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+LJK�SURILOH�DQG�SULPDU\�FRPPRGLWLHV�VXFK�DV�FRSSHU��]LQF�DQG�RWKHUV�VKDUH� WKH�JOREDO� OLPHOLJKW�ZLWK�
UHVSHFW�WR�PLQLQJ��LQGXVWULDO�SURFHVVHV��DQG�QXPHURXV�HQG�SURGXFWV�IRU�KRXVHKROG�DQG�FRPPHUFLDO�PDUNHWV��
$SDUW� IURP�EDVH�PHWDOV��QREOH�PHWDOV�HQMR\�VWRFN�PDUNHW�QRWRULHW\�DQG�PHGLD�DWWHQWLRQ�� ,Q�FRQWUDVW�� UDUH�
HDUWKV�IXUWLYHO\�H[SHULHQFH�D�SOHWKRUD�RI�UHVLGHQWLDO�� LQVWLWXWLRQDO��DQG�LQGXVWULDO�DSSOLFDWLRQV��7KH�UHODWLYHO\�
DEXQGDQW�PHWDOOLF�HOHPHQWV�FRPPRQO\�NQRZQ�DV�WKH�oUDUH�HDUWKVp�SUHVHQW�D�ORZ�NH\�LPDJH�ZRUOGZLGH��7KH�
JURXS� LV� QRUPDOO\� FRPSULVHG� RI� ��� ODQWKDQLGHV� RI� ZKLFK� FHULXP� LV� WKH� PRVW� DEXQGDQW� SOXV� VFDQGLXP��
WKRULXP��DQG�\WWULXP��7KH�PDLQ�KRVW�PLQHUDOV�FRQVLVW�RI�EDVWQ½VLWH��PRQD]LWH��DQG�[HQRWLPH��2WKHU�VRXUFHV�
LQFOXGH�DOODQLWH�DQG� VSHQW�KHDY\�PLQHUDO� VDQGV� IURP�XUDQLXP�SURFHVVLQJ�RSHUDWLRQV� VXFK�DV� LQ�$XVWUDOLD��
&RXQWULHV�VXFK�DV�&KLQD�DQG�WKH�8QLWHG�6WDWHV�DUH�WKH�ODUJHVW�SURGXFHUV�RI�UDUH�HDUWK�PDWHULDOV�ZKLOH�RYHU�
���RWKHU�FRXQWULHV�ERWK�FRQWULEXWH�VPDOOHU�TXDQWLWLHV�IRU�ZRUOGZLGH�FRQVXPSWLRQ�DQG�JHQHUDWH�FRPPHUFLDO�
SURGXFWV�� *OREDO� UHVHUYHV� RI� UDUH� HDUWK� HOHPHQWV� DUH� GRPLQDWHG� E\� &KLQD� ������� WKH� &,6� ������� DQG� WKH�
8QLWHG� 6WDWHV� ������� 7KH� 3HRSOHnV� 5HSXEOLF� RI� &KLQD� DFFRXQWHG� IRU� WKH� PDMRULW\� RI� WKH� ZRUOGnV� DQQXDO�
SURGXFWLRQ�RI� UDZ� UDUH�HDUWKV� LQ� WKH�\HDU�������7KH�SHUFHLYHG� oUDUH�PHWDOVp�KDYH�D�VWUDWHJLF� LPSRUWDQFH�
ZKLOH� EHLQJ�ZHOO� VXLWHG� WR� HOHFWURQLF� DQG� RWKHU� GLYHUVH� HQG� XVHV�� 7KH� VXSSO\� DQG� GHPDQG� RI� UDUH� HDUWK�
SURGXFWV�GXULQJ�WKH�SDVW�GHFDGHV�KDYH�EHHQ�UHODWLYHO\�VWHDG\�DQG�VXEMHFW�WR�IOXFWXDWLRQV�LQ�GHOLYHUHG�SULFH��
$V� D� FRQGHQVDWLRQ� RI� WKH� VWDWH�RI�WKH�DUW� LQ� WKLV� IDVFLQDWLQJ� LQGXVWU\�� WKH� SDSHU� VHUYHV� WR� KLJKOLJKW� WKH�
SURSHUWLHV��VRXUFHV��DQG�UHFRYHU\�RI�WKHVH�IRUJRWWHQ�PHWDOV�ZKLFK�ILQG�XVH�LQ�QXPHURXV�XQVHHQ�DSSOLFDWLRQV��
,W� LV� LQWHQGHG� WR�DSSULVH� WKH� UHDGHU�RI� WKH� VDOLHQW� IDFWV�RI� WKHVH�XVHIXO�PHWDOOLF�HOHPHQWV� WKDW�JOREDOO\�JR�
XQQRWLFHG�VLQFH�WKH\�DUH�RYHUVKDGRZHG�E\�WKH�SRSXODULW\�DQG�JUDQGHXU�RI�SUHFLRXV�PHWDOV�VXFK�DV�JROG�DQG�
SODWLQXP���������6'8��$OO�ULJKWV�UHVHUYHG��
�
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7KH�WHUP�oUDUH�HDUWKVp�ZDV�DSSOLHG�LQ�WKH���WK�FHQWXU\�XSRQ�GLVFRYHULQJ�WKH�JURXS�RI����HOHPHQWV�LQ�WKH�
ODQWKDQLGH�VHULHV�ZKLFK�ZHUH�WKHQ�EHOLHYHG�WR�UDUHO\�RFFXU�LQ�QDWXUH��7KH�UDUH�HDUWKV�ZHUH�GLVFRYHUHG�E\�D�
6ZHGLVK� $UP\� /LHXWHQDQW� LQ� ����� ZKHQ� KH� FROOHFWHG� D� EODFN� PLQHUDO� FDOOHG� \WWHUELWH� �ODWHU� UHQDPHG�
JDGROLQLWH�� IURP� D� TXDUW]� DQG� IHOGVSDU�PLQH� QHDU� WKH� YLOODJH� RI� <WWHUE\�� 7KH� UDUH� HDUWKV�ZHUH� GLIILFXOW� WR�
LVRODWH�GXH�WR�WKHLU�VLPLODU�FKHPLFDO�VWUXFWXUHV��-RKDQQ�*DGROLQ��D�)LQQLVK�FKHPLVW��PDQDJHG�WR�VHSDUDWH�DQ�
LPSXUH�\WWULXP�DV�WKH�ILUVW�HOHPHQW�IURP�WKH�PLQHUDO�\WWHUELWH�LQ�������6ZHGHQ�DQG�1RUZD\�SURGXFHG�UDUH�
HDUWKV� FRPPHUFLDOO\� LQ� WKH� ����
V� IURP� WKH�PLQHUDO� PRQD]LWH�� ,QYHQWLRQ� RI� WKH�:HOVEDFK� LQFDQGHVFHQW�
ODPS�PDQWOH� LQ������EHFDPH�D�PLOHVWRQH�IRU� ODWHU�UHFRYHU\��3URGXFWLRQ�VXEVHTXHQWO\�FRPPHQFHG�ZLWKLQ�
%UD]LO�LQ������ZKLOH�,QGLD�EHJDQ�UHFRYHU\�RI�WKH�RUH�LQ�������0RQD]LWH�ZDV�PLQHG�LQ�1RUWK�&DUROLQD��86$��
LQ�������+HGULFN���������&HULXP��&H���ZKLFK�LV�WKH�PRVW�DEXQGDQW�UDUH�HDUWK�HOHPHQW�DW����SDUWV�SHU�PLOOLRQ�
�SSP��� SODFHV� ��WK� LQ� WKH� VHULHV� RI� ��� FRPPRQ� HOHPHQWV� LGHQWLILHG� LQ� WKH� (DUWKnV� FUXVW�� 7KH� FUXVWDO�
DEXQGDQFH�RI�FHULXP�DSSURDFKHV�WKDW�RI�]LQF�DQG�H[FHHGV�WKDW�RI�ERWK�FRSSHU�DQG�WLQ��%RXQGV���������

$OWKRXJK�\WWULXP� LV�QRW� D� ODQWKDQLGH�� LW�ZDV� LQFOXGHG� LQ� WKH�RYHUDOO� JURXS�RI����PHWDOV� VLQFH� LW� RIWHQ�
QDWXUDOO\�RFFXUV�LQ�VROLG�VROXWLRQ�ZLWK�WKHVH�HOHPHQWV�DV�D�UHVXOW�RI�LWV�VLPLODU�LRQLF�UDGLXV��<WWULXP��<���ZKLFK�
KDV� D� VWDEOH� DQG� QDWXUDOO\� RFFXUULQJ� LVRWRSH� ��<�� LV� WKH� VHFRQG�PRVW� DEXQGDQW� UDUH� HDUWK� HOHPHQW� LQ� WKH�
(DUWKnV�FUXVW�DW�D�FRQFHQWUDWLRQ�RI���SSP��$OEHLW�WKDW�RQH�LVRWRSH�RI�\WWULXP�LV�UHODWLYHO\�VWDEOH��WKLV�HOHPHQW�
KDV�D�WRWDO�RI����RWKHU�LVRWRSHV�ZKLFK�UDQJH�LQ�VWDELOLOW\�RYHU�WKH�ZLGH�UDQJH�RI�QDQRVHFRQGV��PLOOLVHFRQGV�
DQG�WKURXJK�WR�GD\V�ZLWK�UHVSHFW�WR�GHFD\��-HIIHUVRQ�/DE���������


 &RUUHVSRQGLQJ�DXWKRU��(�PDLO��UD\PRVNDO\N#\DKRR�FD�
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6FDQGLXP��6F���ZKLFK�LV�WKH�ILUVW�RI�WKH�WUDQVLWLRQ�HOHPHQWV��ZDV�LQFOXGHG�EHFDXVH�LWV�VPDOOHU�DWRPLF�DQG�
LRQLF�VL]H�UHVXOW�LQ�LWV�RFFXUHQFH�ZLWKLQ�RUHV�FRQWDLQLQJ�UDUH�HDUWKV��86*6������D���6FDQGLXP��ZKLFK�KDV�RQH�
QDWXUDOO\� RFFXUULQJ� LVRWRSH� ��6F�� LV� D� VRIW� DQG� VLOYHU\�ZKLWH� PHWDO� VLPLODU� LQ� DSSHDUDQFH� DQG� ZHLJKW� WR�
DOXPLQXP��6FDQGLXPnV�LVRWRSH��6F�����LV�XVHG�DV�D�WUDFHU�LQ�WKH�DQDO\VLV�RI�FUXGH�RLO��15&���������6FDQGLXP�
LV�WKH���VW�PRVW�DEXQGDQW�HOHPHQW�LQ�WKH�(DUWKnV�FUXVW�DW�DQ�DYHUDJH�FUXVWDO�FRQFHQWUDWLRQ�RI���SSP�ZKLFK�
VXUSDVVHV�WKDW�RI�OHDG��PHUFXU\��DQG�SUHFLRXV�PHWDOV��6FDQGLXP��ZKLFK�GRHV�QRW�VHOHFWLYHO\�FRQVROLGDWH�ZLWK�
FRPPRQ�RUH�IRUPLQJ�DQLRQV��UDUHO\�RFFXUV�LQ�FRQFHQWUDWHG�TXDQWLWLHV��+HGULFN���������6FDQGLXP�LV�ZLGHO\�
GLVSHUVHG�LQ�WKH�OLWKRVSKHUH�DQG�+HGULFN��������UHSRUWHG�WKDW�LW�IRUPV�VROLG�VROXWLRQV�ZLWK�DQ�H[FHVV�RI�����
NQRZQ� PLQHUDOV�� 6LQFH� VFDQGLXP� KDV� D� KLJKHU� PHOWLQJ� SRLQW� WKDQ� DOXPLQXP� LW� LV� XVHG� E\� GHVLJQHUV� RI�
VSDFHFUDIW��,W�LV�LQWHUHVWLQJ�WKDW�VFDQGLXP�ILQGV�ZLGH�DSSOLFDWLRQ�LQ�VSRUWLQJ�JRRGV�HTXLSPHQW�VXFK�DV�LQ�WKH�
SURGXFWLRQ�RI�PHWDOOLF�EDVHEDOO�EDWV�DORQJ�ZLWK�LWV�XVH�LQ�WKH�WHOHFRPPXQLFDWLRQV�LQGXVWU\��15&���������$V�D�
FRQWUDVW��&KHPLVWU\��������H[SUHVVHG�WKH�DEXQGDQFH�RI�UDUH�HDUWKV�LQ�WKH�XQLYHUVH�RQ�WKH�EDVLV�RI�ZHLJKW��
7KH�FRQFHQWUDWLRQ�RI�\WWULXP�DQG�VFDQGLXP�ZHUH�UHSRUWHG�DW���DQG���SSE�UHVSHFWLYHO\�LQ�WHUPV�RI�ZHLJKW��
6RPH�OLWHUDWXUH�FLWHV�WKDW�oWUXH�ODQWKDQLGHVp�RQO\�FRQVLVW�RI����HOHPHQWV��%RXQGV���������7KRULXP��7K��ZDV�
DGGHG�WR�WKH�JURXS�GXH�WR�LWV�VLPLODU�FKHPLFDO�SURSHUWLHV��7KRULXP�KLVWRULFDOO\�ZDV�FRQVLGHUHG�D�UDUH�HDUWK�
GXH� WR� LWV� FORVH� DVVRFLDWLRQ�ZLWK� UDUH� HDUWKV� LQ� QDWXUH�� 6RPH� UHJXODWRU\� DJHQFLHV� QRZ� UHJDUG� WKRULXP�DV�
UDGLRDFWLYH�ZDVWH�LQ�OLHX�RI�EHLQJ�FRQVLGHUHG�DV�D�E\�SURGXFW�RI�UDUH�HDUWK�SURGXFWLRQ��6RPH�DFDGHPLFLDQV�
PD\�H[FOXGH�SURPHWKLXP� �3P�� IURP� WKH� UDUH�HDUWK� FDWHJRU\� VLQFH� LW� RQO\�RFFXUV� DV�D�SURGXFW�RI�QXFOHDU�
ILVVLRQ�� 'HSHQGLQJ� XSRQ� GHILQLWLRQ�� WKH� WRWDO� FRXQW� RI� D� EURDG� oUDUH� HDUWKVp� FDWHJRU\� LV� HLWKHU� ��� RU� ���
HOHPHQWV��

,W� ZDV� UHDOL]HG� ODWHU� LQ� WKH� ��WK� FHQWXU\� WKDW� WKH� FUXVWDO� DEXQGDQFH� RI� UDUH� HDUWKV� DV� D� JURXS� ZDV�
FRPSDUDEOH� WR� RWKHU� PDMRU� HOHPHQWV� GLVSHUVHG�ZLWKLQ� WKH� (DUWKnV� FUXVW�� 5DUH� HDUWKV� DUH� IRXQG� LQ� VLPLODU�
FRQFHQWUDWLRQV�WR�FRSSHU��QLFNHO��OHDG��VLOYHU��DQG�WLQ��7KXOLXP��7P��DQG�OXWHWLXP��/X��DUH�WKH�OHDVW�DEXQGDQW�
XSRQ� UHSRUWLQJ�DW�RQO\����SSP�EXW�RFFXU�DW�D�KLJKHU�FRQFHQWUDWLRQ� WKDQ�DQWLPRQ\��ELVPXWK��DQG� WKDOOLXP�
�86*6�� ����E��� 7KXOLXP� LV� PRUH� DEXQGDQW� WKDQ� VLOYHU� DQG� FDGPLXP�� 7KH� JURXS� KDV� IRXQG� ZLGHVSUHDG�
DSSOLFDWLRQ�ZRUOGZLGH� LQ�SK\VLFDO� VWDWHV� VXFK�DV�PHWDOV�� R[LGHV�� DQG�RWKHU�FRPSRXQGV� VXFK�DV�FKORULGHV��
7KH�PHWDOOLF�HOHPHQWV�ZLWK�DWRPLF�QXPEHUV�UDQJLQJ�IURP����WR����LQFOXVLYH�ZHUH�QDPHG�E\�-RKDQQ�*DGROLQ�
�5DUH�(DUWK�(OHPHQWV���������(OHPHQWDO�IRUPV�RI�UDUH�HDUWKV�DUH�FKDUDFWHUL]HG�DV�LURQ�JUD\�WR�VLOYHU\�OXVWURXV�
PHWDOV� WKDW� DUH� PDOOHDEOH�� VRIW�� GXFWLOH�� DQG� UHDFWLYH� DW� HOHYDWHG� WHPSHUDWXUHV� HVSHFLDOO\� ZKHQ� ILQHO\�
GLYLGHG��0HOWLQJ� SRLQWV� UDQJH� IURP� ���R& WR� ����R& IRU� FHULXP� DQG� OXWHWLXP� UHVSHFWLYHO\�� 5DUH� HDUWKV��
ZKLFK�KDYH�VLPLODU�FKHPLFDO�SURSHUWLHV�WR�DOXPLQXP��DUH�LQFOXGHG�DPRQJ�WKH�PRVW�HOHFWURSRVLWLYH�HOHPHQWV�
ZKLOH�WKHLU�FKHPLFDO�ERQGLQJ�LV�YLUWXDOO\�WRWDOO\�LRQLF��7KH�HOHFWURQLF�VWUXFWXUH�RI�ODQWKDQLGHV�GLIIHU�IURP�HDFK�
RWKHU�E\�WKH�VWHS�ZLVH�DGGLWLRQ�RI�HOHFWURQV�WR�WKH��I�VXEVKHOO�VXFK�DV�I� WR�I���IRU�ODQWKDQXP�DQG�OXWHWLXP�
UHVSHFWLYHO\� �%RXQGV�� ������� /DQWKDQXP� LV� HPSOR\HG� LQ�ZDWHU� WUHDWPHQW� UHDJHQWV� WR� UHGXFH� SKRVSRURXV�
OHYHOV� LQ� SRWDEOH�ZDWHU� �/\QDV��������� 7KHLU� XQLTXH�SURSHUWLHV� RI� �L�� FDWDO\WLF� DFWLYLW\� �LL�� HQKDQFHPHQW�RI�
PHWDOOXUJLFDO�SURSHUWLHV� �LLL��FRORULQJ�DELOLW\�SOXV� �LY��HOHFWULFDO�DQG�PDJQHWLF�SURSHUWLHV�DUH�HPSOR\HG� LQ�D�
ZLGH�YDULHW\�RI�LQGXVWULDO�DSSOLFDWLRQV��$OEHLW�WKDW�VXEVWLWXWHV�DUH�DYDLODEOH�IRU�PDQ\�HQG�XVHV�RI�UDUH�HDUWKV��
WKHVH�DUH�JHQHUDOO\�OHVV�HIIHFWLYH��)RU�H[DPSOH��SDOODGLXP�DQG�XOWUDVWDEOH�]HROLWHV�PD\�EH�XVHG�LQ�OLHX�RI�UDUH�
HDUWKV� IRU�SHWUROHXP�FUDFNLQJ�EXW� UHVXOW� LQ�D�GLIIHUHQW� UDQJH�RI�SURGXFWV� �0LQHUDO�&RPPRGLW\�6XPPDULHV��
�������5DUH�HDUWK�FDWDO\VWV�UHGXFH�WKH�QXPEHU�RI�VWDJHV�UHTXLUHG�LQ�SRO\PHU�PDQXIDFWXUH�ZKLOH�UHSODFLQJ�
WR[LF�FRPSRQHQWV�FRPSULVHG�RI�KHDY\�PHWDOV���

2QH�XQREWUXVLYH�DSSOLFDWLRQ�RI�UDUH�HDUWKV�UHSUHVHQWV�RQH�RI�WKH�ROGHVW�XVHV�IRU�PDQNLQG��0LVFKPHWDO�LV�
DQ�DOOR\�FRPSRVHG�RI��������&H���������/D���������1G��������3U�������6P�����7E�����<��DQG����)H�
ZKLFK�ILQGV�VHYHUDO�PHWDOOXUJLFDO�DSSOLFDWLRQV�LQ�VXSHUDOOR\V��DUPRXU�SODWH�DQG�VWDLQOHVV�VWHHO��KLJK�FDUERQ�
VWHHOV�� DQG� KLJK� VWUHQJWK�� ORZ� DOOR\� �+6/$�� VWHHO��0LVFKPHWDO� LV� S\URSKRULF� DQG� SURGXFHV� D� VSDUN� ZKHQ�
VFUDWFKHG�WKHUHE\�EHLQJ�XVHG�LQ�FLJDUHWWH�OLJKWHUV��DXWRPDWLF�OLJKWLQJ�GHYLFHV�IRU�IXHOV�VXFK�DV�QDWXUDO�JDV�
DQG� SURSDQH��PLQHUnV� VDIHW\� ODPSV�� IODUHV�� DQG� WUDFHU� DPPXQLWLRQ� IRU� WKH�PLOLWDU\�� ,QGXVWULDO� DSSOLFDWLRQV�
LQFOXGH� DXWRPRWLYH� FDWDO\WLF� FRQYHUWHUV�� SHWUROHXP� UHILQLQJ� FDWDO\VWV� �LH��� IOXLG� FUDFNLQJ��� IXHO� FHOOV�� JODVV�
SROLVKLQJ��FRORULQJ�DQG�RSWLFDO� OHQVHV��&57�JODVV��FRORUDQWV� IRU�JOD]HV��FRDWLQJV�� UHIUDFWRULHV�DQG�VWDELOLVHUV��
HOHFWURQLF� FHUDPLFV�� DQG� SHUPDQHQW�PDJQHWV�� 7KH� JODVV� LQGXVWU\� LV� D� YHU\� ODUJH� FRQVXPHU� RI� UDUH� HDUWKV�
ZLWK� UHVSHFW� WR� FRPSRVLWLRQ�� UHIUDFWLYH� LQGH[�DQG�RWKHU� DWWULEXWHV��&HULXP�R[LGHV� DUH�QRUPDOO\�XVHG�DV� D�
SXULI\LQJ� DQG� GH�FRORULVLQJ� DJHQW� LQ� JODVV� WUHDWPHQW�� )RU� H[DPSOH�� QHRG\PLXP� JODVV� LV� XVHG� IRU� KLJK�
WHFKQRORJ\� ODVHUV� �5KRGLD�� ����D��� 7KH� VWURQJ� PDJQHWLF� SURSHUWLHV� RI� UDUH� HDUWKV� HQGXUH� DW� KLJK�
WHPSHUDWXUHV�� 7KH� VWURQJHVW� SHUPDQHQW� PDJQHWV� DUH� FRPSRVHG� RI� QHRG\PLXP�LURQ�ERURQ� DQG� ILQG�
DSSOLFDWLRQ� LQ� HOHFWULF� PRWRUV�� JHQHUDWRUV�� FRPSXWHUV�� DQG� PDJQHWLF� UDLO� WUDFNV� �6PDUW�� ������� *HQHUDO�
0RWRUV�XWOL]HV�DV�PDQ\�DV�����VPDOO�1G)H%�HOHFWULF�PRWRUV� LQ�RQH�YHKLFOH��1HR�PDJQHWV�DUH�XVHG� LQ�&'�
GULYHV� ZKLOH� WKH� KHDGSKRQHV� RI� DOO� 03�� SOD\HUV� FRQWDLQ� QHRG\PLXP�PDJQHWV� IRU� JUHDWHU� SHUIRUPDQFH��
&HULXP�DQG�\WWULXP�R[LGHV�DUH�W\SLFDOO\�HPSOR\HG�DV�VLQWHULQJ�DLGV�LQ�WKH�IDEULFDWLRQ�RI�HQDPHOV�DQG�JOD]HV�
�6PDUW���������7KH�FHUDPLF�LQGXVWU\�XWLOL]HV�UDUH�HDUWK�EDVHG�SURGXFWV�WR�FUHDWH�YDULRXV�FRORUV��)RU�H[DPSOH��
\HOORZ�SLJPHQW� LV�GHULYHG� IURP�SUDVHRG\PLXP��SXUSOH� IURP�QHRG\PLXP��ZKLOH�EXUJXQG\�SLJPHQW�XVHV�D�
FRPELQDWLRQ�RI�FHULXP�DQG�SUDVHRG\PLXP��&RORUV�VXFK�DV�SUDVHRG\PLXP�\HOORZV�DUH�VWDEOH�XS�WR�����R&
GXULQJ�WKH�PDQXIDFWXULQJ�SURFHVV��
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5DUH�HDUWK�HOHPHQWV��5((��DUH�XVHG�DV�PHWDOOXUJLFDO�DGGLWLYHV�DQG�LQ�YDULRXV�DOOR\V�VXFK�DV�WKH�KDUGHQLQJ�
DQG�VWUHQJWKHQLQJ�RI�DOXPLQXP�DQG�PDJQHVLXP��5DUH�HDUWK�GHULYDWLYHV�DUH�HPSOR\HG�DV�FRUURVLRQ�LQKLELWRUV�
LQ� FRQMXQFWLRQ�ZLWK� VXUIDFH� WUHDWPHQW�RI�PHWDOV�� )RU� H[DPSOH�� \WWULXP�ZKLFK� LV� KDOI� WKH�ZHLJKW�RI� OHDG�� D�
FDUFLQRJHQ�� LV�XVHG� WR�PDQXIDFWXUH�QRQ�WR[LF�SDLQWV��2WKHU�XVHV�FRQVLVW�RI� ODVHUV��HOHFWURQLF�FRPSRQHQWV��
MHZHOU\��SDLQW�DQG�OXEULFDQWV��QXFOHDU�FRQWURO�URGV��SOXV�QXFOHDU�GHWHFWRUV�DQG�FRXQWHUV��5DUH�(DUWK�(OHPHQWV��
������� 5DUH� HDUWK� SKRVSKRUV� DUH� DSSOLHG� LQ� WKH�PDQXIDFWXUH� RI� WHOHYLVLRQV� DQG� RWKHU� FDWKRGH� UD\� WXEHV��
FRPSXWHU�PRQLWRUV�� IOXRUHVFHQW� OLJKWLQJ�� UDGDU��DQG�;�UD\� LQWHQVLI\LQJ�ILOP��86*6������F���5((�DUH�VXLWDEOH�
IRU�WKH�PHGLFDO�ILHOG�VXFK�DV�PDJQHWLF�UHVRQDQFH�LPDJLQJ��05,��SOXV�VXUJLFDO�DQG�GHQWDO�ODVHUV��ZKLOH�DOVR�
UHSRUWLQJ� LQ� G\HV�� IHUWLOL]HUV�� DQG� IRU� VWRULQJ� KRORJUDSKLF� LPDJHV�� 7KH� JURVV� VDOHV� RI� SKRVSKRUV� LQFOXGLQJ�
SLJPHQWV� DFFRXQWHG� IRU� DERXW� ���� RI� WKH� RYHUDOO� UDUH� HDUWKV� ¼������ PLOOLRQ� �86����� PLOOLRQ�� PDUNHW�
ZRUOGZLGH�LQ�������;�UDWHV���������$GGLWLRQDO�DUHDV�RI�FRQVXPSWLRQ�LQFOXGH�PLFURZDYHV��SURSXOVLRQ� MHWV��
GDWD�VWRUDJH��RSWLFDO�ILEUHV��WH[WLOHV��PLUURUV��DQG�HOHFWURQ�PLFURVFRSHV��5RVNLOO���������7KH�DWWULEXWHV�RI�UDUH�
HDUWKV� VXFK�DV�EHLQJ�HQYLURQPHQWDOO\�EHQLJQ�DQG� WKHLU�XQLTXH�SURSHUWLHV�DOORZ�PDQ\�XVHIXO� DSSOLFDWLRQV��
$QRWKHU� DUHD� RI� XVH� LV� WKH� PDQXIDFWXUH� RI� QLFNHO�PHWDO� K\GLGH� �1L�0+�� UHFKDUJHDEOH� EDWWHULHV�� %RXQGV�
�������GHVFULEHG�WKH� LQFRUSRUDWLRQ�RI� UDUH�HDUWKV�ZLWKLQ�FDWDO\WLF�FRQYHUWHUV��H[FKDQJH�FRXSOHG�PDJQHWV��
DQG� WKH�HYROXWLRQ�RI� UHFKDUJHDEOH�EDWWHULHV��$SDUW� IURP� WKHLU� UHGXFHG�VL]H��QLFNHO�UDUH�HDUWK� UHFKDUJHDEOH�
EDWWHULHV�DUH�HQYLURQPHQWDOO\�IULHQGO\�GXH�WR�WKH�UHSODFHPHQW�RI�KHDY\�PHWDOV�VXFK�DV�FDGPLXP��OHDG�DQG�
PHUFXU\��7KH�LQGXVWULDO�DSSOLFDWLRQ�RI�UDUH�HDUWK�WUDQVLWLRQ�PHWDO�LQWHUPHWDOOLFV��HJ���6P2� DQG�1G�)H��%��KDV�
DOORZHG�GHYHORSPHQW�RI�FRPPHUFLDO�LWHPV�VXFK�DV�SHUVRQDO�FRPSXWHUV��HJ���QRWHERRNV��DQG�:DONPDQV�WKDW�
ZH�WDNH�IRU�JUDQWHG�LQ�RXU�GDLO\�DFWLYLWLHV��%RXQGV���������3HUIRUPDQFH�DGGLWLYHV�DVVLVW�LQ�WKH�SURGXFWLRQ�RI�
FOHDQ�HQHUJ\�DQG�PLQLPXP�LPSDFW�RQ�WKH�JUHHQKRXVH�HIIHFW��5KRGLD������D���

7KH������ZRUOG�PLQH�SURGXFWLRQ�RI�UDUH�HDUWKV�DPRXQWHG�WR��������PHWULF�WRQQHV�ZKLFK�UHSUHVHQWHG�D�
PDUJLQDO� LQFUHDVH� IURP� WKH�SUHYLRXV�\HDU�� 7KLV� ILJXUH� WUDQVODWHV� LQWR��������� WRQQHV�ZKHQ�H[SUHVVHG�DV�
UDUH� HDUWK� R[LGHV� �86*6�� ����D��� 7KH� RYHUDOO�ZRUOG� UHVRXUFHV� RI� FRQWDLQHG� UDUH� HDUWK� HOHPHQWV� �5((�� DUH�
HVWLPDWHG�DW�DERXW�����PLOOLRQ�WRQQHV�ORFDWHG�LQ�&KLQD��������WKH�&,6��������WKH�86$��������$XVWUDOLD������
DQG� ,QGLD� ������ $XVWUDOLDnV� 5((� UHVHUYHV� DUH� FRPSULVHG� RI� ���� LQ� PLQHUDO� VDQG� GHSRVLWV� DQG� ���� LQ�
KDUGURFN�GHSRVLWV��7KH�WRWDO�ZRUOG�UHVHUYHV�RI�UDUH�HDUWKV�UDQJH�IURP����WR����PLOOLRQ�WRQQHV�GHSHQGLQJ�
XSRQ�WKH�GHILQLWLRQ�RI�UHVHUYHV��&RXQWULHV�VXFK�DV�)UDQFH�DQG�,QGLD�UHSUHVHQWHG�WKH�PDMRU�LPSRUW�VRXUFHV�RI�
UDUH�HDUWKV�LQ�WKH�IRUP�RI�FKORULGHV��QLWUDWHV��YDULRXV�FRPSRXQGV�DQG�FRQFHQWUDWHV��7KH�YDULHW\�RI�UDUH�HDUWK�
EHDULQJ�RUH�VSHFLHV�VXFK�DV�EDVWQ½VLWH��PRQD]LWH�DQG�LRQLF�RUHV�LQ�WKH�3HRSOHnV�5HSXEOLF�RI�&KLQD�SURYLGH�LW�
ZLWK�D�XQLTXH�SRVLWLRQ� LQ� WKH�JOREDO�PDUNHW�SODFH� �6PDUW��������� ([SHQVLYH� UDUH�HDUWKV� LQ������ LQFOXGHG�
HXURSLXP�R[LGH��¼���������LH���86�����������WHUELXP�PHWDO��¼����������DQG�\WWHUELXP�PHWDO��¼���������
H[SUHVVHG� LQ� (XURV�SHU�NLORJUDP� IRU� ODUJH�RUGHUV�� 7KH�SULFHV�FRPSLOHG�E\�0HWDO� 6WDWLVWLFV� ������� IRU� UDUH�
HDUWKV� VROG�E\� WKH�86$� LQ������YDULHG�DFFRUGLQJ� WR� VPDOO�RU� ODUJH�TXDQWLWLHV�� )RU�H[DPSOH�� FHULXP�R[LGH�
�PD[LPXP�SXULW\�RI����������YDULHG�IURP������¼�NJ�ZKLOH�ODUJH�WRQQDJH�RUGHUV�UDQJHG�IURP�������¼�NJ��
$XJXVW� ����� SULFHV� IRU� G\VSURVLXP� PHWDO� DQG� WHUELXP� PHWDO� ZHUH� ��������¼�NJ� DQG� ¼��������
UHVSHFWLYHO\�IRU�PDWHULDO�JUHDWHU�WKDQ�����SXULW\��0DUNHW�3ULFHV���������/HVV�H[SHQVLYH�UDUH�HDUWKV�LQFOXGH�
ODQWKDQXP� PHWDO� ��������¼�NJ�� DQG� KROPLXP� R[LGH� ��������¼�NJ��� ,W� LV� QRWHZRUWK\� WKDW� WKH� PRVW�
H[SHQVLYH� UDUH� HDUWKV� DUH� VFDQGLXP� PHWDO� DQG� OXWHWLXP� R[LGH� ZKLFK� FRPPDQGHG� D� SULFH� RI� ������
������¼�NJ�DQG����������¼�NJ�UHVSHFWLYHO\�LQ�JOREDO�PDUNHWV��0DUNHW�3ULFHV����������

6HSWHPEHU� ����� SULFHV� IRU� \WWHUELXP� PHWDO� ZHUH� ���¼�NJ� ZKLOH� ORZHU� SULFHG� UDUH� HDUWKV� ZHUH�
QHRG\PLXP�PHWDO�����¼�NJ���SUDVHRG\PLXP�PHWDO� ����¼�NJ���DQG�VDPDULXP�PHWDO������¼�NJ��DFFRUGLQJ�WR�
0HWDO� 3DJHV� ��������$� VLJQLILFDQW�GLIIHUHQFH�H[LVWV� IRU�PHWDOV�SULFHG� )2%�&KLQD�DQG� WKDW�TXRWHG� WKURXJK�
FKDQQHOV�VXFK�DV�5DUH�(DUWKV�0DUNHWSODFH��0DUNHW�3ULFHV��������ZKLFK�SXEOLVK�RQ�WKH�EDVLV�RI�&,)�8�6��SRUW�
SULFHV�� )RU�H[DPSOH��FHULXP�R[LGHnV�SULFLQJ�VWUXFWXUH� UDQJHG� IURP����������¼�NJ� IRU�0DUNHW�3ULFHV�GXULQJ�
$XJXVW� ZKLOH� WKH� FRPPRGLW\� ZDV� OLVWHG� DW� ���¼�NJ� IRU� 0HWDO� 3DJHV� GXULQJ� PLG� 6HSWHPEHU� ������ ,W� LV�
DSSURSULDWH� WR� PHQWLRQ� WKH� SULQFLSOHV� RI� YDOXH� DGGLQJ� ZKLFK� DIIHFW� SULFH� VWUXFWXUH�� )RU� H[DPSOH�� RQH�
NLORJUDP� RI� &KLQHVH� EDVWQ½VLWH� �DND� EDVWQDHVLWH�� WKHRUHWLFDOO\� FRVWLQJ� ¼���� DFWXDOO\� FRQWDLQV� UDUH� HDUWK�
R[LGHV�YDOXHG�DW�¼�����ZKLFK�UHSUHVHQWV�D�WHQ�IROG�LQFUHDVH��+HQFH��LQGLYLGXDO�UDUH�HDUWKV�LQ�WKHLU�HOHPHQWDO�
VWDWH�ZRXOG�IHWFK�D�YDOXH�RI�¼�����WKHUHE\�FRQWULEXWLQJ�DQ�DGGLWLRQDO�����WR�WKH�YDOXH�RI�WKH�R[LGHV��6PDUW��
������� 7KH� 8�6�� DSSOLHV� D� PRGHVW� WDULII� H[SUHVVHG� DV� D� SHUFHQWDJH� RQ� LPSRUWHG� UDUH� HDUWKV� ZKLFK� LV� LQ�
SURSRUWLRQ�WR�WKH�YDOXH��LH���DG�YDORUHP��DQG�WDLORUHG�WR�HDFK�FRXQWU\�RI�RULJLQ��

$ ODJ� WLPH�H[LVWV� WR�REWDLQ� WKH� ODWHVW�SULFLQJ� LQIRUPDWLRQ� IRU� UDUH�HDUWKV�DQG� VSHFLDOW\�PHWDOV�ZLWKRXW�
LQFXUULQJ�FKDUJHV�RQ�VHYHUDO�KRPH�SDJH�VLWHV�IHDWXUHG�RQ�WKH�,QWHUQHW�VLQFH�WKH�ILJXUHV�DUH�VRPHWLPHV����
PRQWKV�RU�PRUH�EHKLQG�WKH�PRVW�UHFHQW�GDWD��+HQFH��LW�LV�VRPHWLPHV�GLIILFXOW�WR�FLWH�UHDOLVWLF�FRVWV�GXH�WR�WKH�
OHDG� WLPH� UHTXLUHG� WR� REWDLQ� UHOHYDQW� GDWD� FRQFHUQLQJ� UDUH� HDUWKV� DQG� UHODWHG� SURGXFW� IRUPV�� 3DLG� GDLO\�
DFFHVV� YLD� D� VXEVFULSWLRQ� WR� UHFRJQL]HG� VRXUFHV� VXFK� DV� 0HWDO�3DJHV� LV� DGYDQWDJHRXV� WR� SDUWLFLSDQWV��
&RPPHUFLDO�SXEOLFDWLRQV�VXFK�DV�RQH�HQWLWOHG�o7KH�(FRQRPLFV�RI�5DUH�(DUWKV�DQG�<WWULXPp�DQG�FRVWLQJ�DERXW�
¼������DUH�UHDGLO\�DYDLODEOH�WR�VHULRXV�DILFLRQDGRV�RI�WKH�VXEMHFW��5RVNLOO���������$SDUW�IURP�SUHVHQW�SULFLQJ�
VWUXFWXUH�� WKH�EXON�RI� WKH������YLQWDJH�UHSRUW�PD\�VWLOO�EH�UHOHYDQW� LQ�WRGD\nV�FRPSHWLWLYH�FXOWXUH�VLQFH� LW�
GHVFULEHV�SURGXFWLRQ�RI�UDUH�HDUWKV� LQ�VRPH����FRXQWULHV�ZKLOVW�DERXW����PDMRU�SURGXFLQJ�FRPSDQLHV�DUH�
SURILOHG�� 7KH� H[WHQVLYH� 5RVNLOO� UHSRUW� LV� DQWLFLSDWHG� WR� SUHVHQW� D� JRRG� RYHUYLHZ� RI� WKH



���

5�5��0RVNDO\N���7KH�(XURSHDQ�-RXUQDO�RI�0LQHUDO�3URFHVVLQJ�DQG�(QYLURQPHQWDO�3URWHFWLRQ�
9RO����1R���������������������SS����������
�

ZRUOGZLGH� LQGXVWU\�DOEHLW� LW�GRHV�QRW� LQFOXGH� WKH� VLJQLILFDQW� FKDQJHV� LQ�$VLDQ�SURGXFWLRQ�ZLWKLQ� WKH�SDVW�
WZR�\HDUV�VXFK�DV� LQ� WKH�%DRWRX� UHJLRQ�RI�QRUWKHUQ�&KLQD�� ,W� LV�VLJQLILFDQW� WKDW�+HGULFN� �������KDV�GUDZQ�
LQIRUPDWLRQ�IURP�VRPH����VRXUFHV�DQG�FRPSLOHG�D�VXPPDU\�RI�WKH�ZRUOG�UDUH�HDUWK�VLWXDWLRQ�ZLWK�UHVSHFW�
WR�JOREDO�VXSSO\�DQG�GHPDQG�DQG�RWKHU�UHODWHG�LVVXHV��$OWKRXJK�WKH�SXEOLFDWLRQ�IRFXVVHG�RQ�8�6��FRQGLWLRQV�
SUHYDLOLQJ�LQ�������LW�KLJKOLJKWHG�DFWLYLW\�LQ����RWKHU�FRXQWULHV��$IWHU�PRUH�WKDQ�D�GHFDGH�RI�JDWKHULQJ�UDUH�
HDUWK�GDWD�IRU�WKH�8�6��*HRORJLFDO�6XUYH\��WKLV�LQGLYLGXDO�PD\�EH�UHJDUGHG�DV�D�UHOLDEOH�VRXUFH�RI�LQIRUPDWLRQ��
$SDUW� IURP� ,QIR0LQHnV� UHSRUWV�� RWKHU� SXEOLFDWLRQV� LQ� WKH� SXEOLF� GRPDLQ� LQFOXGH� UHSRUWV� PDUNHWHG� E\� WKH�
86*6�0LQHUDOV�,QIRUPDWLRQ�6HUYLFHV��HJ���PLQHUDOV�\HDUERRN���,QGLDQ�,QVWLWXWH�RI�0HWDOV��7,)$&��DQG�6D[PDQ�
�������� $W� SUHVHQW�� QR� VKRUWIDOO� H[LVWV� IRU� D� FRQWLQXRXV� VXSSO\� RI� UDUH� HDUWK� RUHV�ZKLFK� DUH� H[SHFWHG� WR�
DGHTXDWHO\�PHHW�DQWLFLSDWHG�GHPDQG�IRU�VHYHUDO�KXQGUHG�\HDUV��7KLV�SDUWLFXODU�SDSHU�HQWLWOHG�o5DUH�HDUWKV��
WKH�XQVHHQ�PHWDOVp�SUHVHQWV�D�FRPSUHKHQVLYH�RYHUYLHZ�RI� WKH�GLYHUVLILHG�JOREDO� UDUH�HDUWKV� LQGXVWU\�DQG�
VHOHFWHG�UHIHUHQFHV�WKHUHE\�DVVLPLODWLQJ�SHUWLQHQW�IDFWV�LQ�D�VLQJOH�SXEOLFDWLRQ��
�

���5$5(�($57+6�
�

7DEOH���LOOXVWUDWHV����oUDUH�HDUWK�HOHPHQWVp�FRPSULVHG�RI����PHWDOOLF�HOHPHQWV�LQ�WKH�ODQWKDQLGH�VHULHV�
DQG� WKUHH� RWKHU� PHWDOV� ZLWK� VLPLODU� FKDUDFWHULVWLFV�� <WWULXP�� ZKLFK� RFFXUV� ZLWK� WKH� ODQWKDQLGHV�� SOXV�
VFDQGLXP� DQG� WKRULXP� DUH� QRUPDOO\� LQFOXGHG� LQ� WKH� RYHUDOO� JURXS� VLQFH� WKH\� H[KLELW� VLPLODU� FKHPLFDO�
SURSHUWLHV�� 7KH� PLQHUDO� EDVWQ½VLWH� �DND� EDVWQDHVLWH�� FRQWDLQV� D� VPDOO� DPRXQW� RI� \WWULXP� ZLWKLQ� WKH�
IOXRURFDUERQDWH�RI�FHULXP��*OREDO�HVWLPDWHV�RI�XQPLQHG�\WWULXP�DUH�DV�KLJK�DV���������WRQQHV��$QFLHQW�DQG�
UHFHQW�SODFHU� GHSRVLWV� DUH� D� ODUJH� VRXUFH�RI� \WWULXP�FRXSOHG�ZLWK� LRQ�DGVRUSWLRQ�RUH� �LH���ZHDWKHUHG� FOD\�
GHSRVLWV��� FDUERQDWLWHV� DQG� XUDQLXP�RUHV��$GGLWLRQDO� UHVHUYHV� FRQVLVW� RI� VHGLPHQWDU\� SKRVSKDWH�GHSRVLWV��
DSDWLWH�PDJQHWLWH� URFNV�� PRQD]LWH�EHDULQJ� GHSRVLWV�� DQG� GHSRVLWV� RI� FROXPELXP�WDQWDOXP� PLQHUDOV�� )RU�
H[DPSOH��WKH�VSHFLILF�XUDQLXP�RUH�VSHFLHV�DW�%OLQG�5LYHU��2QWDULR�LQ�&DQDGD�LV�D�SRWHQWLDO�VRXUFH�RI�\WWULXP��
$Q�HQWUHSUHQHXU�LV�LQYHVWLJDWLQJ�GHYHORSPHQW�RI�D�ODUJH�FDUERQDWLWH�GHSRVLW�LQ�WKH�6XGEXU\��2QWDULR�UHJLRQ�
DV� ERWK� D� IHUWLOL]HU� IRU� QXWULHQW�SRRU� VRLOV� DQG� DV� D� PLQHUDO� DGGLWLYH� LQ� OLYHVWRFN� IHHG� �5RVV�� ������� 7KH�
GHSRVLW� FRQWDLQV� DERXW� ���� LJQHRXV� FDOFLWH� �FDOFLXP� FDUERQDWH��� ���� DSDWLWH� �SKRVSKDWH� URFN�� DQG� LV�
UHODWLYHO\�ORZ�LQ�LPSXULWLHV�VXFK�DV�XUDQLXP�EHDULQJ�PLQHUDOV��7KH�5((�FDWHJRU\�LV�GLYLGHG�LQWR�WZR�SRUWLRQV��
/LJKW� UDUH� HDUWKV� FRQVLVW� RI�PHWDOV�ZLWK� DWRPLF� QXPEHUV� IURP������� �ODQWKDQXP� WR� HXURSLXP��ZKLOH� WKH�
KHDY\� UDUH�HDUWKV� LQFOXGH� WKRVH�ZLWK�DWRPLF�QXPEHUV� IURP������� LQFOXVLYH� �JDGROLQLXP�WR� OXWHWLXP���7KH�
ILUVW� IRXU�HOHPHQWV�RI� WKH� ODQWKDQLGHV�DUH�GHVLJQDWHG�DV� OLJKW�RU�FHULF� UDUH�HDUWKV��7KH� ODWWHU�HOHPHQWV�DUH�
UHIHUUHG�WR�DV�WKH�\WWULF�RU�KHDY\�UDUH�HDUWKV��%RXQGV���������
�
7DEOH���
5DUH�HDUWKV�HOHPHQWV��6PDUW��������

(OHPHQW� $WRPLF�1R�� (OHPHQW� $WRPLF�1R��
6FDQGLXP��6F�� ��� <WWULXP��<�� ���
/DQWKDQXP��/D�� ��� &HULXP��&H�� ���

3UDVHRG\PLXP��3U�� ��� 1HRG\PLXP��1G�� ���
3URPHWKLXP��3P�� ��� 6DPDULXP��6P�� ���
(XURSLXP��(X�� ��� *DGROLQLXP��*G�� ���
7HUELXP��7E�� ��� '\VSURVLXP��'\�� ���
+ROPLXP��+R�� ��� (UELXP��(U�� ���
7KXOLXP��7P�� ��� <WWHUELXP��<E�� ���
/XWHWLXP��/X�� ��� 7KRULXP��7K�� ���

���6285&(�2)�6833/<�
�

$V�D�JHQHUDO� UXOH�� UDUH�HDUWKV�QRUPDOO\�RFFXU� LQ�YDULRXV�FRPSRXQGV�DV� WULYDOHQW�FDWLRQV� LQ�FDUERQDWHV��
R[LGHV�� SKRVSKDWHV�� DQG� VLOLFDWHV� �+HGULFN�� ������� 7KH� PDLQ� PLQHUDOV� FRQWDLQLQJ� UDUH� HDUWKV� FRQVLVW� RI�
EDVWQ½VLWH��PRQD]LWH��[HQRWLPH��DQG� LRQ�DGVRUSWLRQ�FOD\��7KH� ODWWHU� WZR�PLQHUDOV�DUH� LPSRUWDQW�VRXUFHV�RI�
\WWULXP� DQG� RWKHU� KHDY\� UDUH� HDUWKV� DOEHLW� WKDW� WKH\� UHSUHVHQW� D� VPDOO� SDUW� RI� RYHUDOO� SURGXFWLRQ� �86*6��
����D���%DVWQ½VLWH��&H)&2�� FRQWDLQV��������UDUH�HDUWK�R[LGHV��5(2��VXFK�DV�ODQWKDQXP�DQG�QHRG\PLXP��
7KH� PLQHUDO� RFFXUV� DV� D� PL[WXUH� ZLWK� GRORPLWH� EUHFFLD� ZLWK� V\HQLWH� LQWUXVLYHV�� FDUERQDWLWH�� SHJPDQWLWH�
YHLQV��DQG�DPSKLEROH�VNDUQ��%DVWQ½VLWH��ZKLFK�LV�PLQHG�LQ�KDUGURFN�GHSRVLWV�VXFK�DV�LQ�&KLQD�DQG�&DOLIRUQLD��
86$��LV�WKH�SULPDU\�VRXUFH�RI�OLJKW�UDUH�HDUWKV��%DVWQ½VLWH�ZDV�REWDLQHG�IURP�WKH�%DVWQ½V�PLQH�LQ�6ZHGHQ��
$GGLWLRQDO�PLQHUDOV�KRVWLQJ� UDUH�HDUWKV� LQFOXGH�EHU\O��FDVVLWHULWH��FROXPELWH��JDUQHW��PXVFRYLWH��ZROIUDPLWH�
DQG�WKH�DOXPLQXP�SKRVSKDWH�PLQHUDOV��6FDQGLXP�LV�D�WUDFH�FRQVWLWXHQW�RI�IHUURPDJQHVLXP�PLQHUDOV�VXFK�DV
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ELRWLWH� DQG� S\UR[HQH� DQG� UDQJHV� LQ� FRQFHQWUDWLRQ� IURP� �����SSP� HTXLYDOHQW� VFDQGLXP� R[LGH� �+HGULFN��
������� 6FDQGLXP� UHSRUWV� DV� D� E\�SURGXFW�ZLWKLQ� &KLQHVH� RSHUDWLRQV�� 7R� GDWH�� VRXWKHUQ�&KLQD� LV� WKH� RQO\�
NQRZQ�VRXUFH�RI� LRQLF�RUHV�ZKLFK�KDYH�GLVSODFHG�[HQRWLPH�DV� WKH�PDLQ�VRXUFH�RI�HXURSLXP�DQG�\WWULXP��
<WWULXP��ZKLFK�LV�D�VRIW�DQG�PDOOHDEOH�VLOYHU\�PHWDO��KDV�D�VLPLODU�GHQVLW\�WR�WLWDQLXP��7KH�JOREDO�GHPDQG�IRU�
\WWULXP�LQFUHDVHG�DERXW�IRXU�SHUFHQW�LQ������DV�FRPSDUHG�WR�WKH�SUHYLRXV�\HDU��+HGULFN���������0RQD]LWH�
LV� UDUH�HDUWK�SKRVSKDWH� >�&H�� /D�<�7K�32�@ ZKLFK� LV� UHFRYHUHG�DV�D�FRPSRQHQW�RI�KHDY\�PLQHUDO� VDQGV�DV�
IRXQG� LQ�$XVWUDOLD� DQG�0DGDJDVFDU�� 3HJPDQWLWHV� LQ� WKH� %HIDQRPR� DUHD� RI�0DGDJDVFDU�ZHUH� UHSRUWHG� WR�
FRQWDLQ� VFDQGLXP� �+HGULFN�� ������� 7KH� KLJK� VSHFLILF� JUDYLW\� RI� PRQD]LWH� IDFLOLWDWHV� LWV� FRQFHQWUDWLRQ� E\�
ZLQG�DQG�ZDWHU�DQG� LW� LV�FRPPRQO\�DVVRFLDWHG�ZLWK� LOOPHQLWH�� UXWLOH�DQG�]LUFRQ�DV�D�FRQVWLWXHQW�RI�KHDY\�
PLQHUDO� VDQGV� �6PDUW�� ������� 7KRULXP� LV� D� PDMRU� FRQVWLWXHQW� RI� WKLV� PLQHUDO� DQG� LPSDUWV� UDGLRDFWLYH�
SURSHUWLHV�WR�WKH�PRQD]LWH�PLQHUDO�FRQWDLQLQJ��������5(2��7KH�\WWULXP�SKRVSKDWH�FDOOHG�[HQRWLPH��<32�

RU�<�2��3�2�� LQFOXGHV�FHULXP��HUELXP��DQG�WKRULXP�LQ�LWV��������FRQFHQWUDWLRQ�RI�5(2��,W�LV�DVVRFLDWHG�ZLWK�
SHJPDQWLWH�DQG�LJQHRXV�URFNV�DQG�RIWHQ�LV�D�FRPSRQHQW�RI�KHDY\�PLQHUDO�VDQGV�ZKLFK�KRVW�RWKHU�YDOXDEOH�
PDWHULDOV� VXFK� DV� XUDQLXP� DQG� UXWLOH�ZKLFK� LV� D�PLQRU� VRXUFH� IRU� 7L2� SLJPHQW�� ;HQRWLPH� LV� FRPPRQO\�
ORFDWHG�LQ�SODFHU�GHSRVLWV��2WKHU�PLQHUDOV�KRVWLQJ�UDUH�HDUWKV�LQFOXGH��L��]LUFRQ�ZKLFK�LV�D�]LUFRQLXP�VLOLFDWH�
�=U6L2�� ZLWK�WKRULXP��FHULXP�DQG�\WWULXP��LL��DSDWLWH�ZKLFK� LV�D�FDOFLXP�IOXRURSKRVSKDWH�ZLWK�FHULXP�DQG�
�LLL��DOODQLWH�FRQWDLQLQJ�FHULXP�DQG�\WWULXP�LQ�LWV�������5(2��5DUH�(DUWK�(OHPHQWV���������6RPH�YDULHWLHV�RI�
]LUFRQ�FRQWDLQ�XS�WR����KDIQLXP�R[LGH��5DUH�HDUWKV�RFFXU�LQ�WKH�VSHFLHV�KDJDWDOLWH�DV�IRXQG�LQ�+DJDWD��,\R�
3URYLQFH�� -DSDQ�� ,W� VKRXOG� EH� HPSKDVL]HG� WKDW� FRPPHUFLDO� SURGXFWV� DUH� LQ� WKH� IRUP� RI� UDUH� HDUWK�
FRQFHQWUDWHV�ZKLFK� UHSUHVHQW� DERXW�����RI� JOREDO� XVDJH�ZKLOH� WKH� UHPDLQGHU� FRQVLVWV� RI� LQGLYLGXDO� UDUH�
HDUWK�FRPSRXQGV��

&KLQD� LV� WKH� ODUJHVW� SURGXFLQJ� FRXQWU\� IRU� D� ZLGH� UDQJH� RI� UDUH� HDUWK� HOHPHQWV�� ,RQ�DGVRUSWLRQ� FOD\�
PLQHUDOV� DUH� RQO\� ORFDWHG� LQ� WKH� VRXWKHUQ� UHJLRQV�� 6RPH� RI� &KLQDnV� UHVRXUFHV� DUH� LURQ� GHSRVLWV�� WLQ�� DQG�
WXQJVWHQ� ZKLFK� KRVW� UDUH� HDUWKV� DQG� WKHVH� DUH� ORFDWHG� LQ� WKH� SURYLQFHV� RI� )XMLDQ�� *XDQJGRQJ�� *XDQJ[L��
-LDQJ[L�� DQG� =KHMLDQJ� �+HGULFN�� ������� -LDQJ[L� SURYLQFH� KRVWV� WKH� ZRUOGnV� ODUJHVW� WXQJVWHQ�GRPLQDWHG�
SURGXFWLRQ�EDVH�IRU� UDUH�HDUWKV��$SDUW� IURP�EHLQJ�D�PDMRU�VRXUFH�RI� WXQJVWHQ�� WKLV�SURYLQFH�DOVR�SURGXFHV�
HOHFWURO\WLF�FRSSHU��QLRELXP�DQG�WDQWDOXP��7KH�FRXQWU\�KDV�RIILFLDOO\�GHVLJQDWHG�WHQ�QRQ�IHUURXV�PHWDOV� LQ�
LWV�SURGXFWLRQ� WDUJHWV�ZKLFK� UHVXOWHG� LQ�D�����JURZWK�� ,Q������� WKH�SURGXFWLRQ�RI� UDUH�HDUWK�PHWDOV�DQG�
PL[HG�UDUH�HDUWK�R[LGHV�IURP�-LDQJ[L�DPRXQWHG�WR������������LQFUHDVH��DQG��������������LQFUHDVH��WRQQHV�
UHVSHFWLYHO\��7KH�SURMHFWHG�IXOO�\HDU������UHYHQXHV�IRU�-LDQJ[LnV�QRQ�IHUURXV�PHWDO�LQGXVWU\�DUH�HVWLPDWHG�DW�
¼�����ELOOLRQ�ZKLFK� LV� DERXW�����JUHDWHU� WKDQ� WKH�\HDU�������2YHU����� VWDWH�RZQHG�SURGXFHUV�DFWLYHO\�
HQJDJH� LQ� 5((� SURGXFWLRQ�� -RLQW� YHQWXUHV� ZLWK� IRUHLJQ� JURXSV� DQG� VPDOO� SULYDWHO\� RZQHG� IDFLOLWLHV� DOVR�
FRQWULEXWH�WR�&KLQDnV�EXUJHRQLQJ�UDUH�HDUWKV�LQGXVWU\��+RZHYHU��WKH�UDUH�HDUWK�LQGXVWU\�LV�UHVWULFWHG�LQ�&KLQD�
WKHUHE\�UHTXLULQJ�JRYHUQPHQW�DSSURYDO�IRU�IRUHLJQ�LQYHVWPHQW��&&%&���������7KH�3HRSOHnV�5HSXEOLF�RI�&KLQD�
LV�D�IRUPLGDEOH�FRPSHWLWRU�GXH�WR�ORZ�ODERU�UDWHV�DQG�DQ�DPSOH�VXSSO\�RI�UDZ�UHVRXUFHV��'XULQJ������&KLQD�
SURGXFHG�������� WRQQHV�RI� UDUH�HDUWK�PLQHUDO�RUHV�ZKLFK� UHSUHVHQWHG�D����� LQFUHDVH�\HDU�RQ�\HDU��7KH�
VHSDUDWHG�DQG�VPHOWHG�UDUH�HDUWK�SURGXFWV�IURP�&KLQD�DPRXQWHG�WR��������PHWULF�WRQQHV�LQ������ZKLFK�
WUDQVODWHG�LQWR�D�VLJQLILFDQW�RQH�\HDU�JURZWK�UDWH�RI����SHUFHQW��$OWKRXJK�&KLQDnV�DQQXDO�RYHUDOO�UDUH�HDUWK�
RXWSXW�LV�DSSUR[LPDWHO\�������WSD�LWV�UDUH�HDUWK�FDSDFLW\�LV�UDWHG�DW��������WSD��&KLQD���������$SSDUHQWO\��
ORFDO� SURGXFHUV� LQ� &KLQD� DUH� VWLOO� HDJHU� WR� H[SDQG� EH\RQG� WKLV� SRWHQWLDO� OHYHO� RI� RXWSXW�ZKLFK� LV� DOPRVW�
GRXEOH� WKH� FXUUHQW� ZRUOG� GHPDQG�� 'XULQJ� WKH� \HDU� ����� D� WRWDO� RI� HLJKW� QHZ� UDUH� HDUWK� IDFLOLWLHV� ZHUH�
FRPPLVVLRQHG�LQ�&KLQD��,W�LV�ZRUWK�LOOXVWUDWLQJ�WKH�ORQJ�FRUSRUDWH�QDPHV�DVVLJQHG�WR�SURGXFHUV�RI�UDUH�HDUWKV�
LQ�&KLQD�VXFK�DV�����-LQ[LXQJPDR�5DUH�(DUWKV�&R��ZKLFK�LV�D�VXEVLGLDU\�RI�����*DQVX�5DUH�(DUWKV�&RUSRUDWLRQ�
����%DRWRX�+XDPHL�5DUH�(DUWK�3URGXFWV�&R��/WG��DQG�����6DQJIHQJ�LQ�%DRWRX�&LW\�ZLWKLQ�,QQHU�0RQJROLD��7KH�
KRPH�SDJH�IRU�&KLQD�5DUH�(DUWKV��&5(��FRQWDLQV�D�WZR�SDJH�OLVWLQJ�RI�DUWLFOHV�UDQJLQJ�IURP�WKH�SUHVHQW�DQG�
VSDQV� D� WZR� \HDU� SHULRG�ZKLFK� KLJKOLJKWV� UDUH� HDUWKV� DQG� QRQ�IHUURXV� DFWLYLW\� ZRUOGZLGH�� $EVWUDFWV� DUH�
WDNHQ�IURP�WKH�o0HWDO�3DJHVp�SXEOLFDWLRQ�ZKLFK�KDV�ORFDWLRQV�LQ�/RQGRQ��8.��DQG�%HLMLQJ��&KLQD��$�RQH�SDJH�
VXPPDU\� LQ�SRLQW� IRUP� LV�SURYLGHG� LQ�D� oUHDG�RQO\p� IRUPDW� IRU�HDFK�QHZVSDSHU�DUWLFOH��8QIRUWXQDWHO\�� WKH�
ZHEVLWH�LV�QRW�XVHU�IULHQGO\�VLQFH�WKH�(QJOLVK�YHUVLRQ�LV�DSSDUHQWO\�HQFRGHG�WR�SUHYHQW�SULQWLQJ�RI�DQ\�SDJH�
IODVKHG�RQ�WKH�FRPSXWHU�PRQLWRUnV�VFUHHQ��'HVSLWH�WKLV�VKRUWIDOO��RQH�FDQ�TXLFNO\�DFTXLUH�D�EULHI�RXWOLQH�RI�
JOREDO�DFWLYLW\�ZKLOVW�WKH�YDVW�PDMRULW\�RI�DUWLFOHV�IHDWXUH�QHZV�LWHPV�ZLWKLQ�&KLQD���

&RQVLGHUDEOH� UDUH� HDUWKV� DFWLYLW\� LV� LQ� HYLGHQFH�ZLWKLQ� WKH� %DRWRX� UHJLRQ� RI� 1RUWKZHVW� &KLQD� �&KLQD��
�������,W�LV�ZRUWK�QRWLQJ�WKDW�,QQHU�0RQJROLD�LV�FRQVLGHUHG�WKH�FHQWHU�RI�UDUH�HDUWK�SURGXFWLRQ�LQ�&KLQD�ZLWK�
SURYHQ�UHVHUYHV�RI����PLOOLRQ� WRQQHV�ZKLFK�UHSUHVHQW����SHUFHQW�RI� WKH�NQRZQ�UHVRXUFHV� LQ� WKH�3HRSOHnV�
5HSXEOLF�RI�&KLQD��7KH�SURGXFWLRQ�EDVH�DW�%DRWRX�LQ�WKH�1HL�0RQJRO�UHJLRQ�LQ�IDFW�FRQWDLQV�DERXW������RI�
WKH�ZRUOGnV�UDUH�HDUWK�UHVHUYHV��(	0M���������%DRWRX�&LW\��VLWXDWHG�LQ�&KLQDnV�,QQHU�0RQJROLD�$XWRQRPRXV�
5HJLRQ�� UHJLVWHUHG� ¼������PLOOLRQ� LQ� SURGXFWLRQ� YDOXH� IRU� UDUH� HDUWKV� SURGXFHG� LQ� WKH� ILUVW� KDOI� RI� �����
ZKLFK� UHSUHVHQWHG� DQ� LQFUHDVH�RI�����SHUFHQW�� %DRWRX� LV� UDQNHG�DV�RQH�RI� WKH�ZRUOGnV� ODUJHVW� UDUH� HDUWK�
SURGXFWLRQ� FHQWUHV� GXH� WR� LWV� DEXQGDQW� UHVRXUFHV�� ,W�ZDV� UHSRUWHG� WKDW� %DRWRX� LQWHQGV� WR� IXUWKHU� H[SDQG�
GHYHORSPHQW�RI�LWV�UDUH�HDUWK�UHVRXUFHV��&KLQD���������&RQVWUXFWLRQ�RI�D�QHZ�UDUH�HDUWK�VHSDUDWLRQ�OLQH�ZDV�
FRPSOHWHG�LQ�0D\������IRU�%DRWRX�'DPDR�5DUH�(DUWK�&R���/WG��LQ�WKH�,QQHU�0RQJROLD�$XWRQRPRXV�5HJLRQ��
7KH� QDPHSODWH� FDSDFLW\� RI��������WSD� LV� H[SHFWHG� WR� EH� UHDFKHG� LQ������ZLWK� D� FDSH[�RI� ¼���PLOOLRQ�
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,W�ZDV�UHSRUWHG�E\�&KLQD�5DUH�(DUWKV�LQ�$XJXVW������WKDW�DQRWKHU�FRPSDQ\�LQ�WKH�VDPH�DUHD��%DRWRX�5DUH�
(DUWK�+L�7HFK�&R�� /WG��� H[SDQGHG� LWV� FDSDFLW\� RI� UDUH� HDUWK� R[LGHV� IURP������� WR� ������WSD� LQ� ����� E\�
PHDQV� RI� LWV� WKUHH�PDLQ�SODQWV� �&KLQD�� �������$W� SUHVHQW�� VXSSO\� H[FHHGV�GHPDQG�XQGHU� FXUUHQW�PDUNHW�
FRQGLWLRQV��0RUH�WKDQ�����RI�WKH�QHRG\PLXP�UHFRYHUHG�LV�VROG�GRPHVWLFDOO\�GXH�WR�WKH�SRRU�GHPDQG�RQ�
LQWHUQDWLRQDO�PDUNHWV��0HDQZKLOH��&KLQDnV�%DRWRX�+XDPHL�5DUH�(DUWK�+L�7HF�&R��KDV� ODXQFKHG�D�SURMHFW�WR�
SURGXFH��������PHWULF� WRQQHV� RI� UDUH� HDUWKV� FRQWDLQHG� LQ� FRQFHQWUDWHV�� 7KLV� FRPSDQ\� LV� D� VXEVLGLDU\� RI�
&KLQDnV� ODUJHVW� SURGXFHU� RI� UDUH� HDUWKV�� %DRWRX� 5HZLQ� 5DUH� (DUWK�0HWDO�0DWHULDOV� &R�� GRXEOHG� LWV� DQQXDO�
FDSDFLW\� IURP� ���WSD� LQ� ����� WR� �����WSD� �WRQQHV� SHU� DQQXP�� IRU� QHRG\PLXP� DQG� SUDVHRG\PLXP�
SURGXFWV�� &KLQHVH� VPHOWHUV� SUHVHQWO\� REWDLQ��������¼�NJ�RI� QHRG\PLXP�PHWDO�� ,W�ZDV� UHSRUWHG�E\�0HWDO�
3DJHV�RQ�$XJXVW����������WKDW�WKLV�FRPSDQ\�PD\�LQFUHDVH�WKURXJKSXW�WR������WSD��&KLQD���������&KLQD�DW�
PLG������KDV�DOUHDG\�SURGXFHG��������WRQQHV�RI�QHRG\PLXP�PHWDO�ZKHUHDV������RXWSXW�DPRXQWHG�WR�
RQO\�������WRQQHV��

2QH�FRPSDQ\�LQ�WKH�86$��0RO\FRUS��,QF���DFWLYHO\�PLQHG�UDUH�HDUWKV�FRQWDLQHG�LQ�EDVWQ½VLWH�DW�0RXQWDLQ�
3DVV��&$��0RO\FRUS� LV�D�ZKROO\�RZQHG�VXEVLGLDU\�RI�8QRFDO�&RUSRUDWLRQ��$OWKRXJK�WKLV� UHFRYHU\� IDFLOLW\� LV�
WHPSRUDULO\�FORVHG�� LW� LV�H[SHFWHG�WR�UHVXPH�VHSDUDWLRQ�RSHUDWLRQV� LQ�������86*6������F��� ,Q� WKH� LQWHULP��
0RXQWDLQ�3DVV�FRQWLQXHV�WR�SURGXFH�EDVWQ½VLWH�DQG�FHULXP�FRQFHQWUDWHV��5HVXPSWLRQ�RI�UHJXODU�RSHUDWLRQV�
LQ�&DOLIRUQLD�PD\�FDXVH�D�GHFOLQH�LQ�SULFHV��7ZR�RWKHU�$PHULFDQ�FRPSDQLHV�LQFOXGH�6DQWRNX�$PHULFD��,QF��
ZLWK�IDFLOLWLHV� LQ�7ROOHVRQ��$=��DQG�WKH�*UDFH�'DYLVLRQ�RUJDQL]DWLRQ� LQ�&KDWWDQRRJD��71��ZKLFK�UHILQHV�UDUH�
HDUWKV� IURP� FKORULGHV� DQG� RWKHU� FRPSRXQGV� WR� SURGXFH� FDWDO\VWV� IRU� SHWUROHXP� FUDFNLQJ�� $OWKRXJK�
VFDQGLXP� LV� QRW� PLQHG� LQ� WKH� 8QLWHG� 6WDWHV� LW� KDV� WKUHH� VFDQGLXP� SURFHVVRUV� FRQVLVWLQJ� RI� �L�� 6DXVYLOOH�
&KHPLFDO�&R��LQ�.QR[YLOOH��71��LL��%RXOGHU�6FLHQWLILF�&R��ORFDWHG�LQ�0HDG��&2��DQG��LLL��$OGULFK��//&�LQ�8UEDQD��
,/� �+HGULFN�� ������� $W� SUHVHQW�� VHYHQ� RWKHU� ILUPV� IDEULFDWH� UDUH� HDUWK� SURGXFWV� ZLWKLQ� WKH� 86$��
0DJQHTXHQFK�,QWHUQDWLRQDO��,QF���04��RSHUDWHV�QLQH�UDUH�HDUWK�SURGXFWLRQ�IDFLOLWLHV�VXFK�DV�WKUHH�LQ�WKH�8�6���
RQH�HDFK� LQ�&KLQD��*HUPDQ\�� -DSDQ�� 6LQJDSRUH�� 6ZLW]HUODQG�DQG� WKH�8QLWHG�.LQJGRP��$PHULFDQ�GRPHVWLF�
DSSOLFDWLRQV� LQFOXGHG� JODVV� SROLVKLQJ� DQG� FHUDPLF� DSSOLFDWLRQV� ������� DXWRPRWLYH� FDWDO\WLF� FRQYHUWHUV�
�������SHUPDQHQW�PDJQHWV� �������SHWURFKHPLFDO�FDWDO\VWV� �������DOOR\V�DQG�PHWDOOXUJLFDO�DGGLWLYHV� ������
UDUH� HDUWK� SKRVSKRUV� IRU� WHOHYLVLRQV� DQG� FRPSXWHU�PRQLWRUV�� OLJKWLQJ�� UDGDU� ����� DQG�PLVFHOODQHRXV� �����
DFFRUGLQJ� WR� 0HWDO� 6WDWLVWLFV� �������� &DWDO\WLF� FRQYHUWHUV� LQFRUSRUDWH� UDUH� HDUWKV� VXFK� DV� FHULXP� R[LGH�
�&H2�� WR� FRQWURO� FDUERQ� PRQR[LGH� DQG� K\GURFDUERQ� HPLVVLRQV� ZKLOH� UHGXFLQJ� WKH� 12[ OHYHOV� �%RXQGV��
�������7KH�8QLWHG�6WDWHV�RI�$PHULFD�LV�D�QHW�LPSRUWHU�RI�UDUH�HDUWKV�XSRQ�H[SRUWLQJ�DERXW�����RI�ZKDW�LW�
LPSRUWHG�WR�VRPH����FRXQWULHV�LQ�WKH�IRUP�RI�ILQLVKHG�UDUH�HDUWK�SURGXFWV��7KH�8�6��FRQVXPSWLRQ�RI��������
WRQQHV�RI�UDUH�HDUWKV�UHFHLYHG�DV�PHWDOV��FRPSRXQGV�DQG�R[LGHV��UHSUHVHQWHG�D�YDOXH�RI�RYHU�¼�����ELOOLRQ�
LQ������;�UDWHV��������� 7KH�8�6�� H[SRUWHG�ERWK� LQRUJDQLF�DQG�RUJDQLF� UDUH�HDUWK�FRPSRXQGV�SULPDULO\� WR�
$OJHULD��$UJHQWLQD��WKH�5HSXEOLF�RI�.RUHD�DQG�7DLZDQ���

*HRUJHV�8UEDLQ�IRXQGHG�WKH�5DUH�(DUWKV�&RPSDQ\��6RFLÂWÂ�GHV�7HUUHV�5DUHV��DW�WKH�EHJLQQLQJ�RI�WKH���WK�
FHQWXU\�ZKLFK�ZDV�WKH�SUHFXUVRU�RI� WKH�SUHVHQW�PRGHUQ�JOREDO� ILUP��5KRGLD�(OHFWURQLFV�DQG�&DWDO\VLV�� ,QF��
�IRUPHUO\�5KRGLD�5DUH�(DUWKV��LV�D�PDMRU�SURGXFHU�RI�UDUH�HDUWKV�ZKLFK�DUH�PDLQO\�SURFHVVHG�DW�/D�5RFKHOOH�
LQ�)UDQFH�DV�WKHLU�IODJVKLS�IDFLOLW\��$OWKRXJK�WKH�SODQW�ZDV�FRQVWUXFWHG�LQ������IRU�WKH�PDQXIDFWXUH�RI�UDUH�
HDUWK�EDVHG�SHUIRUPDQFH�SURGXFWV�LW�KDV�EHHQ�XSJUDGHG�WR�EHFRPH�WKH�PRVW�DGYDQFHG�LQ�WKH�ZRUOG��7KH�/D�
5RFKHOOH�VLWH�LQLWLDWHG�WKH�WUHDWPHQW�RI�VROLG�ZDVWH�LQ�HIIOXHQW�GXULQJ������WR�UHFRYHU�RYHU�����RI�UDUH�HDUWK�
R[LGHV� IURP� UHF\FOHG� PDWHULDOV� �5KRGLD�� ����D��� 7KH� FRPSDQ\� RSHUDWHV� IRXU� UHVHDUFK� FHQWUHV� VXFK� DV�
5KRGLD�5HFKHUFKH�DW�$XEHUYLOOLHUV�� )UDQFH��'XULQJ������5KRGLD�ZDV� UHVWUXFWXUHG� WR�EH�FRPSULVHG�RI� IRXU�
RSHUDWLQJ� GLYLVLRQV� WR� VHUYLFH� HLJKW� VWUDWHJLF� PDUNHWLQJ� DUHDV�� 7KH� FRPSDQ\� SUHVHQWO\� HPSOR\V� �������
SHRSOH�ZRUOGZLGH�� 7KH� FRQVROLGDWHG� QHW� VDOHV� LQ� ����� DPRXQWHG� WR� ¼������ ELOOLRQ� �5KRGLD�� ����E��� 7KH�
5KRGLD�*URXS� FRQVROLGDWHG� LWV� DVVHWV� DQG� SUHVHQWO\� RSHUDWHV� ���� FRPSDQLHV� LQ�PDQ\� FRXQWULHV� �5KRGLD��
����E��� %\�YLUWXH�RI� NH\� ORFDWLRQV� VXFK�DV� LQ�&KLQD�� )UDQFH�� -DSDQ�DQG� WKH�86$��5KRGLD�GHPRQVWUDWHV�DQ�
LQWHUQDWLRQDO�SUHVHQFH�RQ�ILYH�FRQWLQHQWV�WKURXJK�LWV�LQGXVWULDO�SODQWV��DSSOLFDWLRQ�ODERUDWRULHV�DQG�UHVHDUFK�
FHQWUHV��7KH�FRPSDQ\�LV�D�OHDGLQJ�JOREDO�PDQXIDFWXUHU�RI�UDUH�HDUWK�R[LGHV�DQG�VDOWV��DXWRPRWLYH�HPLVVLRQV�
FRQWURO�� EDWWHULHV�� HOHFWURQLFV�� JODVV� DQG� FKHPLFDO� FDWDO\VLV�� OXPLQHVFHQFH�� PDWHULDO� FRORUDWLRQ� DQG�
PDJQHWLVP� �5KRGLD�� ������� 5KRGLDnV� KHDGTXDUWHUV� DUH� ORFDWHG� DW� &UDQEXU\��1-�� DQG� LW� RSHUDWHV� D� SODQW� DW�
)UHHSRUW�� 7;�� LQ� WKH�8QLWHG� 6WDWHV� RI�$PHULFD�� 7KH� FRPSDQ\� DOVR� KDV� D� MRLQW� YHQWXUH�ZLWK� 6DQWRNX�0HWDO�
,QGXVWU\� &R�� /WG�� LQ� -DSDQ� ZKLFK� PDQXIDFWXUHV� DOOR\V� DQG� PHWDOV� IRU� KLJK� SHUIRUPDQFH� EDWWHULHV� DQG�
PDJQHWV� IURP� VDOWV� DQG� R[LGHV� RI� UDUH� HDUWKV�� ,Q� ODWH������ 6DQWRNX� DFTXLUHG�5KRGLDnV� SODQW� DFWLYLWLHV� DW�
3KRHQL[�� $=� �5KRGLD�� ������� $W� WKH� EHJLQQLQJ� RI� �����$YHQWLV� RZQHG� ������ RI� 5KRGLDnV� FDSLWDO� VWRFN��
$YHQWLV��ZKLFK�HPSOR\V��������SHRSOH�LQ�LWV�FRUH�EXVLQHVV��LH���WKH�SKDUPDFHXWLFDO�VHFWRU���KDV�LWV�FRUSRUDWH�
KHDGTXDUWHUV�LQ�6WUDVERXUJ��)UDQFH��6LOPHW�*UXSS�LV�DQ�(VWRQLDQ�UDUH�HDUWKV�SURGXFHU�ZKLFK�KDV�VKXW�GRZQ�
RSHUDWLRQV�IRU�WKUHH�PRQWKV�XQWLO�SRVVLEO\�2FWREHU������GXH�WR�D�VOXPS�LQ�WKH�ZRUOG�PDUNHW�ZKLFK�KDV�D�
F\FOLFDO�QDWXUH��

7KH�UDUH�HDUWK�SURGXFWLRQ�LQ�-DSDQ�LV�HQWLUHO\�GHULYHG�IURP�LPSRUWHG�UDZ�RUHV�DQG�LQWHUPHGLDWH�PDWHULDOV�
FRQWDLQLQJ� YDULRXV� DPRXQWV� RI� 5((�� 7KH�PLQHUDO� WKRUWYHLWLWH� >�6F�<��6L�2�@ ZDV� UHSRUWHG� LQ� WKH� YLFLQLW\� RI�
.REH�� -DSDQ� �+HGULFN�� ������� 6KRZD�'HQNR� �6'.���ZKLFK� LV� D� -DSDQHVH� VSHFLDOW\� FKHPLFDOV� SURGXFHU� DOVR�
LQYROYHG� LQ� WKH�%DRWRX�DUHD�RI�&KLQD��DQQRXQFHG� WKDW� LW� LV�PHUJLQJ� LWV� UDUH�HDUWK�DQG�HOHFWURQLF�PDWHULDOV
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LQWR�D�VLQJOH�GLYLVLRQ��&KLQD���������7KH�UDUH�HDUWKV�VHFWLRQ�RI�6KRZD�'HQNR�SURGXFHV�6P&R�DOOR\V��PDVWHU�
DOOR\V��DQG�1G)H%�PDJQHW�DOOR\V��&KLQD���������$V�D�SRLQW�RI�LQWHUHVW��6KRZDnV�HOHFWURQLFV�VHFWLRQ�SURGXFHV�
$O*D$V�� $O,Q*D3�� *D$V�� *D3�� DQG� ,Q3� ZDIHUV� DQG� FU\VWDOV�� 'XULQJ� ����� WKH� ZULWHU� SXEOLVKHG� VHSDUDWH�
WHFKQLFDO�SDSHUV��YLD�(OVHYLHU�6FLHQFH�/WG���RQ�JDOOLXP�DQG�LQGLXP�SURGXFWLRQ�ZRUOGZLGH�ZKLFK�DOVR�FORVHO\�
LQWHUDFW� ZLWK� WKH� JOREDO� HOHFWURQLFV� VHFWRU�� $QDQ� .DVHL� DW� 2VDND� �-DSDQ�� ZKLFK� EHJDQ� RSHUDWLRQV� LQ�
'HFHPEHU� ������ DV� DQ� DIILOLDWH� RI� 6DQWRNX� �������PDLQWDLQV� D� MRLQW� YHQWXUH�ZLWK� 5KRGLD� (OHFWURQLFV� DQG�
&DWDO\VLV��,QF��������DW�WKH�RSHUDWLRQV�LQ�.REH��-DSDQ��+HGULFN���������5KRGLD�KDV�D�PDMRULW\�VWDNH�������LQ�D�
0RQJROLDQ� SURGXFHU� ZKLFK� RZQV� D� IDFLOLW\� DORQJVLGH� WKH� ZRUOGnV� ODUJHVW� EDVWQ½VLWH� UHVRXUFH� DW� %DRWRX��
5KRGLD� 5DUH� (DUWKV� 6�$� �)UDQFH�� FRQWUROV� WKH� MRLQW� YHQWXUH� ZLWK� %DRWRX� 5KRGLD� 5DUH� (DUWK� &R��� /WG�� DW�
:DQVKXLTXDQ�� %DRWRX� LQ� ,QQHU� 0RQJROLD�� &KLQD�� 7KH� WZR� 0RQJROLDQ� SURYLQFHV� FRPELQHG� UHSUHVHQW� WKH�
ODUJHVW�JHRJUDSKLF�DUHD�DPRQJVW� WKH����SURYLQFHV� LQ� WKH�3HRSOHnV�5HSXEOLF�RI�&KLQD��%DRWRX�5KRGLD�5DUH�
(DUWK�&R��/WG��SURGXFHV�UDUH�HDUWK�FKORULGH�DQG�R[LGH��UDUH�HDUWK�PHWDOV�DQG�FRPSRXQGV��DQG�1L0+�SRZGHU�
ZKLFK� DUH� H[SRUWHG� �5KRGLD�� ������� 7KLV� ILUP� ZKLFK� ZDV� IRXQGHG� LQ� ����� DFKLHYHG� LWV� ,62������
FHUWLILFDWLRQ�LQ������WR�EH�LQ�OLQH�ZLWK�WKH�TXDOLW\�VWDQGDUGV�DGYRFDWHG�E\�WKH�5KRGLD�*URXS��5KRGLDnV�KROGV�
D ����VWDNH�LQ�WKH�MRLQW�YHQWXUH�ZLWK�LWV�WZR�&KLQHVH�SDUWQHUV�ZKLFK�LQFOXGH�WKH�%HLMLQJ�)RXQGHU�*URXS�&R���
/WG��DQG�/L\DQJ�/LFKHQJ�(FRQRPLF�*HQHUDO� ,QGXVWULDO�&R���/WG��5KRGLD�DOVR�RSHUDWHV�WKH�5KRGLD��&KLQD��&R��
/WG�� IDFLOLWLHV� LQ�6KDQJKDL�DQG�WKH�/L\DQJ�5KRGLD�)RXQGHU�5DUH�(DUWKV�&R�� LQ�WKH�-LDQJVX�SURYLQFH�RI�&KLQD��
5DUH�HDUWK�SURFHVVRUV�LQ�,QGLD�H[WUDFW�FRQVWLWXHQWV�IURP�PLQHUDO�VDQGV�DV�E\�SURGXFWV�GXULQJ�VHSDUDWLRQ�RI�
LOPHQLWH�� UXWLOH�� DQG� ]LUFRQLXP� PLQHUDOV�� 7UDGLWLRQDOO\�� LOPHQLWH� DQG� UXWLOH� VHUYH� DV� IHHGVWRFN� IRU� WKH�
SURGXFWLRQ�RI� WLWDQLXP�DQG�RU� WLWDQLXP�GLR[LGH�SLJPHQW�� 7KH� WKUHH�PDLQ�FRPSDQLHV� LQ� ,QGLD� LQFOXGH��9�9��
0LQHUDOV��,QGLD�5DUH�(DUWK�/WG���DQG�.HUDOD�0LQHUDOV�DQG�0HWDOV�/WG���+HGULFN����������

:LWKLQ�WKH�&,6��&RPPRQZHDOWK�RI�,QGHSHQGHQW�6WDWHV��UDUH�HDUWKV�DUH�UHJDUGHG�DV�VWUDWHJLF�PHWDOV�DQG�
WKH�GDWD�LV�FRQILGHQWLDO��5RVNLOO���������$QDO\VWV�DW�5RVNLOO�REVHUYHG�WKDW�WKH�UDUH�HDUWKV�VHFWRU�LQ�WKH�IRUPHU�
6RYLHW� 8QLRQ�� ZKLFK� FROODSVHG� LQ� 'HFHPEHU� ������ UHTXLUHV� FRQVLGHUDEOH� IRUHLJQ� LQYHVWPHQW� WR� DWWDLQ�
SUHYLRXV� SURGXFWLRQ� OHYHOV�� 7KH� ,QIR0LQH� 5HVHDUFK� *URXS� LQ� 0RVFRZ� SXEOLVKHV� LQIRUPDWLRQ� DERXW� UDUH�
HDUWKV� LQ� WKH�&,6�ZKLFK� LV� SHULRGLFDOO\� XSGDWHG� WR�SUHVHQW�GD\� VWDWXV� XSRQ�SXUFKDVLQJ� D� UHSRUW� �7URLWVN\��
������� 7KH� SURYHQ� UHVHUYHV� DUH� HVWLPDWHG� DW� DERXW� VL[�PLOOLRQ� WRQQHV� RI� 5(2� LQ� WKH� &,6� �0HWDOO�� �������
%DVWQ½VLWH�RFFXUV�LQ�JROG�VDQGV�RI�WKH�%DUVRYND�5LYHU�QHDU�.\VKW\P�LQ�WKH�8UDO�0RXQWDLQV�RI�5XVVLD�ZKLFK�
GLYLGH� (XURSH� DQG� $VLD�� /LJKW� UDUH� HDUWKV� DUH� SULPDULO\� UHFRYHUHG� IURP� WKH� /RYR]HUR� GHSRVLW� LQ� WKH�
0XUPDQVN�REODVW��LH���UHJLRQ��RI�5XVVLD��$OWKRXJK�$2�6HYUHGPHW�.RPELQDW�ZHQW�LQWR�UHFHLYHUVKLS�RQ�0DUFK�
���� ������ DQRWKHU� FRPSDQ\� ZDV� IRUPHG� WR� FRQWLQXH� UHFRYHU\� RSHUDWLRQV�� 7KH� ORSDULWH� FRQFHQWUDWRU�
RSHUDWHG�E\�WKH�QHZ�SXEOLF�ILUP��/RYRUH]HUR�0LQLQJ�&RPSDQ\��/0&���WDUJHWV�WR�SURGXFH�������WRQQHV�SHU�
\HDU�RI�UDUH�HDUWK�FDUERQDWHV�ZKLFK�VDWLVILHV�����RI�5XVVLDnV�GRPHVWLF�GHPDQG��7KH�ORSDULWH�FRQFHQWUDWH�LV�
VKLSSHG� WR� 6ROLNDPVN� IROORZHG�E\� IXUWKHU� VHSDUDWLRQ� DQG� UHILQLQJ� LQ� (VWRQLD�� .D]DNKVWDQ�� DQG�.U\J\]VWDQ�
�+HGULFN���������5DUH�HDUWK�UHVRXUFHV�DUH�UHSRUWHG�LQ�WKH�DSDWLWH�DQG�XUDQLXP�EHDULQJ�GHSRVLWV�RI�WKH�.ROD�
3HQLQVXOD�LQ�5XVVLD�DQG�.D]DNKVWDQ�UHVSHFWLYHO\��+HGULFN���������.D]DNKVWDQ�LV�WKH��WK�ODUJHVW�FRXQWU\�LQ�
WKH�ZRUOG�DQG�RFFXSLHV�DQ�DUHD�ILYH�WLPHV�WKH�VL]H�RI�)UDQFH��6FDQGLXP�LV�UHFRYHUHG�LQ�WKH�8NUDLQH�DV�D�E\�
SURGXFW�RI�SURFHVVLQJ� LURQ�RUH�DW�=KHOW\H�9RGD��5DUH�HDUWK�PHWDOV�ZHUH�UHSRUWHG�LQ�WKH�'RQHWVN�UHJLRQ�RI�
WKH�8NUDLQH��&HULXP�DQG�\WWHUELXP�ZHUH�PLQHG�IURP�WKH�.XWHVVD\�,,�GHSRVLW�LQ�.\UJ\]VWDQ�IURP�����������
�(	0-���������7KH�SURFHVVLQJ�SODQW�QHDU�WKH�FLW\�RI�%LVKNHN�LPSRUWV�RUH�IURP�&KLQD�WR�SURGXFH�UDUH�HDUWK�
R[LGHV� DQG� PHWDO� SURGXFWV�� 2WKHU� SRWHQWLDO� GHSRVLWV� LQ� .\UJ\]VWDQ� LQFOXGH� $NWX]�� -DQJDUW�� .HQNRO�� DQG�
.XSHUOLVD\��/HYLQH��������LQGLFDWHG�WKDW�UDUH�HDUWKV�DUH�SURGXFHG�IURP�WKH�$NW\X]�DQG�2UORYND�GHSRVLWV�LQ�
.\UJ\]VWDQ� �IRUPHUO\� .LUJKL]LD�� ZKLOH� XUDQLXP� LV� UHFRYHUHG� IURP� WKH� .DUD� %DOWD� FRPSOH[�� 7KH� .\UJ\]�
&KHPLFDO� DQG�0HWDOOXUJLFDO� SODQW� KDG� EHHQ� LQVROYHQW� IRU� VHYHUDO� \HDUV� DQG�SURGXFHG� WKH� HQWLUH� JURXS�RI�
ODQWKDQLGHV� LQ�FRQMXQFWLRQ�ZLWK���� UDUH�PHWDOV��7KH�SURGXFWLRQ� IDFLOLW\� WROOHG� UDZ�PDWHULDOV�DQG�H[SRUWHG�
���� RI� LWV� RXWSXW� EH\RQG� WKH� &,6� ERXQGDULHV� ZKLOH� RQO\� ��� UHSRUWHG� WR� WKH� 5XVVLDQ� )HGHUDWLRQ�� ,W� ZDV�
VXUSULVLQJ� WKDW� VL[� DUPHG�PHQ� VWROH������NJ�RI� HXURSLXP�R[LGH� LQ���� NLORJUDP�ER[HV� IURP� WKH�2UORYND�
HQWHUSULVH� LQ�.\UJ\]VWDQ�GXULQJ�PLG�������)RUWXQDWHO\�� WKLV�PDWHULDO�FDQ�QRW�EH�XVHG� LQ�ZHDSRQV�RI�PDVV�
GHVWUXFWLRQ� �:0'��� (XURSLXP� R[LGH� LV� RQO\� XVHG� WR� DEVRUE� QHXWURQV� LQ� WKH� DWRPLF� LQGXVWU\�� $IWHU� WKH�
GLVLQWHJUDWLRQ�RI� WKH�8665� LQ� ODWH������WKH�SURGXFWLRQ�RI� UDUH�HDUWKV�GZLQGOHG�ZKLOH�RWKHU� IDFLOLWLHV�ZHUH�
PRWKEDOOHG� GXH� WR� ODFN� RI� ILQDQFLDO� VXSSRUW�� ,W� LV� DQWLFLSDWHG� WKDW� FRQVLGHUDEOH� FDVK� IORZ� LV� QHHGHG� WR�
PRGHUQL]H�H[LVWLQJ�SURFHVVLQJ�HTXLSPHQW�LQ�RUGHU�WR�EHFRPH�FRPSHWLWLYH�ZLWK�WKH�SUROLIHUDWLRQ�RI�ORZ�FRVW�
SURGXFHUV� LQ� &KLQD� DOEHLW� WKDW� ODERU� UDWHV� LQ�PDQ\� &,6� FRXQWULHV� DUH� FRPSDUDWLYH� WR� WKDW� H[SHULHQFHG� LQ�
&KLQD��

0RQD]LWH� LV� UHFRYHUHG� DV� D� E\�SURGXFW� RI� KHDY\�PLQHUDO� VDQGV� LQ� ERWK� WKH� HDVW� DQG�ZHVW� FRDVWV� RI�
$XVWUDOLD��:HVWHUQ�PRQD]LWH�ZDV�XVHG�DV�IHHGVWRFN�IRU�5KRGLD�5DUH�(DUWKV��IRUPHUO\�5KÌQH�3RXOHQF��IRU�LWV�
5((�UHILQHU\�DW�/D�5RFKHOOH��)UDQFH��XQWLO������ZKHQ�LW�EHJDQ�LPSRUWLQJ�EDVWQ½VLWH�PDWHULDO�IURP�&KLQD�DQG�
WKH�86$��+DUGURFN�UHVRXUFHV�FRQWDLQLQJ�UDUH�HDUWKV�SUHVHQWO\�DUH�QRW�GHYHORSHG�LQ�$XVWUDOLD�DQG�DUH�ORFDWHG�
LQ�WKH�0RXQW�:HOG�FDUERQDWLWH�GHSRVLW�ZKLFK�LV�HVWLPDWHG�WR�FRQWDLQ�������UDUH�HDUWK�R[LGHV�ZLWKLQ�WKH�����
PLOOLRQ� WRQQHV� FORVH� WR� VXUIDFH�RUH�ERG\��'XULQJ� -XQH������ WKH�/\QDV�&RUSRUDWLRQ�GLYHVWHG� LWVHOI� RI�JROG�
KROGLQJV�DQG�HQWHUHG�WKH�UDUH�HDUWKV�EXVLQHVV��$IWHU�MRLQW�YHQWXUHV�DQG�DFTXLVLWLRQV�VXFK�DV�IURP�$QDFRQGD�
1LFNHO�/WG���/\QDV�REWDLQHG������FRQWURO�RI�WKH�WHQHPHQWV�IRU�WKH�RUH�ERG\�FRQVLVWLQJ�RI�DERXW���NP� LQ
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RYHUDOO�VL]H��7KH�FRPSDQ\�ZDV�LQFRUSRUDWHG�LQ������DQG�KDG�LWV�URRWV�LQ�/\QDV�*ROG�1/�IROORZHG�E\�ODWHU�
QDPH� FKDQJHV�� /\QDV� &RUSRUDWLRQ� /WG�� RZQV� WKH� ULFKHVW� GHSRVLW� RI� UDUH� HDUWKV� LQ� WKH�ZRUOG� DW�0W��:HOG�
ZKLFK� LV� ORFDWHG���NP�VRXWK�RI� /DYHUWRQ� LQ�:HVWHUQ�$XVWUDOLD�� &HULXP� UHSUHVHQWV�����RI� WKH� UDUH� HDUWK�
R[LGHV�GLVWULEXWLRQ�LQ�WKH�XQLTXH�H[WHQVLYH�GHSRVLW��$SDUW�IURP�WKH�VLJQLILFDQW�TXDQWLW\�RI�FHULXP�WKH�GHSRVLW�
LQFOXGHV� DSSUHFLDEOH� DPRXQWV� RI� ODQWKDQXP� DQG� QHRG\PLXP�� PLQRU� DPRXQWV� RI� SUDVHRG\PLXP� DQG�
VDPDULXP�SOXV�WUDFHV�RI�RWKHU�PHWDOV��/\QDV���������$W�SUHVHQW��RQH�PLQH�LQ�&KLQD�VXSSOLHV�RYHU����SHUFHQW�
RI�WKH�OLJKW�UDUH�HDUWKV�PDUNHWHG�JOREDOO\��7KH�KLJK�JUDGH�GHSRVLW�FRQWDLQLQJ�OLJKW�UDUH�HDUWKV�DW�0W��:HOG�LV�
H[SHFWHG� WR� UHDFK� SURGXFWLRQ� OHYHOV� LQ� WKH� ODWWHU� KDOI� RI� ������ 7KH� WHQHPHQWV� DOVR� FRQWDLQ� VXEVWDQWLDO�
UHFRYHUDEOH�QLRELXP��1E��DQG�WDQWDOXP��7D��ZKLFK�ZHUH�HVWLPDWHG�DW�RYHU���������DQG��������WRQQHV�RI�
PHWDO�UHVSHFWLYHO\��7KH�$XVWUDOLDQ�GHSRVLW�KRVWV�WKH�VHFRQG�ODUJHVW�QLRELXP�GHSRVLW�DIWHU�$UD[º�LQ�%UD]LO��,W�
LV� H[SHFWHG� WKDW� UHFRYHU\� RI� 1E� DQG� 7D�ZLOO� SURFHHG� LQ� SDUDOOHO� DV� D� WZLQ� RSHUDWLRQ� WR� UHFRYHU\� RI� UDUH�
HDUWKV�� 1LRELXP� DQG� WDQWDOXP� DUH� YLUWXDOO\� LQWHUFKDQJHDEOH� RYHU� WKH� EURDG� VSHFWUXP� IURP� FDSDFLWRUV� IRU�
PRELOH�SKRQHV� WR�SURGXFWLRQ�RI�KLJK�VWUHQJWK�VWHHOV��2QH�SRUWLRQ�RI� WKH�0W��:HOG�GHSRVLW�FRQVLVWV�RI� WKH�
&HQWUDO�/DQWKDQLGH�'HSRVLW� �&/'��ZKLFK� LV�FRQVHUYDWLYHO\�HVWLPDWHG� WR�FRQWDLQ���������PHWULF� WRQQHV�RI�
UDUH�HDUWK�R[LGHV��5(2��ZKLOVW�XVLQJ�D����5(2�FXW�RII�JUDGH��7KH�PLQH�OLIH�ZDV�SURMHFWHG�LQ�H[FHVV�RI����
\HDUV��/\QDV���������7KH�0W��:HOG�FRPSOH[�LV�SXUSRUWHG�WR�UHSUHVHQW�WKH�ULFKHVW�VRXUFH�ZRUOGZLGH�IRU�WKLV�
JURXS�RI� UDUH�HDUWKV�� 7KH�GHVLJQ�FDSDFLW\�RI� WKH�SODQQHG�FRQFHQWUDWRU� LV� WUHDWPHQW�RI��������WSD�RUH� WR�
SURGXFH� DERXW� ������� WRQQHV� SHU� \HDU� RI� IORWDWLRQ� FRQFHQWUDWH�� (VWDEOLVKHG� DFFHVV� WR� &KLQHVH� H[FHVV�
FDSDFLW\� E\� PHDQV� RI� SDUWQHU� SURFHVVLQJ� SODQWV� HQDEOHV� ILQDO� VHSDUDWLRQ� WR� LQGLYLGXDO� R[LGHV� ZLWKRXW�
LQFXUULQJ� WKH� ODUJH� FDSLWDO� FRVW� DWWULEXWHG� WR� JUHHQILHOG� VHSDUDWLRQ� SODQWV�� 7KH� FRPSDQ\� KDV� DOUHDG\�
UHJLVWHUHG�LWV�RZQ�5('�EUDQG��5DUH�(DUWKV�'LUHFW��DQG�WDUJHWV�WR�DFKLHYH�D�JOREDO�EHQFKPDUN�ZLWK�UHVSHFW�WR�
TXDOLW\� DQG� FRQWLQXLW\� RI� VXSSO\�� /\QDV� LV� VWUDWHJLFDOO\� SRVLWLRQHG� WR� FDSWXUH� DQ� LPSRUWDQW� VKDUH� RI� WKH�
JURZLQJ�UDUH�HDUWKV�JOREDO�PDUNHW��$XVWUDOLDnV�/\QDV�&RUSRUDWLRQ�UHFHQWO\�UHFHLYHG�HQYLURQPHQWDO�DSSURYDO�
WR� WUDQVSRUW� D�PLOGO\� UDGLRDFWLYH� FRQFHQWUDWH� IURP� LWV� UDUH� HDUWK�PLQH� DW�0W��:HOG� LQ�:HVWHUQ�$XVWUDOLD��
$IWHU� XSJUDGLQJ� RQ� VLWH� DERXW� ������WSD� RI� UDUH� HDUWK� R[LGHV� DUH� WR� EH� VKLSSHG� WR� &KLQD� IRU� IXUWKHU�
SURFHVVLQJ� �&KLQD�� ������� 2WKHU� GHSRVLWV� LQ� $XVWUDOLD� LQFOXGH� WKH� &XPPLQV� 5DQJH� FDUERQDWLWH� DQG� WKH�
%URFNPDQ� GHSRVLW� ZKLFK� FRQWDLQV� RWKHU� PHWDO� YDOXHV� VXFK� DV� JDOOLXP�� KDIQLXP�� QLRELXP�� WDQWDOXP�� DQG�
]LUFRQLXP��2O\PSLF� 'DPnV� FRSSHU�XUDQLXP� GHSRVLW� FRQWDLQV� DSSUR[LPDWHO\� ����� FRQWDLQHG� 5((�ZLWKLQ� D�
ILQH�JUDLQHG�EDVWQ½VLWH�DQG�PRQD]LWH�PL[WXUH��4XHHQVODQG�KRVWV�VHYHUDO�UDUH�HDUWK�GHSRVLWV�VXFK�DV�1RUWK�
6WUDGEURNH� ,VODQG�� %ULELH�� WKH� &DORROD� &RDVW�� &RRQDUU�� WKH� )UDVHU� ,VODQGV� DQG�0RUHWRQ��$� SRWHQWLDO� GHSRVLW�
H[LVWV�DW�WKH�0DU\�.DWKOHHQ�WDLOLQJV�LPSRXQGPHQW�DUHD�ZKLFK�JUDGHV�DERXW����5(2��,W�LV�ORFDWHG�QHDU�WKH�
0W��,VD�DUHD�DV�WKH�UHVXOW�RI�XUDQLXP�RUH�H[WUDFWLRQ�EXW�SUHVHQWV�D�GLIILFXOW�UHFRYHU\�SURFHGXUH�FRPSRXQGHG�
E\� WKH� UHVLGXDO� UDGLRDFWLYLW\� LQ� WKH� GLVFDUGHG� WDLOLQJV�� 6RPH� UDUH� HDUWK� UHVRXUFHV� LQ�$XVWUDOLD� LQFOXGH� WKH�
QLFNHO� DQG� FREDOW� GHSRVLWV� LQ� 6\HUVWRQ� DQG� /DNH� ,QQHV�� 3URGXFHUV� LQ� HDFK� RI� WKH� ��� FRXQWULHV� NQRZQ� WR�
UHFRYHU� RQH� RU� PRUH� RI� WKH� PDQ\� UDUH� HDUWKV� PD\� EH� GLYLGHG� LQ� WKH� IROORZLQJ� PDLQ� JHRJUDSKLF� DUHDV�
�5RVNLOO��������$QQ�0DULH���������
x 1RUWK�	�6RXWK�$PHULFD���%UD]LO��&DQDGD��*UHHQODQG��*X\DQD��8QLWHG�6WDWHV�
x (XURSH�	� WKH�0LGGOH�(DVW� ��$XVWULD�� (J\SW�� (VWRQLD�� )LQODQG�� )UDQFH��*HUPDQ\��1RUZD\��3RODQG��7XUNH\��

8QLWHG�.LQJGRP�
x $IULFD��$VLD�	�WKH�)DU�(DVW���%XUXQGL��&KLQD��,QGLD��.HQ\D��0DOD\VLD��0DODZL��0R]DPELTXH��1RUWK�.RUHD��

6RXWK�$IULFD��6RXWK�.RUHD��6UL�/DQND��7DLZDQ��7KDLODQG��9LHWQDP��=DLUH��=LPEDEZH�
x &�,�6����.D]DNKVWDQ��.\UJ\]VWDQ��5XVVLDQ�)HGHUDWLRQ��8NUDLQH�
�

���5(&29(5<�352&(66(6�
�

6ROYHQW�H[WUDFWLRQ�DQG� LRQ�H[FKDQJH�SURFHVVHV�DUH�WZR�SULQFLSDO�PHWKRGV�XVHG�WR�VHSDUDWH�UDUH�HDUWK�
FKHPLFDOV�DQG�DFKLHYH�SXULWLHV�RI� ILYH�QLQHV�TXDOLW\� �LH��������������6HSDUDWLRQ�LV�GLIILFXOW�EHFDXVH�DOO� UDUH�
HDUWK�HOHPHQWV�DUH�TXLWH�VLPLODU�DQG�H[KLELW�PLQLPDO�GLIIHUHQFH�LQ�WKH�RXWHU�HOHFWURQ�FRQILJXUDWLRQ��9DFXXP�
FDOFLRWKHUPLF�UHGXFWLRQ�RI�UDUH�HDUWK�VDOWV�VXFK�DV�IOXRULGHV�DQG�FKORULGHV�LV�HPSOR\HG�WR�SURGXFH�LQGLYLGXDO�
PHWDOV��(OHFWURO\WLF�WHFKQLTXHV�DUH�DSSOLHG�WR�SURGXFH�FHULXP��ODQWKDQXP��SUDHVHRG\PLXP��PLVFKPHWDO�DQG�
QHRG\PLXP��$Q�DUJRQ�DWPRVSKHUH�LV�XVHG�LQ�WKH�GLVWLOODWLRQ�RI�(XURSLXP��VDPDULXP��WKXOLXP��DQG�\WWHUELXP�
GXH�WR� WKHLU� ORZ�ERLOLQJ�SRLQWV� �0HWDOO���������7KH�IROORZLQJ�IRXU�PDLQ�VWHSV�ZLWK�PLQRU�YDULDWLRQV�WR�VXLW�
HDFK�IDFLOLW\�DUH�W\SLFDOO\�HPSOR\HG�WR�H[WUDFW�UDUH�HDUWKV�IURP�5((�IHHGVWRFN��
x )ROORZLQJ� FUXVKLQJ�� JULQGLQJ� DQG� FODVVLILFDWLRQ� RI� UDUH� HDUWK�EHDULQJ� RUHV�� WKH� GHVLUHG� PLQHUDOV� DUH�

FRQFHQWUDWHG�E\�PHDQV�RI�JUDYLW\��PDJQHWLF�VHSDUDWLRQ�DQG�IORWDWLRQ�WHFKQLTXHV��
x $GGLWLRQ�RI�KRW� FRQFHQWUDWHG�FDXVWLF� VRGD� WR�SURGXFH� UDUH�HDUWK�HOHPHQWV� �5((��DV� VDOWV�RI� FDUERQDWH��

KDOLGH� RU� QLWUDWH� LQ� D� K\GURPHWDOOXUJLFDO� OHDFKLQJ� VWDJH� UHSUHVHQWV� RQH� DSSURDFK�� $QRWKHU� PHWKRG�
LQYROYHV� WKH� DGGLWLRQ� RI� FRQFHQWUDWHG� VXOSKXULF� DFLG� WR� FUDFN� WKH� UDUH� HDUWKV� LQ� D� KLJK� WHPSHUDWXUH�
SURFHVV� WKHUHE\� SURGXFLQJ� DQ� LQWHUPHGLDWH� SURGXFW� YLD� FDUERQDWH� SUHFLSLWDWLRQ�� 7KH� WHUP� oFUDFNLQJp�
GHQRWHV� WKH� SURFHVV�ZKHUHE\� WKH� UDUH� HDUWKV�PLQHUDO� �HJ��� FDUERQDWH� RU� SKRVSKDWH�� LV� FRQYHUWHG� WR� D�
IRUP�PRUH�UHDGLO\�VROXEOH�LQ�ZHDN�DFLG�VROXWLRQV��
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x 'LVVROXWLRQ�RI�WKH�UDUH�HDUWKV�FDUERQDWH�LQ�DFLG�IROORZHG�E\�VROYHQW�H[WUDFWLRQ��6;��WR�VHSDUDWH�LQGLYLGXDO�
UDUH� HDUWKV� LQWR� JURXSV� DQG� LQGLYLGXDO� HOHPHQWV� LV� DQ� DFFHSWHG� SUDFWLFH� VXFK� DV� LQ� $XVWUDOLD� �/\QDV��
�������5DUH�HDUWKV�FRQFHQWUDWH�DQG�RU�FDUERQDWH�DUH�HDVLO\� WUDQVSRUWHG�DV�DQ� LQWHUPHGLDWH�SURGXFW� WR�
VXSSO\� D� UHPRWH� IDFLOLW\�� &DOFLQLQJ� RI� WKH� UHVLGXDO� ILOWHU� FDNH� LQ� D� KHDWHG� NLOQ� WR� SURGXFH� 5((� R[LGHV�
FRQVWLWXWHV�DQRWKHU�SURFHGXUH���

x 7KH� UHGXFWLRQ� RI� WKH� 5((� R[LGHV� WR� SURGXFH� UDUH� HDUWK�PHWDOV� LQ� D� VDOHDEOH� IRUP� FRPSOHWHV� WKH� IRXU�
VWDJHV� RI� H[WUDFWLRQ� �6PDUW�� ������� 7KH� ILQLVKLQJ� RI� R[LGHV� LQWR� VSHFLDOW\� FRPSRXQGV� LV� D� FRPSDQLRQ�
SURFHVV�WR�WKHUPDO�UHGXFWLRQ���

�

���',6&866,21�
�

7KH� DQQXDO� GHPDQG� IRU� UDUH� HDUWK�PHWDOV� LQ�GHYHORSHG�FRXQWULHV� IHDWXULQJ�KLJK�WHFK�DSSOLFDWLRQV�KDV�
UHDFKHG�DQ����JURZWK�UDWH�GXULQJ�WKH�SDVW�\HDUV��5RVNLOO� ������� IRUHFDVWHG�DQ�DQQXDO�JURZWK�UDWH� LQ� WKH�
UDQJH�RI���WR����GXULQJ�WKH�QH[W�VHYHUDO�\HDUV��7KH�JOREDO�PDUNHW�IRU�UDUH�HDUWKV�LV�H[SHFWHG�WR�DPRXQW�WR�
DERXW�¼�����ELOOLRQ�E\�WKH�\HDU�������/\QDV���������7KH�/\QDV�&RUSRUDWLRQ�EDVHG�LQ�6\GQH\��16:��$XVWUDOLD��
IRUHFDVWV�UDUH�HDUWKV�FRQVXPSWLRQ�WR�LQFUHDVH�IURP���������������WSD�DW�DQ�DQQXDO�UDWH�RI����E\�WKH�\HDU�
������/\QDV���������7KH�3HRSOHnV�5HSXEOLF�RI�&KLQD�LV�FDSDEOH�RI�SURYLGLQJ����WR�����RI�WKH�ZRUOGnV�DQQXDO�
RXWSXW�RI�UDUH�HDUWKV��&KLQD�DSSDUHQWO\�KDV�SURGXFHG�LQ�H[FHVV�RI��������WRQQHV�RI�UDUH�HDUWK�R[LGHV�SHU�
DQQXP� FRQWDLQHG� DV� RUH�ZKLOH� LWV� GRPHVWLF� FRQVXPSWLRQ� DSSURDFKHV� ������WSD� RI� 5(2��$SDUW� IURP� WKH�
HFRQRPLF� VORZGRZQ� LQ�$VLD�� WKH� UHDOL]HG�SULFHV�RI� UDUH�HDUWKV� LQ� WKH�&KLQHVH�PDUNHW� FRQWLQXH� WR�EH� ORZ�
VLQFH� WKHVH�DUH� IXHOHG�E\�D�ZHDN�GHPDQG�IURP�PDMRU�FRQVXPLQJ�FRXQWULHV�VXFK�DV� -DSDQ�DQG�WKH�8QLWHG�
6WDWHV�� 7RWDO�ZRUOG� GHPDQG� IRU� UDUH� HDUWKV� LV� DQWLFLSDWHG� WR� H[FHHG��������� WRQQHV� LQ������GXH� WR� WKH�
LQFUHDVHG� JURZWK� LQ� DUHDV� VXFK� DV� UDUH� HDUWK� PDJQHWV� DQG� DXWRFDWDO\VWV� UHTXLUHG� E\� PRUH� VWULQJHQW�
UHJXODWLRQV�WR�FRQWURO�HPLVVLRQ�OHYHOV��,W�ZDV�LQGLFDWHG�E\�&KLQD��������WKDW�UDUH�HDUWK�SULFHV�DUH�QRZ�KDOI�
WKH�YDOXH�UHDOL]HG�����\HDUV�DJR��6RPH�DQDO\VWV�DWWULEXWH�WKLV�GHFOLQH�DV�D�UHVXOW�RI�&KLQD�GXPSLQJ�H[FHVV�
PDWHULDO�RQ�WKH�PDUNHW��$�FRQXQGUXP�H[LVWV�VLQFH�WKH�SURGXFWLRQ�RI�UDUH�HDUWKV�VODWHG�IRU�HQYLURQPHQWDOO\�
EHQLJQ� DSSOLFDWLRQV� DUH� KLQGHUHG� E\� HQYLURQPHQWDO� FRPSOLDQFH� LVVXHV� VXFK� DV� H[SHULHQFHG� ZLWK� UDZ�
PDWHULDO� VRXUFHV� FRQVLVWLQJ� RI� LRQLF� DGVRUSWLRQ� FOD\V� LQ� &KLQD� DQG� EDVWQ½VLWH� LQ� &DOLIRUQLD�� 86$�� ,W� ZDV�
UHSRUWHG�E\�5RVNLOO��������WKDW�UDUH�HDUWK�VWRFNSLOHV�KDYH�GHFUHDVHG��$OEHLW�WKDW�WKLV�DSSDUHQW�UHGXFWLRQ�LQ�D�
VXSSO\� RI� PLQHUDOV� PD\� WULJJHU� QHZ� JUHHQILHOG� SURMHFWV� DQG�RU� H[SDQVLRQV� RI� SUHVHQW� IDFLOLWLHV�� LW� LV�
UHFRJQL]HG� WKDW� VLJQLILFDQW� RYHUFDSDFLW\� H[LVWV� ZLWKLQ� VHFRQGDU\� SURFHVVLQJ� FDSDELOLW\�� 3ULFHV� KDYH�
VWDELOL]HG� DW� D� WKUHH� \HDU� ORZ� IRU� UDUH� HDUWKV� SURGXFWV�� 3UHYLRXV� LQYHQWRULHV��ZKLFK� DFFXPXODWHG� SULRU� WR�
FROODSVH� RI� WKH� KLJK�WHFK� PDUNHW�� QRWDEO\� LPSDFWHG� WKH� ZRUOGZLGH� PDUNHW� DQG� WKHVH� DUH� QRZ� EHLQJ�
GHSOHWHG��$�WXUQ�DURXQG�LQ�GHPDQG�OHG�E\�DQ�HFRQRPLF�UHFRYHU\�LQ�WKH�8QLWHG�6WDWHV�PD\�KDYH�D�SRVLWLYH�
HIIHFW�RQ�UHDOL]HG�SULFHV�VLQFH�WKH�$VLDQ�DQG�(XURSHDQ�HFRQRPLHV�IROORZ�WKH�$PHULFDQ�SDWWHUQ�LQ�WDQGHP�
�/\QDV����������

8QWLO� UHFHQWO\�� DQ� XQHYHQ� SOD\LQJ� ILHOG� H[LVWHG� LQ� JOREDO�PDUNHWV�� 7KH� VWDWH� RZQHG�PRQRSRO\� RQ� UDUH�
HDUWKV�ZDV�GLVEDQGHG�LQ������ZLWKLQ�&KLQD�ZKLOH�DVVHW�RZQHUVKLS�ZDV�GHFHQWUDOLVHG�WR�D�SURYLQFLDO�OHYHO��
5HIRUP�LV�ZHOO�XQGHUZD\�LQ�&KLQD��$V�DQ�H[DPSOH��WKLV�IHDWXUH�KDV�DOORZHG�/\QDV�WR�XVH�VXUSOXV�SURFHVVLQJ�
FDSDFLW\�LQ�&KLQD�WR�WROO�WUHDW�PDWHULDO�IURP�WKH�ULFK�0W��:HOG�GHSRVLW�LQ�$XVWUDOLD��/\QDV���������'XH�WR�WKH�
VROH�SURSULHWRUVKLS�RI�D�RQH�RI�D�NLQG�PLQHUDOL]HG�SURSHUW\�/\QDV�LV�SRLVHG�WR�FDSWXUH�D�VLJQLILFDQW�VKDUH�RI�
WKH�OLJKW�UDUH�HDUWKV�PDUNHW�ZLWKLQ�WKH�LQWHUQDWLRQDO�IRUXP�DQG�GLVVHPLQDWH�SURGXFWV�GHVWLQHG�IRU�D�P\ULDG�
RI� HQG� XVHV� WKURXJK� LWV� FXVWRPHUV�� 7KH� QRQ�IHUURXV� LQGXVWU\� LV� FKDQJLQJ�ZLWKLQ� &KLQD�� )RU� H[DPSOH�� WKH�
$OXPLQLXP�&RUS��RI�&KLQD��&KLQDOFR���SDUHQW�FRPSDQ\�RI�&KDOFR��SODQV�WR�SXUFKDVH�VHYHUDO�FRSSHU�DQG�UDUH�
HDUWK�PHWDO�FRPSDQLHV�GXULQJ�������&KLQD���������7KH�UDUH�HDUWK�PHWDOV�VHFWRU�LQ�&KLQD�LV�SUHVHQWO\�LQ�WKH�
SURFHVV� RI� D�PDMRU� UH�RUJDQL]DWLRQ� VLQFH� GRPHVWLF� GHPDQG�KDV� VLJQLILFDQWO\� GHFOLQHG�ZKLOVW�PDQ\�PLQHV�
KDYH�LQFUHDVHG�FDSDFLW\�GXULQJ�WKH�SDVW�WZR�\HDUV��'XULQJ�������WKH�&KLQHVH�JRYHUQPHQW�DLPV�WR�OLPLW�WKH�
GRPHVWLF�SURGXFWLRQ�RI�VHSDUDWHG�UDUH�HDUWK�SURGXFWV�WR��������WRQQHV�ZKLOH�H[SRUWV�ZLOO�EH�UHVWULFWHG�WR�
������� WRQQHV�� 7KH� 6WDWH� DXWKRULWLHV� LQWHQG� WR� FXUE� UDPSDQW� SURGXFWLRQ� H[SDQVLRQ�ZKLOH� SURWHFWLQJ� WKH�
FRXQWULHV�UDUH�HDUWK�UHVRXUFHV��7KH�RXWSXW�RI�UDUH�HDUWK�SURGXFWV�RULJLQDWLQJ�IURP�1RUWK�DQG�6RXWK�&KLQD�ZLOO�
EH�FDSSHG�DW��������DQG��������WRQQHV�UHVSHFWLYHO\��7KH�JRYHUQPHQW�RI�&KLQD�KDV�DSSURYHG�WKH�FUHDWLRQ�
RI� GLVWLQFW� UDUH� HDUWK� JURXSV� WR� VWUHQJWKHQ� FRQWURO� RYHU� H[SORUDWLRQ�� SURGXFWLRQ�� DQG� H[SRUWDWLRQ�� 7KH�
UHVWUXFWXULQJ�LQYROYHV�WKH�IRUPDWLRQ�RI�WKH�1RUWKHUQ�*URXS�FRPSULVHG�RI�PDMRU�UDUH�HDUWK�FRPSDQLHV�LQ�WKH�
,QQHU�0RQJROLD�$XWRQRPRXV�5HJLRQ�� SOXV�*DQVX�� 6LFKXDQ�� DQG� 6KDQGRQJ�SURYLQFHV�� 7KH� 6RXWKHUQ�*URXS�
ZLOO�LQFOXGH�HQWHUSULVHV�LQ�6KDQJKDL�DQG�WKH�SURYLQFHV�RI�*XDQJGRQJ��+XQDQ��-LDQJVX�DQG�-LDQJ[L�ZKLFK�ZLOO�
PDLQO\�SURGXFH�KHDY\�UDUH�HDUWKV��%DRWRX�6WHHO�DQG�,URQ�&RUS��LQ�,QQHU�0RQJROLD�ZLOO�GRPLQDWH�WKH�QRUWKHUQ�
JURXS�ZKLFK�SUHGRPLQDQWO\�SURGXFHV�OLJKW�UDUH�HDUWK�PHWDOV�ZKLFK�DUH�DSSOLHG�LQ�WKH�SHWURFKHPLFDO�VHFWRU�
SOXV� LQ� VWHHO� DQG� QRQ�IHUURXV� SURGXFWLRQ�� ,W� DSSHDUV� WKDW� RQO\� WKH� oELJ� WZRp� LQ� &KLQD� ZLOO� EH� DOORZHG� WR�
H[SORLW� UDUH� HDUWKV� UHVRXUFHV� DQG�RU� H[SRUW�� ,W� LV� QRWHZRUWK\� WKDW� WKH� WUDQVIRUPDWLRQ� RI� WKH� &KLQHVH� UDUH�
HDUWKV� LQGXVWU\� LQYROYHV� RYHU����� UDUH� HDUWK� SURGXFHUV� LQ����SURYLQFHV� DQG� DXWRQRPRXV� UHJLRQV� �&KLQD��
�������
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5KRGLD�5DUH�(DUWKV��,QF���FKDQJHG�LWV�QDPH�RQ�-DQXDU\���������WR�5KRGLD�(OHFWURQLFV�DQG�&DWDO\VLV�,1&��
'XULQJ� ����� WKH� FRPSDQ\� KDG� EHHQ� FDOOHG� 5KÌQH�3RXOHQF�� 5KRGLD� (OHFWURQLFV� DQG� &DWDO\VLV� �(	&�� LV�
LQYHVWLJDWLQJ�WKH�IHDVLELOLW\�RI�HVWDEOLVKLQJ�D�5((�SODQW�DW�3LQMDUUD�QHDU�3HUWK��:$8��$&7('���������$OWKRXJK�
SODQV� DUH� SUHVHQWO\� RQ� KROG�� WKH� SURMHFW� UHPDLQV� D� ORQJ�WHUP� RSWLRQ� IRU� WKH� 5KRGLD� *URXS� DFFRUGLQJ� WR�
&LYLHOOR� �������� 7KH� SODQW� QDPHSODWH� FDSDFLW\� ZDV� ������WSD� RI� UDUH� HDUWKV� FRQWDLQHG� LQ� D� QLWUDWH�
FRQFHQWUDWH�� 7KH� SURSRVHG� IDFLOLW\�ZDV� WR� EH� ORFDWHG� DGMDFHQW� WR� LWV� IRUPHU� JDOOLXP� FKORULGH� SODQW�ZKLFK�
H[WUDFWHG�JDOOLXP�DV�D�E\�SURGXFW�IURP�WKH�EDX[LWH�OLTXRUV�GHULYHG�IURP�$OFRDnV�DOXPLQD�ZRUNV�DW�3LQMDUUD��
&XUUHQWO\��$OFRD� VXSSO\V� D� EOHHG� VWUHDP�RI� WKH� FDXVWLF� OHDFK� VROXWLRQ� IURP� LWV� DOXPLQXP� UHILQHU\� WR�*(2�
*DOOLXP�6�$�� LQ� 6DOLQGUHV�� )UDQFH��'XULQJ�6HSWHPEHU�������*(2�6SHFLDOW\�&KHPLFDOV�� ,QF�� DFTXLUHG�DOO� WKH�
JDOOLXP� DVVHWV� RI� WKH� 5KRGLD� RUJDQL]DWLRQ� �'HXWVFKH�� ������� 5KRGLD� LV� D� OHDGHU� LQ� VSHFLDOW\� FKHPLFDOV�
ZRUOGZLGH� DQG� GHYHORSV� YDOXH�DGGHG� SURGXFWV� DQG� VHUYLFHV� IRU� WKH� EHDXW\�� FORWKLQJ�� IRRGVWXIIV� DQG�
KHDOWKFDUH�PDUNHWV�DSDUW�IURP�LWV�FRQWULEXWLRQ�WR�WKH�HQYLURQPHQW�DQG�WUDQVSRUWDWLRQ�LQGXVWULHV��7KH�5KRGLD�
*URXS�FRQWUROV�WKH�IRUPXODWLRQV��FKDUDFWHULVWLFV��SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�RI�UDUH�HDUWK�FRPSRXQGV�
WR�DGDSW�SURGXFWV�WR�HDFK�ILHOG�RI�DSSOLFDWLRQ���

,Q� ������ $GYDQFHG� 0DWHULDO� 5HVRXUFHV� �$05��� KHDGTXDUWHUHG� LQ� 7RURQWR�� &DQDGD�� DQQRXQFHG� WKHLU�
LQWHQW�WR�FRQVWUXFW�D�UDUH�HDUWK�SURFHVVLQJ�SODQW�LQ�7KDLODQG�WR�VHUYLFH�UHJLRQDO�PDQXIDFWXUHUV�RI�SHUPDQHQW�
PDJQHWV��7KH������YLQWDJH�IDFLOLW\�PDQXIDFWXUHV�ERQGHG�PDJQHWLF�SRZGHUV�DQG�PDJQHWV�IRU�WKH�HOHFWURQLF�
DQG�DXWRPRWLYH�LQGXVWULHV��$05���������7KH�&DQDGLDQ�FRPSDQ\��ZKLFK�ZDV�HVWDEOLVKHG�LQ�������LV�OLVWHG�DV�
$05�7HFKQRORJLHV� ,QF��DW� LWV� UHJLRQDO� VDOHV�RIILFHV� LQ�%DUEDGRV��.RUHD��7KDLODQG�� WKH�8QLWHG�.LQJGRP�DQG�
86$��$05�RZQV� FRQWUROOLQJ� LQWHUHVWV� LQ� WZR� MRLQW� YHQWXUHV� LQ�&KLQD�� -LDQJ\LQ� -LD�+XD�$GYDQFHG�0DWHULDO�
5HVRXUFHV�&R���/WG��DQG�=LER�-LD�+XD�$GYDQFHG�0DWHULDO�5HVRXUFHV�&R���/WG���&&%&���������$05�TXDGUXSOHG�
WKH�SURGXFWLRQ�FDSDFLW\�DW�LWV�&KLQHVH�SODQWV�ZLWKLQ�D�VL[�\HDU�SHULRG��$XVWUDOLD�FXUUHQWO\�LV�QRW�D�SURGXFHU�RI�
UDUH�HDUWKV�DOWKRXJK�WKH�KHDY\�WLWDQLXP�EHDULQJ�DQG�EODFN�PLQHUDOV�VDQGV�RSHUDWLRQV�LQ�:HVWHUQ�$XVWUDOLD�
WR� UHFRYHU� LOPHQLWH� IRU� 7L2� SLJPHQW� SURGXFWLRQ� JHQHUDWH� WKH� ZRUOGnV� ODUJHVW� VXSSO\� RI� PRQD]LWH� DQG�
[HQRWLPH��$W�SUHVHQW��SURFHVVLQJ�RSHUDWLRQV�GR�QRW�SURFHHG�EH\RQG�WKH�FRQFHQWUDWH�VWDJH��'HVSLWH�WKH�KLJK�
OHYHO�RI�UDGLRDFWLYLW\�LQ�PRQD]LWH�������7K2�� QR�FRQFHUQ�DSSDUHQWO\�H[LVWV�IRU�DQ�DVVXUHG�ORQJ�WHUP�VRXUFH�
RI�UDZ�VXSSO\�RI�UDUH�HDUWK�IHHGVWRFN��8UDQLXP�WDLOLQJV�DW�3RUW�3LULH�LQ�6RXWK�$XVWUDOLD�FRQWDLQ�DQ�HVWLPDWHG�
������WRQQHV�RI�PDQ\�UDUH�HDUWK�R[LGHV��5(2��UHPDLQLQJ�IURP�WUHDWPHQW�RI�GDYLGLWH�FRQFHQWUDWHV��

2O\PSLF�'DPnV�RUH�ERG\�RQ�WKH�*DZOHU�&UDWRQ�XVXDOO\�FRQWDLQ�������DQG������SSP�RI�ODQWKDQXP�DQG�
FHULXP� UHVSHFWLYHO\�� 7KH� 2O\PSLF� 'DP� FRSSHU� GHSRVLW� LQ� 6RXWK� $XVWUDOLD� ZDV� GLVFRYHUHG� E\� :HVWHUQ�
0LQLQJ�&RUSRUDWLRQ��:0&��LQ������DQG�WKH�SODQW�SURGXFHV�UHILQHG�FRSSHU��XUDQLXP��JROG�DQG�VLOYHU��5DUH�
HDUWK�EHDULQJ�PLQHUDOV�DUH�RIWHQ�DVVRFLDWHG�ZLWK�XUDQLXP�DQG�EDVH�PHWDO�PLQHUDOL]DWLRQ��+HQFH��$XVWUDOLD�
KDV� WKH� SRWHQWLDO� WR� EHFRPH� D� UHFRJQLVHG� SOD\HU� LQ� WKH� JOREDO� VXSSO\� RI� UDUH� HDUWKV� DV� D� FRPPHUFLDO�
FRPPRGLW\� FRQGLWLRQDO� XSRQ� IXWXUH� GHPDQG� DQG� SULFLQJ� VFHQDULRV�� $XVWUDOLDnV� YDVW� WRSRJUDSK\� KDV�
XQWDSSHG� UHVRXUFHV� IRU�5(2� IHHGVWRFN�RULJLQDWLQJ� IURP�VHYHUDO� VRXUFHV� VXFK�DV�0W��:HOG��PLQHUDO� VDQGV��
DQG�XUDQLXP�ZDVWH�HQULFKHG�ZLWK�YDOXDEOH�LPSXULWLHV��

7KH� FRQWURO� RI� FKHPLFDO� SXULW\� RI� UHFRYHUHG� UDUH� HDUWKV� LV� GHSHQGHQW� XSRQ� HIILFLHQW� VHSDUDWLRQ� DQG�
SXULILFDWLRQ� SURFHVVHV�� 3URGXFW� PRUSKRORJ\� FRQVLVWV� RI� DVVLJQHG� JUDGHV� IRU� SDUWLFOH� VL]H�� VXUIDFH� DUHD��
WH[WXUH�DQG�SRUH�VL]H��&RQVLGHUDEOH�UHVHDUFK�LV�EHLQJ�FDUULHG�RXW�WR�LQYHVWLJDWH�SRWHQWLDO�QHZ�XVHV�IRU�UDUH�
HDUWK� PDWHULDOV� LQFRUSRUDWHG� LQWR� VSHFLDO� DOOR\V� DQG� FRPSRXQGV� �+HGULFN�� ������� 2QH� OHDGLQJ� HGJH�
DSSOLFDWLRQ�LQYROYHV�WKH�QH[W�JHQHUDWLRQ�RI�LQIUDUHG��,5��GHWHFWRU�ZKLFK�WUDGLWLRQDOO\�UHTXLUH�F\URFRROHUV��$�
GHWHFWRU�FRPSRVHG�RI�OHDG�VFDQGLXP�WDQWDOXP�WULR[LGH�DSSHDUV�SURPLVLQJ�RQFH�PDQXIDFWXULQJ�WHFKQLTXHV�
DUH� UHVROYHG� WR� SURGXFH� D� WKLQ� ILOP� GHWHFWRU� WKDW� LV� QRW� VXSSRUWHG� E\� D� VXEVWUDWH�� %RWK� JDGROLQLXP� DQG�
SHUPDQHQW� PDJQHWV� FRPSRVHG� RI� QHRG\PLXP�LURQ�ERURQ� SURPLVH� IXWXUH� DSSOLFDWLRQ� IRU� PDJQHWLF�
UHIULJHUDWLRQ� RQFH� IXUWKHU� UHVHDUFK� LV� FRQGXFWHG�� 0HWDOORFHQHV� DUH� EHLQJ� H[DPLQHG� IRU� QHZ� FDWDO\VWV�
�%RXQGV�� ������� 33*� ,QGXVWULHV� GHYHORSHG� D� ZDWHU�EDVHG� \WWULXP� FRDWLQJ� WR� SURYLGH� D� OHDG�IUHH� VXUIDFH�
SULPHU� DQG� FRUURVLRQ� UHVLVWDQFH�� $OWKRXJK� OHDG� KDV� EHHQ� EDQQHG� LQ� SDLQWV� VLQFH� -DQXDU\� ������ DQ�
H[HPSWLRQ�H[LVWV�IRU�VROXEOH�OHDG�SLJPHQWV�XS�WR������SSP�XVHG�LQ�HOHFWURGHSRVLWLRQ�FRDWLQJV��7KH�VSHFLDO�
SURSHUWLHV� RI� UDUH�HDUWK� EDVHG� SURGXFWV� HQDEOHV�PLQLDWXULVDWLRQ� RI� HOHFWURQLFV�� SOXV� GHYHORSPHQW� RI� IODW�
VFUHHQ� WHFKQRORJLHV�� QHZ� OLJKWLQJ� DQG� VLJQDOLQJ� V\WHPV��$QRWKHU� IXWXUH� DSSOLFDWLRQ� LQYROYHV� D� UDUH� HDUWK�
ODVHU�FU\VWDO�WKDW�FRQWLQXRXVO\�HPLWV�D�WKUHH�FRORXU�EHDP��EOXH��JUHHQ��DQG�UHG���&KLQD��������UHSRUWHG�WKDW�
6XPLWRPR�0HWDO�0LQLQJ� LQ� -DSDQ�KDV�GHYHORSHG�D�PHDQV�RI� LQFRUSRUDWLQJ�PLQXWH�SDUWLFOHV�RI� ODQWKDQXP�
FRPSRXQG� LQ�ZLQGRZ�JODVV�H[SRVHG� WR�GLUHFW�VXQOLJKW� WR� UHGXFH� URRP�WHPSHUDWXUH�E\��R&HQWLJUDGH��7KH�
WHFKQLTXH�EORFNV�RXW�LQIUDUHG�OLJKW�ZLWK�D�ZDYHOHQJWK�JUHDWHU�WKDQ�����1P�EXW�DOORZV�SDVVDJH�RI�����RI�
WKH�YLVLEOH� OLJKW�� 6XPLWRPR�SODQV� WR�SURYLGH�D� VHUYLFH� WR� FRDW� WKH�ZLQGRZV�RI�KRWHOV�DQG�RIILFH�EXLOGLQJV�
�&KLQD���������6XPLWRPR�&KHPLFDO�GHYHORSHG�D�EOXH�SKRVSKRU�WKDW�UHWDLQV� LWV�EULJKWQHVV�WHQ�WLPHV�ORQJHU�
WKDQ� FXUUHQW� PDWHULDOV� LQ� SODVPD� SDQHOV�� (XURSLXP�� ZKLFK� HPLWV� EOXH� OLJKW�� LV� FRPELQHG� ZLWK� FDOFLXP��
PDJQHVLXP� DQG� VLOLFRQ� DV� D� SRWHQWLDO� UHSODFHPHQW� IRU� H[LVWLQJ� SKRVSKRUV� FRPSULVHG� RI� (X�%D�$O�0J��
3ODVPD�VFUHHQ�WHOHYLVLRQV�ZHDU�RXW�TXLFNO\�EHFDXVH�WKH�EOXH�SKRVSKRUV�GHFUHDVH�LQ�EULJKWQHVV�DV�FRPSDUHG�
WR�/&'�WHOHYLVLRQV��7KH�-DSDQHVH�ILUP�LQWHQGV�WR�SURGXFH�������WRQQHV�SHU�DQQXP�RI�WKH�QHZ�SKRVSKRUV�DW�
LWV�(KLPH�IDFWRU\�DQG�WDUJHWV�WR�GHYHORS�VDOHV�LQ�WKLV�PDUNHW�DW�WKH�OHYHO�RI�DERXW�¼�����PLOOLRQ�E\�WKH�\HDU�
������&KLQD���������7KH�SKLORVRSK\�RI�WKH�/\QDV�&RUSRUDWLRQ�LV�VXSSO\�RI�KLJK�TXDOLW\�SURGXFWV�FRPELQHG
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ZLWK� FXVWRPHU� LQWHUDFWLRQ� WR� HQDEOH� FXVWRPHUV� WR� DSSO\� UDUH� HDUWKV� DV� NH\� LQJUHGLHQWV� RI� WKH�
QDQRWHFKQRORJ\�DJH��/\QDV���������$V�D�SRLQW�RI�LQIRUPDWLRQ��WKH�5DUH�(DUWKV������FRQIHUHQFH�LV�VFKHGXOHG�
IRU�1RYHPEHU������������LQ�.DVXJDL��1DUD��-DSDQ��$QRWKHU�IRUXP�IRU�H[FKDQJH�RI�LGHDV�DQG�GLVFXVVLRQV�RI�
OHDGLQJ�HGJH�WHFKQRORJ\�FRQVLVWV�RI�FRQIHUHQFHV�VFKHGXOHG�LQ�WKH�\HDU������IRU�&KLFDJR��,/��DQG�*HQHYD��
6ZLW]HUODQG��GXULQJ�$SULO�DQG�$XJXVW�UHVSHFWLYHO\��
�

���&21&/86,216�
�
¾ $OWKRXJK�UDUH�HDUWKV�DUH�QRUPDOO\�LQYLVLEOH�WR�WKH�DYHUDJH�FRQVXPHU�LQ�YDULRXV�SURGXFWV��WKH\�FRQWULEXWH�

DQ�LPSRUWDQW�UROH�ZLWK�UHVSHFW�WR�WKH�ZRUOGnV�HFRQRP\��
¾ ,W�LV�QRWHZRUWK\�WKDW�WKH�PHWDOOLF�oUDUH�HDUWK�HOHPHQWVp��ZKLFK�DUH�UHODWLYHO\�DEXQGDQW�LQ�WKH�(DUWKnV�FUXVW��

DUH�DGDSWDEOH�WR�D�P\ULDG�RI�XVHV�UDQJLQJ�IURP�LPSURYLQJ�WKH�TXDOLW\�RI�OLIH�WR�VSHFLDOW\�LWHPV�VXFK�DV�
KLJK�WHFKQRORJ\�HOHFWURQLFV��

¾ 7KH�FRPELQDWLRQ�RI�H[LVWLQJ�SODQW�RSHUDWLRQV�DW�SULPDU\�DQG�VHFRQGDU\�SURGXFHUV� IHDWXULQJ� LPSURYHG�
H[WUDFWLRQ� UHFRYHULHV� FRXSOHG� ZLWK� RQJRLQJ� JOREDO� H[SORUDWLRQ� DQG� GHYHORSPHQW� ZLOO� HQVXUH� D�
VXVWDLQDEOH�VXSSO\�RI�WKH�XELTXLWRXV�UDUH�HDUWKV�IRU�PDQ\�\HDUV��

�

5()(5(1&(6�
�
$&7('��5DUH�HDUWKV��$FWHG�&RQVXOWDQWV��RQH�SDJH�DUWLFOH�IURP�oFKHPOLQN�FRPp��������
$05��:RUOG�FKHP�SDJHV���$GYDQFHG�0DWHULDO�5HVRXUFHV��$05���&DQDGD��$XJXVW���������S��
$QQ�0DULH��0���HG����1RQ�IHUURXV�PHWDO�ZRUNV�RI�WKH�:RUOG��(LJKWK�HGLWLRQ��3XEOLVKHG�E\�0HWDO�%XOOHWLQ�%RRNV�

/WG���6XUUH\��(QJODQG��������
%RXQGV��&�2���7KH�UDUH�HDUWKV��HQDEOHUV�RI�PRGHUQ�OLYLQJ��-RXUQDO�RI�0HWDOV��2FWREHU����������� �������
&KHPLVWU\��3HULRGLF�WDEOH��JHRORJLFDO�LQIRUPDWLRQ�IRU�VFDQGLXP�DQG�\WWULXP��$XJXVW��WK� ��������S��
&&%&��&DQDGD�&KLQD�%XVLQHVV�&RXQFLO��$05�7HFKQRORJLHV�,QF���$XJXVW�����������S��
&KLQD��:HEVLWH�IRU�&KLQD�5DUH�(DUWK��ZZZ�FUH�QHW�HQJOLVK�QHZV���KWPO��$XJXVW��������
&LYLHOOR�� 0��� 3ULYDWH� FRPPXQLFDWLRQ� ZLWK� PDUNHWLQJ� PDQDJHU� RI� 5KRGLD� (OHFWURQLFV� 	� &DWDO\VLV�� -XO\� ����

��������S��
'HXWVFK�� 6��� 3UHVV� UHOHDVH� LQ� 3DULV�� -XO\� ���� ������ SULYDWH� FRPPXQLFDWLRQ� ZLWK� EXVLQHVV� GHYHORSPHQW�

PDQDJHU�RI�5KRGLD�(OHFWURQLFV�	�&DWDO\VLV��-XO\���VW� ��������S���
(	0M��*HRORJ\�DQG�PLQHUDOV�RI�.\UJ\]WDQ��(QJLQHHULQJ�DQG�0LQLQJ�-RXUQDO��������������������
(	0M��&KLQD�-DSDQ�VLJQ�UDUH�HDUWK�MRLQW�YHQWXUH��(QJLQHHULQJ�DQG�0LQLQJ�-RXUQDO��������������������
+HGULFN��-�%��5DUH�HDUWKV��86*6�0LQHUDOV�<HDUERRN�����������S��
+HGULFN��-�%��6FDQGLXP��8�6��*HRORJLFDO�6XUYH\��0LQHUDO�&RPPRGLW\�6XPPDULHV��-DQXDU\����������S��
-HIIHUVRQ�/DE��,VRWRSHV�RI�WKH�HOHPHQW�\WWULXP��$XJXVW��WK� ��������S��
/HYLQH��5�0���7KH�0LQHUDO�,QGXVWU\�RI�.\UJ\]VWDQ����������S��
/\QDV��/\QDV�&RUSRUDWLRQ�/WG���$QQXDO�5HSRUW�����������S��
/\QDV��/\QDV�&RUSRUDWLRQ�/WG��ZHE�VLWH��6HSWHPEHU���VW� ��������S��
0DUNHW�3ULFHV��5DUH�HDUWKV�DQG�VSHFLDOW\�PHWDOV�PDUNHW�SULFHV��,QWHUQHW�ILOH��$XJXVW��VW� ��������S��
0HWDO�3DJHV��5DUH�HDUWK�SURGXFWV�EDVLV�SULFH�)2%�&KLQD��GDWD�VXSSOLHG�FRXUWHV\�RI�/\QDV�&RUSRUDWLRQ��0HWDO�

3DJHV��/RQGRQ��8.���&KLQHVH�ZHHNO\�UDUH�HDUWK�PHWDO�SULFHV�HQGLQJ�6HSW����WK� ��������S��
0HWDOO��5DUH�HDUWK�IDFWV��0HWDO�5DUH�(DUWK�/LPLWHG����������S��
0HWDO� 6WDWLVWLFV�� 5DUH� HDUWKV�� 3XEOLVKHG� E\� $PHULFDQ� 0HWDO� 0DUNHW� //&�� 1HZ� <RUN�� 1<�� ��WK� HGLWLRQ�� D�

PHPEHU�RI�0HWDO�%XOOHWLQ�SOF�*URXS�����������������
0LQHUDO� &RPPRGLW\� 6XPPDULHV�� 8QLWHG� 6WDWHV� 'HSDUWPHQW� RI� WKH� ,QWHULRU� %XUHDX� RI� 0LQHV�� 5DUH�(DUWK�

0HWDOV�����������������
15&��1DWLRQDO�5HVHDUFK�&RXQFLO�RI�&DQDGD��SURSHUWLHV�RI�VFDQGLXP��$XJXVW����������S��
5DUH�(DUWK�(OHPHQWV��0LQHUDOV�	�(QHUJ\�5HVRXUFHV���0LQHUDO�5HVRXUFHV�*URXS����������S��
5KRGLD��6DOHV�EURFKXUH�IRU�5KRGLD�(OHFWURQLFV�	�&DWDO\VLV������D�����S��
5KRGLD��$QQXDO�5HSRUW�IRU�5KRGLD�(OHFWURQLFV�	�&DWDO\VLV��SGI�ILOH�YLD�,QWHUQHW������E������S��
5KRGLD��$UFKLYHV���SUHVV�UHOHDVHV�IRU�5KRGLD�(OHFWURQLFV�	�&DWDO\VLV�����������S��
5RVNLOO�� 5DUH� HDUWKV� LQ� WKH� &,6�� SXEOLVKHG� E\� 5RVNLOO� ,QIRUPDWLRQ� 6HUYLFHV� /WG��� /RQGRQ� �8.��� �QG� HGLWLRQ��

6HSWHPEHU�����������S��
5RVNLOO�� 7KH� (FRQRPLFV� RI� UDUH� HDUWKV� DQG� \WWULXP�� 3XEOLVKHG� E\�5RVNLOO� ,QIRUPDWLRQ� 6HUYLFHV� /WG��� /RQGRQ�

�8.�����WK�HGLWLRQ��6HSWHPEHU��VW� ����������S��
5RVV�� ,���5RFNKRXQG�VHHV�QHZ�LQGXVWU\�FURSSLQJ�XS��1RUWKHUQ�2QWDULR�%XVLQHVV�PDJD]LQH��9RO������1R������

6HSWHPEHU��������������
6D[PDQ��'���*%����1�5DUH�(DUWKV��:RUOGZLGH�0DUNHWV��$SSOLFDWLRQV��7HFKQRORJ\��%XVLQHVV�&RPPXQLFDWLRQV�

&RPSDQ\��,QF���%&&���0DUFK�����������S��
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6PDUW��-�9���5DUH�HDUWKV��0LQHUDO�,QIRUPDWLRQ�/HDIOHW�1R����4XHHQVODQG��$XVWUDOLD��-XO\����������S��
7URLWVN\�� 9��� 3ULYDWH� FRPPXQLFDWLRQ�� VROLFLWHG� DVVLVWDQFH� UHJDUGLQJ� QRQ�IHUURXV� DQG� UDUH� PHWDOV� SOXV�

LQGXVWULDO�PLQHUDOV��,1)20,1(�5HVHDUFK�*URXS��0RVFRZ��5XVVLD��$SULO��������
86*6��<WWULXP��8�6��*HRORJLFDO�6XUYH\��0LQHUDO�&RPPRGLWLHV�6XPPDU\��-DQXDU\������D�����������
86*6��5DUH�HDUWKV�6WDWLVWLFDO�&RPSHQGLXP��8�6��*HRORJLFDO�6XUYH\��86*6�0LQHUDOV�,QIRUPDWLRQ������E����S��
86*6��5DUH�HDUWKV��8�6��*HRORJLFDO�6XUYH\��0LQHUDO�&RPPRGLWLHV�6XPPDU\��-DQXDU\������F�����������
;�UDWHV��&XUUHQF\�FRQYHUVLRQ�UDWHV�EHWZHHQ�(XURV�DQG�$PHULFDQ�GROODUV�E\�PRQWK�DQG�\HDU�IRU������DQG�

SULRU��ZZZ�[�UDWHV�FRP�G�(85�86'�KLVW�����KWPO��������


