
:$6'



7KH� NQRZOHGJH�EDVHG� HFRQRP\� UHSODFHG� WKH� LQIRUPDWLRQ� HFRQRP\�� WKLV� ZDV� GRQH�
WKURXJK�WKH�LQWURGXFWLRQ�RI� ,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQV�7HFKQRORJ\��,&7��WKDW�
SURYLGHG�DGYDQFHG�KDUGZDUH�DQG�VRIWZDUH�DSSOLFDWLRQV�WKDW�IDFLOLWDWH�WKH�HFRQRPLF�
DFWLYLWLHV�DQG�EULGJHG�WKH�GLJLWDO�GLYLGH�DURXQG�WKH�JOREH��,W�VKRXOG�EH�UHFDOOHG�WKDW�

%RDUG�LQ������WR�GHVFULEH�D�UHYROXWLRQ�DQG�WHFKQRORJLFDO�UHWXUQ�WR�D�VXVWDLQDEOH�SDVW�
WKURXJK�WKH�LPSOHPHQWDWLRQ�RI�D�QHZ�PRGHO�RI�HFRQRPLF�GHYHORSPHQW��DV�VWDWHG�E\�
3DYRQH���������7KH�ELR�HFRQRP\�UHIHUV�WR�WKH�SURGXFWLRQ�RI�D�ZLGH�UDQJH�RI�JRRGV�
DQG�VHUYLFHV��IURP�SODQW��DQLPDO�DQG�IRUHVW�EDVHG�PDWHULDO��,W�LV�PRUH�WKDQ�MXVW�JUDLQ�
EDVHG�ELR�IXHOV�RU�ELR�GLHVHO�

$FFRUGLQJ�WR�-RKQVRQ�DQG�$OWPDQ���������WKH�WHUP�ELR�HFRQRP\�LQFOXGHV�FRXQWHU�
SDUWV�IRU�HYHU\WKLQJ�IRU�ZKLFK�SHWUROHXP�LV�FXUUHQWO\�XVHG��DQG�IRU�RWKHU�WKLQJV�DV�
ZHOO��,Q�WKH�ELR�HFRQRP\�ZH�ZLOO�UHSODFH�SHWUROHXP��DV�ZHOO�DV�FRDO�DQG�QDWXUDO�JDV��
ZLWK�ELRPDVV�EDVHG�PDWHULDO��6R��SODVWLFV��QXWUDFHXWLFDOV��SKDUPDFHXWLFDOV��DQG�DOO�
NLQGV�RI�ELR�PDQXIDFWXULQJ�ZLOO�EH�SDUW�RI�WKH�ELR�HFRQRP\��%URZQ��������

2UJDQLVDWLRQ�IRU�(FRQRPLF�&R�RSHUDWLRQ�DQG�'HYHORSPHQW��2(&'���������H[SODLQHG�
WKDW�WKH�ELR�HFRQRP\�LV�D�WUDQVIRUPDWLRQ�RI�WKH�HQWLUH�HFRQRP\��DQG�SHUKDSV�HYHQ�

´WKH�DJJUHJDWH�VHW�RI�HFRQRPLF�RSHUDWLRQV�LQ�D�VRFLHW\�WKDW�XVH�WKH�ODWHQW�
YDOXH�LQFXPEHQW�LQ�ELRORJLFDO�SURGXFWV�DQG�SURFHVVHV�WR�FDSWXUH�QHZ�JURZWK�

0RUHRYHU��0RUULVRQ��������VDLG�WKDW��LQ�UH�ZULWLQJ�WKH�SDVW��WKH�ELR�HFRQRP\�FRQFHSW�
EHFDPH�D�FRPSUHKHQVLYH�LQWHUSUHWDWLYH�IUDPHZRUN�WKURXJK�WLPH�IRU�XQGHUVWDQGLQJ�
DQG�VZD\LQJ�WKH�SUHVHQW�DQG�WKH�IXWXUH�VLPXOWDQHRXVO\��7KH�ELR�HFRQRP\�KDV�EHFRPH�
D�VWDQGSRLQW�RQ�VRFLHW\�DQG�LWV�UHODWLRQVKLS�ZLWK�QDWXUH��3DYRQH��������

FRPPRQ�IDFWRU�LV�WKDW�WHFKQRORJ\�SURYLGHV�DQVZHUV�IRU�WKH�PDMRU�SUREOHPV�RI�PDQ�
NLQG�LI�LW�SURJUHVV�RYHU�WLPH��,Q�WKLV�UHVSHFW��WKH�IRFXV�LV�GLVSODFHG�IURP�VRFLDO�FDXVHV�
RI�SUREOHPV�WR�WHFKQRORJLFDO�VROXWLRQV��7KHVH�WHFKQRORJLFDO�VROXWLRQV�FDQ�EH�DSSOLHG�
WR� OHDGLQJ� SURGXFWLRQ�� KHDOWK� DQG� LQGXVWU\�� ,W� VKRXOG� EH� QRWHG� WKDW� ELRWHFKQRORJ\�
RIIHUV�WHFKQRORJLFDO�VROXWLRQV�IRU�QXPHURXV�JOREDO�KHDOWK�DQG�UHVRXUFH�EDVHG�SUREOHPV�
IDFLQJ�WKH�ZRUOG�

)XUWKHUPRUH��3DYRQH��������PHQWLRQHG�WKDW�UHJDUGOHVV�RI�WKH�FRUUHFWQHVV�RU�IDO�
ODFLRXVQHVV�RI� VXFK� WKRXJKWV��ELR�HFRQRP\�FDQ�EH�DQWLFLSDWHG�QRW�RQO\�DV�D� YLVLRQ�



EXW�DOVR�DV�D�SRZHUIXO�SROLWLFDO� VFKHPH�� ,Q�DGGLWLRQ��WKLV�H[SODQDWLRQ�UHQHZHG�WKH�
NH\�VWRQH� IRU� WKH� GHVLJQ� RI� SXEOLF� SROLF\� SRLQWLQJ� DW� SURPRWLQJ� WKH� GHYHORSPHQW�
DQG�JURZWK�RI�ELRWHFKQRORJ\�EDVHG�LQGXVWULHV�E\�VHYHUDO�JRYHUQPHQW�LQVWLWXWLRQV��,W�
VKRXOG�EH�UHFDOOHG�WKDW�JDLQLQJ�IXOO�UHLPEXUVHPHQW�IRU�WKH�ELR�HFRQRP\�ZLOO�QHHG�D�

UHDOLVH�VXFFHVV��VXFK�DV�ORFDWLQJ�UHJLRQDO�DQG�LQWHUQDWLRQDO�DJUHHPHQWV��2(&'��������

,W�VKRXOG�EH�QRWHG��DV�VWDWHG�E\�%HQQHU�DQG�/|IJUHQ��������DQG�+HLQ]�HW�DO����������
WKDW�QHROLEHUDOLVP�ZDV�WKH�SKLORVRSKLFDO�JURXQG�RI�WKLV�SROLWLFDO�VFKHPH��%HQQHU�DQG�
/|IJUHQ� �������DOVR�H[SODLQHG� WKDW� WKH� LGHD�RI� WKH�NQRZOHGJH�EDVHG�HFRQRP\�ZDV�
VWLPXODWHG�LQ�WKLV�VHFRQG�SHULRG��FRQQHFWLQJ�FRPSHWLWLYHQHVV�DQG�LQQRYDWLRQ��,Q�WKLV�
UHVSHFW��DQG�LQ�RUGHU�WR�PDLQWDLQ�WKH�FRPSHWLWLYHQHVV�RI�2(&'�DQG�(8�FRXQWULHV�LQ�
UHODWLRQ� WR�HPHUJLQJ�HFRQRPLHV�DV�PHQWLRQHG�E\�3DYRQH�HW�DO�� �������DQG�3DYRQH�

WHFKQRORJLFDO�LQQRYDWLRQV��7KLV�LV�ORRNLQJ�DW�WKH�IDFW�WKDW�WKH�ELR�HFRQRP\�LV�D�WDQ�
JLEOH�IRUP�RI�WKLV�NQRZOHGJH�EDVHG�HFRQRP\�LQ�ZKLFK�ELRWHFKQRORJ\��LQ�DGGLWLRQ�WR�
QDWXUDO�DQG�ELRORJLFDO�UHVRXUFHV��SOD\V�D�YLWDO�UROH�LQ�FUHDWLQJ�YDOXHV�

$GGLWLRQDOO\��WKH�SROLWLFDO�PLVVLRQ�RI�ELR�HFRQRP\�ZDV��IURP�WKH�RXWVHW�� LQWHQGHG�
DV�D JOREDO�SURMHFW��WR�EH�HPEUDFHG�E\�DOO�FRXQWULHV��LQFOXGLQJ�WKRVH�KDYH�SRWHQWLDO�
WR�SURJUHVV�LQ�ELR�HFRQRP\��,W�VKRXOG�EH�QRWHG�WKDW�WKH�SRWHQWLDO�HFRQRPLF�DQG�HQ�

ELR�HFRQRP\� LQ�ERWK�2(&'�DQG�QRQ�2(&'�FRXQWULHV��1RW�RQO\�ZLOO� WKH�ELR�HFRQRP\�
EH JOREDO�� LW�ZLOO� DOVR�EH� WKH�PDLQ�PDUNHW� IRU� ELRWHFKQRORJ\� LQ� SULPDU\�SURGXFWLRQ�

�
WULHV��2(&'��������

,Q� WKH� FDVH� RI� /DWLQ�$PHULFDQ� FRXQWULHV�� %HQQHU� DQG� /|IJUHQ� ������� VWDWHG� WKDW�

SURJUDPPHV��'LIIHUHQW�/DWLQ�$PHULFDQ�JRYHUQPHQWV�KDYH�FRPELQHG�WKH�VFKHPHV��DQG�

FRPPRGLWLHV��,Q�WKLV�UHVSHFW�/DWLQ�$PHULFDQ�JRYHUQPHQWV�HQFRXUDJHG�DQG�SURPRWHG�
WKH�ELR�HFRQRP\�WKURXJK�D�UDQJH�RI�LQWHUYHQWLRQV�WKDW�ZHUH�UDWKHU�GLYHUVH�IURP�RWKHU�
LQGXVWULDO�SROLFLHV��,W�VKRXOG�EH�QRWHG�WKDW�GLYHUVH�QDWLRQDO�DQG�LQWHUQDWLRQDO�SROLFLHV�

SURGXFH�D�QHZ�QRUPDWLYH�DQG�VRFLDO�VKDSH��3DYRQH�HW�DO���������PHQWLRQHG�WKDW�JRY�
HUQPHQW�LQVWLWXWLRQV�HQFRXUDJHG�UHVRXUFH�PRELOLVDWLRQ�WRZDUGV�ELRWHFKQRORJ\�WKURXJK�

�
PHQWV�DQG�LQWHUQDWLRQDO�RUJDQLVDWLRQV�KDG�WR�LQWURGXFH�QHZ�VFLHQFH�EDVHG�UHJXODWRU\�
IUDPHZRUNV��,W�VKRXOG�EH�PHQWLRQHG�WKDW�IRU�SULYDWH�FRPPHUFLDOLVDWLRQ�DQG�DSSURSUL�
DWLRQ�RI�ELRWHFKQRORJ\�SURGXFWV��WKH�ULJKW�VRFLDO�HQYLURQPHQW�IRU�ELRWHFKQRORJ\�KDG�

7KH�EUHDNWKURXJK�RI�ELR�HFRQRP\�WRRN�SODFH�RQ����$SULO�������ZKHQ�WKH�2EDPD�DG�
PLQLVWUDWLRQ�UHOHDVHG�WKH�86�1DWLRQDO�%LRHFRQRP\�%OXHSULQW��:KLWH�+RXVH���������7KLV�



ZDV�D�QHZ�SROLF\�GLUHFWLYH�GHVLJQHG�WR�SURPRWH�JURZWK�RI�WKH�86�ELR�HFRQRP\�WKURXJK�
EDVLF� DQG� WUDQVODWLRQDO� UHVHDUFK�� HGXFDWLRQ�� UHJXODWRU\� UHIRUP� DQG� SXEOLF�SULYDWH�

ELR�HFRQRP\��EXW�LPSOLHV�WKDW�LW�LQFOXGHV�PRVW�ELRORJLFDO�EDVHG�DFWLYLWLHV�IURP�JHQHW�
LF�HQJLQHHULQJ�WR�ELRIXHO�SURGXFWLRQ��,Q�WKLV�UHVSHFW�86�3UHVLGHQW�2EDPD ������ VWDW�
HG�WKDW�ELR�HFRQRP\�LV�DQ�HFRQRP\�EDVHG�RQ�WKH�XVH�RI�UHVHDUFK�DQG�LQQRYDWLRQ�LQ�

�
PDQ�KHDOWK��KLJKHU�\LHOGLQJ�IRRG�FURSV��HPHUJLQJ�ELRIXHOV�WR�UHGXFH�GHSHQGHQF\�RQ�
RLO�� ELR�EDVHG� FKHPLFDO� LQWHUPHGLDWHV�� DQG� VHYHUDO� RWKHU� DVSHFWV� RI� ELRWHFKQRORJ\�
DFWLYLWLHV��WKH�ELR�HFRQRP\�KDG�EHHQ�OLPLWHG�WR�ELRIXHO�LQ�/DWLQ�$PHULFD�

�
QRORJ\�UHVHDUFK�FDQ�EH�VHHQ�WKURXJK�WKH�H\HV�RI�SDWLHQWV�ZKR�UHFHLYH�D�FULWLFDO�PHG�

DUH� WXUQHG� LQWR� QHZ� ELR�HFRQRP\� SURGXFWV� VXFK� DV� IXHOV�� IRRG�� DQG� LQWHUPHGLDWH�
FKHPLFDOV�� DQG� IRU� VPDOO�EXVLQHVV� RZQHUV�� WKHLU� LQQRYDWLYH� ELR�EDVHG� SURGXFWV� DUH�
EUHDNLQJ�QHZ�JURXQG�LQ�PDQXIDFWXULQJ�DQG�VHUYLFHV�WKURXJK�WKH�LQYHQWLRQ�DQG�LQQRYD�

FRPSDUHG�ZLWK�WUDGLWLRQDO�PHWKRGV�RI�EXVLQHVV��0RUHRYHU��WKH�LQFUHDVLQJ�VRFLDO�QHHGV�
IRU�IRRG�DQG�HQHUJ\��FRPELQHG�ZLWK�QHZ�NQRZOHGJH�GLVFRYHULHV�LQ�ELRWHFKQRORJ\�DQG�
QHZ�PHWKRGV� IRU� KDUQHVVLQJ� ELRORJLFDO� SURFHVVHV�� KDYH� GUDPDWLFDOO\� LQFUHDVHG� WKH�
HFRQRPLF�SRWHQWLDO�RI�WKH�ELR�HFRQRP\�

,Q�KLV�VWDWHPHQW��3UHVLGHQW�2EDPD�H[SODLQHG�WKDW�FXUUHQW�ELR�HFRQRP\�URVH�IURP�

DQG SRWHQWLDO�RI�ELRWHFKQRORJ\� UHVHDUFK�� LQFOXGLQJ� WKUHH�RI�SDUWLFXODU� LPSRUWDQFH��
�

RJLHV� WKDW� SHUIRUP�D�KLJK�QXPEHU� RI�PROHFXODU� RSHUDWLRQV� UDSLGO\� DQG�DFFXUDWHO\��
,W� VKRXOG� EH� UHFDOOHG� WKDW� WKLV� WHFKQRORJLFDO� SURJUHVV� KDV� OHG� WR� WKH� GHYHORSPHQW�
RI�PDQ\� LPSRUWDQW�GUXJV��SURGXFWV��DQG�SURFHVVHV��+RZHYHU��D�JURZLQJ�SRSXODWLRQ�

SRSXODWLRQ��$�QHZ�DQG�PRUH�HIIHFWLYH�ELR�HFRQRP\�WKDW�LV�IXHOOHG�E\�LQQRYDWLYH�LGHDV�
DQG�SUDFWLFHV�WKDW�FDQ�KHOS�WR�DGGUHVV�WKHVH�QHHGV� LQ�QHZ��PRUH�SRZHUIXO�ZD\V� LV�
XUJHQWO\�QHHGHG�

RQ�UHQHZDEOH�UHVRXUFHV��WKLV�FRXOG�LQFOXGH�VXFK�VHFWRUV�DV�QRQ�ELRORJLFDO�VRXUFHV�RI�
HQHUJ\��,Q�WKLV�SDSHU�ZH�UHIHU�WR�WKH�SURGXFWLRQ��SURFHVVLQJ��PDUNHWLQJ��WUDQVSRUWD�
WLRQ��DQG�FRQVXPSWLRQ�RI�ELRORJLFDOO\�GHULYHG�SURGXFWV��DQG�DOO�WKH�SURGXFWV�JHQHUDWHG�
IURP�WKH�LQYROYHPHQW�RI�ELRWHFKQRORJ\�



7KH�PDLQ�FRQFHUQ�RI�GHYHORSLQJ�D�ELR�HFRQRP\�LV�WKH�HQYLURQPHQWDO�GDPDJH�FDXVHG�
WKURXJK�DQ\�XQGHVLUDEOH�RXWSXW�SURGXFHG�E\�LWV�DFWLYLWLHV��7R�HQVXUH�VXVWDLQDEOH�GHYHO�
RSPHQW�LQ�LWV�GXDO�GLPHQVLRQV��WHFKQRORJLFDO�SURJUHVV�DQG�HQYLURQPHQWDO�SURWHFWLRQ���
WKLV�VKRXOG�EH�FRQVLGHUHG�WKURXJK�DGGUHVVLQJ�JUHHQ�SURGXFWLYLW\�LVVXHV�WR�HQVXUH�WKH�
ULJKW�RI�IRUWKFRPLQJ�JHQHUDWLRQV�WR�HQMR\�D�EHWWHU�VWDQGDUG�RI�OLYLQJ�DQG�ZHOOEHLQJ�

,Q�WKLV�UHVSHFW��LW�KDV�EHHQ�PHQWLRQHG�LQ�86�1DWLRQDO�%LR�HFRQRP\�%OXHSULQW��:KLWH�
+RXVH���������IURP�FOHDQ�DLU�DQG�ZDWHU��WR�DEXQGDQW�IRRG�DQG�UDZ�PDWHULDOV�IRU�PXFK�

,Q DGGLWLRQ��WKH�ZHOO�EHLQJ�RI�WKH�OLYLQJ�ZRUOG�DQG�LWV�DELOLW\�WR�SURYLGH�VXVWDLQDEOH�
�

PHQWDO�NQRZOHGJH��%DVLF�DQG�DSSOLHG�ELRORJLFDO�UHVHDUFK�KDV�WKH�SRWHQWLDO�RI�SURGXFLQJ�
D�ZKROH�JHQHUDWLRQ�RI�WKH�QHZ�NQRZOHGJH�DQG�WHFKQRORJLHV�QHHGHG�WR�XQGHUVWDQG�KRZ�
WKH� OLYLQJ�ZRUOG�IXQFWLRQV��WR�PRQLWRU�DQG�PLWLJDWH�KXPDQ�LPSDFW��DQG�WR�GHYHORS�
LQIRUPHG�DSSURDFKHV�WR�XVH�DQG�UHVWRUH�HQYLURQPHQWV�

,W�VKRXOG�EH�QRWHG�WKDW�PRGHUQ�ELRWHFKQRORJ\�LV�PDNLQJ�LQURDGV�LQWR�HQYLURQPHQWDO�
PDQDJHPHQW� DQG� UHVWRUDWLRQ�RI� UHVRXUFHV� WR�HQVXUH� WKH� ULJKW� RI� IRUWKFRPLQJ� JHQ�

0LFURRUJDQLVPV�DQG�WKHLU�FRQVWLWXHQWV�DUH�EHLQJ�XVHG�WR�ZDVK� LQGXVWULDO�ZDVWH�DQG�
FOHDQ�HFRV\VWHPV�FRQWDPLQDWHG�E\�HQYLURQPHQWDOO\�KRVWLOH�SUDFWLFHV��,Q�DGGLWLRQ��WKH�

KHDOWK\�� IXQFWLRQLQJ� HFRV\VWHPV� LQ� KHDYLO\� GHJUDGHG� DUHDV�� ,W�PD\� DOVR� XOWLPDWHO\�
SHUPLW�PLWLJDWLRQ�RI�VRPH�RI�WKH�HIIHFWV�RI�FOLPDWH�FKDQJH�E\�DOORZLQJ�WKH�GHVLJQ�
RI�HFRV\VWHPV�ZLWK�EHWWHU�FDSDFLW\� IRU� UHPRYLQJ�FDUERQ� IURP�WKH�DWPRVSKHUH�DQG�

DV�WH[WLOHV�DQG�SDSHU�KDYH�PRYHG�WRZDUGV�ELR�EDVHG�SURGXFWV�DQG�DZD\�IURP�XVH�RI�
SHWURFKHPLFDO�SURGXFWV�IRU�ERWK�PDQXIDFWXULQJ�DQG�FOHDQ�XS��WKH\�QRZ�XVH�PLFUR�
RUJDQLVPV�RU�ELRORJLFDOO\�GHULYHG�LQGXVWULDO�HQ]\PHV�WKDW�DUH�PRUH�HQYLURQPHQWDOO\�
IULHQGO\�DQG�FRVW�HIIHFWLYH�

0RUHRYHU��ELRWHFKQRORJ\�KHOSV�WR�PRYH�IURP�WUDGLWLRQDO�SODQW�EUHHGLQJ�WR�V\QWKHWLF�
ELRORJ\��D�UDQJH�RI�SURGXFWV�IURP�ELRIXHOV�WR�PHGLFDO�WUHDWPHQWV�DQG�SHWUROHXP�UH�

RI�ELRORJLFDO�RUJDQLVPV��DQG�WKH�FRQVWUXFWLRQ�DQG�XVH�RI�RUJDQLVPV�WKDW�DUH�QRW�IRXQG�
LQ�QDWXUH��FDUU\�SRWHQWLDO�VDIHW\�DQG�VHFXULW\�ULVNV� LI�PLVXVHG��7KHVH�QHHG�D�UDQJH�
RI�FRQVLGHUDWLRQV�IRU�UHVSRQVLEOH�FRQGXFW��LQFOXGLQJ�HWKLFV��UHVSRQVLEOH�XVH��DQG�HQ�
YLURQPHQWDO� DZDUHQHVV�� )LQDOO\�� WKHVH� DGYDQFHV� LQFUHDVH� YLWDO� HWKLFDO� DQG� VHFXULW\�
LVVXHV�WKDW�DUH�DOVR�WRS�SULRULWLHV�IRU�WKH�86�DGPLQLVWUDWLRQ��DQG�RWKHU�FRXQWULHV�ZKR�
DUH�LQWHUHVWHG�LQ�LPSOHPHQWLQJ�D�ELR�HFRQRP\�



,W�VKRXOG�EH�UHFDOOHG�WKDW�WKH�ELR�HFRQRP\�LV�FHQWUHG�RQ�5HVHDUFK�DQG�'HYHORSPHQW�
�5	'��FROODERUDWLRQV�DFURVV�GLIIHUHQW�VHFWRUV��DQG�WKH�SXEOLF�DQG�SULYDWH�VHFWRU��LQ�RU�
GHU�WR�EUHDN�WKURXJK�ZLWK�QHZ�SURGXFWV��7KLV�ZLOO�EH�GRQH�WKURXJK�LQYHQWLRQ�DQG�LQQR�

EDVHG�RQ�WHFKQRORJLFDO�SURJUHVV��WKLV�ZRXOG�PDNH�WKH�GLIIHUHQFH�LQ�JHQHUDWLQJ�DQG�
FRS\LQJ�ELR�HFRQRP\�SURGXFWV��,Q�WKLV�UHJDUG��DV�VWDWHG�LQ�WKH�86�1DWLRQDO�%LR�HFRQ�
RP\�%OXHSULQW��QRQ�WUDGLWLRQDO�UHVHDUFK�FROODERUDWLRQV�WKDW�IHDWXUH�WKH�VKDULQJ�RI�LQ�
IRUPDWLRQ��UHVRXUFHV��DQG�FDSDELOLWLHV�DUH�WUDQVIRUPLQJ�WKH�ELR�HFRQRP\�WRZDUGV�QHZ�
GLVFRYHULHV��1HZ�FROODERUDWLRQV�DQG�VPDUW�SDUWQHUVKLSV�EHWZHHQ�SXEOLF�DQG�SULYDWH�
VHFWRUV� WKDW� DUH� FRQVLGHUHG� WR�EH�SUHFRPSHWLWLYH� FROODERUDWLRQV��ZKHUH�´FRPSHWL�
WRUVµ�SDUWQHU�DQG�SRRO�UHVRXUFHV��DUH�JURZLQJ�DV�SDUWQHUV�VHHN�QHZ�ZD\V�WR�OHYHUDJH�
FRQVWUDLQHG�UHVRXUFHV�DQG�VXUPRXQW�VKDUHG�SUREOHPV��0HDQZKLOH��VPDUW�SDUWQHUVKLSV�
IRU� LQQRYDWLRQ� DUH� LQFUHDVLQJO\� REVHUYHG� DV� D� UHVSRQVH� WR� FKDQJLQJ� HFRQRPLF� DQG�
WHFKQRORJLFDO�FRQGLWLRQV�DURXQG�WKH�JOREH�

)RU�H[DPSOH�� LQ� WKH�DJULFXOWXUH� VHFWRU��DV� WKH�SXEOLF�DQG�SULYDWH� VHFWRUV�SXUVXH�
LQFUHDVHG�LQIRUPDWLRQ�IRU�WKH�ELR�HFRQRP\�RQ�SRWHQWLDO�FURS�FKDUDFWHULVWLFV��WKHUH�LV�
LQFUHDVHG�VKDULQJ�RI�WKDW�LQIRUPDWLRQ��7KLV�VKDULQJ�RI�JHQHWLF�LQIRUPDWLRQ�LV�KDSSHQ�
LQJ��ERWK�GRPHVWLFDOO\�DQG�LQWHUQDWLRQDOO\��LQ�RUGHU�WR�GHYHORS�QHZ�SURGXFWV�EDVHG�RQ�

,Q�WKLV�UHVSHFW��WKH�VKDULQJ�RI�JHQHWLF�LQIRUPDWLRQ�HQKDQFHV�86�DJULFXOWXUDO�FRPSHWL�
WLYHQHVV�IRU�IRRG��HQHUJ\��FKHPLFDO�SURGXFWLRQ�LQ�SODQWV��DQG�RWKHU�ELR�EDVHG�SURGXFW�
FURS�VSHFLHV�DURXQG�WKH�JOREH�

)LQDOO\�� LQ� WKH� KHDOWK� VHFWRU�� SUHFRPSHWLWLYH� FROODERUDWLRQV� DQG� VPDUW� SDUWQHU�

5	'�KDV�FRQWULEXWHG�WR�WKLV�WUDQVIRUPDWLYH�SURJUHVV��GHVSLWH�PDMRU�FKDOOHQJHV�VXFK�
DV�LQFUHDVHG�PDQDJHPHQW�FRVWV�GXH�WR�LQWHU�FROODERUDWLRQV�DQG�VPDUW�SDUWQHUVKLSV��

ORFDOO\�DQG�DURXQG�WKH�JOREH�

,W�LV�YHU\�LPSRUWDQW�WR�VWDWH�WKDW�IRU�WKH�ELR�HFRQRP\�WR�EH�FRPSUHKHQGHG�DQG�SODFHG�
LQ�SUDFWLFH��LW�VKRXOG�KDYH�D�ZHOO�GHYHORSHG�UHJXODWRU\�IUDPHZRUN�DV�D�SODWIRUP�LQ�
RUGHU�WR�EH�UXQ�DQG�ZRUN�VPRRWKO\��7KLV�LV�WR�RYHUFRPH�DOO�WKH�SUREOHPV�DVVRFLDWHG�
ZLWK�ELR�HFRQRP\�DFWLYDWHV�GHYHORSPHQW�DV�QHZ�SKHQRPHQD��,Q�WKLV�UHVSHFW��WKH�86�
1DWLRQDO�%LR�HFRQRP\�%OXHSULQW��:KLWH�+RXVH��������VWDWHG�WKDW�GHYHORSLQJ�UHJXOD�
WLRQV�LV�H[WUHPHO\�LPSRUWDQW�IRU�SURWHFWLQJ�KXPDQ�KHDOWK�DQG�WKH�HQYLURQPHQW��7KH�
UHJXODWLRQV�ZRXOG�DOVR� UHGXFH� WKH� VDIHW\�DQG� VHFXULW\� ULVNV�DVVRFLDWHG�ZLWK�SRWHQ�

EURXJKW�E\�ELRWHFKQRORJ\�GLVFRYHULHV��:KHQ�QHZ�ODZV�DUH�QRW�FDUHIXOO\�FUHDWHG�RU�



EHFRPH�REVROHWH��KRZHYHU��WKH\�FDQ�EHFRPH�EDUULHUV�WR�LQQRYDWLRQ�DQG�PDUNHW�H[�
SDQVLRQ��,I�QHZ�ODZV�DUH�QRW�GHYHORSHG�WR�RYHUFRPH�WKH�SUREOHPV�EURXJKW�E\�QHZ�
ELR�HFRQRP\�DFWLYLWLHV��WKLV�FRXOG�GLVFRXUDJH�WKH�LQYHVWPHQW�WKDW�LV�YHU\�LPSRUWDQW�
WR�WKH�ELR�HFRQRP\�

,W�VKRXOG�EH�QRWHG�WKDW�3HOOHJULQL��������H[SODLQHG�WKDW�WKH�UHJXODWRU\�IUDPHZRUNV�

SURFHGXUHV�WKH\�IROORZ�WR�GHDO�ZLWK�ZKDW�WKH\�FRQVLGHU�WR�EH�ULVNV��7KHVH�ULVNV�DUH�
EDVHG�RQ�WKH�FRQFHSW�RI�ELR�HFRQRP\�DQG�DUH�WKH�FRQVLGHUHG�WKH�VDPH�DV�F\EHUFULPHV�
EURXJKW�DERXW�E\�WKH�GLJLWDO�RU�NQRZOHGJH�HFRQRPLHV��7KH�8QLWHG�6WDWHV�DQG�(XURSH�
KDYH�VWXGLHG�VRPH�RI�WKHVH�GLIIHUHQFHV��KRZHYHU��RWKHU�FRXQWULHV�ZKR�KDYH�GHYHO�
RSHG�WKHLU�HFRQRPLHV�EDVHG�RQ�ELR�HFRQRP\�KDYH�RWKHU�VFHQDULRV�DQG�VXEMHFWV�WKDW�
PD\�DOVR�EH�LQYROYHG�LQ�WKH�QHZ�IUDPHZRUNV��,Q�WKLV�UHVSHFW��$UJHQWLQD�KDV�RQH�RI�WKH�

PDMRU�ODQG�DUHDV�KDYH�EHHQ�GHYRWHG�WR�WUDQVJHQLF�DJULFXOWXUH�LQ�$UJHQWLQD��1HYHUWKH�

KDYH�VHYHUDO�GLIIHUHQFHV�IURP�VRPH�LQWHUQDWLRQDO�UHJXODWRU\�SROLFLHV��7KHVH�LQFOXGH�D�
SUHFDXWLRQDU\�DSSURDFK��WKH�&DUWDJHQD�3URWRFRO�RQ�%LRVDIHW\�DQG�WKH�ODEHOOLQJ�RI�IRRG�
GHULYHG�IURP�*0�FURSV��:KHQ�FRPSDUHG�ZLWK�(XURSH��DQG�VKRZLQJ�KRZ�FRPPHUFLDO�
LQWHUHVWV� LQ�DJULFXOWXUH�PD\�H[SODLQ�HDFK�UHJXODWRU\�DSSURDFK��WKH�*02�UHJXODWRU\�
IUDPHZRUN�LQ�$UJHQWLQD�VKRXOG�EH�DQDO\VHG�LQ�RUGHU�WR�XQGHUVWDQG�WKLV�SRVLWLRQ�

)XUWKHUPRUH��&KDQGOHU�DQG�5RVHQWKDO��������VWDWHG�WKDW�,QWHOOHFWXDO�3URSHUW\��,3��

�*02V���7KHVH�VKRXOG�EH�YLHZHG�LQ�GLIIHUHQW�ZD\V�LQ�RUGHU�WR�SURGXFH�D�FRPPRQ�,3�WR�
EH�XVHG�E\�DOO�WKH�FRXQWULHV��WKLV�ZRXOG�EH�VLPLODU�WR�WKDW�DJUHHG�E\�WKH�:RUOG�7UDGH�

EH�GRQH�ZLWK�*02V�E\�RSHQO\�VSHFLI\LQJ�SURFHGXUHV�WKDW�FRQQHFW�WKHLU�XWLOLVDWLRQ��
HYDOXDWLRQ�DQG�DVVXPSWLRQ�

+RZHYHU��XVXDOO\�DW�D�PRUH�XQGHUVWRRG�OHYHO��HDFK�UHJXODWRU\�IUDPHZRUN�DOVR�UH�
�

LV�EDVHG�RQ�5	'�DFWLYLWLHV�WKDW�VKRXOG�EH�SURWHFWHG�ZLWK�QHZ�UXOHV�WKDW�VKRXOG�EH�
GHYHORSHG�EDVHG�RQ�ELR�HFRQRP\�UHDOLW\�

7KHVH�UHJXODWRU\�IUDPHZRUNV�PD\�GLYHUJH�EHWZHHQ�FRXQWULHV��EXW�WKH�VWXG\�RI�WKLV�
GLYHUVLW\� RI� UHJXODWRU\� VW\OHV� LV� FRQFHQWUDWHG�PDLQO\� LQ� WKH� UHJXODWRU\� IUDPHZRUNV�
RI�WKH�8QLWHG�6WDWHV�DQG�(XURSH��'XQORS��������9RJHO��������9RJHO�DQG�/\QFK��������
3UDNDVK�DQG�.ROOPDQ��������-DPHV���������%RWK�JUHDW�SRZHUV�KDYH�VWUXJJOHG�LQ�LQWHU�
QDWLRQDO�IRUD�WR�LPSRVH�WKHLU�SRVLWLRQ��0HDQZKLOH��WKH�ULYDOU\�EHWZHHQ�WKHP�KDV�EHHQ�
DQDO\VHG�E\�'DQLHO�'UH]QHU��ZKR�VKRZV�WKH�*02�IULHQGO\�UHJXODWLRQV�VXVWDLQHG�E\�WKH�
8QLWHG�6WDWHV��DQG�WKH�SURPRWLRQ�RI�WKH�SUHFDXWLRQDU\�SULQFLSOH�DQG�WKH�UHVLVWDQFH�WR�
*02V�E\�WKH�(XURSHDQ�8QLRQ��2Q�RFFDVLRQ��WKH�OREE\LQJ�WKH\�KDYH�GLVSOD\HG�WR�UHFUXLW�



RWKHU�FRXQWULHV�KDV�EHHQ�QRWDEOH��DV�WKH�FDVH�ZKHQ�=DPELD�ZDV�FRQIURQWLQJ�D�GURXJKW�

DJULFXOWXUDO�H[SRUWV�ZRXOG�EH�EORFNHG�IURP�WKH�(XURSHDQ�8QLRQ�LI�LW�VKRZHG�LWVHOI�WR�
EH�SHUPLVVLYH�RI�*0�SURGXFWV��'UH]QHU��������3DDUOEHUJ��������&OHDYHU�HW�DO���������

7KH�PDLQ�SXUSRVH�RI�WKLV�SDSHU�LV�WR�VKRZ�WKDW�ELRWHFK�UHJXODWRU\�SROLFLHV�FDQQRW�
EH�XQGHUVWRRG�DV�D�PDWWHU�RI�SUHIHUHQFH�EHWZHHQ�VWDQGDUGV��EXW�WKDW�GLYHUVH�LQWHU�
HVWV�DUH�LQYROYHG��7KH�UHJXODWRU\�IUDPHZRUN�VKRXOG�EH�GHYHORSHG�EDVHG�RQ�FRPELQHG�
UHJXODWRU\� IUDPHZRUNV� IURP�DOO� WKH�FRXQWULHV� WKDW�DUH�GHYHORSLQJ�ELR�HFRQRP\�DF�
WLYLWLHV��7KLV�VKRXOG�EH�VHHQ�DV�D�FRPPRQ�JURXQG�WR�EH�XVHG�DURXQG�WKH�JOREH�DQG�
DFFHSWHG�E\�DOO�FRXQWULHV�DV�D�OHJDO�IUDPHZRUN�WR�RYHUFRPH�DOO�WKH�LVVXHV�DVVRFLDWHG�
ZLWK�ELR�HFRQRP\�SURGXFWV��1HYHUWKHOHVV��QRW�DOO� UHJXODWRU\�SROLFLHV�RQ�*02V�PD\�
EH�H[SODLQHG�DV�D�PHUH�IROORZHU�RI�RQH�RU�WKH�RWKHU�EORF��,Q�VKRXOG�PHQWLRQHG�WKDW�

EHHQ�DVVRFLDWHG�IRU�VRPH�LVVXHV�ZLWK�WKRVH�RI�WKH�8QLWHG�6WDWHV��KRZHYHU��WKH\�DOVR�
GLIIHU�RQ�PDQ\�LVVXHV�

7KLV�SDSHU�UHYLHZV�WKH�VWXGLHV�XQGHUWDNHQ�RQ�ELR�HFRQRP\�LVVXHV�DURXQG�WKH�JOREH��
VHYHUDO� PHWKRGV� KDYH� EHHQ� XVHG� WR� PHDVXUH� ELR�HFRQRP\� LVVXHV�� 7KHVH� LQFOXGH�
GHVFULSWLYH�DQDO\VLV��QRQ�SDUDPHWULF�DQDO\VLV��VXFK�DV�'DWD�(QYHORSH�$QDO\VLV��'($���

�
\VLV�EDVHG�RQ�D�FRPELQHG�PHWKRG�RI�SDUDPHWULF�DQDO\VLV��7KLV�PHWKRG�FRPELQHV�ERWK�
JURZWK� DFFRXQWLQJ�� WKDW� LV� QRQ�SDUDPHWULF�� DQG� HFRQRPHWULF� DQG� QRQ�SDUDPHWULF�

VWHS�SOXJV�WKHVH�SDUDPHWHUV�LQWR�WKH�PRGHO�WR�FDOFXODWH�WKH�SURGXFWLYLW\�LQGLFDWRUV��
,Q�WKLV�UHVSHFW��WKUHH�YDULDWLRQ�PRGHOV�ZLOO�EH�XVHG��H[WHQVLYH�JURZWK��DQG�LQWHQVLYH�
JURZWK�ODERXU�SURGXFWLYLW\�DQG�FDSLWDO�SURGXFWLYLW\��DV�H[SODLQHG�E\�$KPHG��������

WKDW�FDVW�GRXEWV�RQ�WKH�UHVXOWV�JHQHUDWHG�

7KH�SURGXFWLRQ�IXQFWLRQ�IRU�DQ�HFRQRP\�FDQ�EH�UHSUHVHQWHG�DV�IROORZV�

*'3W�L�)�.W�L��/WL��%,2W�L��7W�L� ���

ZKHUH�&RXQWU\�L�������� � � LQ�<HDUV�W��RXWSXW�UHDO�*URVV�'HPRWLF�3URGXFW��*'3��LV�D�

ELRWHFKQRORJ\��DQG� WLPH�7�� WKDW�SUR[LHV� IRU�7)3�DV�D� WHFKQRORJLFDO�SURJUHVV�RI� WKH�
HFRQRPLHV�



([WHQVLYH�JURZWK�WKHRU\

7KLV�VXEVHFWLRQ�SUHVHQWV�WKH�H[WHQVLYH�JURZWK�WKHRU\�EDVHG�RQ�*URVV�'RPHVWLF�3URG�
XFW��*'3��WKDW�LV�GHFRPSRVHG�LQWR�SK\VLFDO�FDSLWDO��HPSOR\PHQW�DQG�ELR��7KH�SUHVHQW�
VWXG\�DWWHPSWV�WR�FORVH�WKLV�JDS�E\�GHYHORSLQJ�WKLV�PRGHO�LQWR�D�SDUDPHWULF�PRGHO��

���

ZKHUH

LV�WKH�RXWSXW�HODVWLFLW\�ZLWK�UHVSHFW�WR�FDSLWDO

LV�WKH�RXWSXW�HODVWLFLW\�ZLWK�UHVSHFW�WR�ODERXU

LV�WKH�RXWSXW�HODVWLFLW\�ZLWK�UHVSHFW�WR�%LRWHFKQRORJ\

D LV�WKH�LQWHUFHSW�RU�FRQVWDQW�RI�WKH�PRGHO�

LV�WKH�UHVLGXDO�WHUP��OQ�LV�WKH�ORJDULWKP�WR�WUDQVIRUP�WKH�YDULDEOHV�

�
WLYLW\�JURZWK�LQGLFDWRUV��D�VHFRQG�VWHS�ZDV�SURSRVHG��7KLV�VWHS�FDOFXODWHV�WKH�JURZWK�

��� ZKHUH�WKH�ZHLJKWV�DUH�
JLYHQ�E\�WKH�DYHUDJH�YDOXH�VKDUHV�DV�IROORZV�

OQ*'3LW LV�WKH�JURZWK�UDWH�RI�RXWSXW�

� OQ.LW

� OQ/LW LV�WKH�FRQWULEXWLRQ�RI�WKH�DJJUHJDWH�ODERXU

� OQ%,2LW LV�WKH�FRQWULEXWLRQ�RI�WKH�%LRWHFKQRORJ\

OQ7)3LW LV�WKH�WRWDO�IDFWRU�SURGXFWLYLW\�JURZWK

7KH�IUDPHZRUN�GHFRPSRVHV�WKH�JURZWK�UDWH�RI�*'3�LQWR�WKH�FRQWULEXWLRQV�RI�WKH�UDWHV�
RI�JURZWK�RI�WKH�DJJUHJDWH�SK\VLFDO�FDSLWDO��ODERXU�DQG�ELRWHFKQRORJ\��SOXV�D�UHVLGXDO�
WHUP�W\SLFDOO\�UHIHUUHG�WR�DV�WKH�JURZWK�UDWH�RI�7)3�

�7KH�LQWHUFHSW�WHUP��DV�XVXDO��JLYHV�WKH�PHDQ�RU�DYHUDJH�HIIHFW�RQ�GHSHQGHQW�YDULDEOHV�RI�DOO�WKH�
YDULDEOHV�H[FOXGHG�IURP�WKH�PRGHO�
�7KH�UHVLGXDO�WHUP�SUR[LHV�IRU�WKH�WRWDO�IDFWRU�SURGXFWLYLW\�JURZWK�WKDW�DFFRXQWV�IRU�WKH�WHFKQRORJLFDO�



,QWHQVLYH�JURZWK�WKHRU\��/DERXU�SURGXFWLYLW\�

7KLV� VXEVHFWLRQ� GHPRQVWUDWHV� WKH� GHFRPSRVLWLRQ� RI� ODERXU� SURGXFWLYLW\� LQWR� FDSLWDO�
GHHSHQLQJ�� LQFUHDVHG� XVDJH� RI� ELRWHFKQRORJ\� SHU� XQLW� RI� ODERXU��0RUHRYHU�� IROORZLQJ�
'ROODU�DQG�6RNRORII���������:RQJ���������)HOLSH��������DQG�$KPHG������D���ZKHQ�FRQ�
VWDQW�UHWXUQV� ��� �

���

+RZHYHU��WKHUH�DUH�WZR�RSWLRQV�IRU�GLYLGLQJ�WKH�YDULDEOHV�E\�/�

��
DV��OQ�*'3�/�7�D� OQ�.�/�7� OQ�%,2�/�7

7KLV�ZLOO�QRW�EH�XVHG�LQ�WKLV�VWXG\�

�� 'LYLGLQJ�WKH�YDULDEOHV�E\�/�GXULQJ�WKH�DQDO\VLV�WKURXJK�SURJUDPPLQJ�WKH�YDULDEOHV�WKDW�ZLOO�
EH�XVHG�LQ�WKLV�VWXG\��DV�IROORZV�

7KH�RXWSXW�HODVWLFLW\�LV�FDOFXODWHG�ZLWK�UHVSHFW�WR�FDSLWDO�GHHSHQLQJ�DQG�ELRWHFKQROR�
J\�LQWHQVLW\��L�H�� � �� ��DQG� � �� ���UHVSHFWLYHO\��7KDW�KDV�IROORZHG�'ROODU�DQG�
6RNRORII��������DQG�$KPHG������D���7KH�SURGXFWLRQ�IXQFWLRQ�FDQ�EH�LQ�WKH�IRUP�

���

7KHQ��LW�IROORZV�WKDW�

OQ�*'3�/�W�L�LV�WKH�ODERXU�SURGXFWLYLW\�FRQWULEXWLRQ��RXWSXW�SHU�ZRUNGHU�

LV�WKH�FRQWULEXWLRQ�RI�WKH�FDSLWDO�GHHSHQLQJ

LV�WKH�FRQWULEXWLRQ�RI�WKH�ELRWHFKQRORJ\�LQWHQVLW\

W�L�LV�WKH�UHVLGXDO�WHUP�WKDW�SUR[LHV�IRU�7)3�LQWHQVLW\�JURZWK�� OQ�7)3�/�W�L�

LV�WKH�GLIIHUHQFH�RSHUDWRU�GHQRWLQJ�SURSRUWLDQWH�FKDQJH�UDWH

7KH�LQWHUFHSW��D��KDV�QR�SRVLWLRQ�LQ�WKH�FDOFXODWLRQ�RI�WKH�SURGXFWLYLW\�JURZWK�UDWH�LQGL�
FDWRUV��WKHUHIRUH�LW�EHFRPHV�

���

ZKHUH� �DQG� �GHQRWH�WKH�VKDUHV�RI�FDSLWDO�GHHSHQLQJ��ELRWHFKQRORJ\�LQWHQVLW\�DQG��7)�
3�/���LV�WKH�WUDQVORJ�LQGH[�RI�7)3�LQWHQVLW\�JURZWK�



7R�FDOFXODWH�WKH�DYHUDJH�DQQXDO�JURZWK�UDWH�RI�WKH�7)3�LQWHQVLW\��DV�ZHOO�DV�RI�RWKHU�

@@ ���

FRQWULEXWLRQV�RI�FDSLWDO�GHHSHQLQJ��LQFUHDVLQJ�XVDJH�RI�ELRWHFKQRORJ\�LQWHQVLW\��DQG�

XQLW�RI�ODERXU��LQWHQVLW\��FRQWULEXWLRQ�

,QWHQVLYH�JURZWK�WKHRU\��&DSLWDO�SURGXFWLYLW\�

,Q�WKLV�VXEVHFWLRQ��WKH�FDSLWDO�SURGXFWLYLW\�GHFRPSRVLWLRQ�LQWR�ODERXU�DQG�ELRWHFKQRO�
RJ\�SHU�XQLW�RI�FDSLWDO�LV�SUHVHQWHG�$KPHG���������:KHQ�FRQVWDQW�UHWXUQV� ��� � ��

���

E\�.� �FDSLWDO� LQSXW��DQG� WKHQ� WKH�RXWSXW�HODVWLFLW\�ZDV�FDOFXODWHG�ZLWK� UHVSHFW� WR�
ODERXU GHHSHQLQJ��%LRWHFKQRORJ\�SHU� FDSLWDO� �LQWHQVLW\��� L�H�� � �� ��� � �� ���
UHVSHFWLYHO\��$FFRUGLQJ�WR�$KPHG���������WKH�SURGXFWLRQ�IXQFWLRQ�FDQ�EH�LQ�WKH�IRUP�

���

7KHQ��LW�IROORZV�WKDW�

OQ�*'3�.�W�L LV�WKH�FDSLWDO�SURGXFWLYLW\�FRQWULEXWLRQ��RXWSXW�SHU�FDSLWDO�

LV�WKH�FRQWULEXWLRQ�RI�WKH�ODERXU�GHHSHQLQJ��ODERXU�SHU�XQLW�RI�FDSLWDO�

LV�WKH�FRQWULEXWLRQ�RI�WKH�%LRWHFKQRORJ\�LQWHQVLW\��%,2�SHU�XQLW�RI�FDSLWDO�

W�L�LV�WKH�UHVLGXDO�WHUP�WKDW�SUR[LHV�IRU�7)3�LQWHQVLW\��7)3�SHU�XQLW�RI�FDSLWDO��JURZWK

� OQ�7)3�.�W�L�

LV�WKH�GLIIHUHQFH�RSHUDWRU�GHQRWLQJ�SURSRUWLDQWH�FKDQJH�UDWH�

7KH�LQWHUFHSW��D��KDV�QR�SRVLWLRQ�LQ�WKH�FDOFXODWLRQ�RI�WKH�SURGXFWLYLW\�JURZWK�UDWH�
LQGLFDWRUV��WKHUHIRUH�LW�EHFRPHV�

����

:KHUH� �DQG� �GHQRWH�WKH�VKDUHV�RI�ODERXU�SHU�XQLW�RI�FDSLWDO��ELRWHFKQRORJ\�SHU�XQLW�
RI�FDSLWDO�DQG��7)3�.���LV�WKH�WUDQVORJ�LQGH[�RI�7)3�SHU�XQLW�RI�FDSLWDO�JURZWK�



7R�FDOFXODWH�WKH�DYHUDJH�DQQXDO�JURZWK�UDWH�RI�WKH�7)3�SHU�XQLW�RI�FDSLWDO��DV�ZHOO�DV�

����

WKH�FRQWULEXWLRQV�RI�ODERXU�SHU�XQLW�RI�FDSLWDO��LQFUHDVLQJ�XVDJH�RI�ELRWHFKQRORJ\�SHU�
XQLW�RI�FDSLWDO��DQG�7)3�SHU�XQLW�RI�FDSLWDO�FRQWULEXWLRQ�

�
WXULQJ� VHFWRU�� LW� LV� DVVXPHG� WKDW� WKH� XVDJH� RI� ,&7� LQ� WKH�0DOD\VLDQ�PDQXIDFWXULQJ�
SURFHVV�LV�LQFUHDVLQJ�IURP�\HDU�WR�\HDU�LQ�WKH�IRUP�RI�D�JHRPHWULF�SURJUHVVLRQ�GXH�WR�

WHUP�LV�U�WLPHV�ODUJHU�WKDQ�WKH�SUHYLRXV�WHUP��U�LV�NQRZQ�DV�WKH�FRPPRQ�UDWLR�RI�WKH�
Q U�LV�

WKH�FRPPRQ�UDWLR��LV�

DUQ��

7KH�JHRPHWULF�SURJUHVVLRQ�RI�WKLV�VWXG\�WR�PHDVXUH�WKH�GDWD�RI�,&7�XVHG�LQ�WKH�PDQX�

������DQG�WKH�FRPPRQ�UDWLR�LV��������������� � ��������������LQ������

7KLV�DVVXPSWLRQ�FDQ�EH�XVHG�WR�JHQHUDWH�GXPP\�GDWD�IRU�ELRWHFKQRORJ\�DV�WKHUH�
LV�QR�FOHDU�GDWD�WR�PHDVXUH�LW��&RUUHVSRQGLQJO\��LI�IRXQG�WKDW�ELRWHFKQRORJ\�LQYHVW�
PHQW�LV�D�JRRG�SUR[\�WR�PHDVXUH�ELRWHFKQRORJ\�DFWLYLWLHV��WKLV�LV�WKH�PDLQ�GULYHU�RI�
ELR�HFRQRP\�

2WKHU� YDULDEOHV� VXFK� DV�*'3�� SK\VLFDO� FDSLWDO� DQG� ODERXU�ZLOO� EH� FROOHFWHG� IURP�
:RUOG�'HYHORSPHQW�,QGLFDWRUV�RI�WKH�:RUOG�%DQN�DQG�RWKHU�GDWDEDVHV�

%LR�HFRQRP\�LV�QHZ�VWUHDP�RI�NQRZOHGJH�EDVHG�HFRQRP\�WKDW�H[LVWV�LQ�WKH�QHZ�HUD�
RI�WKH�,QIRUPDWLRQ�DQG�&RPPXQLFDWLRQV�7HFKQRORJ\��,&7��WKDW�SURYLGHG�KDUGZDUH�DQG�
VRIWZDUH�WR�IDFLOLWDWH�HFRQRPLF�DFWLYLWLHV�DURXQG�WKH�JOREH��,Q�DGGLWLRQ�WR�,&7�EHLQJ�D�
GULYHU�RI�WKH�NQRZOHGJH�EDVHG�HFRQRP\��ELR�HFRQRP\�HPHUJHG�EDVHG�RQ�WKH�ELRWHFK�
QRORJ\�UHYROXWLRQ��,W�VKRXOG�EH�QRWHG�WKDW�WKH�ELR�HFRQRP\�UHIHUV�WR�WKH�SURGXFWLRQ�RI�
D�ZLGH�UDQJH�RI�JRRGV�DQG�VHUYLFHV��IURP�SODQW��DQLPDO�DQG�IRUHVW�EDVHG�PDWHULDO��,W�
LV�PRUH�WKDQ�MXVW�JUDLQ�EDVHG�ELR�IXHOV�RU�ELR�GLHVHO�DV�H[WHQVLYHO\�KLJKOLJKWHG�LQ�/DWLQ�
$PHULFD��,W�LV�UHODWHG�WR�ELRWHFKQRORJ\�DQG�RWKHU�ELR�DFWLYLWLHV��EDVHG�RQ�NQRZOHGJH�
JHQHUDWHG� IURP� WKH� ELR� DFWLYLWLHV� DQG� H[WHQVLRQ� RI� WKH� NQRZOHGJH�EDVHG� HFRQRP\�

DFWLYLWLHV�

8QOLNH�/DWLQ�$PHULFDQ�FRXQWULHV�WKDW�QDUURZHG�ELR�HFRQRP\�WR�ELRIXHO�DFWLYLWLHV�



EOXHSULQW�WKDW�H[SODLQHG�WKH�ZLGH�UDQJH�RI�ELR�HFRQRP\�DFWLYLWLHV�OLQNHG�WR�NQRZO�
HGJH�EDVHG�HFRQRP\�DFWLYLWLHV�

7KH�PDLQ�FRQFHUQ�LQ�GHYHORSLQJ�ELR�HFRQRP\�LV�WKH�HQYLURQPHQWDO�GDPDJH�WKURXJK�
WKH�XQGHVLUDEOH�RXWSXW�SURGXFHG�E\�WKH�DFWLYLWLHV�RI�WKH�ELR�HFRQRP\��WKHUH�DUH�DOVR�
KXPDQ�KHDOWK�FRQFHUQV��7R�HQVXUH�WKDW�VXVWDLQDEOH�GHYHORSPHQW�LQ�LWV�GXDO�GLPHQ�
VLRQV��WHFKQRORJLFDO�SURJUHVV�DQG�HQYLURQPHQWDO�SURWHFWLRQ���WKHVH�FRQFHUQV�VKRXOG�
EH�DGGUHVVHG�WKURXJK�DGGUHVVLQJ�JUHHQ�SURGXFWLYLW\�LVVXHV�WR�HQVXUH�WKH�ULJKW�RI�IRUWK�
FRPLQJ�JHQHUDWLRQV�WR�HQMR\�EHWWHU�VWDQGDUGV�RI�OLYLQJ�DQG�ZHOOEHLQJ�

0RUHRYHU��WKH�ELR�HFRQRP\�LV�FHQWUHG�RQ�5HVHDUFK�DQG�'HYHORSPHQW��5	'���VPDUW�
SDUWQHUVKLSV�DQG�FROODERUDWLRQV�DFURVV�GLIIHUHQW�VHFWRUV��DQG�WKH�SXEOLF�DQG�SULYDWH�
VHFWRU��LQ�RUGHU�WR�EUHDN�WKURXJK�QHZ�SURGXFWV�WKURXJK�LQYHQWLRQ�DQG�LQQRYDWLRQ��,Q�
DGGLWLRQ�� IRU� WKH�ELR�HFRQRP\�WR�EH� UHDOLVHG�DQG�SXW� LQ�SUDFWLFH�� LW� VKRXOG�KDYH�D�
ZHOO�GHYHORSHG�DQG�DJUHHDEOH�UHJXODWRU\�IUDPHZRUN�DV�D�SODWIRUP�IRU�WKH�ELR�HFRQR�
P\�WR�EH�UXQ�DQG�ZRUN�VPRRWKO\�WR�RYHUFRPH�DOO�WKH�LVVXHV�DVVRFLDWHG�ZLWK�LWV�SURG�
XFWV�DURXQG�WKH�JOREH�

)LQDOO\�� LQ� WHUPV� RI�PHWKRGRORJ\�� WKLV� SDSHU� KDV� FORVHG� WKH� JDS� LQ� SDVW� VWXGLHV�
XQGHUWDNHQ�LQ�ELR�HFRQRP\�UHVHDUFK�E\�LQWURGXFLQJ�WKUHH�YDULDWLRQ�PRGHOV�WR�PHDVXUH�

HFRQRPHWULF�DQG�JURZWK�DFFRXQW�PHWKRGV�WR�FDOFXODWH�WKH�SDUDPHWHUV�RI�WKH�YDULDEOHV�
LQYROYHG��DQG�SURGXFWLYLW\�LQGLFWRUV�EDVHG�RQ�H[WHQVLYH�JURZWK�WKHRU\�DQG�LQWHQVLYH�
JURZWK�VXFK�DV�ODERXU�SURGXFWLYLW\�DQG�FDSLWDO�SURGXFWLYLW\��7KLV�LV�FRQVLGHUHG�WR�EH�






