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2YHUYLHZ

7KHUH�DUH�VHYHUDO�GULYHUV�IRU�K\GURJHQ LQ�WKH�8.��EXW�WKH�PDLQ�RQHV�DUH�OLQNHG�WR�GHFDUERQLVDWLRQ�
RI�KHDW�DQG�ORZ�FDUERQ��ORZ�HPLVVLRQV�WUDQVSRUW��7KH�VFDOH�RI�K\GURJHQ�SURGXFWLRQ�UHTXLUHG�IRU�
WKH�IRUPHU��ZKLFK�FRXOG�EH�SRWHQWLDOO\�WKURXJK�GLUHFW�LQMHFWLRQ�LQWR�WKH�JDV�JULG��LV�YHU\�VLJQLILFDQW�
DQG�DW�SUHVHQW�FRXOG�RQO\�UHDOLVWLFDOO\�EH�DFKLHYHG�WKURXJK�VWHDP�PHWKDQH�UHIRUPLQJ��UHTXLULQJ�
&DUERQ�&DSWXUH�8WLOLVDWLRQ�DQG�6WRUDJH��&&86��WR�SUHYHQW�WKH�UHOHDVH�RI�WKH�&2� DQG�PHHW�QHW�
]HUR�FRPPLWPHQWV��+\GURJHQ�IRU�WUDQVSRUWDWLRQ�LV�EHJLQQLQJ�WR�EH�GHSOR\HG�LQ WKH�8.��KRZHYHU�
IXUWKHU�ZRUN�LV�QHHGHG�RQ�LPSURYHG�WHFKQRORJLHV�DQG�HVWDEOLVKLQJ�WKH�VXSSRUWLQJ�LQIUDVWUXFWXUH�

(5$�KDV�D�ORQJ�WUDFN�UHFRUG�RI�ZRUNLQJ�RQ�K\GURJHQ�SURMHFWV�DQG�IXHO�FHOOV��7KH�XQLYHUVLWLHV�RI�
/RXJKERURXJK��1RWWLQJKDP�DQG�%LUPLQJKDP�KDYH�UXQ�WKH�(365&�6XVWDLQDEOH�+\GURJHQ�&HQWUH�
IRU�'RFWRUDO�7UDLQLQJ��&'7��IRU�D�DSSUR[���� \HDUV��ZKLFK�KDV�OLQNHG�WKH�DFDGHPLF�UHVHDUFK�EDVH�
WR�WKH�LQGXVWU\�WKURXJK�FROODERUDWLYH�UHVHDUFK�SURMHFWV�DQG�WUDLQLQJ�DQG�VNLOOV�GHYHORSPHQW��7KLV�
FROODERUDWLRQ� KDV� DOVR� GHOLYHUHG� D� UDQJH� RI� UHVHDUFK� IDFLOLWLHV�� LQFOXGLQJ� WKH� 5HVHDUFK� DQG�
'HPRQVWUDWLRQ��5$'��EXLOGLQJ�LQ�1RWWLQJKDP KRXVLQJ�D�K\GURJHQ�V\VWHPV�WHVW�EHG� WKH�+\3(5�
SURMHFW��%XON�+\GURJHQ�3URGXFWLRQ�E\�6RUEHQW�(QKDQFHG�6WHDP�5HIRUPLQJ��WR FRQVWUXFW�D�VWDWH�
RI�WKH�DUW� ���� 0:WK� SLORW� SODQW� WKH� +\'HSOR\� SURMHFW� WR� GHPRQVWUDWH� WKDW� K\GURJHQ� FDQ� EH�
GHSOR\HG�LQWR�WKH�JULG�XS�WR������K\GURJHQ��JHQHUDWLRQ�RI K\GURJHQ�IURP�ELRSURFHVVLQJ DQG�� WKH�
7KHUPR�&DWDO\WLF�5HIRUPLQJ�IDFLOLW\�GHYHORSHG�LQ�FROODERUDWLRQ�ZLWK�WKH�)UDXQKRIHU�± EDVHG�DW�WKH�
(5$�VXSSRUWHG�7\VHOH\�(QHUJ\�3DUN��$�ODUJH�VFDOH 6WHDP�0HWKDQH�5HIRUPLQJ�SODQW��ZLWK�&&86��
LV� EHLQJ�SODQQHG� IRU� WKH�7\VHOH\�(QHUJ\�3DUN�ZLWK� K\GURJHQ�SURGXFWLRQ� IRU� EXVHV�� WUDLQV� DQG�
LQMHFWLRQ�LQWR�WKH�JDV�JULG�IRU�GRPHVWLF�KHDWLQJ�

7KLV�SDSHU�EULHIO\�VXPPDULVHV�WKH�IDFLOLWLHV�ZH�KDYH�DFURVV�WKH�UHJLRQ�DV�ZHOO�DV�VRPH�RI�WKH�PRUH�
QRWDEOH�FRPPHUFLDO�DFWLYLWLHV�WDNLQJ�SODFH�
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*HQHUDWLRQ DQG�VWRUDJH

$Q�LQWHUQDWLRQDO�FROODERUDWLRQ�OHG�E\�&UDQILHOG�8QLYHUVLW\ LV�VHW�WR�H[DPLQH�WKH�SRWHQWLDO�IRU�ORZ�
FDUERQ�K\GURJHQ�WR�EH�WKH�FOHDQ�IXHO�RI�WKH�IXWXUH��7KH�+\3(5�SURMHFW��%XON�+\GURJHQ�3URGXFWLRQ�
E\�6RUEHQW�(QKDQFHG�6WHDP�5HIRUPLQJ��ZLOO�FRQVWUXFW�D�VWDWH�RI�WKH�DUW�����0:WK�SLORW�SODQW�DW�
&UDQILHOG� 8QLYHUVLW\� WR� WHVW� DQ� LQQRYDWLYH� K\GURJHQ� SURGXFWLRQ� WHFKQRORJ\� WKDW� VXEVWDQWLDOO\�
UHGXFHV�JUHHQKRXVH�JDV�HPLVVLRQV��:LWK������PLOOLRQ�IXQGLQJ�IURP�WKH�'HSDUWPHQW�IRU�%XVLQHVV��
(QHUJ\�DQG�,QGXVWULDO 6WUDWHJ\¶V��%(,6��(QHUJ\�,QQRYDWLRQ�3URJUDPPH��WKH�SURMHFW�DOVR�LQYROYHV�
86�EDVHG� UHVHDUFK� DQG� GHYHORSPHQW� RUJDQLVDWLRQ� *7,� DQG� 'RRVDQ� %DEFRFN�� D� VSHFLDOLVW� LQ�
GHOLYHU\� RI� ORZ�FDUERQ� WHFKQRORJLHV�� 7KH� SURMHFW� FHQWUHV� RQ� D� QRYHO� K\GURJHQ� SURGXFWLRQ�
WHFKQRORJ\�LQYHQWHG�E\�*7,��

&UDQILHOG�8QLYHUVLW\
V�SLORW�K\GURJHQ�SURGXFWLRQ�SODQW
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7KH�8QLYHUVLW\�RI�%LUPLQJKDP KDV��DV�SDUW�RI�WKH�(QHUJ\�5HVHDUFK�$FFHOHUDWRU��(5$��SURMHFW��
LQYHVWHG�LQ�DQ�LQQRYDWLYH�7KHUPR�&DWDO\WLF�5HIRUPHU��7&5�� ZKLFK�XVHV�DQ�LPSURYHG�S\URO\VLV�
WHFKQRORJ\�WR�WUDQVIRUP�YDULRXV�NLQGV�RI�ELRPDVV�LQWR�V\QWKHVLV�JDV��FKDUFRDO�DQG�GLHVHO�TXDOLW\�
RLO��HIIHFWLYHO\�XVLQJ�DURXQG�����RI�WKH HQHUJ\�LQ�WKH�ELRPDVV��7KH�7&5�SURFHVV�KDV�WKH�DELOLW\�WR�
FRQYHUW� WKH�ELRPDVV� LQWR�KLJK�TXDOLW\�V\QJDV��ELR�RLO��ELRFKDU��ZDWHU�DQG�K\GURJHQ� 7KH�7&5��
GHPRQVWUDWRU�FDQ�SURFHVV�XS�WR���NJ�RI�ELRZDVWH�SHU�KRXU�DQG�SURGXFHV�K\GURJHQ�ULFK�V\QWKHVLV�
JDV�XVHG�WR�IXHO�HQJLQHV��VHSDUDWH�+��RU�SXULILFDWLRQ�IRU�+��IXHO�FHOOV��ELR�RLO�DQG�ELR�FKDU� 7R�GDWH�
WKH�8QLYHUVLW\�RI�%LUPLQJKDP�KDV�DWWUDFWHG�VLJQLILFDQW�LQGXVWULDO�FR�LQYHVWPHQW�IURP�D�QXPEHU�RI�
RUJDQLVDWLRQV�LQ�VXSSRUW�RI�WKLV�IDFLOLW\��

7KH�OHDUQLQJ�IURP�WKH�(5$�IXQGHG�7&5��DW�7\VHOH\�LV�EHLQJ�XVHG�DV�WKH�EDVLV�IRU�QHZ��ODUJHU�
VFDOH�GHPRQVWUDWRUV��7KH�DLP�LV�IRU�D�IXOO�VFDOH�FRPPHUFLDO�SODQW�WR�EH�GHYHORSHG�RQ�WKH�VLWH�LQ�
WKH�QH[W�IHZ�\HDUV��ZKLFK�ZLOO�EH�FDSDEOH�RI�SURFHVVLQJ�PXFK�ODUJHU�TXDQWLWLHV�RI�ELRPDVV�SHU�KRXU�
DQG�PDNH�D�VLJQLILFDQW�FRQWULEXWLRQ�WR�WKH�GHOLYHU\�RI�JUHHQ�IXHO�IRU�WKH�FLW\��

7KH� 8QLYHUVLW\� RI� %LUPLQJKDP� KDV� DOVR� GHYHORSHG� D� K\GURJHQ� SRZHUHG� ERDW� ZLWK� K\GURJHQ�
VWRUDJH�XVLQJ�PHWDO�K\GULGHV�DQG�FUHDWHG�D�IOHHW�RI�K\GURJHQ�SRZHUHG�YHKLFOHV��

7KH�7KHUPR�&DWDO\WLF�5HIRUPHU� �7&5��SURFHVV�EHLQJ� UHVHDUFKHG�E\�8QLYHUVLW\�RI�%LUPLQJKDP�
DQG�WKH�)UDXQKRIHU�,QVWLWXWH

7KH�UHVHDUFK�FDSDELOLW\�LQ�K\GURJHQ�VWRUDJH�LQYROYHV�SURMHFWV�LQYHVWLJDWLQJ�K\GURJHQ�FRPSUHVVLRQ�
�(365&� (6&+(5��� FDWDO\WLF� QDQRSDUWLFOHV� �(365&� &/�:�� DQG� FRPSOH[� K\GULGHV� �(&� ,71�
(&26725(��DQG�LQ�LQYROYHV�ELODWHUDO�QHWZRUNV�RQ�K\GURJHQ�VWRUDJH�ZLWK�-DSDQ�DQG�.RUHD��.H\�
WRSLFV�LQFOXGH

��+\GURJHQ�VWRUDJH�PDWHULDOV�

��*DV�VHSDUDWLRQ�PHPEUDQHV�

��+DUG�PDJQHWLF�PDWHULDOV�

��0LFURVWUXFWXUDO�SURFHVVLQJ�RI�PDWHULDOV�XVLQJ�K\GURJHQ�

��1DQRPDWHULDOV
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7KH�+\GURJHQ�6\VWHPV�7HVW�%HG��IXQGHG�E\�WKH�(QHUJ\�5HVHDUFK�$FFHOHUDWRU DQG�KRVWHG�DW�WKH�
8QLYHUVLW\�RI�1RWWLQJKDP��LV�WKH�ODUJHVW�DFDGHPLF�K\GURJHQ�UHVHDUFK�ODE�LQ�WKH�8.�DQG�ZLOO�EH�
XVHG� WR� LQYHVWLJDWH� K\GURJHQ� SURGXFWLRQ�� VWRUDJH� DQG� XWLOLVDWLRQ� WHFKQRORJLHV� 7KH� �����P� RI�
IXQGLQJ�KDV�EHHQ�LQYHVWHG�LQ�WHFKQRORJLHV�WKDW�LV�PDNLQJ�D�PDMRU�LPSDFW�RQ�WZR�LPSRUWDQW�HQHUJ\�
FKDOOHQJHV��GHFDUERQLVDWLRQ�RI�KHDW�DQG�]HUR�HPLVVLRQ�YHKLFOHV��7KH�+\GURJHQ�6\VWHPV�7HVW�%HG�
LV� D� IOH[LEOH� WHVW� IDFLOLW\� IRU� GHYHORSLQJ� GLIIHUHQW� K\GURJHQ� FRPSRQHQWV� UHODWLQJ� WR� JHQHUDWLRQ��
VWRUDJH�DQG�XVH��7KH�IDFLOLW\�DOVR�LQFOXGHV�D��0:K�K\GURJHQ�VWRUH�WKDW�HQDEOHV�WHVWLQJ�WR�V\VWHPV�
XS�WR�����N:�LQ�VFDOH���7KH�IDFLOLWLHV�DUH�GHYHORSLQJ�QRYHO�PDWHULDOV�VXFK�DV�D�ORZ�FRVW�$%��PHWDO�
K\GULGH�DOOR\�ZKLFK�KDYH�D�YHU\�KLJK�HQHUJ\�GHQVLW\����N:K�/��± FI��/L�LRQ�EDWWHULHV��0HWDO�K\GULGH�
VWRUDJH�HQDEOHV�FRPSDFW�VWRUDJH�RI�K\GURJHQ�DW�ORZ�SUHVVXUHV������EDU���

7KH�5HVHDUFK�$FFHOHUDWRU�'HYHORSPHQW��5$'��%XLOGLQJ�DW�8QLYHUVLW\�RI�1RWWLQJKDP

7KH� XQLYHUVLW\� LV� DOVR� LQYHVWLJDWLQJ� QHZ� PDLQ� JURXS� FDWDO\VWV IRU� K\GURJHQ� SURGXFWLRQ� DQG�
LQYHVWLJDWLRQV�LQWR�SRURXV�QLFNHOV��QRYHO�QLFNHO�DQG�LURQ�EDVHG�FRPSOH[HV��ZKLFK�UHSOLFDWH�UHDFWLRQ�
SDWKZD\V�VHHQ�LQ�QDWXUH��DLP�WR�SURGXFH�PRUH�HIILFLHQW��FKHDSHU�DQG�ORQJHU�OLIH�FDWDO\VWV�IRU�WKH�
SURGXFWLRQ�RI�K\GURJHQ�WKURXJK�PHDQV�RWKHU�WKDQ�VWHDP�JDV�UHIRUPDWLRQ�RI�K\GURFDUERQV��7KLV�
ZRUN�ZLOO�DOORZ�D�VKLIW�WRZDUGV�D�FOHDQHU�DQG�PRUH�VXVWDLQDEOH�VRFLHW\�
5HVHDUFK�LV�WDNLQJ�SODFH�LQWR�K\GURJHQ�V\VWHPV�LQFOXGHV�VWRUDJH�WHFKQRORJ\��WKH�SUHSDUDWLRQ�
DQG�SURFHVVLQJ�RI�QRYHO�PDWHULDOV��PDWHULDOV�FKDUDFWHULVDWLRQ DQG�WKH�WHVWLQJ�DQG�YDOLGDWLRQ�RI�
PDWHULDOV�� 2I� SDUWLFXODU� QRWH� LV� FXUUHQW� UHVHDUFK� RQ� WKH� GHYHORSPHQW� RI� VROLG�VWDWH� K\GURJHQ�
VWRUDJH�PDWHULDOV�� OLJKW�PHWDO�K\GULGHV��LQWHUPHWDOOLF�K\GULGHV�DQG�FRPSOH[�K\GULGHV��5HVHDUFK�
HQFRPSDVVHV�FRPSXWDWLRQDO�PDWHULDO�GLVFRYHU\�DQG�WKH�GHYHORSPHQW�RI�QHZ�PDWHULDOV�WKURXJK�WR�
WKH�HQJLQHHULQJ�GHVLJQ�RI�SURWRW\SH�K\GURJHQ�VWRUHV��$SSOLFDWLRQ�IRU�WKH�SURWRW\SH�VWRUHV�LQFOXGH�
UHQHZDEOH�HQHUJ\�EDFN�XS�VWRUDJH��HQHUJ\�VWRUDJH�IRU�WKH�&UHDWLYH (QHUJ\�+RPHV��PLFURJULG�DQG�
K\GURJHQ� IXHOOLQJ� VWDWLRQV�� +LJK� WHPSHUDWXUH� K\GULGHV� DUH� EHLQJ� LQYHVWLJDWHG� DV� KLJK� HQHUJ\�
GHQVLW\� PDWHULDOV� IRU� WKHUPDO� HQHUJ\� VWRUDJH� IRU� FRQFHQWUDWHG� VRODU� SRZHU� SODQWV� DQG� KLJK�
SUHVVXUH�K\GULGHV�DUH�EHLQJ�LQYHVWLJDWHG�IRU�ORZ�PDLQWHQDQFH��ORZ�QRLVH�K\GURJHQ�FRPSUHVVRUV���
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$VWRQ�8QLYHUVLW\¶V WKHUPRFKHPLFDO�FRQYHUVLRQ�UHVHDUFK� IRFXVHV�RQ�ERWK�IXQGDPHQWDO�DQG�
DSSOLHG�VWXGLHV�RI�WKH�WKHUPDO�WUDQVIRUPDWLRQ�RI�ELRPDVV�DQG�RUJDQLF�PDWHULDOV LQWR�YDOXDEOH�
VROLG�� OLTXLG�DQG�JDVHRXV�SURGXFWV�WKDW�DUH�UHOHYDQW�WR�LQGXVWU\�DQG�PRGHUQ�VRFLHW\��,QQRYDWLYH�
PHWKRGV� LQFOXGH� S\URO\VLV�� JDVLILFDWLRQ�� DQG� K\GURWKHUPDO� SURFHVVLQJ�� LQYROYLQJ� FDWDO\VWV�
�KRPRJHQHRXV�KHWHURJHQHRXV�� DQG� DGGLWLYHV� �RUJDQLF� VROYHQWV�� LRQLF� OLTXLGV�� IRU� HIILFLHQW�
SURFHVVLQJ� DW� DWPRVSKHULF� WR� PRGHUDWH� SUHVVXUHV�� :H� RSHUDWH� GLYHUVH� SURFHVV� HTXLSPHQW�
FRQILJXUDWLRQV� IURP� EDWFK�VHPL�EDWFK�� IL[HG�EHG� WR� IOXLGLVHG� EHGV�� ZLWK� YDULDEOH� SURFHVVLQJ�
FDSDFLWLHV��UDQJLQJ�IURP�ODE�VFDOH�V\VWHPV��PLOOLJUDP�WR�JUDP�VFDOH��XS�WR�D�����NJ�K�SLORW�SODQW��
7KHVH� JLYH� XV� WKH� FDSDELOLW\� DQG� IOH[LELOLW\� WR� VWXG\� D� ZLGH� UDQJH� RI� IHHGVWRFNV� DQG� SURFHVV�
FRQGLWLRQV� 7KH� WHDP ZRUNV ZLWK� YDULRXV� IHHGVWRFNV� LQFOXGLQJ� VXVWDLQDEOH� ELRPDVV� �ZRRG\�
ELRPDVV�� VWUDZ�� PLVFDQWKXV�� ZLOORZ�� PLFUR�PDFUR�DOJDH�� EUHZHU\� VSHQW� JUDLQV��� SODVWLF� ZDVWH��
PXQLFLSDO� VROLG� ZDVWH� �06:��� FRPSRVLWH� ZDVWH�� LQGXVWULDO�SKDUPDFHXWLFDO� HIIOXHQWV�� VHZDJH�
VOXGJH��DQG�YLUJLQ�XVHG�LQHGLEOH�IDWV�DQG�RLOV SURGXFLQJ�D�UDQJH�RI�LQGXVWULDO�FKHPLFDOV��VROLG��OLTXLG�
DQG�JDVHRXV�K\GURFDUERQ�IXHOV��LQFOXGLQJ K\GURJHQ�

7KH�(QHUJ\�DQG�%L�SURGXFWV�5HVHDUFK�,QVWLWXWH�DW�$VWRQ�8QLYHUVLW\

7KH�XQLYHUVLW\¶V FDWDO\VLV JURXS�IRFXVVHV�LQ�GLIIHUHQW�DUHDV�RI�FDWDO\VLV�IURP�V\QWKHVLV�WR�FORVH�
WR�LQGXVWULDO�RSHUDWLRQ��(%5,�FDWDO\VLV�JURXS�H[SORUHV�WKH�V\QWKHVLV�DQG�FKDUDFWHULVDWLRQ�RI�WDLORU�
PDGH�JUHHQ�FDWDO\VWV��ZLWK�GLIIHUHQW�SRUH�DUFKLWHFWXUHV��IXQFWLRQDOLWLHV�DQG�FKHPLFDO�SURSHUWLHV��
ZLWK�WKH�DLP�WR�GHYHORS�QRYHO�DQG�PRUH�VXVWDLQDEOH�FDWDO\WLF�URXWHV�IRU�WKH�SURGXFWLRQ�RI�ELRIXHOV�
DQG� KLJK�YDOXH� FKHPLFDOV�� $OVR�� WKH\� V\QWKHVLVH� DQG� DVVHVV� FRPPHUFLDO� FDWDO\VWV� IRU� WKH�
RSWLPLVDWLRQ�RI�WKH�VWHSV�LQYROYHG�LQ�ELRPDVV�FRQYHUVLRQ�WR�ELRHQHUJ\�DQG�FKHPLFDOV�WKDW�UHTXLUH�
WKH�SUHVHQFH�RI�FDWDO\VWV�VXFK�DV�SUH�WUHDWPHQW��WKHUPDO�FKHPLFDO�FRQYHUVLRQV��DQG�GRZQVWUHDP�
ELRSURGXFW�XSJUDGLQJ��
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/RXJKERURXJK�8QLYHUVLW\ LV�ZRUNLQJ�RQ�ORZ�FRVW�JHQHUDWLRQ�RI�+� IURP�D�PHWKDQH�FUDFNLQJ�
WHFKQRORJ\ LQ�FROODERUDWLRQ�ZLWK�LQGXVWU\��0HWKDQH�FUDFNLQJ�LV�D�GLUHFW�ULYDO�WHFKQRORJ\�WR�605�
�WKH�PDMRU�K\GURJHQ�SURGXFWLRQ�WHFKQRORJ\�RSHUDWHV�DW�VFDOH�DW�WKH�PRPHQW��DQG�LW�KDV�QXPHURXV�
DGYDQWDJHV�RYHU�HOHFWURO\VLV��7KH�WHFKQRORJ\�SURGXFHV K\GURJHQ�IURP�PHWKDQH�DQG�FDUERQ� LV�
FDSWXUHG�DV�VROLG�FDUERQ��'XH�WR�WKH�QDWXUH�RI�WKH�WHFKQRORJ\��LW�KDV�WKH�SRWHQWLDO�WR�SURGXFH�+�

DW�YHU\�ORZ�FRVW�RQ�GHPDQG��7KH�WHDP�LQ�/RXJKERURXJK�8QLYHUVLW\�LV�ZRUNLQJ�WRZDUGV�VFDOLQJ�XS�
WKH�WHFKQRORJ\�LQ�FROODERUDWLRQ�ZLWK�LQGXVWU\��H�J��'19*/��6*1��%6,��(IIHF7HFK��DQG�=LQHUJ\����

.H\�DUHDV�RI�UHVHDUFK�H[SHUWLVH�LQFOXGH�
x (OHFWURO\VLV�
x 2Q�ERDUG�DQG�RQ�GHPDQG�+\GURJHQ�JHQHUDWLRQ��
x (QHUJ\�VWRUDJH�
x 0HWKDQH�FUDFNLQJ�
x 0DWHULDOV�IRU�K\GURJHQ�WHFKQRORJLHV�
x 3KRWRHOHFWURO\VLV�
x $PPRQLD�DV�DQ�DOWHUQDWLYH�HQHUJ\�YHFWRU

7KH� %ULWLVK� *HRORJLFDO� 6XUYH\ �%*6�� LV� LQ� D� XQLTXH� SRVLWLRQ� LQ� DVVHVVLQJ� WKH� QDWLRQDO�
VXEVXUIDFH�JHRORJLFDO�VWRUDJH SRWHQWLDO��DQG�DOVR�LQ�UHVHDUFKLQJ�WKH�EHKDYLRXU�RI�K\GURJHQ�LQ�
GLIIHUHQW�QDWXUDO�XQGHUJURXQG�VWRUDJH�VFHQDULRV��$�VHULHV�RI�ZRUOG�OHDGLQJ�ODERUDWRULHV�DUH�KRVWHG�
DW� WKH 6XUYH\�� DQG� WKHVH� DUH� HQJDJHG� LQ� H[SHULPHQWDO� UHVHDUFK� DVVHVVLQJ� WKH� EHKDYLRXU� RI�
K\GURJHQ�LQ�GLIIHUHQW�JHRORJLFDO�VHWWLQJV�DFURVV�WKH�8.���%*6�LV�DVVHVVLQJ�WKH�VWRUDJH�SRWHQWLDO�
IRU�K\GURJHQ�LQ�WKH�8.�DV�DQ�DLG�WR�SODQQHUV�DQG�SROLF\PDNHUV ZKR�KHOS�VKDSH WKH�RSWLRQV�IRU�
XSWDNH�RI�K\GURJHQ�IRU�KHDWLQJ�DQG�DOVR�DV�D�URXWH�WR�GHFDUERQLVDWLRQ�RI� LQGXVWULDO�DUHDV��7KLV�
ZRUN�ILWV�ZLWKLQ�D�SRUWIROLR�RI�UHVHDUFK�WDUJHWLQJ�HQHUJ\�VWRUDJH�RSWLRQV�IRU�WKH�8.�DQG�HOVHZKHUH��
SDUW�RI�D�EURDG�HIIRUW�IRFXVVHG�RQ�³'HFDUERQLVDWLRQ�DQG�5HVRXUFH�0DQDJHPHQW´�

%*6�LV�DOVR�ZRUNLQJ�ZLWK�WKH�8QLYHUVLW\�RI�1RWWLQJKDP�RQ�WKH�*HR(QHUJ\�7HVW�%HG EDVHG�DW�8R1�
6XWWRQ�%RQQLQJWRQ�FDPSXV���7KH�IDFLOLW\ LV�D�PXOWL�ERUHKROH�DUUD\�WR�WHVW�DQG�GHYHORS�VXUIDFH�DQG�
VXEVXUIDFH PRQLWRULQJ�IRU�WKH�SRWHQWLDO�LQMHFWLRQ�RI�IOXLGV�DQG�JDVHV��LQFOXGLQJ�K\GURJHQ��LQWR�WKH�
VXEVXUIDFH�

7KHUH�DUH�K\GURJHQ�VWRUDJH�RSWLRQV�LQ�VRPH�SDUWV�RI�WKH�8.�ZKHUH�DFFXPXODWLRQV�RI�KDOLWH�LQ�WKH�
VXEVXUIDFH� DUH� VXLWDEOH� IRU� WKH� FUHDWLRQ� RI� XQGHUJURXQG� JDV� VWRUDJH� FDYHUQV� �H�J��� &KHVKLUH��
7HHVVLGH���5HVHDUFK�IRFXVHV�RQ�WKH�EHKDYLRXU�RI�KDOLWH�LQ�FRQWDFW�ZLWK�K\GURJHQ�DQG�ERUHKROH�
LQIUDVWUXFWXUH�VXFK�DV�ZHOO�FHPHQW��DQG�DOVR�RQ� WKH�SURSHUWLHV�RI�KDOLWH�ZKHUH� LW�KDV�QRW�EHHQ�
FRPPHUFLDOO\�GHYHORSHG��H�J���6RPHUVHW��'RUVHW���,Q�DUHDV�RI�WKH�8.�ZKHUH�VWRUDJH�LQ�VROXWLRQ�
PLQHG�FDYHUQV�LV�QRW�DQ�RSWLRQ��UHVHDUFK�LV�DVVHVVLQJ�WKH�SURSHUWLHV�RI�RWKHU�JHRORJLFDO�XQLWV��H�J���
GHSOHWHG�UHVHUYRLUV��SRURXV�URFNV��DQG�WKH�EHKDYLRXU�RI�WKRVH�URFNV�LQ�WKH�SUHVHQFH�RI�K\GURJHQ�

7KH�8QLYHUVLW\� RI� :DUZLFN KRVWV� :DUZLFN� ),5(�� D� PXOWLGLVFLSOLQDU\� UHVHDUFK� ODERUDWRU\� IRU�
UHVHDUFK�LQWR�ILUH�DQG�H[SORVLRQ�KD]DUGV DV�ZHOO�DV�DFFLGHQWDO�UHOHDVHV�RI�KD]DUGRXV�PDWHULDOV�
8QGHUVWDQGLQJ�WKH�VDIHW\�RI�K\GURJHQ�GHYLFHV�LV�DEVROXWHO\�HVVHQWLDO� 7KH�UHVHDUFK�LV�IRFXVHG�RQ�
WKH�GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�FRPSXWDWLRQDO�IOXLG�G\QDPLFV��&)'���7KH\�DUH�D�PHPEHU�RI�
WKH� ILUVW�(XURSHDQ�+\GURJHQ�6DIHW\�3DQHO� DSSRLQWHG� E\� WKH�)XHO�&HOOV� DQG�+\GURJHQ��� -RLQW�
8QGHUWDNLQJ�DQG�OHDGV�RQH�RI�WKH�IRXU�WDVNV��

.H\�UHVHDUFK�WRSLFV
ͻ 6SRQWDQHRXV�LJQLWLRQ�
ͻ +\GURJHQ�MHW�ILUHV�
ͻ +HDW�IOX[HV�WR�K\GURJHQ�F\OLQGHU�VXUIDFH�VXEMHFW�WR�ILUH�LPSLQJHPHQW�
ͻ +\GURJHQ�GHIODJUDWLRQ��''7�DQG�GHWRQDWLRQ�
ͻ 0RGHOOLQJ OLTXLG�K\GURJHQ�UHOHDVH�FRYHULQJ�SRRO�VSUHDG�DQG�IODVKLQJ�MHWV
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)XHO�FHOO�GHYHORSPHQW�DQG�DSSOLFDWLRQV�

)XHO�FHOO�WHFKQRORJ\�UHVHDUFK�RULJLQDWHG�DW�/RXJKERURXJK LQ����� DQG WKH�JURXQG�EUHDNLQJ�ZRUN�
KDV� JLYHQ� ULVH� WR� D� QHZ� JHQHUDWLRQ� RI� FOHDQ� SRZHU� V\VWHPV� EDVHG� RQ� DGYDQFHG� IXHO� FHOO�
WHFKQRORJ\��,Q�������WKH�UHVHDUFK�WHDP�FRQVWUXFWHG�WKH�ILUVW��N:�SURWRQ�H[FKDQJH�PHPEUDQH�IXHO�
FHOO��DQG�VSLQ�RXW�FRPSDQ\�$GYDQFHG�3RZHU�6RXUFHV ± QRZ� ,QWHOOLJHQW�(QHUJ\ �������± ZDV�
ODXQFKHG�WR�H[SORUH� WKH�SUH�FRPPHUFLDO�GHYHORSPHQW�RI�SURWRW\SH�IXHO�FHOOV�� ,QWHOOLJHQW�(QHUJ\�
QRZ� QXPEHUV�PRUH� WKDQ� ���� KLJKO\� VNLOOHG� HPSOR\HHV� DQG ZRUNV� FORVHO\�ZLWK� /RXJKERURXJK�
H[SHUWV�DV�ZHOO�DV�JOREDO�LQGXVWULDO�SDUWQHUV�RQ�D�UDQJH�RI�SURMHFWV��,WV�JOREDO�KHDGTXDUWHUV�DUH�
SDUW� RI� WKH� WKULYLQJ� HQHUJ\� FOXVWHU� RQ� /RXJKERURXJK�8QLYHUVLW\� 6FLHQFH� DQG�(QWHUSULVH�3DUNV�
�/86(3���7KH�8QLYHUVLW\�LV�DOVR�ZRUNLQJ�RQ�6ROLG�2[LGH�)XHO�&HOOV�WHFKQRORJ\�LQ�FROODERUDWLRQ�ZLWK�
LQGXVWU\��7KH�FXUUHQW�ZRUN�LV� LQYROYHG�6LQJOH�VWHS�62)&V�FR�VLQWHULQJ�SURFHVV��'HJUDGDWLRQ�RI�
62)&�� 'LDJQRVWLF� WRRO� GHYHORSPHQW�� ,Q�VLWX� WKHUPDO� VHQVLQJ� RI� 62)&� FHOOV�VWDFNV� DQG� *DV�
FRPSRVLWLRQ�VHQVRUV��H�J� /DPEGD�6HQVRU��

3LRQHHULQJ�IXHO�FHOO�WHFKQRORJ\�VSXQ�RXW�RI�/RXJKERURXJK�8QLYHUVLW\

7KH�8QLYHUVLW\�RI�%LUPLQJKDP¶V &HQWUH�IRU�)XHO�&HOO�DQG�+\GURJHQ�5HVHDUFK��&)&+5� KDV�
LQWHJUDWHG� UHVHDUFK� ZRUN� DFURVV� DOO� DVSHFWV� RI� IXHO� FHOOV� DQG� WKHLU� IXHOV� DQG� D� ����� PLOOLRQ�
LQYHVWPHQW�KDV�UHVXOWHG�LQ�KLJK�TXDOLW\ IDFLOLWLHV�LQFOXGLQJ�VWDWH�RI�WKH�DUW�IXHO�FHOO�WHVW�VWDWLRQV��D�
&+3�GHYHORSPHQW�XQLW�IURP�%$;,�DQG�GHYHORSPHQWDO�VWDFN IURP�)XHO�&HOOV�6FRWODQG��,W�DOVR�KDV�
IDFLOLWLHV� IRU� QDQR�SDUWLFOH� FKDUDFWHULVDWLRQV�� SRZGHU� SURFHVVLQJ�� VRQR�HOHFWURFKHPLVWU\� DQG�
GLODWRPHWHU\� 8R% KDV�SURMHFWV�FXUUHQWO\�HQJDJHG�LQ�LQFOXGH�1HZ�*HQHUDWLRQ�6ROLG�2[LGH�)XHO�
&HOOV� �1HZ*HQ62)&� ZLWK JRDOV� RI�� /RZ�FRVW� IXHO� FHOO� PDQXIDFWXUH�� /RZ� FDUERQ� HQHUJ\�
JHQHUDWLRQ� DQG� 0RYHPHQW� WRZDUGV� D� K\GURJHQ� HFRQRP\�� 6ROLG� 2[LGH� )XHO� &HOO� �62)&��
6\VWHPV�'HYHORSPHQW��GHYHORSLQJ�VWDFNV�DQG V\VWHPV�WKDW�FDQ�RSHUDWH�ZLWK�HLWKHU�V\QJDV�RU�
QDWXUDO�JDV� /RZ�7HPSHUDWXUH�)XHO�&HOOV��7HFKQR�HFRQRPLF�DQG�VRFLDO�DVSHFWV�RI�K\GURJHQ�
DQG�IXHO�FHOOV��8VH�RI�+\GURJHQ�6HSDUDWLRQ�0HPEUDQHV�WR�LPSURYH�K\GURJHQ�SXULW\�
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7KH�8R% KDV�ZRUNHG�ZLWK�FRPPHUFLDO�SDUWQHUV�WR�GHYHORS WKH�8.¶V�ILUVW�SUDFWLFDO�K\GURJHQ�
SRZHUHG�ORFRPRWLYH��LV�SDUW�RI�D�UHVHDUFK�SURMHFW�³6PDOO���:KHHO�)XHO�&HOO�3DVVHQJHU�9HKLFOH�
$SSOLFDWLRQV�LQ�5HJLRQDO�DQG�0XQLFLSDO�7UDQVSRUW��6:$50�´�ZKLFK�DLPV�WR RSWLPLVH�DQG�EXLOG�
����ORZ�FRVW�IXHO�FHOO�K\EULG�YHKLFOHV�DQG�GHSOR\�VXSSRUWLQJ�LQIUDVWUXFWXUH��KDV�D�]HUR�HPLVVLRQV�
FDQDO�ERDW��XVHG�WR�UDLVH�DZDUHQHVV�RI�WKH�SUDFWLFDO�DSSOLFDWLRQV�RI�K\GURJHQ��$QG�LV�UXQQLQJ�D�
UHVHDUFK� SURMHFW� ZLWK� 8QLOHYHU� FDOOHG� µIXHO� FHOO� LQWHJUDWLRQ� IRU� UHIULJHUDWLRQ� DSSOLFDWLRQV¶�� ZKLFK�
IRFXVHV�RQ�KRZ�WR�XVH�IXHO�FHOO�WHFKQRORJ\�LQ�D�UHIULJHUDWHG�WUXFN�ZLWK�D�JURVV�ZHLJKW�RI�VHYHQ�
WRQQHV�DQG�DERYH���,W�LV�DOVR�SDUW�RI�D�(XURSH�ZLGH�SURMHFW�WR�H[WHQG�WKH�PLVVLRQ�GXUDWLRQ�RI�PLQL�
8$9V�XVLQJ�PLFUR�WXEXODU�62)&�SRZHU�V\VWHP���
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7KH�+\GUR)/(;�WHDP�FHOHEUDWLQJ�WKH�VXFFHVVIXO�SURRI�RI�FRQFHSW�RI�WKH�8.¶V�ILUVW�K\GURJHQ�WUDLQ

