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5HSRUW�RI�WKH�%LRHWKLFV�$GYLVRU\�&RPPLWWHH�RI�7KH�
,VUDHO�$FDGHP\�RI�6FLHQFHV�DQG�+XPDQLWLHV�2Q��

7KH�8VH�RI�(PEU\RQLF�6WHP�
&HOOV�IRU�7KHUDSHXWLF�
5HVHDUFK��
$XJXVW�������
7KH�%LRHWKLFV�$GYLVRU\�&RPPLWWHH�RI�7KH�,VUDHO�
$FDGHP\�RI�6FLHQFHV�DQG�+XPDQLWLHV∗∗�

6HFWLRQ�����
:K\�LV�WKLV�DQ�,VVXH"�
���� 7KHUH� LV� DW� SUHVHQW� D� FRQVLGHUDEOH� ERG\� RI� UHVHDUFKHUV� ZKR�
ZLVK� WR� HQJDJH� LQ� UHVHDUFK�RQ� D� W\SH�RI� KXPDQ� FHOO� NQRZQ� DV� WKH�
VWHP�FHOO��7KLV�UHVHDUFK��WKH\�DUJXH��ZLOO�EH�LPPHDVXUDEO\�EHQHILFLDO�
VLQFH�LW�FRXOG�OHDG�WR�WKH�GHYHORSPHQW�RI�WUDQVSODQWDEOH�WLVVXHV�IRU�
XVH� LQ� WKH� WUHDWPHQW� RI� D� ZLGH� UDQJH� RI� KXPDQ� LOOQHVVHV� WKDW� DUH�
FXUUHQWO\� FRQVLGHUHG�GLIILFXOW�RU� LPSRVVLEOH� WR� WUHDW��+RZHYHU�� WKH�
VWHP� FHOOV� LQ�ZKLFK� WKH� UHVHDUFKHUV� DUH� SDUWLFXODUO\� LQWHUHVWHG� DUH�
GHULYHG�IURP�WKH�KXPDQ�HPEU\R��DQG�WKLV�JLYHV�ULVH�WR�WKH�TXHVWLRQ��
,V�LW�HWKLFDOO\�DFFHSWDEOH�WR�H[WUDFW�FHOOV�IURP�D�KXPDQ�HPEU\R�SULRU�
WR� LWV� LPSODQWDWLRQ� LQ� XWHUR� �WKHUHE\� HQGLQJ� LWV� SRWHQWLDO� GHYHORS��
PHQW��LQ�RUGHU�WR�FXOWLYDWH�DQG�VWXG\�WKHVH�FHOOV�LQ�WKH�ODERUDWRU\"�
�
6HFWLRQ�����
7KH�6FLHQWLILF�%DFNJURXQG�
���� 6WHP�FHOOV�DUH�FHOOV�WKDW�KDYH�WKH�DELOLW\�WR�GHYHORS�LQWR�PRUH�
WKDQ�RQH� IRUP�RI�KXPDQ� WLVVXH��7KH\�PD\�EH� WRWLSRWHQW�²�VXFK�DV�
WKH� YHU\� HDUO\�HPEU\R�EODVWRPHUV� WKDW�DUH�DEOH� WR�GHYHORS� LQWR�DOO�
WKH�GLIIHUHQW� W\SHV�RI�FHOOV�QHHGHG�IRU�D�FRPSOHWH�DQG�IXQFWLRQLQJ�
RUJDQLVP��RU�SOXULSRWHQW� ²� VXFK�DV�HPEU\RQLF� VWHP��(6��FHOO� OLQHV�
������������
3URI� 0LFKHO� 5HYHO�� -XGJH� �UHW��� 6KRVKDQD� %HUPDQ�� 0RUGHFKDL� +DOSHULQ�� 0�'����

3URI��'DYLG�+H\G��5DP�,VKD\��0�'���3URI��$VD�.DVKHU��3URI��$OH[�.H\QDQ��(SKUDW�
/HY\�/DKDG��0�'���3URI��$PRV�6KDSLUD��3URI��+HUPRQD�6RUHT��<RVVL�6HJDO��3K�'��
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GHULYHG� IURP� EODVWRF\VW� LQQHU� FHOO� PDVV�� WKDW� DUH� DEOH� WR� SURGXFH�
PRVW� W\SHV�RI� WLVVXH�EXW� DUH�QRW� FDSDEOH�RI�EULQJLQJ�D� IXQFWLRQLQJ�
RUJDQLVP� LQWR� H[LVWHQFH� EHFDXVH� WKH\� ODFN� WKH� SODFHQWD�IRUPLQJ�
WURSKREODVWV��(PEU\RQLF�JHUP�OLQH��(*��FHOOV��GHULYHG�IURP�IHWXVHV�
DW� �²�� ZHHNV�� DSSHDU� DOVR� SOXULSRWHQW�� )LQDOO\�� WKHUH� DUH�
PXOWLSRWHQW�VWHP�FHOOV��DEOH�WR�JHQHUDWH�D�OLPLWHG�QXPEHU�RI�WLVVXH�
W\SHV��ZKLFK�DUH�VWLOO�SUHVHQW�LQ�WKH�DGXOW�KXPDQ�ERG\��([DPSOHV�RI�
DGXOW� VWHP�FHOOV�DUH�FHUWDLQ�ERQH�PDUURZ�FHOOV� WKDW�JLYH� ULVH� WR�DOO�
EORRG�OLQHDJHV�EXW�FDQ�DOVR�GHYHORS�LQWR�OLYHU�FHOOV��FDUGLDF�PXVFOH�
FHOOV� RU� RWKHUV�� 1HXUDO� VWHP� FHOOV� IRXQG� LQ� GHILQHG� EUDLQ� DUHDV�
GHYHORS�LQWR�QHXURQV�DQG�JOLDO�FHOOV�EXW�FDQ�DOVR�GHYHORS�LQWR�KHDUW��
OXQJ� RU� OLYHU� FHOOV�� $W� WKH� SUHVHQW� WLPH�� DGXOW� VWHP� FHOOV� GR� QRW�
DSSHDU� WR� KDYH� WKH� VDPH� SRWHQWLDO� IRU� SUROLIHUDWLRQ� DQG� GLIIHUHQ��
WLDWLRQ� DV� (6� FHOOV� IRU� SUHSDUDWLRQ� RI� WLVVXHV� IRU� WUDQVSODQWDWLRQ��
:KLOH�WKH�VDIHW\�DQG�HWKLFDO�LVVXHV�UHODWLQJ�WR�WKH�XVHV�RI�DGXOW�VWHP�
FHOOV��HVSHFLDOO\�IURP�FDGDYHULF�VRXUFHV��DUH�DOVR�GLVFXVVHG��WKH�PDLQ�
IRFXV�RI�WKLV�UHSRUW�LV�WKH�HWKLFDO�DVSHFWV�RI�(6�FHOO�UHVHDUFK��
��� (6� FHOOV� PD\� EH� GHULYHG� IURP� DQ� HDUO\� HPEU\R� DW� WKH� SUH��
LPSODQWDWLRQ� VWDJH� RI� LWV� GHYHORSPHQW� �L�H��� DW� WKH� EODVWRF\VW� VWDJH��
�²��GD\V�DIWHU�HJJ�IHUWLOL]DWLRQ���7KH�FHOOV�RI�WKH�EODVWRF\VW�LQQHU�FHOO�
PDVV� PD\� EH� FXOWLYDWHG� LQ� DQ� DUWLILFLDO� PHGLXP� DQG� DOORZHG� WR�
SUROLIHUDWH�� 7KH� SURFHGXUH� XVHG� WR� H[WUDFW� WKHVH� FHOOV� ZLOO� SUHYHQW�
WKDW� SDUWLFXODU� HPEU\R� IURP� IXUWKHU� GHYHORSPHQW�� 7KH� UHPRYDO� RI�
WKH�FHOOV�WKXV�HQGV�WKH�H[LVWHQFH�RI�WKH�HPEU\R��7KH�HPEU\R�GHULYHG�
FHOOV�DUH�QRW�LQ�WKHPVHOYHV�DQ�HPEU\R��L�H���WKH\�FDQQRW�GHYHORS�LQWR�
D� KXPDQ� EHLQJ�� WKH\� DUH� WKHUHIRUH� VLPLODU� WR� RWKHU� KXPDQ� WLVVXHV��
HYHQ�WKRXJK�WKH\�KDYH�SOXULSRWHQW�GLIIHUHQWLDWLRQ�FDSDELOLW\��
���� 7KH�(6�FHOOV�FDQ�EH�NHSW�DOLYH�LQ�DQ�DUWLILFLDO�PHGLXP�DQG�ZLOO�
SUROLIHUDWH�PRUH�RU�OHVV�LQGHILQLWHO\��,W�LV�KRSHG�WKDW�LQ�WKH�IXWXUH�LW�
ZLOO� EH� SRVVLEOH� WR� IRUFH� WKHVH� FHOOV� WR� GHYHORS� LQWR� VSHFLILF� WLVVXH�
W\SHV��WKXV�DIIRUGLQJ�WKH�SRVVLELOLW\�RI�JURZLQJ�´VSDUH�FHOOV�RU�WLVVXHVµ�
WKDW�FDQ�EH�LQMHFWHG�RU�WUDQVSODQWHG�LQWR�UHFLSLHQWV��,W�LV�SRVVLEOH�WKDW�
DW� VRPH� IXWXUH� VWDJH� WKLV� WLVVXH�ZLOO�EH�XVHG� WR�FRQVWUXFW�SDUW�RI�RU�
HYHQ� HQWLUH� RUJDQV� IRU� JUDIWLQJ� LQWR�KXPDQ�KRVWV�ZKRVH�RUJDQV�DUH�
GHVWUR\HG� RU� GLVHDVHG�� 6XFK� SURGXFWV� ZLOO� KDYH� EHHQ� GHULYHG� ILUVW�
IURP�HPEU\RV��KHQFH�WKH�HWKLFDO�TXHVWLRQ��LV�LW�DFFHSWDEOH�WR�XVH�WKH�
KXPDQ�HPEU\R�IRU�FUHDWLQJ�WKHUDSHXWLF�SURGXFWV"�
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6HFWLRQ�����
3RVVLEOH�$SSOLFDWLRQV�RI�(PEU\RQLF�6WHP�&HOO�5HVHDUFK�
���� 0DQ\� VFLHQWLVWV� KROG� WKH� YLHZ� WKDW� WKH� SRWHQWLDO� EHQHILWV� WR�
KXPDQLW\�DUH�VR�HQRUPRXV�WKDW�WKLV�UHVHDUFK�VKRXOG�EH�DOORZHG�WR�
SURFHHG�� ,Q� WKHLU� YLHZ�� WKH� EHQHILWV� FRQVLGHUDEO\� RXWZHLJK� DQ\�
HWKLFDO�GRXEWV�WKDW�VXUURXQG�WKH�SURFHGXUH��
���� (PEU\R�VWHP�FHOO�UHVHDUFK�FRXOG�OHDG�WR�VXEVWDQWLDO�SURJUHVV�
LQ� WKH� WUHDWPHQW� RI� WKH� IROORZLQJ� FRQGLWLRQV� �WKH� VHOHFWLRQ� LV� IRU�
SXUSRVHV�RI�H[DPSOH�RQO\���
�
1HUYRXV�6\VWHP�'LVHDVHV�
���� 0DQ\�RI�WKH�FRQGLWLRQV�WKDW�DIIOLFW�WKH�KXPDQ�QHUYRXV�V\VWHP�
FDQQRW�FXUUHQWO\�EH�WUHDWHG�RU��LI�WUHDWPHQW�LV�DYDLODEOH��FDQ�RQO\�EH�
WUHDWHG�ZLWK�GLIILFXOW\��DQG�WKH�UHVXOWV�DUH�GLVDSSRLQWLQJ��7KH�XVH�RI�
(6� FHOOV� PD\� VLJQLILFDQWO\� FKDQJH� RXU� DELOLW\� WR� UHSDLU� WUDXPDWLF�
OHVLRQV� VXFK�DV� LQ� WKH� VSLQDO� FRUG�� DQG� WR� FRPEDW�GLVHDVHV� VXFK�DV�
3DUNLQVRQ·V�� $O]KHLPHU·V�� PXOWLSOH� VFOHURVLV� RU� RWKHUV� QHXUR��
GHJHQHUDWLYH� GLVHDVHV�� /DERUDWRU\�JURZQ� WLVVXHV� GHULYHG� IURP�(6�
FHOO� OLQHV�FRXOG�EH�XVHG�WR�UHSODFH�WKH�QHUYRXV�WLVVXH�FHOOV�WKDW�DUH�
ORVW�RU�GDPDJHG�LQ�VXFK�GLVHDVHV��,W�ZRXOG�EH�SRVVLEOH�WR�WUDQVSODQW�
QHXURQV� WKDW� LQVHUW� WKHPVHOYHV� LQ� WKH� EUDLQ� RU� VSLQDO� FRUG�� RU�
SURGXFH�YDULRXV�QHXURWUDQVPLWWHUV�WKDW�DUH�ODFNLQJ��,W�ZRXOG�DOVR�EH�
SRVVLEOH� WR� WUDQVSODQW� JOLDO� FHOOV� WKDW� SURGXFH� WKH� P\HOLQ� FRDWLQJ�
DURXQG� WKH� QHUYHV�� ZKLFK� LV� GHVWUR\HG� LQ� PXOWLSOH� VFOHURVLV��
3UHOLPLQDU\�ZRUN�RI�WKLV�QDWXUH�LQ�DQLPDO�PRGHOV�KDV�\LHOGHG�VRPH�
HQFRXUDJLQJ�UHVXOWV��,Q�WKH�FOLQLF��WUHDWPHQW�RI�3DUNLQVRQ·V�SDWLHQWV�
E\� WUDQVSODQWDWLRQ� RI� IHWDO� EUDLQ� FHOOV� �QRW� VWHP� FHOOV�� KDV� EHHQ�
SUDFWLFHG�RQ�D� OLPLWHG� VFDOH� DQG�ZLWK� OHVV� WKDQ� VDWLVIDFWRU\� UHVXOWV�
EHFDXVH� WKH� IHWDO� FHOOV� FRXOG� QRW� EH� FRQWUROOHG�� 7KH� HPEU\R� VWHP�
FHOO� FXOWXUH� WHFKQRORJ\� FRXOG� DOORZ� WR� SURGXFH� VDIH� QHXURQ�
WUDQVSODQWV� DQG� DOORZ� PDQ\� PRUH� SDWLHQWV� WR� EHQHILW� IURP� VXFK�
QRYHO�WKHUDSHXWLF�PHDQV��
�
+HDUW�,QIDUFWLRQ�
���� 7KH� KHDUW� PXVFOH� FHOOV� WKDW� DUH� GHVWUR\HG� ZKHQ� LQIDUFWLRQ�
SUHYHQWV� EORRG� IURP� IORZLQJ� WKURXJK� FRURQDU\� DUWHULHV� FRXOG� EH�
UHSODFHG�E\�´SDWFKHVµ�RI� FDUGLDF�PXVFOH�FHOOV�SURGXFHG�E\� LQ�YLWUR�
GLIIHUHQWLDWLRQ� RI� HPEU\R� VWHP� FHOO� OLQHV�� 7KLV� KDV� EHHQ� GRQH�
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DOUHDG\� LQ�PLFH��0RUHRYHU��GLIIHUHQWLDWLRQ�RI�KXPDQ�(6�FHOOV� LQWR�
FDUGLDF�PXVFOH�FHOOV�KDV�UHFHQWO\�EHHQ�DFKLHYHG�LQ�,VUDHO��
�
%RQH�DQG�&DUWLODJH�'LVHDVHV�
���� &RQGLWLRQV� VXFK� DV� RVWHRDUWKULWLV�� ZKLFK� LQYROYH� GDPDJH� WR�
FDUWLODJH��PLJKW�EH�FRUUHFWHG�E\�WKH�LQVHUWLRQ�RI�FHOOV�WKDW�UHSDLU�WKH�
GDPDJHG� MRLQW�� 0LVVLQJ� ERQH�� UHVXOWLQJ� IURP� WUDXPD� RU� VXUJHU\��
PLJKW�EH�UHSODFHG�E\�QHZO\�JHQHUDWHG�ERQH�FHOOV��
�
&DQFHU�DQG�,PPXQH�GLVHDVHV�
����� %ORRG� DQG� LPPXQH� FHOO� WUDQVSODQWDWLRQV�� SDUW� RI� FDQFHU�
WUHDWPHQW��DOORZ�PRUH�LQWHQVLYH�XVH�RI�F\WRWR[LF�DQWL�FDQFHU�GUXJV��
%RQH�PDUURZ� RU� FRUG� EORRG� HPSOR\HG� WRGD\� IRU� VXFK� WUDQVSODQW��
DWLRQV� FRXOG� EH� PRUH� HIILFLHQWO\� UHSODFHG� E\� LQMHFWLRQV� RI� KHPD��
WRSRLHWLF� VWHP� FHOOV� GHULYHG� IURP� (6� FHOOV�� ZKLFK� KDYH� GHILQHG�
LPPXQRORJLFDO�SRWHQWLDOV�RU�DUH�DXWRORJRXV�WR�WKH�SDWLHQWV��5HSDLU�
RI� WKH� LPPXQH� V\VWHP� XVLQJ� WKLV� PHWKRG� ZRXOG� DOVR� EH� KLJKO\�
EHQHILFLDO�LQ�WKH�WUHDWPHQW�RI�LPPXQRGHILFLHQFLHV�VXFK�DV�$,'6��RU�
RI�DXWRLPPXQH�GLVHDVHV�VXFK�DV�OXSXV��PXOWLSOH�VFOHURVLV�RU�RWKHUV��
�
'LDEHWHV�
����� 7KH� LPSODQWDWLRQ� RI� LQVXOLQ�SURGXFLQJ� FHOOV� IURP� SDQFUHDWLF�
LVOHWV�KDV�DOUHDG\�PHW�ZLWK�OLPLWHG�VXFFHVV��;HQRWUDQVSODQWDWLRQ�LV�D�
SURPLVLQJ�SURVSHFW��EXW�WKHUH�DUH�PDMRU�LVVXHV�RI�SXEOLF�VDIHW\�WKDW�
UHVWULFW� WKLV� RSWLRQ�� 7KH� FXOWLYDWLRQ� RI� EHWD� FHOOV� GHULYHG� IURP�(6�
FHOOV� FRXOG� SURYLGH� D� XVHIXO� VROXWLRQ� WR� FXUUHQW� SUREOHPV� RI�
UHMHFWLRQ�DQG�VKRUWDJH�RI� WUDQVSODQWDEOH� WLVVXH��7KLV�DSSURDFK�KDV�
JLYHQ�SUHOLPLQDU\�SRVLWLYH�UHVXOWV�LQ�GLDEHWLF�PLFH��
�
$XWRORJRXV�WUDQVSODQWV�WKURXJK�QXFOHDU�WUDQVIHU�WHFKQRORJ\�
����� 7KH�ULVN�RI�WUDQVSODQW�UHMHFWLRQ�RU�RI�JUDIW�YHUVXV�KRVW�GLVHDVH�
FRXOG�EH�DYRLGHG�E\�SUHSDULQJ�WKH�VWHP�FHOOV�IURP�HPEU\RV�FUHDWHG�
E\� WUDQVIHUULQJ� D� QXFOHXV� IURP� WKH�SDWLHQW·V� RZQ� FHOOV� ²� D� SURFHVV�
FDOOHG� QXFOHDU� WUDQVIHU� RU� WKHUDSHXWLF� FORQLQJ�� 7KLV� SURFHGXUH�
LQYROYHV�D�UHSURJUDPPLQJ�RI�WKH�GRQRU�FHOO�QXFOHXV�LQ�WKH�UHFLSLHQW�
HJJ�� \LHOGLQJ� DJDLQ� SOXULSRWHQW� HPEU\R� VWHP� FHOOV�� 7KH� WLVVXHV�
GHULYHG� IURP� VXFK� VWHP� FHOOV� ZRXOG� WKHQ� EH� DXWRORJRXV� WR� WKH�
UHFLSLHQW�DQG�QRW�VXEMHFW�WR�LPPXQH�UHMHFWLRQ��
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5LVN�DVVHVVPHQWV�DQG�HWKLFV�RI�FHOO�WUDQVSODQWDWLRQ�
����� 7KH� EHQHILWV� IURP� WKHVH� WHFKQRORJLHV� PD\� DOVR� HQWDLO� VRPH�
ULVNV� WKDW� ZLOO� KDYH� WR� EH� ZHLJKHG� FDUHIXOO\�� 2QH� ULVN� PD\� EH�
XQFRQWUROOHG�SUROLIHUDWLRQ�RI�WKH�WUDQVSODQWHG�FHOOV��RU�XQFRQWUROOHG�
DFWLRQ� RI� WKHVH� FHOOV� LQ� WKH� ERG\� RI� WKH� SDWLHQW�� *HQHWLF� FRQWURO�
PHFKDQLVPV�IRU�UHWDLQLQJ�FRQWURO�RI�WKH�WUDQVSODQWHG�FHOOV��H�J���FHOO�
VXLFLGH�JHQHV��PD\�EH�XVHIXO��$QRWKHU�ULVN�PD\�EH�WKH�WUDQVPLVVLRQ�
RI� LQIHFWLRXV� DJHQWV�� WKLV� ULVN�ZRXOG� EH� JUHDWHU� LI� DGXOW� VWHP� FHOOV�
ZHUH� XVHG�� HVSHFLDOO\� LI� WDNHQ� SRVW�PRUWHP�� 6WHP� FHOOV� IURP�
HPEU\RV� FUHDWHG�E\�QXFOHDU� WUDQVIHU� VKRXOG�EH�FDUHIXOO\�H[DPLQHG�
IRU� ULVNV� WKDW�PD\� EH� DVVRFLDWHG� ZLWK� DQ\� SRVVLEOH� DEQRUPDOLW\� LQ�
GHYHORSPHQWDO�JHQH�H[SUHVVLRQ��

,Q�JHQHUDO��WKHUH�PD\�EH�HWKLFDO�FRQFHUQV�EH\RQG�WKH�TXHVWLRQ�
RI�HPEU\R�XVH�WR�SURGXFH�VWHP�FHOOV��QDPHO\�WKH�ORQJ�WHUP�VDIHW\�RI�
WKH� WUDQVSODQWDWLRQ� SURFHGXUH�� (WKLFDO� VDIHJXDUGV� PXVW� DOVR� EH�
HVWDEOLVKHG� WR� LQVXUH� VWULFWO\� PHGLFDO� XVHV� RI� VWHP� FHOO�
WUDQVSODQWDWLRQ�WHFKQRORJLHV��
�
6HFWLRQ�����
(WKLFDO�'HEDWH��7KH�6WDWXV�RI�WKH�(PEU\R�
����� 7KH�PRUDO� OHJLWLPDF\� RI� SHUIRUPLQJ� UHVHDUFK� RQ� WKH� KXPDQ�
HPEU\R�GHSHQGV��LQ�ODUJH�PHDVXUH��RQ�WKH�VWDWXV�WKDW�RQH�DWWULEXWHV�
WR� WKH� HPEU\R��$OWKRXJK� WKHUH� DUH� RWKHU� FRQVLGHUDWLRQV� WKDW� EHDU�
RQ�WKH�PRUDO�TXHVWLRQ�²�VXFK�DV�WKH�PRGDOLWLHV�RI�SDUHQWDO�FRQVHQW�
LQ�HPEU\R�GRQDWLRQ�²�WKH�LVVXH�RI�KRZ�ZH�GHILQH�DQG�FDWHJRUL]H�WKH�
HPEU\R� DW� LWV� GLIIHUHQW� GHYHORSPHQWDO� VWDJHV� LV� FUXFLDO� WR� WKH�
TXHVWLRQ�RI�ZKDW�ZH�FDQ�GR�ZLWK�LW��,I�WKH�HPEU\R�LV�D�KXPDQ�EHLQJ�
�RU� SHUVRQ�� WKHQ� RXU� WUHDWPHQW� RI� LW� LV� OLPLWHG� WR� ZKDW� ZH� DUH�
DOORZHG�WR�GR�WR�RWKHU�KXPDQ�EHLQJV��,I��E\�FRQWUDVW�� LW� LV�QR�PRUH�
WKDQ�D�FROOHFWLRQ�RI�KXPDQ�FHOOV��WKHQ�WKHUH�DUH�IDU�IHZHU�UHVWUDLQWV�
RQ�RXU�KDQGOLQJ�RI�LW��,Q�WKH�DUHD�RI�VWHP�FHOO�UHVHDUFK��PXFK�RI�WKH�
PRUDO� GHEDWH� LQ� YDULRXV� FRXQWULHV� KDV� IRFXVHG� RQ� WKH� TXHVWLRQ� RI�
MXVW�ZKDW�WKH�HPEU\R�LV��LQ�SDUWLFXODU�DW�WKH�SUH�LPSODQWDWLRQ�VWDJH��
����� ,W� LV� FOHDU� WKDW� WKH� HPEU\R�� HYHQ� DW� LWV� HDUOLHU� VWDJHV� RI�
GHYHORSPHQW�� KDV� D� XQLTXH� VWDWXV� LQ� ELRORJLFDO� WHUPV��8QOLNH� DQ\�
RWKHU�FOXVWHU�RI�OLYLQJ�FHOOV��WKLV�FOXVWHU�KDV�WKH�FDSDFLW\�WR�GHYHORS�
LQWR� D� IXQFWLRQLQJ� FRPSOH[� RUJDQLVP�� 7KLV� GLIIHUHQFH� PD\� EH�
GHVFULEHG� DV� WKH� HPEU\R·V� SRWHQWLDO� ²� WKH� SRWHQWLDO� WR� EHFRPH� D�
IXOO\� GHYHORSHG�KXPDQ�EHLQJ��7KDW� LV�� RI� FRXUVH��RQO\� D�ELRORJLFDO�
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IDFW��EXW�LW�LV�D�ELRORJLFDO�IDFW�WKDW�KDV�PRUDO�LPSOLFDWLRQV��,QVRIDU�DV�
RXU�PRUDO�QRWLRQV�GHSHQG�XSRQ�WKH�YDOXLQJ�RI�KXPDQ�OLIH��WKHQ�WKH�
KXPDQ�HPEU\R�GHPDQGV�UHVSHFW�DV�EHLQJ�FDXVDOO\�DQG�FRQWLQXRXVO\�
UHODWHG�WR�KXPDQ�EHLQJV�ZKR�GHVHUYH�WKH�XWPRVW�UHVSHFW�DQG�KDYH�
KXPDQ�ULJKWV��%XW�KRZ�IDU�VKRXOG�WKLV�UHVSHFW�JR�ZKHQ�FRQVLGHULQJ�
WKH� KXPDQ� HPEU\R"�0DQ\� WKLQJV� LQ� QDWXUH� DUH� UHVSHFWHG� EXW� DUH�
VWLOO�SHUPLWWHG�WR�EH�XVHG�E\�KXPDQNLQG�IRU�LWV�EHQHILW��7KHUHIRUH��
WKH�UHDO�LVVXH�LV�ZKHWKHU�HPEU\RV�FDQ�EH�DFFRUGHG�IXOO�PHPEHUVKLS�
RI� WKH� PRUDO� FRPPXQLW\� WR� ZKLFK� ZH� H[FOXVLYHO\� DGPLW� KXPDQ�
SHUVRQV� DQG� KXPDQ� SHUVRQV� DORQH�� $W� ZKDW� SRLQW� GRHV� WKLV� IXOO�
PHPEHUVKLS� EHJLQ� ZKHQ� ZH� FRQVLGHU� HPEU\RQLF� DQG� IHWDO� KXPDQ�
GHYHORSPHQW"�
����� $UJXPHQWV� DERXW� ZKHWKHU� RU� QRW� WKH� HPEU\R� FDQ� EH�
FRQVLGHUHG� D� SHUVRQ� KDYH� EHHQ� GHEDWHG� LQ� GLIIHUHQW� FXOWXUDO��
SKLORVRSKLFDO� DQG� UHOLJLRXV� FRPPXQLWLHV� DQG� DUH� PDUNHG� E\� D�
IDLOXUH� WR� UHDFK� FRPPRQ� DJUHHPHQW�� ,Q� RQH� YLHZ�� SHUVRQKRRG�
EHJLQV�ZLWK� WKH� IHUWLOL]DWLRQ�RI� WKH�RYXP�E\�WKH�VSHUP���)URP�WKDW�
PRPHQW�RQ��WKH�DGPLWWHGO\�SULPLWLYH�RUJDQLVP�KDV�DQ�LGHQWLW\�WKDW�
ZLOO� OLQN�LW�FRQWLQXRXVO\�WR�WKH�LQIDQW��WR�WKH�FKLOG��DQG�ODWHU�WR�WKH�
DGXOW� KXPDQ� EHLQJ� LW� ZLOO� EHFRPH��7R� HQG� WKH� OLIH� RI� WKH� HPEU\R��
WKHQ�� DPRXQWV� WR� DQ� HQGLQJ� RI� WKH� IXWXUH� OLIH� RI� WKH� LQIDQW� DQG��
LQGHHG��RI�WKH�FKLOG�DQG�WKH�DGXOW��
����� ,Q�WKH�YLHZ�RI�RWKHUV��HPEU\RV�DUH�HQWLWOHG�WR�UHVSHFW�EXW�ZRXOG�
QRW� HQMR\� WKH� IXOO� SHUVRQKRRG� HQMR\HG� E\� SHUVRQV�� ,W� LV� FRQVLGHUHG�
WKDW� WKH� KXPDQ� VWDWXV� LV� DFTXLUHG� DW� SURJUHVVLYH� VWDJHV� GXULQJ�
SUHJQDQF\� DQG� LV� IXOO\� DFKLHYHG� DW� ELUWK��� )URP� D� ELRORJLFDO�
VWDQGSRLQW�� LQGLYLGXDOLW\� LV� QRW� UHDOL]HG� DW� IHUWLOL]DWLRQ� EHFDXVH� RQH�
HPEU\R� FDQ� EHFRPH� WZR� WZLQV�� +HQFH�� LQGLYLGXDO� VWDWXV� FRXOG� EH�
DWWULEXWHG�WR�WKH�HPEU\R�RQO\�DIWHU�WKH�GD\�LQ�LWV�HDUO\�GHYHORSPHQW�
ZKHQ�GLYLVLRQ�LQWR�QRUPDO�WZLQV�LV�QR�ORQJHU�SRVVLEOH��XS�WR����GD\V�
DIWHU� IHUWLOL]DWLRQ���$FFRUGLQJ� WR� VRPH� YLHZV�� RUGLQDU\� SHUVRQKRRG�
UHVWV� RQ� FHUWDLQ� FRQGLWLRQV� WKDW� FRUUHODWH� ZLWK� SURSHUWLHV� RI� WKH�
KXPDQ� EUDLQ�� LQ� SDUWLFXODU� FRJQLWLYH� DQG� HPRWLRQDO� LQIUDVWUXFWXUHV��
+HQFH�� SHUVRQKRRG� ZRXOG� VWDUW� ZKHQ� VLJQLILFDQW� SDUWV� RI� WKDW�
LQIUDVWUXFWXUH�IRUP�LQ�WKH�IHWDO�EUDLQ�GXULQJ�SUHJQDQF\��IRU�VRPH�WKLV�
PD\� EH� WKH� WKLUG� WULPHVWHU� RI� SUHJQDQF\��� $FFRUGLQJO\�� D� \RXQJHU�
HPEU\R� VKRXOG� EH� WUHDWHG� ZLWK� DSSURSULDWH� UHVSHFW� EXW� QRW� DV� D�
������������
���7KLV�LV�PDLQO\�WKH�YLHZ�RI�&DWKROLFV�DQG�PDQ\�RWKHU�&KULVWLDQV��VHH�VHFWLRQ����
���7KLV�LV�LQ�SDUWLFXODU�WKH�-HZLVK�YLHZ��VHH�VHFWLRQ����
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SHUVRQ��7KH�ROGHU�LW�LV��WKH�VWURQJHU�VKRXOG�EH�WKH�FRPSHOOLQJ�UHDVRQV�
IRU�HQGLQJ�LWV�OLIH��VXFK�DV�D�VHYHUH�WKUHDW�WR�WKH�PRWKHU·V�KHDOWK���
����� $�PDMRU� DUHD� RI� GHEDWH� LV� WKH� ´SRWHQWLDOLW\µ� RI� WKH� HPEU\R��
6RPH�DUJXH�WKDW�WKH�HPEU\R�KDV�WKH�SRWHQWLDO�WR�EHFRPH�D�SHUVRQ�
HYHQ�LI� LW� LV�QRW�\HW�D�SHUVRQ��)RU�WKLV�UHDVRQ��WKH�GHIHQGHUV�RI�WKH�
SURWHFWHG�HPEU\R�VWDWXV�DUJXH�WKDW�LW�LV�ZURQJ�WR�GR�DQ\WKLQJ�WR�WKH�
HPEU\R� WKDW� ZLOO� SUHYHQW� LW� IURP� IXOILOOLQJ� WKLV� SRWHQWLDO�� 2Q� WKH�
RWKHU�KDQG��RQH�PD\�DUJXH� WKDW� WKH�SRWHQWLDO� WR�EHFRPH�D�KXPDQ�
EHLQJ�GRHV� QRW� HQGRZ� WKH�GHYHORSLQJ�HPEU\R�ZLWK� WKH� VWDWXV�RI� D�
KXPDQ� EHLQJ�� 2YD� DQG� VSHUP� DUH� FRPSRQHQWV� RI� WKH� ]\JRWH� WKDW�
ODWHU�EHFRPHV�D� IHWXV��EXW�ZH�GR�QRW�DFFRUG� IHWDO� VWDWXV� WR�VSHUP��
ZK\��WKHQ��DFFRUG�KXPDQ�EHLQJ�VWDWXV�WR�DQ�HPEU\R"�0RUHRYHU��WKH�
SRWHQWLDO�RI�DQ�HPEU\R�WR�GHYHORS�LQWR�D�IHWXV�DQG�D�QHZERUQ�FKLOG�
GHSHQGV� RQ� QDWXUDO� SURFHVVHV� WKDW� DUH� QRW� RQH� KXQGUHG� SHUFHQW�
VXFFHVVIXO��IRU�H[DPSOH�� LQ�QDWXUH��SUREDEO\�RQO\�DERXW�KDOI�RI�WKH�
IHUWLOL]HG� HPEU\RV� UHVXOW� LQ� SUHJQDQF\��� 7KHUHIRUH�� QRW� HYHU\�
HPEU\R�KDV�WKH�SRWHQWLDO�WR�EHFRPH�D�KXPDQ�EHLQJ��
����� ,Q�WKH�FDVH�RI�LQ�YLWUR�IHUWLOL]DWLRQ��,9)���WKH�FRQFHSW�RI�HPEU\R�
SRWHQWLDO� LV� IXUWKHU� FRPSOLFDWHG� VLQFH� GLUHFW� PHGLFDO� LQWHUYHQWLRQ� LV�
QHHGHG� IRU� WKH� HPEU\R·V� LPSODQWDWLRQ� LQ� XWHUR�� 7KH� UDWH� RI�
LPSODQWDWLRQ� LV� VWLOO� ORZ�� DQG� RQO\� DERXW� RQH�WKLUG� RI� ,9)� HPEU\RV�
GHYHORS� LQWR� LPSODQWDWLRQ�FRPSHWHQW� EODVWRF\VWV� ZLWK� WKH� QRUPDO�
FKURPRVRPH�VWUXFWXUH��7KHUH�LV�DOVR�D�OLPLW�WR�WKH�QXPEHU�RI�HPEU\RV�
LPSODQWHG� DW� RQH� WLPH� LQ� RUGHU� WR� DYRLG�PXOWLSOH� SUHJQDQFLHV��$V� D�
UHVXOW�� D� IUDFWLRQ� RI� ,9)� HPEU\RV� WKDW� ZLOO� QRW� EH� LPSODQWHG� LQ� D�
XWHUXV� ²� IRU� PHGLFDO� UHDVRQV� RU� EHFDXVH� WKH� SDUHQWV� GHFLGH� DJDLQVW�
LPSODQWDWLRQ�RI�WKDW�DGGLWLRQDO�HPEU\R�²�KDV�QR�SRWHQWLDO�WR�GHYHORS�
LQWR� D� KXPDQ� EHLQJ�� 7KH� VDPH� ODFN� RI� SRWHQWLDO� DSSOLHV� WR� HPEU\RV�
REWDLQHG� E\� QXFOHDU� WUDQVIHU�� ZKLFK� FDQQRW� EH� LPSODQWHG� XQGHU� WKH�
SUHVHQW�LQWHUGLFWLRQ�RI�KXPDQ�UHSURGXFWLYH�FORQLQJ��
����� 7KHVH�VFLHQWLILF�DQG�SKLORVRSKLFDO�FRQVLGHUDWLRQV�LQGLFDWH�KRZ�
LQWULFDWH� LV� WKH� GHILQLWLRQ� RI� WKH� SUH�LPSODQWDWLRQ� HPEU\R� VWDWXV��
DURXQG�ZKLFK� UHYROYHV� WKH�GHEDWH� RQ� WKH�HWKLFV�RI�KXPDQ�(6�FHOO�
UHVHDUFK��7KLV�ELRHWKLFDO�GHEDWH�RFFXUV�LQ�D�FRQWH[W�RI�FXOWXUDO�DQG�
UHOLJLRXV� UHIOHFWLRQ� RQ� WKH� QDWXUH� RI� KXPDQ� OLIH�� IURP� LWV�
FRPPHQFHPHQW�WR�LWV�FRQFOXVLRQ��DQG�WKH�UHVSHFW�GXH�WR�KXPDQ�OLIH�
DV� VXFK�� 7KH� RSLQLRQV� H[SUHVVHG� E\� VRPH� RI� WKH� PDMRU� UHOLJLRQV�
KDYH� JUHDWO\� FRQWULEXWHG� WR� WKH� GHEDWH�� DQG� DUH� FRPSDUHG� LQ� WKH�
QH[W�VHFWLRQ��
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6HFWLRQ�����
5HOLJLRXV�9LHZV�RQ�WKH�8VH�RI�(6�&HOOV�IRU�7KHUDSHXWLF�5HVHDUFK�
,��7KH�-HZLVK�3HUVSHFWLYH��
����� -HZLVK�%LEOLFDO�DQG�7DOPXGLF�/DZ�KROGV�WKDW�KXPDQ�VWDWXV�LV�
DFTXLUHG�SURJUHVVLYHO\�GXULQJ�HPEU\RQLF�GHYHORSPHQW�RQO\�DQG�QRW�
DW� IHUWLOL]DWLRQ�� ,Q� VRPH� DVSHFWV�� WKH� IHWXV� FDQ� EH� FRQVLGHUHG� DV� D�
SDUW� RI� WKH� PRWKHU·V� ERG\�� 2I� FRXUVH�� WKLV� SDUW� VKRXOG� QRW� EH�
UHPRYHG� DW� ZLOO�� +RZHYHU�� LI� LW� HQGDQJHUV� WKH� ZRPDQ·V� OLIH� RU�
VHYHUHO\�DIIHFWV�KHU�KHDOWK��SK\VLFDO�DQG�PHQWDO���WKHQ�DERUWLRQ�KDV�
WR� EH� FRQVLGHUHG� EHFDXVH� WKH� VWDWXV� RI� WKH� PRWKHU� SUHYDLOV�� 7KH�
VWDWXV�RI�WKH�IHWXV�EHFRPHV�D�IXOO�KXPDQ�VWDWXV��HTXDO�WR�WKDW�RI�WKH�
PRWKHU��RQO\�DW�ELUWK��:LWK�UHJDUG�WR�WKH�SUH�LPSODQWDWLRQ�HPEU\R��
DFFRUGLQJ�WR�-HZLVK�/DZ�JHQHWLF�PDWHULDOV�RXWVLGH�WKH�XWHUXV�KDYH�
QR�OHJDO�VWDWXV�VLQFH�WKH\�DUH�QRW�HYHQ�SDUW�RI�D�KXPDQ�EHLQJ�XQWLO�
LPSODQWHG�LQ�WKH�ZRPE��0RUHRYHU��HYHQ�LQ�WKH�XWHUXV��RQO\�DIWHU�WKH�
ILUVW����GD\V�GRHV�WKH�HPEU\R�DFTXLUH�D�VWDWXV�DV�D�´IRUPHGµ�KXPDQ�
IHWXV��7KH�VWDWXV�RI�WKH�HPEU\R�RXWVLGH�WKH�ZRPE�LV�FRPSDUDEOH�WR�
WKDW� RI� JDPHWHV�� VSHUP� DQG� RRF\WHV�� QDPHO\�� WKH\� VKRXOG� QRW� EH�
ZDVWHG� LQ� YDLQ� EXW�PD\� EH�PDQLSXODWHG� IRU� WKHUDSHXWLF� SXUSRVHV��
+HQFH�� LW� LV�SUHIHUDEOH� WKDW� WKH�HPEU\RV�EH�REWDLQHG�IURP�IHUWLOLW\�
WUHDWPHQWV�E\�,9)��
����� $Q�,9)�HPEU\R�KDV�WKH�SRWHQWLDO�WR�JURZ�LQWR�D�KXPDQ�EHLQJ�
RQO\� LI� LPSODQWHG� LQ� WKH� XWHUXV�� EXW� RXWVLGH� WKH� ZRPE� �SUH�
LPSODQWDWLRQ�� LW� KDV� QR� VXFK� SRVVLELOLW\� �DW� OHDVW� ZLWK� SUHVHQW�
WHFKQRORJLHV��� ,I� WKH� SDUHQWV� H[SUHVV� WKHLU� GHFLVLRQ� DJDLQVW�
LPSODQWLQJ�FHUWDLQ�,9)�HPEU\RV��WKHVH�EHFRPH�VXSHUQXPHUDU\�SUH�
LPSODQWDWLRQ� HPEU\RV� ZLWK� QR� PRUH� SRWHQWLDO� WR� GHYHORS� LQWR� D�
KXPDQ� EHLQJ� DQG� PD\� EH� XVHG� IRU� UHDVRQDEOH� SXUSRVHV� VXFK� DV�
GHULYLQJ�VWHP�FHOOV��
����� 7KH�FRPPDQGPHQW� WR�VDYH� OLYHV�VXSHUVHGHV�PDQ\�RWKHU� ODZV�
LQ�-XGDLVP��&UHDWLQJ�HPEU\RV�E\�FORQLQJ� IRU� WKHUDSHXWLF�SXUSRVHV�
VXFK� DV� GHULYLQJ� FHOOV� IRU� WUDQVSODQWDWLRQ� FRXOG� WKXV� EH� MXVWLILHG��
*LYHQ�WKDW�WKH�PDWHULDOV�IRU�VWHP�FHOO�UHVHDUFK�FDQ�EH�SURFXUHG�LQ�
SHUPLVVLEOH�ZD\V�� WKH� WHFKQRORJ\� LV�´PRUDOO\�QHXWUDO�µ� L�H��� LW�JDLQV�
LWV� PRUDO� YDOXH� RQ� WKH� EDVLV� RI� ZKDW� ZH� GR� ZLWK� LW�� $� FOHDU�
WKHUDSHXWLF�DLP�LV��WKHUHIRUH��VWLOO�HVVHQWLDO�GHVSLWH�WKH�OHJLWLPDF\�RI�
XVLQJ� SUH�LPSODQWDWLRQ� HPEU\RV�� 7KH� WKHUDSHXWLF� DLP� VKRXOG� JLYH�
XV� WKH� VWUHQJWK� QRW� WR� HUHFW� ´IHQFHV�µ� L�H��� EDUULHUV� UHVXOWLQJ� IURP�
WKH� IHDU� RI� LQFUHDVLQJ� DERUWLRQV� RU� WKH� IHDU� RI� FORQLQJ�� HVSHFLDOO\�
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VLQFH�VXFK�IHQFHV�FRXOG�SUHYHQW�WKH�FXUH�RI�IDWDO�GLVHDVHV��$QRWKHU�
LVVXH�LV�WKDW�RI�SURILW��KHDOWK�FDUH�LV�D�FRPPXQDO�UHVSRQVLELOLW\�DQG�
VRFLDO� MXVWLFH� LV� DQ� LPSRUWDQW� YDOXH�� EXW� RQH� FDQQRW� UHTXHVW� IUHH�
DOWUXLVP�� UDWKHU� RQH� VKRXOG� EDODQFH� WKH� ULJKW� RI� SURILW�ZLWK� VRFLDO�
MXVWLFH��

7KH�DERYH�SULQFLSOHV�VXPPDUL]H�VSHFLILF�VWDWHPHQWV�RQ�+XPDQ�
(PEU\R� 6WHP� &HOO� 7KHUDSHXWLF� 5HVHDUFK�� SXEOLVKHG� LQ� WKH� 86�
1DWLRQDO� %LRHWKLFV� $GYLVRU\� &RPPLWWHH� �1%$&�� 5HSRUW� E\�
RUWKRGR[� 5DEEL� 0RVKH� 'RYLG� 7HQGOHU� �<HVKLYD� 8QLYHUVLW\�� DQG�
OLEHUDO�5DEEL�(OOLRW�1��'RUI� �8QLYHUVLW\�RI� -XGDLVP���2SLQLRQV�RQ�
,9)�HPEU\RV�PD\�EH� IRXQG� LQ�ZULWLQJV�RI� WKH� ODWH�&KLHI�5DEEL�RI�
,VUDHO�� 5DEEL� 6KORPR� *RUHQ� RU� WKH� ODWH� &KLHI� 5DEEL� RI� WKH� 8.��
5DEEL�,PPDQXHO�-DNRERYLWV��$�PRUH�VSHFLILF�H[SRVLWLRQ�RI�UHOHYDQW�
+DODFKLF�GHFLVLRQV�RQ�WKH�LVVXH�RI�HPEU\R�UHVHDUFK�LV�SUHVHQWHG�LQ�
WKH�IROORZLQJ�VHFWLRQ��
�
,,��(6�FHOOV�WKHUDSXWLF�UHVHDUFK��+DODFKLF�FRQVLGHUDWLRQV�
����� 7KH�-HZLVK�/DZ�²�+DODFKD�²�GLVWLQJXLVKHV�EHWZHHQ�VL[�VWDJHV�
RI�KXPDQ�PDWXUDWLRQ��7KH�VL[�VWDJHV�RI�KXPDQ�VWDWXV�DUH��

,��3UH�LPSODQWDWLRQ�HPEU\R�²�EHJLQV�ZLWK�WKH�IXVLRQ�RI�JDPHWHV��
,,��(PEU\R�²�EHJLQV�DW�LPSODQWDWLRQ��ZKHQ�QR�DFWLYH�SURFHGXUH�LV�

UHTXLUHG�WR�PDLQWDLQ�JURZWK��
,,,��)HWXV�²�EHJLQV�RQ� WKH���VW� GD\�DIWHU�FRQFHSWLRQ��ZKHQ�JURVV��

RUJDQRJHQHVLV�LV�FRPSOHWHG�DQG�KXPDQ�IRUP�LV�HVWDEOLVKHG��
,9��9LDEOH�IHWXV�²�EHJLQV�ZKHQ�WKH�IHWXV�EHFRPHV�YLDEOH��
9��´'LVORGJHGµ� IHWXV� ²�EHJLQV�DW� WKH� VWDUW�RI� WKH� VHFRQG�VWDJH�RI��

ODERU��
9,��1HRQDWH� ²� EHJLQV� DW� ELUWK�� ZKHQ� WKH� QHZERUQ� DFTXLUHV� IXOO��

KXPDQ�VWDWXV��
0DQ·V� FUHDWLRQ� ´LQ� WKH� LPDJH� RI� *RGµ� FRQIHUV� LQILQLWH� YDOXH� RQ�
HYHU\� LQQRFHQW� KXPDQ� OLIH� DQG� UHQGHUV� LWV� GHVWUXFWLRQ� D� FDSLWDO�
RIIHQVH��:KLOH�WKLV�DEVROXWH�LQYLRODELOLW\�RQO\�EHJLQV�DW�ELUWK�²�VWDJH�
9,�²�IURP�DQ�HDUO\�VWDJH�RI�LWV�HPEU\RQLF�GHYHORSPHQW�WKH�HPEU\R�
HQMR\V� D� YHU\� VDFUHG� WLWOH� WR� OLIH�� WR� EH� VHW� DVLGH� RQO\� XQGHU�
H[FHSWLRQDO�FLUFXPVWDQFHV��

7KH�LQ�YLWUR�SUH�LPSODQWDWLRQ�HPEU\R��VWDJH�,��LV�GLIIHUHQW��7KH�
H[WUHPHO\� ORZ� SUREDELOLW\� WKDW� LW� ZLOO� UHDFK� WKH� QHRQDWDO� VWDJH�
UHGXFHV� LWV� KDODFKLF� VWDWXV�� IRU� H[DPSOH�� WKH�6DEEDWK� ODZV� DUH� QRW�
VHW� DVLGH� LQ� RUGHU� WR� VDYH� LWV� ´OLIH�µ� 7KLV� PHDQV� WKDW� WKH� SUH�
LPSODQWDWLRQ�HPEU\R�GRHV�QRW�HQMR\�WKH�VDPH�VDFUHG�WLWOH�WR�OLIH�DV�
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DQ� LPSODQWHG� HPEU\R�� 1HYHUWKHOHVV�� DV� ORQJ� DV� WKH� LQ�YLWUR� SUH�
LPSODQWDWLRQ� HPEU\R� REWDLQV� LWV� LPSODQWDWLRQ� SRWHQWLDO�� LWV�
GHVWUXFWLRQ�LV�QRW�HVVHQWLDOO\�GLIIHUHQW�IURP�WKH�GHOLEHUDWH�ZDVWH�RI�
VHPHQ�� 7KLV� LQWHUGLFWLRQ� LV� PHUHO\� WKH� REYHUVH� RI� WKH� ELEOLFDO�
SUHFHSW� ´EH� IUXLWIXO� DQG�PXOWLSO\�µ� WKDW� LV�� LW� LPSOLHV�D�SURKLELWLRQ�
DJDLQVW�IUXVWUDWLQJ�WKH�SURFUHDWLYH�DFW��

'XULQJ� LWV� ILUVW� ��� GD\V� IROORZLQJ� FRQFHSWLRQ� �VWDJH� ,,��� WKH�
HPEU\R�LV�FRQVLGHUHG�DV�´PHUH�ZDWHUµ�LQ�WKH�FRQWH[W�RI�WKH�ODZV�RI�
LPSXULW\�� 6RPH� ODWHU� DXWKRULWLHV� XVH� WKLV� 7DOPXGLF� VRXUFH� DV�
VXSSRUW�IRU�PLQLPL]LQJ�WKH�HPEU\R·V�VWDWXV�GXULQJ�WKLV�LQLWLDO�SHULRG�
VR�WKDW�WKH�SURKLELWLRQ�DJDLQVW�´GHVWUXFWLRQ�RI�SRWHQWLDO�KXPDQ�OLIHµ�
GRHV�QRW�H[LVW�GXULQJ� WKLV�HPEU\RQLF�VWDJH��+RZHYHU��DFFRUGLQJ� WR�
RWKHU�DXWKRULWLHV�ZKR�GR�QRW�DFFHSW�WKLV�FRQFHSW��WKH�6DEEDWK�ODZV�
DUH� VHW� DVLGH� LQ� RUGHU� WR� VDYH� DQ� LPSODQWHG� HPEU\R��ZKLFK�PHDQV�
WKDW�DQ�HPEU\R�GRHV�KDYH�VRPH�KXPDQ�VWDWXV�LQ�FRQWUDVW�WR�WKH� LQ�
YLWUR�SUH�LPSODQWDWLRQ�HPEU\R��

�
+DODFKLF�&RQFOXVLRQV��
��� -HZLVK� ODZ� GRHV� QRW� GLIIHUHQWLDWH� EHWZHHQ� GHVWUXFWLRQ� RI� DQ� LQ�

YLWUR� SUH�LPSODQWDWLRQ� HPEU\R� DQG� LWV� XVH� IRU� URXWLQH� VFLHQWLILF�
UHVHDUFK�� 8QOHVV� GRQH� IRU� WKH� SXUSRVH� RI� VDYLQJ� OLIH�� ERWK� DUH�
IRUELGGHQ� DV� ORQJ� DV� WKH� HPEU\R·V� SRWHQWLDO� IRU� LPSODQWDWLRQ�
H[LVWV��

���$Q�LQYLWUR�HPEU\R�WKDW�KDV�ORVW�LWV�LPSODQWDWLRQ�SRWHQWLDO�PD\�EH�
NHSW�IRU�UHVHDUFK�HYHQ�LI� WKH�UHVHDUFK�LQYROYHV�WKH�H[WUDFWLRQ�RI�
FHOOV��ZKLFK�LPSOLHV�HQGLQJ�WKH�HPEU\R·V�FDSDFLW\�WR�GHYHORS��

��� ,W� LV� IRUELGGHQ� WR� XVH� D� YLDEOH� LPSODQWHG� HPEU\R� IRU� UHVHDUFK�
SXUSRVHV��

��� 7KH� FUHDWLRQ� RI� DQ\� HPEU\R� IRU� VXFK� UHVHDUFK� SXUSRVHV� LV�
SURKLELWHG�� 1HYHUWKHOHVV�� WKH� FUHDWLRQ� RI� LQYLWUR� SUH��
LPSODQWDWLRQ� HPEU\RV� IRU� UHVHDUFK� VKRXOG� EH� DOORZHG� LI� LW� LV�
SUREDEOH� WKDW� WKLV� UHVHDUFK� ZLOO� KHOS� WR� VDYH� KXPDQ� OLIH�� 7KLV�
LQFOXGHV�FUHDWLQJ�HPEU\RV�E\�WKH�FORQLQJ�WHFKQRORJ\��

��� 7KHUH� LV� D� FOHDU� GLVWLQFWLRQ� EHWZHHQ� WKH� SUH�LPSODQWDWLRQ� DQG�
LPSODQWHG�HPEU\R��+RZHYHU��-HZLVK�ODZ�GRHV�QRW�UHFRJQL]H�WKH�
DUELWUDU\����GD\�OLPLW�RU�WKH�GLVWLQFWLRQ�EHWZHHQ�HPEU\R�DQG�SUH�
HPEU\R��
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,,,��&KULVWLDQ�9LHZV��
����� 5RPDQ� DQG� 2UWKRGR[� &DWKROLFV� EHOLHYH� WKDW� WKHUH� LV� D�
FRQWLQXXP� IURP� WKH� FRQFHSWLRQ� WR� WKH� KXPDQ� SHUVRQ�� DQG� WKDW�
GHYHORSPHQW� FRQWLQXHV� GXULQJ� DOO� VWDJHV� RI� OLIH� �WKURXJK� ERWK�
SK\VLFDO�DQG�VSLULWXDO�GHYHORSPHQW�WR�EHFRPLQJ�LQ�*RG·V�LPDJH�RU�
7KHRVLV�²�GHLILFDWLRQ���JLYLQJ�VDQFWLW\�WR�DOO�VWDJHV�RI�GHYHORSPHQW��
7KH� VWURQJHVW� RSSRVLWLRQ� WR� WKH� XVH� RI� HPEU\RV� IRU� UHVHDUFK�
SXUSRVHV�� HYHQ� WKHUDSHXWLF�� LV� H[SUHVVHG� E\� WKH� 5RPDQ� &DWKROLF�
&KXUFK��7KH�+RO\�6HH�� LQ�D�QRWH�GDWHG���$XJXVW������RQ�(6�FHOOV�
DQG� WKH� VWDWXV� RI� WKH� HPEU\R�� UHFDOOV� WKDW� LQ� WKH� &DWKROLF� YLHZ� D�
KXPDQ�SHUVRQ�FRPHV�LQWR�H[LVWHQFH�DW�WKH�WLPH�RI�IHUWLOL]DWLRQ��7KH�
HPEU\R� LV� WKHUHIRUH� FRQVLGHUHG� DV� D� KXPDQ� LQGLYLGXDO� KDYLQJ� WKH�
ULJKW� WR� LWV� RZQ� OLIH��(YHU\� LQGLYLGXDO� HPEU\R� VKRXOG� WKHUHIRUH�EH�
JLYHQ�WKH�RSSRUWXQLW\� WR�GHYHORS� LQWR�D�PDWXUH�KXPDQ�EHLQJ��7KH�
HDUO\� HPEU\R� LV� D� KXPDQ� SHUVRQ� DQG� HQGLQJ� LWV� OLIH� E\� KXPDQ�
DJHQF\� LV� XQWKLQNDEOH�� HYHQ� IRU� WKHUDSHXWLF� DSSOLFDWLRQV�� ,9)�
SURFHGXUHV��ZKLFK� URXWLQHO\� UHVXOW� LQ� ´VXUSOXVµ�HPEU\RV�FUHDWHG�D�
SULRUL� LQ� ODUJHU� QXPEHU� WKDQ� ZLOO� HYHQWXDOO\� GHYHORS� LQWR� KXPDQ�
SHUVRQV�� DUH� QRW� DFFHSWHG� DV� OHJLWLPDWH� E\� WKH� &DWKROLF� &KXUFK��
PDNLQJ�WKH�YHU\�VRXUFH�RI�HPEU\RV�IRU�VWHP�FHOO�UHVHDUFK�LOOLFLW��
����� 3URWHVWDQW� WKHRORJ\� LV� SOXUDOLVWLF� DQG� WKHUH� LV� QRW� D� VLQJOH�
VRXUFH�RI�DXWKRULW\�WR�ZKLFK�UHIHUHQFH�PLJKW�EH�PDGH�RQ�WKH�LVVXH�
RI� (6� FHOO� WKHUDSHXWLF� UHVHDUFK�� ,W� LV� SDUW� RI� WKH� 3URWHVWDQW� HWKRV�
WKDW�PRUDO�TXHVWLRQV�DUH�GHWHUPLQHG�E\� WKH� LQGLYLGXDO�FRQVFLHQFH��
,Q�3URWHVWDQW�WKRXJKW��&KULVWLDQV�PD\�WKHUHIRUH�KDYH�YHU\�GLIIHULQJ�
YLHZV� RQ� WKLV� LVVXH�� WKHVH� YLHZV� EHLQJ� FRPSDWLEOH� ZLWK� &KULVWLDQ�
EHOLHIV��6RPH�EUDQFKHV�RI�WKH�3URWHVWDQW�WUDGLWLRQ�FRQVLGHU�WKDW�IXOO�
KXPDQ� VWDWXV� LV� DFTXLUHG� JUDGXDOO\� DQG� WKHUHIRUH� PLJKW� QRW� EH�
SUHVHQW�LQ�WKH�HDUO\�HPEU\R��,Q�UHFHQW�VWDWHPHQWV��*HQHUDO�6\QRGV�
RI� WKH� 8QLWHG� &KXUFK� RI� &KULVW�� ZKLOH� UHJDUGLQJ� WKH� KXPDQ� SUH�
HPEU\R�DV�GXH�JUHDW�UHVSHFW�FRQVLVWHQW�ZLWK�LWV�SRWHQWLDO�WR�GHYHORS�
LQWR�IXOO�KXPDQ�SHUVRQKRRG��KDYH�QRW�UHJDUGHG�WKH�SUH�HPEU\R�DV�
WKH� HTXLYDOHQW� RI� D� SHUVRQ��+HQFH�� WKH� GHULYDWLRQ� RI� KXPDQ� VWHP�
FHOOV� IURP� HDUO\� HPEU\RV�� LQFOXGLQJ� WKH� FUHDWLRQ� RI� HPEU\RV� E\�
QXFOHDU�WUDQVIHU��VKRXOG�JR�IRUZDUG�ZLWK�SXEOLF�IXQGLQJ�DQG�DW�WKH�
VDPH�WLPH�EH�RSHQ�WR�LQWHQVH�SXEOLF�GLVFXVVLRQ��D�GLVFXVVLRQ�ZKLFK�
WKH\� UHJDUG� DV� DQ� HVVHQWLDO� SURFHVV� RI� WKH� IDLWK�� /DFN� RI� SXEOLF�
XQGHUVWDQGLQJ�ZRXOG�EH�YHU\�EDG�IRU�VFLHQFH��7KH�UHVHDUFK�VKRXOG�
QHYHU� EH� OHIW� XQUHJXODWHG� WKURXJK� SULYDWH� IXQGLQJ� EXW� EH� XQGHU�
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QDWLRQZLGH� VXSHUYLVLRQ�� 7KH� REMHFWLYHV� VKRXOG� EH� MXVWLILHG��
LQGLFDWLQJ� WKH� EHQHILW� IRU� VFLHQFH�DQG�PHGLFLQH�DQG�D� FRQFHUQ� IRU�
VRFLDO� MXVWLFH��7KH�SURWRFROV� VKRXOG�VKRZ�UHVSHFW� IRU� WKH�HPEU\RV��
2WKHU�3URWHVWDQW�YLHZV�FRQVLGHU� WKH�GDQJHUV�RI�QRW�UHVSHFWLQJ� WKH�
ZHDNHVW� KXPDQ�EHLQJ��QDPHO\� WKH�HPEU\R�� WR�EH�JUHDWHU� WKDQ�DQ\�
EHQHILW��LQ�RWKHU�ZRUGV�²�LW�LV�SUHIHUDEOH�WR�DEVWDLQ�RU�WR�ILQG�RWKHU�
ZD\V�RI�DFKLHYLQJ�WKH�JRDOV��
����� 7KH� 86� 1DWLRQDO� %LRHWKLFV� $GYLVRU\� &RPPLWWHH� �1%$&��
UHSRUW��TXRWLQJ�WKH�DERYH�GLYHUVH�3URWHVWDQW�SRVLWLRQV��UHODWHV�DOVR�
WKH� YLHZV� RI� 86� 5RPDQ� &DWKROLFV�� VXFK� DV� <DOH� WKHRORJLDQ�
0DUJDUHW�$�� )DUOH\�ZKR� DUJXHV� IRU� ´D� UHWXUQ� WR� WKH� FHQWXULHV�ROG�
&DWKROLF�SRVLWLRQ�WKDW�D�FHUWDLQ�DPRXQW�RI�GHYHORSPHQW�LV�QHFHVVDU\�
LQ� RUGHU� IRU� D� FRQFHSWXV� WR�ZDUUDQW� SHUVRQDO� VWDWXV�µ�&RQVLGHULQJ�
WKDW�VFLHQFH�FDQ�FRQWULEXWH�WR�DQ�´RQJRLQJ�SURFHVV�RI�GLVFHUQPHQW�
WKDW� UHPDLQV� IDLWKIXO� WR��WKHRORJLFDO� DQG� HWKLFDO� YDOXHV�µ� VKH�DGGV��
´(PEU\RORJLFDO�VWXGLHV�QRZ�VKRZ�WKDW�IHUWLOL]DWLRQ��¶FRQFHSWLRQ·��LV�
LWVHOI�D�¶SURFHVV�·�QRW�D�¶PRPHQW�·�DQG�VXFK�VWXGLHV�SURYLGH�VXSSRUW�
IRU� WKH� RSLQLRQ� WKDW� LQ� LWV� HDUOLHVW� VWDJHV� �LQFOXGLQJ� WKH� EODVWRF\VW�
VWDJH�� ZKHQ� VWHP� FHOOV� ZRXOG� EH� H[WUDFWHG� IRU� WKH� SXUSRVHV� RI�
UHVHDUFK��� WKH�HPEU\R�LV�QRW�VXIILFLHQWO\� LQGLYLGXDOL]HG�WR�EHDU�WKH�
PRUDO�ZHLJKW�RI�SHUVRQKRRG�µ�9LHZV�RQ�WKH�HPEU\R�FKDQJH��DQG�WKH�
NQRZOHGJH� WKDW� WZLQV� FDQ� GHULYH� IURP� D� VLQJOH� ]\JRWH� DUH� QRW�
FRPSDWLEOH�ZLWK�EHVWRZLQJ�´LQGLYLGXDOLW\µ�XQWLO�WKH�SULPLWLYH�VWUHDN�
LV�IRUPHG��+HQFH�´D�JURZLQJ�QXPEHU�RI�&DWKROLF�PRUDO�WKHRORJLDQV�
GR� QRW� FRQVLGHU� WKH� KXPDQ� HPEU\R� LQ� LWV� HDUOLHVW� VWDJHV� �SULRU� WR�
WKH� GHYHORSPHQW� RI� WKH� SULPLWLYH� VWUHDN� RU� WR� LPSODQWDWLRQ�� WR�
FRQVWLWXWH�DQ�LQGLYLGXDOL]HG�KXPDQ�HQWLW\�ZLWK�WKH�VHWWOHG�LQKHUHQW�
SRWHQWLDO� WR� EHFRPH� D� KXPDQ� SHUVRQ�µ� $FFRUGLQJ� WR� WKLV� YLHZ��
WKHUDSHXWLF� FORQLQJ� IRU� DXWRORJRXV� VWHP� FHOO�GHULYHG� WUDQVSODQWV��
EXW�QRW�IRU�UHSURGXFWLRQ��FDQ�DOVR�EH�FRQVLGHUHG��
�
,9��0RVOHP�9LHZV��
����� ,Q� ,VODP� WKH� XVH� RI� HPEU\RV� IRU� WKHUDSHXWLF� RU� UHVHDUFK�
SXUSRVHV�PD\�EH�DFFHSWDEOH�SURYLGHG�WKDW�LW�RFFXUV�EHIRUH�WKH�SRLQW�
DW� ZKLFK� WKH� HPEU\R� LV� HQVRXOHG�� L�H��� IURP� WKH� ��WK� GD\� DIWHU�
IHUWLOL]DWLRQ��$FFRUGLQJ�WR�,VODPLF�WUDGLWLRQ�²�LQ�WKH�.RUDQLF�VRXUFHV�
DQG� /DZ� �6KDUL·D�� ²� WKH� HPEU\RQLF� MRXUQH\� WR� SHUVRQKRRG� LV� D�
GHYHORSPHQWDO�SURFHVV��DQG�HQVRXOPHQW�PD\�WDNH�SODFH�DIWHU�WKUHH�
SHULRGV� RI� ��� GD\V�� L�H��� DW� ���� GD\V� RU� WXUQ� RI� WKH� ILUVW� WULPHVWHU��
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+RZHYHU��WKH�HPEU\R�LV�DOLYH�LQ�WKH�ZRPE�EHIRUH�LW�UHFHLYHV�D�VRXO��
6XPPDUL]LQJ�WKH�OHJDO�HWKLFDO�GLVFXVVLRQV�RI�0XVOLP�MXULVWV�IRU�WKH�
1%$&� UHSRUW�� $EGXOD]L]� 6DFKHGLQD� �8QLYHUVLW\� RI� 9LUJLQLD��
FRQFOXGHV�� ´0RVW�RI�PRGHUQ�0XVOLP�RSLQLRQV� VSHDN�RI�D�PRPHQW�
EH\RQG�WKH�EODVWRF\VW�VWDJH�ZKHQ�D�IHWXV�WXUQV�LQWR�D�KXPDQ�EHLQJ��
1RW�HYHU\�OLYLQJ�RUJDQLVP�LQ�D�XWHUXV�LV�HQWLWOHG�WR�WKH�VDPH�GHJUHH�
RI� VDQFWLW\�DQG�KRQRU�DV�D� IHWXV�DW� WKH� WXUQ�RI� WKH� ILUVW� WULPHVWHU�µ�
&RQVLGHULQJ�WKLV�ZLGH�WLPH�SHULRG��GHFLVLRQV� LQ�GLIIHUHQW�FRXQWULHV�
RI� WKH� 0XVOLP� ZRUOG� PD\� YDU\�� 1RQHWKHOHVV�� ´WKH� IROORZLQJ� LV�
DFFHSWDEOH� WR� DOO� VFKRROV� RI� WKRXJKW� LQ� ,VODP��7KH�.RUDQ� DQG� WKH�
7UDGLWLRQ� UHJDUG� SHUFHLYDEOH� KXPDQ� OLIH� DV� SRVVLEOH� DW� WKH� ODWHU�
VWDJHV� RI� WKH� ELRORJLFDO� GHYHORSPHQW� RI� WKH� HPEU\R«LQ� HDUOLHU�
VWDJHV�VXFK�DV�ZKHQ�LW�ORGJHV�LQ�WKH�XWHUXV�DQG�EHJLQV�LWV�MRXUQH\�WR�
SHUVRQKRRG��WKH�HPEU\R�FDQQRW�EH�FRQVLGHUHG�DV�SRVVHVVLQJ�PRUDO�
VWDWXV«MXULVWV�PDNH� D� GLVWLQFWLRQ� EHWZHHQ� D� ELRORJLFDO� DQG�PRUDO�
SHUVRQ��SODFLQJ�WKH�ODWWHU�VWDJH�DIWHU��DW�OHDVW��WKH�ILUVW�WULPHVWHU�RI�
SUHJQDQF\�µ�,Q�FRQFOXVLRQ��´,Q�,VODP��UHVHDUFK�RQ�VWHP�FHOOV��PDGH�
SRVVLEOH�E\�LQWHUYHQWLRQ�LQ�WKH�HDUO\�VWDJHV�RI�OLIH��LV�UHJDUGHG�DV�DQ�
DFW� RI� IDLWK� LQ� WKH�XOWLPDWH�ZLOO� RI�*RG� DV� WKH�*LYHU� RI� DOO� OLIH�� DV�
ORQJ� DV� VXFK� DQ� LQWHUYHQWLRQ� LV� XQGHUWDNHQ� ZLWK� WKH� SXUSRVH� RI�
LPSURYLQJ�KXPDQ�KHDOWK�µ�
�
6HFWLRQ�����
2SWLRQV�LQ�WKH�8VH�RI�(PEU\RV�IRU�6WHP�&HOO�5HVHDUFK�
���� 6HYHUDO�FDWHJRULHV�RI�HPEU\R�PD\�EH�LGHQWLILHG��ZLWK�GLIIHUHQW�
HWKLFDO�FRQVLGHUDWLRQV�DSSO\LQJ�LQ�HDFK�FDVH��7KHVH�FDWHJRULHV�DUH��
�$��7KH�HPEU\R�WKDW�LV�FUHDWHG�E\�,9)�LQ�RUGHU�WR�EH�LPSODQWHG�LQ�

WKH�XWHUXV�DQG�LGHQWLILHG�DV�VXLWDEOH�IRU�WKLV�SXUSRVH��
�%��7KH�HPEU\R�WKDW�KDV�EHHQ�FUHDWHG�LQ�YLWUR�WR�EH�LPSODQWHG�DV�LQ�

�$��� EXW� ZKLFK� LV� VXSHUQXPHUDU\�� VXUSOXV� WR� UHTXLUHPHQWV�
�H[FHVV� HPEU\RV� KDYLQJ� WR� EH� FUHDWHG� WR� LQVXUH� VXFFHVVIXO�
SUHJQDQF\� LQ� LQIHUWLOLW\� WUHDWPHQWV�� VRPH�EHLQJ�XQVXLWDEOH�DQG�
RWKHUV�QR�ORQJHU�QHHGHG�DIWHU�SUHJQDQF\�KDV�EHJXQ���

�&�� 7KH� HPEU\R� WKDW� LV� FUHDWHG� E\� RRF\WH�VSHUP� IHUWLOL]DWLRQ� IRU�
SXUSRVHV�RI�UHVHDUFK�RU�IRU�WKH�GHYHORSPHQW�RI�VWHP�FHOO�OLQHV��

�'�� 7KH� HPEU\R� WKDW� LV� FUHDWHG� WKURXJK� WUDQVIHU� LQWR� WKH�
GHQXFOHDWHG� RRF\WH� RI� WKH� QXFOHXV� RI� D� GRQRU� FHOO� �VR�FDOOHG�
WKHUDSHXWLF�FORQLQJ���
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)LUVW�2SWLRQ��7KH�6XSHUQXPHUDU\�(PEU\RV�
����� ,I� ZH� WDNH� LQWR� DFFRXQW� WKH� YLHZ� WKDW�ZKDW� JDYH� WKH� HPEU\R�
PRUDO� VWDWXV� LQ� WKLV� FRQWH[W�ZDV� LWV� LQGLYLGXDO�SRWHQWLDO� WR�GHYHORS�
LQWR�D�SHUVRQ�WR�IXOILOO�WKH�SDUHQWV·�GHVLUH�IRU�SURFUHDWLRQ��WKHQ�,9)�
HPEU\RV� RI� FDWHJRU\� �$�� FDQQRW� EH�XVHG� IRU� UHVHDUFK�SXUSRVHV� DV�
ORQJ�DV�WKH�SDUHQWV�GR�QRW�LQVWUXFW�RWKHUZLVH��
����� &DWHJRU\� �%�� VXSHUQXPHUDU\� HPEU\RV� DUH� ,9)�HPEU\RV� WKDW�
ZLOO�QRW�EH�LPSODQWHG�DV�SDUW�RI�WKH�IHUWLOLW\�WUHDWPHQW�DQG�WKHUHIRUH�
ZLOO�QHYHU�DFTXLUH�KXPDQ�VWDWXV�WKURXJK�GHYHORSPHQW�LQ�XWHUR��,W�LV�
WKHQ� HWKLFDOO\� SHUPLVVLEOH� WR� DOORZ�SDUHQWV� WR�PDNH� D� GRQDWLRQ�RI�
VXFK� VXSHUQXPHUDU\� HPEU\RV� IRU� WKHUDSHXWLF� VWHP� FHOO� UHVHDUFK��
7KH� PRGDOLWLHV� RI� WKH� GRQDWLRQ� VKRXOG� LQFOXGH� IUHH� LQIRUPHG�
FRQVHQW�DQG�VKRXOG�UHVSHFW�WKH�GLJQLW\�RI�WKH�GRQRUV�RI�WKH�HPEU\R��
7KLV� UHVSHFW� LPSOLHV� H[SODLQLQJ� WKH� DOWHUQDWLYHV�� NHHSLQJ� WKH�
HPEU\R� IUR]HQ�� DQG� WKH� HYHQWXDO� GHVWUXFWLRQ� RI� WKH� HPEU\R��
$GHTXDWH�LQIRUPDWLRQ�VKRXOG�EH�SURYLGHG�RQ�WKH�EHQHILWV�WKDW�LVVXH�
IURP�GHULYLQJ� VWHP�FHOO� OLQHV� IURP�´QRQ�LPSODQWDEOHµ�HPEU\RV� IRU�
PHGLFDO� DSSOLFDWLRQV�� L�H��� WKH� XVH� RI� WKH� HPEU\R� IRU� WKH� JRRG� RI�
RWKHUV��,W�PD\�EH�DGGHG�WKDW�IURP�D�VFLHQWLILF�SRLQW�RI�YLHZ��WKHUH�LV�
QR�SDLQ�RU�GLVWUHVV�WR�WKH�HPEU\R��ZKLFK��EHIRUH�WKH�GHYHORSPHQW�RI�
QHXUDO�VWUXFWXUHV��LV�QRW�VHQWLHQW�DQG�KDV�QR�KXPDQ�FRQVFLRXVQHVV��
�
6HFRQG�2SWLRQ��3URGXFWLRQ�RI�,9)�(PEU\RV�IRU�5HVHDUFK"�
����� 7KH� FUHDWLRQ� RI� HPEU\RV� VSHFLILFDOO\� IRU� UHVHDUFK� SXUSRVHV�
�FDWHJRU\� &�� LV� WR� EH� GLVWLQJXLVKHG� IURP� WKH� XVH� RI� HPEU\RV� WKDW�
KDYH�EHHQ�FUHDWHG�ZLWK�D�YLHZ� WR� WKHLU� LPSODQWDWLRQ�EXW�ZKLFK�IRU�
UHDVRQV� PHQWLRQHG� DERYH� KDYH� QRW� EHHQ� LPSODQWHG� DQG� KDYH�
WKHUHIRUH� EHFRPH� VXSHUQXPHUDU\�� ,Q� WKH� FDVH� RI� WKH� VSHFLDOO\�
FUHDWHG�HPEU\R��WKH�DFW�RI�FUHDWLRQ�LV�LQWHQGHG�WR�IXOILOO�D�SXUSRVH�
WKDW� LV� D�PHDQV� WR� VRPHWKLQJ� HOVH��7KLV� FRQWUDVWV�ZLWK� WKH� FDVH�RI�
WKH�VXSHUQXPHUDU\�HPEU\R��ZKLFK�ZDV�QRW�LQLWLDOO\�VHHQ�DV�D�PHDQV�
WR�DQRWKHU�HQG��EXW�ZDV�FUHDWHG�DV�DQ�HQG�LQ�LWVHOI��
����� ,V�WKHUH�DQ\�MXVWLILFDWLRQ�IRU�DOORZLQJ�WKH�FUHDWLRQ�RI�HPEU\RV�
LQ� RUGHU� WR� H[WUDFW� IURP� WKHP� VWHP� FHOOV�� ZKLFK� ZLOO� EH� XVHG� IRU�
WKHUDSHXWLF� SXUSRVHV"� ,I� WKH� HPEU\R� LV� FRQVLGHUHG� DV� D� KXPDQ�
EHLQJ� RU� SHUVRQ�� WKHQ� WKLV� ZRXOG� RIIHQG� WKH� SULQFLSOH� SURKLELWLQJ�
WKH� LQVWUXPHQWDOL]DWLRQ� RI� KXPDQ� EHLQJV�� +RZHYHU�� LI� LW� LV� QRW�
FRQVLGHUHG� D� KXPDQ� EHLQJ�� WKHUH� PD\� EH� QR� DEVROXWH� UXOH�
SUHYHQWLQJ� LWV� XVH� IRU� WKH� EHQHILW� RI� RWKHUV�� DQG� WKH� SRWHQWLDO�
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PHGLFDO� JDLQV� VKRXOG� EH� ZHLJKHG� DJDLQVW� DQ\� GDPDJH� WKDW� VXFK� D�
XVH�ZRXOG�HQWDLO�WR�DQ\�UHFRJQL]HG�YDOXH��
����� 1HYHUWKHOHVV��LW�LV�HVVHQWLDO�WKDW�XSPRVW�FDUH�EH�H[HUWHG��VLQFH�
FUHDWLQJ� HPEU\RV� IRU� UHVHDUFK� E\� IHUWLOL]DWLRQ� RI� DQ� RYXP� ZLWK�
VSHUP��L�H���QRW�IRU�UHSURGXFWLYH�SXUSRVHV��PLJKW�EH�YLHZHG�E\�WKH�
SXEOLF� DV� D� PLVXVH� RI� ,9)� WHFKQRORJ\�� 0RUHRYHU�� FUHDWLQJ� WKH�
HPEU\R�DV�D�PHDQV�PD\�EH�RIIHQVLYH�WR�WKH�GRQRUV�RI�WKH�JDPHWHV��
&UHDWLQJ� HPEU\RV� RXWVLGH� ,9)� WUHDWPHQWV� IRU� LQIHUWLOLW\� PD\� DOVR�
OHDG�WR�DEXVH�DQG�FRPPHUFLDOL]DWLRQ�RI�JDPHWH�GRQDWLRQV��
�
7KLUG�2SWLRQ��(PEU\RV�FUHDWHG�E\�&ORQLQJ�7HFKQRORJ\�
����� 1XFOHDU�WUDQVIHU��FORQLQJ�WHFKQRORJ\��SURYLGHV�DQ�DOWHUQDWLYH�
ZD\� RI� FUHDWLQJ� KXPDQ� ´HPEU\RVµ� WKDW� LV� FOHDUO\� GLVWLQFW� IURP�
QRUPDO� ,9)�� 7KH� JUHDW� DWWUDFWLRQ� RI� WKLV� PHWKRG� RI� FUHDWLQJ� (6��
FHOOV� OLHV� LQ� WKH� IDFW� WKDW� WKHVH� FHOOV�ZRXOG�EH� FRPSDWLEOH�ZLWK� WKH�
FHOOV�RI� WKH�GRQRU�RI� WKH�QXFOHXV��7KLV�SUHVHQWV�PDMRU�SRVVLELOLWLHV�
IRU� DXWRORJRXV� WUDQVSODQWDWLRQ�� ZKHUH� WKH� SUREOHP� RI� UHMHFWLRQ� LV�
ODUJHO\� RYHUFRPH�� +RZHYHU�� WKLV� WHFKQLTXH� LV� \HW� XQSURYHQ� IRU�
SURGXFLQJ�KXPDQ�HPEU\R�VWHP�FHOOV��
����� ,W� DSSHDUV� HWKLFDOO\� DFFHSWDEOH� WR� FUHDWH� HPEU\RV� E\� QXFOHDU�
WUDQVIHU�LQ�RUGHU�WR�SURGXFH�(6�FHOOV�IRU�WKHUDSHXWLF�SXUSRVHV��7KLV�
EHFDXVH��XQOLNH�IRU�,9)�HPEU\RV��VSHUP�DQG�LQWDFW�RYD�DUH�QRW�XVHG�
DQG�WKH�UHVXOWLQJ�´FORQHG�HPEU\Rµ�FRXOG�QRW�D�SULRUL�EH�PHDQW�IRU�
KXPDQ�UHSURGXFWLRQ�XQGHU�WKH�LQWHUGLFWLRQ�RI�UHSURGXFWLYH�FORQLQJ��
EDVHG� RQ� WKH� 8QLYHUVDO� 'HFODUDWLRQ� RQ� WKH� +XPDQ�*HQRPH� DQG�
+XPDQ� 5LJKWV� DQG� RQ� WKH� WHFKQLFDO� XQFHUWDLQWLHV� UHJDUGLQJ� LWV�
VDIHW\�� 5HSURGXFWLYH� FORQLQJ� LV�� LQGHHG�� SURKLELWHG� E\� WKH� �����
,VUDHOL� /DZ� RQ� *HQHWLF� ,QWHUYHQWLRQ� LQ� +XPDQV� �VHWWLQJ� D�
PRUDWRULXP�IRU�D�SHULRG�RI���\HDUV��ZKLFK�ZLOO�SUREDEO\�EH�UHQHZHG�
E\� WKH� .QHVVHW� LQ� ������� +RZHYHU�� WKLV� ,VUDHOL� ODZ� FRQFHUQV� RQO\�
SURGXFWLRQ� RI� D� FRPSOHWH� KXPDQ� EHLQJ� E\� FORQLQJ� DQG� GRHV� QRW�
SURKLELW� FUHDWLQJ� FORQHG� HPEU\RV� WKDW� ZLOO� QRW� EHFRPH� KXPDQ�
EHLQJV�WKURXJK�SUHJQDQF\��,W�PXVW�EH�H[SODLQHG��WKHUHIRUH��WKDW�WKLV�
LV�QRW�FORQLQJ�LQ�WKH�VHQVH�WKDW�FORQLQJ�KDV�EHHQ�XQGHUVWRRG�LQ�WKH�
SXEOLF�GHEDWH�RQ�UHSURGXFWLYH�FORQLQJ��
����� 1XFOHDU�WUDQVIHU�RI�WKLV�VRUW�PD\�EH�RSSRVHG�E\�WKRVH�ZKR�VHH�
LW�DV�WKH�ILUVW�VWHSV�WRZDUGV�KXPDQ�UHSURGXFWLYH�FORQLQJ��7KH\�DUJXH�
WKDW�HYHQ�LI�VXFK�HPEU\RV�ZLOO�QRW�EH�DOORZHG�WR�GHYHORS�EH\RQG�D�
YHU\� OLPLWHG� VWDJH�� VXFK� VWHSV�ZLOO� DVVLVW� WKH�GHYHORSPHQW� RI� WHFK��
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QLTXHV� WKDW� FRXOG�EH�XVHG�RQH�GD\� LQ� UHSURGXFWLYH� FORQLQJ��7KRVH�
ZKR� VXSSRUW� QXFOHDU� WUDQVIHU� SRLQW� RXW� WKDW� WKH� EHQHILWV� RI� WKH�
SURFHGXUH� FDQ� WDNH� SUHFHGHQFH� RYHU� WKH� IHDUV� GHULYLQJ� IURP� WKLV�
´VOLSSHU\�VORSHµ�DUJXPHQW��(YHQ�UHSURGXFWLYH�FORQLQJ�PD\�RQH�GD\�
EH�D�VDIH�WHFKQRORJ\�IRU�ZKLFK�WKHUH�PLJKW�EH�LPSRUWDQW�LQGLYLGXDO�
PHGLFDO�DSSOLFDWLRQV� �VXFK�DV� WUHDWPHQW�RI� WRWDO� LQIHUWLOLW\�ZLWKRXW�
QHHG� IRU� JDPHWH� GRQDWLRQ� IURP� RXWVLGH� WKH� FRXSOH�� RU� DOORZLQJ�
SURFUHDWLRQ� ZLWKRXW� IHDU� RI� WUDQVIHU� RI� D� VHYHUH� JHQHWLF� GLVHDVH� E\�
RQH�RI�WKH�SDUHQWV�FDUU\LQJ�WKLV�JHQH���7KHUHIRUH��VRPH�PD\�VHH�WKH�
FORQLQJ� RI� WKH� HPEU\R� DV� SDUW� RI� WKH� QHFHVVDU\� UHVHDUFK� IRU� VXFK�
GLVWDQW�JRDOV�LQ�WKH�IXWXUH���$�UHYLHZ�RQ�FORQLQJ�WHFKQRORJLHV�DQG�WKH�
SRWHQWLDO�RI�(6�FHOOV�IURP�FORQHG�HPEU\RV�LV�IRXQG�LQ�$SSHQGL[�����
�
)RXUWK�2SWLRQ��2WKHU�6RXUFHV�RI�6WHP�&HOOV�
,��(PEU\RQLF�JHUP�FHOOV��
����� 3OXULSRWHQW� HPEU\RQLF� JHUP� �(*�� FHOOV� FDQ� EH�GHULYHG� IURP�
WKH� GHYHORSLQJ� JRQDGDO� ULGJH� RI� IHWXVHV� WKDW� DUH� DERUWHG� DW� �²��
ZHHNV�RI�SUHJQDQF\�� ,W� LV�SURSRVHG� WKDW� UHJXODWLRQV�EH�FRQVLGHUHG�
IRU� WKH�XVH�RI�VXFK�FDGDYHULF� IHWDO� WLVVXHV�IRU�WKHUDSHXWLF�UHVHDUFK�
LQ�DFFRUGDQFH�ZLWK�WKH�HWKLFDO�VDIHJXDUGV�WKDW�H[LVW�IRU�IHWDO�WLVVXH�
WUDQVSODQWDWLRQ�� ,W� PXVW� EH� DVFHUWDLQHG� WKDW� LQ� QR� FLUFXPVWDQFH�
VKRXOG�WKLV�EHFRPH�DQ�LQFHQWLYH�IRU�HOHFWLYH�DERUWLRQ��

7KH�UHODWLYH�HIILFLHQF\�DQG�VDIHW\�RI�WKLV�(*�FHOOV�WHFKQRORJ\�DV�
FRPSDUHG�WR�(6�FHOOV�IRU�SURGXFLQJ�WUDQVSODQWDEOH�WLVVXHV�ZLOO�KDYH�
WR�EH�HYDOXDWHG��
,,��$GXOW�VWHP�FHOOV��PXOWLSRWHQW�VWHP�FHOOV���
����� 5HVHDUFK�RQ�WKH�SRWHQWLDO�RI�VWHP�FHOOV�IURP�GLIIHUHQW�OLQHDJHV�
�QHXUDO� VWHP�FHOOV��KHPDWRSRLHWLF� VWHP�FHOOV�� WKDW� FDQ�EH�REWDLQHG�
VDIHO\� IURP� OLYLQJ� SHUVRQV� RU� IURP� FDGDYHU� VRXUFHV� VKRXOG� EH�
FRQWLQXHG�� 7KHUH� KDV� EHHQ� PXFK� SURJUHVV� LQ� GHPRQVWUDWLQJ� WKH�
PDOOHDELOLW\� RI� DGXOW� VWHP� FHOOV�� LQ� SDUWLFXODU� ERQH� PDUURZ� VWHP�
FHOOV�WKDW�FDQ�JHQHUDWH�QHXUDO�FHOOV��OLYHU�FHOOV�RU�KHDUW�PXVFOH�FHOOV��
7KHUH�DUH�VWLOO�PDQ\�TXHVWLRQV�RQ�WKH�SUDFWLFDOLW\�RI�WKLV�DSSURDFK�
ZLWK� UHVSHFW� WR� VWHP� FHOO� H[SDQVLRQ� DQG�GLIIHUHQWLDWLRQ�SRWHQWLDOV��
DV�FRPSDUHG�ZLWK�SOXULSRWHQW�(6�FHOOV��7KH�ULVNV�LQKHUHQW�WR�WKH�XVH�
RI� DGXOW� DQG� FDGDYHU� WLVVXHV�� LQ� SDUWLFXODU� WUDQVIHU� RI� SDWKRJHQLF�
DJHQWV��VKRXOG�DOVR�EH�FDUHIXOO\�H[DPLQHG��

7KH� SRWHQWLDOLWLHV� DQG� OLPLWDWLRQV� RI� DGXOW� VWHP� FHOOV� DV� DQ�
DOWHUQDWLYH�WR�(6�FHOOV�DUH�GHVFULEHG�LQ�PRUH�GHWDLO� LQ�$SSHQGL[����
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$W� SUHVHQW�� LW� GRHV� QRW� VHHP� IHDVLEOH� WKDW� WKH� H[LVWHQFH� RI� DGXOW�
VWHP�FHOOV� VKRXOG�SUHHPSW�FRQWLQXHG�UHVHDUFK�RQ�(6�FHOOV�� LQ�YLHZ�
RI�WKH�ODWWHU·V�KLJKHU�FDSDFLW\�IRU�PXOWLSOLFDWLRQ�DQG�GLIIHUHQWLDWLRQ��
�
6HFWLRQ�����
([LVWLQJ�/HJDO�DQG�5HJXODWRU\�3URYLVLRQV� LQ�9DULRXV�&RXQWULHV�
*HQHUDO�SURYLVLRQV�RQ�HPEU\RV�
����� $W� WKH� LQWHUQDWLRQDO� OHYHO�� WKHUH�DUH� IHZ� UHJXODWRU\�SURYLVLRQV�
FRQFHUQLQJ� UHVHDUFK� RQ� KXPDQ� HPEU\RV�� 0DQ\� WH[WV� SURFODLP� WKH�
ULJKW� WR� OLIH� LQ� JHQHUDO�� H�J��� WKH� 8QLYHUVDO� 'HFODUDWLRQ� RI� +XPDQ�
5LJKWV� RI� ����� �$UW�� ���� WKH� ,QWHUQDWLRQDO� &RYHQDQW� RQ� &LYLO� DQG�
3ROLWLFDO�5LJKWV�RI�������$UW������DQG�WKH�$IULFDQ�&KDUWHU�RQ�+XPDQ�
DQG� 3HRSOHV·� 5LJKWV� RI� ����� �$UW�� ���� 2WKHUV� PRUH� VSHFLILFDOO\�
SURFODLP� WKH� ULJKW� WR� OLIH�RI� WKH�FRQFHLYHG�FKLOG��H�J��� WKH�$PHULFDQ�
&RQYHQWLRQ� RQ� +XPDQ� 5LJKWV� RI� ������ ZKLFK� VWLSXODWHV� WKDW� WKH�
ULJKW�WR�OLIH�JHQHUDOO\�EHJLQV�DW�WKH�WLPH�RI�FRQFHSWLRQ��$UW������
����� $W� WKH�(XURSHDQ� OHYHO�� WKH�&RXQFLO� RI�(XURSH·V�&RQYHQWLRQ�
IRU� WKH� 3URWHFWLRQ� RI� +XPDQ� 5LJKWV� DQG� 'LJQLW\� RI� WKH� +XPDQ�
%HLQJ� ZLWK� UHJDUG� WR� WKH� $SSOLFDWLRQ� RI� %LRORJ\� DQG� 0HGLFLQH�
������� GRHV� QRW� UHVROYH� WKH� LVVXH� RI� WKH� SHUPLVVLELOLW\� RI� HPEU\R�
UHVHDUFK�DQG�OHDYHV�HDFK�FRXQWU\�UHVSRQVLEOH�IRU�OHJLVODWLQJ�RQ�WKLV�
PDWWHU�� ZKLOH� VWLSXODWLQJ� WZR� FRQGLWLRQV�� WKH� SURKLELWLRQ� RI�
SURGXFLQJ�KXPDQ�HPEU\RV�IRU�UHVHDUFK�SXUSRVHV��DQG�WKH�DGRSWLRQ�
RI�UXOHV�GHVLJQHG�WR�DVVXUH�DGHTXDWH�SURWHFWLRQ�RI�WKH�HPEU\R��$Q�
$GGLWLRQDO� 3URWRFRO� WR� WKH� &RQYHQWLRQ�� SURKLELWLQJ� DOO� IRUPV� RI�
KXPDQ�FORQLQJ��ZDV�DSSURYHG�LQ������DQG�WRRN�HIIHFW�RQ���-DQXDU\�
�����LQ�ILYH�PHPEHU�VWDWHV��

7KH� &KDUWHU� RI� )XQGDPHQWDO� 5LJKWV� RI� WKH�(XURSHDQ�8QLRQ��
DGRSWHG� LQ� 1LFH�� )UDQFH�� LQ� 'HFHPEHU� ������ H[SUHVVO\� SURKLELWV�
HXJHQLF�SUDFWLFHV�DQG�UHSURGXFWLYH�FORQLQJ��EXW�GRHV�QRW�FRPPHQW�
H[SOLFLWO\�RQ�HPEU\R�UHVHDUFK��,Q�D�UHVROXWLRQ�RQ���6HSWHPEHU�������
WKH� (XURSHDQ� 3DUOLDPHQW� VWDWHG� LWV� RSSRVLWLRQ� WR� WKH� FUHDWLRQ� RI�
VXSHUQXPHUDU\�HPEU\RV�DQG�WR�WKHUDSHXWLF�FORQLQJ��0RUH�UHFHQWO\��
WKH�(XURSHDQ�*URXS�RQ�(WKLFV�LQ�6FLHQFH�DQG�1HZ�7HFKQRORJLHV�WR�
WKH�(XURSHDQ�&RPPLVVLRQ�DGRSWHG�2SLQLRQ�1R�����RI����1RYHPEHU�
�����RQ�VWHP�FHOO�UHVHDUFK��LQ�ZKLFK�LW�DGYRFDWHG�WKH�DOORFDWLRQ�RI�D�
FRPPXQLW\� EXGJHW� WR� UHVHDUFK� RQ� VXSHUQXPHUDU\� HPEU\RV�� ZKLOH�
SRLQWLQJ�RXW�WKDW�UHVSRQVLELOLW\�IRU�GHWHUPLQLQJ�WKH�DGPLVVLELOLW\�RI�
VXFK�UHVHDUFK�UHVWHG�ZLWK�HDFK�PHPEHU�VWDWH��2Q�WKH�RWKHU�KDQG��LW�
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FRQVLGHUHG� HWKLFDOO\� XQDFFHSWDEOH� WKH� FUHDWLRQ� RI� HPEU\RV� IRU�
UHVHDUFK� SXUSRVHV� IURP� GRQDWHG� JDPHWHV� DQG� GHHPHG� SUHPDWXUH�
WKH�XVH�RI�QXFOHDU�WUDQVIHU�WHFKQRORJ\��WKHUDSHXWLF�FORQLQJ���
����� $W�WKH�QDWLRQDO�OHYHO��UHVHDUFK�RQ�KXPDQ�HPEU\RV�LV�SHUPLWWHG�
LQ�VRPH�FRXQWULHV��ZLWK�YDU\LQJ�GHJUHHV�RI�VXSHUYLVLRQ���ZKLOH�LW� LV�
H[SUHVVO\� SURKLELWHG� LQ� RWKHUV�� 7KH� VHFRQG� FDWHJRU\� LQFOXGHV�
,UHODQG�� ZKHUH� $UWLFOH� ���� ���� RI� WKH� &RQVWLWXWLRQ� LPSOLFLWO\�
SURKLELWV�UHVHDUFK�RQ�WKH�HPEU\R�E\�VWDWLQJ�WKH�ULJKW�WR�OLIH�RI�WKH�
´XQERUQ�FKLOGµ�HTXDO�WR�WKDW�RI�WKH�PRWKHU��,Q�*HUPDQ\��WKH�ODZ�RI�
���'HFHPEHU������RQ�(PEU\R�3URWHFWLRQ� UHJDUGV� WKH� IHUWLOL]DWLRQ�
RI�DQ�RYXP�IRU�SXUSRVHV�RWKHU�WKDQ�LWV�UHLPSODQWDWLRQ�LQ�WKH�GRQRU�
DV� DQ� RIIHQFH�� LW� WDNHV� WKH� VDPH� SRVLWLRQ� RQ� WKH� IHUWLOL]DWLRQ� RI� D�
ODUJHU� QXPEHU� RI� RYD� WKDQ� FDQ� EH� LPSODQWHG�� 7KH� VLWXDWLRQ� LV�
VLPLODU� LQ� $XVWULD�� ZKHUH� /DZ� 1R�� ���� RI� ����� SURKLELWV� WKH�
FUHDWLRQ�RI�VXSHUQXPHUDU\�HPEU\RV��,Q�+XQJDU\��/DZ�1R��/;;,;�
RI�������DQG�3RODQG��/DZ�RI���-DQXDU\��������WKH�OLIH�RI�WKH�XQERUQ�
FKLOG� PXVW� EH� UHVSHFWHG� DQG� SURWHFWHG� IURP� LWV� FRQFHSWLRQ�� ,Q�
1RUZD\�� WKH� ODZ� RI� ��$XJXVW� ����� SURKLELWV� UHVHDUFK� RQ� HPEU\RV�
DQG�EDQV�WKHLU�XVH�IRU�DQ\�SXUSRVH�RWKHU�WKDQ�UHLPSODQWDWLRQ�LQ�WKH�
GRQRU�� ,Q� 7XQLVLD�� WKH� 1DWLRQDO� 0HGLFDO� (WKLFV� &RPPLWWHH� KDV�
VWDWHG�LWV�RSSRVLWLRQ�WR�DOO�H[SHULPHQWDWLRQ�RQ�WKH�HPEU\R��ZKLFK�LV�
UHJDUGHG� DV� D� ´SRWHQWLDO� SHUVRQµ� �2SLQLRQ�1R��� RI� ���'HFHPEHU�
�������DV�ZHOO�DV�WR�DQ\�IRUP�RI�FORQLQJ��2SLQLRQ�1R����RI����0D\�
�������,Q�6ZLW]HUODQG��WKH�&RQVWLWXWLRQ��������SURKLELWV�WKH�XVH�RI�
PHGLFDOO\�DVVLVWHG�UHSURGXFWLRQ�IRU�UHVHDUFK�SXUSRVHV�DV�ZHOO�DV�WKH�
IHUWLOL]DWLRQ� RI� PRUH� RYD� WKDQ� DUH� FDSDEOH� RI� EHLQJ� LPPHGLDWHO\�
LPSODQWHG��$UW�������OHWWHU�F���,Q�,WDO\��WKH�ELOO�RQ�PHGLFDOO\�DVVLVWHG�
UHSURGXFWLRQ� VSHFLILFDOO\� SURKLELWV� WKH� FUHDWLRQ� RI� VXSHUQXPHUDU\�
HPEU\RV� DQG� WKH� HDUO\� VSOLWWLQJ� RI� WKH� HPEU\R� IRU� WKHUDSHXWLF� RU�
UHVHDUFK� SXUSRVHV�� 7KH� ,WDOLDQ� 1DWLRQDO� &RPPLWWHH� RQ� %LRHWKLFV�
KDV� UHMHFWHG� UHSURGXFWLYH� FORQLQJ�� EXW� ZDV� XQDEOH� WR� UHDFK� D�
FRQVHQVXV�RQ�PDWWHUV�UHODWLQJ�WR�WKH�XVH�RI�VXSHUQXPHUDU\�HPEU\RV�
DQG�RQ�WKHUDSHXWLF�FORQLQJ��2SLQLRQ�RI����2FWREHU��������

,Q�/DWLQ�$PHULFD�� WKH�&LYLO�&RGH�RI�$UJHQWLQD� VWDWHV� WKDW� WKH�
OHJDO�VWDWXV�EHJLQV�DW�WKH�PRPHQW�RI�FRQFHSWLRQ��$UW�����DQG������LQ�
������ WKLV� SULQFLSOH� ZDV� HPERGLHG� DV� D� FRQVWLWXWLRQDO� ULJKW�� ,Q�
%UD]LO�� /DZ� 1R�� �������� RQ� JHQHWLF� HQJLQHHULQJ� SURKLELWV� WKH�
SURGXFWLRQ��FRQVHUYDWLRQ�DQG�PDQLSXODWLRQ�RI�KXPDQ�HPEU\RV�ZLWK�
D�YLHZ�WR�WKHLU�XVH�DV�DYDLODEOH�ELRORJLFDO�PDWHULDO��3HUX�VSHFLILFDOO\�
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SURKLELWV� KXPDQ� FORQLQJ� DQG� WKH� IHUWLOL]DWLRQ� RI� KXPDQ� RYD� IRU�
SXUSRVHV� RWKHU� WKDQ� UHSURGXFWLRQ� �/DZ�1R�� ���������7KH� ULJKW� WR�
OLIH� IURP� WKH�PRPHQW� RI� FRQFHSWLRQ� LV� UHFRJQL]HG� LQ� 3HUX� E\� WKH�
&RGH�RI�&KLOGKRRG�DQG�$GROHVFHQFH� �/DZ���������� LQ�&RVWD�5LFD�
E\�/DZ�1R�������RI�������DQG�LQ�(FXDGRU�E\�$UWLFOH���������RI�WKH�
&RQVWLWXWLRQ���������
5HFHQW�SURYLVLRQV�RQ�(6�FHOO�UHVHDUFK�
����� ,Q�D�QXPEHU�RI�RWKHU�FRXQWULHV��WKH�XVH�IRU�UHVHDUFK�SXUSRVHV�
RI� HPEU\RV� GRQDWHG� E\� SHUVRQV� IROORZLQJ� D� WUHDWPHQW� DJDLQVW�
VWHULOLW\� DQG� QRW� LQWHQGHG� IRU� LPSODQWDWLRQ� �VXSHUQXPHUDU\�
HPEU\RV�� LV�SHUPLWWHG�� ,Q�JHQHUDO�� WKH�FRQGLWLRQV� LPSRVHG�DUH� WKH�
SURKLELWLRQ� RI� UHVHDUFK� DIWHU� WKH� ��WK� GD\� RI� H[LVWHQFH� RI� WKH�
HPEU\R� DQG� WKH� FRQVHQW� RI� WKH� FRXSOH� WKDW� VXSSOLHV� WKH� HPEU\R��
7KDW� LV� WKH� FDVH�� IRU� H[DPSOH�� LQ�$XVWUDOLD��&DQDGD�� 6ZHGHQ� DQG�
)LQODQG� �/DZ� ����������� ,Q� 6SDLQ� �/DZ� ���������� UHVHDUFK� RQ�
VXSHUQXPHUDU\� HPEU\RV� LV� SHUPLWWHG�� EXW� WKHLU� FUHDWLRQ� IRU� WKLV�
VSHFLILF�SXUSRVH�LV�SURKLELWHG��,Q�6HSWHPEHU�������WKH�2EVHUYDWRU\�
RI�/DZ�DQG�%LRHWKLFV�RI�%DUFHORQD�GLG��KRZHYHU��H[SUHVV�LWV�VXSSRUW�
IRU�WKH�FUHDWLRQ�RI�HPEU\RV�IRU�UHVHDUFK�SXUSRVHV��ERWK�E\�GRQDWLRQ�
DQG� E\� FORQLQJ� WHFKQLTXHV�� ,Q�$XVWUDOLD�� WKH�1DWLRQDO�+HDOWK� DQG�
0HGLFDO� &RXQFLO� KDV� IRUPXODWHG� JXLGHOLQHV�� ZKLFK� DOWKRXJK� QRW�
OHJDOO\�ELQGLQJ��WKH�ODZ�YDULHV�EHWZHHQ�VWDWHV��DUH�LQIOXHQWLDO��
����� )LQDOO\�� FHUWDLQ� FRXQWULHV�DUH�HQYLVDJLQJ�DXWKRUL]DWLRQ�RI� WKH�
FUHDWLRQ�RI�HPEU\RV�IRU�UHVHDUFK�SXUSRVHV��,Q�WKH�8QLWHG�.LQJGRP��
WKH� �����+XPDQ�)HUWLOLVDWLRQ� DQG�(PEU\RORJ\�$FW� DXWKRUL]HV� WKH�
XVH�RI�VXSHUQXPHUDU\�HPEU\RV�IRU�UHVWULFWHG�UHVHDUFK�SXUSRVHV�²�LQ�
SDUWLFXODU�FRQFHUQLQJ�UHSURGXFWLYH�PHGLFLQH�DQG�IRU� WKH�GLDJQRVLV�
RI� JHQHWLF� DQG� FKURPRVRPDO� GLVRUGHUV� ²� DQG� WKH� SURGXFWLRQ� RI�
HPEU\RV� IRU� WKHVH� SXUSRVHV�� 2Q� ��� -DQXDU\� ������ WKH� +RXVH� RI�
/RUGV� SDVVHG� D� ODZ� �DOUHDG\� DSSURYHG� LQ� 'HFHPEHU� ����� E\� WKH�
+RXVH�RI�&RPPRQV��WKDW�SHUPLWV�WKH�FORQLQJ�RI�KXPDQ�HPEU\RV�WR�
GHULYH� VWHP� FHOOV�� WKXV� DOORZLQJ� WKH� SRVVLELOLW\� RI� WKHUDSHXWLF�
FORQLQJ��,Q�)UDQFH��/DZ�1R���������RI�������ZKLFK�SURKLELWV�HPEU\R�
UHVHDUFK��LV�FXUUHQWO\�XQGHU�UHYLHZ��,Q�DFFRUGDQFH�ZLWK�WKH�RSLQLRQV�
GHOLYHUHG�E\� WKH�1DWLRQDO�(WKLFV�&RQVXOWDWLYH�&RPPLWWHH� DQG� WKH�
&RQVHLO� G·(WDW�� WKH� GUDIW� ELOO� SHUPLWV� WKH� SURGXFWLRQ� RI� VWHP� FHOO�
OLQHV� IURP� VXSHUQXPHUDU\� HPEU\RV� IRU� UHVHDUFK� SXUSRVHV� DQG�
WKHUDSHXWLF� FORQLQJ�� ,Q� 1RYHPEHU� ������ -DSDQ� DGRSWHG� D� ODZ�
SURKLELWLQJ� UHSURGXFWLYH� FORQLQJ� DQG� SUHVFULELQJ� WKH� DGRSWLRQ� RI�
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GLUHFWLYHV��ZKLFK�VKRXOG�SHUPLW� WKH�XVH�RI�VWHP�FHOOV�GHULYHG�IURP�
VXSHUQXPHUDU\� HPEU\RV� DQG� WKHUDSHXWLF� FORQLQJ�� ,Q� WKH�
1HWKHUODQGV�� D� ELOO� LV� FXUUHQWO\� EHLQJ� SUHSDUHG� WKDW� SURKLELWV� WKH�
SURGXFWLRQ� RI� HPEU\RV� IRU� UHVHDUFK� SXUSRVHV�� ZLWK� PDQ\�
H[FHSWLRQV�� +RZHYHU�� WKH� ELOO� DXWKRUL]HV� UHVHDUFK� LQWR� VWHP� FHOOV�
REWDLQHG�IURP�VXSHUQXPHUDU\�HPEU\RV��,Q�%HOJLXP��VLPLODU�ELOOV�DUH�
EHLQJ�GHEDWHG�LQ�WKH�6HQDWH��
����� ,Q� WKH�86$�� DOWKRXJK� IHGHUDO� ILQDQFLQJ� RI� VXFK� DFWLYLWLHV� LV�
SURKLELWHG�� WKH� DXWKRUL]DWLRQ� RI� UHVHDUFK� RQ� WKH� HPEU\R� LV� OHIW� WR�
WKH� GLVFUHWLRQ� RI� HDFK� VWDWH�� 7R� GDWH�� QLQH� VWDWHV� SURKLELW� VXFK�
UHVHDUFK�� ,Q� ������ WKH� 1DWLRQDO� %LRHWKLFV� $GYLVRU\� &RPPLVVLRQ�
UHFRPPHQGHG�WKDW�IHGHUDO�UHJXODWLRQV�SHUPLW�UHVHDUFK�LQWR�(6�FHOOV�
REWDLQHG� IURP� VXSHUQXPHUDU\� HPEU\RV�� +RZHYHU�� LW� UHPDLQV�
RSSRVHG�WR�WKHUDSHXWLF�FORQLQJ�DQG�WR�WKH�GHOLEHUDWH�SURGXFWLRQ�RI�
HPEU\RV� IRU� WKH� SXUSRVH� RI� REWDLQLQJ� VWHP� FHOOV�� ,Q�$XJXVW� ������
WKH� 1DWLRQDO� ,QVWLWXWHV� RI� +HDOWK� LVVXHG� JXLGHOLQHV� RQ� WKH�
FLUFXPVWDQFHV�LQ�ZKLFK�IHGHUDOO\�VXSSRUWHG�VFLHQWLVWV�PLJKW�HQJDJH�
LQ� VXFK� UHVHDUFK��2QH�RI� WKH� FRQGLWLRQV� WR�EH�PHW� LV� WKDW�QR� VXFK�
VFLHQWLVW�PD\�GHVWUR\�DQ�HPEU\R�WR�H[WUDFW�FHOOV��WKLV�ZLOO�KDYH�WR�EH�
GRQH�E\�SULYDWHO\�IXQGHG�VFLHQWLVWV��ZKR�ZLOO�WKHQ�SDVV�WKH�FHOOV�RQ�
WR�WKHLU�SXEOLFO\�IXQGHG�FROOHDJXHV��2Q������������WKH�86�+RXVH�RI�
5HSUHVHQWDWLYHV�YRWHG�WR�EDQ�DOO� IRUPV�RI�KXPDQ�FORQLQJ��:HOGRQ�
ELOO���D�PHDVXUH�WKDW�ZLOO�EH�UHH[DPLQHG�LQ�WKH�6HQDWH��
3URYLVLRQV�LQ�,VUDHO�
����� 7KH� FXUUHQWO\� H[LVWLQJ� 3XEOLF� +HDOWK� �([WUD�&RUSRUHDO�
)HUWLOL]DWLRQ��5HJXODWLRQV��������SUHVFULEH�WHUPV�DQG�FRQGLWLRQV�IRU�
WKH�DXWKRUL]DWLRQ�RI�UHWULHYLQJ��IHUWLOL]LQJ��IUHH]LQJ�DQG�LPSODQWLQJ�
IHUWLOL]HG�HJJV�IRU�UHSURGXFWLYH�SXUSRVHV��7KH�SURVFULSWLRQ�RI�RYXP�
UHWULHYDO� ²� VDYH� IRU� WKH� SXUSRVH� RI� IHUWLOL]DWLRQ� DQG� VXEVHTXHQW�
LPSODQWDWLRQ� LQ� D� ZRPDQ·V� ZRPE� ²� LPSOLHV� D� EDQ� RQ� HPEU\R�
UHVHDUFK�� DW� OHDVW� LQ� WKH� VHQVH� RI� IRUELGGLQJ� WKH� GHOLEHUDWH�
IRUPDWLRQ�RI�HPEU\RV�VROHO\�IRU�SXUSRVHV�RI�UHVHDUFK�DQG�WKHUDS\��
7KH�5HJXODWLRQV�DGGUHVV�QHLWKHU�WKH�TXHVWLRQ�RI�WKH�IDWH�RI�IUR]HQ�
HPEU\RV� DW� WKH� HQG� RI� WKH� IUHH]LQJ� SHULRG� QRU� WKH� LVVXH� RI�
VXSHUQXPHUDU\�HPEU\RV��L�H���HPEU\RV�LQLWLDOO\�IRUPHG�LQ�WKH�FRXUVH�
DQG� IRU� WKH� VDNH� RI� LQIHUWLOLW\� WUHDWPHQW� DQG� QRW� UHSODFHG� RU�
GRQDWHG�IRU�LPSODQWDWLRQ�IRU�VRPH�ERQD�ILGH�UHDVRQ���/LNHZLVH��WKH�
FXUUHQWO\� SURSRVHG� ODZ� IRU� WKH� UHJXODWLRQ�RI� WKH�GRQDWLRQ�RI� HJJV�
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IRU� SXUSRVHV� RI� LQ� YLWUR� IHUWLOL]DWLRQ� GRHV� QRW� DGGUHVV� WKH�
SRVVLELOLWLHV�RI�HPEU\R�VWHP�FHOO�UHVHDUFK��

,Q� ������ WKH� .QHVVHW� �,VUDHOL� 3DUOLDPHQW�� HQDFWHG� WKH�
3URKLELWLRQ�RI�*HQHWLF�,QWHUYHQWLRQ��+XPDQ�&ORQLQJ�DQG�*HQHWLF�
0RGLILFDWLRQ�RI�5HSURGXFWLYH�&HOOV��$FW��7KH�SURFODLPHG�SXUSRVH�
RI� WKLV�$FW� LV� WR� SUHVFULEH� D� ILYH�\HDU� SHULRG�GXULQJ�ZKLFK� FHUWDLQ�
JHQHWLF� LQWHUYHQWLRQV� LQ� KXPDQV� PD\� QRW� EH� FRQGXFWHG�� WKHUHE\�
IDFLOLWDWLQJ� DQ� DVVHVVPHQW� RI� WKH�PRUDO�� OHJDO�� VRFLDO� DQG� VFLHQWLILF�
FRQQRWDWLRQV� RI� VXFK� LQWHUYHQWLRQV� DQG� WKHLU� LPSDFW� RQ� KXPDQ�
GLJQLW\��7KH�EDQQHG� LQWHUYHQWLRQV� DUH�� ILUVWO\�� FORQLQJ�RI� D� KXPDQ�
EHLQJ� �GHILQHG� DV� ´WKH� FUHDWLRQ� RI� D� ZKROH� KXPDQ� EHLQJ� ZKR� LV�
DEVROXWHO\� LGHQWLFDO�� JHQHWLFDOO\�FKURPRVRPLFDOO\�� WR� DQRWKHU� ²� D�
KXPDQ�EHLQJ�RU�DQ�HPEU\R��ZKHWKHU�DOLYH�RU�GHDGµ���DQG�VHFRQGO\��
WKH�FUHDWLRQ�RI�D�KXPDQ�EHLQJ�WKURXJK�WKH�XVH�RI�UHSURGXFWLYH�FHOOV�
�KXPDQ� VSHUP� RU� HJJ�� WKDW� ZHUH� VXEMHFWHG� WR� JHUP�OLQH� JHQH�
PRGLILFDWLRQ�� 7KH� $FW� SURYLGHV� IRU� WKH� HVWDEOLVKPHQW� RI� D� PXOWL�
GLVFLSOLQDU\� DGYLVRU\� ERDUG� WKDW� LV� PDQGDWHG� WR� IROORZ� PHGLFDO��
VFLHQWLILF�DQG�ELRWHFKQRORJLFDO�GHYHORSPHQWV�LQ�WKH�ILHOG�RI�KXPDQ�
JHQHWLF� UHVHDUFK�� WR� VXEPLW� WR� WKH� 0LQLVWHU� RI� +HDOWK� DQ� DQQXDO�
UHSRUW� RQ� VXFK� GHYHORSPHQWV�� WR� DGYLVH� WKH� 0LQLVWHU� RQ� WKHVH�
PDWWHUV�� DQG� WR� RIIHU� UHFRPPHQGDWLRQV� ZLWK� UHJDUG� WR� WKH� VDLG�
SURKLELWLRQV�� 7KH� $FW� IXUWKHU� VWLSXODWHV� WKDW� WKH� 0LQLVWHU� PD\�
DXWKRUL]H�� E\� SURPXOJDWLQJ� UHJXODWLRQV�� WKH� FRQGXFW� RI� VSHFLILF�
JHQHWLF� LQWHUYHQWLRQV� LI� WKH� 0LQLVWHU� FRQVLGHUV� WKDW� VXFK� JHQHWLF�
LQWHUYHQWLRQV� DUH� QRW� YLRODWLQJ� KXPDQ� GLJQLW\�� XSRQ� WKH�
UHFRPPHQGDWLRQ� RI� WKH� DGYLVRU\� ERDUG� DQG� VXEMHFW� WR� SUHVFULEHG�
FRQGLWLRQV�� ,Q� VXFK� UHJXODWLRQV� WKH� 0LQLVWHU� PD\� VHW� IRUWK� WKH�
FRQGLWLRQV�DQG�SURFHGXUHV�IRU�JUDQWLQJ�DQ�DXWKRUL]DWLRQ��PHDQV�RI�
PRQLWRULQJ� WKH�DFWXDO� FRQGXFW�RI� WKH�DXWKRUL]HG� LQWHUYHQWLRQ��DQG�
UHSRUWLQJ� UHTXLUHPHQWV�� 7KH� H[SUHVV� JUDQWLQJ� RI� DQ� DXWKRUL]DWLRQ�
PXVW� SUHFHGH� WKH� DFWXDO� SHUIRUPDQFH� RI� WKH� VSHFLILF� JHQHWLF�
LQWHUYHQWLRQ�LQ�TXHVWLRQV��9LRODWRUV�RI�WKH�ILYH�\HDU�EDQ�SUHVFULEHG�
E\�WKLV�$FW�DUH�OLDEOH�WR�XS�WR�WZR�\HDUV�LPSULVRQPHQW��3DWHQWO\��WKH�
EDQ�DSSOLHV�RQO\�WR�WKH�WZR�NLQGV�RI�JHQHWLF�LQWHUYHQWLRQ�DGGUHVVHG�
�KXPDQ�FORQLQJ�DQG�JHQHWLF�PRGLILFDWLRQ�RI�UHSURGXFWLYH�FHOOV���EXW�
QRW� WR� RWKHU� SRVVLEOH� PRGHV� RI� JHQHWLF� UHVHDUFK� RU� WKHUDSHXWLF�
JHQHWLF� LQWHUYHQWLRQ� �FRQFHUQLQJ�� IRU� LQVWDQFH�� FHOOV� DQG� WLVVXHV�
WDNHQ� IURP� DERUWHG� IHWXVHV��� 7KHUDSHXWLF� FORQLQJ� LV� SUREDEO\� QRW�
SURKLELWHG�E\�WKLV�$FW��
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7KH�0LQLVWU\�RI�+HDOWK�KDV� HVWDEOLVKHG�D�+HOVLQNL�&RPPLWWHH�
IRU� *HQHWLFV� WR� H[DPLQH� FDVH� E\� FDVH�� DQG� DSSURYH� RU� UHMHFW�
DSSOLFDWLRQV� IRU�JHQHWLF� UHVHDUFK�SURMHFWV� LQYROYLQJ�KXPDQ�EHLQJV��
LQFOXGLQJ� UHVHDUFK� RQ� SUH�LPSODQWDWLRQ� HPEU\RV�� 7KH� SUHVHQW�
UHSRUW�DQG�WKH�IROORZLQJ�UHFRPPHQGDWLRQV�DUH�DLPHG�DW�SURYLGLQJ�
WKH�*XLGHOLQHV�IRU�WKH�ZRUN�RI�WKLV�FRPPLWWHH��
�
6HFWLRQ�����
5HFRPPHQGDWLRQV�RQ�(PEU\RQLF�6WHP�&HOO�5HVHDUFK�LQ�,VUDHO�
3UHDPEOH�
��� �&XOWXUHV� RI� KXPDQ� VWHP� FHOOV� KDYH� WKH� SRWHQWLDOLW\� WR� \LHOG�

WLVVXHV� WKDW�� WKURXJK� WUDQVSODQWDWLRQ�� FRXOG� UHSDLU� RU� UHSODFH�
GDPDJHG� RUJDQ� WLVVXHV�� 6XFK� WUDQVSODQWDWLRQV� ZRXOG� EH� OLIH�
VDYLQJ� LQ� PDQ\� KXPDQ� SDWKRORJLF� FRQGLWLRQV�� ,Q� DGGLWLRQ��
VFLHQWLILF� UHVHDUFK� RQ� KXPDQ� VWHP� FHOOV� KROGV� SURPLVH� IRU�
LQFUHDVLQJ�XQGHUVWDQGLQJ�RQ�KXPDQ�GLVHDVHV�DQG�FHOO�GLVRUGHUV��
DQG� IRU� SURYLGLQJ� QHZ� WKHUDSHXWLF� DSSURDFKHV� IRU� WKHLU�
WUHDWPHQW���

��� �3OXULSRWHQW�FHOOV�RI�HDUO\�VWDJH�SUH�LPSODQWDWLRQ�HPEU\RV�KDYH�
WKH�EURDGHVW�SRWHQWLDO� IRU�GHULYDWLRQ�RI�YDULRXV�WUDQVSODQWDEOH�
FHOOV�DQG�WLVVXHV��7KHVH�KXPDQ�HPEU\R�VWHP�FHOOV�DUH�W\SLFDOO\�
H[WUDFWHG�IURP�WKH�LQQHU�FHOO�PDVV�RI�EODVWRF\VW�VWDJH�HPEU\RV�
SURGXFHG� LQ� YLWUR� DQG� PDLQWDLQHG� IRU� �²�� ZHHNV� ZLWKRXW�
LPSODQWDWLRQ�LQ�XWHUR���

��� �,Q� WKH� PHGLFDO� SURFHVV� RI� ,9)�� ZLGHO\� SUDFWLFHG� IRU� WKH�
WUHDWPHQW�RI�LQIHUWLOLW\��D�FHUWDLQ�QXPEHU�RI�WKH�KXPDQ�HPEU\RV�
SURGXFHG� LQ� YLWUR� ZLOO� QRW� EH� LPSODQWHG� LQ� XWHUR� DQG� LQLWLDWH�
IHWDO�GHYHORSPHQW�DQG�SUHJQDQF\��7KLV�PD\�EH�HLWKHU�EHFDXVH�
RI�PHGLFDO�UHDVRQV��L�H���EHLQJ�XQILW�IRU�LPSODQWDWLRQ�WR�VXFFHHG��
RU� EHFDXVH� WKH\� DUH� LQ� H[FHVV� RI� WKH� FOLQLFDO� QHHG� IRU� WKH�
UHSURGXFWLYH� SXUSRVHV� RI� WKH� SDUHQWV� �VXSHUQXPHUDU\�
HPEU\RV����

��� �,Q� DGGLWLRQ� WR� VXSHUQXPHUDU\� ,9)� HPEU\RV�� WKHUH� DUH� RWKHU�
VRXUFHV�RI�VWHP�FHOOV�WKDW�DUH�WR�EH�HYDOXDWHG�VFLHQWLILFDOO\�DQG�
HWKLFDOO\�� 7KHVH� RWKHU� VRXUFHV� LQFOXGH� DGXOW� VWHP� FHOOV�� ZKLFK�
DOWKRXJK�RQO\�PXOWLSRWHQWLDO�PD\�KDYH�LQWHUHVWLQJ�DSSOLFDWLRQV��
7KH� H[LVWHQFH�RI� WKHVH� VWHP� FHOOV� LQ� DGXOW�RUJDQLVPV�GRHV�QRW�
SUHHPSW�WKH�FRQWLQXRXV�UHVHDUFK�RQ�SOXULSRWHQW�(6�FHOOV��ZKLFK�



8VH�RI�(PEU\RQLF�6WHP�&HOO�IRU�7KHUDSHXWLF�5HVHDUFK� �����

DSSHDU� WR� KDYH� KLJKHU� PXOWLSOLFDWLRQ� DQG� GLIIHUHQWLDWLRQ�
SRWHQWLDOV���

�
6SHFLILF�5HFRPPHQGDWLRQV�
(6�FHOOV�IURP�VXSHUQXPHUDU\�,9)�HPEU\RV�
��� �:LWKLQ�WKH�IUDPHZRUN�RI�,9)�WUHDWPHQWV��LW�ZLOO�EH�SHUPLVVLEOH�

WR�GRQDWH�VXSHUQXPHUDU\�HPEU\RV�WKDW�DUH�QR�ORQJHU�GHVWLQHG�
WR� LPSODQWDWLRQ�� DQG� WKLV� VSHFLILFDOO\� IRU� WKH� SXUSRVH� RI�
WKHUDSHXWLF�UHVHDUFK���

��� �'RQDWLRQ� PXVW� EH� DWWDLQHG� WKURXJK� D� SURFHVV� RI� IUHH� DQG�
LQIRUPHG� FRQVHQW�� DQG� PXVW� EH� UHJXODWHG� WR� HQVXUH� WKDW� DOO�
HPEU\R� GRQDWLRQV� DUH� PDGH� ZLWK� UHVSHFW� RI� KXPDQ� GLJQLW\��
DXWRQRP\�DQG�OLEHUW\�RI�WKH�GRQRUV��7KH�SRVVLELOLW\�RI�HPEU\R�
GRQDWLRQV�VKRXOG�EH�PHQWLRQHG�IURP�WKH�EHJLQQLQJ�RI�WKH�,9)�
SURFHVV�� 7KH� UHJXODWLRQV� VKRXOG� SURWHFW� WKH� ULJKWV� RI� SDUHQWV�
ZKR�ILQG�HPEU\R�UHVHDUFK�XQDFFHSWDEOH���

��� �,Q�DGGLWLRQ��WKH�UHJXODWLRQ�VKRXOG�DLP�DW�FOHDUO\�VHSDUDWLQJ�WKH�
PHGLFDO�WHDP�UHVSRQVLEOH�IRU�WKH�,9)�WUHDWPHQW�DQG�GRQDWLRQ��
IURP� WKH� PHGLFDO� DQG� VFLHQWLILF� WHDPV� LQYROYHG� LQ� HPEU\R�
UHVHDUFK�ZKR�UHFHLYH�WKH�GRQDWLRQ��7KLV�WR�DVFHUWDLQ�UHVSHFW�RI�
,9)� UHJXODWLRQV�� SDUWLFXODUO\� FRQFHUQLQJ� WKH� QXPEHU� RI�
HPEU\RV� SURGXFHG��7KLV� VHSDUDWLRQ� LV� DOVR� LQ� DFFRUGDQFH�ZLWK�
WKH�SUHVHQW�UHJXODWLRQV�DQG�SUDFWLFHV�IRU�RUJDQ�WUDQVSODQWDWLRQV�
LQ�JHQHUDO���

��� �3UH�LPSODQWDWLRQ� HPEU\RV� VKRXOG� QRW� EH� VROG� RU� ERXJKW��
,PSHUDWLYHV� RI� MXVWLFH� DQG� HTXDOLW\� LQ� WKH� DFFHVV� WR� PRGHUQ�
PHGLFDO� WHFKQRORJLHV� PXVW� EH� XSKHOG� WKURXJKRXW�� 3XEOLF�
SURYLVLRQV�PD\� EH�PDGH� WR� IDFLOLWDWH� DFFHVV� WR� VXSHUQXPHUDU\�
HPEU\RV�WKDW�DUH�LQ�WKH�FDWHJRU\�DOORZLQJ�GRQDWLRQ���

��� �(WKLFDO�FRQVLGHUDWLRQV�VKRXOG�EH�SDUW�RI�WKH�LQIRUPDWLRQ�JLYHQ�
WR� GRQRUV� LQ� WKH� ,QIRUPHG� &RQVHQW� IRU� GRQDWLQJ� HPEU\RV� WR�
WKHUDSHXWLF�UHVHDUFK��,Q�SDUWLFXODU���
L��&RQVLGHUDWLRQ�RI� DOWHUQDWLYHV��2QH�HWKLFDO� FRQVLGHUDWLRQ� IRU�

WKH� GRQDWLRQ� RI� SUH�LPSODQWDWLRQ� HPEU\RV� QR� ORQJHU�
GHVWLQHG� WR� LPSODQWDWLRQ� IRU� UHSURGXFWLYH� SXUSRVHV� LV� WKDW�
WKH� DOWHUQDWLYH� LV� WKH� GHVWUXFWLRQ� RI� WKHVH� HPEU\RV� RU�
NHHSLQJ� WKHP� IUR]HQ�� 3UHVHQW� UHJXODWLRQV� DOORZ� WKH�
GLVFDUGLQJ� RI� IUR]HQ� HPEU\RV� DIWHU� �� \HDUV�� XQOHVV� WKH�
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SDUHQWV� LQVWUXFW�RWKHUZLVH�� LQ� DFFRUGDQFH�ZLWK�H[LVWLQJ� ,9)�
UHJXODWLRQV���

LL��0RUDOO\�FRQVLVWHQW�EHKDYLRU��$QRWKHU�HWKLFDO�FRQVLGHUDWLRQ�LV�
WKDW�WKH�UHPRYDO�DQG�FXOWXUH�RI�FHOOV�IURP�GRQDWHG�HPEU\RV�
GRHV� QRW� HQWDLO� DQ\� ODFN� RI� UHVSHFW� IRU� KXPDQ� HPEU\RV� LQ�
JHQHUDO�� ,Q� WKH� VDPH� HWKLFDO� IUDPHZRUN�� RQH� FDQ� FRQVLGHU�
SUH�LPSODQWDWLRQ� GLDJQRVWLFV�� ZKLFK� LPSOLHV� VHOHFWLRQ� RI�
HPEU\RV� DQG� GLVFDUGLQJ� VRPH� HPEU\RV�� 3UH�LPSODQWDWLRQ�
GLDJQRVWLFV� IRU� JHQHWLF� GLVHDVHV� KDV� EHFRPH� D� PHGLFDO�
SUDFWLFH�LQ�,VUDHO�DQG�PDQ\�RWKHU�FRXQWULHV��2WKHU�IRUPV�RI�
HPEU\R�UHVHDUFK�DUH�DOUHDG\�SUDFWLFHG��VXFK�DV�WKRVH�DLPHG�
DW� LPSURYLQJ� ,9)� UHSURGXFWLYH� WHFKQRORJLHV�� 7KLV� LQYROYHV�
WKH� LQ�YLWUR�JURZWK�RI� IHUWLOL]HG�HJJV� WR� WKH�EODVWRF\VW�VWDJH�
IRU�DERXW�RQH�ZHHN� LQ�RUGHU� WR�VHOHFW� WKH�HPEU\RV�ZLWK� WKH�
KLJKHVW� LPSODQWDWLRQ� SRWHQWLDO� IURP� WKRVH� GHYRLG� RI� VXFK�
SRWHQWLDO���

�
(6�FHOOV�REWDLQHG�XVLQJ�FORQLQJ�WHFKQRORJLHV�
���� $OWKRXJK� HWKLFDOO\� GHEDWDEOH�� WKH� &RPPLWWHH� FRQVLGHUV� LW�

HWKLFDOO\� SHUPLVVLEOH� WR� H[SHULPHQW� ZLWK� QHZ� LQ�YLWUR�
WHFKQRORJLHV� WR� SURGXFH� (6� FHOOV�� VXFK� DV� UHSURJUDPPLQJ�
VRPDWLF� FHOO� QXFOHL� E\� WUDQVIHU� LQWR� HQXFOHDWHG� RRF\WHV� �VR�
FDOOHG�WKHUDSHXWLF�FORQLQJ��ZLWKRXW�UHSURGXFWLYH�SXUSRVHV���7KH�
UHQXFOHDWHG�RRF\WH� LV� WKHQ�FXOWXUHG�ZLWKRXW� LPSODQWDWLRQ�XQWLO�
WKH�EODVWRF\VW�VWDJH�ZKHQ�VWHP�FHOOV�DUH�GHULYHG�IURP�WKH�LQQHU�
FHOO�PDVV���

����0HGLFDOO\�� WKLV� UHVHDUFK� KROGV� WKH� KLJKHVW� SRWHQWLDO�� VLQFH� WKH�
XVH� RI� D� VRPDWLF� FHOO� WDNHQ� IURP� WKH� SDWLHQW� LQ� QHHG� RI�
WUDQVSODQWDWLRQ� ZLOO� SURYLGH� DXWRORJRXV� WLVVXHV� ZLWKRXW� WKH�
GDQJHU�RI�JUDIW�UHMHFWLRQV���

���� 7KH� HWKLFDO� FRQVLGHUDWLRQ� LQ� WKH� FUHDWLRQ� RI� VXFK� FORQHG�
HPEU\RQLF� IRUPV� IRU� WKHUDSHXWLF� UHVHDUFK� LV� WKDW� WKH\� GR� QRW�
UHVXOW�IURP�VSHUP�DQG�LQWDFW�RYD��DQG�DUH�QRW�PHDQW�WR�EH�XVHG�
LQ� DQ\�SURFHVV� RI� FRPSOHWH� IHWDO� GHYHORSPHQW� VLQFH� FORQLQJ� LV�
SUHVHQWO\�QRW�DGPLVVLEOH�IRU�UHSURGXFWLYH�SXUSRVHV��,Q�IDFW��WKH�
,VUDHOL�/DZ�RI������RQ�*HQHWLF�,QWHUYHQWLRQV�LQ�+XPDQV��ZKLOH�
SURKLELWLQJ� WKH� FUHDWLRQ� RI� D� ´FRPSOHWH� KXPDQ� EHLQJµ� E\�
UHSURGXFWLYH� FORQLQJ�� GRHV� QRW� UXOH� RXW� SURGXFLQJ� FORQHG�
HPEU\RV�WKDW�ZLOO�QRW�EH�LPSODQWHG���



8VH�RI�(PEU\RQLF�6WHP�&HOO�IRU�7KHUDSHXWLF�5HVHDUFK� �����

���� 7KH� VRXUFHV� RI� KXPDQ� RRF\WHV� IRU� QXFOHDU� WUDQVIHU� VKRXOG� EH�
FDUHIXOO\�FRQVLGHUHG��6XFK�VRXUFHV�FRXOG� LQFOXGH�RRF\WHV�IURP�
,9)� LQIHUWLOLW\� WUHDWPHQWV�� 9ROXQWDU\� GRQDWLRQV� RI� RRF\WHV�
FRXOG�EH�FRQVLGHUHG�IURP�HLWKHU�KXPDQ�GRQRUV�RU�IURP�IUR]HQ�
RYDULDQ� WLVVXHV�� LQ� DFFRUGDQFH� ZLWK� H[LVWLQJ� UHJXODWLRQV� RU�
OHJLVODWLRQ��

����$Q� DOWHUQDWLYH� WHFKQRORJ\� WR� FRQVLGHU�PD\� EH� WKH� UHSURJUDP��
PLQJ� RI� VRPDWLF� FHOO� QXFOHL� E\� WUDQVIHU� LQWR� HQXFOHDWHG� FHOOV�
IURP�SUH�H[LVWLQJ�KXPDQ�(6�FHOO� OLQHV�� WR�FLUFXPYHQW�WKH�QHHG�
IRU�HQXFOHDWHG�RRF\WHV���

�
6RXUFHV�RI�VWHP�FHOOV�RWKHU�WKDQ�SUH�LPSODQWDWLRQ�HPEU\RV�
����6FLHQWLILF�UHVHDUFK�WR�H[SORUH�RWKHU�VRXUFHV�IURP�ZKLFK�KXPDQ�

VWHP� FHOOV� FRXOG� EH� GHULYHG� VKRXOG� DOVR� EH� FRQWLQXHG�� 7KHVH�
RWKHU� VRXUFHV� LQFOXGH� KXPDQ� WLVVXHV� WDNHQ� IURP� IHWXVHV� DIWHU�
DERUWLRQ� �HPEU\RQLF� JHUP�FHOOV�� DQG� WLVVXHV� WDNHQ� IURP� OLYLQJ�
DGXOWV�RU�IURP�FDGDYHU�VRXUFHV���

�
(PEU\RQLF�JHUP�FHOOV�
����3OXULSRWHQW�HPEU\RQLF�JHUP��(*��FHOOV�FDQ�EH�GHULYHG�IURP�WKH�

GHYHORSLQJ� JRQDGDO� ULGJH� RI� IHWXVHV� WKDW� DUH� DERUWHG� DW� �²��
ZHHNV� RI� SUHJQDQF\�� ,W� LV� SURSRVHG� WKDW� UHJXODWLRQV� EH�
FRQVLGHUHG�UHJDUGLQJ�WKH�XVH�RI�VXFK�FDGDYHULF�IHWDO�WLVVXHV�IRU�
WKHUDSHXWLF�UHVHDUFK�LQ�DFFRUGDQFH�ZLWK�WKH�HWKLFDO�VDIHJXDUGV�
WKDW�H[LVW�IRU�UHVHDUFK�RQ�IHWDO�WLVVXHV�DQG�WKHLU�WUDQVSODQWDWLRQ��
3DUWLFXODU� DWWHQWLRQ� VKRXOG� EH� SDLG� WR� LQVXUH� WKDW� LQ� QR�
FLUFXPVWDQFH� VKRXOG� WKH� DGYDQFHPHQW� RI� VFLHQFH� EHFRPH� DQ�
LQFHQWLYH�IRU�HOHFWLYH�DERUWLRQ���

�
$GXOW�PXOWLSRWHQW�VWHP�FHOOV�
����5HVHDUFK�RQ�WKH�SRWHQWLDO�RI�VWHP�FHOOV�IURP�GLIIHUHQW�OLQHDJHV�

�QHXUDO� VWHP� FHOOV�� KHPDWRSRLHWLF� VWHP� FHOOV�� WKDW� FDQ� EH�
REWDLQHG� VDIHO\� IURP� OLYLQJ� SHUVRQV� RU� IURP� FDGDYHU� VRXUFHV�
VKRXOG� EH� FRQWLQXHG�� 7KHUH� DUH� VWLOO� PDQ\� TXHVWLRQV� RQ� WKH�
SUDFWLFDOLW\�RI�WKLV�DSSURDFK�ZLWK�UHVSHFW�WR�VWHP�FHOO�H[SDQVLRQ�
DQG� GLIIHUHQWLDWLRQ� SRWHQWLDOV�� DV� FRPSDUHG� WR� (6� FHOOV�� 7KH�
ULVNV� LQKHUHQW� LQ� WKH� XVH� RI� DGXOW� DQG� FDGDYHU� WLVVXHV�� LQ�
SDUWLFXODU� WUDQVIHU� RI� SDWKRJHQLF� DJHQWV�� VKRXOG� EH� FDUHIXOO\�
H[DPLQHG���
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(WKLFDO�5HVWUDLQWV�DQG�&RQGXFW�RI�+XPDQ�6WHP�&HOO�5HVHDUFK�
����5HVHDUFK�RQ�HPEU\RV�PXVW�EH�VXEMHFW�WR�VWULFW�VXSHUYLVLRQ�DQG�

WR�FHUWDLQ�EDVLF�FRQVWUDLQWV��7KHVH�LQFOXGH�WKH�REWDLQLQJ�RI�IXOO�
FRQVHQW�RQ�WKH�SDUW�RI�WKH�GRQRUV�RI�WKH�ELRORJLFDO�PDWHULDO�DQG�
WKH�UHTXLUHPHQW�WKDW�WKH�UHVHDUFK�DQG�SRVVLEOH�DSSOLFDWLRQV�EH�
MXVWLILDEOH� LQ� WHUPV� RI� WKH� EHQHILW� WKDW� LW� RIIHUV� KXPDQLW\��
&RQILGHQWLDOLW\�DQG�SULYDF\�RI�WKH�GRQRUV�VKRXOG�EH�UHVSHFWHG���

���� 5HVHDUFK� LQYROYLQJ� WKH� GHULYDWLRQ� RI� VWHP� FHOOV� IURP� KXPDQ�
HPEU\RV� VKRXOG� EH� VFUXWLQL]HG�PHWLFXORXVO\� LQ� RUGHU� WR� DYRLG�
QRQ�VFLHQWLILF�RU�XQHWKLFDO�DLPV��5HVHDUFK�VKRXOG�QRW�OHDG�WR�LQ�
YLWUR� FXOWXULQJ� RI� HPEU\RV� EH\RQG� WKH� YHU\� HDUO\� VWDJHV� RI�
HPEU\RQLF�GHYHORSPHQW��WKH�SUHVHQW�OLPLW�LV���ZHHNV����

���� 2QFH� (6� FHOO� OLQHV� KDYH� EHHQ� GHULYHG�� UHVHDUFK� VKRXOG� EH�
DOORZHG� WR� EH� FDUULHG� RXW� ZLWKRXW� IXUWKHU� QHHG� IRU� VSHFLILF�
HWKLFDO�DXWKRUL]DWLRQ�WR�FXOWXUH�WKHVH�FHOOV��7KH�XVXDO�UXOHV�IRU�
WKH�FXOWXUH�RI�KXPDQ�FHOOV�VKRXOG�EH�UHVSHFWHG���

���� 7KH� PHGLFDO� DSSOLFDWLRQV� RI� VWHP� FHOO�GHULYHG� UHSODFHPHQW�
WLVVXHV�IRU�WUDQVSODQWDWLRQ�PXVW�EH�UHVWULFWHG�WR�ZHOO�LGHQWLILHG�
WKHUDSHXWLF� DLPV� DQG� QRW� IRU� WULYLDO� RU� FRVPHWLF� QRQ�PHGLFDO�
UHDVRQV�� RU� D� IRUWLRUL� HXJHQLF�GHOXVLRQV� WKDW�GR�QRW� FRQVWLWXWH�
WUHDWPHQW� RI� D� GLVHDVH�� 5HVHDUFK� SURSRVDOV� IRU� VXFK� WLVVXH�
WUDQVSODQWDWLRQV� LQ� KXPDQ� SDWLHQWV� VKRXOG� EH� VXEMHFW� WR� WKH�
XVXDO�HWKLFDO�VFUXWLQ\���

���� ,PSHUDWLYHV� RI� VRFLDO� MXVWLFH� DQG� HTXDOLW\� LQ� EHQHILWLQJ� IURP�
PHGLFDO� SURJUHVV�PXVW� EH�XSKHOG�� DQG� WKH� DOWUXLVWLF� QDWXUH� RI�
WKLV� UHVHDUFK�PXVW�EH� UHDVRQDEO\� UHFRJQL]HG� LQ� WKH�SURFHVV�RI�
HPEU\R�GRQDWLRQ� DV�ZHOO� DV� LQ� WKH� FRPPHUFLDO� DSSOLFDWLRQV�RI�
WKH�QHZ�WKHUDSHXWLF�PHDQV�DQG�WKH�NQRZOHGJH�JDLQHG���

���� ,I�QHHGHG�� FKDQJHV� LQ�H[LVWLQJ� OHJLVODWLYH� UHJXODWLRQV� UHJDUGLQJ�
HPEU\R� RU� RRF\WH� GRQDWLRQV� DQG� RWKHU� DSSURSULDWH� OHJLVODWLYH�
VWHSV� VKRXOG�EH�SUHSDUHG�ZLWK� WKH�0LQLVWU\�RI� -XVWLFH�DQG� WKH�
0LQLVWU\� RI� +HDOWK�� ([LVWLQJ� UHJXODWLRQV� LQ� ,VUDHO� VKRXOG� EH�
UHVSHFWHG�� DQG� ZKHQ� QHFHVVDU\� FKDQJHG�� 1HZ� JXLGHOLQHV� DQG�
UHJXODWLRQV� VSHFLILF� IRU�(PEU\RQLF� 6WHP�&HOO� UHVHDUFK� VKRXOG�
EH�LVVXHG�E\�WKH�0LQLVWU\�RI�+HDOWK��LQ�NHHSLQJ�ZLWK�WKH�SUHVHQW�
UHFRPPHQGDWLRQV��*XLGHOLQHV�DGRSWHG�E\�RWKHU�FRXQWULHV��VXFK�
DV�WKH�8.��VKRXOG�EH�VWXGLHG�DQG�HYDOXDWHG��DOVR�ZLWK�WKH�DLP�
RI�UHJXODWLQJ�H[FKDQJH�RI�ELRORJLFDO�PDWHULDOV� IURP�FRXQWU\�WR�
FRXQWU\���
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���� $� QDWLRQDO� FRPPLWWHH�� VXFK� DV� WKH� +HOVLQNL� &RPPLWWHH� IRU�
*HQHWLFV� HVWDEOLVKHG� E\� WKH� 0LQLVWU\� RI� +HDOWK�� VKRXOG� EH�
LQVWUXFWHG� LQ� NHHSLQJ� ZLWK� WKH� SUHVHQW� UHFRPPHQGDWLRQV� WR�
H[DPLQH� DQG� HYHQWXDOO\� DSSURYH� VSHFLILF� UHVHDUFK� SURSRVDOV�
XVLQJ�KXPDQ�VXSHUQXPHUDU\�HPEU\RV�IRU�GHULYLQJ�VWHP�FHOOV�RU�
XVLQJ� RWKHU� VRXUFHV�� LQFOXGLQJ� FORQHG� ´HPEU\RV�µ� DERUWHG�
IHWXVHV�DQG�DGXOW�VRXUFHV���

����,W�LV�UHFRPPHQGHG�WKDW�SXEOLF�GLVFXVVLRQV�RI�WKH�LVVXHV�LQYROYHG�
EH� HQFRXUDJHG� LQ� RUGHU� WR� SURYLGH� LQIRUPDWLRQ�� SUHYHQW�
PLVLQWHUSUHWDWLRQV�� DQG� H[DPLQH� ZD\V� WR� DOOHYLDWH� IHDUV� RI�
PLVXVH� RI� WKH� VFLHQWLILF� DQG� WHFKQLFDO� HQGHDYRU� FRQFHUQLQJ�
KXPDQ� HPEU\R� VWHP� FHOO� UHVHDUFK�� 8QGHUVWDQGLQJ� WKH�
FRQGLWLRQV�XQGHU�ZKLFK�HPEU\RV�FRXOG�EH�SURGXFHG�D�SULRUL�IRU�
UHVHDUFK�DQG�WKHUDSHXWLF�SXUSRVHV�ZRXOG�EH�RQH�VXFK�LVVXH�WR�
GHEDWH���

���� 7KH� UHFRPPHQGHG� SURFHVV� LV� WR� H[DPLQH� WKH� SRVVLELOLWLHV� RI�
LQVXULQJ�WKH�EDVLF�KXPDQ�ULJKW�WR�EHQHILW�IURP�WKH�DGYDQFHPHQW�
RI�VFLHQFH��,W�VKRXOG�EH�UHFDOOHG�WKDW�WKH�SXUSRVH�RI�ELRHWKLFV�LV�
QRW�WR�EDQ�XSIURQW�VFLHQWLILF�DGYDQFHV��SDUWLFXODUO\�LQ�WKH�ILHOG�
RI�PHGLFLQH�� EXW� WR� GHILQH� WKH� OLPLWV� RI� WKH� VRFLDOO\� GHVLUDEOH�
DQG�HWKLFDOO\�SHUPLVVLEOH���

���� ,Q� DOO� DVSHFWV� RI� WKLV� HPEU\R�UHODWHG� UHVHDUFK�� SDUWLFXODU�
LPSRUWDQFH�VKRXOG�EH�JLYHQ�WR�UHVSHFW�RI�KXPDQ�GLJQLW\�DQG�WKH�
PRUDO� VDIHJXDUGV� VHW� RXW� DV� LQWHUQDWLRQDO� SULQFLSOHV� LQ� WKH�
´8QLYHUVDO� 'HFODUDWLRQ� RQ� WKH� +XPDQ� *HQRPH� DQG� +XPDQ�
5LJKWVµ�E\�WKH�,QWHUQDWLRQDO�%LRHWKLFV�&RPPLWWHH�RI�81(6&2�
DQG�DGRSWHG�E\�WKH�81(6&2�*HQHUDO�&RQIHUHQFH��������DQG�
E\�WKH�8QLWHG�1DWLRQV�&RPPLVVLRQ�RI�+XPDQ�5LJKWV����������

�
�
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%LEOLRJUDSK\�DQG�6RXUFHV�
���$QQDV�*-��&DSODQ�$��(OLDV�6���������6WHP�FHOO�SROLWLFV��HWKLFV�DQG�

PHGLFDO�SURJUHVV��1DW�0HG��������������
��� %DJXLVL� $�� %HKERRGL� (�� 0HOLFDQ� '7�� 3ROORFN� -6�� 'HVWUHPSHV�

00��&DPPXVR�&��:LOOLDPV�-/��1LPV�6'��3RUWHU�&$��0LGXUD�3��
3DODFLRV�0-��$\UHV�6/��'HQQLVWRQ�56��+D\HV�0/��=LRPHN�&$��
0HDGH�+0��*RGNH�5$��*DYLQ�:*��2YHUVWURP�(:��(FKHODUG�
<�� ������� 3URGXFWLRQ� RI� JRDWV� E\� VRPDWLF� FHOO� QXFOHDU� WUDQVIHU��
1DW�%LRWHFKQRO�������������

��� %UXVWOH� 2�� -RQHV� .1�� /HDULVK� 5'�� .DUUDP� .�� &KRXGKDU\� .��
:LHVWOHU�2'��'XQFDQ� ,'��0F.D\�5'�� �������(PEU\RQLF� VWHP�
FHOO�GHULYHG�JOLDO�SUHFXUVRUV��D�VRXUFH�RI�P\HOLQDWLQJ�WUDQVSODQWV��
6FLHQFH��������������

���%UXVWOH�2��6SLUR�$&��.DUUDP�.��&KRXGKDU\�.��2NDEH�6��0F.D\�
5'�� ������� ,Q�YLWUR�JHQHUDWHG� QHXUDO� SUHFXUVRUV� SDUWLFLSDWH� LQ�
PDPPDOLDQ� EUDLQ� GHYHORSPHQW�� 3URF� 1DWO� $FDG� 6FL� 86$�� ����
����������

���&DPSEHOO�.+��0F:KLU�-��5LWFKLH�:$��:LOPXW�,�� �������6KHHS�
FORQHG�E\�QXFOHDU�WUDQVIHU�IURP�D�FXOWXUHG�FHOO�OLQH��1DWXUH�������
������

���&LEHOOL�-%��6WLFH�6/��*ROXHNH�3-��.DQH�--��-HUU\�-��%ODFNZHOO�&��
3RQFH� GH� /HRQ� )$��5REO� -0�� �������&ORQHG� WUDQVJHQLF� FDOYHV�
SURGXFHG�IURP�QRQTXLHVFHQW�IHWDO�ILEUREODVWV��6FLHQFH������������
���

���&LEHOOL�-%��6WLFH�6/��*ROXHNH�3-��.DQH�--��-HUU\�-��%ODFNZHOO�&��
3RQFH�GH�/HRQ�)$��5REO�-0���������7UDQVJHQLF�ERYLQH�FKLPHULF�
RIIVSULQJ�SURGXFHG�IURP�VRPDWLF�FHOO�GHULYHG�VWHP�OLNH�FHOOV��1DW�
%LRWHFKQRO�������������

���'HDFRQ�7��'LQVPRUH�-��&RVWDQWLQL�/&��5DWOLII�-��,VDFVRQ����������
%ODVWXOD�VWDJH�VWHP�FHOOV�FDQ�GLIIHUHQWLDWH�LQWR�GRSDPLQHUJLF�DQG�
VHURWRQHUJLF�QHXURQV�DIWHU�WUDQVSODQWDWLRQ��([S�1HXURO����������
����

��� 'RPLQNR� 7�� 0LWDOLSRYD� 0�� +DOH\� %�� %H\KDQ� =�� 0HPLOL� (��
0F.XVLFN�%��)LUVW�1/���������%RYLQH�RRF\WH�F\WRSODVP�VXSSRUWV�
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GHYHORSPHQW�RI�HPEU\RV�SURGXFHG�E\�QXFOHDU�WUDQVIHU�RI�VRPDWLF�
FHOO� QXFOHL� IURP� YDULRXV� PDPPDOLDQ� VSHFLHV�� %LRO� 5HSURG�� ����
�����������

����)OD[�-'��$XURUD�6��<DQJ�&��6LPRQLQ�&��:LOOV�$0��%LOOLQJKXUVW�
//�� -HQGRXEL�0�� 6LGPDQ�5/��:ROIH� -+��.LP�68�� 6Q\GHU�(<��
������� (QJUDIWDEOH� KXPDQ� QHXUDO� VWHP� FHOOV� UHVSRQG� WR�
GHYHORSPHQWDO�FXHV��UHSODFH�QHXURQV��DQG�H[SUHVV�IRUHLJQ�JHQHV��
1DW�%LRWHFKQRO��������������

���� )ULHOH� 0%�� �(G��� ������� (PEU\R� ([SHULPHQWDWLRQ� LQ� (XURSH��
%LRPHGLFDO�� /HJDO� DQG� 3KLORVRSKLFDO� $VSHFWV�� %DG� 1HXHQDKU�
$KUZHLOHU��(XURSlLVFKH�$NDGHPLH��

���� *HEHU� 6�� 6DPSDLR� 0�� ������� %ODVWRPHUH� GHYHORSPHQW� DIWHU�
HPEU\R�ELRSV\��D�QHZ�PRGHO�WR�SUHGLFW�HPEU\R�GHYHORSPHQW�DQG�
WR�VHOHFW�IRU�WUDQVIHU��+XP�5HSURG�������������

����*ULIR� -�� 1HZ�<RUN�8QLYHUVLW\�� ZRUN� SUHVHQWHG� DW� WKH�$QQXDO�
PHHWLQJ� RI� WKH� $PHULFDQ� 6RFLHW\� IRU� 5HSURGXFWLYH� 0HGLFLQH��
2FWREHU�������

����+ROH�1��*UDKDP�*-��0HQ]HO�8��$QVHOO� -'�� �������$� OLPLWHG�
WHPSRUDO�ZLQGRZ�IRU�WKH�GHULYDWLRQ�RI�PXOWLOLQHDJH�UHSRSXODWLQJ�
KHPDWRSRLHWLF� SURJHQLWRUV� GXULQJ� HPEU\RQDO� VWHP� FHOO�
GLIIHUHQWLDWLRQ�LQ�YLWUR��%ORRG���������������

���� +RWWRLV� *�� ������� ,V� FORQLQJ� WKH� DEVROXWH� HYLO"� +XPDQ�
5HSURGXFWLRQ�8SGDWH�������������

����.DWR�<��7DQL�7��6RWRPDUX�<��.XURNDZD�.��.DWR�-��'RJXFKL�+��
<DVXH�+��7VXQRGD�<�� �������(LJKW� FDOYHV� FORQHG� IURP� VRPDWLF�
FHOOV�RI�D�VLQJOH�DGXOW��6FLHQFH���������������

���� .LN\R� 1�� :ROIIH� $3�� ������� 5HSURJUDPPLQJ� QXFOHL�� LQVLJKWV�
IURP�FORQLQJ��QXFOHDU�WUDQVIHU�DQG�KHWHURNDU\RQV��-�&HOO�6FL�������
�������

���� .LSOLQJ� '�� )DUDJKHU� 5*�� ������� 7HORPHUHV�� $JHLQJ� KDUG� RU�
KDUGO\�DJHLQJ"�>QHZV@��1DWXUH�����������������
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����.OXJ�0*��6RRQSDD�0+��.RK�*<��)LHOG�/-���������*HQHWLFDOO\�
VHOHFWHG� FDUGLRP\RF\WHV� IURP� GLIIHUHQWLDWLQJ� HPEU\RQLF� VWHP�
FHOOV�IRUP�VWDEOH�LQWUDFDUGLDF�JUDIWV��-�&OLQ�,QYHVW��������������

���� /DQ]D� 53�� &LEHOOL� -%�� :HVW� 0'�� ������� +XPDQ� WKHUDSHXWLF�
FORQLQJ��1DW�0HG������������

����/DQ]D�53��&LEHOOL�-%��:HVW�0'���������3URVSHFWV�IRU�WKH�XVH�RI�
QXFOHDU� WUDQVIHU� LQ� KXPDQ� WUDQVSODQWDWLRQ��1DW� %LRWHFKQRO�� ����
��������

����/DQ]D�53��&LEHOOL�-%��:HVW�0'��'RUII�(��7DXHU�&��*UHHQ�50��
������� 7KH� HWKLFDO� UHDVRQV� IRU� VWHP� FHOO� UHVHDUFK��6FLHQFH� �����
������

���� /HZLV� ,0�� 3HXUD� 77�� 7URXQVRQ� $2�� ������� /DUJH�VFDOH�
DSSOLFDWLRQV�RI�FORQLQJ�WHFKQRORJLHV�IRU�DJULFXOWXUH��DQ�LQGXVWU\�
SHUVSHFWLYH��5HSURG�)HUWLO�'HY��������������

����/L�0��3HYQ\�/��/RYHOO�%DGJH�5��6PLWK�$���������*HQHUDWLRQ�RI�
SXULILHG�QHXUDO�SUHFXUVRUV�IURP�HPEU\RQLF�VWHP�FHOOV�E\�OLQHDJH�
VHOHFWLRQ��&XUU�%LRO������������

����0F'RQDOG�-:��/LX�;=��4X�<��/LX�6��0LFNH\�6.��7XUHWVN\�'��
*RWWOLHE� ',�� &KRL� ':�� ������� 7UDQVSODQWHG� HPEU\RQLF� VWHP�
FHOOV� VXUYLYH�� GLIIHUHQWLDWH� DQG� SURPRWH� UHFRYHU\� LQ� LQMXUHG� UDW�
VSLQDO�FRUG��1DW�0HG�������������

����0HQJ�/��(O\�--��6WRXIIHU�5/��:ROI�'3���������5KHVXV�PRQNH\V�
SURGXFHG�E\�QXFOHDU�WUDQVIHU��%LRO�5HSURG�������������

����3HUD�0)��5HXELQRII�%��7URXQVRQ�$���������+XPDQ�HPEU\RQLF�
VWHP�FHOOV��-�&HOO�6FL�������������

���� 3UDWKHU� 56�� %DUQHV� )/�� 6LPV� 00�� 5REO� -0�� (\HVWRQH�:+��
)LUVW�1/���������1XFOHDU� WUDQVSODQWDWLRQ� LQ� WKH�ERYLQH�HPEU\R��
DVVHVVPHQW�RI�GRQRU�QXFOHL�DQG�UHFLSLHQW�RRF\WH��%LRO�5HSURG������
��������

���� 5HXELQRII� %(�� 3HUD��0)�� )RQJ� &<�� 7URXQVRQ� $�� %RQJVR� $��
������� (PEU\RQLF� VWHP� FHOO� OLQHV� IURP� KXPDQ� EODVWRF\VWV��
VRPDWLF�GLIIHUHQWLDWLRQ�LQ�YLWUR��1DW�%LRWHFKQRO��������������
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����5HYHO�0���������2QJRLQJ�UHVHDUFK�RQ�PDPPDOLDQ�FORQLQJ�DQG�
HPEU\R� VWHP� FHOO� WHFKQRORJLHV�� %LRHWKLFV� RI� WKHLU� SRWHQWLDO�
PHGLFDO�DSSOLFDWLRQV��,VUDHO�0HGLFDO�$VVRFLDWLRQ�-RXUQDO��,0$-��
���-XO\�VXSSOHPHQW��SS�������

����5HYHO�0���������$Q�RXWULJKW��XSIURQW�FRQGHPQDWLRQ�RI�FORQLQJ�
UHVHDUFK�LV�SUHPDWXUH��7KH�6FLHQWLVW������S����DQG�VHH�&DKLHU�GX�
&RPLWp�&RQVXOWDWLI�1DWLRQDO�G·(WKLTXH��2FWREHU��������

����5RVVDQW�-��1DJ\�$���������,Q�VHDUFK�RI�WKH�WDEXOD�UDVD�RI�KXPDQ�
FHOOV�>QHZV@��1DW�%LRWHFKQRO������������

���� 6FKXOGLQHU� 0�� <DQXND� 2�� ,WVNRYLFK�(OGRU� -�� 0HOWRQ� '$��
%HQYHQLVW\� 1�� ������� (IIHFWV� RI� HLJKW� JURZWK� IDFWRUV� RQ� WKH�
GLIIHUHQWLDWLRQ� RI� FHOOV� GHULYHG� IURP� KXPDQ� HPEU\RQLF� VWHP�
FHOOV��3URF�1DWO�$FDG�6FL�86$���������������

���� 6KDPEORWW�0-��$[HOPDQ� -��:DQJ�6��%XJJ�(0��/LWWOHILHOG� -:��
'RQRYDQ�3-��%OXPHQWKDO�3'��+XJJLQV�*5��*HDUKDUW�-'���������
'HULYDWLRQ� RI� SOXULSRWHQW� VWHP� FHOOV� IURP� FXOWXUHG� KXPDQ�
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