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,QWHUHVW�LQ�LQODQG�VDOLQH�DTXDFXOWXUH�LV�LQFUHDVLQJ�LQ�:HVWHUQ�$XVWUDOLD��KRZHYHU�SURGXFWLRQ�DQG
LQYHVWPHQW� OHYHOV�DUH�FKDUDFWHULVWLFDOO\� ORZ��,QODQG�VDOLQH�DTXDFXOWXUH�SUHVHQWV�D�FRQWLQXXP�RI
SURGXFWLRQ� DQG� LQYHVWPHQW� RSWLRQV� IRU� ODQGKROGHUV� DQG� LQYHVWRUV�� IURP� EHLQJ� D� VPDOO�VFDOH�
KREE\�OLNH� UHPHGLDO� XVH� RI� VDOLQLVHG� IDUPODQG� WR� D� QRYHO� DQG� OHJLWLPDWH�DJULFXOWXUDO� LQGXVWU\�
6XFFHVVIXO� SURJUHVV� WRZDUG� WKH� ODWWHU� GHSHQGV�RQ� D�QXPEHU�RI� IDFWRUV�� DSSURSULDWH� SURGXFWLRQ
WHFKQRORJ\�� LGHQWLILFDWLRQ� DQG� HVWDEOLVKPHQW� RI� VXVWDLQDEOH� PDUNHWV�� HVWDEOLVKPHQW� RI
HQYLURQPHQWDOO\� VXVWDLQDEOH� SURGXFWLRQ� V\VWHPV�� DQG� LQGXVWU\� PDQDJHPHQW�� )RU� WKH� QHZ
LQGXVWU\�WR�VXFFHHG��FRQFXUUHQW�JURZWK�LV�UHTXLUHG�DFURVV�DOO�WKHVH�ILHOGV��:H�DUJXH�WKDW�SXEOLF
LQYHVWPHQW�LV�RIWHQ�QHFHVVDU\�WR�DFKLHYH�H[SDQVLRQ�DQG�LOOXVWUDWH�WKLV�ZLWK�H[DPSOHV�IURP�ILQILVK
DTXDFXOWXUH�LQ�LQODQG�:HVWHUQ�$XVWUDOLD�

,1752'8&7,21

3DQQHOO��������SRLQWHG�RXW�WKDW��ZKLOH�FRQVLGHUDEOH�HIIRUW�KDV�JRQH�LQWR�HVWLPDWLQJ�WKH�FRVW�RI
VHFRQGDU\�VDOLQLW\��WKLV�LV�DQ�H[HUFLVH�RI�OLWWOH�SUDFWLFDO�YDOXH��$�PRUH�SURGXFWLYH�DSSURDFK�LV�WR
IRFXV�RQ�WKH�FRVWV�DQG�EHQHILWV�RI�GLIIHUHQW�VWUDWHJLHV�IRU�PDQDJLQJ�VDOLQLW\��7KHVH�VWUDWHJLHV�IDOO
LQWR�WKUHH�EURDG�FDWHJRULHV��SUHYHQWLRQ��DYRLGLQJ�D�IXUWKHU�ZRUVHQLQJ�RI�VDOLQLW\���WUHDWPHQW
�UHSDLULQJ�VDOLQLW\���DQG�DGDSWDWLRQ��OLYLQJ�ZLWK�VDOLQLW\���,Q�:HVWHUQ�$XVWUDOLD�DV�ZLWK�RWKHU
SDUWV�RI�WKH�FRQWLQHQW��WKH�SULPDU\�SUHYHQWDWLYH�WDFWLF�LV�WKH�UHYHJHWDWLRQ�RI�DJULFXOWXUDO�ODQG
ZLWK�WUHHV�DQG�RWKHU�SHUHQQLDO�YHJHWDWLRQ��%DUVRQ�DQG�%DUUHWW�/HQQDUG�������+DWWRQ�DQG�1XOVHQ
�������7KLV�DSSURDFK�KDV�H[SHULHQFHG�PL[HG�VXFFHVV�RQ�WZR�WHOOLQJ�IURQWV��)LUVW��IDUPHUV�KDYH
EHHQ�VORZ�WR�DGRSW�WUHH�SODQWLQJ�EHFDXVH��RQ�WKH�VFDOH�UHTXLUHG�WR�PDNH�D�VXEVWDQWLDO�LPSDFW��LW�LV
FRPSDUDWLYHO\�OHVV�SURILWDEOH�WKDQ�DQQXDO�FURSSLQJ��3DQQHOO��������6HFRQG��WKH�DELOLW\�RI�GHHS�
URRWHG�SHUHQQLDOV�WR�ORZHU�VDOLQH�JURXQGZDWHUV�LV�RIIVHW�E\�WKH�DFFXPXODWLRQ�RI�VDOWV�LQ�WKHLU�URRW
]RQHV��%DUUHWW�/HQQDUG��������(QJLQHHULQJ�VROXWLRQV��VXFK�DV�GHHS�GUDLQDJH��ZKLFK�DLP�WR�WUHDW
VDOLQLVHG�ODQG�DQG�DOORZ�WKH�FRQWLQXDWLRQ�RI�WUDGLWLRQDO�DJULFXOWXUH��DUH�VRPHZKDW�FRQWURYHUVLDO�
EXW�DUH�LQFUHDVLQJO\�UHJDUGHG�DV�D�QHFHVVDU\�FRPSOHPHQW�WR�SUHYHQWLRQ��7KRPDV�DQG
:LOOLDPVRQ�������3DQQHOO��������$V�H[WHQVLYHO\�GRFXPHQWHG�LQ�WKLV�DQG�SUHYLRXV�385�/
FRQIHUHQFHV��WKHUH�LV�DOVR�VWURQJ�LQWHUHVW�DPRQJ�IDUPHUV�LQ�OLYLQJ�ZLWK�VDOLQLW\�E\�PDNLQJ
HFRQRPLF�XVH�RI�VDOLQH�ODQG�DQG�ZDWHU�

:H�EHOLHYH�WKDW�LQODQG�VDOLQH�DTXDFXOWXUH�ZLOO�EH�DQ�HVVHQWLDO�FRPSRQHQW�RI�VDOLQLW\
PDQDJHPHQW�LQ�WKH�IXWXUH��EHFDXVH��XQOLNH�PDQ\�RWKHU�DGDSWDWLRQ�VWUDWHJLHV��LW�FDQ�EH�HIIHFWLYHO\
LQWHJUDWHG�ZLWK�HQJLQHHULQJ�VROXWLRQV�WR�WUHDW�VDOLQLVHG�ODQG��,QODQG�VDOLQH�DTXDFXOWXUH�QHHGV�WR
GHYHORS�LQ�D�PDQQHU�WKDW�ERWK�SUHYHQWV�WKH�IXUWKHU�GHJUDGDWLRQ�RI�DJULFXOWXUDO�ODQG��DQG�SURYLGHV
RSSRUWXQLWLHV�IRU�DQ�DOWHUQDWLYH�DQG�VXVWDLQHG�HFRQRPLF�EDVH�IRU�GHSHQGHQW�UXUDO�FRPPXQLWLHV
�'RXSp�HW�DO���������)RU�WKDW�WR�RFFXU��FRQFXUUHQW�SURJUHVV�LQ�SURGXFWLRQ�WHFKQRORJ\��PDUNHW



GHYHORSPHQW��DQG�HQYLURQPHQWDO�DQG�LQGXVWU\�PDQDJHPHQW�LV�UHTXLUHG��7KLV�SDSHU�VHHNV�WR
GHVFULEH�KRZ�WKDW�PLJKW�KDSSHQ�IRU�LQODQG�:HVWHUQ�$XVWUDOLD�

352'8&7,21�7(&+12/2*<

0DWFKLQJ�:DWHU�5HVRXUFHV�DQG�$TXDFXOWXUH�6SHFLHV

7KH�VDOLQH�JURXQGZDWHU�UHVRXUFHV�RI�WKH�:HVWHUQ�$XVWUDOLDQ�ZKHDWEHOW�DUH�H[WHQVLYH�DQG�FRXOG
VXSSRUW�D�VLJQLILFDQW�LQODQG�VDOLQH�DTXDFXOWXUH�LQGXVWU\��)RU�H[DPSOH��PDQ\�IDUPV�KDYH�DW�OHDVW�D
IHZ�ERUHV�IURP�������P�GHHS�WKDW�\LHOG�EHWZHHQ����DQG����[�����/�G���RI�PRVWO\�VDOLQH�ZDWHU
����������������PJ�/���7'6��VHH�*HRUJH��������DQG�SUXGHQW�SODFHPHQW�RI�ERUHV� LQ�ZKHDWEHOW
YDOOH\�IORRUV�FRXOG�DFKLHYH�GLVFKDUJH�UDWHV�RI�����[�����/�G����*HRUJH��������7KLV�ZDWHU�FRXOG
EH�XVHG�WR�IDUP�DTXDFXOWXUH�VSHFLHV�LQ�PDQ\�GLIIHUHQW�W\SHV�RI�SURGXFWLRQ�V\VWHPV��IRU�H[DPSOH
QDWXUDO� ODNHV� RU� SOD\DV� �*HRUJH� DQG� &ROHPDQ� ������� H[LVWLQJ� VDOLQLVHG� GDPV�� FRQVWUXFWHG
HDUWKHQ� SRQGV�� RU� UHFLUFXODWLQJ� WDQNV�� 7KH� XELTXLWRXV� IDUP� GDP� LV� FXUUHQWO\� WKH� SUHIHUUHG
HQYLURQPHQW�IRU�DTXDFXOWXUH�RQ�VDOW�DIIHFWHG�IDUPODQG�LQ�:HVWHUQ�$XVWUDOLD��6WDUFHYLFK�������
EXW�EHFDXVH�IDUP�GDPV�DUH�PRVWO\�VLWXDWHG�DW�ORZ�HOHYDWLRQV�LQ�WKH�ODQGVFDSH�WR�LQWHUFHSW�VXUIDFH
ZDWHU� UXQ�RII�� WKHLU� UROH� DV� D� ¦ZDWHU� WUDS§� DOVR�PHDQV� WKH\� DUH� KLJKO\� VXVFHSWLEOH� WR� QXWULHQW
HQULFKPHQW��6WDUFHYLFK��������IRXQG�WKDW�IDUP�GDPV�DUH�JHQHUDOO\�QRW�SURWHFWHG�IURP�D�YDULHW\
RI� DJULFXOWXUDO� LQIOXHQFHV� LQFOXGLQJ� DFFHVV� E\� VWRFN�� DQG� H[SRVXUH� WR� IHUWLOL]HUV�� SHVWLFLGHV�
KHUELFLGHV�DQG�RWKHU�IDUP�FKHPLFDOV��DQG�HDFK�FRXOG�FDXVH�SRWHQWLDOO\�GHOHWHULRXV�HIIHFWV�RQ�ILVK
ZHOIDUH�� +RZHYHU�� KH� DOVR� IRXQG� WKDW� IDUP� GDP� QXWULHQW� OHYHOV� GLIIHUHG� VLJQLILFDQWO\� DPRQJ
IDUPV��LQGLFDWLQJ�WKDW�IDUP�PDQDJHPHQW�SUDFWLFHV�FRXOG�LQIOXHQFH�WKH�GHJUHH�RI�HXWURSKLFDWLRQ�
DQG�DOVR�WKH�VXLWDELOLW\�RI�D�SDUWLFXODU�ZDWHU�ERG\�IRU�ILVK�FXOWXUH��7KHUHIRUH��VHOHFWLRQ�RI�GDPV
�RU�SURSRVHG�VLWHV��IRU�ILVK�SURGXFWLRQ�QHHGV�FDUHIXO�FRQVLGHUDWLRQ�RI�WRSRJUDSK\�DQG�H[SRVXUH
WR�DGMDFHQW�IDUP�DFWLYLWLHV�

0DQ\� DTXDWLF� VSHFLHV� LQFOXGLQJ� DOJDHV�� \DEELHV� �&KHUD[� GHVWUXFWRU� DQG�&�� DOELGXV��� DEDORQH
�+DOLRWLV�VSS����UDLQERZ�WURXW��2QFRUK\QFKXV�P\NLVV���EURZQ�WURXW��6DOPR�WUXWWD���VLOYHU�SHUFK
�%LG\DQXV� ELG\DQXV��� EODFN� EUHDP� �$FDQWKRSDJUXV� EXWFKHUL��� SLQN� VQDSSHU� �3DJUXV� DXUDWXV��
.LQJ� *HRUJH� ZKLWLQJ� �6LOODJLQRLGHV� SXQFWDWD��� EDUUDPXQGL� �/DWHV� FDOFDULIHU�� DQG� PXOORZD\
�$UJ\URVRPXV� MDSRQLFXV�� KDYH� EHHQ� SURPRWHG� DV� SRWHQWLDO� FDQGLGDWHV� IRU� LQODQG� VDOLQH
DTXDFXOWXUH��VHH�IRU�H[DPSOH��7UHQGDOO�DQG�3LWPDQ�������,QJUDP�HW�DO���������)RU�PRVW�VSHFLHV�
KRZHYHU��SURGXFWLRQ�WHFKQRORJLHV�DUH�UXGLPHQWDU\��DQG�WKH�QHW�HFRQRPLF�FRQWULEXWLRQ�RI�LQODQG
VDOLQH�DTXDFXOWXUH� WR� WKH�QDWLRQDO� ILVKHU\� VWDWLVWLF� LV� VPDOO� �'RXSp�HW�DO���������0RUHRYHU�� WKH
UHODWLYH�FRPPHUFLDO�YDOXH�RI�DQ\�JLYHQ�VSHFLHV�LV�RIWHQ�EDVHG�RQ�RQO\�VXUYLYDO�UDWHV��DQG�RIWHQ
LJQRUHV�EDVLF�ELRHFRQRPLF�SDUDPHWHUV�UHODWLQJ�LQWHUDFWLRQV�EHWZHHQ�LQSXW�DQG�RXWSXW�SURGXFWLRQ
FRPSRQHQWV� OLNH� IHHG� DQG� JURZWK� RU� \LHOG�� 7KLV� PHDQV� WKDW� WKH� SRWHQWLDO� FRPPHUFLDO
SHUIRUPDQFH�RI�D�VSHFLHV�FRXOG�EH�IXUWKHU�XQGHUHVWLPDWHG�LI�WKH\�DUH�DVVHVVHG�XVLQJ�SURGXFWLRQ
V\VWHPV�WKDW�GR�QRW�UHIOHFW�ZKDW� LV�KDSSHQLQJ�RQ� WKH�IDUP��VXFK�DV�IDUP�GDP�JURZ�RXW��RU� WKH
SRWHQWLDO�IRU�LPSURYLQJ�WKH�SHUIRUPDQFH�RI�SURGXFWLRQ�WUDLWV�XVLQJ�WUDGLWLRQDO�VHOHFWLRQ�SUDFWLFHV�
DUH� LJQRUHG�� %HORZ�� ZH� LOOXVWUDWH� RXU� DUJXPHQW� XVLQJ� H[DPSOHV� IURP� ILQILVK� DTXDFXOWXUH� LQ
LQODQG�:HVWHUQ�$XVWUDOLD�

5DLQERZ�7URXW�1HHG�6XSSOHPHQWDU\�)HHGLQJ

$ERXW����� IDUPHUV�KDYH� VWRFNHG�PRUH� WKDQ�������� UDLQERZ� WURXW� ILQJHUOLQJV� LQWR�D�YDULHW\�RI
ZDWHU�ERGLHV�DFURVV�WKH�ZKHDWEHOW�LQ�WKH�SDVW�IHZ�\HDUV��6WRFNLQJ�UDWHV�DUH�RIWHQ�PXFK�OHVV�WKDQ
��ILVK�P���WKH�JURZLQJ�VHDVRQ�LV�PRVWO\�FRQILQHG�WR�WKH�FRROHU�ZLQWHU�PRQWKV��DQG�SURGXFWLRQ�LV
DERXW����W�DQQXP��6WDUFHYLFK��������,Q�PDQ\�FDVHV������RI�IDUPV���UDLQERZ�WURXW�SURGXFWLRQ�LV



WRWDOO\� UHOLDQW� RQ� WKH� QDWXUDO� IRRG� UHVRXUFHV� DYDLODEOH� ZLWKLQ� WKH� IDUP� GDPV� �H[WHQVLYH
SURGXFWLRQ� V\VWHPV��� KRZHYHU� VXSSOHPHQWDU\� IHHGLQJ�ZLWK� SHOOHWV� �VHPL�LQWHQVLYH� V\VWHPV�� LV
DOVR�SUDFWLFHG�E\�D�QXPEHU�RI� IDUPHUV� �������DQG� OHVV� IUHTXHQWO\� ������ VDOLQH�JURXQGZDWHU� LV
SXPSHG�WKURXJK�FORVHG�UHFLUFXODWLQJ�WDQNV��LQWHQVLYH�V\VWHPV��6WDUFHYLFK��������7KH�SULQFLSDO
TXHVWLRQ��WKHUHIRUH��UHODWHV�WR�WKH�UHODWLYH�\LHOG�REWDLQHG�IURP�WKH�GLIIHUHQW�SURGXFWLRQ�V\VWHPV�
,QWHQVLYH� SURGXFWLRQ� V\VWHPV� LQYROYH� FRQVLGHUDEO\� KLJKHU� IL[HG� �H�J�� PDQDJHPHQW� DQG
LQYHVWPHQW�� DQG�YDULDEOH� �H�J�� VWRFN�� IHHG�� SRZHU� DQG� ODERXU�� RSHUDWLQJ� FRVWV�� DQG� LQWXLWLYHO\�
RQH�PLJKW� H[SHFW� WKDW� JUHDWHU� LQSXWV� LQWR� WKH� ILVK� SURGXFWLRQ� V\VWHP� VKRXOG� UHVXOW� LQ� JUHDWHU
RXWSXWV�� DQG� VR� WKH�PRUH� LQWHQVLYH� WKH� V\VWHP� WKH�KLJKHU� WKH� UHWXUQV��7R� WHVW� WKLV�SURSRVLWLRQ�
/HYHU��������FRPSDUHG�WKH�\LHOG�RI�ILVK�IURP�HDFK�W\SH�RI�V\VWHP�WR�GHWHUPLQH�LI�WKH�LQFUHDVH�LQ
\LHOG� LQ�PRUH� LQWHQVLYH�V\VWHPV�ZDV�VXIILFLHQW� WR�EDODQFH� WKHLU� �DERXW� ILYH�WLPHV��KLJKHU� LQSXW
FRVWV��%ULHIO\�� VWRFNLQJ�GHQVLWLHV� LQ� LQWHQVLYH� V\VWHPV�ZHUH� DERXW� ���� ILVK�P��� FRPSDUHG�ZLWK
DERXW� ����� ILVK�P�� LQ� H[WHQVLYH� DQG� VHPL�LQWHQVLYH� V\VWHPV�� 2YHU� D� W\SLFDO� WURXW� JURZ�RXW
VHDVRQ��ILVK�LQ�H[WHQVLYH�V\VWHPV�JUHZ�DW�OHVV�WKDQ������ERG\�ZHLJKW�GD\����ZKLOH�ILVK�LQ�VHPL�
LQWHQVLYH�DQG�LQWHQVLYH�V\VWHPV�JUHZ�DW�RYHU����ERG\�ZHLJKW�GD\����7DEOH���VKRZV�WKH�LQFUHDVH
LQ� \LHOG� �JUDPV�ILVK�� DW� D� FRQVWDQW� VWRFNLQJ� GHQVLW\� UHTXLUHG� E\� PRUH� LQWHQVLYH� SURGXFWLRQ
V\VWHPV�� WR� EDODQFH� WKHLU� JUHDWHU� FRVW� LQSXWV� DQG� DFKLHYH� DQ� HTXLYDOHQW� SURILW� WR� H[WHQVLYH
V\VWHPV�� 7KH� REVHUYHG� LQFUHDVH� LQ� \LHOG� LQ� VHPL�LQWHQVLYH� V\VWHPV� LV�PRUH� WKDQ� VXIILFLHQW� WR
FRPSHQVDWH� IRU� WKH� H[WUD� FRVWV� LQYROYHG� LQ� WKH� SDUWLDO� IHHGLQJ� RI� ILVK�� ZKHUHDV� WKH� REVHUYHG
LQFUHDVH�LQ�\LHOG�LQ�LQWHQVLYH�V\VWHPV�LV�RQO\�����RI�WKDW�UHTXLUHG�WR�FRPSHQVDWH�IRU�WKH�H[WUD
FRVWV�RYHU�VHPL�LQWHQVLYH�V\VWHPV��DQG�����RI� WKDW� UHTXLUHG� WR�FRPSHQVDWH� IRU� WKH�H[WUD�FRVWV
RYHU�H[WHQVLYH�V\VWHPV�

7DEOH� �� � � &RPSDULVRQ� RI� WKH� GLIIHUHQFH� LQ� \LHOG� �H[SUHVVHG� DV� JUDPV� SHU� ILVK� DW� D� FRQVWDQW
VWRFNLQJ�GHQVLW\��UHTXLUHG�IRU�HTXLYDOHQW�QHW�SURILW�EHWZHHQ�GLIIHUHQW�UDLQERZ�WURXW�SURGXFWLRQ
V\VWHPV�� DQG� WKH�REVHUYHG�GLIIHUHQFH� LQ�\LHOG� DIWHU���PRQWKV�RI� JURZWK�� FDOFXODWHG� IURP� OHDVW
VTXDUH�PHDQV�RI�ILVK�ZHLJKW�

&RPSDULVRQ 'LIIHUHQFH�LQ�\LHOG�UHTXLUHG 'LIIHUHQFH�LQ�\LHOG�REVHUYHG
�J�ILVK� �J�ILVK�

([WHQVLYH�Y��6HPL�LQWHQVLYH ���� ����

([WHQVLYH�Y��,QWHQVLYH ����� �����

6HPL�LQWHQVLYH�Y��,QWHQVLYH ����� ����

7KHVH�SUHOLPLQDU\�UHVXOWV�VKRZ�WKDW�WKH�LPSURYHG�\LHOG�LQ�VHPL�LQWHQVLYH�V\VWHPV�ZDV�VXIILFLHQW
WR� EDODQFH� WKH� H[WUD� FRVWV� LQYROYHG�� EXW� QRW� VR� IRU� LQWHQVLYH� V\VWHPV�� $W� WKLV� VWDJH� RI
GHYHORSPHQW��VHPL�LQWHQVLYH�V\VWHPV�VHHP�WR�SURYLGH�WKH�PRVW�SRWHQWLDO�IRU�SURILWDEOH�IDUPLQJ
RI� WURXW�RYHU�ZLQWHU� LQ� WKH�ZKHDWEHOW��SULPDULO\�EHFDXVH�� �D�� IHHG�FRVWV�SHU� ILVK�ZHUH� OHVV� WKDQ
KDOI� WKRVH� LQ� LQWHQVLYH� V\VWHPV�� �E�� WKH\� XVH� H[LVWLQJ� LQIUDVWUXFWXUH� DQG� WKHUHIRUH� PLQLPLVH
HVWDEOLVKPHQW� FRVWV�� DQG� �F�� WKH\� DFKLHYH� VDWLVIDFWRU\� JURZWK� UDWHV� WKURXJK� VXSSOHPHQWDU\
IHHGLQJ�� 7KH� VWXG\� DOVR� LQGLFDWHG� WKDW� XQGHU� H[WHQVLYH� SURGXFWLRQ� V\VWHPV� DQG� ZLWKRXW
VXSSOHPHQWDU\� IHHGLQJ�� WKHUH� LV� D� KLJK� FKDQFH� WKDW� WURXW� ZRXOG� GLVSOD\� SRRU� JURZWK� DQG
FRQGLWLRQ�� DQG�ZRXOG� EH� H[FOXGHG� IURP�ZKROH� ILVK� RU� IUR]HQ� ILOOHW�PDUNHWV��:H� DUH� DZDUH� RI
LQVWDQFHV� ZKHUH� H[WHQVLYH� IHHGLQJ� UHJLPHV� KDYH� SURGXFHG� EHWWHU� UHVXOWV� WKDQ� WKRVH� UHFRUGHG
KHUH��EXW�DV�D�JXLGH�ZH�DGYRFDWH�VXSSOHPHQWDU\�IHHGLQJ�LQ�VWRFNHG�IDUP�GDPV��HVSHFLDOO\�XQWLO�D



EHWWHU�XQGHUVWDQGLQJ�RI�VDOLQH�GDP�HFRV\VWHPV�LV�NQRZQ��:KLOH�WKH�DTXDWLF�LQYHUWHEUDWH�IDXQD�RI
WKH�ZKHDWEHOW�UHJLRQ�LV�WKRXJKW�WR�EH�HXU\KDOLQH�DQG�FRVPRSROLWDQ�LQ�QDWXUH��'RXSp�DQG�+RUZLW]
�������VSHFLILF� LQIRUPDWLRQ�ZLOO� OLNHO\�EH�PDGH�RQ�D�IDUP�E\�IDUP�EDVLV�JLYHQ� WKDW�GDP�ZDWHU
TXDOLWLHV�DSSHDU�WR�UHIOHFW�ORFDO�SURSHUW\�PDQDJHPHQW�SUDFWLFHV��6WDUFHYLFK�������

6HOHFWLQJ�)DVWHU�*URZLQJ�%ODFN�%UHDP�0DNHV�0RUH�&HQWV

%ODFN�EUHDP�ZHUH�SURPRWHG�� WKUHH�RU� IRXU�\HDUV� DJR�� DV� D� FDQGLGDWH� VSHFLHV� IRU� LQODQG� VDOLQH
DTXDFXOWXUH��EXW�DUH�QRZ�UDUHO\�VWRFNHG�E\�IDUPHUV�LQ�:HVWHUQ�$XVWUDOLD��'HVSLWH�EODFN�EUHDP
SRVVHVVLQJ�PDQ\�GHVLUDEOH�HFRORJLFDO�DWWULEXWHV��VXFK�DV�KDUGLQHVV�DQG�D�ZLGH�WHPSHUDWXUH�DQG
VDOLQLW\�WROHUDQFH��WKH�IXQGDPHQWDO�SUREOHP�LV�WKDW�FXUUHQW�JURZWK�UDWHV�RI�����J�DQQXP�DUH�WRR
VORZ� IRU� SURILWDEOH� SURGXFWLRQ�� 'RXSp� DQG� /\PEHU\� ������� GHYHORSHG� D� SDUWLDO� EXGJHWLQJ
DQDO\VLV�IRU� WZR�GLIIHUHQW�EODFN�EUHDP�SURGXFWLRQ�V\VWHPV�VXSSRVHG�WR�UHSUHVHQW�HLWKHU�HQG�RI
WKH� VDOLQH� DTXDFXOWXUH� SURGXFWLRQ� FRQWLQXXP�� D� FRPPHUFLDO� RSHUDWLRQ� WKDW� LQFXUUHG� PRUH
RSHUDWLQJ�H[SHQVHV�GXH� WR�FRVWV�DVVRFLDWHG�ZLWK� ILVK� IDUP� LQLWLDWLRQ� �VWDQG�DORQH� IDUP�PRGHO��
DQG� DQ� H[LVWLQJ� IDUP� WKDW� GLYHUVLILHG� LQWR� DTXDFXOWXUH� XVLQJ� WKH� VDOLQH� ZDWHU� UHVRXUFHV� RI
HVWDEOLVKHG�IDUP�GDPV��LQWHJUDWHG�IDUP�PRGHO���6HQVLWLYLW\�DQDO\VHV� �7DEOH���� LQGLFDWHG� WKDW�D
����LQFUHDVH�LQ�JURZWK�UDWH�WR�DW�OHDVW����J�DQQXP��ZHW�ZHLJKW��ZRXOG�DOORZ�HLWKHU�SURGXFWLRQ
V\VWHP� WR� UHWXUQ� D� SURILW� DW� D� IDUP�JDWH� SULFH� RI� ���NJ� IRU� WKH� ZKROH� ILVK� SURGXFW�� ZLWK� ILVK
VXUYLYDO� UDWHV� RI� ���� IRU� WKH� VWDQG�DORQH� IDUP�� DQG� ���� IRU� WKH� LQWHJUDWHG� IDUP� PRGHO
UHVSHFWLYHO\��$Q� LQFUHDVH� LQ� JURZWK� UDWH� RI� WKLV�PDJQLWXGH� VKRXOG� EH� HDVLO\� DFKLHYHG� WKURXJK
VHOHFWLYH�EUHHGLQJ��DV�KDV�RFFXUUHG�LQ�DOO�WHUUHVWULDO�OLYHVWRFN�VSHFLHV��*MHGUHP�������/\PEHU\
������� 3UHOLPLQDU\� WULDOV� RI� JURZWK� SHUIRUPDQFH� IRU� VWUDLJKW�EUHG� DQG� FURVVEUHG� IDPLOLHV� RI
EODFN�EUHDP�DUH�YHU\�SURPLVLQJ��DQG�LQGLFDWH�WKDW�ZHW�ZHLJKW�KDV�DQ�DFURVV�OLQH�KHULWDELOLW\��WKH
SURSRUWLRQ�RI�YDULDWLRQ�LQ�JURZWK�UDWH�GXH�WR�JHQHWLF�GLIIHUHQFHV�DPRQJ�ILVK��RI�DOPRVW�����DW
���GD\V�RI�DJH��'RXSp�DQG�/\PEHU\�XQSXEOLVKHG�GDWD���7KLV�LQGLFDWHV�VXEVWDQWLDO�SRWHQWLDO�IRU
JHQHWLF�LPSURYHPHQW�LQ�JURZWK�UDWH��:H�DUH�FXUUHQWO\�ZRUNLQJ�ZLWK�WKH�EODFN�EUHDP�KDWFKHU\�DW
&KDOOHQJHU�7$)(�LQ�)UHPDQWOH�WR�GHYHORS�D�JHQHWLF�LPSURYHPHQW�SURJUDP�IRU�EODFN�EUHDP�

7DEOH��� � �&RPSDUDWLYH� IDUP�PRGHO�EUHDN�HYHQ�SULFH� ���NJ�� URXQGHG�� IRU�D� VHQVLWLYLW\�DQDO\VLV
DFFRXQWLQJ�IRU�YDULDEOH�JURZWK�DQG�VXUYLYDO�RI�EODFN�EUHDP�

�����������������6XUYLYDO�UDWH� ����������:HLJKW�IROORZLQJ�D����PRQWK�JURZ�RXW

���J ���J ���J ���J ���J ���J ���J

6WDQG�DORQH�IDUP�PRGHO������������� ���� ���� ���� ���� ���� ���� ����

,QWHJUDWHG�IDUP�PRGHO ������������� ����� ���� ���� ���� ���� ���� ����

,'(17,),&$7,21�$1'�(67$%/,6+0(17�2)�6867$,1$%/(�0$5.(76

,QFRQVLVWHQW� SURJUHVV� LQ� SURGXFWLRQ� WHFKQRORJLHV� IRU� LQODQG� VDOLQH� DTXDFXOWXUH� KDV� UHVXOWHG� LQ
VLPLODU� YDULDWLRQ� LQ� WKH� DZDUHQHVV�� VDOHV�� DQG� PDUNHW� SODQQLQJ� RI� VSHFLILF� ILVK� SURGXFWV�� )RU
H[DPSOH�� GHVSLWH� WKH� H[LVWHQFH� RI� DQ� HVWDEOLVKHG� PDUNHW� IRU� UDLQERZ� WURXW�� VHYHUDO� ODUJH
SURGXFHUV�RQ�$XVWUDOLD©V�HDVWHUQ�VHDERDUG�VXSSO\��������RI� WKH�QDWLRQDO� WURXW�SURGXFW��$QRQ�



�������7KH�GRPLQDQFH�RI�WKHVH�SURGXFHUV�LV�SULPDULO\�EHFDXVH�WKH\�FDQ�JXDUDQWHH�FRQWLQXLW\�RI
VXSSO\�WKURXJKRXW�WKH�\HDU��EHLQJ�WUDGLWLRQDO�IUHVK�ZDWHU�WURXW�SURGXFHUV���DQG�KDYH�HFRQRPLHV
RI� VFDOH� UHODWLQJ� WR� SURGXFWLRQ�� YHUWLFDO� LQWHJUDWLRQ� LQFOXGLQJ� WKHLU� RZQ� KDWFKHULHV� DQG
SURFHVVLQJ� IDFLOLWLHV�� DQG� SXUFKDVLQJ� SRZHU� IRU� LPSRUWDQW� RSHUDWLQJ� FRVWV� OLNH� IHHG�� &RVW
FDOFXODWLRQV�VKRZ�WKDW�WKH\�FDQ�SURYLGH�D�KHDG�RQ��JXWWHG�DQG�JLOOHG�SURGXFW�DW�WKH�IDUP�JDWH�IRU
DERXW�������NJ��ZKLFK�LV�DERXW������NJ�OHVV�WKDQ�FDQ�EH�H[SHFWHG�IURP�SURGXFHUV�LQ�WKH�:HVWHUQ
$XVWUDOLDQ�ZKHDWEHOW��$QRQ���������$W�FXUUHQW�OHYHOV�RI�SURGXFWLRQ��DFFHVV�WR�WKHVH�PDUNHWV�E\
:HVWHUQ�$XVWUDOLDQ�SURGXFHUV�LV�XQOLNHO\��DQG�LQGLFDWHV�WKDW�WKH�QHZ�LQGXVWU\�VKRXOG�FRQFHQWUDWH
RQ�VSHFLILF�PDUNHW�VHJPHQWV�WKDW�FOHDUO\�GLIIHUHQWLDWH� WKH�:HVWHUQ�$XVWUDOLDQ�SURGXFW�IURP�WKH
LPSRUWHG� LWHP�� DQG� HPSKDVL]H� WKH� KRPH� JURZQ� DGYDQWDJH�� 2QH� PHWKRG� LV� WR� SURPRWH� WKH
VXSHULRULW\�RI� IUHVK�RYHU� IUR]HQ� WURXW�SURGXFWV�� DV� ILVK� IURP� WKH� HDVWHUQ� VWDWHV� DUH� H[SRUWHG� WR
:HVWHUQ�$XVWUDOLD�LQ�D�IUR]HQ�IRUP��$�VHFRQG�QLFKH�LV�WR�HPSKDVLVH�DQ\�TXDOLW\�DGYDQWDJH�IURP
WURXW� SURGXFHG� LQ� VDOLQH�� UDWKHU� WKDQ� IUHVK� ZDWHU�� DQG� D� WKLUG� LV� WR� H[SORLW� WKH� DGYDQWDJHV� RI
SURGXFW�GLYHUVLILFDWLRQ�DQG�YDOXH�DGGLQJ�WKURXJK�SURPRWLQJ�VPRNHG�DQG�FDQQHG�WURXW�SURGXFWV�
$OO�WKHVH�DOWHUQDWLYHV�FDQ�FDUU\�WKH�EUDQG�RI�ORFDO�SURGXFWLRQ�DQG�TXDOLW\�DVVXUDQFH��VHH�ODWHU���WR
SURYLGH�IXUWKHU�PDUNHW�GLIIHUHQWLDWLRQ�IURP�WKH�ZKROH��IUR]HQ�LPSRUW�

)RU�EODFN�EUHDP�� WKH�PDUNHW� LV�PXFK�OHVV�GHYHORSHG�WKDQ�IRU� UDLQERZ�WURXW��DQG�VR�PRGHOOLQJ
WKH�SRWHQWLDO�DGYDQWDJHV�JDLQHG�E\�LPSURYHG�SURGXFWLRQ�WHFKQRORJLHV�OLNH�HQKDQFHG�JURZWK�UDWH�
DUH�PDGH�ZLWK�PRUH�DVVXPSWLRQV� UHJDUGLQJ�PDUNHW�EHKDYLRXU��)RU�H[DPSOH�� WKH�JURZWK�UHWXUQ
DQDO\VLV�VKRZQ�LQ�7DEOH����'RXSp�DQG�/\PEHU\�������DVVXPHV�D�PLQLPXP�IDUP�JDWH�SULFH�RI
���NJ��EXW� WKDW�SULFH�LV�ZKDW�IDUPHUV�ZHUH�ZLOOLQJ� WR�DFFHSW�� UDWKHU� WKDQ�ZKDW� WKH�PDUNHW�RU�DW
OHDVW�WKH�ZKROHVDOHUV�ZHUH�ZLOOLQJ�WR�SD\��1HYHUWKHOHVV��WKDW�LV�QRW�WR�VD\�ZH�KDYH�H[DJJHUDWHG
WKH�IDUP�JDWH�SULFH�EHFDXVH�LW�FRXOG�EH�WKH�RSSRVLWH��EODFN�EUHDP�LV�ERWK�D�KLJKO\�UHJDUGHG�WDEOH
ILVK� DQG� VSRUW� ILVK� WKDW� KDV� EHHQ� SURPRWHG� DV� WKH� SUHIHUUHG� VSHFLHV� IRU� GHYHORSLQJ� IDUP�VWD\
WRXULVP� DVVRFLDWHG� ZLWK� SXW�DQG�WDNH� UHFUHDWLRQDO� ILVKHULHV� LQ� FRQWDLQHG� LQODQG� VDOLQH� ZDWHUV
�6DUUH�HW�DO���������3RWHQWLDO�SURGXFHUV�FRXOG�WKHUHIRUH�EHQHILW�E\�IDUPLQJ�WKLV�VSHFLHV�IRU�ERWK
SXUSRVHV�

$�&2//(&7,9(/<�*5((1�6$/(6�3,7&+

7KH� VDOLQH� JURXQGZDWHUV� LQ� VRXWKHUQ�:HVWHUQ�$XVWUDOLD� DUH� EHOLHYHG� WR� EH� SROOXWLRQ�IUHH�� DQG
WKHVH�FRQGLWLRQV�QHHG�WR�EH�PDLQWDLQHG�WR�VXVWDLQ�D�KLJK�TXDOLW\�ZDWHU�VHUYLFH�IRU�ILVK�IDUPLQJ�
:KLOH� VRPH� DUJXH� WKDW� WKH� JRYHUQPHQW� VKRXOG� QRW� VWLIOH� HFRQRPLF� JURZWK� WKURXJK� RYHU�
UHJXODWLRQ��WKH�HQYLURQPHQW�LV�DQ�LVVXH�RI�JURZLQJ�LPSRUWDQFH�WR�FRQVXPHUV�ZKR�DUH�XQZLOOLQJ
WR� EX\� IRRG�ZLWKRXW� UHJDUG� WR� KRZ� LW�ZDV� SURGXFHG� �%HYHULGJH� HW� DO�� ������� 7R� VDWLVI\� ERWK
FRQVXPHUV©� DVSLUDWLRQV� DQG� OHJDO� REOLJDWLRQV� UHJDUGLQJ� IRRG� VDIHW\�� UHWDLOHUV� DUH� EHJLQQLQJ� WR
VHHN�SURGXFWV�WKDW�DUH�SURGXFHG�XQGHU�TXDOLW\�DVVXUDQFH�VFKHPHV��'RXSp�HW�DO��������

(QYLURQPHQWDO� TXDOLW\� LV� QHFHVVDU\� IURP� WKH�RXWVHW�� DQG� HQYLURQPHQWDO�PDQDJHPHQW� SUDFWLFHV
WKDW�DGG�YDOXH�WR�EXW�GR�QRW�IXUWKHU�GHJUDGH�WKH�VDOLQH�JURXQGZDWHU�UHVRXUFH��FRXOG�SURYLGH�WKH
EDVLV� IRU� D� ORFDOO\� SURGXFHG� FRPPRGLW\� WKDW� PHHWV� FRQVXPHU� H[SHFWDWLRQV�� *HWWLQJ� WKH
PDUNHWLQJ�DSSURDFK�ULJKW�VR�WKH�SURGXFW�LV�FRUUHFWO\�SUHVHQWHG�WR�GLVFHUQLQJ�FXVWRPHUV�LV�FUXFLDO
IRU� GHYHORSPHQW�� 'RXSp� HW� DO�� ������� DUJXHG� WKDW� WKH� PDQDJHPHQW� DQG� PDLQWHQDQFH� RI
HQYLURQPHQWDO�TXDOLW\�WKURXJKRXW�WKH�SURGXFWLRQ�DQG�SURFHVVLQJ�VWDJHV�RI�WKH�RSHUDWLRQ�VKRXOG
UHVXOW� LQ� D� TXDOLW\�DVVXUHG� SURGXFW�� 7KH\� VXJJHVWHG� WKDW� WKH� YROXQWDU\� LPSRVLWLRQ� RI� FRGHV� RI
SUDFWLFH�FRXOG�XQGHUSLQ�DVVXUDQFHV�RI�SURGXFW�TXDOLW\�� DQG�DOORZ� WKH� LQGXVWU\� WR�GHYHORS�ZLWK
PLQLPDO�LQWHUIHUHQFH�DQG�D�JUHDWHU�VHQVH�RI�DXWRQRP\��4XDOLW\�DVVXUDQFH�PD\�EH�DFKLHYHG�LQ�D
QXPEHU� RI� ZD\V�� VXFK� DV� UHFRUGLQJ� ZDWHU� TXDOLW\�� GLVHDVH� LQFLGHQFH� DQG� VWRFN� WXUQRYHU�� DQG
VHWWLQJ�VSHFLILHG�OHYHOV�RI�GLVFKDUJH��FKHPLFDO�XVH�DQG�VWRFN�HVFDSH��7KHVH�LQLWLDWLYHV�VKRXOG�EH



XQGHUWDNHQ�LQ�FRQMXQFWLRQ�ZLWK�DFFUHGLWHG�SURJUDPV��H�J��,62��������VR�WKDW�WKHVH�EHQFKPDUN
VWDQGDUGV�EHFRPH�WKH�ODQJXDJH�WKDW�OLQNV�WKH�JURZHU�WR�WKH�EUDQGHG��TXDOLW\�DVVXUHG�SURGXFW�LQ
WKH�PDUNHW��VHH�'RXSp�HW�DO���������7KLV�SURFHVV�KDV�VWDUWHG�DPRQJ�WURXW�SURGXFHUV�LQ�:HVWHUQ
$XVWUDOLD��ZLWK� D�QXPEHU�RI� IDUPHUV� FXUUHQWO\�SDUWLFLSDWLQJ� LQ� D� SLORW� VWXG\� WR�GHYHORS�ERWK� D
TXDOLW\� DVVXUDQFH� VFKHPH� �+$&&3�� DQG� DQ� HQYLURQPHQWDO� PDQDJHPHQW� V\VWHP� IRU� WURXW
SURGXFHG�LQ�LQODQG�VDOLQH�ZDWHUV�

,1'8675<�0$1$*(0(17

3URGXFWLRQ�6FDOHV��3URILWDELOLW\�DQG�&RQFXUUHQW�6\VWHP�'HYHORSPHQW

0DQDJLQJ�DQ�DTXDFXOWXUH�V\VWHP� WR�RSWLPLVH�SURILWV� UHTXLUHV�GHFLVLRQV� WR�EH�PDGH�RQ�YDULRXV
LQYHVWPHQW� VWUDWHJLHV� WKDW� UHDOLVH� UHWXUQV� RYHU� GLIIHUHQW� WLPH� IUDPHV��2SWLPLVLQJ� SURILWV� LQ� WKH
VKRUW�WHUP�LV�SULPDULO\�UHODWHG�WR�LQSXW�FRVWV�DQG�WKH�PDUNHW�YDOXH�RI�RXWSXWV��,Q�WKH�VKRUW�WHUP
DW�D� ORZ�OHYHO�RI�SURGXFWLRQ��RQO\�VPDOO�VXEVWLWXWLRQ� LV�SRVVLEOH� LQ� IHHG�DQG� ODERXU� LQSXWV� �VHH
7DEOH� ���� EXW� LW� FDQ�PDNH� D� GLIIHUHQFH�� HVSHFLDOO\� LI� WKHUH� LV� D� FRQFXUUHQW� GHYHORSPHQW� DW� WKH
PDUNHWLQJ�HQG�RI�WKH�SURGXFWLRQ�F\FOH��)RU�H[DPSOH��RFFDVLRQDO�IHHGLQJ�RI� WURXW� LQ�IDUP�GDPV
PDNHV� D� VLJQLILFDQW� GLIIHUHQFH� LQ�\LHOG� DQG�SURILW�ZLWK� D� UHODWLYHO\� ORZ� LQSXW� FRVW�� 6KRUW�WHUP
SURILWV� FDQ�DOVR�EH�RSWLPLVHG� WKURXJK�SURGXFW� GLYHUVLILFDWLRQ�� VXFK� LV� WKH�YDULDELOLW\�RI� LQODQG
ZDWHU�ERGLHV� WKDW�ZH�VWLOO�KDYH�IDLUO\� OLPLWHG� LGHDV�RI�ZKLFK�VSHFLHV�FDQ�EH�JURZQ��DQG�ZKHUH
DQG�ZKHQ� �H�J��6DUUH�HW�DO�������� ,QJUDP�HW�DO���������7KHUH�DUH�ZLQGRZV�RI�RSSRUWXQLW\� WKDW
VKRXOG� DOORZ� SURGXFWLRQ� RI� VSHFLILF� SURGXFWV� WKURXJKRXW� WKH� \HDU� LQ� RXWGRRU� FRQGLWLRQV�� OLNH
EDUUDPXQGL�GXULQJ�WKH�ZDUPHU�PRQWKV�DQG�WURXW�RYHU�ZLQWHU�

7DEOH� �� � � 5HODWLYH� LPSRUWDQFH� RI� YDULDEOH� SURGXFWLRQ� IDFWRUV� IRU� SODQQLQJ� DQG� PDQDJHPHQW
GXULQJ�GLIIHULQJ�WLPH�VFDOHV��DIWHU�%XUEULGJH�HW�DO��������

2SWLRQV�IRU�V\VWHP�PDQDJHPHQW
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

/DERXU��IHHG &DSLWDO 7HFKQRORJLFDO
7LPH�KRUL]RQV 	�HQHUJ\ LQYHVWPHQWV GHYHORSPHQWV

6KRUW�WHUP ������� ���BB ���BB

,QWHUPHGLDWH�WHUP ������� ���� ���BB

/RQJ�WHUP ������� ������� �������

�����LQGLFDWHV�RSWLRQ�IRU�FKDQJH��BB�LQGLFDWHV�RSWLRQV�DUH�QRW�YDULDEOH�GXULQJ�WLPH�IUDPHV�

:LWKLQ�DQ�LQWHUPHGLDWH� WLPH�IUDPH��7DEOH�����RSWLRQV�EHFRPH�DYDLODEOH�WKDW�PD\�DOORZ�FDSLWDO
LQYHVWPHQW� WR� LPSURYH� SURGXFWLYLW\� DQG� HFRQRPLHV� RI� VFDOH�� DOWKRXJK� WKH� EHQHILWV� ZLOO� QRW
QHFHVVDULO\� WUDQVODWH� WR�DQ� LPPHGLDWH� LPSURYHPHQW� LQ�SURILW��)RU� LQVWDQFH�� UHGXFHG�SULFHV�PD\
EH� QHJRWLDWHG� WR� DFFRXQW� IRU� LQFUHDVHG� SURGXFWLRQ� VFDOHV�� DQG� WKH� EHQHILWV� IURP� WKH� FDSLWDO
LQYHVWPHQW�PD\�EH�VHHQ�ZKHUH�LQSXWV�VXFK�DV�IHHGV�DQG�ODERXU�EHFRPH�FKHDSHU�GXH�WR�LPSURYHG
SXUFKDVLQJ� SRZHU� DQG� SURGXFWLRQ� HIILFLHQFLHV� �%XUEULGJH� HW� DO�� ������� ,Q� WKLV� VFHQDULR�� WKH



FRQVWUXFWLRQ�RI�SXUSRVH�EXLOW�ILVK�SRQGV�WKDW�DUH�QRW�DIIHFWHG�E\�WKRVH�ODQGVFDSH�LQIOXHQFHV�WKDW
RIWHQ�DIIHFW�PDQ\�IDUP�GDPV��ZRXOG�DOORZ�KLJKHU�VWRFNLQJ�GHQVLWLHV�DQG�JUHDWHU�SURGXFWLRQ�SHU
XQLW�RI�PDQDJHPHQW�DQG�ODERXU�HIIRUW��DQG�KLJKHU�\LHOGV�SHU�XQLW�RI�LQYHVWPHQW�

,Q�WKH�ORQJ�WHUP��DOO�SURGXFWLRQ�IDFWRUV�DUH�YDULDEOHV�DQG�QHZ�YHQWXUHV�PD\�HQWHU�WKH�VHFWRU�DQG
FKDQJH� WKH� PDVV� RI� SURGXFWV� LQ� WKH� PDUNHW� �SHUKDSV� FROOHFWLYHO\��� ZKLOH� LQFUHDVLQJ� FRVW�
HIIHFWLYHQHVV�WKURXJK�LPSOHPHQWLQJ�LQQRYDWLRQV��7DEOH�����6HPL�LQWHQVLYH�IHHGLQJ�UHJLPHV�PD\
EH�DSSURSULDWH�ZKHUH�D�IDUPHU�PD\�ZLVK�WR�VXSSOHPHQW�LQFRPH�ORVW�E\�D�UHGXFWLRQ�LQ�FURSSLQJ
DUHD��KRZHYHU�ILVK�SURGXFWLRQ�ZLOO�EH�ORZ��7KH�UHTXLUHG�VFDOH�IRU�LQWHQVLYH�SURGXFWLRQ�V\VWHPV
WR�EH�SURILWDEOH�PD\�EH�LPSUDFWLFDO�IRU�RQH�IDUPHU��EXW�HFRQRPLFDO�IRU�D�JURXS��7KHRUHWLFDOO\�
OHDVW�FRVW�PHWKRGV�RI�SURGXFWLRQ�DQG�HFRQRPLHV�RI�VFDOH�VKRXOG�OHDG�WR�PRUH�HIILFLHQW�UHVRXUFH
DOORFDWLRQ��KRZHYHU�LQ�UHDOLW\�LW�LV�WKH�PDUJLQDO�FKDQJH�LQ�LQSXWV�DQG�PDQDJHPHQW�WKDW�PDNHV�WKH
GLIIHUHQFH��([DPSOHV�LQFOXGH�WKH�SRWHQWLDO�DGYDQFHV�JDLQHG�LQ�EUHHGLQJ�DQG�FXOWXUH�WHFKQRORJLHV
WKDW�PD\�DOORZ�DFURVV�WKH�ERDUG�LPSURYHPHQWV�LQ�WKH�SURGXFWLRQ�V\VWHP�

$�5ROH�IRU�,QGXVWU\�&ROODERUDWLRQ

7KH�GHYHORSPHQW�RI�QHZ�LQGXVWULHV� LQ�$XVWUDOLD�KDV� WUDGLWLRQDOO\� IROORZHG�DQ�HQWHUSULVH�EDVHG
DSSURDFK��ZKLFK�WDUJHWV�WKH�VKRUW�WR�PHGLXP�WHUP�QHHGV�RI�LQGLYLGXDO�HQWHUSULVHV��RIWHQ�GHILQHG
WKURXJK� LQGLYLGXDO� EXVLQHVV� SODQV�� 7KHUH� LV� LQFUHDVLQJ� VXSSRUW� IRU� WKH� YLHZ� WKDW� GHYHORSLQJ
LQGXVWULHV� H[KLELW� HPHUJHQW� SURSHUWLHV�� WKDW� LV�� SURSHUWLHV� WKDW� FDQQRW� EH� SUHGLFWHG� IURP� DQ
XQGHUVWDQGLQJ�RI�WKH�RSHUDWLRQV�RI�LQGLYLGXDO�HQWHUSULVHV��7KHVH�HPHUJHQW�SURSHUWLHV�DULVH�IURP
FROODERUDWLYH� DVVRFLDWLRQV� DPRQJ� HQWHUSULVHV� DQG� WKH� LQWHUDFWLRQV� RI� WKHVH� FROODERUDWLYH
DVVRFLDWLRQV�ZLWK�RWKHU�SOD\HUV�LQ�WKH�YDOXH�FKDLQ��,I�QHZ�LQGXVWU\�GHYHORSPHQW�LV�DW�OHDVW�SDUW�
GULYHQ� WKURXJK� WKH�G\QDPLFV� RI� DQ� HPHUJLQJ� VRFLDO� V\VWHP�� WKHQ� VWUDWHJLF� LQWHUYHQWLRQ� LQ� WKLV
V\VWHP�FDQ�LQIOXHQFH�GHYHORSPHQW�RXWFRPHV��:ROOLQ�������

7KH�FXUUHQW�VL]H�RI�WKH�IUHVK�WURXW�PDUNHW�LQ�:HVWHUQ�$XVWUDOLD�LV�DERXW����W�DQQXP�DQG�VXJJHVWV
WKDW�WKHUH�LV�XQOLNHO\�WR�EH�URRP�IRU�PRUH�WKDQ�RQH�SURGXFHU�RI�WKLV�VL]H�LQ�WKH�ZKHDWEHOW�XQWLO
QHZ� PDUNHWV� DUH� GHYHORSHG� �$QRQ�� ������� ,W� LV� SUREDEOH�� WKHUHIRUH�� WKDW� WKH� LQGXVWU\� ZLOO
FRQWLQXH� WR� FRPSULVH� D� QXPEHU� RI�PLFUR�SURGXFHUV� �L�H�� �� �� W�DQQXP��ZKR� DYRLG� FRPSHWLWLRQ
ZLWK�WKHLU�LQWHUVWDWH�FRXQWHUSDUWV��DOWKRXJK�D�IUHVK��¦DV�LV§�PDUNHWLQJ�VWUDWHJ\�ZLOO�SRVVLEO\�FDXVH
FRPSHWLWLRQ�DPRQJ�WKHVH�IDUPHUV�DV�WKH\�DWWHPSW�WR�SULFH�FXW�HDFK�RWKHU�DQG�WDNH�ZKDWHYHU�SULFH
LV�RIIHUHG��$QRQ���������3URGXFHU�FROOHFWLYHV�PLJKW�RYHUFRPH�VXFK�SUREOHPV�E\�FR�RSHUDWLYHO\
PDQDJLQJ�VDOHV�DQG�PDUNHWLQJ�ZKLOH�WKH�SURGXFHU�FRQFHQWUDWHV�RQ�VXSSO\��$W�SUHVHQW��UDLQERZ
WURXW�SURGXFWLRQ� LQ�:HVWHUQ�$XVWUDOLD� FKLHIO\� FRPSULVHV�RQH� ODUJH�� LQGHSHQGHQW�SURGXFHU�� DQG
WZR� UHSUHVHQWDWLYH� SURGXFHU� JURXSV�� 2QH�� WKH� 6DOWZDWHU� 7URXW� $OOLDQFH�� LQWHQGV� JDLQLQJ� D
FRPSHWLWLYH� DGYDQWDJH� WKURXJK� VPDOO�VFDOH� YHUWLFDO� LQWHJUDWLRQ� RI� UHVRXUFHV� IURP� KDWFKHU\� WR
PDUNHW�DQG�WKH�GHYHORSPHQW�RI�PDUNHWV�IRU�YDOXH�DGGHG�SURGXFWV��ZKHUHDV�WKH�:HVWHUQ�,QODQG
)LVKHULHV� FR�RSHUDWLYH� PHDQV� WR� JDLQ� WKHLU� DGYDQWDJH� E\� KRUL]RQWDO� LQWHJUDWLRQ� RI� SURGXFWLRQ
UHVRXUFHV�

$�5ROH�IRU�*RYHUQPHQW

)LQDQFLDO� DQDO\VHV�DQG� WKH� IRUPDWLRQ�RI�FROODERUDWLYH� LQGXVWU\� VWUXFWXUHV�FDQ�KHOS�DTXDFXOWXUH
HQWHUSULVHV� GHDO� ZLWK� D� ORQJ�WHUP� DSSURDFK� WR� LQQRYDWLRQ� DQG� LQGXVWU\� GHYHORSPHQW�� 7KLV�
KRZHYHU��GRHV�QRW�DGGUHVV�LQGXVWU\�H[WHUQDOLWLHV��WKH�ZLGHU�VRFLHWDO�EHQHILWV�DQG�FRVWV�RI�D�QHZ
UXUDO� LQGXVWU\�� 7KH� QHW� UHVXOW� LV� WKH� VRFLDO� IRUIHLWXUH� RI� SRWHQWLDO� HFRQRPLF� GHYHORSPHQW� LQ



VXVWDLQDEOH�UHVRXUFH�PDQDJHPHQW��DQG�$XVWUDOLD�XUJHQWO\�UHTXLUHV�H[HPSODU\�OHDGHUVKLS�LQ�WKLV
DUHD��7KH�HQWUHSUHQHXUV�DQG�IDUPHUV�VKRXOG�QRW�EH�H[SHFWHG�WR�JDPEOH�WKHLU�IXQGV�ZLWKRXW�VRPH
IRUP�RI�VXSSRUW�VWUXFWXUH��EXW�QHLWKHU�VKRXOG�SXEOLF�LQYHVWPHQW�UHVXOW�LQ�WKHLU�ORVLQJ�FRQWURO�RYHU
WKH�HPHUJLQJ�LQGXVWU\�

,Q�PDQ\�ZD\V�WKH�:HVWHUQ�2LO�0DOOHH�3URMHFW��VHH�%HOO�HW�DO��������LV�VLPLODU� WR�LQODQG�VDOLQH
DTXDFXOWXUH��%RWK�DUH�H[DPSOHV�RI�XS�DQG�FRPLQJ�DQG�DOWHUQDWLYH�DJULFXOWXUDO�LQGXVWULHV�WKDW�DUH
IRFXVVHG� RQ� WKH� VDOW�DIIHFWHG� ZKHDWEHOW� UHJLRQ� RI� :HVWHUQ� $XVWUDOLD�� DQG� EHFDXVH� ERWK� DUH
OLPLWHG�E\�FRPSHWLQJ�GHPDQGV�RQ�WKH�FDSLWDO� WR�IDUPHUV�� WKH�IDUPHUV�WKHPVHOYHV�DUH�XQDEOH�WR
SURYLGH� WKH� QHFHVVDU\� IXQGV� WR� HQDEOH� WKH� LQGXVWU\� WR� GHYHORS� VROHO\� XQGHU� WKHLU� GLUHFWLRQ�
+RZHYHU�� XQOLNH� LQODQG� VDOLQH� DTXDFXOWXUH�� WKH� IHGHUDO� DQG� VWDWH� JRYHUQPHQWV� KDYH� SURYLGHG
VLJQLILFDQW� IXQGLQJ� IRU� UHVHDUFK� DQG� GHYHORSPHQW� RI� WKH� RLO� PDOOHH� SURMHFW�� &RQWLQXHG
LQYHVWPHQW� LQ� LW� LV� FRQWLQJHQW�RQ� WHFKQLFDO� VXFFHVV� DQG� FRPPHUFLDO� YLDELOLW\� LQFOXGLQJ�PDUNHW
GHYHORSPHQW��DQG�LQGLFDWHV�WKH�ZD\�IRUZDUG�IRU�WKH�GHYHORSPHQW�RI�DQ�LQODQG�VDOLQH�DTXDFXOWXUH
LQGXVWU\�� 7HFKQLFDO� VXFFHVV� UHTXLUHV� WKH� WUDQVODWLRQ� RI� LQQRYDWLRQ� LQWR� SUDFWLFDO� RSHUDWLRQ� E\
HGXFDWHG�ODERXU��EXW�WKDW�GHSHQGV�RQ�QHZ�LQYHQWLRQV�EHLQJ�VXSSRUWHG�IURP�WKH�ODERUDWRU\�EHQFK
YLD� SLORW� XQLWV� WR� IXOO�VFDOH� RSHUDWLRQV�� )RU� WKLV� WR� RFFXU�� SXEOLF� LQYHVWPHQW� LQ� UHVHDUFK� DQG
GHYHORSPHQW�LV�UHTXLUHG��DQG�ZLWKRXW�LW��LW�LV�GLIILFXOW�WR�HQYLVDJH�VXVWDLQDEOH�LQGXVWU\�JURZWK�RU
HQYLURQPHQWDO�PDQDJHPHQW��)RU�H[DPSOH��WKH�UROH�RI�VWDWH�JRYHUQPHQW�LQ�WKH�$XVWUDOLDQ�SUDZQ
LQGXVWU\� KDV� EHHQ� WKH� HVWDEOLVKPHQW� RI� D� GLVFUHWLRQDU\� DVVLVWDQFH� VFKHPH� WR� HQFRXUDJH
DTXDFXOWXUH� EXVLQHVVHV� WR� DGRSW� D� TXDOLW\� DVVXUDQFH� VFKHPH� OLQNHG� WR� DQ� LQGXVWU\� FRGH� RI
SUDFWLFH�LQ�4XHHQVODQG��'RXSp�HW�DO���������$�VLPLODU�DSSURDFK�VKRXOG�EH�FRQVLGHUHG�IRU�LQODQG
DTXDFXOWXUH�LQ�:HVWHUQ�$XVWUDOLD�
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7KH�HPEU\RQLF�QDWXUH�DQG�OLPLWHG�FDSLWDO�EDVH�RI�LQODQG�VDOLQH�DTXDFXOWXUH�LQ�:HVWHUQ�$XVWUDOLD
SUHVHQWV� D� UDQJH� RI� SURGXFWLRQ� DQG� LQYHVWPHQW� RSWLRQV� IRU� ODQGKROGHUV� DQG� LQYHVWRUV�� 7KH
YDULDEOH� LQWHQVLW\�RI�SDUWLFLSDWLRQ�DQG� LQYHVWPHQW��KRZHYHU��KDV� UHVXOWHG� LQ�GLIIHUHQW� VWDJHV�RI
GHYHORSPHQW� DORQJ� WKH� SURGXFWLRQ� FRQWLQXXP�� 7KH� NH\� WR� GHYHORSPHQW� LV� D� FRRUGLQDWHG
DSSURDFK��:LWKRXW�VXFK�DQ�DSSURDFK��ZH�ZLOO�FRQVWUDLQ�WKH�SURJUHVV�RI�LQODQG�VDOLQH�DTXDFXOWXUH
IURP� KREE\� WR� LQGXVWU\� VWDWXV�� DQG� WKH� UHKDELOLWDWLRQ� RI� VDOLQH� ODQG� DQG�ZDWHU� UHVRXUFHV�� )RU
H[DPSOH�� ORZ�OHYHO� SURGXFWLRQ� HIIRUW� JURZLQJ� FRPSDUDWLYHO\� IHZ� ILVK� LQ� IDUP� GDPV� ZLOO
SUREDEO\�OLPLW�WKH�H[WHQW�WR�ZKLFK�ILVK�SURGXFWLRQ�FDQ�FRQWULEXWH�WR�WKH�FRVW�RI�VXUIDFH�RU�VXE�
VXUIDFH�ZDWHU�PDQDJHPHQW� V\VWHPV�� )XUWKHU�� VSRUDGLF� GHYHORSPHQW� DW� DQ� HQWHUSULVH� OHYHO�ZLOO
UHVXOW� LQ� ZDVWDJH� RI� OLPLWHG� UHVRXUFHV� DQG� RSSRUWXQLWLHV�� EHFDXVH� LQGLYLGXDOV� ZLOO� VHHN� WR
DOORFDWH�UHVRXUFHV�UHODWLYH�WR�WKHLU�VSHFLILF�DQG�RIWHQ�VKRUW�WHUP�QHHGV��$�FR�RUGLQDWHG�GLUHFWLRQ
WR� LQODQG�VDOLQH�DTXDFXOWXUH�GHYHORSPHQW�SURPLVHV�PXFK�PRUH��$�ZKROH�RI�LQGXVWU\�DSSURDFK
VKRXOG� HQDEOH� WKH� SURJUHVVLRQ� RI� ORFDO� ILVK� SURGXFWLRQ� V\VWHPV� WKDW� WXUQ� RXW� TXDOLW\�DVVXUHG
FRPPRGLWLHV� WKDW� DUH� UHFRJQL]DEOH� LQ� WKH�PDUNHW��1HYHUWKHOHVV�� DGYDQFHPHQW� WRZDUG� LQGXVWU\
VWDWXV�LV�PRUH�OLNHO\�WR�RFFXU�LI� WKH�VXSSRUW�PHFKDQLVPV�DVVRFLDWHG�ZLWK�SXEOLF�LQYHVWPHQW�DUH
PDGH� DYDLODEOH� WR� LQODQG� VDOLQH� DTXDFXOWXUH� WKDW� KDYH� EHHQ� SURYLGHG� WR� RWKHU�� DOWHUQDWLYH
DJULFXOWXUDO�HQWHUSULVHV�LQ�WKH�VDOLQLVHG�ODQGVFDSHV�RI�LQODQG�:HVWHUQ�$XVWUDOLD�

$&.12:/('*(0(176

2XU�ZRUN� LQ�GHYHORSLQJ�D�YLDEOH� LQODQG� VDOLQH� DTXDFXOWXUH� LQGXVWU\� LV� VXSSRUWHG�E\� WKH�5XUDO
,QGXVWULHV�5HVHDUFK�DQG�'HYHORSPHQW�&RUSRUDWLRQ�
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$QRQ���������,QODQG�VDOWZDWHU�WURXW�IDUPLQJ�LQ�:$��3HUWK��&ROPDU�%UXQWRQ�*URXS�

%DUUHW�/HQQDUG��(�*���������5HVWRUDWLRQ�RI�VDOLQH�ODQG�WKURXJK�UHYHJHWDWLRQ��$JULFXOWXUDO�:DWHU
0DQDJHPHQW��������������

%DUVRQ��0���%DUUHW�/HQQDUG��(�*���������3URGXFWLYH�XVH�DQG�UHKDELOLWDWLRQ�RI�$XVWUDOLD
V�VDOLQH
ODQGV��$XVWUDOLDQ�-RXUQDO�RI�6RLO�DQG�:DWHU�&RQVHUYDWLRQ�����������

%HOO��6�-���%DUWRQ��$�)�0���6WRFNHU��/�-���������$JULFXOWXUH�IRU�KHDOWK�DQG�SURILW�LQ�:HVWHUQ
$XVWUDOLD��WKH�ZHVWHUQ�RLO�PDOOHH�SURMHFW��(FRV\VWHP�+HDOWK�������������

%HYHULGJH��0�&�0���3KLOOLSV��0�-���0DFLQWRVK��'�-���������$TXDFXOWXUH�DQG�WKH�HQYLURQPHQW��WKH
VXSSO\�RI�DQG�GHPDQG�IRU�HQYLURQPHQWDO�JRRGV�DQG�VHUYLFHV�E\�$VLDQ�DTXDFXOWXUH�DQG�WKH
LPSOLFDWLRQV�IRU�VXVWDLQDELOLW\��$TXDFXOWXUH�5HVHDUFK��������������

%XUEULGJH��3���+HQGULFN��9���5RWK��(���5RVHQWKDO��+���������6RFLDO�DQG�HFRQRPLF�SROLF\�LVVXHV
UHOHYDQW�WR�PDULQH�DTXDFXOWXUH��-RXUQDO�RI�$SSOLHG�,FKWK\RORJ\��������������

'RXSp��5�*���+RUZLW]��3���������7KH�YDOXH�RI�PDFURLQYHUWHEUDWH�DVVHPEODJHV�IRU�GHWHUPLQLQJ
SULRULWLHV�LQ�ZHWODQG�UHKDELOLWDWLRQ��D�FDVH�VWXG\�IURP�/DNH�7RROLELQ��:HVWHUQ�$XVWUDOLD��-RXUQDO
RI�WKH�5R\DO�6RFLHW\�RI�:HVWHUQ�$XVWUDOLD������������

'RXSp��5�*���$OGHU��-���/\PEHU\��$�-���������(QYLURQPHQWDO�DQG�SURGXFW�TXDOLW\�LQ�ILQILVK
DTXDFXOWXUH��DQ�H[DPSOH�IURP�LQODQG�:HVWHUQ�$XVWUDOLD��$TXDFXOWXUH�5HVHDUFK����������

'RXSp��5�*���/\PEHU\��$�-���������-XVWLILFDWLRQ�IRU�JHQHWLF�LPSURYHPHQW�LQ�JURZWK�UDWHV�RI
EODFN�EUHDP��$FDQWKRSDJUXV�EXWFKHUL���D�SDUWLDO�EXGJHWLQJ�DQDO\VLV��$TXDFXOWXUH�(FRQRPLFV
DQG�0DQDJHPHQW��LQ�SUHVV�

*HRUJH��5�-���������7KH�QDWXUH�DQG�PDQDJHPHQW�RI�VDSUROLWH�DTXLIHUV�LQ�WKH�ZKHDWEHOW�RI
:HVWHUQ�$XVWUDOLD��/DQG�'HJUDGDWLRQ�DQG�5HKDELOLWDWLRQ�������������

*HRUJH��5�-���������+\GUDXOLF�SURSHUWLHV�RI�JURXQGZDWHU�V\VWHPV�LQ�WKH�VDSUROLWH�DQG�VHGLPHQWV
RI�WKH�ZKHDWEHOW��:HVWHUQ�$XVWUDOLD��-RXUQDO�RI�+\GURORJ\���������������

*HRUJH��5���&ROHPDQ��0���������+LGGHQ�PHQDFH�RU�RSSRUWXQLW\�¤�JURXQGZDWHU�K\GURORJ\�
SOD\DV�DQG�FRPPHUFLDO�RSWLRQV�IRU�VDOLQLW\�LQ�ZKHDWEHOW�YDOOH\V��3URFHHGLQJV�RI�WKH�:KHDWEHOW
9DOOH\V�&RQIHUHQFH��KWWS���ZZZ�DYRQLFP�RUJ�DX�DYRQLFP�ZEHOWYDOOH\V��>$FFHVVHG����-XQH
����@�

*MHGUHP��7���������6HOHFWLYH�EUHHGLQJ�WR�LPSURYH�DTXDFXOWXUH�SURGXFWLRQ��:RUOG�$TXDFXOWXUH�
0DUFK�������������

+DWWRQ��7�-���1XOVHQ��5�$���������7RZDUGV�DFKLHYLQJ�IXQFWLRQDO�HFRV\VWHP�PLPLFU\�ZLWK�UHVSHFW
WR�ZDWHU�F\FOLQJ�LQ�VRXWKHUQ�$XVWUDOLDQ�DJULFXOWXUH��$JURIRUHVWU\�6\VWHPV��������������

,QJUDP��%�$���0F.LQQRQ��/�-���*RROH\��*�-���������*URZWK�DQG�VXUYLYDO�RI�VHOHFWHG�DTXDWLF
DQLPDOV�LQ�WZR�VDOLQH�JURXQGZDWHU�HYDSRUDWLRQ�EDVLQV��DQ�$XVWUDOLDQ�FDVH�VWXG\��$TXDFXOWXUH
5HVHDUFK��������������



/HYHU��&���������(YDOXDWLRQ�RI�WKUHH�SRWHQWLDO�SURGXFWLRQ�V\VWHPV�IRU�WKH�LQODQG�VDOLQH
DTXDFXOWXUH�RI�UDLQERZ�WURXW�LQ�:HVWHUQ�$XVWUDOLD��+RQRXUV�7KHVLV��3HUWK��0XUGRFK�8QLYHUVLW\�

/\PEHU\��$�-���������*HQHWLF�LPSURYHPHQW�LQ�WKH�$XVWUDOLDQ�DTXDFXOWXUH�LQGXVWU\��$TXDFXOWXUH
5HVHDUFK��������������

3DQQHOO��'�-���������&RXQWLQJ�WKH�FRVWV��HFRQRPLF�DVSHFWV�RI�VDOLQLW\�LQ�ZKHDWEHOW�YDOOH\V�RI
:HVWHUQ�$XVWUDOLD��3URFHHGLQJV�RI�WKH�:KHDWEHOW�9DOOH\V�&RQIHUHQFH�
KWWS���ZZZ�DYRQLFP�RUJ�DX�DYRQLFP�ZEHOWYDOOH\V��>$FFHVVHG����-XQH�����@�

6DUUH��*�$���3DUWULGJH��*�-���/HQDQWRQ��5�&�-���-HQNLQV��*�,���3RWWHU��,�&���������(OXFLGDWLRQ�RI
WKH�FKDUDFWHULVWLFV�RI�LQODQG�IUHVK�DQG�VDOLQH�ZDWHU�ERGLHV�WKDW�LQIOXHQFH�JURZWK�DQG�VXUYLYDO�RI
EODFN�EUHDP��&DQEHUUD��)LVKHULHV�5HVHDUFK�DQG�'HYHORSPHQW�&RUSRUDWLRQ�

6WDUFHYLFK��0���������(QYLURQPHQWDO�PDQDJHPHQW�RI�UDLQERZ�WURXW�DTXDFXOWXUH�LQ�LQODQG
:HVWHUQ�$XVWUDOLD��+RQRXUV�7KHVLV��3HUWK��0XUGRFK�8QLYHUVLW\�

7KRPDV��-�)���:LOOLDPVRQ��'�5���������3RWHQWLDO�EHQHILWV�IURP�UHKDELOLWDWLRQ�RI�VDOW�DIIHFWHG�ODQG
E\�D�GUDLQDJH�FDQDO�VFKHPH�LQ�WKH�%ODFNZRRG�5LYHU�FDWFKPHQW��:HVWHUQ�$XVWUDOLD��8QSXEOLVKHG
5HSRUW��5HVRXUFH�(FRQRPLFV�8QLW�

7UHQGDOO��-���3LWPDQ��'�5���������7KH�2XWEDFN�2FHDQ��$�5HVRXUFH�$VVHVVPHQW�DQG�,QGXVWU\
'HYHORSPHQW�2SWLRQV�IRU�$TXDFXOWXUH�8VLQJ�,QODQG�6DOW�:DWHU��3HUWK��)LVKHULHV�:HVWHUQ
$XVWUDOLD�

:ROOLQ��$���������7KH�HPHUJHQFH�RI�QHZ�UXUDO�LQGXVWULHV��D�SXQFWXDWHG�HTXLOLEULXP�DSSURDFK�
,Q��,PULH��%�&���HG���1HZ�&URSV��1HZ�3URGXFWV��9ROXPH�����������.LQJVWRQ��$&7��5XUDO
,QGXVWULHV�5HVHDUFK�DQG�'HYHORSPHQW�&RUSRUDWLRQ�


