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7KHUH�LV�D�PDMRU�DUWLFOH�RQ�WKH�ZHE�VLWH�RI�WKH�*HUPDQ�,QVXUDQFH�$VVRFLDWLRQ�XQGHU�WKLVWLWOH�
3OHDVH�UHIHU�WR�ZZZ�JGY�GH DQG�HQWHU�XQGHU��6XFKH��DW�WKH�WRS�RI�WKH�ZHE�VLWH�WKH�WLWOHRI�WKH�SXEOLFDWLRQ��(UQHXHUEDUH�(QHUJLHQ�
3DUWV�RI�WKH�DUWLFOH�DUH�FRSLHG�EHORZ�LQ�(QJOLVK�IRU�\RXU�DVVLVWDQFH�
$EVWUDFW�
5HQHZDEOH� HQHUJ\� �VXFK� DV� K\GURHOHFWULF�� ZLQG� DQG� VRODU� SRZHU�� PD\� EH� D ZD\� WRSUHYHQW� LPPLQHQW� FOLPDWLF� FDWDVWURSKH�� RQH� WKDW� FRXOG� VDYH� VKULQNLQJ� UHVHUYHV� RIFRQYHQWLRQDO�SULPDU\�HQHUJ\�VRXUFHV�
6WHSV� KDYH� DOUHDG\� EHHQ� WDNHQ� WR� SXVK� IRU� UHQHZDEOH� HQHUJ\� VRXUFHV�� 7KH� .\RWR3URWRFRO�IRU�H[DPSOH�VWLSXODWHV�WKH�IROORZLQJ�JRDOV�

x 7KH�(XURSHDQ�&RPPXQLW\� LV� WR�FXW�JUHHQKRXVH�JDV�HPLVVLRQV�E\�����E\�����RYHU������OHYHOV�x *HUPDQ\�LV�WR�UHGXFH�JUHHQKRXVH�JDVHV�E\�DV�PXFK�DV������x 7KH�&RPPLVVLRQ�KDV�FDOOHG� IRU�D� UHGXFWLRQ� LQ�&2� E\� ���� WR� ����ZRUOG�ZLGHDQG�E\�DV�PXFK�DV������E\������DV�D�ORQJ�WHUP�JRDO�
0HHWLQJ�WKHVH�WDUJHWV�ZLOO�EH�D�FKDOOHQJH��DV�LQGLYLGXDO�UHQHZDEOH�HQHUJ\�VRXUFHV�YDU\LQ� LPSRUWDQFH� DQG� OHYHO� RI� GHYHORSPHQW� IURP� RQH� FRXQWU\� WR� WKH� QH[W�� ,Q� DGGLWLRQ� WRJHRJUDSKLF�IDFWRUV��SROLWLFDO�GHFLVLRQ�PDNLQJ�SURFHVVHV�DQG�SROLWLFDO�LQVWUXPHQWV�SOD\�DQLPSRUWDQW�UROH�LQ�UHQHZDEOH�HQHUJ\�GHYHORSPHQW�
7KH� QHHG� WR� UHSODFH� SRZHU� SODQWV� DW� WKH� HQG� RI� WKHLU� OLIH� F\FOH� SURYLGHV� D� JRRGRSSRUWXQLW\�WR�LQWURGXFH�QHZ�DOWHUQDWLYH�WHFKQRORJLHV�DV�D�ZD\�WR�ORZHU�HPLVVLRQV�DQGXVH�UHVRXUFHV�PRUH�HIILFLHQWO\���(XURSHDQ�SRZHU�SODQWV�ZLWK�FDSDFLWLHV�DURXQG���� ���0HJDZDWWV�ZLOO�KDYH�WR�EH�UHSODFHG�EHWZHHQ������DQG��������7KH�*HUPDQ�JRYHUQPHQWKDV�GHWHUPLQHG�WKDW�UHQHZDEOH�HQHUJ\�VRXUFHV�LQ�*HUPDQ\�PXVW�DFFRXQW�IRU��������RIRYHUDOO�SRZHU�FRQVXPSWLRQ�E\�WKH�\HDU������DQG�DV�PXFK�DV������E\������
7KLV� HVVD\� SURYLGHV� D� EULHI� RYHUYLHZ� RI� UHQHZDEOH� HQHUJ\� VRXUFHV� DQG� GLVFXVVHVK\GURHOHFWULF�SRZHU��ZLQG�DQG�VRODU�HQHUJ\��ELRPDVV�DQG�ELRJDV�SODQWV�DV�ZHOO�DV�IXHOFHOOV�� K\GURJHQ�SRZHU� DQG�JHRWKHUPDO� HQHUJ\�� ,W� FRPSDUHV� WKHLU� SRWHQWLDO� DQG� VKRZVKRZ�WKH\�PHDVXUH�XS�DJDLQVW�FRQYHQWLRQDO�SRZHU�WHFKQRORJLHV�
7KH�ODVW�FKDSWHU�RI�WKH�HVVD\�SURYLGHV�IDFWV�DQG�ILJXUHV�DERXW�VSHFLDO�WHFKQRORJLHV�VXFKDV�VRODU�FKLPQH\�V\VWHPV��WLGDO�HQHUJ\�DQG�ZDYH�SRZHU�
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%LRJDV
7KH�FRQYHUVLRQ�RI�ELRJDV�WR�HOHFWULFLW\�DQG�KHDW�RIIHUV�WKH�SRWHQWLDO�WR�JUHDWO\�UHGXFH�WKHYROXPH�RI�FDUERQ�R[LGH�JDV�
%HFDXVH�WKH�PHWKRG�KDV�QRW�EH�VWDQGDUGLVHG��LQVXUDQFH�FRPSDQLHV�IDFH�FODLPV�DULVLQJIURP�SRRU�HQJLQHHULQJ��SRRU�GHVLJQ��SRRU�ZRUNPDQVKLS�DQG�LPSURSHU�XVH�
7KLV�DUWLFOH�H[SODLQV�WKH�FRPSRQHQWV�RI�D�PRGHUQ�ELRJDV�SODQW��VWDUWLQJ�ZLWK�WKH�PL[LQJSLW�DQG�K\JLHQL]DWLRQ�XQLW��ZKLFK�DUH�UHJXODWHG�XQGHU�*HUPDQ�IRRG�K\JLHQH�ODZV�&KDSWHU���GHVFULEHV�WKH�YDULRXV�IHUPHQWHU�W\SHV�
$�ZLGH�UDQJH�RI�ELRPDVV�W\SHV�FDQ�EH�FRQYHUWHG�LQWR�ELRJDV�
7KH�ELRPDVV�LV�KLJKO\�VHQVLWLYH�WR�ORDGLQJ�HUURUV��7KUHH�PRQWKV�FDQ�SDVV�EHWZHHQ�WKHEHJLQQLQJ� RI� IHUPHQWDWLRQ� DQG� IXOO� ELRJDV� SURGXFWLRQ��7KH�SURFHVV� FDQ� EH� YHU\� HDVLO\LQWHUUXSWHG�LI�WKH�ELRPDVV�PL[WXUH�LV�FKDQJHG�WRR�UDSLGO\��,I�WKH�JDV�SURGXFWLRQ�FRPHV�WRD�VWDQGVWLOO��WKH�HQWLUH�IHUPHQWHU�PL[WXUH�LV�UXLQHG�DQG�PXVW�EH�UHPRYHG�
7KH�FRUH�RI�DOO�ELRJDV�SODQWV�LV�WKH�FRQWURO�XQLW��6HULRXV�FODLPV�YHU\�RIWHQ�DULVH�WKURXJKWKH� ODFN� RI� SURSHU� FRQWURO� XQLWV�V\VWHPV�� 7KH� EHVW� ZD\� WR� RSHUDWH� D� ELRJDV� SODQW� LVWKURXJK�WKH�XVH�RI�FRPSXWHULVHG�FRQWURO�HTXLSPHQW��ZKLFK�LV�SDUWLFXODUO\�WUXH�LQ�WKH�FDVHRI� JDV� DQDO\VLV� ZKLFK�PXVW� EH� FDUULHG� RXW�FRQWUROOHG� FRUUHFWO\�� *DV� DQDO\VHUV� UHTXLUHKLJK�TXDOLW\�DQG�FDUHIXO�PDLQWHQDQFH��)DUPHUV�DUH�SDUWLFXODUO\�VXEMHFW� WR� ILQDQFLDO� ORVVGXH�WR�LPSURSHU�FRQWURO�
*DV�SXULILFDWLRQ�LV�DQRWKHU�YHU\�LPSRUWDQW�IXQFWLRQ��&RQWDPLQDWLRQ�WKURXJK�ZDWHU�YDSRU�GXVW�� VXOSKXU� DQG� RWKHU� VXEVWDQFHV�PXVW� EH� PLQLPLVHG� WR� DYRLG� UDSLG� GHVWUXFWLRQ� RIPRWRUV� DQG� FRQVHTXHQWO\� WKH� H[KDXVW� V\VWHPV�� 7KLV� LV� ZK\� ILYH� GLIIHUHQW� W\SHV� RIGHVXOSKXUL]DWLRQ�DUH�XVHG��)ROORZLQJ�SXULILFDWLRQ��ELRJDV�LV�XVHG�PDLQO\�LQ�FR�JHQHUDWLRQSRZHU�SODQWV�
'XDO�IXHO�PRWRUV�DUH�D�VSHFLDO�FDVH��IRU�WKH\�DUH�QRW�GHVLJQHG�VSHFLILFDOO\�IRU�GXDO�IXHOV�1R�PDQXIDFWXUHUV�LQ�*HUPDQ\�RU�$XVWULD�SURGXFH�PRWRUV�GHVLJQHG�IRU�GXDO�IXHOV��ZKLFKH[SODLQV� WKH� ODFN�RI�ZDUUDQWHHV�� ,QVWHDG��ZRUNVKRSV�FRQYHUW� VWDQGDUG�HQJLQHV� WR�GXDOIXHO� W\SHV��'XH� WR� WKHLU�KLJKHU�FRPEXVWLRQ� WHPSHUDWXUHV��ZH�KDYH�VHHQ�D�JUHDW�PDQ\FODLPV�ILOHG�DIWHU�MXVW�D�IHZ�KRXUV�RI�RSHUDWLRQ�
,I�WKH�JDV�FRQWDLQV�H[FHVVLYHO\�KLJK�DPRXQWV�OHYHOV�RI�VXOSKXU��KLJKO\�FRUURVLYH�VXOSKLWHPD\� EH� SURGXFHG� DIWHU� FRPEXVWLRQ�� DJDLQ� UHVXOWLQJ� LQ� OXEULFDWLRQ� RLO� DFLGLILFDWLRQ� DQGFRQVHTXHQWO\� KLJK� DEUDVLRQ� RI� WKH� FRSSHU� FRPSRQHQWV�� 5HJXODU� RLO� DQDO\VHV� DQG� DSURSHU�GHVXOSKXUL]DWLRQ�SURFHVV�DUH�HVVHQWLDO�IRU�PRWRUV�LQ�ELRJDV�SODQWV�
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)XHO�FHOOV�DQG�K\GURJHQ�WHFKQRORJ\
$�IXHO�FHOO� LV�DQ�HQHUJ\�FRQYHUWHU� LQ�ZKLFK�K\GURJHQ�UHDFWV�ZLWK�D�FDWDO\VW�DQG� LV� WKHQFRQYHUWHG� WR� HOHFWULFLW\�� ZDWHU� DQG� VRPHWLPHV� KHDW�� 6L[� GLIIHUHQW� V\VWHPV� DUH� XQGHUGHYHORSPHQW�
$OWKRXJK� IXHO�FHOOV�KDYH�D�ZLGH� UDJH�RI�SRWHQWLDO�DSSOLFDWLRQV�� WKH\�DUH�FXUUHQWO\�XVHGPDLQO\�LQ�WKH�PDQXIDFWXUH�RI�DXWRPRELOHV�DQG�EXVHV�
,Q� DGGLWLRQ� WR� VPDOO� PRGHOV� ZLWK� FDSDFLWLHV� EHWZHHQ� �� DQG� ���� ZDWWV� IRU� SRUWDEOHSHUVRQDO�FRPSXWHUV�DQG�PRELOH�WHOHSKRQHV��IXHO�FHOOV�DUH�GHYHORSHG� IRU�FR�JHQHUDWLRQSODQWV� LQ� WKH� ���� WR� ���� N:� FDSDFLW\� UDQJH� IRU� VXSSO\LQJ� GLVWULFW� KHDWLQJ� QHWZRUNV�KRWHOV�DQG�KRVSLWDOV�DV�ZHOO�DV�SULYDWH�KRXVHKROGV��ZKHUH�D�UDQJH�RI���WR���N:�FDQ�EHSURYLGHG�
:LWK� WKH�H[FHSWLRQ�RI� WKH�$ONDOLQH�)XHO�&HOO� �$)&��� DOO� W\SHV�DUH� H[SHQVLYH� DQG�KDYHOLPLWHG�OLIH�F\FOHV��SUREOHPV�WKDW�KDYH�\HW�WR�EH�RYHUFRPH�
3RUWDEOH�LQVWDOODWLRQV�ZLOO�EHJLQ�VHULHV�SURGXFWLRQ�LQ�������ZLWK�PDVV�PDUNHW�LQWURGXFWLRQRI�WKH�IXHO�FHOO�FDU�H[SHFWHG�WR�IROORZ�LQ������
8QWLO� WKHQ��KRZHYHU��H[WHQVLYH� UHVHDUFK�DQG�GHYHORSPHQW� LV� UHTXLUHG�EHIRUH� IXHO� FHOOVFDQ�EHFRPH�WKH�QRUP��7KH\�DUH�OLNHO\�WR�WDNH�D�VLJQLILFDQW�VKDUH�RI�WKH�PDUNHW�E\������
+\GURJHQ�VHHPV�WR�EH�WKH�LGHDO�IXHO�IRU�IXHO�FHOOV�
%HFDXVH�K\GURJHQ�SURGXFWLRQ�PXVW�EH�HQYLURQPHQWDOO\�VDIH�EHIRUH�LW�FDQ�JDLQ�JHQHUDODFFHSWDQFH�� UHVHDUFK� DQG� GHYHORSPHQW� HIIRUWV� IRFXV� RQ� VHYHUDO� GLIIHUHQW� SURGXFWLRQPHWKRGV�
'XH�WR�WKH�IDFW�WKDW�FHUWDLQ�IXHO�FHOO�W\SHV�DUH�VHQVLWLYH�WR�FRQWDPLQDWLRQ��K\GURJHQ�PXVWEH��FOHDQ���7KLV�DUWLFOH�GHVFULEHV�GLIIHUHQW�IXHO�SXULILFDWLRQ�PHWKRGV�
$OVR�XQGHU�GHYHORSPHQW�DUH�QHZ�IXHO�VWRUDJH�PHWKRGV��ZKLFK�DUH�QHHGHG�WR�VROYH�WKHSUREOHP�RI�VWDWLRQDU\�DQG�SRUWDEOH�VWRUDJH� LQVWDOODWLRQV�DV�ZHOO�FRPH�XS�ZLWK�HIIHFWLYHZD\V�WR�VWRUH�OLTXLG�DQG�JDVHRXV�K\GURJHQ�
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*HRWKHUPDO�(QHUJ\
���+LVWRU\�RI�JHRWKHUPDO�HQHUJ\
*HRWKHUPDO�HQHUJ\�ZDV�ILUVW�XVHG�WR�JHQHUDWH�HOHFWULFLW\�LQ�,WDO\�LQ������DQG�������7KHILUVW�SRZHU�VWDWLRQ������N:�FDSDFLW\��ZDV�EXLOW�LQ�/DUGHUHOOR�LQ������
���,QWURGXFWLRQ
%H\RQG� LWV� EHQHILWV� DV� D� UHQHZDEOH� HQHUJ\� VRXUFH�� JHRWKHUPDO� HQHUJ\� KDV� VRPHVSHFLDO�DGYDQWDJHV�,W� LV� LQGHSHQGHQW� RI� WKH� ZHDWKHU�� GD\� RU� QLJKW� DQG�PHHWV� WKH� UHTXLUHPHQWV� DW� KDQG�*HRWKHUPDO�HQHUJ\�LV�D�EDVH�ORDG�HQHUJ\�VRXUFH�
*HRWKHUPDO�LQVWDOODWLRQV�ZLWK�FDSDFLWLHV�H[FHHGLQJ�������0:�ZHUH�LQVWDOOHG�ZRUOG�ZLGHLQ�HDUO\������
���$SSOLFDWLRQV
$�GLVWLQFWLRQ�LV�PDGH�EHWZHHQ�K\GURWKHUPDO�XWLOL]DWLRQ�DQG�WKH�SURGXFWLRQ�RI�HOHFWULFLW\�
6\VWHPV�VXLWDEOH�IRU�K\GURWKHUPDO�XWLOL]DWLRQ�LQ�EXLOGLQJV�DQG�IRU�KHDWLQJ�ZDWHU� +\GURWKHUPDO�V\VWHPV�ZLWK�D�ORZ�WHPSHUDWXUH�OHYHO� 1HDU�VXUIDFH�JHRWKHUPDO�V\VWHPV
6\VWHPV�VXLWDEOH�IRU�K\GURWKHUPDO�XWLOL]DWLRQ�DQG�WKH�SURGXFWLRQ�RI�HOHFWULFLW\� +LJK�WHPSHUDWXUH�K\GURWKHUPDO�V\VWHPV��KRW�ZDWHU�IURP�GHHS�VWUDWD�DQG�VWHDP�� +RW�GU\�URFN��+'5��WHFKQRORJ\
����+\GURWKHUPDO�XWLOL]DWLRQ
*HRWKHUPDO�XWLOL]DWLRQ�JHQHUDOO\�LQYROYHV�WUDQVSRUWLQJ�KRW�ZDWHU�IURP�GHHS�VWUDWD�WR�WKHHDUWK
V�VXUIDFH�E\�GULOOLQJ��IHHG�GULOOLQJ���$IWHU�KHDW�LV�UHPRYHG�LQ�D�VHFRQG�GULOOLQJ�SKDVH�LQMHFWLRQ�GULOOLQJ���LW�LV�UHWXUQHG�WR�WKH�VWUDWXP��GXSOLFDWH�SULQFLSOH���7KH�KHDW�LV�WKHQUHPRYHG�IURP�WKH�KRW�ZDWHU�E\�D�KHDW�H[FKDQJHU�DQG�SDVVHG�RQ�WR�FRQVXPHUV�WKURXJKVHFRQGDU\�FLUFXODWLRQ�
����1HDU�VXUIDFH�JHRWKHUPDO�V\VWHPV
,Q�FRQWUDVW�WR�WKH�XWLOL]DWLRQ�RI�ZDUP�RU�KRW�ZDWHU�IURP�WKH�GHHS�VXEVWUDWXP��KHDW�IURPWKH�IODW�VWUDWXP�LV�QRUPDOO\�XWLOL]HG�WKURXJK�KHDW�SXPSV��7KH�ODWWHU�XVH�D�ZLGH�UDQJH�RIKHDW�VRXUFHV�DQG�WHFKQLTXHV�LQ�H[WUDFWLQJ�HQHUJ\�IURP�WKH�VXEVWUDWXP��7KH�PDLQ�RQHVLQFOXGH�

x +HDW�SXPSV�IRU�JURXQG�ZDWHUx *HRWKHUPDO�FROOHFWRUVx *HRWKHUPDO�SUREHVx (DUWK�FRQWDFW�SDUWV�RI�FRQFUHWH���HQHUJ\�VWDNHV
����+RW�GU\�URFN��+'5��WHFKQRORJ\



,Q�+'5� WHFKQRORJ\�� WZR�GHHS�ERUHV�DUH�GULOOHG�DQG� WKH� LQWHUPHGLDWH� URFN� LV� IUDFWXUHG�MRLQLQJ�WKH�HQGV�RI�WKH�ERUHV�WR�IRUP�D�ZDWHU�FLUFXLW��:DWHU�LV�SXPSHG�WKURXJK�RQH�ERUHDOO�WKH�ZD\�WR�WKH�HQG�RI� WKH�RWKHU�ERUH��$ORQJ�WKH�ZD\�� LW�H[WUDFWV�VXIILFLHQW�KHDW�IURPWKH�KRW� URFN�DQG�H[LWV� WKH�VHFRQG�ERUH� LQ� WKH� IRUP�RI�KRW�ZDWHU��&RQYHQWLRQDO�VWHDP�JHQHUDWLQJ�SODQWV�SURYLGH�KHDW�WKURXJK�VWHDP��XVLQJ�D�KHDW�SXPS�
����*HRWKHUPDO�SRZHU�SODQWV
$�QXPEHU�RI�GLIIHUHQW�PHWKRGV�DQG�HQJLQHHULQJ�SURFHVVHV�DUH�XVHG�WR�WXUQ�JHRWKHUPDOKHDW�WR�HOHFWULFLW\��DOO�RI�WKHP�XVLQJ�D�WXUELQH��$�ZRUNLQJ�IOXLG�H[SDQGV�LQ�WKH�WXUELQH�DQGSRZHUV�WKH�JHQHUDWRU�
7KH�IOXLG�LV�XVHG�GLUHFWO\�E\�WKH�SODQW�DW�D�WHPSHUDWXUH�RI������&�
%LQDU\�SODQWV�XVH�D�UHVHUYRLU�WHPSHUDWXUH�XS�WR����&��+LJKHU�WHPSHUDWXUHV�DUH�SRVVLEOHDQG� YDVWO\� LPSURYH� HIILFLHQF\�� $� VXLWDEOH� FKRLFH� RI� ZRUNLQJ� PDWHULDO� RSWLPL]HV� WKHWHPSHUDWXUH�OHYHO�
���*HRWKHUPDO�'ULOOLQJ
*HRWKHUPDO� GULOOLQJ� LV� GLYLGHG� LQWR� WKUHH�PHWKRGV�� SHUFXVVLYH�� URWDU\� DQG� SHUFXVVLYH�URWDU\� GULOOLQJ�� 2WKHU� PHWKRGV� DUH� EHLQJ� UHVHDUFKHG�� EXW� DUH� QRW� \HW� DYDLODEOHFRPPHUFLDOO\�
����7KH�5HQHZDEOH�(QHUJ\�/DZ���((*
7KLV�ODZ�GHDOV�ZLWK�WKH�SXUFKDVH�DQG�FRPSHQVDWLRQ�RI�HOHFWULFLW\�SURGXFHG�H[FOXVLYHO\IURP�ZDWHU�SRZHU��ZLQG�SRZHU��VRODU�HQHUJ\��JHRWKHUPDO�HQHUJ\��ODQGILOO�JDV��GLJHVWHUJDV�DQG�JDV�IURP�ILUHGDPS�RU�ELRPDVV�FRYHUHG�E\�WKH�ODZ�RU�SURGXFHG�LQ�WKH�*HUPDQHFRQRPLF�]RQH�
����6XPPDU\
7KH� WHFKQLFDO� IHDVLELOLW\�RI�JHRWKHUPDO�SURMHFWV� LV�GHPRQVWUDWHG� LQ�PDQ\�SODFHV�RI� WKHZRUOG�� ,Q� *HUPDQ\�� GHYHORSPHQW� LV� DW� D� YHU\� GLIIHUHQW� VWDJH�� *HRWKHUPDO� KHDWLQJFHQWHUV�KDYH�EHHQ�RSHUDWHG�VXFFHVVIXOO\� IRU� WKH� ODVW� IHZ�\HDUV��ZKLOH� WKH�JHRWKHUPDOSRZHU� SODQWV�DUH� VWLOO� LQ� WKHLU� LQIDQF\�� 7KLV� WHFKQRORJ\� KDV� WR� EH� GHYHORSHG� IXUWKHU� LQRUGHU�WR�PDNH�WKHP�XVDEOH�RQ�GHPDQG�
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5HQHZDEOH�HQHUJ\��,PSOLFDWLRQV�IRU�WKH�ILHOG�RI�HQJLQHHULQJ�EXVLQHVV�LQWHUUXSWLRQ�LQVXUDQFH
$V�D�UXOH��SURMHFWV�LQ�WKH�ILHOG�RI�UHQHZDEOH�HQHUJ\�KDYH�WR�EH�VHFXUHG��UHTXLUHPHQW�E\OHQGHUV���(QJLQHHULQJ�EXVLQHVV�LQWHUUXSWLRQ�LQVXUDQFH�FRYHUV�DQ\�HFRQRPLF�ORVV�GXH�WRPDWHULDO�GDPDJH�GXULQJ� WKH�FRQVWUXFWLRQ�� LQVWDOODWLRQ�DQG�RSHUDWLRQ�SKDVHV��(FRQRPLFORVV�PDLQO\�UHVXOWV�IURP�UHQHZDEOH�HQHUJ\�VXEVLGLHV��D�GRPLQDQW�UROH�EHLQJ�SOD\HG�E\WKH� 5HQHZDEOH� (QHUJ\� /DZ�� ZKLFK� IL[HV� SULFHV� IRU� IHHGV� GHSHQGLQJ� RQ� WKH� IRUP� RIUHQHZDEOH�HQHUJ\�
2Q� WKH� EDVLV� RI� WKH� JURZWK� UDWHV� FXUUHQWO\� IRUHFDVW�� DQG� LI� WKH� FXUUHQW� VXEVLGLHV� DUHPDLQWDLQHG��HVSHFLDOO\�XQGHU�WKH�5HQHZDEOH�(QHUJ\�/DZ���SRWHQWLDO�SUHPLXP�LQFRPH�LQHQJLQHHULQJ�EXVLQHVV�LQWHUUXSWLRQ�LQVXUDQFH�LV�HVWLPDWHG�DW�DSSUR[LPDWHO\�Ý �����PLOOLRQDQQXDOO\� LQ� ������ FRUUHVSRQGLQJ� WR� DSSUR[LPDWHO\� ��� SHUFHQW� RI� WKH� RYHUDOO� SUHPLXPLQFRPH�LQ�HQJLQHHULQJ�EXVLQHVV�LQWHUUXSWLRQ�LQVXUDQFH�LQ�*HUPDQ\�LQ�������DFFRUGLQJ�WR*'9�VWDWLVWLFV��
7KH� VXEVLGLHV� KDYH� JLYHQ� ULVH� WR� D� PXOWLWXGH� RI� HQJLQHHULQJ� ILUPV�� FRPSDQLHV� DQGRSHUDWRUV� ZKR� ZRUN� ZLWK� UHQHZDEOH� HQHUJ\� LQVWDOODWLRQV�� 0DQ\� ILHOGV� RI� UHQHZDEOHHQHUJ\�DUH�DW�WKH�FXWWLQJ�HGJH�RI�WHFKQRORJ\��DQG�WKH�SHRSOH�LQYROYHG�RIWHQ�GR�QRW�SD\VXIILFLHQW�DWWHQWLRQ�WR�TXDOLW\��0DQ\�RSHUDWRUV�RI�UHQHZDEOH�HQHUJ\�LQVWDOODWLRQ�KDYH�OLWWOHRU� QR� H[SHULHQFH� LQ� RSHUDWLQJ� WKHVH� LQVWDOODWLRQV�� 6ORZ� UHDFWLRQ� WLPHV� DQG� ODFN� RIWUDLQLQJ� LQ�KDQGOLQJ�FULVHV� LQFUHDVH�HFRQRPLF� ORVV��5HQHZDEOH�HQHUJ\� WHFKQRORJ\�KDVHDUQHG� D� EDG� UHSXWDWLRQ� DV� D� UHVXOW� RI� WKH� WHQGHQF\� WR� RSWLPL]H� LQVWDOODWLRQVFRPPHUFLDOO\�EXW�QRW�DFFRUGLQJ�WR�HQJLQHHULQJ�DVSHFWV�
%HFDXVH� WKHUH� LV� VWLOO� D� VHULRXV� ODFN� RI� ORQJ�WHUP� H[SHULHQFH� ZLWK� PRVW� IRUPV� RIUHQHZDEOH�HQHUJ\��H[FHSW�IRU�K\GURHOHFWULF�SRZHU�DQG��WR�D�FHUWDLQ�H[WHQW��ZLQG�HQHUJ\��WKH�WHFKQLFDO�ULVN�KDV�WR�EH�DQDO\]HG�FDUHIXOO\��,QGHHG��H[SHULHQFHG�HQJLQHHUV�ZKR�FDQQRW�RQO\�DVVHVV�WHFKQLFDO�DQG�FRPPHUFLDO�ULVN��EXW�DOVR�H[DPLQH�DQG�DQDO\]H�NQRZ�KRZLQ� WKH� ILHOG�� DUH� HVSHFLDOO\� LPSRUWDQW� LQ� WKH� DUHD� RI� HQJLQHHULQJ� EXVLQHVV� LQWHUUXSWLRQLQVXUDQFH�
7KLV�EULQJV�ERWK�RSSRUWXQLWLHV�DQG�ULVNV�WR�WKH�ILHOG�RI�HQJLQHHULQJ�EXVLQHVV�LQWHUUXSWLRQLQVXUDQFH�� WKH�IRUPHU�DSSO\LQJ� WR�H[LVWLQJ�SRWHQWLDO�DQG�WKH� ODWWHU� WR� WHFKQRORJ\�� ,Q� WKHORQJ� UXQ�� SURILWDEOH� EXVLQHVV� ZLOO� EH� OLPLWHG� WR� WKRVH� LQVXUHUV� ZKR� FDQ� PDVWHU� WKHWHFKQLFDO� ULVN� DQG� PDNH� D� VROLG� HFRQRPLF� DVVHVVPHQW�� 6XLWDEOH� LQVWUXPHQWV� �H�J�GHWDLOHG�ORVV�VWDWLVWLFV�LQIRUPDWLRQ�H[FKDQJHV��ZLOO�EH�LPSRUWDQW�LQ�REWDLQLQJ�D�FOHDU�YLHZRI�WKH�FXUUHQW�PDUNHW�VLWXDWLRQ�DQG�WR�UHVSRQG�TXLFNO\�WR�FKDQJHV�
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6XPPDU\�RI�VRODU�LQVWDOODWLRQV
7KLV� VHFWLRQ� GLVFXVVHV� WKH� KLVWRU\� DQG� RSHUDWLRQ� RI� VRODU� LQVWDOODWLRQV� DV� ZHOO� DVGHYHORSPHQW�SURJUDPV�DQG�FODLPV�H[SHULHQFH�LQ�WKLV�ILHOG�
,Q������WKH�)UHQFK�UHVHDUFKHU�%DFDTXHUHO�GLVFRYHUHG�D�ZD\�WR�FRQYHUW�OLJKW�GLUHFWO\�LQWRHOHFWULFLW\�� (DUO\� VLOLFRQ� VRODU� FHOOV� ZHUH� SURGXFHG� LQ� WKH� 8QLWHG� 6WDWHV� LQ� ����� DQGVXEVHTXHQWO\�UHILQHG�ZLWK�WKH�ODXQFK�RI�WKH�VSDFH�SURJUDP��6RODU�LQVWDOODWLRQV�EHJDQ�WRDWWUDFW�DWWHQWLRQ�RQO\�GXULQJ�WKH�ILUVW�RLO�FULVLV�
7KH�EDVLF�HOHPHQW�RI�D�SKRWR�YROWDLF�LQVWDOODWLRQ��39�LQVWDOODWLRQ��LV�WKH�VRODU�FHOO��D�WKLQZDIHU�WKDW�FRQVLVWV�PDLQO\�RI�VLOLFRQ��,QFLGHQW�OLJKW�FDXVHV�SRVLWLYH�DQG�QHJDWLYH�FDUULHUVWR� EH� UHOHDVHG� RQ� WKH� VLOLFRQ�ZDIHU�� HVWDEOLVKLQJ� WKH� FRQGLWLRQV� IRU� HOHFWULF� FXUUHQW� WRIORZ�
7KHUH� DUH� WZR� W\SHV� RI� 39� LQVWDOODWLRQV�� DXWRQRPRXV� LVRODWHG� V\VWHPV� DQG� JULG�FRQQHFWHG� LQVWDOODWLRQV�� ,VRODWHG�V\VWHPV�DUH�QRW�FRQQHFWHG� WR�D�SXEOLF�XWLOLW\�JULG�DQGWKHUHIRUH�DUH�HFRQRPLFDO�IRU�XVH�LQ�UHPRWH�RII�JULG�DUHDV�
*ULG�FRQQHFWHG�39�LQVWDOODWLRQV�DUH�XVHG�ZKHQ�WKH�LQVWDOODWLRQ�FDQ�EH�FRQQHFWHG�WR�WKHSXEOLF� SRZHU� JULG�� 7KH� HOHFWULFLW\� JHQHUDWHG� LV� IHG� LQWR� WKH� QHWZRUN� DQG� WKH� SULFHFKDUJHG�IRU�LW�LV�IL[HG�E\�WKH�(OHFWULFLW\�)HHG�/DZ�
+HOLRWKHUPDO� LQVWDOODWLRQV� GLIIHU� IURP� 39� LQVWDOODWLRQV� LQ� WKDW� WKH\� GR� QRW� JHQHUDWHHOHFWULFLW\��EXW� WUDQVIRUP�VRODU� UDGLDWLRQ� LQWR�KHDW��7KH� LQVWDOODWLRQ�KHDWV�ZDWHU� WKURXJKVRODU� UDGLDWLRQ��XVLQJ�D�FROOHFWRU� WKDW�PD\�EH�PRXQWHG�RQ�WKH� URRI��7KLV�ZDWHU� LV�XVHGSULPDULO\� DV� SURFHVV� DQG� KHDWLQJ� ZDWHU� IRU� VLQJOH�IDPLO\� KRPHV� DQG� DSDUWPHQWFRPSOH[HV�
7KH� WHFKQRORJ\� RI� KHOLRWKHUPDO� SRZHU� SODQWV� LV�� IRU� WKH� PRVW� SDUW�� TXLWH� DGYDQFHG�6XQOLJKW�LV�FRQFHQWUDWHG�RQWR�D�FROOHFWRU�E\�PHDQV�RI�WUDFNLQJ�PLUURUV��7KH�OLTXLG�LQ�WKHFROOHFWRU�LV�KHDWHG�WR������&��(OHFWULFLW\�LV�JHQHUDWHG�XVLQJ�D�GRZQVWUHDP�WXUELQH�
7KH�5HQHZDEOH�(QHUJ\�/DZ�LQ�FRQQHFWLRQ�ZLWK�WKH���������5RRIV�6RODU�3URJUDP�OD\VWKH� IRXQGDWLRQ� IRU� HFRQRPLF� RSHUDWLRQ� RI� 39� LQVWDOODWLRQV�� 6XVWDLQHG� JURZWK� LQ� WKHVHFWRU� ZLOO� UHTXLUH� RQJRLQJ� VWDWH� VXSSRUW�� HVSHFLDOO\� ZKHQ� RLO�� JDV� DQG� FRDO� DUHUHDVRQDEO\�SULFHG��,Q��������������DSSOLFDWLRQV�IRU�39�LQVWDOODWLRQV�ZHUH�DSSURYHG�DQGPRUH� WKDQ� �������� WKHUPDO� VRODU� LQVWDOODWLRQV� FRQVWUXFWHG�� 6RODU� HOHFWULFLW\
V� VKDUH� RIWKH� WRWDO� HOHFWULFLW\� FRQVXPSWLRQ� LQ�*HUPDQ\� LV� H[SHFWHG� WR� ULVH� IURP� ����� SHUFHQW� DWSUHVHQW�WR���SHU�FHQW�E\������
7KH�39�DQG�WKHUPDO�VRODU�LQVWDOODWLRQV�FXUUHQWO\�DYDLODEOH�RQ�WKH�PDUNHW�DUHWHFKQRORJLFDOO\�DGYDQFHG�DQG�UHOLDEOH��:KHQ�PDLQWDLQHG�DQG�LQVSHFWHG�RQ�D�UHJXODUEDVLV��WKH�ULVN�RI�LQWHUQDO�RSHUDWLQJ�GDPDJH�WR�WKH�LQVWDOODWLRQV�UHPDLQV�ORZ��([SHULHQFHKDV�VKRZQ�WKDW�QDWXUDO�HYHQWV�VXFK�DV�VWRUP��OLJKWQLQJ��VQRZ�DQG�IURVW�DV�ZHOO�DVZDQWRQ�GHVWUXFWLRQ�E\�YDQGDOLVP�GR�SRVH�D�ULVN�
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:LQG�(QHUJ\���DEVWUDFW
$IWHU�EHLQJ� UH�LQYHQWHG� LQ� WKH� HDUO\� VHYHQWLHV��ZLQG� HQHUJ\� KDV� EHFRPH�DQ� LPSRUWDQWSDUW�RI�WKH�HQHUJ\�PDUNHW�LQ�WKH�86$�DQG�(XURSH�7RGD\�� ZLQG� HQHUJ\� KDV� PRUH� WKDQ� ������� 0:� RI� LQVWDOOHG� FDSDFLW\� ZRUOGZLGH�� ,Q*HUPDQ\�� WKH� QXPEHU� RI� ZLQG� WXUELQHV� LV� DERXW� WR� UHDFK� ������� RU� PRUH�� ZLWK� DQLQVWDOOHG�FDSDFLW\� IDU�H[FHHGLQJ��������0:��0HGLXP�WHUP�HVWLPDWHV�VKRZ� LQVWDOODWLRQILJXUHV�RI�RYHU��������0:�ZRUOGZLGH�ZLWKLQ�WKH�QH[W���\HDUV�
7KH�IROORZLQJ�DUWLFOH�SURYLGHV�DQ�RYHUYLHZ�RI�ZLQG�HQHUJ\� WUHQGV� LQ�*HUPDQ\�RYHU� WKHODVW�WKUHH�GHFDGHV�,W�H[SODLQV�WKH�FRQVWUXFWLRQ�RI�YDULRXV�ZLQG�WXUELQH�W\SHV�DQG�WKHQ�JRHV�RQ�WR�GHVFULEHWKH�FRQVWUXFWLRQ�HOHPHQWV�RI�PRGHUQ�ZLQG�WXUELQHV�DV�D�ZD\�WR�LOOXVWUDWH�VWDWH�RI�WKH�DUWZLQG�WHFKQRORJ\�
$�ODUJH�SDUW�RI�WKH�DUWLFOH�IRFXVHV�RQ�WKH�YHU\�LPSRUWDQW�TXHVWLRQ�RI�VDIHW\�DQG�OLDELOLW\�LQRSHUDWLQJ�PRGHUQ�ZLQG�WXUELQHV��6WDQGDUG�VDIHW\�GHYLFHV�OLNH�OLJKWQLQJ�SURWHFWLRQ��EUDNHV\VWHPV��ILUH�SURWHFWLRQ�GHYLFHV��DQG�FRQGLWLRQ�PRQLWRULQJ�V\VWHPV�DUH�H[SODLQHG�
)XUWKHUPRUH��D�EURDG�RYHUYLHZ�RI�WKH�VWDWXV�RI�GHYHORSPHQW�RI�PRGHUQ�ZLQG�WXUELQHV�IRUERWK�RQVKRUH�DQG�RIIVKRUH�DSSOLFDWLRQV�LV�VKRZQ�
$� VHSDUDWH� VHFWLRQ� H[SODLQV� WKH� WHFKQLTXH� RI� PRGHUQ� RIIVKRUH� ZLQG� WXUELQHV� DQGGLVFXVVHV�WKH�SRWHQWLDO�RI�RIIVKRUH�ZLQG�HQHUJ\�
)LQDOO\��D�GHWDLOHG�ULVN�DVVHVVPHQW�RI�ERWK�RQVKRUH�DQG�RIIVKRUH�ZLQG�HQHUJ\�WXUELQHV�LVJLYHQ��LQFOXGLQJ�DQ�HVWLPDWHG�ORVV�SRWHQWLDO�
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