHLG�6DGHJKQHMDG��)ULHGHU�(Q]PDQQ��0LFKDHO�
.HUVWHQ 

���� 

>���@�&RSSHU�OHDFKLQJ�LQ�ORZ-JUDGH�RUH��$�UHDFWLYH-WUDQVSRUW�
PRGHOOLQJ�VWXG\�UHYHDOLQJ�FRQWUROV�RQ�ORFDO�UHDFWLRQV�RQ�PLQHUDO�
VXUIDFHV  
5DOI�+DHVH��(ULF�$QVDK��%ODFN�-D\�5���$SRRUY�-\RWL 

���� 

>���@�$�QHZ�3RUH�1HWZRUN�VWRFKDVWLF�JHQHUDWLRQ�DSSURDFK�
XWLOLVLQJ�EXON�SRUH�FKDUDFWHULVDWLRQ�GDWD�ZLWK�DSSOLFDWLRQ�WR�
PXGURFNV 
*HRUJ\�%RULVRFKHY��$QGUHDV�%XVFK��-LQJVKHQJ�0D��/LQ�0D 

���� 
>���@�$Q�LPSURYHG�QHWZRUN�H[WUDFWLRQ�DOJRULWKP�E\�WUDFNLQJ�VL]H�
YDULDWLRQ�RI�WKURDWV 
<DQJ�/LX��:HQER�*RQJ��0RUDQ�:DQJ 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�����FRQW� 

06����)OXLGV�LQ�1DQRSRURXV�0HGLD� 
&ODVVURRP�*� 
&KDLUV��+LFKDP�'LDOOD��$PLQ�5H]DHL��(UNLQ�6HNHU 

���� 

>���@�:DWHU�FRQILQHG�LQ�VDOW�FUXVWV��LQVLJKWV�IURP�PROHFXODU�
VLPXODWLRQV  
6LPRQ�*UDYHOOH��6DELQD�+DEHU-3RKOPHLHU��$OH[DQGHU�6FKODLFK��&KULVWLDQ�
+ROP 

���� 
>��@�*DV�)ORZ�6LPXODWLRQ�LQ�0XOWLVFDOH�DQG�0XOWLPLQHUDO�'LJLWDO�
5RFNV�RI�6KDOH�6DPSOHV  
<XTL�:X��.H\X�/LX��&KHQJ\DQ�/LQ 

���� 

>���@�3RUH�QHWZRUNV�PHHW�FRPSXWDWLRQDO�FKHPLVWU\��D�K\EULG�
DSSURDFK�IRU�VWXG\LQJ�WKH�IORZ�RI�IOXLG�PL[WXUHV�XQGHU�YDULRXV�
WKHUPRG\QDPLF�FRQGLWLRQV�LQ�QDQRSRURXV�PDWHULDOV� 
$OHNVH\�.KO\XSLQ��,ULQD�1HVWHURYD��5XVWHP�6LUD]RY��.LULOO�*HUNH 

���� 

>���@�(IIHFW�RI�RVPRVLV�RQ�VSRQWDQHRXV�LPELELWLRQ�RI�IUDFWXULQJ�
IOXLG�LQ�VKDOH�RLO�IRUPDWLRQ 
4LQJKDR��6XQ��:HQGRQJ�:DQJ��;LQFKHQJ��*XR��<XOLDQJ��6X��-LORQJ��;X��
*XDQTXQ�/L��+DR�6XQ 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�����FRQW� 

06����0DFKLQH�/HDUQLQJ�DQG�%LJ�'DWD�LQ�3RURXV�0HGLD� 
&ODVVURRP�*� 
&KDLUV��%LFKHQJ�<DQ��%DLOLDQ�&KHQ��+RQJN\X�<RRQ 

���� 

>���@�0DFKLQH�/HDUQLQJ�IRU�3RURVLW\�DQG�$EVROXWH�3HUPHDELOLW\�
3UHGLFWLRQ�IURP�&DUERQDWH�5RFN�,PDJHV  
5DPDQ]DQL�.DOXOH��+DPLG��$EGHUUDKPDQH��:DOHHG�$ODPHUL��0RKDPHG�
6DVVL 

���� 

���@�0RUSKRORJ\�'HFRGHU��8QWDQJOLQJ�+HWHURJHQHRXV�3RURXV�
0HGLD�7H[WXUH�DQG�4XDQWLI\LQJ�3HUPHDELOLW\�DQG�&DSLOODU\�
3UHVVXUH�E\�6HPDQWLF�6HJPHQWDWLRQ 
2PDU�$O-)DULVL��$LNLID�5D]D��0RKDPHG�6DVVL��'MDPHO�2X]]DQH��
0RKDPHG�$EGHOVDODP��6DOHP�$O]DDEL��7LH-XQ�=KDQJ 

���� 
>���@�7ZLVWLQJ�WKH�HQVHPEOH�.DOPDQ�ILOWHU�ZLWK�UDQGRP�IRUHVW 
-��-DLPH�*yPH]-+HUQiQGH]��9$1(66$�$��*2'2<��*LDQ�1DSD� 

���� 
>���@�6HPDQWLF�VHJPHQWDWLRQ�RI�URFN�LPDJHV�DQG�HQVHPEOH�
DSSURDFK�IRU�GHHS�OHDUQLQJ�PHWKRGV 
5REHUW�-RKQ�5LQJHU��+RQJN\X�<RRQ 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�����FRQW� 

06����6ZHOOLQJ�DQG�VKULQNLQJ�SRURXV�PHGLD� 
&ODVVURRP�&� 
&KDLUV��1LFRODLQH�$JRIDFN��-HDQ-)UDQFRLV�/RXI� 

���� 
>���@�0XOWLGLUHFWLRQDO�JHO�VZHOOLQJ�DQG�GU\LQJ��D�OLQHDU-HODVWLF-
QRQOLQHDU-VZHOOLQJ�WKHRU\�IRU�K\GURJHOV  
-RVHSK�:HEEHU��*UDH�:RUVWHU��0HUOLQ�$UDJRQ�(W]ROG 

���� 

>���@�6WUHVV�DQG�5HOD[��+\GURJHO�VZHOOLQJ�LQ�D�FRQILQHG�JUDQXODU�
PHGLXP�DQG�UHOD[LQJ�DIWHU�H[WUDFWLRQ  
-HDQ-)UDQFRLV�/RXI��1DQF\�/X��0DUJDUHW�2
&RQQHOO��+��-HUHP\�&KR��6XMLW�
'DWWD 

���� 
>��@�7KH�VZHOOLQJ�DQG�VKULQNLQJ�RI�D�WKHUPR-UHVSRQVLYH�K\GURJHO 
0DWWKHZ�%XWOHU��7RP�0RQWHQHJUR--RKQVRQ 

���� 
>���@��&7�LQYHVWLJDWLRQ�RI�OLTXHIDFWLRQ�PHFKDQLVPV�DW�WKH�SRUH�
VFDOH 
1LFRODLQH�$JRIDFN��+DLOL�/RQJ-6DQRXLOOHU��3LHUUH�&HUDVL 
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3RVWHU�([KLELWLRQ��6HVVLRQ�� 
([KLELWLRQ�$UHD�������-������ 

1DQRSRURXV�0HGLD� 
>���@�'\QDPLF�SRUH-QHWZRUN�PRGHOLQJ�RI�FRPSRVLWLRQDO�IORZ�DQG�
QDQRFRQILQHG�SKDVH�EHKDYLRU�LQ�VKDOH�URFNV  
6LGLDQ�&KHQ��-LDPLQ�-LDQJ��%R�*XR 