7KH�+\GUR)/(;�SURMHFW�LV�D�JURXQG�EUHDNLQJ SDUWQHUVKLS�EHWZHHQ�WKH�%LUPLQJKDP�&HQWUH�IRU�
5DLOZD\�5HVHDUFK�DQG�(GXFDWLRQ DQG�UDLOZD\�UROOLQJ�VWRFN�FRPSDQ\��3RUWHUEURRN��$�8.�ILUVW��LW�
LV�GHPRQVWUDWLQJ�KRZ�K\GURJHQ�FRXOG�EH�GHSOR\HG�DFURVV�WKH�UDLO�QHWZRUN�WR�RIIHU�D�FOHDQHU�
DOWHUQDWLYH�WR�FXUUHQW�GLHVHO�WUDLQV� 7KH�)/(;�FRQFHSW�LQYROYHV�FRQYHUVLRQ�RI�FXUUHQW�UROOLQJ�
VWRFN��E\�ILWWLQJ�WZR�QHZ�SRZHUSDFNV�± RQH�XQGHU�HDFK�GULYLQJ�YHKLFOH��7KH�PRGXODU�GHVLJQ�
PHDQV�WKH�YHKLFOH�FDQ�EH�DGDSWHG�IRU�IXWXUH�HQHUJ\�PRGHV��ZLWK�GLHVHO�HQJLQHV�DEOH�WR�EH�
UHSODFHG�E\�EDWWHU\�SDFNV�DQG�K\GURJHQ�IXHO�FHOOV�WR�FUHDWH�D�]HUR�HPLVVLRQ VHOI�SRZHUHG�XQLW��
7KLV�H[FLWLQJ�FRQFHSW�ZLOO�UHVXOW�LQ�SDVVHQJHU�WUDLQV�RIIHULQJ�SHUIRUPDQFH�WKDW�FDQ�PDWFK�RU�
H[FHHG�WKH�GLHVHO�IOHHWV�WKH\�UHSODFH��VLJQLILFDQWO\�UDLVH�DLU�TXDOLW\��DQG�RIIHU�D�FRVW�HIIHFWLYH�
DOWHUQDWLYH�WR�FRPPLVVLRQLQJ�EUDQG�QHZ�WUDLQV�

7KH�1DWLRQDO &HQWUH�IRU�'RFWRUDO�7UDLQLQJ�LQ�)XHO�&HOOV�DQG�WKHLU�)XHOV��&'7�� LV�D�SURMHFW�
EHWZHHQ� WKH� XQLYHUVLWLHV� RI� %LUPLQJKDP�� 1RWWLQJKDP�� /RXJKERURXJK�� ,PSHULDO� &ROOHJH� DQG�
8QLYHUVLW\� &ROOHJH� RI� /RQGRQ� ODVWLQJ� XQWLO� ������ 7KH� 3()&�*URXS� LV� KRXVHG� ZLWKLQ� WKH� &'7�
ODERUDWRULHV��ZKLFK�DUH�ZHOO�HTXLSSHG�IRU�D�ZLGH�YDULHW\�RI�DSSOLHG�UHVHDUFK�ZRUN�RQ�IXHO�FHOOV��DQG�
RYHUDOO� IDFLOLWLHV� LQ� WHUPV�RI�ZRUNVKRS� VXSSRUW�� OLEUDULHV�� ,7�� DQG� WHFKQLFDO� VXSSRUW� LV� RI� D� KLJK�
VWDQGDUG�� 7KH� *URXS� KDV� ZLGH�UDQJLQJ� LQWHUHVWV� LQ� IXHO�FHOO� UHODWHG� ZRUN�� IURP� IXQGDPHQWDO�
HOHFWURFKHPLVWU\�WR�FDWDO\VW�DQG�PHPEUDQH�GHYHORSPHQW��DOO�ZLWK�DSSOLFDWLRQ�WR�ORZ�WHPSHUDWXUH�
SURWRQ�H[FKDQJH�DQG�DONDOLQH�IXHO�FHOOV�XS�WR�VLQJOH�FHOO�OHYHO�
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6WXGHQW�UHVHDUFK�DV�SDUW�RI�WKH�)XHO�&HOOV�DQG�WKHLU�)XHOV�&'7

.H\�UHVHDUFK�WRSLFV�LQFOXGH�

ͻ 6ROLG�2[LGH�)XHO�&HOOV�DQG�(OHFWURO\VHUV��UHYHUVLEOH�IXHO�FHOOV��62)&��62(��U62)&��DQG�
62&���UHYHUVLEOH�RSHUDWLRQ��FDUERQ�GHSRVLWLRQ��FDWDO\VLV��GU\�UHIRUPLQJ��WDSH�FDVWLQJ��LQNMHW�
SULQWLQJ��WXEXODU�62)&�VWDFN�GHYHORSPHQW��

ͻ 3()&��,7�3()&��'0)&��FDWDO\VLV��QDQRZLUHV�DQG�ORZ 3W�$OOR\V�IRU�HOHFWURGHV��*'/V��
ͻ +\GURJHQ� IURP� ELRPDVV�� VXQOLJKW�� DQG� UHQHZDEOH� HOHFWULFLW\�� K\GURFDUERQ� UHIRUPLQJ�

FDWDO\VWV��
ͻ )XHO�FHOO�V\VWHPV�DQG�WKHLU� LQWHJUDWLRQ�LQWR�HQHUJ\�V\VWHPV��SRZHU�WR�JDV��K\GURJHQ�IRU�

VWRUDJH�RI�HOHFWULFLW\�� V\QWKHWLF�PHWKDQH�DQG�GLHVHO�SURGXFWLRQ� IURP� UHQHZDEOH�HQHUJ\��
K\GURJHQ��DQG�&2���

ͻ ,QWHJUDWLRQ�RI�IXHO�FHOOV�RQ�YHKLFOHV��DEVRUSWLRQ�FKLOOHUV�GULYHQ�E\�IXHO�FHOOV��62)&�K\EULG�
KHDY\�GXW\�YHKLFOHV��IXHO�FHOOV�LQ�UDLO��DLUFUDIW��PDULWLPH�DSSOLFDWLRQV�

7KH� 8QLYHUVLW\� RI� 1RWWLQJKDP DUH� 'HYHORSLQJ� 0DWHULDOV� IRU� 6ROLG� 2[LGH� )XHO� &HOOV�� E\�
LQYHVWLJDWLQJ�HOHFWURFKHPLFDO�LPSHGDQFH�DQG�FKDUDFWHULVDWLRQ�RI�PDWHULDOV��SULPDULO\�IRFXVLQJ�RQ�
SHURYVNLWH�VWUXFWXUHV��:H�DOVR�KDYH�H[SHUWLVH�LQ�VROLG�VWDWH�V\QWKHVLV�RI�GRSHG�PDWHULDOV�WR�LGHQWLI\�
QHZ� FKDUDFWHULVWLFV� DQG� DUH� XQGHUWDNLQJ� LQYHVWLJDWLRQV� LQWR� SRWHQWLDO� VROLG� R[LGH� IXHO� FHOO� DQG�
R[\JHQ� VHSDUDWRU� DSSOLFDWLRQV�� 8QLYHUVLW\� RI� 1RWWLQJKDP¶V� UHVHDUFK� RQ� 3URWRQ� ([FKDQJH�
0HPEUDQH�)XHO�&HOOV� IRFXVHV�RQ�GHYHORSLQJ� LPSURYHG�PDWHULDOV� WKURXJK�XQGHUVWDQGLQJ� WKH�
EHKDYLRXU�RI�YDULRXV�FDWKRGH�PDWHULDOV� .H\�UHVHDUFK�LQWHUHVWV�LQFOXGH�

x &KDUDFWHULVDWLRQ�RI�HOHFWULFDO�SURSHUWLHV�RI�IXQFWLRQDO�PDWHULDOV�
x 2[LGH�LRQ�FRQGXFWRUV�
x 0L[HG�LRQLF�HOHFWURQLF�FRQGXFWRUV�
x 6ROLG�R[LGH�IXHO�FHOOV�
x 2[\JHQ�VHSDUDWLRQ�PHPEUDQHV
x ,QWHJUDWLRQ�RI�K\GURJHQ�V\VWHPV�IRU�PLFURJULG�DSSOLFDWLRQV��
x 6\VWHPV�DQDO\VLV�DQG�HQHUJ\�PDQDJHPHQW�
x 1HZ�PDWHULDOV� IRU�K\GURJHQ�DSSOLFDWLRQV� �H�J� HOHFWURO\VHUV��ZDWHU� VSOLWWLQJ��SXULILFDWLRQ��

62)&�
x (OHFWURFDWDO\VLV�LQ�SRO\PHU�HOHFWURO\WH�IXHO�FHOOV�DQG�HOHFWURO\VHUV�
x ,RQLF� OLTXLG�EDVHG� HOHFWURO\WH� PHPEUDQHV� IRU� LQWHUPHGLDWH� WHPSHUDWXUH� IXHO� FHOOV� DQG�

HOHFWURO\VHUV�
x +LJK�WKURXJKSXW�VFUHHQLQJ�RI�IXHO�FHOO�HOHFWURFDWDO\VWV�
x (OHFWURFDWDO\VLV�LQ�UHJHQHUDWLYH�IXHO�FHOOV
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'LDJUDP�RI�VROLG�R[LGH�IXHO�FHOOV�EHLQJ�UHVHDUFKHG�DW�WKH�8QLYHUVLW\�RI�1RWWLQJKDP

/RXJKERURXJK�8QLYHUVLW\ KDYH�H[SHUWLVH�LQ�HOHFWURFKHPLVWU\��FDWDO\VLV��HOHFWURFKHPLFDO�HQHUJ\�
DQG�HQYLURQPHQWDO�V\VWHPV�DQG�HQJLQHHULQJ��IXHO�FHOOV��EDWWHULHV��R]RQH�DQG�DGYDQFHG�R[LGDWLRQ�
WHFKQRORJLHV� IRU� ZDWHU� WUHDWPHQW� DQG� GLVLQIHFWLRQ��� HOHFWUR�V\QWKHVLV�� QDQRPDWHULDOV�� QDQR�
WHFKQRORJLHV��HOHFWUR�FDWDO\VLV��LQ�VLWX VSHFWURVFRS\��VXUIDFH�VFLHQFH�DQG�VXUIDFH�HQJLQHHULQJ
.H\�UHVHDUFK�DUHDV�DUH�

x (OHFWUR�FDWDO\VLV�DQG�FDWDO\WLF�UHDFWLRQV�
x )XHO�&HOOV��3(0�)XHO�&HOOV��'LUHFW�$OFRKRO�)XHO�&HOOV��$ONDOLQH�)XHO�&HOOV�
x (OHFWURFKHPLFDO�,Q�VLWX�)7,5�VSHFWURVFRS\�DQG�')7�PRGHOOLQJ�
x 1DQRPDWHULDOV��V\QWKHVLV��FKDUDFWHUL]DWLRQ�DQG�DSSOLFDWLRQV�LQ�(QHUJ\�WHFKQRORJLHV�
x (OHFWURFDWDO\WLF�JHQHUDWLRQ�RI�R]RQH�IURP�ZDWHU�DQG�IRU�DGYDQFHG�R[LGDWLRQ�UHDFWLRQ

8QLYHUVLW\�RI�:DUZLFN KDYH�D�IRFXV�RQ�PDWHULDOV�IRU�HQHUJ\�DQG�VXVWDLQDEOH�V\QWKHVLV��7KH\�
GHYHORS�LRQLF�DQG�HOHFWURQLF�FRQGXFWLQJ�PDWHULDOV�WR�EH�XVHG�DV�HOHFWURO\WH�RU�HOHFWURGH�PDWHULDOV�
IRU�HOHFWURFKHPLFDO�GHYLFHV�VXFK�DV�IXHO�FHOOV��HOHFWURO\VHUV��EDWWHULHV�DQG�VXSHUFDSDFLWRUV��7KH\�
ZRUN�RQ�GLUHFW�DPPRQLD��XUHD��XULQH�IXHO�FHOOV�DQG�GLUHFW�FDUERQ�IXHO�FHOOV��7KHUH�LV�DOVR�H[SHUWLVH�
LQ�HOHFWURFKHPLFDO�V\QWKHVLV�WHFKQRORJLHV�XVLQJ�K\GURJHQ�RU�ZDWHU�DV�WKH SUHFXUVRUV�
.H\�UHVHDUFK�WRSLFV�LQFOXGH

ͻ 0DWHULDOV�IRU�VROLG�R[LGH�IXHO�FHOOV�DQG�HOHFWURO\VHUV
ͻ 0HPEUDQHV�DQG�FDWDO\VWV�IRU�SRO\PHU�PHPEUDQH�IXHO�FHOOV
ͻ 'LUHFW�DPPRQLD�XUHD�XULQH�IXHO�FHOOV
ͻ 'LUHFW�FDUERQ�IXHO�FHOOV
ͻ (OHFWURFKHPLFDO�V\QWKHVLV�RI�DPPRQLD�DQG�K\GURFDUERQV
ͻ 1HZ�PDWHULDOV�IRU�EDWWHULHV�DQG�VXSHUFDSDFLWRUV
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+\GURJHQ�LQ�JDV�QHWZRUNV�IRU�GRPHVWLF�DQG�FRPPHUFLDO XVH

7KH�8.¶V� ILUVW� OLYH�SLORW� WR� LQMHFW�]HUR�FDUERQ�K\GURJHQ� LQWR�D�JDV�QHWZRUN� WR�KHDW�KRPHV�DQG�
EXLOGLQJV� DW�.HHOH�8QLYHUVLW\ LV� QRZ� IXOO\� RSHUDWLRQDO��+\'HSOR\ LV� D� JURXQG�EUHDNLQJ� JUHHQ�
HQHUJ\�WULDO�DW�.HHOH�8QLYHUVLW\�DQG�WKLV�GHPRQVWUDWLRQ�SURMHFW�LV�LQMHFWLQJ�XS�WR������E\�YROXPH��
RI�K\GURJHQ�LQWR�.HHOH�8QLYHUVLW\¶V�H[LVWLQJ�QDWXUDO�JDV�QHWZRUN��IHHGLQJ�����KRPHV�DQG����IDFXOW\�
EXLOGLQJV��7KH�����K\GURJHQ�EOHQG�LV�WKH�KLJKHVW�LQ�(XURSH��WRJHWKHU�ZLWK�D�VLPLODU�SURMHFW�EHLQJ�
UXQ�E\�(QJLH� LQ�1RUWKHUQ�)UDQFH��%DFNHG�E\�2IJHP¶V�1HWZRUN� ,QQRYDWLRQ�&RPSHWLWLRQ�� WKH����
PLOOLRQ�SURMHFW�LV�OHG�E\�&DGHQW�LQ�SDUWQHUVKLS�ZLWK�1RUWKHUQ�*DV�1HWZRUNV��.HHOH�8QLYHUVLW\��WKH�
+HDOWK� DQG� 6DIHW\� ([HFXWLYH� �+6(�� 6FLHQFH� 'LYLVLRQ�� LQWHJUDWHG� K\GURJHQ� HQHUJ\� V\VWHPV�
PDQXIDFWXUHU�,70�3RZHU��DQG�LQGHSHQGHQW�FOHDQ�HQHUJ\�FRPSDQ\�3URJUHVVLYH�(QHUJ\�
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6NLOOV�GHYHORSPHQW�

7KH�'RFWRUDO� 7UDLQLQJ� &HQWUH� �'7&�� RQ� 6XVWDLQDEOH� +\GURJHQ� �6XV+\� FRQWLQXHV� D� ORQJ�
UXQQLQJ� DQG� KLJKO\� VXFFHVVIXO� FROODERUDWLRQ� LQ� K\GURJHQ� UHVHDUFK� EHWZHHQ� WKH�8QLYHUVLWLHV� RI�
1RWWLQJKDP�� /RXJKERURXJK�� DQG� %LUPLQJKDP� �8R1�� /8�� 8R%�� DQG� EULQJV� WRJHWKHU� WKH� ZRUOG�
OHDGLQJ� H[SHUWLVH� LQ� K\GURJHQ� JHQHUDWLRQ�� SXULILFDWLRQ�� VHQVRUV�PRQLWRULQJ�� DQG� VWRUDJH��
DORQJ�ZLWK�ZKROH�V\VWHPV�LVVXHV �UHVLOLHQFH�HQJLQHHULQJ��EXVLQHVV�HFRQRPLF�PRGHOV�DQG�OLIH�
F\FOH�DQDO\VLV��ZKLFK�H[LVW�DFURVV�WKH�WKUHH�8QLYHUVLWLHV��$�JDS�LQ�WKH�FRQVRUWLXP�H[SHUWLVH�LV�LQ�
WKH� UHVHDUFK� ILHOG�RI�K\GURJHQ�VDIHW\�DQG�ZH� LGHQWLILHG� WKH� LQWHUQDWLRQDOO\� UHQRZQHG +\GURJHQ�
6DIHW\�(QJLQHHULQJ�DQG�5HVHDUFK�&HQWUH��+\6$)(5��DW�8OVWHU�8QLYHUVLW\��88��DV�WKH�ULJKW�SDUWQHU�
WR�GHOLYHU�RQ�WKLV�NH\�DVSHFW��7KLV�LV�WKH�ILUVW�EURDG�FROODERUDWLRQ�LQ�WKH�ZRUOG�VHHNLQJ�WR�LQYHVWLJDWH��
WUDLQ�UHVHDUFKHUV�DQG�SURGXFH�OHDGHUV�LQ�6XVWDLQDEOH�+\GURJHQ�

7KH�'7&�KDV�D�SURJUDPPH�WKDW� LV� WDLORUHG� WR� WKH�VHFWRU�QHHGV� IRU�KLJK�TXDOLW\�� LQGXVWU\�UHDG\�
GRFWRUDO�(QHUJ\� ,QQRYDWLRQ� /HDGHUV�� 7KH� FRQVRUWLXP�ZRUNV� FORVHO\� WRJHWKHU�ZLWK� NH\� LQGXVWU\�
SOD\HUV� DFURVV� WKH� K\GURJHQ� VHFWRU�� LQFOXGLQJ� WKURXJK� FR�VXSHUYLVLRQ�� PHQWRULQJ� RI� GRFWRUDO�
VWXGHQWV� DQG� LQGXVWU\� LQYROYHPHQW� LQ� &'7� HYHQWV�� 2XU� LQGXVWULDO� VWDNHKROGHUV� LQFOXGH� WKRVH�
ZRUNLQJ� RQ� K\GURJHQ� SURGXFWLRQ� �,70� 3RZHU�� +\GURJHQ� *UHHQ� 3RZHU� 3XUH� (QHUJ\�� DQG�
GLVWULEXWLRQ��1RUWKHUQ�*DV��&DGHQW���VWRUDJH��/X[IHU��+D\GDOH��)DU�8.���VDIHW\��+6/��6KHOO��,70�
3RZHU���ORZ�FDUERQ�WUDQVSRUW��8OHPFR��$UFROD�(QHUJ\���KHDW�DQG�SRZHU��%RVFK��1RUWKHUQ�*DV��
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,QQRYDWLRQ�DFWLYLW\�LQ�WKH�UHJLRQ

