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7KH�SXUSRVH�RI� WKLV�UHYLHZ�ZDV�WR� LGHQWLI\� WKH�YDULRXV�IDFWRUV� LQYROYHG� LQ�SRO\PHUL]DWLRQ�VKULQNDJH�RI�
GHQWDO� FRPSRVLWHV� DQG� WR� GLVFXVV� SRVVLEOH� VWUDWHJLHV� RI� RYHUFRPLQJ� WKLV� GUDZEDFN�� 7KH� ILQDO� VHWWLQJ�
UHDFWLRQ� RI� GHQWDO� FRPSRVLWH� PDWHULDO� LV� IROORZHG� E\� SRO\PHUL]DWLRQ� VKULQNDJH� RI� WKH� PDWHULDO� ZKLFK�
OHDGV�WR�VKULQNDJH�VWUHVV�DQG�VWUDLQ��7KLV�VKULQNDJH�VWUHVV�DQG�VWUDLQ�FRXOG�UHVXOW� LQ�GHERQGLQJ�RI�WKH�
PDWHULDO�� FXVSDO� IOH[XUH�� IUDFWXUH� RI� WKH� WRRWK��PLFUROHDNDJH� DQG� SRRU�PHFKDQLFDO� SURSHUWLHV�� 3XE0HG�
DQG� *RRJOH� VFKRODU� GDWDEDVHV� ZHUH� XVHG� WR� VHDUFK� WKURXJK� WKH� SDVW� ��� \HDUV� RI� OLWHUDWXUH� XVLQJ�
VHOHFWHG�VHDUFK�FULWHULD�³'HQWDO�FRPSRVLWH
>7:@�$1'��VKULQNDJH
>7:@�25�VWUHVV
>7:@�25�VWUDLQ
>7:@�´�
WR� LGHQWLI\�DUWLFOHV�ERRN�FKDSWHUV�GLVFXVVLQJ�SRO\PHUL]DWLRQ�VKULQNDJH�DQG�SRVVLEOH�VROXWLRQV�� ,Q� WRWDO�
����DUWLFOHV�ERRN�FKDSWHUV�PHW�WKH�FULWHULD�IRU�LQFOXVLRQ�LQ�WKH�OLWHUDWXUH�UHYLHZ�� 
7KHUH� ZHUH� PXOWLSOH� IDFWRUV� WKDW� ZHUH� LGHQWLILHG� WR� KDYH� DQ� LPSDFW� RQ� SRO\PHUL]DWLRQ� VKULQNDJH� DQG��
FRQVHTXHQWO\�VKULQNDJH�VWUHVV�DQG�VWUDLQ��ZKLFK�LQFOXGHG�WKH�FRPSRVLWLRQ�DQG�YLVFRVLW\�RI�WKH�PDWHULDO��
PRGXOXV�RI�HODVWLFLW\�DFTXLUHG�E\�WKH�PDWHULDO��UDWH�RI�SRO\PHUL]DWLRQ��FRQILJXUDWLRQ�IDFWRU�DQG�GHJUHH�RI�
FRQYHUVLRQ��2Q�WKH�RWKHU�KDQG��WKH�PHWKRGV�ZKLFK�FRXOG�KHOS�PLQLPL]H�VKULQNDJH�LQYROYHG�DOWHUDWLRQ�WR�
WKH�PDWHULDO�LQFOXGLQJ�FKDQJH�LQ�SDUWLFOH�VL]H��LQFRUSRUDWLRQ�RI�LQKLELWRUV��DQG�DGGLWLRQ�RI�VLORUDQH�DV�ZHOO�
DV� XVH� RI� YDULRXV� FOLQLFDO� WHFKQLTXHV�� ,W� FDQ� EH� FRQFOXGHG� WKDW� YDULRXV� VWUDWHJLHV� KDYH� EHHQ�
LPSOHPHQWHG�WR�RYHUFRPH�WKH�VKULQNDJH�VWUHVV�DQG�VWUDLQ�UHODWHG�WR�GHQWDO�FRPSRVLWHV��KRZHYHU��IXUWKHU�
UHVHDUFK� LV� UHTXLUHG� WR� KHOS� LQ� WKH� GHYHORSPHQW� RI� WKH� PDWHULDO�� ,Q� DGGLWLRQ�� LPSURYHPHQW� LQ� WKH�
SODFHPHQW�WHFKQLTXHV�RI�WKH�PDWHULDO�QHHGV�IXUWKHU�H[SORUDWLRQ�WR�UHGXFH�WKLV�FRPSOLFDWLRQ� 
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'HQWDO� FDULHV� FRXOG� UHVXOW� LQ� FDYLWDWLRQV� RI� WKH� WRRWK�
VWUXFWXUH� QHFHVVLWDWLQJ� LWV� UHVWRUDWLRQ��� 'HQWDO�
FRPSRVLWH�ILOOLQJ�PDWHULDOV�KDYH�EHHQ�XVHG�LQ�GHQWLVWU\�
IRU� WKH� SDVW� IHZ� GHFDGHV� DV� WKH\� FDQ� EH� XVHG� WR�
UHVWRUH� DQWHULRU� DQG� SRVWHULRU� WHHWK�� KDYH� JRRG�
DGKHVLRQ� SURSHUWLHV�� DQG� HDV\� DSSOLFDWLRQ��� $Q� LGHDO�
ILOOLQJ�PDWHULDO� VKRXOG� EH� IUHH� IURP�PDUJLQDO� OHDNDJH��
DQG�VKRXOG�QRW�XQGHUJR�GLPHQVLRQDO�FKDQJHV�LQ�RUGHU�
WR� DGDSW� ZHOO� WR� FDYLW\� ZDOOV��� +RZHYHU�� QRQH� RI� WKH�
FRPSRVLWH� ILOOLQJ�PDWHULDOV� IXOILOO� WKHVH� SURSHUWLHV� DQG�
SUREOHPV�ZLWK�PDUJLQDO� LQWHJULW\�RI�WKH�UHVWRUDWLRQ�VWLOO�
H[LVW��� 7KH� FRQYHQWLRQDO� FRPSRVLWH� ILOOLQJ� PDWHULDOV�
XQGHUJR� GLPHQVLRQDO� FKDQJHV� EHFDXVH� GXULQJ� WKH�
WUDQVIRUPDWLRQ� RI� PRQRPHU� PROHFXOHV� LQWR� SRO\PHU�
PROHFXOHV�� WKHUH� LV� UHGXFWLRQ� LQ� WKH� YDQ� GHU� :DDO�
VSDFHV� EHWZHHQ� WKH� PROHFXOHV� UHVXOWLQJ� LQ�
FRQWUDFWLRQ��� 7KLV� FRQWUDFWLRQ� FDQ� EH� WHUPHG� DV�
SRO\PHUL]DWLRQ�VKULQNDJH��� 
'XULQJ� VKULQNDJH�� VWUHVV� DQG� VWUDLQ� DUH� GHYHORSHG� LQ�
WKH� UHVWRUDWLYH� PDWHULDO� DQG� DW� WKH� LQWHUIDFH� RI� WKH�
WRRWK-UHVWRUDWLYH�PDWHULDO�DV�WKH�FRPSRVLWH�UHVWRUDWLYH�
PDWHULDO� LV� ERQGHG� WR� WKH� ULJLG� WRRWK� ZDOOV����� 6WUHVV�
FDQ� EH� GHILQHG� DV� ³ZKHQ� DQ� H[WHUQDO� VWLPXOXV� LV�
DSSOLHG� WR� D� VSHFLPHQ� RI� PDWHULDO� XQGHU� WULDO�� DQ�
LQWHUQDO� IRUFH�� HTXDO� LQ� PDJQLWXGH� EXW� RSSRVLWH� LQ�

GLUHFWLRQ�� LV�VHW�XS� LQ� WKH�VSHFLPHQ´��ZKLOH�6WUDLQ�FDQ�
EH� GHILQHG� DV� ³WKH� H[WHUQDO� IRUFH� DSSOLHG� WR� D�
VSHFLPHQ� UHVXOWLQJ� LQ� D� FKDQJH� LQ� GLPHQVLRQ´���
0RUHRYHU�� VWUHVV� DQG� VWUDLQ� DUH� UHODWHG� SURSHUWLHV��
WKHUHIRUH�� VWUHVV� SURGXFHG� LQ� D� PDWHULDO� GXH� WR� DQ�
H[WHUQDO� IRUFH� PD\� UHVXOW� LQ� VWUDLQ� RU� FKDQJH� LQ�
GLPHQVLRQ�RI�WKH�PDWHULDO��� 
,I� WKH� VWUHQJWK� RI� WKH� DGKHVLYH� ERQG� LV� QRW� VWURQJ�
HQRXJK� WR� UHVLVW� WKH�VWUHVV�VKULQNDJH�SURGXFHG�� WKHQ�
WKHUH�ZLOO�EH�IRUPDWLRQ�RI�D�JDS�DW�WKH�WRRWK-UHVWRUDWLRQ�
LQWHUIDFH� ZKLFK�PD\� UHVXOW� LQ� SRVVLEOH� PLFUROHDNDJH��
WRRWK� VHQVLWLYLW\�� DQG� HYHQWXDOO\� VHFRQGDU\� FDULHV���
+RZHYHU�� LI� WKH� ERQG� VWUHQJWK� LV� KLJK� HQRXJK� WR�
SUHYHQW�VKULQNDJH�VWUHVV��WKHQ�WKHUH�PLJKW�EH�D�FXVSDO�
GHIOHFWLRQ� ZKLFK� FDQ� FDXVH� SRVW-RSHUDWLYH� SDLQ� RU� LQ�
VRPH� FDVHV� IUDFWXUH� RI� FXVSV���7KHUH� DUH� PXOWLSOH�
IDFWRUV� WKDW� PD\� KDYH� DQ� LPSDFW� RQ� SRO\PHUL]DWLRQ�
VKULQNDJH� DQG� FRQVHTXHQWO\� VKULQNDJH� VWUHVV� DQG�
VWUDLQ�� ZKLFK� PD\� LQFOXGH� WKH� FRPSRVLWLRQ� DQG�
YLVFRVLW\�RI�WKH�PDWHULDO��PRGXOXV�RI�HODVWLFLW\�DFTXLUHG�
E\� WKH� PDWHULDO�� UDWH� RI� SRO\PHUL]DWLRQ�� FRQILJXUDWLRQ�
IDFWRU�DQG�GHJUHH�RI�FRQYHUVLRQ�� 
7KH� SXUSRVH� RI� WKLV� UHYLHZ� ZDV� WR� VXPPDUL]H� WKH�
LQIRUPDWLRQ�SUHVHQW� LQ� WKH� OLWHUDWXUH� UHJDUGLQJ�YDULRXV�
IDFWRUV� WKDW� FDQ� DIIHFW� SRO\PHUL]DWLRQ� VKULQNDJH� LQ�
GHQWDO� FRPSRVLWHV� DQG� SRVVLEOH�PHWKRGV� E\� ZKLFK� LW�
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FDQ�EH�UHGXFHG�RU�PLQLPL]HG�� 

0(7+2'2/2*< 

(OHFWURQLF� VHDUFK� RI� 3XE0HG�0HGOLQH� DQG� *RRJOH�
VFKRODU� GDWDEDVHV� ZDV� GRQH�� $� WRWDO� RI� ���� DUWLFOHV�
ZHUH�HYDOXDWHG�DQG�VFUHHQHG�IRU�SDUDPHWHUV�LQFOXGLQJ�
WKH�RULJLQ��PHWKRGRORJ\�DQG�LQYLWUR�LQYLYR�VWXGLHV��7KH�
VHDUFK� ZDV� FDUULHG� RXW� XVLQJ� WKH� IROORZLQJ� FULWHULD�
³'HQWDO� FRPSRVLWH
>7:@� $1'� �VKULQNDJH
>7:@� 25�
VWUHVV
>7:@� 25� VWUDLQ
>7:@�´�� 7KH� VWXGLHV� WKDW� ZHUH�
GXSOLFDWH�� QRW� LQ�(QJOLVK� ODQJXDJH� DQG� QRW� SXEOLVKHG�
LQ� GHQWDO� MRXUQDOV� ZHUH� GLVFDUGHG�� 6WXGLHV� SXEOLVKHG�
EHWZHHQ�WKH�\HDUV������DQG������WKDW�HYDOXDWHG� WKH�
SRO\PHUL]DWLRQ�VKULQNDJH��VWUHVV�DQG�VWUDLQ�RU�UHSRUWHG�
VWUDWHJLHV� WR� RYHUFRPH� VKULQNDJH�� ZHUH� ILQDOL]HG� IRU�
LQFOXVLRQ�� ,Q� WKH� HQG� ��� DUWLFOHV�ERRN� FKDSWHUV� ZHUH�
LQFOXGHG�LQ�WKH�VWXG\�IRU�UHYLHZ��)LJXUH�,�� 
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)DFWRUV�DIIHFWLQJ�SRO\PHUL]DWLRQ�VKULQNDJH 
9LVFR-HODVWLFLW\ 

7KH� TXDOLW\� DQG� GXUDELOLW\� RI� GHQWDO� UHVWRUDWLRQV� LV�
DIIHFWHG� E\� PDQ\� IDFWRUV��� 2QH� LPSRUWDQW� IDFWRU� LV�
YLVFR-HODVWLFLW\��'XULQJ�WKH�HDUO\�VHWWLQJ�UHDFWLRQ�RU�SUH
-JHO� VWDWH� RI� FRPSRVLWH� ILOOLQJ� PDWHULDOV�� WKH� PDWHULDO�
XQGHUJRHV� VRPH� SODVWLF� IORZ� ZKLFK� SUHYHQWV� WKH�
VWUHVV� EXLOGXS�� +RZHYHU�� ZKHQ� WKH� PDWHULDO� FDQQRW�
XQGHUJR� IXUWKHU� SODVWLF� IORZ� DOVR� NQRZQ� DV� SRVW-JHO�
VWDWH�� WKH�PRGXOXV�RI�HODVWLFLW\� LQFUHDVHV�VLJQLILFDQWO\�
DQG�VWUHVV�VWDUWV�WR�EXLOG�XS�DW�WKH�LQWHUIDFH����+HQFH��

ORQJHU� WKH� PDWHULDO� FDQ� XQGHUJR� SODVWLF� IORZ�� OHVVHU�
ZLOO� EH� WKH� VWUHVV� GHYHORSPHQW�� WKHUHIRUH�� VORZHU�
SRO\PHUL]DWLRQ� UHDFWLRQ� PD\� UHVXOW� LQ� OHVV� VWUHVV�
JHQHUDWLRQ�DQG�JRRG�PDUJLQDO�VHDO����7KH�FRPSRVLWLRQ�
DQG� WKH� ILOOHU� FRPSRQHQW� KDYH� DQ� LPSRUWDQW� SDUW� LQ�
GHILQLQJ� WKH� SRO\PHUL]DWLRQ� VKULQNDJH� IRXQG� LQ� WKH�
ILOOLQJ� PDWHULDO� DQG� LWV� DELOLW\� WR� IORZ� DQG� UHOLHYH�
VWUHVV����,W�KDV�EHHQ�VKRZQ�WKDW�LQFUHDVLQJ�WKH�YROXPH�
RI�LQRUJDQLF�ILOOHU�FRQWHQW�UHODWHV�WR�D�ORZHU�DPRXQW�RI�
UHVLQV�� OHDGLQJ� WR� OHVV� VKULQNDJH� ZKLFK� FDQ� EH�
DGYDQWDJHRXV� RQ� RQH� KDQG��ZKLOH� RQ� WKH� RWKHU� VLGH��
WKLV�LQFUHDVH�LQ�ILOOHU�FRQWHQW�UHVXOWV�LQ�KLJKHU�PRGXOXV�
RI�HODVWLFLW\�ZKLFK�FDQ�EH�D�GLVDGYDQWDJH�DV� WKH� IORZ�
RI�WKH�PDWHULDO�LV�GHFUHDVHG�� 

5DWH�RI�SRO\PHUL]DWLRQ 
/LJKW� DFWLYDWHG� FRPSRVLWHV� JHQHUDOO\� XQGHUJR� IDVW�
VHWWLQJ�ZKLFK� UHVXOWV� LQ� LQVXIILFLHQW�SHULRG� IRU� WKH� IORZ�

RI�WKH�PDWHULDO�DQG� LQ�VKULQNDJH�VWUHVV�DQG�VWUDLQ��$Q�
LQ�YLWUR�VWXG\�SHUIRUPHG�E\�.LQRPRWR�LQ������VKRZHG�
VWUHVV� JHQHUDWLRQ� E\� OLJKW� FXUHG� FRPSRVLWHV� WR� EH�
WZLFH�DV�KLJK�ZKHQ�FRPSDUHG�WR�VWUHVV�JHQHUDWHG�E\�
FKHPLFDOO\�FXUHG�FRPSRVLWHV����7KLV� LQFUHDVHG�VWUHVV�
JHQHUDWLRQ�ZDV�SUREDEO\�GXH�WR�WKH�VSHHG�RI�UHDFWLRQ�
ZKLFK� ZDV� IDVWHU� IRU� OLJKW� FXUHG� FRPSRVLWHV� WKDQ� IRU�
FKHPLFDOO\�FXUHG�FRPSRVLWHV��� 

'HJUHH�RI�FRQYHUVLRQ 
$Q� LPSRUWDQW� IDFWRU� LQ� GHWHUPLQLQJ� WKH� VKULQNDJH�
VWUHVV�� VWUDLQ�� DQG� RWKHU� SK\VLFDO� SURSHUWLHV� RI� WKH�
PDWHULDO� LV� WKH� GHJUHH� RI� FRQYHUVLRQ�� ,QFRPSOHWH�
SRO\PHUL]DWLRQ�PD\�DOVR� OHDG� WR�SRRU�ELRFRPSDWLELOLW\�

)DFWRUV�/HDGLQJ�WR�6KULQNDJH�6WUHVV�DQG�6WUDLQ�LQ�'HQWDO�&RPSRVLWHV 
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(OHFWURQLF�GDWD�EDVH�VHDUFK�WKURXJK�3XE0HG�DQG�
*RRJOH�6FKRODU� 