3RUHVFDOH�V\VWHPV�DQG�PLFURIOXLGLFV� 
>���@�,1)/8(1&(�2)�6,2��1$12)/8,'�21�(1+$1&('�2,/�5(&29(5<�
,16,'(�$�75$163$5(17�0,&52325286�0(',$  
$IVKLQ�*RKDU]DGHK��<LW�)DWW�<DS 

>���@�(IIHFW�RI�JUDLQ�VL]H�DQG�GLVWULEXWLRQ�RQ�WKH�WZR-SKDVH�IORZ�DW�SRUH�
VFDOH  
<LQ�&KHQ��-LDQFKDR�&DL��<DQJ�/LX��-LX\X�=KDR��<DGDQ�0D 

>���@�6WXG\�RQ�WKH�GRPLQDQW�IDFWRUV�RI�URFN�SHUPHDELOLW\ 
.DL�;X��-LDQFKDR�&DL��&KHQKDR�6XQ��-XQFKHQJ�4LDR��;LDQJMLH�4LQ��-LX\X�=KDR 

>���@�$�IDVW�K\EULG�PHWKRG�RI�UHFRQVWUXFWLQJ��'�GLJLWDO�URFN 
:HLFKDR�<DQ��+XLOLQ�;LQJ��/LNDL�&XL��3LQJ�)HQJ 

>���@�,PSURYHG�PLFUR-FRQWLQXXP�DSSURDFK�IRU�SRUH�VFDOH�VLPXODWLRQ�RI�
FDSLWDOO\�GRPLQDWHG�IORZ�ZLWK�ORZHU�VSXULRXV�YHORFLWLHV 
=KL\LQJ�/LX��4LDQJKXL�;X��-XQ\X�<DQJ��/LQ�6KL� 

>���@�1RYHO�)DEULFDWLRQ�RI�0LFURIOXLGLF�'HYLFHV�ZLWK�0L[HG�:HWWDELOLW\ 
$EGXOODK�$O2PLHU��$QWRQLD�6XJDU��'RQJN\X��&KD��6XEKDVK�&��$\LUDOD��+XVVHLQ�
+RWHLW 

>���@�3RO\PHULF�0HPEUDQHV
�0RUSKRORJ\�DQG�:DWHU�)ORZ�6LPXODWLRQ 
0HL[LD�6KL 

>���@�'HSHQGHQFH�RI�K\GUDXOLF�FRQGXFWLYLW\�RQ�HIIHFWLYH�FRQILQLQJ�SUHVVXUH�
LQ�URFNV�DQG�FRQFUHWHV 
.RWRQH�6DNHPRWR��0DVDML�.DWR��<XVXNH�,VKLL��.L\RIXPL�.XUXPLVDZD��<RVKLWDND�
1DUD 
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3RVWHU�([KLELWLRQ��6HVVLRQ����FRQW� 
([KLELWLRQ�$UHD�������-������ 

3RURXV�PHGLD��HQYLURQPHQW�DQG�ELRORJ\� 
>���@�0LFURSODVWLFV�(IIHFWV�RQ�(YDSRUDWLRQ�'\QDPLFV�DQG�&UDFNLQJ�
0RUSKRORJ\�LQ�'U\LQJ�3RURXV�0HGLD  
6DKDU��-DQQHVDUDKPDGL��1LPD�6KRNUL 
>���@�*HRFKHPLFDO�VWXGLHV�RI�&2�-%ULQH-5RFN�LQWHUDFWLRQ�DW�VXUIDFH�DQG�
VXEVXUIDFH�FRQGLWLRQV�GXULQJ�JHRORJLFDO�VWRUDJH�RI�FDUERQ�GLR[LGH  
-XGH�(GLJZH��0DUGLQ�$EGDOTDGLU��6LQD�5H]DHL-*RPDUL� 

>���@�,QYHVWLJDWLRQ�RI�GLIIHUHQW�FOD\�DFWLYDWLRQ�WHFKQLTXHV�WR�FDSWXUH�DQG�
VWRUH�FDUERQ�GLR[LGH��&2�� 
&LQG\�&KRPED��0DUGLQ�$EGDOTDGLU��6LQD�5H]DHL-*RPDUL� 

0XOWL-VFDOH��PXOWL-SK\VLFV�DQG�QRQ-OLQHDU�HIIHFWV�LQ�SRURXV�PHGLD� 
>���@�$QDO\WLFDO�DQG�QXPHULFDO�VWXGLHV�RI�)H\QPDQ�GLDJUDP�WHFKQLTXH�DQG�
'\VRQ�HTXDWLRQ�IRU�UDQGRP�QRQKRPRJHQHRXV�PXOWL-SKDVH�PHGLD  
$OH[H\�6ER\FKDNRY��$QGUH\�3XSDVRY-0DNVLPRY 

>���@�02'(//,1*�2)�)5((=,1*�$1'�7+$:,1*�(;3(5,0(176�2)�
6$785$7('�6$1'�&2/801  
0DUWLQD�6RERWNRYD��$OH[DQGU�=DN��0LFKDO�6QHKRWD��0LFKDO�%HQHV 

>���@�3UHGLFWLQJ�WKHUPDO�SRWHQWLDO�RI�D�VKDOORZ�JURXQG�WR�VXSSRUW�GHVLJQ�RI�
ORZ-WHPSHUDWXUH�GLVWULFW�KHDWLQJ�DQG�FRROLQJ�QHWZRUNV 
6KDNLO�0DVXP��:X�*DR��+\ZHO�7KRPDV� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV����� 

06����6SHFLDO�6HVVLRQ�LQ�KRQRU�RI�%ULDQ�%HUNRZLW]� 
/HFWXUH�+DOO�� 
&KDLUV��<DQLY�(GHU\��$OEHUWR�*XDGDJQLQL� 

����� 
>���@�,PSDFW�RI�QDQR-SRURXV�FRDWLQJV�RQ�UDWHV�RI�FRXSOHG�GLVVROXWLRQ-
SUHFLSLWDWLRQ�UHDFWLRQV  
6LPRQ�(PPDQXHO 

����� 

>��@�,PSDFW�RI�K\GUR-FKHPLFDO�FRQGLWLRQV�RQ�VWUXFWXUDO�DQG�K\GUR-
PHFKDQLFDO�SURSHUWLHV�RI�FKDON�VDPSOHV�GXULQJ�GLVVROXWLRQ�
H[SHULPHQWV  
'HOSKLQH�5RXELQHW��/LQGD�/XTXRW��0DULH�/HJHU 

����� 
>���@�%LIXUFDWLQJ-3DWKV��WKH�UHODWLRQ�EHWZHHQ�SUHIHUHQWLDO�IORZ�
ELIXUFDWLRQV��YRLG��DQG�WRUWXRVLW\�RQ�WKH�'DUF\�VFDOH� 
\DQLY�HGHU\��'DJDQ�$YLR] 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�����FRQW� 

06����3RUH-VFDOH�PRGHOOLQJ� 
*�$XGLWRULXP 
&KDLUV��.H�;X��<RQJIHL�<DQJ��6WpSKDQH�=DOHVNL��-XOLHQ�0DHV 

����� 
>���@�0RELOL]DWLRQ�HUDVHV�EXEEOHV·�K\VWHUHVLV�LQ�SRURXV�PHGLD 
&KXDQ[L�:DQJ��.H�;X 

����� 

>���@�$�SRUH-VFDOH�OHYHO-VHW�DSSURDFK�WR�2VWZDOG�ULSHQLQJ�RI�JDV�
EXEEOHV�LQ�SRURXV�PHGLD�LQ�WKH�SUHVHQFH�RI�UHVLGXDO�RLO�DQG�ZDWHU 
'HHSDN�6LQJK��+HOPHU�$QGUH�)ULLV��(VSHQ�-HWWHVWXHQ��-RKDQ�2ODY�
+HOODQG 

