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%LRPDWHULDOV�LQ�5HJHQHUDWLYH�0HGLFLQH 
5HHP�-DYHG�0DOLN 

$%675$&7� 
3K\VLRORJLFDO� UHJHQHUDWLYH� V\VWHP� RI� KXPDQ� ERG\� LV� LQFDSDEOH� RI� UHVWRULQJ� WKH� IXQFWLRQ�ZKHQ� DQ� LQMXU\�
H[FHHGV� LWV� QRUPDO� OLPLWV�� &RQYHQWLRQDO� PHWKRGV� SUHYLRXVO\� EHLQJ� XVHG� IRU� UHSDLU� DQG� UHMXYHQDWLRQ� RI�
WLVVXHV�KDG�FHUWDLQ�OLPLWDWLRQV�WKDW�KDYH�EURXJKW�WKH�ELRPDWHULDOV�WR�WKH�IRUHIURQW�LQ�WKH�DUHD�RI�UHJHQHUDWLYH�
PHGLFLQH��%LRPDWHULDOV�SURYLGH�RSWLPDO�VXSSRUW�WR�WKH�WLVVXH�GXULQJ�WKH�SURFHVV�RI�KHDOLQJ�DQG�UHPRGHOLQJ��
1XPHURXV� FODVVHV�RI�ELRPDWHULDOV�DUH� IRFXVHG�RQ� VSHFLILF� DSSOLFDWLRQV��PRVW�SURPLQHQW� DPRQJ� WKHP�DUH�
SRO\PHUV��%LRPDWHULDOV�DUH�QRZ�EHLQJ�XVHG�LQ�VHYHUDO�DUHDV�VXFK�DV�IDEULFDWLRQ��KHPDWRORJ\�DQG�EORRG�FHOO�
VXEVWLWXWHV�� WLVVXH�HQJLQHHULQJ��H[WUDFRUSRUHDO�DUWLILFLDO�RUJDQV��ERQH�DQG�YDVFXODU� UHJHQHUDWLRQ�� VWHP�FHOO�
GLIIHUHQWLDWLRQ�DQG�VRIW� WLVVXH�UHSDLU��+RZHYHU�� IRU� WKH�VXFFHVV�RI�ELRPDWHULDOV� LQ�UHJHQHUDWLYH�PHGLFLQH���
WKH�IRFXV�VKRXOG�QRW�RQO\�EH�RQ�WKH�SK\VLFDO��PHFKDQLFDO�DQG�FKHPLFDO�SURSHUWLHV�RI�WKH�PDWHULDOV�EXW�DOVR�
WKH�IXQGDPHQWDO�SULQFLSOHV�RI�ELRORJLFDO�LQWHUDFWLRQV�DQG�ELRFRPSDWLELOLW\� 
.H\ZRUGV��%LRPDWHU LDOV��3RO\PHUV��5HJHQHUDWLRQ��5HJHQHUDWLYH�PHGLFLQH��7LVVXH�HQJLQHHU LQJ 