5HOHYDQW�$UWLFOHV�LGHQWLILHG�DQG�VWXGLHG�LQ�
GHWDLO��Q� ����� 

6WXGLHV�H[FOXGHG 
���1RW�LQ�(QJOLVK 
���2OGHU�WKDQ������ 
���'XSOLFDWH�VWXGLHV��FRQIHUHQFH�DEVWUDFWV 

���6WXGLHV�SXEOLVKHG�����-����� 
���6WXGLHV�HYDOXDWLQJ�VKULQNDJH��VWUHVV�

	�VWUDLQ 
���6WXGLHV�UHSRUWLQJ�VWUDWHJLHV�WR�RYHUFRPH�
VKULQNDJH 

6WXGLHV�LQFOXGHG�LQ�WKH�UHYLHZ� 
�Q� ���� 

+LWV�5HFHLYHG� 
�Q� ������� 
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GXH�WR�VHFUHWLRQ�RI�IUHH�UHVLGXDO�PRQRPHUV�LQ�WKH�RUDO�
HQYLURQPHQW� ZKLFK� FDQ� KDYH� D� WR[LF� HIIHFW����
%LVSKHQRO� $-JO\FLG\O� PHWKDFU\ODWH� �%LV*0$�� LV� D�
FRPPRQO\�XVHG�PRQRPHU�LQ�GHQWDO�FRPSRVLWHV�KDYLQJ�
KLJK�YLVFRVLW\�RI��������-��������P�3DāV����PROHFXODU�
ZHLJKW� RI� ���J�PRO�� DQG� ORZ� GHJUHH� RI� FRQYHUVLRQ����
0RUHRYHU�� DGGLWLRQ� RI� ILOOHU� FRQWHQWV� LV� OLPLWHG� GXH� LWV�
KLJK� PROHFXODU� ZHLJKW�� 7KHUHIRUH�� PRQRPHUV� OLNH�
WULHWK\OHQH� JO\FRO� GLPHWKDFU\ODWH� �7(*'0$�� DQG�
XUHWKDQH�GLPHWKDFU\ODWH��8'0$��ZLWK�ORZHU�PROHFXODU�
ZHLJKWV� ����–���J�PRO�� DQG� ORZHU� YLVFRVLWLHV� ����–
�������P3DāV��DUH�DGGHG��ZKLFK�UHVXOWV�LQ�D�GHVLUDEOH�
YLVFRVLW\�RI�GHQWDO�FRPSRVLWHV�DQG� LQFUHDVHG�DPRXQW�
RI� FRQYHUVLRQ�� EXW� DOVR� OHDGV� WR� LQFUHDVHG� VKULQNDJH�
DQG�VKULQNDJH�VWUHVV��-��� 
5HVWULFWLRQV�RQ�WKH�PDWHULDO 
:KHQ�D�FRPSRVLWH� ILOOLQJ�PDWHULDO� LV�SODFHG�WR�UHVWRUH�
D� WRRWK�� VRPH� UHVWULFWLRQV� DUH� DSSOLHG� E\� WKH�
DGKHVLYHV� ZKLFK� PD\� OHDG� WR� VWUHVV� GHYHORSPHQW������
$SDUW�IURP�PDWHULDO�SURSHUWLHV�LWVHOI��WZR�YDULDEOHV�DUH�
RI� JUHDW� LPSRUWDQFH� LQ� WKH� UHVWULFWLRQ� RI� GHQWDO�
FRPSRVLWHV��)LUVWO\��WKH�JHRPHWU\�RI�WKH�FDYLW\�ZDOOV�LQ�
ZKLFK�WKH�UHVWRUDWLRQ�LV�WR�EH�SODFHG�DQG�VHFRQGO\��WKH�
FRPSOLDQFH� RI� WKH� VXEVWUDWH� ZKLFK� FDQ� EH�
FKDUDFWHUL]HG� E\� VWLIIQHVV� DQG� PRELOLW\� RI� WKH� WRRWK�
ZDOOV����7KH�GLPHQVLRQV�RI�WKH�JHRPHWU\�HVWDEOLVK�WKH�
FRQILJXUDWLRQ�IDFWRU��&-IDFWRU��ZKLFK�FDQ�EH�GHILQHG�DV�
WKH� UDWLR� EHWZHHQ� ERQGHG� DUHD� LQ� D� FDYLW\� DQG�
XQERQGHG� IUHH� DUHD����7KH� PDWHULDO� QRUPDOO\� IORZV�
WRZDUGV� WKH� IUHH� DUHD� FDXVLQJ� SURGXFWLRQ� RI� OHVV�
VWUHVV�DW�WKH�LQWHUIDFH����7KHUHIRUH��JUHDWHU�WKH�FRQWDFW�
DUHD��WKH�OHVVHU�ZLOO�EH�WKH�IUHH�DUHD�DQG�WKXV�JUHDWHU�
ZLOO� EH� WKH� VWUHVV� DW� WKH� LQWHUIDFH����0RUHRYHU�� D�
VKDOORZ�FDYLW\�ZLOO�KDYH�OHVV�&-IDFWRU�ZKHQ�FRPSDUHG�
WR�D�GHHSHU�FDYLW\�RI�WKH�VDPH�GHVLJQV���� 
)HLO]HU�$-��������SHUIRUPHG�DQ� LQ�YLWUR�VWXG\� LQ������
LQ�ZKLFK�LW�ZDV�UHSRUWHG�WKDW�UHVWRUDWLRQV�ZLWK�&-IDFWRU�
RI� OHVV� WKDQ� �� ZHUH� DEOH� WR� UHVLVW� FRKHVLYH� IDLOXUHV��
UHVWRUDWLRQV� ZLWK� &-IDFWRU� EHWZHHQ� �� DQG� �� VKRZHG�
VRPH�FRKHVLYH� IDLOXUHV��ZKHUHDV� UHVWRUDWLRQV�ZLWK�&-
IDFWRU� RI� PRUH� WKDQ� �� VKRZHG� FRQVLVWHQW� FRKHVLYH�
IDLOXUHV� IURP� VKULQNDJH� VWUHVV� GXULQJ� SRO\PHUL]DWLRQ��
:KHQ�DGKHVLYHV�DUH�XVHG�� WKH�VWUDLQ�RI� WKH�VXEVWUDWH�
PDWHULDO�FDQ�KHOS� LQ� UHGXFLQJ� WKH�VKULQNDJH�VWUHVV��$�
SUHYLRXV� LQ� YLWUR�VWXG\�SHUIRUPHG�E\�$OVWHU�'���������
VKRZHG� WKDW� ZKHQ� WKH� FRPSOLDQFH� RI� WKH� VXEVWUDWH�
ZDV� LQFUHDVHG� IURP� ������ 03D� WR� ������ 03D�� WKH�
VWUHVV�JHQHUDWLRQ�GXH�WR�VKULQNDJH�GHFUHDVHG�IURP����
03D� WR� �� 03D�� 0RUHRYHU�� WKLQQHU� FRPSRVLWH� ILOPV�
UHVXOWHG�LQ�PRUH�VWUHVV�UHOLHI�DQG�UHOLDEOH�ERQGV��� 
6WUDWHJLHV�WR�PLQLPL]H�VKULQNDJH�VWUHVV�DQG�VWUDLQ 
6HYHUDO�DSSURDFKHV�KDYH�EHHQ�SURSRVHG�WR�PLQLPL]H�
WKH�VKULQNDJH�RI�WKH�PDWHULDO�DQG�VKULQNDJH�VWUHVV�DQG�
VWUDLQ��7KHVH�DSSURDFKHV�LQFOXGH�WKH�DOWHUDWLRQ�RI�WKH�
FRPSRVLWH� PDWHULDO� LWVHOI� VXFK� DV� WKH� PRQRPHU�
IRUPXODWLRQ�� WKH� DPRXQW� RI� ILOOHUV�� LQLWLDWRU� OHYHO��
LQKLELWRU� OHYHO� DQG� DGGLWLRQ� RI� DGGLWLYHV�� ZKLOH� RWKHU�
DSSURDFKHV� LQFOXGH� LQFUHPHQWDO� SODFHPHQW��

DOWHUQDWLYH� OLJKW� FXULQJ� PHWKRGV� DQG� VDQGZLFK�
UHVWRUDWLRQ� ZLWK� IORZ� DEOH� FRPSRVLWHV�� ORZ� YLVFRVLW\�
OLQHUV�RU�JODVV�LRQRPHU�FHPHQWV��*,&¶V��� 
$OWHUDWLRQ�RI�GHQWDO�FRPSRVLWHV 
7KH�VL]H�RI� WKH�PRQRPHU�DQG� LWV� W\SH�SOD\V�D� UROH� LQ�
JHQHUDWLQJ� SRO\PHUL]DWLRQ� VWUHVV�� $QVHWK� .6� HW� DO���
SHUIRUPHG� DQ� LQ� YLWUR� VWXG\� LQ� ZKLFK� KH� UHSRUWHG�
GHFUHDVHG� VKULQNDJH� VWUHVV� ZKHQ� PRQRPHUV� ZLWK� D�
ELJJHU� VL]H� ZHUH� XVHG�� FRPSDUHG� WR� WKH� VWUHVV�
JHQHUDWHG� E\� PDWHULDOV� ZLWK� VPDOOHU� PRQRPHU� VL]H��
7KH� SUREDEOH� UHDVRQ� FRXOG� EH� WKDW� WKHUH� DUH� OHVVHU�
QXPEHU� RI� PRQRPHUV� SUHVHQW� WR� IRUP� SRO\PHUV��
WKHUHE\�VKULQNDJH�LV�UHGXFHG��� 
&DPSKRUTXLQRQH��&4��LV�D�FRPPRQO\�XVHG�LQLWLDWRU�LQ�
OLJKW� FXUHG� FRPSRVLWHV� WKDW� KHOSV� LQ� LQLWLDWLQJ� WKH�
SRO\PHUL]DWLRQ� UHDFWLRQ� ZKHQ� YLVLEOH� OLJKW� LV� VKRZQ��
+RZHYHU��(PDPL�1��������SHUIRUPHG�DQ�LQ�YLWUR�VWXG\�
LQ�ZKLFK�KH�XVHG�DQRWKHU�LQLWLDWRU�QDPHG��-SKHQ\O-����
-SURSDQHGLRQH� �33'�� DQG� FRPSDUHG� LW� ZLWK� &4� DQG�
UHSRUWHG�WKDW�33'�FDXVHG�VORZHU�UDWH�RI�UHDFWLRQ��WKXV�
DOORZLQJ�IRU�LQFUHDVHG�WLPH�GXUDWLRQ�IRU�WKH�PDWHULDO�WR�
IORZ�ZLWKRXW�DOWHULQJ�WKH�ILQDO�GHJUHH�RI�FRQYHUVLRQ��DV�
FRPSDUHG�WR�&4� 
,QFRUSRUDWLRQ� RI� LQKLELWRUV� LQ� FRPSRVLWH�PDWHULDOV�KDV�
EHHQ� DGYRFDWHG� E\� VRPH� VWXGLHV� ZKLFK� KDYH� VKRZQ�
UHGXFHG� VKULQNDJH� VWUHVV� DQG� VWUDLQ� ZLWK� YDU\LQJ�
FRQFHQWUDWLRQV� RI� LQKLELWRUV������� ,QKLELWRUV� KHOS� LQ�
VORZLQJ� WKH� SRO\PHUL]DWLRQ� UHDFWLRQ� E\� UHDFWLQJ� ZLWK�
IUHH� UDGLFDOV� WKDW� DUH� SURGXFHG� GXULQJ� SKRWR-
DFWLYDWLRQ���� %UDJD� DQG� )HUUDFDQH� VKRZHG� LQ� DQ� LQ�
YLWUR� VWXG\� WKDW� LQFUHDVLQJ� WKH� LQKLELWRU� �%XW\ODWHG�
K\GUR[\WROXHQH�� FRQFHQWUDWLRQ� IURP� ����� WR� �����
UHVXOWHG� LQ�VORZHU�UDWH�RI�SRO\PHUL]DWLRQ�DQG�UHGXFHG�
SRO\PHUL]DWLRQ�VWUHVV��� 
6LORUDQH�EDVHG�FRPSRVLWHV�DUH�DYDLODEOH�ZKLFK�FDQ�EH�
XVHG� DV� DOWHUQDWLYHV� RI� PHWKDFU\ODWHV�� ,W� LV� UHSRUWHG�
WKDW� WKH� VLORUDQH� EDVHG� FRPSRVLWHV� XQGHUJR�
YROXPHWULF� VKULQNDJH� DV� ORZ� DV� ������ �)LJXUH� ,,�����
ZKLOH�PHWKDFU\ODWHV�VKRZ������WR�������VKULQNDJH���� 
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+RZHYHU�� D� VWXG\� SHUIRUPHG� E\� %RDUR� /&� HW� DO�� LQ�
�����VKRZHG�WKDW� ORZ�VKULQNDJH�RI� WKH�PDWHULDO�GRHV�
QRW� DOZD\V� UHVXOW� LQ� ORZ� VKULQNDJH� VWUHVV���� $QRWKHU�
DSSURDFK� WR� PLQLPL]H� VKULQNDJH� VWUHVV� DQG� VWUDLQ�
LQYROYHV� WKH� GHYHORSPHQW� RI� QHZ� OLTXLG� FU\VWDO�
PRQRPHUV� KDYLQJ� ORZ-SRO\PHUL]DWLRQ� VKULQNDJH�� 7KH�
OLTXLG� FU\VWDO� PRQRPHUV� DUH� IOXLGV� DW� URRP�
WHPSHUDWXUH� ZLWK� FRPSDFW� PROHFXODU� DUUDQJHPHQW�
ZKLFK� WUDQVIRUPV� LQWR� LVRWURSLF� DPRUSKRXV� VWDWH�
GXULQJ�SRO\PHUL]DWLRQ�UHVXOWLQJ�LQ�DQ�H[SDQVLRQ�ZKLFK�
KHOSV�LQ�UHGXFLQJ�VKULQNDJH����0RUHRYHU��VKULQNDJH�RI�
VXFK�W\SH�RI�GHQWDO�FRPSRVLWH�ZDV�IRXQG�WR�EH�DURXQG�
����� 
/D\HULQJ�WHFKQLTXH 
,QFUHPHQWDO� SODFHPHQW� RI� FRPSRVLWH� ILOOLQJ� PDWHULDOV�
PLJKW� UHGXFH� VKULQNDJH� VWUHVV� DQG� VWUDLQ�� EXW� LW� LV�
GHEDWDEOH�� 7KH� PDLQ� UHDVRQ� EHKLQG� LQFUHPHQWDO�
SODFHPHQW� LV� WR� UHGXFH� WKH� &-IDFWRU� DQG� DOORZ� WKH�
PDWHULDO� WR� IORZ���� 7KLV� LQ� WXUQ� OHDGV� WR� PLQLPL]HG�
VWUHVV� RQ� WKH� SUHSDUHG� FDYLW\� DQG� LQFUHDVHV� WKH�
HIIHFWLYHQHVV�RI�FXULQJ�OLJKW��� 
3DUN� -� ������� UHSRUWHG� GHFUHDVHG� SRO\PHUL]DWLRQ�
VWUHVV� DQG� OHVV� FXVSDO� GHIOHFWLRQ� E\� UHVWRUDWLRQV�
SODFHG� ZLWK� WKH� LQFUHPHQWDO� WHFKQLTXH� ZKHQ�
FRPSDUHG� ZLWK� EXON� ILOOLQJ� WHFKQLTXH���� 7KLV� ZDV�
UHFRQILUPHG� LQ� D� VWXG\� FRQGXFWHG� LQ� ����� ZKLFK�
FRQFOXGHG�WKDW�WKDW�XVH�RI�DQ\�YDULDWLRQ�RI�WKH�OD\HULQJ�
WHFKQLTXH� UHGXFHG� FXVSDO� GHIOHFWLRQ� DQG�
SRO\PHUL]DWLRQ�VKULQNDJH�LQ�FRPSRVLWH��� 
+RZHYHU�� WKLV� LV� VWLOO� D� SRLQW� RI� GHEDWH� DPRQJ�
UHVHDUFKHUV��.XLMV�5+�������� LQ�D�VWXG\�FRQGXFWHG� LQ�
����� FRQFOXGHG� WKDW� WKH� UHGXFWLRQ� LQ� SRO\PHUL]DWLRQ�
VKULQNDJH� ZDV�PLQLPDO� DV� FRPSDUHG� WR� FRQYHQWLRQDO�
PHWKRGV�� 6LPLODU� UHVXOWV� ZHUH� UHSRUWHG� E\� RWKHU�
VWXGLHV� ZKLFK� VKRZHG� WKH� GHFUHDVH� LQ� VKULQNDJH� RI�
FRPSRVLWH�DV�EHLQJ�QRQ-VLJQLILFDQW�������7KHUHIRUH�WKLV�
UHTXLUHV� IXUWKHU� UHVHDUFK� WR� EH� FRQVLGHUHG� D� YDOLG�
VWUDWHJ\�IRU�UHGXFWLRQ�LQ�SRO\PHULVDWLRQ�VKULQNDJH� 
%XON�ILOO�UHVLQ-EDVHG�FRPSRVLWHV 
5HFHQWO\�� WR� RYHUFRPH� WKH� FRPSOH[� DQG� WLPH-
FRQVXPLQJ� SURFHGXUH� RI� SODFLQJ� ODUJH� UHVLQ� EDVHG�
FRPSRVLWH� UHVWRUDWLRQV�� WKH� PDQXIDFWXUHUV� KDYH�
GHYHORSHG� PDWHULDOV� WKDW� FDQ� EH� SODFHG� LQ� D� VLQJOH�
LQFUHPHQW� ZLWK� GHSWK� UDQJLQJ� EHWZHHQ� �-��PP��
7KHVH� PDWHULDOV� DUH� NQRZQ� DV� %XON-ILOO� UHVLQ-EDVHG�
FRPSRVLWHV��,W�KDV�EHHQ�FODLPHG�E\�WKH�PDQXIDFWXUHUV�
WKDW� WKH� SRO\PHUL]DWLRQ� VKULQNDJH� RI� EXON-ILOO� UHVLQ�
EDVHG� FRPSRVLWHG� LV� ORZHU� RU� DW� OHDVW� VLPLODU� WR�
FRQYHQWLRQDO� UHVLQ-EDVHG� FRPSRVLWHV�ZKHQ� SODFHG� LQ�
LQFUHPHQW�RI�KLJKHU�WKLFNQHVV��$Q�LQ�YLWUR�VWXG\�E\�(O-
'DPDQKRXU\� +0� ������� DQG� 3ODWW� LQ� ����� UHSRUWHG�
WKDW� WKH� SRO\PHUL]DWLRQ� VKULQNDJH� VWUHVV� RI� EXON-ILOO�
UHVLQ-EDVHG� FRPSRVLWHV� ZDV� VLJQLILFDQWO\� ORZHU� WKDQ�
FRQYHQWLRQDO� UHVLQ-EDVHG� FRPSRVLWHV�ZKHQ� SODFHG� LQ�
LQFUHPHQWV�RI��PP�WKLFNQHVV��+RZHYHU��DQRWKHU�VWXG\�
GLG� QRW� VKRZ� DQ\� VLJQLILFDQW� UHGXFWLRQ� LQ� WKH�
SRO\PHUL]DWLRQ� VKULQNDJH� VWUHVV� RI� EXON-ILOO� DQG�
FRQYHQWLRQDO�UHVLQ-EDVHG�FRPSRVLWHV���� 

,QWHQVLW\�RI�OLJKW�FXULQJ�XQLWV 
9DULRXV� FXULQJ�PHWKRGV� KDYH� EHHQ� UHFRPPHQGHG� WR�
UHGXFH�SRO\PHUL]DWLRQ�VWUHVV�DQG�VWUDLQ�ZKLFK�LQFOXGH�
SXOVHG�H[SRVXUH��GHOD\�EHWZHHQ�H[SRVXUHV��ORZ�LQLWLDO�
LUUDGLDQFH�� DQG� UDPSHG� OLJKW� DSSOLFDWLRQ�� $Q� LQ� YLWUR�
VWXG\� SHUIRUPHG� E\� /LP� %6� ������� VKRZHG� UHGXFHG�
SRO\PHUL]DWLRQ� VKULQNDJH� VWUHVV� ZLWK� ORZ� LQLWLDO�
LUUDGLDQFH� �H[SRVXUH� WR� ��� P:�FP��RI� OLJKW� IRU� ��
VHFRQGV�DIWHU�ZKLFK�DQ�LQWHUYDO�RI���PLQ�ZDV�GRQH�DQG�
WKHQ� H[SRVHG� WR� ����P:�FP��IRU� ��� VHFRQGV��� ZKHQ�
FRPSDUHG�ZLWK�VLQJOH�FRQWLQXRXV� LUUDGLDQFH��UDGLDWLRQ�
RI�����P:�FP��IRU����VHFRQGV���)LJXUH�,,,�� 
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$QRWKHU� VWXG\� FRQGXFWHG� LQ� ����� ZRUNLQJ� XQGHU� WKH�
K\SRWKHVLV�WKDW�WKH�UHGXFWLRQ�LQ��LQWHQVLW\�RI�WKH�FXULQJ�
OLJKW� ZLOO� UHGXFH� WKH� VKULQNDJH� LQ� FRPSRVLWH� DOVR�
\HLOGHG� SRVLWLYH� UHVXOWV���� 7KH� FRPSDULVRQ� ZDV� GRQH�
EHWZHHQ� H[SRVXUH� IRU� ��� VHFRQGV� DW� ���� P:�FP���
DQG�����VHFRQGV�DW������P:�FP�����7KLV�K\SRVWKHVLV�
ZDV�UHLQIRUFHG�E\�D�VWXG\�FRQGXFWHG�LQ������E\�7DUOH�
=� HW�DO���� � 7KHUH� IRUH� XVH� RI� GLIIHUHQW� SURWRFROV� IRU�
FXULQJ�RI�WKH�FRPSRVLWH�PDWHULDO�ZLOO�HIIHFW�WKH�DPRXQW�
RI�VKULQNDJH� 
9LVFRVLW\�RI�WKH�PDWHULDO 
8WLOL]DWLRQ� RI� D� ORZ� YLVFRVLW\� OLQHU� EHWZHHQ� WKH�
UHVWRUDWLRQ� DQG� WKH� WRRWK� DOORZV� VRPH� IUHHGRP� RI�
PRYHPHQW� RI� WKH� PDWHULDO� GXULQJ� SRO\PHUL]DWLRQ� DQG�
PLJKW�KHOS�LQ�GLVWULEXWLQJ�VWUHVV�HYHQO\�WKURXJKRXW�WKH�
DGKHVLYH� LQWHUIDFH��0RUHRYHU�� WKLFNHU� OD\HU�RI�XQILOOHG�
UHVLQV�DOORZV�PRUH� FKDQFHV�RI� VWUHVV� UHOLHI����2Q� WKH�
RWKHU� KDQG�� WKLV� WHFKQLTXH� PLJKW� LQWHUIHUH� ZLWK� WKH�
UDGLRJUDSKLF� GLDJQRVLV�� DV� WKH� XQILOOHG� UHVLQV� DUH�
UDGLROXFHQW�� ZKLOH� GXH� WR� IOXLG� QDWXUH�� DGHTXDWH�
SODFHPHQW� PD\� EH� SUREOHPDWLF�����$OWHUQDWLYHO\�� ORZ�
YLVFRVLW\� IORZDEOH� FRPSRVLWHV� EHWZHHQ� WKH� WRRWK� DQG�
FRQYHQWLRQDO�FRPSRVLWH�FDQ�EH�XVHG�DV�LW�FDQ�DFW�DV�D�
VKRFN� DEVRUELQJ� OD\HU���� DQG� FRXOG� KHOS� LQ� UHGXFLQJ�
PLFUROHDNDJH��� 0XOWLSOH� VWXGLHV� KDYH� VKRZQ� UHGXFHG�
DPRXQW� RI� VKULQNDJH� VWUHVV� RI� FRPSRVLWH� ILOOLQJ�
PDWHULDOV�ZKHQ�*,&� RU� UHVLQ�PRGLILHG�*,&� KDV� EHHQ�
SODFHG� DV� D� EDVH� RU� OLQHU�� FRPSDUHG� WR� FRPSRVLWH�
UHVWRUDWLRQV� SODFHG� ZLWKRXW� *,&������ $� FKDQJH� RI�
SRO\PHU� PDWUL[� LQVLGH� WKH� FRPSRVLWLRQ� RI� GHQWDO�

)DFWRUV�/HDGLQJ�WR�6KULQNDJH�6WUHVV�DQG�6WUDLQ�LQ�'HQWDO�&RPSRVLWHV 
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FRPSRVLWH� FRXOG� DOVR� UHGXFH� WKH� VWUHVV� SURGXFHG� E\�
FURVV-OLQNLQJ�FRPSRVLWH�UHVLQ��� 
$QRWKHU�VXJJHVWHG�PHWKRG�RI�UHGXFLQJ�SRO\PHUL]DWLRQ�
VKULQNDJH� LV� WR� XVH� SUHKHDWHG� UHVLQ� FRPSRVLWHV� DV�
KHDWLQJ�ZLOO�GHFUHDVH�WKH�YLVFRVLW\�RI�WKH�PDWHULDO�DQG�
HQKDQFH� WKH� PRYHPHQW� RI� WKH� UDGLFDOV� ZKLFK� PLJKW�
UHVXOW� LQ� KLJKHU� GHJUHH� RI� FRQYHUVLRQ� DQG� ORZHU�
VWUHVVHV��� 

&21&/86,21 

,W�FDQ�EH�VXPPDUL]HG�WKDW�WKH�ILQDO�VHWWLQJ�UHDFWLRQ�RI�
GHQWDO� FRPSRVLWH� PDWHULDO� LV� IROORZHG� E\�
SRO\PHUL]DWLRQ� VKULQNDJH� RI� WKH�PDWHULDO� ZKLFK� OHDGV�
WR� VKULQNDJH� VWUHVV� DQG� VWUDLQ�� 7KLV� VKULQNDJH� VWUHVV�
DQG� VWUDLQ� FRXOG� UHVXOW� LQ� GHERQGLQJ� RI� WKH� PDWHULDO��
FXVSDO�IOH[XUH��IUDFWXUH�RI�WKH�WRRWK��PLFUROHDNDJH�DQG�
SRRU� PHFKDQLFDO� SURSHUWLHV�� ,W� FDQ� EH� SURSRVHG� WKDW�
WKH� IRUPXODWLRQ� RI� D� FRPSRVLWH� PDWHULDO� ZLWK� ODUJH�
PRQRPHUV��ORZHU�ILOOHU�FRQWHQWV��VXLWDEOH�LQKLELWRUV�DQG�
DOWHUQDWLYH� LQLWLDWRUV�PD\�KHOS� LQ�SURGXFLQJ�D�PDWHULDO�
ZKLFK� XQGHUJRHV� OHVV� VKULQNDJH� DQG� FRQVHTXHQWO\�
LQGXFH�ORZ�VWUHVV�DQG�VWUDLQ��6RPH�FOLQLFDO�WHFKQLTXHV�
VXFK� DV� SODFHPHQW� RI� D� VPDOO� OD\HU� RI� IORZDEOH�
FRPSRVLWH�� JODVV� LRQRPHU� RU� ORZ� YLVFRVLW\� OLQHU��
LQFUHPHQWDO�SODFHPHQW��REOLTXH��KRUL]RQWDO�RU�YHUWLFDO��
RI� FRPSRVLWH� DQG� VRIW� RU� VORZ� VWDUW� OLJKW� FXULQJ� KDYH�
EHHQ� DGYRFDWHG� ZKLFK� PD\� DOVR� KHOS� LQ� UHGXFLQJ�
VKULQNDJH�VWUHVV�DQG�VWUDLQ� 