����� 

>���@�,QYHVWLJDWLQJ�FRPSUHVVLEOH�JDV�IORZ�WKURXJK�SRURXV�PHGLD�
FRQVLGHULQJ�WKH�FKRNHG�FRQGLWLRQ�DQG�VKRFNZDYH�IRUPDWLRQ�IRU�
3XOVH-3UHVVXUH�'HFD\�WHVW��$�&RPSXWDWLRQDO�)OXLG�'\QDPLFV��&)'��
DSSURDFK 
$OL�1DEL]DGHK��-LQJVKHQJ�0D��6WHYHQ�0F'RXJDOO 

����� 

>���@�$�*HRPHWU\-EDVHG�7KURDW�6KDSH�&RUUHFWLRQ�RI�3RUH�
1HWZRUN�0RGHOV 
%HQMDPLQ�.HOOHUV��0DUWLQ�/DXWHQVFKOlJHU��-XOLXV�:HLQPLOOHU��7LPR�
'DQQHU��$UQXOI�/DW] 



���� 

 

7+856'$<�����-81(����� 

2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�����FRQW� 

7KXUVGD\�'
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06����0DWKHPDWLFDO�DQG�QXPHULFDO�PHWKRGV�IRU�PXOWL-VFDOH�PXOWL-
SK\VLFV��QRQOLQHDU�FRXSOHG�SURFHVVHV� 
&ODVVURRP�*� 
&KDLUV��0LFKHO�.HUQ��6KX\X�6XQ� 

����� 
>���@�1XPHULFDO�$QDO\VLV�RI�D�0L[HG�)LQLWH�(OHPHQW�
$SSUR[LPDWLRQ�D�0RGHO�RI�%LRILOP�*URZWK�LQ�3RURXV�0HGLD  
$]KDU�$OKDPPDOL��0DOJRU]DWD�3HV]\QVND��&KRDK�6KLQ 

����� 
>���@�'LIIHUHQWLDWLRQ�LQ�ELRORJLFDO�SRURXV�PHGLD��D�UROH�IRU�
GLIIXVLRSKRUHVLV�DQG�VXUIDFH�LQVWDELOLWLHV  
-DFTXHV�+X\JKH� 

����� 
>���@�$�2QH-GRPDLQ�DSSURDFK�IRU�IORZ�QHDU�SRURXV�PHGLD�
ERXQGDULHV 
)UDQFLVFR�-��9DOGpV-3DUDGD��'LGLHU�/DVVHX[� 

����� 

>���@�/LQHDU�OLJQLQ�DV�D�SRWHQWLDO�FRQVROLGDQW�IRU�DUFKDHRORJLFDO�
ZRRG�WUHDWPHQW��D�K\EULG�0RQWH�&DUOR�DQG�PROHFXODU�G\QDPLFV�
VWXG\ 
$OL�6KRPDOL��FKL�]KDQJ��:HQTLDQJ�/LX��%HQRLW�&RDVQH��(OHDQRU�-��
6FKRILHOG��'RPLQLTXH�'HURPH��-DQ�&DUPHOLHW 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�����FRQW� 

06����0DFKLQH�/HDUQLQJ�DQG�%LJ�'DWD�LQ�3RURXV�0HGLD� 
&ODVVURRP�*� 
&KDLUV��%LFKHQJ�<DQ��-LDQFKXQ�;X��+RQJN\X�<RRQ 

����� 
>���@�'LJLWDO�WZLQ�RI�D�ODERUDWRU\-VFDOH�SRURXV�PHGLXP  
%HQ\DPLQH�%HQDOL��-DNXE�%RWK��0DUWLQ�)HUQR��(LYLQG�)RQG��.MHWLO�
-RKDQHVVHQ��(LULN�.HLOHJDYOHQ��7URQG�.YDPVGDO��-DQ�0DUWLQ�1RUGERWWHQ��
$GLO�5DVKHHG 

����� 

>��@�0XOWL-VFDOH�UHFRQVWUXFWLRQ�RI�SRURXV�PHGLD�IURP�ORZ-
UHVROXWLRQ�FRUH�LPDJHV�XVLQJ�FRQGLWLRQDO�JHQHUDWLYH�DGYHUVDULDO�
QHWZRUNV  
<RQJIHL�<DQJ��)XJXL�/LX��-XQ�<DR 

����� 

>���@�%ODQN�ILOOLQJ��VHGLPHQWDU\�IDEULF�LGHQWLILFDWLRQ�DQG�UHVHUYRLU�
SURSHUW\�FDOFXODWLRQ�EDVHG�RQ�LPDJH�ORJV 
.HUDQ�/L��6KDQ�5HQ��-LQPLQ�6RQJ��;LQ�-LQ��-LD[LQ�5HQ��/LQJOL�=KDR��
<X[LDQJ�)HQJ��/L]KRX�7LDQ��:HL�&KHQ��6KXQ�;LD 

����� 
>���@�6W\OROLWH�GHWHFWLRQ�DQG�LPDJH�FODVVLILFDWLRQ�IURP�ZKROH�FRUH�
LPDJHV�XVLQJ�FRQYROXWLRQDO�QHXUDO�QHWZRUNV 
$OL�+DVVDQORR��6DHLG�6DGHJKQHMDG��0H\VDP�1RXUDQL��0DQVRXU�5H]JKL 
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06����)ORZ��WUDQVSRUW�DQG�PHFKDQLFV�LQ�IUDFWXUHG�SRURXV�PHGLD� 
&ODVVURRP�&� 
&KDLUV��+DPLG�1LFN��$ULDGQL�(OPDORJORX��2ODY�0¡\QHU� 

����� 
>���@�)UDFWDO�FKDUDFWHUL]DWLRQ�RI�WLPH-GHSHQGHQW�VKDSH�IDFWRU�IRU�
FRXQWHU-FXUUHQW�LPELELWLRQ�LQ�IUDFWXUHG�UHVHUYRLUV  
/DQ�0HL��-LDQFKDR�&DL��4LQJEDQJ�0HQJ��<LQ�&KHQ 

����� 
>���@�(IILFLHQW�6ROYHUV�EDVHG�RQ�+\EULG�+LJK�2UGHU��++2��
PHWKRGV�IRU�IORZ�VLPXODWLRQV�LQ�IUDFWXUHG�URFNV�  
$OH[DQGUH�(UQ��)ORUHQW�+pGLQ��*pUDOGLQH�3LFKRW��1LFRODV�3LJQHW 

����� 
>���@�$GDSWLYH�&RQVHUYDWLYH�7LPH�,QWHJUDWLRQ�ZLWK�+LJKHU�2UGHU�
6FKHPHV�IRU�7UDQVSRUW�LQ�)UDFWXUHG�3RURXV�0HGLD 
0LFKDHO�/LHP��3DWULFN�-HQQ\��6WHSKDQ�0DWWKDL 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV��� 
06����3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG��(QHUJ\�	�&OLPDWH� 
/HFWXUH�+DOO�� 
&KDLUV��:LOOLDP�5RVVHQ��0DDUWMH�%RRQ� 

����� 
>���@�0LQLPDO�VXUIDFHV�LQ�JDV�GLIIXVLRQ�OD\HUV  
0RKDPPDG�-DYDG�6KRMDHL��%UDQNR�%LMHOMLF��0DUWLQ�%OXQW� 

����� 
>���@�,PSDFW�RI�FRPSUHVVLRQ�RQ�WKH�SURSHUWLHV�RI�WKH�IXHO�FHOO�
GLIIXVLRQ�OD\HU  
$VPD�6+$5,)��0DQXHO�0$5&28;��0DUF�3UDW 

����� 

>���@�'LUHFW�SRUH-OHYHO�PXOWLSK\VLFDO�PRGHO�IRU�VRODU�
WKHUPRFKHPLFDO�IXHO�SURGXFWLRQ�UHDFWRU�EDVHG�RQ�VWUXFWXUHG�
SRURXV�PHGLD 
'D�;X��0HQJ�/LQ 

����� 

>���@�3RURXV�FHULD�IRDPV�FRDWHG�ZLWK�&D-GRSHG�ODQWKDQXP�
PDQJDQLWH�SHURYVNLWHV�IRU�VRODU�WKHUPRFKHPLFDO�&2��+�2�
VSOLWWLQJ 
$PLU�0DVRXG�3DUYDQLDQ��(KVDQ�%DQLDVDGL 

����� 

>���@�,PSDFW�RI�5HODWLYH�+XPLGLW\�RQ�WKH�$GVRUSWLRQ�RI�9RODWLOH�
2UJDQLF�&RPSRXQGV�E\�,QGXVWULDO�3RURXV�0DWHULDOV 
0HLVKDQ�*XR��0DMLG�1DGHUL��0DQDVZLQL�$FKDU\D��'DPLDQR�&DWWDQHR��
'DU\O�:LOOLDPV 

����� 

>��@�&DSLOODU\-QXPEHU�,QVLJKWV�LQWR�0RELOL]DWLRQ�RI�2LO�LQ�3RURXV�
0HGLD�E\�)RDP�,QMHFWLRQ 
-LQ\X�7DQJ��:LOOLDP�5RVVHQ 

����� 

>���@�7KH�5ROH�RI�*DV�&RPSRVLWLRQ�RQ�,QMHFWLYLW\�LQ�6XUIDFWDQW-
$OWHUQDWLQJ-*DV�)RDP�3URFHVVHV 
-,$.81�*21*��:LOOLDP�5RVVHQ� 
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06��-$��3K\VLFV�RI�PXOWLSKDVH�IORZ�LQ�GLYHUVH�SRURXV�PHGLD� 
/HFWXUH�+DOO�� 
&KDLUV��<LQJ�*DR��+XPHUD�$QVDUL 

����� 
>��@�'LUHFW�SUHGLFWLRQ�RI�IOXLG-IOXLG�GLVSODFHPHQW�HIILFLHQF\�LQ�
RUGHUHG�SRURXV�PHGLD�XVLQJ�WKH�SRUH�VWUXFWXUH  
7LDQ�/DQ��5DQ�+X��:HL�*XR��*XDQMX�:HL��<L-)HQJ�&KHQ��&KXDQJ-%LQJ�
=KRX 

����� 
>��@�6RO-JHO�WUDQVLWLRQ�LQ�SRURXV�PHGLD�E\�GU\LQJ  
5RPDQH�/H�'L]qV��/HR�3HO��6DUD�-DEEDUL�)DURXML��1RXVKLQH�6KDKLG]DGHK 

����� 
>���@�6XUIDFH-$FWLYH�&RPSRXQGV�,QGXFHG�7LPH-'HSHQGHQF\�DQG�
1RQ-0RQRWRQLFLW\�LQ�)OXLG-)OXLG�'LVSODFHPHQW�LQ�3RURXV�0HGLD 
<8-,1*�'8��.H�;X��/XFDV�0HMLD��0DWWKHZ�%DOKRII 

����� 

>���@�$�PDWKHPDWLFDO�PRGHO�RI�RLO-ZDWHU�VSRQWDQHRXV�LPELELWLRQ�
ZLWK�G\QDPLF�FRQWDFW�DQJOH�LQ�WKH�IUDFWDO�SRURXV�PHGLD�RI�WLJKW�
UHVHUYRLUV 
<RQJIHL�<DQJ��/L[LQ�.DQJ��/HL�=KDQJ��-XQ�<DR 

����� 
>���@�:HWWDELOLW\�HIIHFW�RQ�3RUH-ILOOLQJ�HYHQWV�GXULQJ�WZR-SKDVH�
IORZ 
/,)(,�<$1��%HUQKDUG�:HLJDQG��$PLU�5DRRI��-RKDQQHV�0�OOHU 

����� 

>���@�7KH�7UDQVLWLRQ�IURP�&RQQHFWHG�WR�'LVFRQQHFWHG�3DWKZD\�
)ORZ�5HJLPH���8QGHUVWDQGLQJ�WKH�&RPELQHG�(IIHFWV�RI�:HWWDELOLW\�
DQG�)ORZUDWH 
5XPELG]DL�1KXQGXUX��$PLU�-DKDQEDNKVK��.U\VWLDQ��/�:ORGDUF]\N��0��
0HUFHGHV��0DURWR-9DOHU��2PLG�6KDKURNKL��6XVDQD�*DUFLD 

����� 

>���@�,RQ�FRPSRVLWLRQ�HIIHFW�RQ�VSRQWDQHRXV�LPELELWLRQ�LQ�
OLPHVWRQH�FRUHV� 
5D\PRQG�0XVKDEH��*EDGHER�$GHMXPR��$]L]RY��,OJDU��&DUO�)UHGULN�%HUJ��
$QWMH�YDQ�GHU�1HW� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�����FRQW� 

06����3RUH-VFDOH�PRGHOOLQJ� 
*�$XGLWRULXP 
&KDLUV��.H�;X��<RQJIHL�<DQJ��6WpSKDQH�=DOHVNL��-XOLHQ�0DHV 

����� 

>���@�$EVROXWH�SHUPHDELOLW\�RI�JODVV�EHDG�SDFNV��WKH�ILUVW�
SULQFLSOHV�DJUHHPHQW�EHWZHHQ�H[SHULPHQW�DQG�SRUH-VFDOH�
VLPXODWLRQV  
6LDUKHL�.KLUHYLFK��0D[LP�<XWNLQ��7$'(86=�3$7=(. 