'2,��KWWSV���GRL�RUJ����������IXMUV�Y�L������ 

,QWURGXFWLRQ� 

������7KH�WHUP�³UHJHQHUDWLRQ´�UHIHUV�WR�WKH�SURFHVV�RI�
UHSODFHPHQW� RI� ORVW� QRQ-IXQFWLRQDO� VSHFLDOL]HG�
WLVVXHV�ZLWK�KHDOWK\�VSHFLDOL]HG�FHOOV�����1DWXUDOO\��
KXPDQ� ERG\� IXQFWLRQV� WR� UHJHQHUDWH� ZKHQHYHU� DQ�
LQMXU\� RFFXUV�� +RZHYHU�� WKH� UHJHQHUDWLYH� FDSDFLW\�
LV� OLPLWHG� E\� QXPHURXV� IDFWRUV� VXFK� DV� W\SH� RI�
WLVVXH� RU� DQ\� VWUXFWXUDO� GHIHFW� �SK\VLFDO� VL]H� RI�
WLVVXH��� 1HHG� RI� DQ� H[WHUQDO� VXSSRUW� LV� QHFHVVDU\�
ZKHQHYHU� WKH� W\SH� RI� LQMXU\� UHDFKHV� EH\RQG� WKH�
QRUPDO� SK\VLRORJLFDO� FDSDFLW\� RI� WKH� LQWHUQDO�
UHJHQHUDWLYH� V\VWHP����� &RQYHQWLRQDO� PHWKRGV� LQ�
UHJHQHUDWLYH� PHGLFLQH� KDYH� QXPHURXV� OLPLWDWLRQV�
DQG� IRU� WKLV� UHDVRQ� JUHDW� HPSKDVLV� KDV� EHHQ� ODLG�
GRZQ� RQ� WKH� QHHG� RI� ELRPDWHULDOV� LQ� UHSDLU� DQG�
UHJHQHUDWLRQ� RI� WLVVXHV����� )RU� H[DPSOH� LQ� WKH�
WUDQVSODQWDWLRQ� RI� FHOOV�� WLVVXHV� DQG� RUJDQV�� PDMRU�
OLPLWDWLRQV� ZHUH� LQDGHTXDWH� DYDLODELOLW\� RI� GRQRU�
WLVVXHV� DQG� FXOWLYDWLRQ� RI� H[WUD� WLVVXH� LQ� KXPDQ�
ERG\����� &RPELQLQJ� WKH� FRQFHSWV� RI� FHOOXODU�
ELRORJ\�� ELRPDWHULDOV� DQG� PROHFXODU� VLJQDOLQJ� OHG�
WR� WKH� DGYDQFHPHQW� RI� WLVVXH� HQJLQHHULQJ� ILHOG� DV�
ZHOO� DV� GH-QRYR� V\QWKHVLV� RI� RUJDQV� DQG� OLPEV�����
/LNHZLVH�� GDPDJHG� DUWLFXODU� FDUWLODJH� ZDV�
SUHYLRXVO\� UHSODFHG� ZLWK� PHWDO� DQG� SODVWLF�
LPSODQWV�� 6RPH� RI� WKH� PDMRU� GUDZEDFNV� RI� WKLV�
WUHDWPHQW� VWUDWHJ\� ZHUH� ZHDU� SDUWLFOH� IRUPDWLRQ��
LQIODPPDWLRQ�� DQG� OLPLWHG� OLIH-WLPH�� :LWK� WKH�
LPSURYHPHQW� LQ� ILHOG� RI� ELRPDWHULDOV�� DXWRORJRXV�
FKRQGURF\WH� WUDQVSODQWDWLRQ� ZDV� GHYHORSHG� ZLWK�
SURYHQ�EHQHILWV�LQ�KHDOLQJ�����7KHUHIRUH��LQ�RUGHU�WR�

UHJHQHUDWH� KXPDQ� WLVVXHV� DQG� RUJDQV� ZLWK� EHWWHU�
IXQFWLRQLQJ�� UHJHQHUDWLYH� PHGLFLQH� XWLOL]HV� WKH�
EDVLF� FRQFHSWV� RI� YDULRXV� GLVFLSOLQHV� LQFOXGLQJ�
PDWHULDOV�VFLHQFH��OLIH�VFLHQFHV�DQG�PHGLFLQH���� 
������0DWHULDOV�XVHG�LQ�WKH�UHJHQHUDWLYH�PHGLFLQH�DUH�
FKDUDFWHUL]HG� E\� QXPHURXV� SURSHUWLHV� LQFOXGLQJ�
GHQVLW\�� WHQVLOH� VWUHQJWK�� GHJUDGDELOLW\�� PRGXOXV�
DQG� SRURVLW\� DORQJ� ZLWK� PDQ\� RWKHU� PDWHULDO� DQG�
PHFKDQLFDO� SURSHUWLHV����� &HUWDLQ� SUHUHTXLVLWHV�
KDYH�EHHQ�SURSRVHG�E\�YDULRXV�VFLHQWLVWV�WKDW�PXVW�
EH�NHSW� LQ�IRFXV�ZKLOH�XWLOL]LQJ�DQ\�ELRPDWHULDO� LQ�
UHJHQHUDWLYH�PHGLFLQH�� WKH�PRVW�LPSRUWDQW�RI�WKHP�
LV�WKH�ELRFRPSDWLELOLW\�RI�WKH�PDWHULDO�XQGHU�LQ-YLYR�
DQG� LQ-YLWUR� FRQGLWLRQV����� 7KH� PDWHULDO� PXVW� EH�
DEOH� HQRXJK� WR� FDUU\� RXW� RSWLPDO� FHOOXODU� DFWLYLW\�
IRU� WLVVXH� UHJHQHUDWLRQ� ZLWKRXW� VWLPXODWLQJ� DQ\�
LQIODPPDWLRQ�RU�DGYHUVH� V\VWHPLF� UHVSRQVHV� LQ� WKH�
KRVW� ERG\����� )XUWKHUPRUH�� DVVHVVPHQW� RI� D�
F\WRWR[LFLW\�RI�WKH�ELRPDWHULDO�LV�DOVR�D�NH\�SRLQW�WR�
FRQVLGHU�LQ�UHJHQHUDWLYH�PHGLFLQH���� 
��������7KH� REMHFWLYH� RI� WKH� FXUUHQW� VWXG\� LV� WR�
KLJKOLJKW� QXPHURXV�DSSOLFDWLRQV�RI�ELRPDWHULDOV� LQ�
WKH� ILHOG� RI� UHJHQHUDWLYH� PHGLFLQH�� $GGLWLRQDOO\��
UROH�RI�FDUERK\GUDWH�SRO\PHUV�LQ�WLVVXH�HQJLQHHULQJ�
ZLOO�DOVR�EH�GLVFXVVHG� 
0HWKRGV�	�5HVXOWV� 

������$�PLQL� UHYLHZ�ZDV� FRQGXFWHG� E\� FDUU\LQJ� RXW�
DQ� RQOLQH� VHDUFK� XVLQJ� NH\� ZRUGV� VXFK� DV�
UHJHQHUDWLYH� PHGLFLQH�� ELRPDWHULDOV�� DGYDQFHG�
ELRPDWHULDOV�� WLVVXH� HQJLQHHULQJ�� LPSODQWV��
SRO\PHUV� HWF�� %RROHDQ� RSHUDWRUV� ZHUH� XVHG� WR�
FRPELQH�WKH�NH\�ZRUGV��/LWHUDWXUH�VHDUFK�ZDV�GRQH�
XVLQJ� VHDUFK� HQJLQHV� DQG� GDWDEDVHV� LQFOXGLQJ�
3XE0HG�� *RRJOH� 6FKRODU�� &RFKUDQH� DQG�
3DNPHGLQHW� DQG� WKH� VWXGLHV� UHODWHG� WR� WKH� WRSLF�
ZHUH�LGHQWLILHG� 

$IILOLDWLRQV�� 1DWLRQDO� 8QLYHUVLW\� RI� 6FLHQFH� 	�
7HFKQRORJ\�,VODPDEDG� 
&RUUHVSRQGHQFH��'U ��5HHP�-DYHG�0DOLN�37 
(PDLO��U HHP�M�PDOLN#KRWPDLO�FRP 
5HFHLYHG��2FWREHU ���QG�������5HYLVLRQ��'HFHPEHU ���WK��
������$FFHSWDQFH��'HFHPEHU ���WK������ 

^,KZd��KDDhE/��d/KE 
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/DWHVW�DSSURDFKHV�LQ�UHJHQHUDWLYH�PHGLFLQH��� 

������$UWLILFLDO� UHG� EORRG� FHOOV� VXEVWLWXWHV� DUH� QRZ�
XVHG� FOLQLFDOO\� IRU� SUH-RSHUDWLYH� EORRG� GLOXWLRQ� RU�
IRU� SRVW� KHPRUUKDJH� UHVXVFLWDWLRQ������ 'LIIHUHQW�
W\SHV� RI� UDZ� PDWHULDOV� DUH� XVHG� IRU� WKLV� SXUSRVH�
GHSHQGLQJ� XSRQ� WKH� W\SH� RI� DUWLILFLDO� EORRG� EHLQJ�
PDGH�� )RU� H[DPSOH�� 3HUIOXRURFDUERQV� �3)&�� DUH�
XVHG� DV� EORRG� VXEVWLWXWH� DQG� DUH� FKHPLFDOO\� LQHUW��
$OVR�� WKHLU� SURGXFWV� LQYROYH� SRO\PHUL]DWLRQ�
UHDFWLRQ�� (YLGHQFH� VXJJHVWV� VRPH� SURYHQ� EHQHILWV�
RI�3)&V�WR�EH�XVHG�DV�DUWLILFLDO�EORRG�VXEVWLWXWH�DV�
WKH\�GR�QRW�DOORZ�WKH�R[\JHQ�WR�UHDFW�ZLWK�WKH�RWKHU�
JDVHV� DQG� DOVR� DOORZV� VPRRWK� JDVHRXV� H[FKDQJH�
EHWZHHQ�FHOOV�DQG�WLVVXHV������%LRPDWHULDOV�DUH�DOVR�
EHLQJ� XVHG� LQ� WKH� GHYHORSPHQW� RI�PHFKDQLFDO� DQG�
ELRORJLFDO� FDUGLRYDVFXODU� YDOYHV� DQG� DOVR� LQ�
FDUGLRYDVFXODU� VWHQWV������ ���� 'HYLFHV� XVHG� DV�
H[WUDFRUSRUHDO� DUWLILFLDO� RUJDQV� OLNH� ELR� DUWLILFLDO�
OLYHUV�� DUH� XVHG� WR� DVVLVW� WKH� SDWLHQWV� ZLWK� DFXWH�
KHSDWLF�IDLOXUH������,Q�FDVH�RI�KROORZ�ILEHU�V\VWHP��
6\QWKHWLF� RU� QDWXUDO� SRO\PHUV� OLNH� FROODJHQ� DUH�
XVHG�WR�GHVLJQ�VXFK�NLQG�RI�GHYLFHV����� 

������,Q� FDVH� RI� VNHOHWDO�PXVFOH� UHSDLU�� HOHFWUR� VSXQ�
FKLWRVDQ� PLFURILEHUV� DUH� XVHG� DV� ELRPDWHULDOV������
7KHVH�WKUHH�GLPHQVLRQDO�VFDIIROGV�KHOS�WKH�PXVFOHV�
WR� UHJDLQ� WKHLU� QRUPDO� IXQFWLRQ� WKDW� DUH� RWKHUZLVH�
VXEMHFWHG� WR� VFDU� WLVVXH� IRUPDWLRQ� DV� D� UHVXOW� RI�
QRUPDO� KHDOLQJ� SURFHVV������ 7LVVXH� HQJLQHHULQJ� LV�
DQRWKHU� DUHD� RI� UHJHQHUDWLYH�PHGLFLQH� WKDW� XWLOL]HV�
FRPELQDWLRQ� RI� FHOOV� ZLWKLQ� ELRPDWHULDOV� ZLWK� WKH�
RYHUDOO� JRDO� WR� JHQHUDWH� YLDEOH� DQG� ORQJ� ODVWLQJ�
WLVVXHV�ZLWK�IDVW�QHRYDVFXODUL]DWLRQ��6HYHUDO�QDWXUDO�
DQG�V\QWKHWLF�SRO\PHUV�DUH�XVHG� LQ�FDUWLODJH� WLVVXH�
HQJLQHHULQJ�VXFK�DV�VLON��FRO�DQG�FRO�HWF������%RWK�
V\QWKHWLF� DQG� QDWXUDOO\� RFFXUULQJ� SRO\PHUV� FDQ� EH�
XVHG� LQ� UHJHQHUDWLYH� PHGLFLQH�� DQG� VFDIIROG�
IDEULFDWLRQ�IURP�QDWXUDO�SRO\PHUV�VXFK�DV�DOJLQDWH��
FROODJHQ��DJDURVH��K\DOXUDQRQ��ILEULQ�HWF��DV�ZHOO�DV�
V\QWKHWLF�SRO\PHUV� LQFOXGH�SRO\JO\FROLF� DFLG�� SRO\�
K\GUR[\� HVWHU�� SRO\ODFWLF� DFLG� �3/$�� DQG� WKHLU�
FRSRO\PHUV� LV� XVHG������ 6WXGLHV� KDYH� VKRZQ�
VLJQLILFDQW� UHJHQHUDWLYH� UHVXOWV�RI�FRUQHDO� LPSODQWV�
FRPSRVHG� RI� PHWKDFU\OR\OR[\HWK\O�
SKRVSKRU\OFKROLQH� �03&��FURVV� OLQNHG�FROODJHQ� LQ�
FRUQHDO� WLVVXH� UHJHQHUDWLRQ� DV� ZHOO������
)XUWKHUPRUH�� VXEVWDQWLDO� UROH� RI� ELRPDWHULDOV� FDQ�
DOVR� EH� VHHQ� LQ� QHUYH� UHJHQHUDWLRQ� IRU� D[RQDO�
JURZWK����������KHSDWRF\WHV�UHJHQHUDWLRQ������ERQH�
DQG�YDVFXODU�UHJHQHUDWLRQ��VWHP�FHOO�GLIIHUHQWLDWLRQ��
DQG�VRIW�WLVVXH�UHJHQHUDWLRQ����� 
&DUERK\GUDWH� SRO\PHUV� LQ� UHJHQHUDWLYH�
PHGLFLQH� 

������7LVVXH� HQJLQHHULQJ� LV� RQH� RI� WKH� PRVW�
SURPLQHQW� WRROV� DQG� DQ� DFWLYH� ILHOG� RI� UHVHDUFK� LQ�
UHJHQHUDWLYH�PHGLFLQH������0RUHRYHU��SRO\PHUV�DUH�

WKH�PRVW� SRSXODU� ELRPDWHULDO� XVHG� IRU� WKH� SXUSRVH�
RI� UHJHQHUDWLRQ� RI� WKH� GDPDJHG� WLVVXHV�� (YLGHQFH�
VXJJHVWV� WKDW�FDUERK\GUDWH�SRO\PHUV�QRW�RQO\�SOD\�
DQ� DFWLYH� UROH� LQ� GUXJ� GHOLYHU\� DQG� K\GURJHOV� EXW�
DOVR� LQ� WLVVXH� HQJLQHHULQJ������ /LQHDU�
JO\FRVDPLQRJO\FDQ� K\DOXURQLF� DFLG� KDV� D�
VLJQLILFDQW�UROH�LQ�H[WUDFHOOXODU�PDWUL[�IRUPDWLRQ�DV�
ZHOO� DV� LQ� WLVVXH�PRUSKRJHQHVLV������ 6WXGLHV� KDYH�
VKRZQ� WKDW� K\DOXURQLF� DFLG� LV� HIIHFWLYH� IRU� WKH�
SURSK\ODFWLF� WUHDWPHQW� RI� NQHH� SDLQ� DQG� DOVR� IRU�
VXUJLFDO�DGKHVLRQV������6HYHUDO�PRGLILFDWLRQV�LQ�WKH�
VWUXFWXUHV� RI� UHODWLYHO\� VLPSOH� FDUERK\GUDWH�
SRO\PHUV� FDQ� HQKDQFH� WKHLU� DFWLYLW\� WR� SURPRWH�
HIILFLHQW�PLJUDWLRQ��VSUHDGLQJ�DQG�PXOWLSOLFDWLRQ�RI�
FHOOV��������� 
)XWXUH�&KDOOHQJHV� 