$87+25�&2175,%87,216 

.KDEHHU�$�� 
)DULGL�0$� 
)DURRT�,� 
$OL�6�� 

5()(5(1&(6 

�� $OKXVVDLQ�$0��$OKDGGDG�$$��*KD]ZL�00��)DURRT�
,�� 5HPLQHUDOL]DWLRQ� RI� DUWLILFLDO� FDULRXV� OHVLRQV�
XVLQJ�D�QRYHO�IOXRULGH�LQFRUSRUDWHG�ELRDFWLYH�JODVV�
GHQWLIULFH��'HQWDO�0HG�3UREO�������������������-����
GRL����������GPS������� 

�� 3IHLIHU� &6�� 3RO\PHU-%DVHG� 'LUHFW� )LOOLQJ�
0DWHULDOV� 'HQW�&OLQ�1RUWK�$P������������������–
���� 

�� %DURXGL� .�� 5RGULJXHV� -&�� )ORZDEOH� 5HVLQ�
&RPSRVLWHV�� $� 6\VWHPDWLF� 5HYLHZ� DQG� &OLQLFDO�
&RQVLGHUDWLRQV� -� &OLQ� 'LDJQ� 5HV�� ������ ������
=(��–=(��� 

�� 6RDUHV�&-��5RGULJXHV�0'��9LOHOD�$%��3IHLIHU�&6��
7DQWELURMQ�'��9HUVOXLV�$��3RO\PHUL]DWLRQ�VKULQNDJH�
VWUHVV� RI� FRPSRVLWH� UHVLQV� DQG� UHVLQ� FHPHQWV–
:KDW�GR�ZH�QHHG�WR�NQRZ"��%UD]�2UDO�5HV��������
���6XSSO�����H��� 

�� 0F&DEH�-)��:DOOV�$:��$SSOLHG�'HQWDO�0DWHULDOV��
�WK�(G��-RKQ�:LOH\�	�6RQV������� 

�� )HUUDFDQH�-/��0RGHOV�RI� FDULHV� IRUPDWLRQ�DURXQG�
GHQWDO�FRPSRVLWH� UHVWRUDWLRQV��-�'HQW�5HV��������

����������-��� 
�� -OHNK� =$�� $EGXO-$PHHU� =0�� (YDOXDWLRQ� RI� WKH�

&XVSDO� 'HIOHFWLRQ� RI� 3UHPRODUV� 5HVWRUHG� ZLWK�
'LIIHUHQW� 7\SHV� RI� %XON� )LOO� &RPSRVLWH�
5HVWRUDWLRQ�� %LRPHG� 3KDUPDFRO� -�� ������ �������
���-�� 

�� 6KHEO� 6�� $EGHO-.DULP� 80�� $EGDOOD� $�� (ONDIUDZ\�
+��9DODQH]KDG�$��:DWDQDEH�,��6KULQNDJH�VWUHVV�RI�
KLJK� DQG� ORZ� YLVFRVLW\� EXON-ILOO� FRPSRVLWHV� ZLWK�
LQFUHPHQWDO�DQG�EXON�ILOO�WHFKQLTXHV��7DQWD�'HQW�-��
����������������� 

�� $OL�6��,TEDO�.��$VPDW��0��)DURRT�,��.KDQ�$0��$ODP�
0.�� 'HQWDO� 5HVLQ� &RPSRVLWH� 5HVWRUDWLRQ�
3UDFWLFHV�DPRQJVW�*HQHUDO�'HQWDO�3UDFWLWLRQHUV�RI�
.DUDFKL�� 3DNLVWDQ�� :RUOG� -� 'HQW�� ������ ��� �����
���� 

��� /DEHOOD� 5�� /DPEUHFKWV� 3�� 9DQ� 0HHUEHHN� %��
9DQKHUOH� *�� 3RO\PHUL]DWLRQ� VKULQNDJH� DQG�
HODVWLFLW\� RI� IORZDEOH� FRPSRVLWHV� DQG� ILOOHG�
DGKHVLYHV��'HQW�0DWHU������������������-��� 

��� 0DODUYL]KL�'��.DUWKLFN�$��0DU\�16��9HQNDWHVK�$��
6KULQNDJH� LQ� FRPSRVLWHV�� $Q� HQLJPD�� -� ,QW� 2UDO�
+HDOWK����������������� 

��� .LQRPRWR� <�� 7RULL� 0�� 7DNHVKLJH� )�� (ELVX� 6��
&RPSDULVRQ� RI� SRO\PHUL]DWLRQ� FRQWUDFWLRQ�
VWUHVVHV� EHWZHHQ� VHOI-� DQG� OLJKW-FXULQJ�
FRPSRVLWHV��-�'HQW���������������-�� 

��� &RUUDO-1~QH]� &�� 9LOGyVROD-*UH]� 3�� %HUVH]LR-
0LUDQGD� &�� &DPSRV� $'�� )HUQiQGH]� *RGR\� (��
6WDWH�RI�WKH�DUW�RI�EXON-ILOO�UHVLQ-EDVHG�FRPSRVLWHV��
D�UHYLHZ��5HY�)DF�2GRQWRO�8QLY�$QWLRT����������
��������-��� 

��� *XSWD�6.��6D[HQD�3��3DQW�9$��3DQW�$%��5HOHDVH�
DQG�WR[LFLW\�RI�GHQWDO�UHVLQ�FRPSRVLWH� 7R[LFRO�,QW��
����������������–���� 

��� 3UDWDS�%��*XSWD�5.�� %KDUGZDM� %��1DJ�0��5HVLQ�
EDVHG�UHVWRUDWLYH�GHQWDO�PDWHULDOV��FKDUDFWHULVWLFV�
DQG�IXWXUH�SHUVSHFWLYHV��-DSQ�'HQW�6FL�5HY��������
����������-��� 

��� (OODNZD� $�� &KR� 1�� /HH� ,%�� 7KH� HIIHFW� RI� UHVLQ�
PDWUL[� FRPSRVLWLRQ� RQ� WKH� SRO\PHUL]DWLRQ�
VKULQNDJH� DQG� UKHRORJLFDO� SURSHUWLHV� RI�
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