����� 

>���@�5HODWLYH�SHUPHDELOLW\�FRPSXWDWLRQV�XVLQJ�ODUJH�'LJLWDO�5RFN�
3K\VLFV�VLPXODWLRQV  
0RKDPHG�5HJDLHJ��,JRU�%RQGLQR��&OpPHQW�9DUORWHDX[��7LWO\�)DUKDQD�
)DLVDO��5LFKDUG��5LYHQT 

����� 
>���@�3UHGLFWLYH�PXOWL-VFDOH�QHWZRUN�PRGHOV�ZLWK��PLFUR-SRURVLW\ 
6DMMDG�)RURXJKL��%UDQNR�%LMHOMLF��0DUWLQ�%OXQW 

����� 

>���@�&RPSDULVRQ�RI�WKH�*HQHUDOL]HG�1HWZRUN�0RGHO�WR�'LUHFW�
1XPHULFDO�6LPXODWLRQ�IRU�7ZR-3KDVH�)ORZ 
/XNH�*LXGLFL��$OL�4DVHPLQHMDG�5DHLQL��7DNDVKL�$NDL��0DUWLQ�%OXQW��
%UDQNR�%LMHOMLF 

����� 
>���@�$QDO\VLV�RI�6WRNHV-%ULQNPDQ�PRGHOLQJ�IRU�VROXWH�SDUWLFOH�
WUDQVSRUW�LQ�D�GRPDLQ�ZLWK�PLFURSRURXV�UHJLRQV 
%LQ�:DQJ��.DUVWHQ�7KRPSVRQ��5LFKDUG�+XJKHV 

����� 
>��@�'LJLWDO�5RFN�&KDUDFWHUL]DWLRQ�RI�*ODFLDO�'HSRVLWV�WR�5HILQH�
3RUH�6\VWHPV 
,YDQ�'HVKHQHQNRY��3DXO��7DUDEELD��$THHO�.KDOLID 

����� 

>���@�3RUH�QHWZRUN�VLPXODWLRQ�RI�VDOW�VXEIORUHVFHQFH�JURZWK�LQ�D�
SRURXV�PHGLXP 
RXPD\PD�IHNLK��0DUF�3UDW��QRXU�VJKDLHU 
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06����0DWKHPDWLFDO�DQG�QXPHULFDO�PHWKRGV�IRU�PXOWL-VFDOH�PXOWL-
SK\VLFV��QRQOLQHDU�FRXSOHG�SURFHVVHV� 
&ODVVURRP�*� 
&KDLUV��-DNXE�%RWK��6KX\X�6XQ 

����� 

>��@�$Q�HIILFLHQW�SUHFRQGLWLRQLQJ�IUDPHZRUN�IRU�WKH�FRXSOHG�
VLPXODWLRQ�RI�FRQWDFW�PHFKDQLFV�ZLWK�K\GUDXOLFDOO\�DFWLYH�
IUDFWXUHV  
/DXUD�*D]]ROD��$QGUHD�)UDQFHVFKLQL��0DVVLPLOLDQR�)HUURQDWR� 

����� 
>���@�6LPXODWLRQ�RI�LQWHUIDFH-FRXSOHG�SRURXV-PHGLXP�
DSSOLFDWLRQV�XVLQJ�SDUWLWLRQHG�FRXSOLQJ�PHWKRGV  
$OH[DQGHU�-DXVW��0LULDP�6FKXOWH 

����� 

>���@�&RXSOHG�IORZ�LQ�SRURXV�PHGLD�ZLWK�WKLQ�LQFOXVLRQV��
SUHFRQGLWLRQLQJ�EDVHG�RQ�UDWLRQDO�DSSUR[LPDWLRQV�RI�WKH�
IUDFWLRQDO��LQWHUIDFH�RSHUDWRUV 
6YHWR]DU�0DUJHQRY��6WDQLVODY�+DUL]DQRY��,YDQ�/LUNRY 

����� 
>���@�6ROYHUV�IRU�&RXSOHG�3'(�3UREOHPV�LQ�3RURXV�0HGLD�6FLHQFH 
$UQH�1DHJHO 

����� 

>���@�&RXSOHG�7KHUPR-+\GUR-0HFKDQLFDO-&KHPLFDO�$QDO\VLV�RI�
&2��,QMHFWLRQ�LQ�D�1RUWK�6HD�&KDON�5HVHUYRLU 
6H\HGEHK]DG�+RVVHLQ]DGHK��)UpGpULF��$PRXU��0RKDPPDG�5H]D�
+DMLDEDGL��+DPLG�0��1LFN 

����� 

>���@�1XPHULFDO�PRGHOOLQJ�WKH�K\GURPHFKDQLFDO�EHKDYLRU�RI�
XQGUDLQHG�WULD[LDO�WHVWV�RQ�VDWXUDWHG�FRQFUHWH 
-LQ]KRX�%DL��+DQELQJ�%LDQ��<XQ�-LD��-HDQ-3KLOLSSH�&DUOLHU 

����� 

>���@�1XPHULFDO�LQYHVWLJDWLRQ�RI�WKH�IORZ�DQG�SKDVH�WUDQVLWLRQV�RI�
&2��QHDU�LWV�WULSOH-SRLQW�GXULQJ�D�EORZRXW�IURP�D�SOXJJHG�ZHOO 
3UDPRG�%KXYDQNDU��$EGXOODK�&LKDQ��-HQV�%LUNKRO]HU� 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�����FRQW� 
06����0DFKLQH�/HDUQLQJ�DQG�%LJ�'DWD�LQ�3RURXV�0HGLD� 
&ODVVURRP�*� 
&KDLUV��%LFKHQJ�<DQ��7HHUDWRUQ�.DGHHWKXP��+RQJN\X�<RRQ 

����� 
>���@�7KH�0HWKRG�2I�6ROYLQJ�LQFRPSUHVVLEOH�7ZR-SKDVH�6HHSDJH�
(TXDWLRQ�,Q�3RURXV�0HGLD�%\�'HHS�1HXUDO�1HWZRUNV  
-LDQJ;LD�+DQ��/LDQJ�;XH 

����� 
>���@�,PDJH-EDVHG�SK\VLFV-FRQVWUDLQW�ZRUNIORZ�IRU�PXOWL-SKDVH�
IORZ�VLPXODWLRQ�LQ�KHWHURJHQHRXV�PHGLD  
-LQJ\DQ�=KDQJ��%LFKHQJ�<DQ��<XKH�:DQJ 

����� 
>���@�0DFKLQH�OHDUQLQJ�WR�DFFHOHUDWH�QRQOLQHDU�VROYHUV�DSSOLHG�WR�
PXOWLSKDVH�SRURXV�PHGLD�IORZ 
9LQLFLXV�6DQWRV�6LOYD��3DEOR�6DOLQDV��0DWWKHZ�'��-DFNVRQ��&KULVWRSKHU�&��
3DLQ� 

����� 

>���@�0XOWLVFDOH�PRGHOOLQJ�RI�SHUPHDELOLW\�DQG�HIIHFWLYH�
GLVSHUVLRQ�FRHIILFLHQW�LQ�SRURXV�PHGLD��D�GHHS�OHDUQLQJ�DSSURDFK 
$JQHVH�0DUFDWR��*LDQOXFD�%RFFDUGR��'DQLHOH�0DUFKLVLR��0DWWHR�,FDUGL��
-DYLHU�(��6DQWRV��0DVD�3URGDQRYLF 

����� 

>���@�,PSURYLQJ�WKH�3HUIRUPDQFH�RI�5HDFWLYH�7UDQVSRUW�
6LPXODWLRQV�XVLQJ�$UWLILFLDO�1HXUDO�1HWZRUNV 
(UVDQ�'HPLUHU��(PLOLH�&RHQH��$LWRU�,UDROD�*DODU]D��$OEHUW�1DUGL��(OHQD�
$EDUFD��$QGUpV�,GLDUW��*LRUJLR�GH�3DROD��1RHOLD�5RGUtJXH]-0RULOODV� 

����� 

>���@�8SVFDOLQJ�LQYHVWLJDWLRQV�RI�GLVVROXWLRQ�XVLQJ�PDFKLQH�
OHDUQLQJ�DQG�*HR&KHP)RDP 
+DQQDK�0HQNH��6HEDVWLDQ�*HLJHU��-XOLHQ�0DHV 

����� 

>���@�$�)XOO�2UGHU��5HGXFHG�2UGHU�DQG�0DFKLQH�/HDUQLQJ�0RGHO�
3LSHOLQH�IRU�(IILFLHQW�3UHGLFWLRQ�RI�5HDFWLYH�)ORZV 
2OHJ�,OLHY 
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2UDO�SUHVHQWDWLRQV��3DUDOOHO�VHVVLRQV�����FRQW� 

7KXUVGD\�'
HWDLOHG�3URJUDP

 

06����)ORZ��WUDQVSRUW�DQG�PHFKDQLFV�LQ�IUDFWXUHG�SRURXV�PHGLD� 
&ODVVURRP�&� 
&KDLUV��+DPLG�1LFN��$ULDGQL�(OPDORJORX��+ROJHU�6WHHE 

����� 

>��@�6LPXODWLRQ�RI�&2��PLQHUDO�WUDSSLQJ�DQG�SHUPHDELOLW\�
DOWHUDWLRQ�LQ�IUDFWXUHG�EDVDOW��,PSOLFDWLRQV�IRU�JHRORJLF�FDUERQ�
VHTXHVWUDWLRQ�LQ�PDILF�UHVHUYRLUV  
+DR�:X��5LFKDUG��-D\QH��5REHUW�%RGQDU��5\DQ�3ROO\HD� 

����� 
>���@�*RYHUQLQJ�)RUFHV�LQ�)UDFWXUHG�5HVHUYRLUV��$�'DWD-'ULYHQ�
6HQVLWLYLW\�$QDO\VLV  
;XSHQJ�+H��0DUZDK�$O6LQDQ��+\XQJ�.ZDN��+XVVHLQ�+RWHLW 

����� 
>���@�,PSDFWV�RI�IUDFWXUHV�RQ�K\GURG\QDPLF�WUDSSLQJ�IRU�&2��
VWRUDJH�LQ�GHHS�VDOLQH�DTXLIHUV 
<XKDQJ�:DQJ��&RUQHOLV�9XLN��+DGL�+DMLEH\JL 

����� 
>���@�0LVFLEOH�GLVSODFHPHQW�LQ�QHDU-IUDFWXUH�SRURXV�PHGLD�ZLWK�
QRQ-)LFNHQ�'LIIXVLRQ 
)HL�<X��<DQGRQJ�=KDQJ��.H�;X 

����� 
>���@�3K\VLFV-GULYHQ�LQWHUIDFH�PRGHOLQJ�RI�PXOWLSKDVH�IORZ�LQ�
GLIIHUHQW�VFDOH�RI�VXEVXUIDFH�IUDFWXUHV 
ZHQKXL�VRQJ��0DVD�3URGDQRYLF��-XQ�<DR��.DL�=KDQJ 

����� 

>���@�$�3DUWLFOH-7UDFNLQJ�6FKHPH�ZLWK�$GDSWLYH�'LIIXVLRQ�IRU�
0XOWLSKDVH�)ORZV�LQ�)UDFWXUHG�3RURXV�0HGLD 
5DQLW�0RQJD��'DQLHO�0H\HU��3DWULFN�-HQQ\� 

����� 
>���@�0XOWLSK\VLFV�RI�)UDFWXUHG�5HVHUYRLUV�LQ�D�8QLILHG�0RGHOLQJ�
(QYLURQPHQW 
1DQF\�%DQQDFK��(G�*RQ]DOH]��7\FKR�YDQ�1RRUGHQ��6RQMD�:HLQEUHFKW 
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3RVWHU�([KLELWLRQ��6HVVLRQ�� 
([KLELWLRQ�$UHD�������-������ 

1DQRSRURXV�0HGLD� 
>���@�)LOP-WR-SRUH�ILOOLQJ�WUDQVLWLRQ�GXULQJ�ZDWHU�DGVRUSWLRQ�LQ�QDQRSRURXV�
PHGLD 
$EGXOODK�&LKDQ��7HWVX�7RNXQDJD��-HQV�%LUNKRO]HU 

>���@�0ROHFXODU�G\QDPLFV�RI�D�IOXLG�FRQILQHG�LQ�NHURJHQ�IURP�PHPRU\�
NHUQHOV 
.ULVWLQD�$ULVNLQD��*XLOODXPH�*DOOLHUR��$PDHO�2EOLJHU� 

3RUHVFDOH�V\VWHPV�DQG�PLFURIOXLGLFV� 
>���@�3URGXFWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�SRURXV�VOXGJH-GHULYHG�ELRFKDU�DV�
D�VXVWDLQDEOH�VROXWLRQ�IRU�WKH�ZDWHU�LQGXVWU\  
$QGUH�)URWD��1DLDUD�2OLYHLUD��0RQD�/LVD�2OLYHLUD��7KLDJR�;DYLHU��(UGLQ�,EUDLP��
2GDLU�)HUUHLUD��-RVp�&DSHOR�1HWR��7DQQD]�3DN 

>���@�,QVLJKWV�LQWR�WKH�(IIHFWV�RI�:HWWDELOLW\�+HWHURJHQHLW\�RQ�)OXLG�)ORZ�DW�
3RUH-6FDOH  
$PLU�-DKDQEDNKVK��2PLG�6KDKURNKL��0��0HUFHGHV�0DURWR-9DOHU� 

>���@�3RUH-VFDOH�PRGHOOLQJ�RI�SRO\PHULF�VROXWLRQV�LQ�SRURXV�PHGLD 
$PQD�$O-4HQDH��5RXKL�)DUDM]DGHK��9DKLG�1LDVDU 

>���@�([WHQGHG�$OOHQ-&KDQ�SKDVH-ILHOG�HTXDWLRQ�IRU�WHUQDU\�IOXLG�IORZV�DQG�
SKDVH-FKDQJH�SURFHVV�LQ�ELQDU\�IOXLG�IORZV 
5H]D�+DJKDQLKDVDQDEDGL��&DUO�)UHGULN�%HUJ��HLULN�IOHNN¡\ 

>���@�&RPSDULVRQ�RI�3RUH-QHWZRUN�6LPXODWLRQ�DQG�,QILOWUDWLRQ�([SHULPHQW�
3HUIRUPHG�RQ�&RDUVH�6DQG 
7RPDV�3ULQF��0LFKDO�6QHKRWD 

>���@�/RFDO�ZHWWDELOLW\�FKDUDFWHUL]DWLRQ�RI�SRURXV�PHGLD�XQGHU�WZR-SKDVH�
FRQGLWLRQV�XVLQJ�ODWWLFH-%ROW]PDQQ�VLPXODWLRQV 
+DPLGUH]D�(UIDQL�*DKURRHL��5H]D�+DJKDQLKDVDQDEDGL��3HU�$UQH�6ORWWH��-DPHV�
0F&OXUH��&DUO�)UHGULN�%HUJ 

>���@�0RGHOLQJ�GLJLWDO�WZLQV�RI�JUDLQ-EDVHG�UHVHUYRLU�URFNV 
$UQH�-DFRE��&KULVWLDQ�+LQ]��-HQV-2OLYHU�6FKZDU]��$QGUHDV�:LHJPDQQ 



���� 
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HWDLOHG�3URJUDP
 

3RVWHU�([KLELWLRQ��6HVVLRQ����FRQW� 
([KLELWLRQ�$UHD�������-������ 

3RUHVFDOH�V\VWHPV�DQG�PLFURIOXLGLFV��FRQW�� 
>���@�(IIHFWV�RI�FRPSDFWLRQ�RQ�SRUH�VWUXFWXUH�DQG�VRLO�K\GUDXOLF�SURSHUWLHV 
6RKHLO�6DIDUL�$QDUNRXOL��0DUWLQ�/DQ]HQG|UIHU 

