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,Q������ZHUG�GH�1DWLRQDOH�5DDG�YRRU�/DQGERXZNXQGLJ�2QGHU]RHN� �15/2��
RSJHULFKW�RP�KHW�RQGHU]RHN�DDQ�GH�LQVWLWXWHQ�YRRU�ODQGERXZRQGHU]RHN�WH�FR�
|UGLQHUHQ��'H�RUJDQLVDWLH�RQWZLNNHOGH�]LFK�VQHO�WRW�HHQ�W\SLVFKH�ODQGERXZRUJD�
QLVDWLH��ZDDULQ�FR|UGLQDWLH�ZHUG�EHUHLNW�GRRU�YHHO�RYHUOHJ�LQ�FRPPLVVLHV�HQ�VXE�
FRPPLVVLHV��,Q������ZHUG�GH�15/2�RPJHYRUPG�WRW�KHW�,QQRYDWLHQHWZHUN�PHW�
DOV�GRHO�JUHQVYHUOHJJHQGH�LQQRYDWLHV�LQ�GH�ODQGERXZVHFWRU�WH�VWLPXOHUHQ��*HGX�
UHQGH����MDDU�KHHIW�GH�UDDG�JHIXQFWLRQHHUG�WXVVHQ�KHW�0LQLVWHULH�YDQ�ODQGERXZ��
KHW�ODQGERXZRQGHU]RHN�HQ�GH�ODQGERXZVHFWRU��,Q�GLH�WLMG�YHUDQGHUGH�GH�RPJH�
YLQJ�YDQ�GH�UDDG�DDQ]LHQOLMN�GRRU�GH�RSNRPVW�YDQ�KHW�PLOLHXYUDDJVWXN��GH�KHU�
ZDDUGHULQJ�YDQ� DOWHUQDWLHYH� ODQGERXZ��GH�RQWZLNNHOLQJ�YDQ�ELRWHFKQRORJLH� HQ�
´DJUR�LQGXVWULHµ��GH�LQVWLWXWLRQDOLVHULQJ�YDQ�KHW�ZHWHQVFKDSVEHOHLG�HQ�QLHW�LQ�GH�
PLQVWH� SODDWV� GRRU� GH� PRGHUQLVHULQJVFULVLV� LQ� GH� ODQGERXZ�� (Q� GXV� PRHVW� GH�
15/2�VWHHGV�RS�]RHN�QDDU�HHQ�RSWLPDOH�LQYXOOLQJ�YDQ�]LMQ�FR|UGLQDWLHWDDN��'DW�
GHHG�KLM�PHW�HHQ�UHODWLHI�NOHLQ�VHFUHWDULDDW�HQ�EHVFKHLGHQ�ILQDQFLsOH�PLGGHOHQ��'H�
UDDG� KDG� JHHQ�PRJHOLMNKHGHQ� RP� DIVSUDNHQ� DI� WH� GZLQJHQ� RI� EHVOXLWHQ� RS� WH�
OHJJHQ��8LWNRPVWHQ�YDQ�GLVFXVVLHV�ZDUHQ�´QLHW�PHHUµ�GDQ�HHQ�DGYLHV��
� 'H]H�VWXGLH�EHVFKULMIW�GH�JHVFKLHGHQLV�YDQ�GH�1DWLRQDOH�5DDG�YDQ�/DQGERXZ�
NXQGLJ� 2QGHU]RHN�� 'H� 15/2� ZDV� HHQ� VHFWRURUJDQLVDWLH�� PDDU� ZHO� ppQ� GLH�
RQGHU�LQYORHG�YDQ�YHUDQGHUHQGH�H[WHUQH�RPVWDQGLJKHGHQ�HQ�GRRU�GH�HLJHQ�RQW�
ZLNNHOLQJ�YULMZHO�FRQVWDQW�LQ�EHZHJLQJ�ZDV��'H�UDDG�GLH�LQ������RYHUJDDW�LQ�KHW�
,QQRYDWLHQHWZHUN�OLMNW�EHKDOYH�LQ�GH�QDDP�ZHLQLJ�RS�GH�UDDG�GLH�LQ������ZHUG�
RSJHULFKW��'H�YHUDQGHULQJHQ�KHEEHQ�DOOHV�WH�PDNHQ�PHW�GH�VSHFLILHNH�URO�YDQ�GH�
RUJDQLVDWLH�DOV�LQWHUPHGLDLU��+HW�LV�HHQ�RUJDQLVDWLH�GLH�WXVVHQ�DQGHUH�RUJDQLVDWLHV�
LQ� GH� VHFWRU� VWDDW� HQ� RQWZLNNHOLQJHQ� LQ� GH� ODQGERXZ� HQ� KHW� ODQGERXZEHOHLG�
PRHW� YHUWDOHQ� LQ� RQGHU]RHNVEHOHLG� HQ� GH�ZHWHQVFKDSSHOLMNH� HQ� WHFKQRORJLVFKH�
RQWZLNNHOLQJHQ� LQ�KHW� ODQGERXZRQGHU]RHN�PRHW� LQWHJUHUHQ� LQ�RYHUKHLGVEHOHLG�
HQ�ODQGERXZRQWZLNNHOLQJ��(U�]LMQ�PDDU�ZHLQLJ�RUJDQLVDWLHV�EHNHQG�GLH�RYHU�HHQ�
]R�ODQJH�SHULRGH�DOV�GH�15/2�GH�WDDN�KHEEHQ�YHUYXOG�RP�WRW�GLH�DIVWHPPLQJ�WH�
NRPHQ�HQ�GDW�GRHQ�RS�EDVLV�YDQ�RYHUOHJ��+RH�KHHIW�GH�15/2�]LFK�RQWZLNNHOG�
WXVVHQ������HQ�����"�,Q�KRHYHUUH�ZDV�GH�15/2�LQ�VWDDW�RP�LQ�WH�VSHOHQ�RS�GH�
YHUDQGHULQJHQ�HQ�KRH�GHHG� ]LM� GDW"�:HONH� URO� VSHHOGH�GH�15/2�DOV� LQWHUPH�
GLDLUH�RUJDQLVDWLH�LQ�GH�RQWZLNNHOLQJ�YDQ�KHW�ODQGERXZNXQGLJ�RQGHU]RHN"�+HHIW�
GH�15/2�HIIHFW�JHKDG�HQ�]R�MD�ZHON�HIIHFW�KDG�KLM"�
�
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� 2QWZLNNHOLQJ�YDQ�GH�RUJDQLVDWLH�
� ,Q�GH�JHVFKLHGHQLV� YDQ�GH�15/2�]LMQ� HU� YHUVFKLOOHQGH� VWDGLD� WH�KHUNHQQHQ�
ZDDULQ�GH�UDDG�VWHHGV�HHQ�QLHXZ�HYHQZLFKW�ZLVW�GH�YLQGHQ�LQ�HLJHQ�RQWZLNNH�
OLQJ�HQ�H[WHUQH�YHUDQGHULQJHQ��'H�HHUVWH�15/2�ZHUG�RQGHUJHEUDFKW�ELM�712��
HQ�FRQFHQWUHHUGH�]LFK�YRRUDO�RS�GH�FR|UGLQDWLH�YDQ�KHW�RQGHU]RHN�DDQ�GH�ODQG�
ERXZLQVWLWXWHQ��,Q������ZHUG�GH�15/2�RSQLHXZ�LQJHVWHOG�HQ�KHW�ZHUNWHUUHLQ�
XLWJHEUHLG� YDQ� ODQGERXZLQVWLWXWHQ� QDDU� KHW� KHOH� JHELHG� YDQ� ODQGERXZNXQGLJ�
RQGHU]RHN�� ,Q� SODDWV� YDQ� HHQ� DGYLHVUDDG� RQGHU� 712� JLQJ� GH� UDDG� ]LFK� VWHHGV�
PHHU�]LHQ�DOV� HHQ�]RJHQDDPGH�SDUWLFLSDQWHQRUJDQLVDWLH��ZDDULQ�RRN� LQVWHOOLQJHQ�
PHHGHGHQ�ZDDURYHU� GH� RYHUKHLG�ZHLQLJ� FR|UGLQHUHQGH�PDFKW� KDG��2QGHU� GH�
NRHSHO�YDQ�GH�15/2�RQWVSRQ��]LFK�HHQ�JURRW�QHWZHUN�YDQ�FRPPLVVLHV�HQ�RYHU�
OHJRUJDQHQ�� LQ�GH�ZDQGHOJDQJHQ�EHNHQG�DOV�GH�RQGHUERXZ�� � ,Q������ZHUG�KLM�
RRN� HHQ� VHFWRUUDDG� HQ� GHHO� YDQ� VWHOVHO� YDQ� DGYLHVUDGHQ� YRRU� KHW�ZHWHQVFKDSV�
EHOHLG�YDQ�GH�RYHUKHLG��,Q������YHUKXLVGH�GH�UDDG�DOV�JHYROJ�YDQ�HHQ�UHRUJDQLVD�
WLH�YDQ�GH�PRHGHURUJDQLVDWLH�712��QDDU�KHW� WRHQPDOLJH�0LQLVWHULH�YDQ�/DQG�
ERXZ��1DWXXUEHKHHU� HQ� 9LVVHULM�� (HQ� FRQVWUXFWLH� GLH� LQ� ����� ZHHU� RQJHGDDQ�
JHPDDNW�ZHUG�RPGDW�KHW�ODQJH�WHUPLMQ�ZHUN��YDQ�GH�UDDG�GUHLJGH�WH�YHUVWLNNHQ�
LQ�KHW�GDJHOLMNVH�EHOHLGVZHUN�YDQ�KHW�PLQLVWHULH��'H�UDDG�ZHUG�ZHHU�EXLWHQ�KHW�
PLQLVWHULH�JHSODDWVW�� ,Q������ZHUG�YRRU�GH� ODDWVWH�NHHU�RSQLHXZ�HHQ�1DWLRQDOH�
5DDG�YRRU�/DQGERXZNXQGLJ�2QGHU]RHN�LQJHVWHOG��+HW�SDUWLFLSDWLHPRGHO�LV�GDQ�
DO� YHUODWHQ� HQ� GH� FRPPLVVLHVWUXFWXXU� VWHUN� JHUHGXFHHUG�� 'H� KRRIGWDDN� ZHUG�
VWUDWHJLVFKH�EHOHLGVYRUPLQJ��ZDDUELM�GH�YHUQLHXZLQJ�YDQ�GH�ODQGERXZ�EHODQJULM�
NHU�ZDV�GDQ�GH�FR|UGLQDWLH�YDQ�KHW�RQGHU]RHN��
� ,Q�KRRIGVWXN���EHVFKULMYHQ�ZLM�GH�RQWZLNNHOLQJ�YDQ�GH�RUJDQLVDWLH�LQ�GHWDLO��
,Q� GDW� KRRIGVWXN� EOLMNW� GDW� GH� ERYHQVWDDQGH� SHULRGLVHULQJ� LQ� ]HNHUH� ]LQ�NXQVW�
PDWLJ�LV��)RUPHOH�RUJDQLVDWLHYHUDQGHULQJHQ�YROJGHQ�RS�HHUGHUH�YHUDQGHULQJHQ�LQ�
GH� UHODWLHV�HQ� LQWHUDFWLHV�PHW�H[WHUQH�SDUWLMHQ�HQ� LQ�GH�ZLM]H�YDQ� IXQFWLRQHUHQ��
'DW�ZDV�DO�]R�ELM�GH�RSULFKWLQJ�HQ�GDW�JROG�LQ�IHLWH�RRN�YRRU�GH�ODWHUH�YHUDQGH�
ULQJHQ��(ONH�QLHXZH�UDDG�ZDV�HHQ�IRUPHOH�EHYHVWLJLQJ�YDQ�HHUGHUH��]HOI�LQJH]HWWH�
YHUQLHXZLQJHQ� LQ� KHW� IXQFWLRQHUHQ� YDQ� GH� UDDG��'LH� FRPSHWHQWLH� RP� ]LFK]HOI�
VWHHGV� WH� YHUQLHXZHQ� EOLMNW� ppQ� YDQ� GH� EHODQJULMNVWH� VXFFHVIDFWRUHQ� YDQ� GH�
15/2�DOV�LQWHUPHGLDLUH�RUJDQLVDWLH��
�
� ,QVWUXPHQWHQ�HQ�FRPSHWHQWLHV�
� 2RN�GH�LQVWUXPHQWHQ�GLH�GH�RUJDQLVDWLH�RQWZLNNHOGH�ZHUGHQ�VWHHGV�DDQJHSDVW�
DDQ� GH� YHUDQGHUHQGH� RPJHYLQJ�� 'H� EHODQJULMNVWH� WDDN� GLH� GH�15/2� ELM� ]LMQ�
LQVWHOOLQJ�PHHNUHHJ��ZDV� GH� FR|UGLQDWLH� YDQ� KHW� RQGHU]RHN��0DDU� FR|UGLQDWLH��
KRH]HHU�RRN�YHUZHYHQ�PHW�RQ]H�PRGHUQH�PDDWVFKDSSLM� LV�HHQ�PRHLOLMN�EHJULS��
&R|UGLQDWLH�LV�]HNHU� ODVWLJ�YRRU�HHQ�RUJDQLVDWLH�GLH�KHW�RQWEUHHNW�DDQ�NUDFKWLJH�
PLGGHOHQ��]RDOV�GH�15/2��'H�EHJLQMDUHQ�YDQ�GH�15/2�ZHUGHQ�VWHUN�JHNHQ�
PHUNW�GRRU�GH�3URMHFWDGPLQLVWUDWLH��(HQ�DPELWLHXV�SURMHFW�ZDDULQ�DO�KHW�RQGHU�
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]RHN�YLD�IRUPXOLHUHQ�JHVWUXFWXUHHUG�ZHUG�LQ�NHQJHWDOOHQ�HQ�WUHIZRRUGHQ�HQ�WRH�
JDQNHOLMN� JHPDDNW� YRRU� FR|UGLQDWLH�� 'RRU� KHW� LQYHQWDULVHUHQGH� ZHUN� YDQ� GH�
15/2�ZHUG�RRN�YRRU�GH�RQGHU]RHNVLQVWLWXWHQ�]HOI�]LFKWEDDU�ZDW�YRRU�RQGHU�
]RHN�]LM�GHGHQ�HQ�ZDW�DQGHUH�LQVWLWXWHQ�GHGHQ��'DW�NOLQNW�EDQDDO��PDDU�KHW�V\V�
WHPDWLVFK�UHJLVWUHUHQ�YDQ�RQGHU]RHNVLQVSDQQLQJHQ�]RX�EXLWHQ�GH�ODQGERXZVHFWRU�
SDV�RSNRPHQ�LQ�GH�MDUHQ�WDFKWLJ��'H�SURMHFWDGPLQLVWUDWLH�IDFLOLWHHUGH�GH�FR|UGL�
QDWLH�WXVVHQ�RQGHU]RHNVLQVWLWXWHQ��]RDOV�GLH�YRRUDO�LQ�GH�RQGHUERXZ�SODDWV�YRQG��
=R� RQWZLNNHOGH� GH� 15/2� ]LFK� DOV� HHQ� DJJUHJDWLHSXQW� ZDDU� LQIRUPDWLH� RYHU�
RQGHU]RHN�YHU]DPHOG� HQ�JHVWUXFWXUHHUG�ZHUG�HQ� DFWRUHQ�HONDDU�RQWPRHWWHQ�HQ�
VWUDWHJLHsQ�RS�HONDDU�NRQGHQ�DIVWHPPHQ�LQ�GH�RQGHUERXZ���
� ,Q�GLH�HHUVWH�MDUHQ�ZHUG�RS�GLH�PDQLHU�YRRUNRPHQ�GDW�HU�RYHUODS�ZDV�LQ�KHW�
RQGHU]RHN�� HQ�ZHUGHQ� LQ� LHGHU� JHYDO�RS�RUJDQLVDWRULVFK�QLYHDX�� JDWHQ�JHGLFKW��
:DDU�PRJHOLMNKHGHQ� YRRU� LQWHUHVVDQW� ODQGERXZNXQGLJ� RQGHU]RHN� GRRU� GH� LQ�
VWLWXWHQ�ZHUGHQ�JHPLVW��VWHOGH�GH�15/2�FRPPLVVLHV� LQ�RSGDW�´DOV�YDQ]HOIµ�KHW�
QRRG]DNHOLMNH�RQGHU]RHN�RSNZDP��9DQDI������ZHUG�GH�RUJDQLVDWLH�]R�LQJHULFKW�
GDW�QDDVW�KHW�KRUL]RQWDOH�RYHUOHJ�WXVVHQ�SDUWLFLSDQWHQ�²�RI�OLHYHU�JH]HJG�GRRU�KHW�
KRUL]RQWDOH�RYHUOHJ�YDQ�GH�SDUWLFLSDQWHQ�KHHQ�²�HHQ�YHUWLFDOH�VWUXFWXXU�JHYORFK�
WHQ�ZHUG�GLH�KHW�PRJHOLMN�PRHVW�PDNHQ�RP�WH�DGYLVHUHQ�RYHU�GH�RUJDQLVDWRUL�
VFKH�DVSHFWHQ�YDQ�KHW�ODQGERXZNXQGLJ�RQGHU]RHN��'H�FRPSHWHQWLH�RP�PHQVHQ�
ELM�HONDDU�WH�EUHQJHQ��FRPPLVVLHV�VDPHQ�WH�VWHOOHQ�HQ�FRPPLVVLHV�DDQ�KHW�ZHUN�WH�
KRXGHQ�LV�HHQ�HVVHQWLHHO�HOHPHQW�LQ�GH�RQWZLNNHOLQJ�YDQ�GH�15/2��'DQN]LM�GLH�
FRPSHWHQWLH�NRQ�KHW� LQ�GH� MDUHQ�]HYHQWLJ�RRN�EHJLQQHQ�PHW�KHW�RSVWHOOHQ�YDQ�
PHHUMDUHQYLVLHV�HQ�ODWHU�KHW�YHUNHQQHQ�YDQ�RQWZLNNHOLQJHQ�LQ�ZHWHQVFKDS��WHFK�
QRORJLH��ODQGERXZ�HQ�PDDWVFKDSSLM��
� ,Q�KRRIGVWXN���YDQ�GH]H�VWXGLH�EHVFKULMYHQ�ZLM�GH�RQWZLNNHOLQJ�YDQ�GH�PHHU�
MDUHQYLVLHV�DOV�YRRUEHHOG�YDQ�GH�G\QDPLHN�YDQ�GH�LQVWUXPHQWHQ�YDQ�GH�RUJDQLVD�
WLH��'LW�LQVWUXPHQW�GHHG�]LMQ�LQWUHGH�LQ�GH�ZHUN]DDPKHGHQ�YDQ�GH�UDDG�LQ�������
,Q�GH�ORRS�YDQ�GH�MDUHQ�]HYHQWLJ�RQWZLNNHOGH�GH�15/2�KHW�LQVWUXPHQW�VWHHGV�
YHUGHU��7RHQ�GH� UDDG�RRN�VHFWRUUDDG�ZHUG��ZHUG�KHW� LQVWUXPHQW�JH]LHQ�DOV�KHW�
EHVWH� GDW� KHW� KDG�� ,Q� GH� MDUHQ� WDFKWLJ� YHUVFKLMQHQ� WHUUHLQGHNNHQGH�PHHUMDUHQ�
YLVLHV��PHW�ELMGUDJHQ�YDQ�GH�KHOH�RQGHUERXZ��0DDU�GH�QDGUXN�RS�GH�SDUWLFLSDWLH�
YDQXLW�GH�RQGHUERXZ�KDG�RRN�QDGHOHQ��+HW�EOHHN�PRHLOLMN� WH�]LMQ�RP�QLHXZH�
RQGHUZHUSHQ�DOV�ELRWHFKQRORJLH�RQGHU�GH�DDQGDFKW�YDQ�RQGHU]RHNHUV�WH�EUHQJHQ�
HQ�YDQ�RQGHURS�LQ�GH�PHHUMDUHQYLVLH��$OOHHQ�YLD�LQWHUYHQWLH�YDQXLW�GH�UDDG�OXNWH�
GDW��+HW�EHVHI�JURHLW�GDW�GH]H�PHHUMDUHQYLVLHV�RQYROGRHQGH� VWUDWHJLVFKH�ZDDUGH�
KDGGHQ��'H�LQEUHQJ�YDQ�GH�SDUWLFLSDQWHQ�ZHUG�PLQGHU�HQ�PLQGHU�DORPYDWWHQG��
8LWHLQGHOLMN� YHUDQGHUGHQ� GH� LQVWUXPHQWHQ� YRRU� YLVLHYRUPLQJ� LQ� YHUNHQQLQJHQ�
YDQ�QLHXZH�PRJHOLMNKHGHQ�YRRU�GXXU]DPH�LQQRYDWLHV�LQ�GH�ODQGERXZ��+HW�LQ�
VWUXPHQW�RQWZLNNHOGH�]LFK�YDQ�YLVLHV�YDQ�KHW�YHOG�WRW�YLVLHV�YRRU�KHW�YHOG��'DDU�
PHH�OLHW�KHW�LQVWUXPHQW�RRN�]LHQ�KRH�GH�15/2�]LFK�NRQ�RQWZLNNHOHQ�WRW�HHQ�
RUJDQLVDWLH�YRRU�VWUDWHJLHYRUPLQJ�HQ�LQQRYDWLHPDQDJHPHQW��
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�
� :HUNLQJ�HQ�HIIHFW�
� +RRIGVWXN���YHUWHOW�RYHU�GH�URO�GLH�GH�15/2�VSHHOGH�ELM�GH�RSNRPVW�YDQ�GH�
DOWHUQDWLHYH� ODQGERXZ��'H�HHUVWH�RQUXVW� LQ�GH� MDUHQ�]HVWLJ�RYHU�KHW�RYHUGDGLJH�
JHEUXLN�YDQ�EHVWULMGLQJVPLGGHOHQ�LQ�GH�ODQGERXZ��ZHUG�EHDQWZRRUG�PHW�YHUZLM�
]LQJ�QDDU�KHW�RQGHU]RHN�GDW�JHGDDQ�ZHUG�QDDU�EHVWULMGLQJVPLGGHOHQ�HQ�GH�FR|U�
GLQDWLH�GDDUYDQ�LQ�GH�WRHQPDOLJ�ZHUNJURHS�+DUPRQLVFKH�%HVWULMGLQJ�YDQ�3ODJHQ��
,Q� GH� MDUHQ� ]HYHQWLJ�ZHUG� GH� URHS� RP� RQGHU]RHN� QDDU� DOWHUQDWLHYH� ODQGERXZ�
VWHUNHU��,Q������YHUVFKHHQ�KHW�HHUVWH�UDSSRUW�YDQ�GH�15/2�RYHU�GLW�RQGHUZHUS��
9DQDI�GDW�PRPHQW�JLQJ�GH�15/2�DDQ�GH�VODJ�RP�KHW�RQGHU]RHN�RS�GLW�JHELHG�
WH� SURJUDPPHUHQ�� WH� LQLWLsUHQ� HQ� WH� FR|UGLQHUHQ� YLD� GH� EHSURHIGH� LQ]HW� YDQ�
FRPPLVVLHV�HQ�KHW�ODWHQ�VFKULMYHQ�YDQ�UDSSRUWHQ��0HGH�GDQN]LM�GH�LQ]HW�YDQ�GH�
15/2� ZHUG� HHQ� YHUJHOLMNHQG� RQGHU]RHN� YDQ� EHGULMIVV\VWHPHQ� HQ� UHJLRQDOH�
SURMHFWHQ�YRRU�DDQJHSDVWH� ODQGERXZ�RSJH]HW��=R�ZHUG�HHQ�PDDWVFKDSSHOLMN�HQ�
SROLWLHN�SRSXODLU�PDDU� ODQGERXZZHWHQVFKDSSHOLMN�ZHHUEDUVWLJ�HQ�FRQWURYHUVLHHO�
WKHPD�RPJH]HW�LQ�YRRU�RQGHU]RHNVLQVWHOOLQJHQ�ZHUNEDUH�YRUP��'H�FDVH�ODDW�RRN�
]LHQ� KRH� EHODQJULMN� ELM� GH� FR|UGLQDWLH�� GH� DIVWHPPLQJ� WXVVHQ� GH� YHUVFKLOOHQGH�
FRPPLVVLHV�LQ�GH�RQGHUERXZ�LV�HQ�GH�EHUHLGKHLG�WRW�VDPHQZHUNLQJ���
� 'RRU� KHW� LQVWHOOHQ� YDQ� FRPPLVVLHV�� KHW� VFKULMYHQ� YDQ� UDSSRUWHQ�� GRRU� KHW�
DGYLVHUHQ�HQ�RYHUOHJJHQ�JDI�GH�15/2�YRUP�DDQ�KHW�LGHH�YDQ�DOWHUQDWLHYH�ODQG�
ERXZ� HQ� ODWHU� JHwQWHJUHHUGH� ODQGERXZ�� +HW� HHUVWH� UDSSRUW� IXQFWLRQHHUGH� DOV�
EXIIHU�WXVVHQ�KHW�EHOHLG�HQ�KHW�RQGHU]RHNVYHOG�GRRU�WH�ODWHQ�]LHQ�GDW�HU�DO�RQGHU�
]RHN�ZDV�RS�KHW�JHELHG�YDQ�DOWHUQDWLHYH�ODQGERXZ�HQ�RYHUKHLGVLQWHUYHQWLH�QLHW�
QRGLJ�ZDV��0DDU�KHW� VDPHQEUHQJHQ�YDQ�RQGHU]RHN�RQGHU�GH�QLHXZH�FDWHJRULH�
´DOWHUQDWLHYH� ODQGERXZµ� FUHsHUGH� HHQ� QLHXZ� RQGHU]RHNVJHELHG� PHW� RQGHU�
]RHNVDFWLYLWHLWHQ�� RQGHU]RHNVYUDJHQ�� WRHSDVVLQJVPRJHOLMNKHGHQ� HQ� EHOHLGVUHOH�
YDQWLH��0HW� GH� VWUXFWXUHULQJ� YDQ� KHW� EHJULS� DOWHUQDWLHYH� ODQGERXZ��ZHUG� GH]H�
ODQGERXZ� WRHJDQNHOLMN� JHPDDNW� YRRU� RQGHU]RHNVDFWLYLWHLWHQ�� HQ� GDDUPHH� RRN�
YRRU�RQGHU]RHNVFR|UGLQDWLH���
�
$QGHUV�GDQ�GH�DOWHUQDWLHYH�ODQGERXZ�RQWVWRQG�GH�ELRWHFKQRORJLH�MXLVW�YDQXLW�GH�
ZHWHQVFKDS��'DW�ZHNW�GH�YHUZDFKWLQJ�GDW�GH�15/2�GDQN]LM�GH�VWHUNH�SDUWLFL�
SDWLH� YDQ� RQGHU]RHNHUV� YULM� JHPDNNHOLMN� NRQ� EHPLGGHOHQ� ELM� GH� RSNRPVW� YDQ�
ELRWHFKQRORJLH��+RRIGVWXN���ODDW�]LHQ�GDW�GH�15/2�LQGHUGDDG�DO�VQHO�KHW�EHODQJ�
YDQ� GH� ELRWHFKQRORJLH� VLJQDOHHUGH��0DDU� YRRU� JRHGH� FR|UGLQDWLH� LV� VLJQDOHULQJ�
QLHW�JHQRHJ��1RFK�YDQXLW�GH�RQGHU]RHNVZHUHOG��QRFK�YDQXLW�KHW�0LQLVWHULH�YDQ�
/DQGERXZ�ZHUGHQ�GH�HHUVWH�VLJQDOHQ�RSJHSLNW��%LRWHFKQRORJLH�ZHUG�HLQG�MDUHQ�
]HYHQWLJ� EXLWHQ� GH� ODQGERXZVHFWRU� RP� JHVWLPXOHHUG� YLD� KHW� WHFKQRORJLHEHOHLG�
YDQ�KHW�0LQLVWHULH�YDQ�(FRQRPLVFKH�=DNHQ��+HW�ZDV�GH�'DJHOLMNVH�5DDG�GLH�KHW�
YRRUWRXZ�QDP�HQ�EOHHI�QHPHQ�LQ�GH�DJHQGHULQJ�YDQ�ELRWHFKQRORJLH��'H�RQGHU�
ERXZ�VSHHOGH�KLHULQ�QDXZHOLMNV�HHQ�URO��
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� 2RN�LQ�GH]H�FDVH�EOLMNW�GH�NUDFKW�YDQ�KHW�]DFKWH�EHOHLGVLQVWUXPHQWDULXP��KHW�
EHODQJ� YDQ� FRPPLVVLHVWUXFWXUHQ�� DGYLHVUDSSRUWHQ�� QHWZHUNERXZHUV� HQ� GH� RQW�
ZLNNHOLQJ�YDQ� FRQFHSWLHV� YDQ�QLHXZH�RQWZLNNHOLQJHQ�GLH�KHW�PRJHOLMN�PDNHQ�
RP�RQGHU]RHN�HQ�SROLWLHNH�GRHOHQ�PHW�HONDDU�WH�YHUELQGHQ��+HW�WUDMHFW�LV�YHUJH�
OLMNEDDU� PHW� GH� FDVH� YDQ� GH� DOWHUQDWLHYH� ODQGERXZ�� RQGDQNV� KHW� LQKRXGHOLMNH�
YHUVFKLO� WXVVHQ�GH� WZHH�FDVHV��2RN�ELM�ELRWHFKQRORJLH�EHJRQQHQ�GH�DFWLYLWHLWHQ�
YDQ�GH�15/2�PHW�HHQ�YHUNHQQHQG� UDSSRUW�GDW�QD�HQLJH�YHUJDGHULQJHQ� UHVXO�
WHHUGH�LQ�GH�LQVWHOOLQJ�YDQ�GH�&R|UGLQDWLHFRPPLVVLH�%LRWHFKQRORJLH��9DQDI������
KDGGHQ�GH�PHHUMDUHQYLVLHV��ZDDUPHH�GH�15/2�DO�LQ�HHQ�YURHJ�VWDGLXP�ELRWHFK�
QRORJLH� RS� GH� EHOHLGVDJHQGD� YDQ� /19�KDG� JH]HW�� HIIHFW�� /DQGERXZ�ZHUG� ppQ�
YDQ� GH� SHLOHUV� YDQ� KHW� ,23�%LRWHFKQRORJLH�� HQ� KHW�PLQLVWHULH�ZDV� RRN�EHUHLG�
JHOG�ELM�WH�GUDJHQ�DDQ�KHW�RQGHU]RHNVSURJUDPPD��7HJHOLMNHUWLMG�ZHUG�LQ�GH�FDVH�
GXLGHOLMN�GDW�YRRU�GLW�JHYDO�GH�15/2�QDXZHOLMNV�LQYORHG�KDG�RS�GH�RQWZLNNH�
OLQJHQ�LQ�KHW�YHOG��'DDU�ZDDU�YRRUVWHOOHQ�YRRU�KHW�LQLWLsUHQ�YDQ�RQGHU]RHN�ZRU�
GHQ�JHGDDQ��EOHNHQ�GH�EHWUHIIHQGH�RQGHU]RHNVRUJDQLVDWLHV�DO�HHQ�VWXN�RS�ZHJ���
�
%HLGH�FDVHV�JHYHQ�JRHG�]LFKW�RS�KHW�IXQFWLRQHUHQ�HQ�KHW�HIIHFW�YDQ�GH�15/2�
GRRU�GH� MDUHQ�KHHQ��'DQN]LM�SHUVRRQOLMNH�FRQWDFWHQ�HQ�GH�EHUHLGZLOOLJKHLG�YDQ�
GH� ODQGERXZNXQGLJH� VHFWRUHQ� RP� WH� RYHUOHJJHQ�� ZDV� GH�15/2� LQ� VWDDW� RP�
RYHU�HHQ�JURRW�DDQWDO�JHELHGHQ�FRPPLVVLHV�LQ�WH�VWHOOHQ�HQ�PHQVHQ�DDQ�KHW�ZHUN�
WH� ]HWWHQ��9DDN� GUDDLGHQ�GLH�ZHUN]DDPKHGHQ�RP�HQNHOH� SHUVRQHQ�²� YDQXLW� GH�
VWDI�� YDQXLW� GH� UDDG� RI� YDQ� EXLWHQ��'H� HIIHFWHQ�ZDUHQ� QRRLW� GZLQJHQG�� HQ� GH�
GDDGZHUNHOLMNH�ELMGUDJH�YDQ�GH�15/2�LV�PRHLOLMN� WH� VFKDWWHQ�YDQZHJH�GH�EH�
SHUNWH� PRJHOLMNKHGHQ� RP� LPSOHPHQWDWLH� YDQ� YRRUVWHOOHQ� WH� LQLWLsUHQ�� ,Q� HHQ�
ODWHUH�IDVH�YDQ�GH�15/2�]RX�KHW�EHODQJ�YDQ�KHW�SURFHV�EHQDGUXNW�ZRUGHQ�ER�
YHQ�KHW�EHODQJ�YDQ�UDSSRUWHQ��0DDU�EHLGH�FDVHV�ODWHQ�]LHQ�KRH�LQYHQWDULVHUHQGH�
UDSSRUWHQ� RYHU� ELMYRRUEHHOG� DOWHUQDWLHYH� ODQGERXZ� RI� ELRWHFKQRORJLH�� QLHXZH�
UHDOLWHLWHQ�NXQQHQ�FUHsUHQ�RS�EDVLV�ZDDUYDQ�YHUGHUH�FR|UGLQDWLH�PRJHOLMN�LV��
�
� +HW�EHODQJ�YDQ�LQWHUPHGLDLUH�RUJDQLVDWLHV�
� %LM�GH�LQVWHOOLQJ�LQ������ZDV�GH�15/2�HHQ�XQLHNH�RUJDQLVDWLH��LQ�GLH�]LQ�GDW�
KLM�GH�HHUVWH�ZDV�PHW�GH�WDDN�RP�RQGHU]RHN�WH�FR|UGLQHUHQ��0HW�GH�RSERXZ�YDQ�
GH� RQGHUERXZ�NUHHJ�KLM� HFKWHU� DO� VQHO� NDUDNWHULVWLHNHQ� YDQ� HHQ� W\SLVFKH� ODQG�
ERXZRUJDQLVDWLH�]RDOV�GLH�RRN�WHUXJ�WH�YLQGHQ�ZDUHQ�LQ�KHW�/DQGERXZVFKDS�HQ�
GH�3URGXFWVFKDSSHQ��0HW�GH�RSNRPVW�YDQ�KHW�ZHWHQVFKDSVEHOHLG�HQ�PHW�QDPH�
GH�LQVWHOOLQJ�YDQ�VHFWRUUDGHQ��RQWVWRQGHQ�LQ�DQGHUH�VHFWRUHQ�YHUJHOLMNEDUH�RUJD�
QLVDWLHV��VHFWRUUDGHQ��GLH�WRW�GRHO�KDGGHQ�GRRU�RYHUOHJ�HQ�YHUNHQQLQJHQ�RQGHU�
]RHN�WH�FR|UGLQHUHQ�HQ�GH�RYHUKHLG�WH�DGYLVHUHQ��'H�VSHFLILHNH�LQVWUXPHQWHQ�GLH�
GH�15/2� LQ]HWWH��KRHIGHQ�QLHW� GLUHFW� WH�ZHUNHQ� LQ� DQGHUH� VHFWRUHQ� HQ� LQ� GH�
KXLGLJH�VLWXDWLH��:DW�ZHO�JHOHHUG�NDQ�ZRUGHQ�XLW�GH�JHVFKLHGHQLV�YDQ�GH�15/2�
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LV�KHW�EHODQJ�RP�HHQ� LQIUDVWUXFWXXU� WH�FUHsUHQ�YRRU�GH�DIVWHPPLQJ�YDQ�RQGHU�
]RHN��PDDWVFKDSSHOLMNH�RQWZLNNHOLQJHQ�HQ�RYHUKHLGVEHOHLG��
� 'H�15/2�PRHVW�LQ�KDDU�RQWZLNNHOLQJ�VWHHGV�HHQ�SRVLWLH�YLQGHQ�GLH�KDDU�URO�
DOV� LQWHUPHGLDLU� LQ� KHW� RQGHU]RHNVYHOG� HQ� WXVVHQ� RQGHU]RHNVYHOG� HQ� RYHUKHLG�
OHJLWLPHHUGH���
� +RRIGVWXN���YDQ�GH]H�VWXGLHV�EUHQJW�GH� OLMQHQ�XLW�GH�YLHU�HPSLULVFK�KRRIG�
VWXNNHQ�VDPHQ�HQ�DQDO\VHHUW�GLH�SRVLWLH��+HW�HFKWH� VXFFHV�YDQ�GH� LQWHUPHGLDLUH�
URO�YDQ�GH�15/2�EOLMNW� WH� ]LWWHQ� LQ�GH�FDSDFLWHLW�RP�YDQ]HOIVSUHNHQGKHGHQ� WH�
FUHsUHQ�� 'H� YDQ]HOIVSUHNHQGKHLG� YDQ� RYHUOHJ�� YDQ� DOWHUQDWLHYH� ODQGERXZ�� YDQ�
ELRWHFKQRORJLH�� YDQ�PDDWVFKDSSHOLMNH� SULRULWHLWHQ�� YDQ� VWUDWHJLVFK� GHQNHQ��0HW�
GH�15/2�ZDV�HU�JHGXUHQGH�ODQJH�WLMG�HHQ�LQIUDVWUXFWXXU�RP�GHUJHOLMNH�YDQ]HOI�
VSUHNHQGKHGHQ� WH� NXQQHQ�PDNHQ� YRRUGDW� GH� EHWURNNHQHQ� GLH� DOV� YDQ]HOIVSUH�
NHQGKHGHQ�JLQJHQ�]LHQ��2P�GDW�WH�]R�ODQJ�WH�NXQQHQ�GRHQ��LQ�VWHHGV�ZLVVHOHQGH�
RPVWDQGLJKHGHQ��ZDV�KHW�QRGLJ�RP�HHQ�RUJDQLVDWLH�WH�FUHsUHQ�GLH�QLHW�DOOHHQ�GH�
EHVWDDQGH�WDNHQ�NRQ�XLWYRHUHQ��PDDU�RRN�]LFK]HOI�VWHHGV�NRQ�YHUQLHXZHQ���



�

�

����

6XPPDU\�
�
�
�
�
,Q�������WKH�'XWFK�0LQLVWHU�RI�$JULFXOWXUH�HVWDEOLVKHG�WKH�1DWLRQDO�&RXQFLO�IRU�
$JULFXOWXUDO� 5HVHDUFK� �15/2�� WR� FRRUGLQDWH� WKH� DFWLYLWLHV� RI� WKH� DJULFXOWXUDO�
UHVHDUFK�LQVWLWXWHV��7KH�FRXQFLO�VRRQ�GHYHORSHG�LQWR�D�W\SLFDO�DJULFXOWXUDO�RUJDQL�
]DWLRQ��LQ�ZKLFK�FRRUGLQDWLRQ�ZDV�UHDOLVHG�LQ�FRPPLVVLRQV�DQG�VXE�FRPPLVVLRQV��
,Q�������WKH�15/2�ZDV�UHIRUPHG�LQWR�WKH�,QQRYDWLHQHWZHUN��D�QHWZRUN�DLPHG�
DW� VWLPXODWLQJ� UDGLFDO� LQQRYDWLRQV� LQ� WKH� DJULFXOWXUDO� VHFWRU�� )RU� ��� \HDUV� WKH�
FRXQFLO�KDG�IXQFWLRQHG�EHWZHHQ�WKH�PLQLVWU\��WKH�DJULFXOWXUDO�UHVHDUFK�ILHOG�DQG�
WKH�DJULFXOWXUDO� VHFWRU�� ,Q� WKHVH�\HDUV��FRQVLGHUDEOH�FKDQJHV�RFFXUUHG� LQ� WKH�RU�
JDQL]DWLRQ
V� FRQWH[W�� WKH� ULVH� RI� HQYLURQPHQWDO� LVVXHV�� WKH� DSSUHFLDWLRQ� RI� HFR�
ORJLFDO� DJULFXOWXUH�� WKH� GHYHORSPHQW� RI� ELRWHFKQRORJ\� DQG� DJUR�EXVLQHVV�� WKH�
LQVWLWXWLRQDOL]DWLRQ�RI�VFLHQFH�SROLF\�DQG��ODVW�EXW�QRW�OHDVW��WKH�IXQGDPHQWDO�FULVLV�
LQ� WKH�PRGHUQL]DWLRQ� RI� DJULFXOWXUH�� 7LPH� DQG� DJDLQ�� WKH�15/2�KDG� WR� ILQG�
QHZ�ZD\V� WR�FRRUGLQDWH� WKH� UHVHDUFK��KDYLQJ�D� VPDOO� VHFUHWDULDW� DQG�PRGHVW� IL�
QDQFLDO�PHDQV��0RUHRYHU��LW�ODFNHG�LQVWUXPHQWV�WR�HQIRUFH�DJUHHPHQWV�DQG�GHFL�
VLRQV�XSRQ�WKH�VHFWRU��PHDQLQJ�WKDW�LWV�FRRUGLQDWLRQ�DFWLYLWLHV�PHUHO\�UHVXOWHG�LQ�
DGYLFH���
� ,Q�WKLV�ERRN��ZH�VWXG\�WKH�KLVWRU\�RI�WKH�15/2��7KH�15/2�ZDV�D�VHFWRU�
RUJDQL]DWLRQ��EXW�RQH�WKDW�ZDV�LQ�D�SHUPDQHQW�SURFHVV�RI�FKDQJH��GXH�WR�H[WHUQDO�
SUHVVXUHV�DQG�LWV�RZQ�G\QDPLFV��7KH�FRXQFLO�WKDW�LQ������ZDV�UHRUJDQL]HG�DV�WKH�
,QQRYDWLHQHWZHUN� GLIIHUHG� LQ� DOO� UHVSHFWV� EXW� LWV� QDPH� IURP� WKH� FRXQFLO� HVWDE�
OLVKHG�LQ�������7KHVH�FKDQJHV�DUH�EHVW�H[SODLQHG�ZLWK�UHIHUHQFH�WR�WKH�RUJDQL]D�
WLRQ
V�LQWHUPHGLDWH�SRVLWLRQ��:LWKLQ�LWV�ILHOG��WKH�15/2�DFWHG�DV�D�JR�EHWZHHQ��
,W�KDG�WR�WUDQVODWH�GHYHORSPHQWV�LQ�SROLF\�GHVLJQ�DQG�DJULFXOWXUH�LQWR�D�UHVHDUFK�
SROLF\� IRU� DJULFXOWXUDO� VFLHQFH�DQG��YLFH�YHUVD��GHYHORSPHQWV� LQ�DJULFXOWXUDO� VFL�
HQFH� LQWR� JRYHUQPHQWDO� SROLFLHV� DQG� DJULFXOWXUDO� GHYHORSPHQWV�� )HZ�RUJDQL]D�
WLRQV�KDYH�H[HFXWHG�VXFK�WDVN�IRU�VR�ORQJ��+RZ��H[DFWO\��GLG�WKH�15/2�FKDQJH�
EHWZHHQ������DQG�����"�:DV�LW�DEOH�WR�UHVSRQG�WR�WKH�FKDQJHV�LQ�LWV�RZQ�FRQ�
WH[WV�DQG�GLG�LW�GR�VR"�:KLFK�UROH�GLG�LW�SOD\�LQ�DJULFXOWXUDO�UHVHDUFK�DV�DQ�LQWHU�
PHGLDWH�RUJDQL]DWLRQ"�'LG�LWV�FRRUGLQDWLRQ�HIIRUWV�KDG�DQ\�HIIHFWV�DQG�LI�VR�ZKLFK�
HIIHFWV"�
�
� (YROXWLRQ�RI�WKH�RUJDQL]DWLRQ�
� 7KH�KLVWRU\�RI�WKH�15/2�FDQ�EH�GLYLGHG�LQWR�VHYHUDO�SHULRGV�LQ�ZKLFK�WKH�
FRXQFLO�PDQDJHG� WR� ILQG� D� EDODQFH� EHWZHHQ� LWV� RZQ�G\QDPLFV� DQG� WKH� YDULRXV�
H[WHUQDO� FKDQJHV� LW� KDG� WR� DGGUHVV�� ,Q� WKH� ILUVW� SHULRG�� DIWHU� LWV� HVWDEOLVKPHQW�
ZLWKLQ�WKH�FRQWH[W�RI�712��WKH�1HWKHUODQGV�2UJDQL]DWLRQ�IRU�$SSOLHG�6FLHQWLILF�
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5HVHDUFK��WKH�15/2�IRFXVHG�RQ�WKH�FRRUGLQDWLRQ�RI�WKH�UHVHDUFK�DW�WKH�FRXQ�
WU\·V�DJULFXOWXUDO�LQVWLWXWHV��,Q������WKH�FRXQFLO�ZDV�UH�HVWDEOLVKHG�WR�FRRUGLQDWH�
DOO� DJULFXOWXUDO� UHVHDUFK� LQ� WKH� 1HWKHUODQGV�� LQFOXGLQJ� XQLYHUVLW\� UHVHDUFK� DQG�
UHVHDUFK� QRW� IXQGHG� E\� WKH� 0LQLVWU\� RI� $JULFXOWXUH�� $OWKRXJK� IRUPDOO\� WKH�
15/2� ZDV� VWLOO� DQ� DGYLVRU\� FRXQFLO� ZLWKLQ� 712�� LW� FRQVLGHUHG� LWVHOI� PXFK�
PRUH� DQ� RUJDQL]DWLRQ� LQ�ZKLFK� DOO� RUJDQL]DWLRQV� IURP� WKH� DJULFXOWXUDO� UHVHDUFK�
ILHOG�FRXOG�SDUWLFLSDWH��ZKLOH�LW�DOVR�GHYHORSHG�DQ�LQWHUQDO�QHWZRUN�RI�FRPPLV�
VLRQV� DQG� RWKHU� ERGLHV�� NQRZQ� E\� LQVLGHUV� DV� LWV� ´VXEVWUXFWXUHµ�� ,Q� ����� WKH�
FRXQFLO�EHFDPH�D�VHFWRU�FRXQFLO�DQG�SDUW�RI�D�VHW�RI�DGYLVRU\�FRXQFLOV� IRU�JRY�
HUQPHQWDO� VFLHQFH�SROLFLHV��%HFDXVH�RI�D� IXQGDPHQWDO�UHVWUXFWXULQJ�RI�712��LQ�
������ WKH� FRXQFLO� PRYHG� IURP� 712� WR� WKH�0LQLVWU\� RI� $JULFXOWXUH�� 1DWXUH�
&RQVHUYDWLRQ�DQG�)LVKHULHV�� ,Q������ LWV� VWDWXV�FKDQJHG�DJDLQ�EHFDXVH� WKH� ORQJ�
WHUP� DFWLYLWLHV� RI� WKH� FRXQFLO� GLG� QRW� ILW� LQ� ZHOO� ZLWK� WKH�PLQLVWU\·V� HYHU\GD\�
SROLF\�ZRUN��FDXVLQJ�WKH�FRXQFLO�DOPRVW�WR�GLVDSSHDU�IURP�YLHZ��7KHUHIRUH��WKH�
FRXQFLO�ZDV�IRUPDOO\�GLVFRQQHFWHG�DJDLQ�IURP�WKH�PLQLVWU\��,Q������WKH�FRXQFLO�
ZDV�UH�RUJDQL]HG�RQH�ODVW�WLPH��ZKLFK�LPSOLHG�WKDW�LW�GLVFDUGHG�WKH�SDUWLFLSDWLRQ�
PRGHO� DQG� UHGXFHG� LWV� VXEVWUXFWXUH��2YHU� WKH�\HDUV�� LWV� WDVN�KDG� FKDQJHG� IURP�
FRRUGLQDWLRQ�RI�UHVHDUFK�LQWR�VXVWDLQDEOH�LQQRYDWLRQ�RI�DJULFXOWXUH���
� &KDSWHU� �� GHVFULEHV� WKH� GHYHORSPHQW� RI� WKH� RUJDQL]DWLRQ� LQ� GHWDLO�� 7DNLQJ�
WKHVH�YDULRXV�GHWDLOV� LQWR� DFFRXQW�� LW� DSSHDUV�RXU�SHULRGLVDWLRQ�RI� WKH�RUJDQL]D�
WLRQ·V� GHYHORSPHQW� LV� VRPHZKDW� DUWLILFLDO�� )RUPDO� RUJDQL]DWLRQDO� FKDQJHV� KDS�
SHQHG�WR�IROORZ�HDUOLHU�FKDQJHV�LQ�H[WHUQDO�UHODWLRQV�DQG�LQWHUDFWLRQV�DQG�FKDQJHV�
LQ�WKH�PRGXV�RSHUDQGL��7KLV�ZDV�WUXH�QRW�RQO\�ZKHQ�WKH�RUJDQL]DWLRQ�ZDV�IRU�
PDOO\� HVWDEOLVKHG�� EXW� DOVR� UHJDUGLQJ� ODWHU� FKDQJHV�� (DFK� QHZ� YHUVLRQ� RI� WKH�
FRXQFLO�ZDV�D�IRUPDO�DFNQRZOHGJHPHQW�RI�HDUOLHU�FKDQJHV�VHW�LQWR�PRWLRQ�E\�WKH�
RUJDQL]DWLRQ�LWVHOI��7KH�FRPSHWHQFH�WR�LQQRYDWH�LWV�RZQ�RUJDQL]DWLRQDO�VWUXFWXUH��
WKHQ��LV�RQH�RI�WKH�PDLQ�VXFFHVV�IDFWRUV�RI�WKH�15/2�DV�DQ�LQWHUPHGLDWH�RUJDQL�
]DWLRQ���
�
� ,QVWUXPHQWV�DQG�FRPSHWHQFHV�
� /LNH� LWV� RUJDQL]DWLRQDO� VWUXFWXUH�� WKH� LQVWUXPHQWV� WKH� 15/2� GHYHORSHG�
FKDQJHG�RYHU�WLPH��$W�LWV�HVWDEOLVKPHQW��WKH�FRXQFLO·V�PDLQ�WDVN�LQYROYHG�FRRU�
GLQDWLRQ�RI�UHVHDUFK��$OWKRXJK�¶FRRUGLQDWLRQ·�LV�SHUKDSV�D�NH\�FRQFHSW�LQ�PRG�
HUQ� VRFLHWLHV�� LW� LV� DOVR� DQ� DPELJXRXV� FRQFHSW��(VSHFLDOO\� IRU� RUJDQL]DWLRQV� WKDW�
ODFN� WKH� SURSHU� WRROV� RU� ILQDQFLDO�PHDQV�� LW� FDQ� EH� GLIILFXOW� WR� UHDOL]H� HIIHFWLYH�
FRRUGLQDWLRQ��2QH�SUHFRQGLWLRQ� IRU�HIIHFWLYH�FRRUGLQDWLRQ� LV�NQRZOHGJH�RI� WKH�
ILHOG� WR�EH� FRRUGLQDWHG�� ,Q� LWV� HDUO\� \HDUV�� WKH�15/2�FRQFHQWUDWHG�RQ�3URMHFW�
$GPLQLVWUDWLRQ�� DQ� DPELWLRXV� SURMHFW� DLPHG� DW� WDNLQJ� VWRFN� RI� DOO� UHOHYDQW� UH�
VHDUFK�HIIRUWV�LQ�WKH�1HWKHUODQGV��,Q�IDFW��E\�UHO\LQJ�RQ�LQGLFDWRUV�DQG�NH\�ZRUGV��
WKLV�SURMHFW�PDGH�FRRUGLQDWLRQ�RI�'XWFK�DJULFXOWXUDO�UHVHDUFK�SRVVLEOH�DW�DOO��7KH�
SURMHFW·V� LQYHQWRU\� DOORZHG� UHVHDUFK� LQVWLWXWHV� WR� VHH� ZKLFK� UHVHDUFK� WKH\� HQ�
JDJHG�LQ�DQG�ZKDW�RWKHU�LQVWLWXWHV�ZHUH�GRLQJ��7KLV�PD\�VHHP�UDWKHU�RGG�WRGD\��
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EXW� RXWVLGH� WKH� DJULFXOWXUDO� VHFWRU� V\VWHPDWLF� QDWLRQDO� UHJLVWUDWLRQ� RI� UHVHDUFK�
DFWLYLWLHV�ZRXOG�GHYHORS�RQO\�LQ�WKH�����V��7KH�3URMHFW�$GPLQLVWUDWLRQ�DOVR�ID�
FLOLWDWHG�FRRUGLQDWLRQ�RI�WKH�UHVHDUFK�DFWLYLWLHV�E\�WKH�FRXQFLO·V�FRPPLVVLRQV��$V�
VXFK�WKH�15/2�GHYHORSHG�DV�D�FHQWUDO�QRGH�ZKHUH�LQIRUPDWLRQ�DERXW�UHVHDUFK�
ZDV�FROOHFWHG�DQG�VWUXFWXUHG�DQG�ZKHUH�DFWRUV�PHW�WR�GLVFXVV�SROLF\�VWUDWHJLHV��
� ,Q� LWV� ILUVW� \HDUV�� WKH�15/2�PDQDJHG� WR� DYRLG�RYHUODSV� LQ� UHVHDUFK� DQG�� DW�
OHDVW�DW�WKH�RUJDQL]DWLRQDO�OHYHO��LW�ILOOHG�VSHFLILF�JDSV�LQ�WKH�DJULFXOWXUDO�UHVHDUFK�
V\VWHP��:KHQ�RSSRUWXQLWLHV� IRU�QHZ� UHVHDUFK�ZHUH�QRW� WDNHQ�XS�E\� WKH� LQVWL�
WXWHV��WKH�FRXQFLO�HVWDEOLVKHG�QHZ�FRPPLVVLRQV�DV�D�ZD\�WR�HQFRXUDJH�WKH�GHYHO�
RSPHQW�RI�QHZ�UHVHDUFK�HIIRUWV��)URP������WKH�FRXQFLO·V�VXEVWUXFWXUH�JUHZ�PRUH�
FRPSOH[��+RUL]RQWDOO\�RUJDQL]HG� LQWHUDFWLRQV�DPRQJ�SDUWLFLSDQWV�ZHUH�FRPSOH�
PHQWHG� E\� D� YHUWLFDO� VWUXFWXUH� RI� FRPPLWWHHV�� DOORZLQJ� WKH� FRXQFLO� WR� SURYLGH�
DGYLFH� DERXW� WKH� RUJDQL]DWLRQDO� DVSHFWV� RI� DJULFXOWXUDO� UHVHDUFK�� +RZHYHU�� WKH�
VL]H�RI�WKH�VXEVWUXFWXUH�JUHZ�LQRUGLQDWHO\�DQG�DIWHU�D�IHZ�\HDUV�LWV�ODFN�RI�WUDQV�
SDUHQF\�EHFDPH�DQ�REVWDFOH�LQ�GHYHORSLQJ�QHZ�VWUDWHJLF�UROHV�IRU�WKH�FRXQFLO��,Q�
WKH�����V��LWV�VXEVWUXFWXUH�ZDV�ODUJHO\�GLVPDQWOHG��HYHQ�WKRXJK�WKH�FRXQFLO·V�UROH�
LQ� EULQJLQJ� SHRSOH� WRJHWKHU�� VHWWLQJ� XS� FRPPLVVLRQV� DQG� NHHSLQJ� WKHP� JRLQJ�
FRQWLQXHG�WR�EH�LPSRUWDQW��
� 2Q�DFFRXQW�RI�WKLV�UROH��WKH�15/2�FRXOG�GHYHORS�DV�D�VWUDWHJLF�RUJDQL]DWLRQ�
WKDW�ZRXOG�SXEOLVK�PXOWL�DQQXDO�SODQV�LQ�WKH�����V�DQG�IRUHVLJKW�VWXGLHV�RI�VFL�
HQFH��WHFKQRORJ\��DJULFXOWXUH�DQG�VRFLHW\�LQ�����V��,Q�&KDSWHU���RI�WKLV�VWXG\�ZH�
GHVFULEH� WKH� GHYHORSPHQW� RI� WKH�PXOWL�DQQXDO� SODQV� DV� D� FDVH� RI� WKH� G\QDPLFV�
LQYROYLQJ�WKH�RUJDQL]DWLRQ
V�VWUDWHJLF�WRROV��7KH�15/2�VWDUWHG�WR�ZRUN�RQ�DQG�
UHILQH� WKHVH�SODQV� LQ�WKH�VHYHQWLHV��ZKLOH� LQ� WKH�HLJKWLHV��ZKHQ�WKH�FRXQFLO�DOVR�
DFWHG�DV�D�VHFWRU�FRXQFLO�IRU�VFLHQFH�SROLF\��WKLV�SDUWLFXODU�LQVWUXPHQW�ZDV�FRQVLG�
HUHG�WR�EH�LWV�UDLVRQ�G·HWUH��,W�SXEOLVKHG�IRXU�DQQXDO�SODQV�SHUWDLQLQJ�WR�WKH�ZKROH�
DJULFXOWXUDO� UHVHDUFK� ILHOG�� XVLQJ� WKH� LQSXW� IURP� LWV� HODERUDWH� FRPPLWWHH� VXE�
VWUXFWXUH��$�GUDZEDFN�RI�WKLV�VXEVWUXFWXUH��KRZHYHU��ZDV�WKDW�QHZ�WRSLFV�VXFK�DV�
ELRWHFKQRORJ\� ZHUH� HDVLO\� RYHUVHHQ� E\� WKH� HVWDEOLVKHG� SDUWLHV�� ZKLFK� PDGH� LW�
GLIILFXOW�IRU�WKH�FRXQFLO�WR�SXW�WKHP�RQ�WKH�SROLF\�DJHQGD��,QFUHDVLQJO\�WKH�FRXQ�
FLO�SURYHG�GLVVDWLVILHG�ZLWK�WKH�VWUDWHJLF�YDOXH�RI�WKH�SODQV��,QVWHDG�RI�UHO\LQJ�RQ�
FRQWULEXWLRQV� IURP� LWV� FRPPLWWHHV� �ERWWRP�XS��� WKH� FRXQFLO� RSWHG� IRU� D� WRS�
GRZQ�DSSURDFK�DQG�VWDUWHG� WR�RUJDQL]H� LWV�RZQ�VWUDWHJLF� LQIRUPDWLRQ�E\�GHYHO�
RSLQJ�IRUHVLJKW�VWXGLHV��%HFDXVH�RI�WKH�IXQGDPHQWDO�FULVLV�LQ�DJULFXOWXUH��WKH�PDLQ�
IRFXV�RI�WKHVH�VWXGLHV�VKLIWHG�WR�VXVWDLQDEOH�LQQRYDWLRQ��*UDGXDOO\��WKH�LQVWUXPHQW�
RI�PXOWL�DQQXDO�SODQV�GHYHORSHG�IURP�D�WRRO�IRU�FUHDWLQJ�SODQV�E\�WKH�ILHOG�LQWR�
RQH�IRU�FUHDWLQJ�SODQV�IRU�WKH�ILHOG��$FFRUGLQJO\��WKH�15/2�GHYHORSHG�LQWR�DQ�
RUJDQL]DWLRQ�IRU�VWUDWHJ\�DQG�LQQRYDWLRQ�PDQDJHPHQW���
�
� 3URFHVVHV�DQG�HIIHFWV��
� ,Q�FKDSWHUV���DQG���ZH�DQDO\]H�WKH�UROH�RI�WKH�15/2�LQ�WKH�QHZ�GHYHORS�
PHQWV�LQ�DJULFXOWXUH�DQG�UHVHDUFK�E\�PHDQV�RI�WZR�FDVH�VWXGLHV��HFRORJLFDO�DJUL�
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FXOWXUH�DQG�ELRWHFKQRORJ\��,Q�WKH�����V��WKH�FRXQFLO�UHVSRQGHG�WR�ILUVW�WXUPRLO�
DERXW�H[FHVVLYH�XVH�RI�SHVWLFLGHV�E\� UHIHUULQJ� WR� WKH� UHVHDUFK�DOUHDG\�GRQH� WKDW�
ZDV�FRRUGLQDWHG�E\�RQH�RI�LWV�VXEVWUXFWXUH�FRPPLVVLRQV��WKH�ZRUNLQJ�JURXS�RQ�
´$OWHUQDWLYH�3ODQW�'LVHDVH�&RQWURO�µ�,Q�WKH�VHYHQWLHV��KRZHYHU�� WKH�SUHVVXUH� WR�
VWDUW� UHVHDUFK� RQ� HFRORJLFDO� DJULFXOWXUH� EHFDPH� VWURQJHU�� ,Q� ����� WKH�15/2�
SXEOLVKHG�LWV�ILUVW�UHSRUW�DQG�VXEVHTXHQWO\�VWDUWHG�WR�SURJUDP��LQLWLDWH�DQG�FRRU�
GLQDWH�UHVHDUFK�LQ�WKLV�DUHD��WKHUHE\�UHO\LQJ�RQ�ZRUNLQJ�JURXSV�DQG�UHSRUWV��'XH�
WR� LWV� FRRUGLQDWLQJ� HIIRUW�� FRPSDUDWLYH� UHVHDUFK� RQ� IDUP� V\VWHPV� DQG� UHJLRQDO�
SURMHFWV�RQ�DOWHUQDWLYH�DJULFXOWXUH�ZHUH�LQLWLDWHG��$�FRQWURYHUVLDO�LVVXH��SXVKHG�E\�
VRFLHW\� DQG�SROLWLFV� DOLNH� EXW� GLVWUXVWHG� E\� DJULFXOWXUDO� VFLHQWLVWV��ZDV� WUDQVODWHG�
LQWR�D�UHVHDUFKDEOH�WRSLF��7KURXJK�FRPPLWWHHV��UHSRUWV��DGYLVLQJ�DQG�QHJRWLDWLRQ�
WKH�15/2� VKDSHG� WKH� LGHD� RI� HFRORJLFDO� DJULFXOWXUDO� DQG�� ODWHU� RQ�� LQWHJUDWHG�
DJULFXOWXUH��7KH�ILUVW�UHSRUWV� IXQFWLRQHG�LQLWLDOO\�DV�D�EXIIHU�EHWZHHQ�SROLF\�DQG�
UHVHDUFK��VR�DV�WR�VKRZ�WKDW�QHZ�SROLFLHV�ZHUH�QRW�QHFHVVDU\��%XW�E\�VWUXFWXULQJ�
WKH�YDULRXV�LGHDV�RQ�HFRORJLFDO�DJULFXOWXUH�DQG�E\�DJJUHJDWLQJ�UHVHDUFK�DFWLYLWLHV��
UHVHDUFK� TXHVWLRQV�� DSSOLFDWLRQV� DQG� SROLF\� UHOHYDQFH� XQGHU� WKH� VLQJOH� ODEHO� RI�
HFRORJLFDO� UHVHDUFK�� D� QHZ� ILHOG� FDPH� LQWR� EHLQJ� ²�RQH� WKDW�ZDV� RSHQ� WR�QHZ�
UHVHDUFK�DQG�FRRUGLQDWLRQ�DFWLYLWLHV���
� 8QOLNH�HFRORJLFDO�DJULFXOWXUH��ELRWHFKQRORJ\�HPHUJHG�DV�D�VFLHQWLILF�GHYHORS�
PHQW��,W�ZDV�H[SHFWHG�WKDW� WKH�15/2��DV�DQ�RUJDQL]DWLRQ�GHSHQGLQJ�RQ� LQSXW�
IURP�VFLHQWLVWV��FRXOG�HDVLO\�PHGLDWH�WKH�GHYHORSPHQW�RI�ELRWHFKQRORJ\��&KDSWHU�
��VKRZV�WKDW�WKH�15/2�SURSHUO\�VLJQDOHG�WKH�LPSRUWDQFH�RI�ELRWHFKQRORJ\��EXW�
WKDW� QHLWKHU� WKH� UHVHDUFK�ZRUOG� QRU� WKH�0LQLVWU\� RI� $JULFXOWXUH� UHVSRQGHG� WR�
WKHVH�VLJQDOV��%HFDXVH�ELRWHFKQRORJ\�VWDUWHG�RXWVLGH�WKH�DJULFXOWXUDO�UHVHDUFK�DQG�
SROLF\�ILHOG��LW�EHFDPH�RQH�RI�WKH�ILUVW�DUHDV�WR�ZKLFK�WKH�QHZ�WHFKQRORJ\�SROL�
FLHV� RI� WKH�0LQLVWU\� RI�(FRQRPLF�$IIDLUV� DSSOLHG��$OWKRXJK� WKH�15/2�ERDUG�
WRRN�WKH�OHDG�ZLWKLQ�WKH�DJULFXOWXUDO�VHFWRU�DQG�FRQWLQXHG�WR�HPSKDVL]H�ELRWHFK�
QRORJ\·V�LPSRUWDQFH��WKH�15/2�VXEVWUXFWXUH�SOD\HG�QR�UROH�DW�DOO��
� 7KH�ELRWHFKQRORJ\�FDVH�DOVR�XQGHUVFRUHV�WKH�IRUFH�RI�VRIW�SROLF\�LQVWUXPHQWV��
WKH�LPSRUWDQFH�RI�FRPPLWWHH�VWUXFWXUHV��DGYLVRU\�UHSRUWV�DQG�QHWZRUN�EXLOGHUV��
DV�ZHOO�DV�WKH�LPSRUWDQFH�RI�GHYHORSLQJ�QHZ�FRQFHSWV�WKDW�DOORZ�IRU�OLQNLQJ�XS�
UHVHDUFK� REMHFWLYHV�ZLWK� SROLWLFDO� DLPV��'HVSLWH�PDMRU� GLIIHUHQFHV� EHWZHHQ� RXU�
WZR� FDVHV�� WKH� SROLF\� WUDMHFWRULHV� LQYROYLQJ� ELRWHFKQRORJ\� DQG� HFRORJLFDO� DJUL�
FXOWXUH�DUH�TXLWH�VLPLODU��,Q�WKH�FDVH�RI�ELRWHFKQRORJ\�WRR�WKHUH�ZDV�ILUVW�D�UHSRUW��
ZKLFK�JDYH� WKH� LPSHWXV� WR�D�FRRUGLQDWLRQ�FRPPLWWHH�RQ�ELRWHFKQRORJ\��)URP�
����� RQZDUGV�� WKH� IRXU� DQQXDO� SODQV�� WKURXJK� ZKLFK� WKH�15/2� SXVKHG� WKH�
WRSLF�RI�ELRWHFKQRORJ\�� VHHPHG� WR�SURGXFH� HIIHFWV��$JULFXOWXUH�EHFDPH�RQH�RI�
WKH�SLOODUV�IRU�IXUWKHU�UHVHDUFK�RQ�ELRWHFKQRORJ\���
�
%RWK� FDVHV� SURYLGH� LQWHUHVWLQJ� LQVLJKWV� LQ� 15/2� SURFHVVHV� DQG� WKHLU� HIIHFWV��
7KURXJK�SHUVRQDO�FRQWDFWV�DQG�WKH�UHDGLQHVV�RI�PDQ\�LQVWLWXWHV�DQG�UHVHDUFK�RU�
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JDQL]DWLRQV�� WKH�15/2� FRXOG� HVWDEOLVK� D� ODUJH� QXPEHU� RI� FRPPLWWHHV�� 2IWHQ�
WKRVH�DFWLYLWLHV�GHSHQGHG�RQ�D�IHZ�LQGLYLGXDOV�ZKR�PDQDJHG�WR�NHHS�SDUWLFXODU�
VXEMHFWV�RQ�WKH�DJHQGD��,Q�ODWHU�\HDUV��WKH�RUJDQL]DWLRQ�VWDUWHG�WR�HPSKDVL]H�FR�
RUGLQDWLRQ�SURFHVVHV��UDWKHU�WKDQ�WKH�UHVXOWLQJ�UHSRUWV��1HYHUWKHOHVV��RXU�WZR�FDVH�
VWXGLHV�DPSO\�GHPRQVWUDWH�WKDW�WKH�15/2��WKURXJK�LWV�FRRUGLQDWLQJ�ZRUN��DF�
WLYHO\�FUHDWHG�QHZ�UHDOLWLHV��
�
� 7KH�LPSRUWDQFH�RI�LQWHUPHGLDU\�ERGLHV�
� 7KH�15/2�ZDV�D�XQLTXH�RUJDQL]DWLRQ�ZKHQ� LW�ZDV�HVWDEOLVKHG� LQ������� ,W�
ZDV� WKH� ILUVW� RUJDQL]DWLRQ� IRUPDOO\� GHYRWHG� WR� FRRUGLQDWLQJ� UHVHDUFK��:LWK� WKH�
GHYHORSPHQW�RI� LWV� VXEVWUXFWXUH�� LW� VRRQ�DGRSWHG�PDQ\�FKDUDFWHULVWLFV� W\SLFDO�RI�
DJULFXOWXUDO� QHR�FRUSRUDWLVW� RUJDQL]DWLRQV�� $IWHU� DQ� RYHUDOO� VFLHQFH� SROLF\� ZDV�
IRUPXODWHG� DQG� WKH�QRWLRQ�RI� DGYLVRU\� FRXQFLOV� IRU� UHVHDUFK� HYROYHG� IXUWKHU�� D�
VLPLODU�NLQG�RI�WUDQVLWLRQV�GHYHORSHG�LQ�RWKHU�VHFWRUV��$OWKRXJK�WKH�LQVWUXPHQWV�
GHVLJQHG�E\�WKH�15/2�ZLOO�QRW�QHFHVVDULO\�ZRUN�LQ�DOO�WKRVH�RWKHU�FRQWH[WV��LWV�
KLVWRU\�VKRZV�WKH�VRFLDO�VLJQLILFDQFH�RI�KDYLQJ�DQ�RUJDQL]DWLRQDO�LQIUDVWUXFWXUH�IRU�
FRRUGLQDWLQJ�UHVHDUFK�DQG�LWV�SROLFLHV��,Q�WKLV�UHVSHFW�LW�LV�FUXFLDO�WKDW�WKH�RUJDQL�
]DWLRQ� FDQ� ILQG� SRVLWLRQV� WKDW� OHJLWLPDWH� LWV� UROH� DV� LQWHUPHGLDU\� EHWZHHQ� JRY�
HUQPHQW�DQG�UHVHDUFK��,Q�&KDSWHU���ZH�EULQJ�WRJHWKHU�WKH�GLIIHUHQW�DUJXPHQWD�
WLYH� OLQHV� GHYHORSHG� LQ� WKH� IRXU� SUHYLRXV� FKDSWHUV� WR� DQDO\]H� WKLV� LQWHUPHGLDWH�
SRVLWLRQ�LQ�PRUH�GHWDLO��,Q�VR�GRLQJ��LW�ZLOO�EH�DUJXHG�WKDW�WKH�UHDO�VXFFHVV�RI�WKH�
15/2� DSSHDUV� WR� EH� LWV� FDSDFLW\� WR� FUHDWH� REYLRXVQHVV� ²� WKH� REYLRXVQHVV� RI�
FRQVXOWLQJ�DQG�WKH�REYLRXVQHVV�RI�HFRORJLFDO�DJULFXOWXUH��ELRWHFKQRORJ\��VRFLHWDO�
SULRULWLHV�DQG�VWUDWHJLF�WKLQNLQJ��7KH�15/2�H[LVWHG�DV�DQ�LQIUDVWUXFWXUH�WR�FUHDWH�
VXFK�REYLRXVQHVV�EHIRUH� WKH�DFWRUV� LQYROYHG�FRQVLGHUHG� WKHVH� LVVXHV� DV�REYLRXV��
7R� GR� VR� IRU� ��� \HDUV� FDOOHG� IRU� DQ�RUJDQL]DWLRQ� WKDW�ZDV� DEOH� WR�PDQDJH� WKH�
SURFHVVHV�LQYROYHG�DQG�UHQHZ�LWV�RZQ�VWUXFWXUH��WLPH�DQG�DJDLQ��
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