������1XPHURXV� LVVXHV� DUH� LPSHUDWLYH� IRU�
FRQVLGHUDWLRQ� UHJDUGLQJ� WKH� SURJUHVVLRQ� RI�
UHJHQHUDWLYH� PHGLFLQH� DV� D� ILHOG�� &UHDWLRQ� RI� ELJ�
HQJLQHHUHG� UHSODFHPHQW� WLVVXHV� ZLOO� QHFHVVLWDWH�
HTXLSPHQW� DQG� WHFKQRORJ\� WKDW� DOORZV� IXOO\�
YDVFXODUL]HG�JUDIWV�WR�EH�DQDVWRPRVHG�ZLWK�WKH�KRVW�
YDVFXODWXUH� DW� WKH� LQVWDQFH� RI� WUDQVSODQWDWLRQ��
SHUPLWWLQJ� RSWLPXP� JUDIW� VXUYLYDO������
)XUWKHUPRUH�� HQKDQFHG� NQRZOHGJH� RI� WKH� UROH� RI�
WKH�KRVW� LPPXQH�V\VWHP�LV�LQWHJUDO�IRU�WKH�VXFFHVV�
RI�UHJHQHUDWLYH�PHGLFLQH��$Q�LPSURYHG�NQRZOHGJH�
RI� WKH� UROH�RI� DJH� DQG�VWDWH�RI� GLVHDVH� VWDWH�RI� WKH�
KRVW�LV�DOVR�LPSRUWDQW�LQ�WHUPV�RI�SURJUHVVLQJ�LQ�WKH�
ILHOG� RI� UHJHQHUDWLYH� PHGLFLQH����-���� /DVWO\�� WKH�
XVH� RI� WKUHH� GLPHQVLRQDO� KXPDQ� WLVVXH� FXOWXUH�
PRGHOV� DUH� YHU\� LQWHJUDO� DV� WKH\� ZRXOG� DOORZ�
H[SHULPHQWDWLRQ� ZLWK� SRO\PHUV� DQG� RWKHU�
ELRPDWHULDOV�LQ�D�KXPDQ�ELRORJLFDO�HQYLURQPHQW� LQ�
FRQWUDVW�WR�DQLPDO�PRGHOV�WKDW�DUH�FRPPRQO\�XVHG��
EXW� WKH� WZR� HQYLURQPHQWV� PD\� KDYH� LPSRUWDQW�
GLIIHUHQFHV����� 
&RQFOXVLRQ� 

������,W� LV� HYLGHQW� IURP� WKH� DERYH� PHQWLRQHG�
H[DPSOHV� WKDW� WKH� UROH� RI� ELRPDWHULDOV� LQ�
UHJHQHUDWLYH� PHGLFLQH� LV� LPPHQVH�� +RZHYHU�� IRU�
WKH� VXFFHVV� RI� WKH� XVH� RI� ELRPDWHULDOV� LQ�
UHJHQHUDWLYH�PHGLFLQH��WKH�IRFXV�VKRXOG�QRW�RQO\�EH�
RQ� WKH� SK\VLFDO�� PHFKDQLFDO� DQG� FKHPLFDO�
SURSHUWLHV�RI�WKH�PDWHULDOV�EXW�DOVR�WKH�IXQGDPHQWDO�
SULQFLSOHV� RI� ELRORJLFDO� LQWHUDFWLRQV� DQG�
ELRFRPSDWLELOLW\� 

'LVFODLPHU��1RQH� 

&RQIOLFW� RI� LQWHUHVW�� 1R� FRQIOLFW� RI� LQWHUHVW� WR�
UHSRUW� 

)XQGLQJ�6RXUFH��1RQH� 

5HIHUHQFHV� 
�� +DVHOWLQH�:$��7KH�HPHUJHQFH�RI� UHJHQHUDWLYH�
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��� 

PHGLFLQH�� D� QHZ� ILHOG� DQG� D� QHZ� VRFLHW\�� H-
ELRPHG�� WKH� MRXUQDO� RI� UHJHQHUDWLYH� PHGLFLQH��
������������-��� 

�� -DPPDODPDGDND� 8�� 7DSSD� .�� 5HFHQW� DGYDQFHV�
LQ� ELRPDWHULDOV� IRU� �'� SULQWLQJ� DQG� WLVVXH�
HQJLQHHULQJ��-�IXQFW�ELRPDWHU��������������� 

�� %KDW� 6��.XPDU�$�� %LRPDWHULDOV� LQ� UHJHQHUDWLYH�
PHGLFLQH�� -RXUQDO� RI� 3RVWJUDGXDWH� 0HGLFLQH�
(GXFDWLRQ�DQG�5HVHDUFK���������������-�� 

�� 6DGWOHU�.��6LQJK�$��:ROI�07��:DQJ�;��3DUGROO�
'0�� (OLVVHHII� -+�� 'HVLJQ�� FOLQLFDO� WUDQVODWLRQ�
DQG� LPPXQRORJLFDO� UHVSRQVH� RI� ELRPDWHULDOV� LQ�
UHJHQHUDWLYH� PHGLFLQH�� 1DWXUH� 5HYLHZV�
0DWHULDOV�������������-��� 

�� /DQJHU� 5�� 9DFDQWL� -3�� 7LVVXH� HQJLQHHULQJ��
6FLHQFH� �1HZ�<RUN��1<���������������������-
�� 

�� %ULWWEHUJ�0��/LQGDKO�$��1LOVVRQ�$��2KOVVRQ�&��
,VDNVVRQ� 2�� 3HWHUVRQ� /�� 7UHDWPHQW� RI� GHHS�
FDUWLODJH� GHIHFWV� LQ� WKH� NQHH� ZLWK� DXWRORJRXV�
FKRQGURF\WH� WUDQVSODQWDWLRQ�� 1HZ� (QJODQG�
-RXUQDO�RI�0HGLFLQH������������������-��� 

�� 6XQ� -�� 7DQ� +�� $OJLQDWH-EDVHG� ELRPDWHULDOV� IRU�
UHJHQHUDWLYH� PHGLFLQH� DSSOLFDWLRQV�� 0DWHULDOV��
��������������-���� 

�� %URZQ�%1��5DWQHU�%'��*RRGPDQ�6%��$PDU�6��
%DG\ODN� 6)�� 0DFURSKDJH� SRODUL]DWLRQ�� DQ�
RSSRUWXQLW\� IRU� LPSURYHG� RXWFRPHV� LQ�
ELRPDWHULDOV� DQG� UHJHQHUDWLYH� PHGLFLQH��
%LRPDWHULDOV������������������-���� 

�� =KDQJ�;��5HDJDQ�05��.DSODQ�'/��(OHFWURVSXQ�
VLON� ELRPDWHULDO� VFDIIROGV� IRU� UHJHQHUDWLYH�
PHGLFLQH�� $GYDQFHG� GUXJ� GHOLYHU\� UHYLHZV��
���������������-����� 

��� 0RUDGL� 6�� -DKDQLDQ-1DMDIDEDGL� $�� 5RXGNHQDU�
0+�� $UWLILFLDO� EORRG� VXEVWLWXWHV�� ILUVW� VWHSV� RQ�
WKH� ORQJ� URXWH� WR� FOLQLFDO� XWLOLW\�� &OLQLFDO�
0HGLFLQH� ,QVLJKWV�� %ORRG� 'LVRUGHUV��
�������&0%'��6������ 

��� *RRUKD� <�� 'HE� 3�� &KDWWHUMHH� 7�� 'KRW� 3�� 960�
53�� $UWLILFDO� EORRG�� 0HGLFDO� -RXUQDO� $UPHG�
)RUFHV�,QGLD���������������-��� 

��� 9RQJSDWDQDVLQ� :�� +LOOLV� /'�� /DQJH� 5$��
3URVWKHWLF�KHDUW�YDOYHV��1HZ�(QJODQG�-RXUQDO�RI�
0HGLFLQH�����������������-��� 

��� %RQRZ� 52�� &DUDEHOOR� %$�� &KDWWHUMHH� .�� 'H�
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