3RURXV�PHGLD��HQYLURQPHQW�DQG�ELRORJ\� 
>��@�$JURFKHPLFDO�7UDQVSRUW�LQ�+HWHURJHQHRXV�$JULFXOWXUDO�6RLOV  
0DFNHQ]LH�'XJKL��9HURQLFD�0RUDOHV 

>��@�0LFURIOXLGLF�PRGHO�RI�PLFUR-KDHPRG\QDPLFV�LQ�SRURXV�PHGLD  
4L�&KHQ��1DYDO�6LQJK��.HUVWLQ�6FKLUUPDQQ��,JRU�&KHUQ\DYVN\��$QQH�-XHO 

>���@�'HYHORSPHQW�RI�D�VDOW-LPSUHJQDWHG�6$32-���SRURXV�PDWUL[�ZLWK�
JUDSKHQH�R[LGH�IRU�ZDWHU�VRUSWLRQ�DSSOLFDWLRQV 
6DPDU�1DVU��/XGRYLF�'XPHH��<DVVHU�$O�:DKHGL��$OL�$O�$OLOL��*HRUJLRV�.DUDQLNRORV 

>���@�6DOW�SUHFLSLWDWLRQ�DQG�LWV�LPSDFW�RQ�URFN�SRURVLW\�–�$Q�;-UD\�PLFUR-
WRPRJUDSK\�VWXG\ 
3DYHO�.D]DNRYWVHY��1DWKDO\�/RSHV�$UFKLOKD��1LPD�6KRNUL��7DQQD]�3DN 

>���@�&KHPRWD[LV�SURPRWHG�EDFWHULDO�WUDQVSRUW�WRZDUG�UHVLGXDO�1$3/�LQ�D�
GXDO-SHUPHDELOLW\�PLFURIOXLGLF�GHYLFH 
%HLEHL�*DR��5RVHDQQH�)RUG��;LDRSX�:DQJ 

0XOWL-VFDOH��PXOWL-SK\VLFV�DQG�QRQ-OLQHDU�HIIHFWV�LQ�SRURXV�PHGLD� 

>���@�7KUHH-GLPHQVLRQDO�IUDFWDO�PRGHO�RI�K\GUDXOLFDOO\�IUDFWXUHG�KRUL]RQWDO�
ZHOOV�LQ�DQLVRWURSLF�QDWXUDOO\�IUDFWXUHG�UHVHUYRLUV  
5RVD�0DUtD�0DULVFDO�5RPHUR��5RGROIR�*DEULHO�&DPDFKR�9HOi]TXH]� 

>���@�(VWLPDWLQJ�WKH�VWUXFWXUH�RI�D�VSDWLDOO\�OD\HUHG�PHGLD�IURP�WKH�UDGLDO�
IORZ�H[SHULPHQWV�ZLWK�VKHDU-WKLQQLQJ�IOXLGV  
0DUWLQ�/DQ]HQG|UIHU��0OV�-Lĝt 

>���@�1XPHULFDO�PRGHOOLQJ�RI�&2��VHTXHVWUDWLRQ�LQ�FRDO-VHDPV�EDVHG�RQ�D�
SDUDOOHO�K\EULG�GLVFUHWH�IUDFWXUH�–�GXDO�SRURVLW\�PRGHO 
6KDNLO�0DVXP��0LQ�&KHQ��+\ZHO�7KRPDV 

7+856'$<�����-81(����� 
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3OHQDU\�6HVVLRQ 
0DLQ�$XGLWRULXP�������-������ 
&KDLU��0RKDPHG�6DVVL� 

,QWHU3RUH�3RUH/DE�$ZDUG�IRU�<RXQJ�5HVHDUFKHUV�
6HQ\RX�$Q 
,PSHULDO�&ROOHJH�/RQGRQ��8. 

 
7KLV�DZDUG� LV�JLYHQ� WR�D�\RXQJ�UHVHDUFKHU� LQ� UHFRJQLWLRQ�
RI�RXWVWDQGLQJ�FRQWULEXWLRQV�LQ�WKH�ILHOG�RI�SRURXV�PHGLD�
IURP� D� IXQGDPHQWDO� SRLQW� RI� YLHZ�� 7KH� UHVHDUFK�PD\� EH�
WKHRUHWLFDO��FRPSXWDWLRQDO��RU�H[SHULPHQWDO�� 

$�ZRUG�RI�JUDWLWXGH��7KLV�DZDUG�KDV�EHHQ�PDGH�SRVVLEOH�
E\�D�JHQHURXV�JUDQW� IURP 3RUH/DE �D� UHVHDUFK� FHQWHU�RI� H[FHOOHQFH� MRLQWO\�
IRUPHG� E\� 1RUZHJLDQ� 8QLYHUVLW\� RI� 6FLHQFH� DQG� 7HFKQRORJ\� �1718��� LQ�
7URQGKHLP�DQG�WKH�8QLYHUVLW\�RI�2VOR��8L2���3RUH/DE�IRFXVHV�RQ�WKH�SK\VLFV�
RI� SRURXV� PHGLD� XVLQJ� H[SHULPHQWDO�� WKHRUHWLFDO� DQG� FRPSXWDWLRQDO�

$ZDUG�&HUHPRQ\�������-������ 



���� 
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HWDLOHG�3URJUDP
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5LHQ�YDQ�*HQXFKWHQ�(DUO\-&DUHHU�$ZDUG�RI�
3RURXV�0HGLD�IRU�D�*UHHQ�:RUOG 
6LYD�5DPD�6DW\DP�%DQGDUX� 
8QLYHUVLW\�RI�&DOLIRUQLD��%HUNHOH\��86$� 
 
7KH�5LHQ�YDQ�*HQXFKWHQ�(DUO\�&DUHHU�$ZDUG�LV�JLYHQ�WR�
DQ HDUO\-FDUHHU UHVHDUFKHU� ZKRVH� IRFXV� LV� WKH� JHQHUDO�
WRSLF�RI�´SRURXV�PHGLD�UHVHDUFK�IRU�D�JUHHQ�ZRUOGµ��7KLV�
PD\�LQYROYH�VLJQLILFDQW�WKHRUHWLFDO��H[SHULPHQWDO�DQG�RU�
PRGHOLQJ� DGYDQFHV� DGGUHVVLQJ� PDMRU� VRLO�� K\GURORJLF�
DQG�RU�HQYLURQPHQWDO�SUREOHPV�IDFLQJ�RXU�SODQHW�� 

$� ZRUG� RI� JUDWLWXGH�� 7KLV�DZDUG�KDV�EHHQ�PDGH�SRVVLEOH�E\�D�JHQHURXV�
GRQDWLRQ�IURP�'U��%HWW\-0D\�3RQWHGHLUR�WR�WKH�,QWHU3RUH�)RXQGDWLRQ�DQG�LV�
FUHDWHG� LQ� KRQRU� RI� WKH� HPLQHQW� VRLO� DQG� JURXQGZDWHU� VFLHQWLVW�0DUWKLQXV�
�5LHQ�� 7K�� YDQ� *HQXFKWHQ�� 5LHQ� YDQ� *HQXFKWHQ� LV� ZRUOG� UHQRZQ� IRU� KLV�
HQRUPRXV� DFKLHYHPHQWV� LQ� WKH� DUHD� RI� IOXLGV� IORZ� DQG� VROXWHV� WUDQVSRUW� LQ�
SDUWLDOO\-VDWXUDWHG� SRURXV� PHGLD�� +H� KDV� PDGH� KLJKO\� LPSDFWIXO�
FRQWULEXWLRQV�WR�WKH�XQGHUVWDQGLQJ�DQG�PRGHOLQJ�RI�VXEVXUIDFH�SURFHVVHV��LQ�
VXFK� ZLGHO\� YDU\LQJ� ILHOGV� DV� VRLO� SK\VLFV�� K\GURORJ\�� JHRORJ\�� WKH�
HQYLURQPHQWDO�VFLHQFHV��DQG�FLYLO�HQJLQHHULQJ�� 

 
,QWHU3RUH�1DWLRQDO�&KDSWHU�$ZDUGV 

7KH�1DWLRQDO�&KDSWHU�$ZDUGV�DUH�JLYHQ�LQ�UHFRJQLWLRQ�RI�UHPDUNDEOH�DFWLYLWLHV�
RYHU�WKH�SDVW�\HDU��� 

9LVLW�WKH�1DWLRQDO�&KDSWHUV�ERRWK�LQ�WKH� 
YLUWXDO�H[KLELWLRQ�KDOO�WR�OHDUQ�PRUH�DERXW� 
MRLQLQJ�RU�VWDUWLQJ�D�1DWLRQDO�&KDSWHU� 
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$EUDKDP�6WURRFN 
&RUQHOO�8QLYHUVLW\� 
 
7KH�3XOVH�RI�3ODQWV� 
 
3ODQWV�JLYH� OLIH� WR�RXU�SODQHW�E\�SXOOLQJ� FULWLFDO� UHDJHQWV�
RXW�RI�WKH�VRLO�IURP�EHORZ��ZDWHU�DQG�PLFURQXWULHQWV��DQG�
RXW� RI� WKH� DWPRVSKHUH� IURP� DERYH� �OLJKW� DQG� FDUERQ�
GLR[LGH���7R�DFKLHYH�WKLV�IHDW��WKH\�PDVWHU�D�ZLGH�UDQJH�RI�
IOXLG� PHFKDQLFDO� FRQWH[WV�� IURP� IORZV� LQ� XQVDWXUDWHG�

SRURXV�PHGLD�DURXQG�WKHLU�URRWV��WKURXJK�QDQRFRQILQHG�IORZV�LQ�WKHLU�WLVVXHV��
WR� WXUEXOHQW� DLU� IORZV� DURXQG� WKHLU� OHDYHV�� 7KH\� UHJXODWH� WKHVH� VWHSV� LQ� WKH�
WUDQVSLUDWLRQ� SURFHVV� SDVVLYHO\� WKURXJK� WKHLU� LQWHUQDO� DQG� H[WHUQDO� VWUXFWXUH�
DQG� DFWLYHO\� WKURXJK� YDOYHV� �VWRPDWHV�� WKDW� FRQWURO� WKH� FRXSOLQJ� WR� WKH�
DWPRVSKHUH��7KURXJK�HDFK�GD\��WKH�IOX[�DQG�VWUHVV�ZLWKLQ�D�SODQW�SXOVH�GXH�WR�
SK\VLFDO� DQG� ELRORJLFDO� UHVSRQVHV� WR� IOXFWXDWLRQV� LQ� VXQOLJKW�� ZLQG��
WHPSHUDWXUH�� DQG� KXPLGLW\� LQ� WKH� PLFURHQYLURQPHQW�� 7KLV� SXOVH� RI� SODQWV�
GHILQHV� WKHLU� SURGXFWLYLW\� DQG� HIILFLHQF\� LQ� ERWK� QDWXUDO� DQG� DJULFXOWXUDO�
FRQWH[WV��,Q�WKLV�WDON��,�ZLOO�GHVFULEH�RXU�ZRUN�PHDVXULQJ�WKHVH�G\QDPLFV�ZLWK�D�
PLFURIOXLGLF� VHQVRU� WKDW� LWVHOI� ERUURZV� GHVLJQ� SULQFLSOHV� IURP� WKH� YDVFXODU�
VWUXFWXUH�RI�SODQWV�� ,�ZLOO�XVH�RXU�HIIRUWV� WR�PRGHO� WKH�REVHUYHG�G\QDPLFV� WR�
LOOXVWUDWH� WKH� FRXSOLQJ� RI� WKH� YDULRXV� IORZV� PHQWLRQHG� DERYH� ZLWK� WKH�
SK\VLRORJ\� RI� SODQWV�� ,� ZLOO� DOVR� SRLQW� WRZDUG� LPSOLFDWLRQV� IRU� LPSURYHG�
XQGHUVWDQGLQJ�RI�WKH�ELRORJ\�DQG�LQFUHDVHG�HIILFLHQF\�LQ�WKH�PDQDJHPHQW�RI�
ZDWHU�LQ�DJULFXOWXUH�� 

3OHQDU\�/HFWXUH�������-������ 

3OHQDU\�6HVVLRQ��FRQW� 
0DLQ�$XGLWRULXP�������-������ 
&KDLU��0RKDPHG�6DVVL� 
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&ORVLQJ�&HUHPRQ\ 
0DLQ�$XGLWRULXP�������-������ 

 
0'3,�(QHUJLHV�6WXGHQW�3RVWHU�$ZDUGV� 
 
 
7KH� 0'3,� (QHUJLHV� 6WXGHQW� 3RVWHU� $ZDUG� LV� JLYHQ� LQ� UHFRJQLWLRQ� RI�
RXWVWDQGLQJ� VWXGHQW� SRVWHU� SUHVHQWDWLRQV� DW� WKH� DQQXDO� ,QWHU3RUH�
FRQIHUHQFH� �(DFK�\HDU�� DW� WKH�DQQXDO� ,QWHU3RUH�FRQIHUHQFH�� WKH�+RQRUV�DQG�
$ZDUGV�&RPPLWWHH�ZLOO�FKRRVH�WKH�EHVW�VWXGHQW�SRVWHU�SUHVHQWDWLRQV�WR�ZLQ�
WKH�0'3,�(QHUJLHV�6WXGHQW�3RVWHU�$ZDUG�  � 

$� ZRUG� RI� JUDWLWXGH�� 7KLV� DZDUG�KDV�EHHQ�PDGH�SRVVLEOH�E\� D�JHQHURXV�
JUDQW�IURP 0'3,�(QHUJLHV� 

,QWHU3RUH�5RVHWWHV 
 
,QWHU3RUH� DFWLYLWLHV� DUH� FDUULHG� RXW� PDLQO\� E\� YROXQWHHUV�� ,W� WDNHV� PDQ\� 
YROXQWDU\�ZRUNLQJ�KRXUV� WR�PDNH�DQ� LQWHUQDWLRQDO�SODWIRUP� OLNH� ,QWHU3RUH�D�
VXFFHVV�� 5HFRJQL]LQJ� DQG� KRQRULQJ� YROXQWHHUV� VHWV� D� VWDQGDUG� IRU� VHUYLFH��
HQFRXUDJHV�D�VXVWDLQHG�FRPPLWPHQW�WR�SDUWLFLSDWLRQ��DQG�LQVSLUHV�RWKHUV�WR�
FRPPLW�WKHPVHOYHV�DV�ZHOO� 
 
(DFK�\HDU��,QWHU3RUH�KRQRUV�VHOHFWHG�LQGLYLGXDOV�ZKR�KDYH�PDGH�YHU\� 
VLJQLILFDQW�FRQWULEXWLRQV�WR�,QWHU3RUH�DFWLYLWLHV��WKH\�UHFHLYH�WKH�,QWHU3RUH�
5RVHWWH�� 
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