$FURVV� WKH�(5$�SDUWQHUV� WKHUH� DUH� FRPELQHG� SURJUDPPHV� WRWDOOLQJ� DURXQG� ���P� IRFXVHG� RQ�
VXSSRUWLQJ� LQGXVWU\� DQG� 60(V� WR� GHFDUERQLVH� DQG� GHYHORS� ORZ� FDUERQ� SURGXFWV� RU� VHUYLFHV���
7KHVH�DUH�KRVWHG�DFURVV�D�QXPEHU�RI�RXU�SDUWQHUV�DQG�HQDEOH�RXU�UHVHDUFK�FRPPXQLW\�WR�ZRUN�
ZLWK�FRPSDQLHV�LQWHUHVWHG�LQ�5	'�OLQNHG�WR�WKH�K\GURJHQ�HFRQRP\�

7KH�8QLYHUVLW\�RI�%LUPLQJKDP�KDV�UHFHQWO\�JDLQHG IXQGLQJ�WR�EXLOG�WKH�7\VHOH\ 6XVWDLQDEOH�(QHUJ\�
6\VWHPV�5HVHDUFK�DQG� ,QQRYDWLRQ�&HQWUH� �76(65,&� ZKLFK�ZLOO�KHOS� UHDOLVH� WKH�YLVLRQ� IRU� WKH�
7\VHOH\�(QHUJ\�,QQRYDWLRQ�=RQH�E\�EULQJLQJ WRJHWKHU�YDULRXV�ZHOO�HVWDEOLVKHG�HQHUJ\�UHVHDUFK�
JURXSV�LQ�%LUPLQJKDP�LQWR�RQH�FHQWUDO�IDFLOLW\�FRYHULQJ�LQQRYDWLYH�UHVHDUFK�LQWR�VWUDWHJLF�HOHPHQWV�
DQG�FULWLFDO�PDWHULDOV��ZDVWH��HQHUJ\�VWRUDJH�DQG�IXHO�FHOOV�DQG�K\GURJHQ�YHKLFOHV��7KLV�SURMHFW�ZLOO�
GHOLYHU� LQQRYDWLRQ�OHG� UHJLRQDO� JURZWK� LQ� WKH� LQWHJUDWHG�ZDVWH�� HQHUJ\� DQG� ORZ� FDUERQ� YHKLFOH�
V\VWHPV�VHFWRU�LQ�WKH�:HVW�0LGODQGV��
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.H\�FRPPHUFLDO�DFWLYLW\�DQG�UHVHDUFK�SDUWQHUV�LQ�WKH�UHJLRQ

,Q� DGGLWLRQ� WR� WKH� DFWLYLW\� EHLQJ� XQGHUWDNHQ� E\� UHVHDUFK� RUJDQLVDWLRQV� WKHUH� DUH� D� QXPEHU� RI�
FRPSDQLHV�DFWLYH�LQ�WKH�K\GURJHQ�VSDFH�LQ�WKH�UHJLRQ��LQFOXGLQJ�WKH�IROORZLQJ�

%LUPLQJKDP�EDVHG�$GHODQ�SLRQHHUHG�

PLFURWXEXODU�VROLG�R[LGH�IXHO�FHOO��P62)&��

WHFKQRORJ\�PRUH�WKDQ����\HDUV¶�DJR DQG�

$GHODQ LV�WKH�ORQJHVW�UXQQLQJ�IXHO�FHOO�

FRPSDQ\�LQ�%ULWDLQ��$GHODQ¶V�SDWHQWHG��

VFDODEOH�WHFKQRORJ\�RIIHUV�XQSUHFHGHQWHG�

IXHO�IOH[LELOLW\��DOORZLQJ�WKH�V\VWHP�WR�UXQ�

FOHDQO\�RQ�D�UDQJH�RI�FRPPRQO\�DYDLODEOH�

IXHOV�VXFK�DV�/3*��QDWXUDO�JDV�RU�

SURSDQH�EXWDQH�PL[��$GHODQ�&KDLUV�WKH�

0LGODQGV�+\GURJHQ�DQG�)XHO�&HOO�1HWZRUN�

�0+)&1��

7LHU���VXSSO\�RI�K\GURJHQ�DQG IXHO�FHOO�
V\VWHPV��(QJLQHHULQJ�VHUYLFHV�DQG�
H[SHUWLVH�LQ��

R &OHDQ�HQHUJ\�DQG�WUDQVSRUW�VWUDWHJ\
R &RPSOH[�PXOWL�SDUWQHU�SURMHFW�

FUHDWLRQ�DQG�GHOLYHU\
R +\GURJHQ�DQG�IXHO�FHOO�V\VWHP�

HQJLQHHULQJ� PDQXIDFWXUH��
GHSOR\PHQW�DQG�DIWHUPDUNHW�VXSSRUW

R 3XEOLF�DQG�\RXWK�HGXFDWLRQ�LQ�
K\GURJHQ�DQG�IXHO�FHOOV�

3DUWQHU�RQ�WKH�6XVWDLQDEOH�+\GURJHQ�
&HQWUH�IRU�'RFWRUDO�7UDLQLQJ�
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%D[L DUH�GHYHORSLQJ�DQG�WHVWLQJ�ERLOHUV�
LQ�RXU�5	'�ODERUDWRU\�WKDW�DUH�
UXQQLQJ�RQ������K\GURJHQ��:H�DUH�
DW�WKH�IRUHIURQW�RI�WKLV�H[FLWLQJ�QHZ�
WHFKQRORJ\� 2XU�SDUHQW�FRPSDQ\��
%'5�7KHUPHD�*URXS��KDV�D�
K\GURJHQ�ERLOHU�RQ�D�ILHOG�WULDO�LQ�
5R]HQEXUJ��7KH�
1HWKHUODQGV� 0HPEHU�RI�+\GURJHQ�
7DVNIRUFH� 3DUWQHU�LQ�+\�+HDW�DQG�
+\'HSOR\�

%3�DUH�D�SDUWQHU�RQ�WKH�6XVWDLQDEOH�
+\GURJHQ�&HQWUH�IRU�'RFWRUDO�7UDLQLQJ�

&DGHQW�PDQDJHV�JDV�SLSHV�WKURXJKRXW�WKH�
:HVW�0LGODQGV��DQG�RWKHU�UHJLRQV�� /HDGLQJ�
WKH���P�+\'HSOR\ WULDO�DW�.HHOH�8QLYHUVLW\�
WR�EOHQG�K\GURJHQ�LQWR�WKH�JDV�QHWZRUN�RQ�
WKH�FDPSXV� $OVR�OHDG�SDUWQHU�LQ�D�6WHDP�
0HWKDQH�5HIRUPLQJ�SURMHFW�DW�7\VHOH\�
(QHUJ\�3DUN�YLD�WKH�&DGHQW�)RXQGDWLRQ�
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/RFDWHG�DW�/RXJKERURXJK�8QLYHUVLW\�
FDPSXV�DQG�ZRUN�RQ�ORZ�FDUERQ�YHKLFOHV��
LQFOXGLQJ�K\GURJHQ���&HQH[�DLPV�WR�DVVLVW�
WHFKQRORJ\�GHYHORSHUV�WR�WUDQVLWLRQ�ORZ�
FDUERQ�WHFKQRORJLHV�IURP�UHVHDUFK�WR�
PDUNHW�DSSOLFDWLRQV�DQG�KHOS�ILUVW�DGRSWHUV�
WR�WULDO�WKHVH�QHZ�WHFKQRORJLHV�

'RRVDQ�%DEFRFN�GHVLJQV�DQG�GHOLYHUV�
VPDUW�HQHUJ\ SURGXFWV�DQG�VROXWLRQV�
JOREDOO\�WR�KHOS�FUHDWH�D�JUHHQHU�IXWXUH�IRU�
JHQHUDWLRQV�WR�FRPH� 0HPEHU�RI�&UDQILHOG�
8QLYHUVLW\¶V�+<3(5�SURMHFW��IRFXVHG�RQ�EXON�
K\GURJHQ�SURGXFWLRQ�E\�6RUEHQW�(QKDQFHG�
6WHDP�5HIRUPLQJ��

(')�LV�D�PHPEHU�RI�(5$¶V�,QGXVWULDO�
$GYLVRU\�%RDUG��ZLWK�LQWHUHVWV�LQ�K\GURJHQ�
VWRUDJH�DQG�SURGXFWLRQ�RI�K\GURJHQ�IURP�LWV�
QXFOHDU�DVVHWV�

,QWHOOLJHQW�(QHUJ\�LV�D�IXHO�FHOO�HQJLQHHULQJ�
EXVLQHVV�EXLOW�RQ����\HDUV�RI�3(0�IXHO�FHOO�
GHYHORSPHQW�DQG�VSXQ�RXW�RI�/RXJKERURXJK�
8QLYHUVLW\��,W�LV�IRFXVHG�RQ�WKH�GHYHORSPHQW�
DQG�FRPPHUFLDOLVDWLRQ�RI�LWV�3(0�IXHO�FHOO�
WHFKQRORJLHV�IRU�D�UDQJH�RI�PDUNHWV�
LQFOXGLQJ�DXWRPRWLYH��VWDWLRQDU\�SRZHU�DQG�
8$9V��,W�LV�KHDGTXDUWHUHG�LQ�WKH�8.��ZLWK�
DGGLWLRQDO�RSHUDWLRQV�LQ�WKH�86��-DSDQ��
.RUHD�DQG�&KLQD�
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,70�3RZHU�3OF�LV�D�%ULWLVK�PDQXIDFWXUHU�RI�
3(0�HOHFWURO\VHUV�DQG�K\GURJHQ�V\VWHPV�
EDVHG�RQ�HOHFWURO\VLV�
,W�KDV�EHHQ�LQYROYHG�LQ�SURMHFWV�EDVHG�DW�WKH�
8QLYHUVLW\�RI�1RWWLQJKDP�DQG�7\VHOH\�
(QHUJ\�3DUN�

-&%�KHLU�-R�%DPIRUG�UHFHQWO\�DFTXLUHG�
:ULJKWEXV��D�EXV�PDQXIDFWXUHU�DQG�SODQV�WR�
LQWURGXFH�����K\GURJHQ�EXVHV�LQ�
%LUPLQJKDP�DV�SDUW�RI�WKH�PRYH�WR�OHDG�WKH�
QDWLRQ¶V�HFRQRPLF�UHFRYHU\��$V�ZHOO�DV�
%LUPLQJKDP��SODQV�DUH�EHLQJ�GUDZQ�XS�WR�
LQWURGXFH�D�IOHHW�RI�������EXVHV�± LQ�ZKLFK�
SDVVHQJHUV�EHQHILW�IURP�86%�FKDUJLQJ�
SRLQWV�DQG�PRUH�VSDFLRXV�VHDWLQJ�± DFURVV�
WKH�8.�LQ�SODFHV�VXFK�DV�$EHUGHHQ��
/RQGRQ��/LYHUSRRO��0DQFKHVWHU��%ULJKWRQ��
*ODVJRZ��(GLQEXUJK�DQG�%HOIDVW�

-RKQVRQ�0DWWKH\�JOREDO�)XHO�&HOO�EXVLQHVV�
LV�GHGLFDWHG�WR�WKH�VXSSO\�RI�KLJK�TXDOLW\�IXHO�
FHOO�FRPSRQHQWV�IRU�DXWRPRWLYH�DQG�
VWDWLRQDU\�DSSOLFDWLRQV���7KH\�SURYLGH WKH�
IXOO�UDQJH�RI�FDWDO\VWV�XVHG�LQ WKH�SURFHVV�
LQFOXGLQJ�GHVXOSKXUL]DWLRQ��SUH�UHIRUPLQJ��
VWHDP�UHIRUPLQJ�DQG�ZDWHU�JDV�VKLIW�
FDWDO\VWV���

-RKQVRQ�0DWWKH\�DUH�D�SDUWQHU�RQ�WKH�)XHO�
&HOOV�DQG�WKHLU�)XHOV�&HQWUH�IRU�'RFWRUDO�
7UDLQLQJ�

13/�LV�WKH�8.
V�1DWLRQDO�0HDVXUHPHQW�
,QVWLWXWH��DQG�LV�D�ZRUOG�OHDGLQJ�FHQWUH�RI�
H[FHOOHQFH�LQ�GHYHORSLQJ�DQG�DSSO\LQJ�WKH�
PRVW�DFFXUDWH�PHDVXUHPHQW�VWDQGDUGV��
VFLHQFH�DQG�WHFKQRORJ\�DYDLODEOH��,W�LV�
VXSSRUWLQJ WKH�UROORXW�RI�K\GURJHQ�
WHFKQRORJLHV�WKURXJK�WKH�GHYHORSPHQW�RI�LQ�
VLWX�GLDJQRVWLF�WHFKQLTXHV��PRGHOOLQJ�WRROV�
DQG�VWDQGDUG�WHVW�PHWKRGV�IRU�IXHO�FHOOV�DQG�
HOHFWURO\VHUV��DQG�E\�WDNLQJ�D�OHDGLQJ�UROH�LQ�
WKH�HVWDEOLVKPHQW�RI�VWDQGDUGV�IRU�K\GURJHQ�
SXULW\��

13/�DUH�D�SDUWQHU�RQ�WKH�)XHO�&HOOV�DQG�
WKHLU�)XHOV�&HQWUH�IRU�'RFWRUDO�7UDLQLQJ�
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3RUWHUEURRN RZQV�DURXQG�����RI�WKH�8.¶V�
SDVVHQJHU�UDLO�IOHHW�DQG�VXSSRUWV�DURXQG�
���P�SDVVHQJHU�MRXUQH\V�HDFK�GD\���
3RUWHUEURRN�DUH�SDUWQHULQJ�ZLWK�WKH�
8QLYHUVLW\�RI�%LUPLQJKDP¶V�&HQWUH�IRU�
5DLOZD\�5HVHDUFK�DQG�(GXFDWLRQ��%&55(���
3RUWHUEURRN�KDYH�GHYHORSHG�WKH�8.¶V�ILUVW�
K\GURJHQ�SRZHUHG�WUDLQ�± WKH�+\GUR)/(;�

7KH�SURMHFW�GHPRQVWUDWHV�D�SUDFWLFDO�
DSSOLFDWLRQ�RI�K\GURJHQ�LQ�D�IXOO�VL]H�
SDVVHQJHU�WUDLQ�ILWWHG�ZLWK�K\GURJHQ�IXHO�
WDQNV��D�IXHO�FHOO�DQG�EDWWHU\�SDFN�WR�SURYLGH�
LQGHSHQGHQW�WUDFWLRQ�SRZHU�FDSDEOH�RI�
RSHUDWLRQ�ZLWK�]HUR�FDUERQ�HPLVVLRQV�
3XUH�(QHUJ\�&HQWUH�DUH�D�PDQXIDFWXUHU�RI�
VPDOO��PHGLXP�DQG�ODUJH�VFDOH�K\GURJHQ�
V\VWHPV��3(&¶V�IRFDO�SRLQW�LV�RQ�WKH�
GHYHORSPHQW�DQG�GHSOR\PHQW�RI�SURMHFWV�
FHQWUHG�RQ�HOHFWURO\VHUV��VWRUDJH��
FRPSUHVVRUV��DQG�FRPSOH[�K\GURJHQ�
UHIXHOOLQJ�VWDWLRQV RSHUDWLQJ�DW�����DQG�����
EDU�

3DUWQHU�RQ�WKH�6XVWDLQDEOH�+\GURJHQ�
&HQWUH�IRU�'RFWRUDO�7UDLQLQJ�

5\VH�+\GURJHQ�RSHUDWHV�DIIRUGDEOH�
K\GURJHQ�GLVWULEXWLRQ�DQG�GLVSHQVLQJ�DVVHWV�
DV�ZHOO�DV�UHQHZDEOH�SRZHUHG�HOHFWURO\VHUV��
7KHLU�FXUUHQW�IRFXV�LV�RQ�SURYLGLQJ�K\GURJHQ�
IXHO�IRU�EXVHV�DV�WKHVH�DUH�WKH�PRVW�PDWXUH�
RI�WKH�KHDY\�YHKLFOH�WUDQVSRUW�RSWLRQV�

6LHPHQV�DUH�RQH�RI�(5$¶V�,QGXVWULDO�
$GYLVRU\�%RDUG�PHPEHUV�ZLWK�LQWHUHVW�LQ�
XVH�RI�K\GURJHQ�DV�DQ�DOWHUQDWLYH�IXHO� 3DUW�
RI�7\VHOH\�SURMHFW�ZKLFK�H[DPLQHG�
K\GURJHQ�
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7\VHOH\�5HIXHOOLQJ�+XE�
,70�3RZHU�UHIXHOOLQJ�ZLWK�K\GURJHQ

7KH�ORZ�DQG�]HUR�FDUERQ�UHIXHOOLQJ�VWDWLRQ�DW�
WKH�7\VHOH\�(QHUJ\�3DUN�ZLOO�EH�XQPDQQHG�
ZLWK������UHIXHOOLQJ�DYDLODEOH��3D\�DW�SXPS�
RSWLRQ�ZLOO�EH�LQWHJUDWHG�LQWR�WKH�GLVSHQVHU�
GLVSOD\�KHDG�DW�HDFK�UHIXHOOLQJ�SRLQW�ZKLFK�
ZLOO�DFFHSW�FUHGLW��GHELW�DQG�IXHO�FDUG�
SD\PHQWV��5HIXHOOLQJ�IDFLOLWLHV�DW�7(3�ZLOO�
LQFOXGH�+\GURJHQ��&1*��%LRGLHVHO�DQG�
HOHFWULFDO�FKDUJLQJ�RSWLRQV��7KH�K\GURJHQ�
ZLOO�EH�SURGXFHG�RQ�VLWH�XVLQJ�D��0:�,70�
3RZHU�3URWRQ�([FKDQJH�0HPEUDQH��3(0��
HOHFWURO\VHU��7KH�K\GURJHQ�JHQHUDWHG�LV�
YHU\�KLJK�SXULW\��PHHWLQJ�DOO�UHTXLUHPHQWV�
IRU�)XHO�&HOO�(OHFWULF�9HKLFOHV��)&(9V���


