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LQ�D�1HZ�=HDODQG�1HLJKERXUKRRG�
�
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�

'U�5REHUW�9DOH�
5HVHDUFK�/HDGHU��/DQGFDUH�5HVHDUFK��$XFNODQG��1HZ�=HDODQG��

(PDLO��9DOH5#ODQGFDUHUHVHDUFK�FR�Q]�
�

6\QRSVLV�� �6RODU�HQHUJ\��D� UHQHZDEOH� UHVRXUFH�� LV� FRQVWDQWO\� UHSOHQLVKHG�E\�QDWXUDO� SURFHVVHV�DQG�FDQ�EH�
XVHG�E\�KXPDQV�PRUH�RU�OHVV�LQGHILQLWHO\���7KLV�SDSHU�TXDQWLILHV�WKH�SRWHQWLDO�PHDVXUH�RI�VRODU�HQHUJ\�WKDW�FRXOG�
EH�JHQHUDWHG�IURP�WKH�URRIV�RI�WKH�EXLOW�XS�DUHDV�RI�DQ�H[LVWLQJ�XUEDQ�QHLJKERXUKRRG�DW�*OHQ�,QQHV��$XFNODQG��
VHOHFWHG� IRU� D� FDVH� VWXG\�� � ,W� H[DPLQHV� KRZ� VRODU� HQHUJ\� FDQ� FRQWULEXWH� WRZDUGV� WRWDO� GRPHVWLF� HQHUJ\�
UHTXLUHPHQWV� RI� KRXVHKROGV� IRU� WZR� VFHQDULRV�� � ,W� DOVR� H[SORUHV� SRVVLELOLWLHV� RI� HQKDQFHG� SRWHQWLDO� VRODU�
FRQWULEXWLRQV�IRU�WKH�K\SRWKHWLFDO�FDVH�ZLWK�PLQLPDO�SRVVLEOH�FKDQJHV�LQ�URRI�FRQILJXUDWLRQV�IRU�*OHQ�,QQHV���7KH�
RXWFRPHV�VXJJHVW� WKDW� IRU� WKH�PD[LPXP�XVH� �6FHQDULR����RI�DYDLODEOH�VRODU�HIILFLHQW� URRI�DUHD�� WKH� UHVLGHQWLDO�
URRI�WRS�SRWHQWLDO� LQ� WHUPV�RI� SHUFHQWDJH� FRQWULEXWLRQV�RI� WRWDO� GRPHVWLF�GHPDQGV� �H[FHSW� VSDFH�FRQGLWLRQLQJ��
FRXOG�LQFUHDVH�IURP�����WR��������DQG�WKH�VDPH�IRU�D�UHDOLVWLF�VLWXDWLRQ��6FHQDULR����FRXOG�EH�HQKDQFHG�IURP�
���� WR� ���� ZLWK� PLQLPDO� FKDQJHV� LQ� URRI� FRQILJXUDWLRQV� IRU� WKH� VHOHFWHG� FDVH� VWXG\� VLWH�� � 7KH� FRUUHFW�
RULHQWDWLRQV�RI�EXLOGLQJ�URRIV�PDNH�VLJQLILFDQW�FRQWULEXWLRQV�WR�UHGXFLQJ�&2��HPLVVLRQV�DW�ORFDO�VFDOH��
�
.H\ZRUGV��VRODU�HQHUJ\�JHQHUDWLRQ��VRODU�SDQHOV��UHVLGHQWLDO�URRI�WRS�SRWHQWLDO��VRODU�ZDWHU�KHDWHU��SKRWRYROWDLF�
PRGXOHV��URRI�RULHQWDWLRQ��HQYLURQPHQWDO�VXVWDLQDELOLW\����

�
����,QWURGXFWLRQ�
�
1HZ�=HDODQG¶V� FRPPLWPHQW� XQGHU� WKH�.\RWR�3URWRFRO� LV� WR� UHGXFH� JUHHQKRXVH� JDV� HPLVVLRQV� WR� �����
DYHUDJH�OHYHOV�RYHU�WKH�SHULRG������WR������DQG�WR�WDNH�ILQDQFLDO�UHVSRQVLELOLW\�IRU�DQ\�HPLVVLRQV�DERYH�
WKLV�OHYHO�LI�WKH�WDUJHW�LV�QRW�DFKLHYHG��1HZ�=HDODQG�&OLPDWH�&KDQJH�2IILFH���������7KLV�SUHVHQWV�SRWHQWLDO�
RSSRUWXQLWLHV� IRU� WKH� JURZWK� RI� UHQHZDEOH� HQHUJ\� RSWLRQV� VXFK� DV� VRODU� DQG� ZLQG� SRZHU�� � 7KH� 1HZ�
=HDODQG�VRODU�ZDWHU�KHDWLQJ�LQGXVWU\�KDV�JURZQ�PRUH�WKDW�����LQ�WKH�ODVW���\HDUV��DQG�WKH�((&$��(QHUJ\�
(IILFLHQF\� DQG� &RQVHUYDWLRQ� $XWKRULW\�� KDV� DQWLFLSDWHG� WKDW� WKH� GHYHORSPHQW� RI� GLVWULEXWHG� UHQHZDEOH�
JHQHUDWLRQ�ZLOO�SOD\�DQ�LQFUHDVLQJO\�LPSRUWDQW�UROH�LQ�IXWXUH�HQHUJ\�VXSSO\��0LQLVWU\�IRU�(QYLURQPHQW��0I(��
����D����������
�
,Q�������1HZ�=HDODQG� UHVLGHQWLDO�VHFWRU�HQHUJ\�GHPDQG��ZLWK� WKH�H[FHSWLRQ�RI�GRPHVWLF� WUDQVSRUW��ZDV�
�����SHWDMRXOHV��0LQLVWU\�RI�(FRQRPLF�'HYHORSPHQW�����������DQG�WKLV�VHFWRU�DOVR�FRQVXPHG�������RI�WKH�
WRWDO�HOHFWULFLW\�JHQHUDWHG��0LQLVWU\�RI�(FRQRPLF�'HYHORSPHQW�������������6SDFH�DQG�ZDWHU�KHDWLQJ�DUH�WKH�
SUHGRPLQDQW� XVHV� RI� HQHUJ\� LQ� 1HZ� =HDODQG� KRXVHV� �((&$� ������ ��� 0I(� ������ ����� � ,Q� WRWDO�� 1HZ�
=HDODQG�FXUUHQWO\�HPLWV����� WRQV�RI�FDUERQ�GLR[LGH�SHU�FDSLWD��0LQLVWU\�RI�(FRQRPLF�'HYHORSPHQW�������
������$Q�DYHUDJH�1HZ�=HDODQG�KRXVHKROG�HPLWV�DERXW�����NJ�RI�&2��SHU�\HDU�IURP�DQ�DYHUDJH�HOHFWULFLW\�XVH�RI������N:K�\HDU�DQG�DERXW�����NJ�RI�&2��SHU�\HDU�IURP������N:K��\HDU�RI�DYHUDJH�JDV�XVH��1,:$�
6FLHQFH� ������� � +((3� �+RXVHKROG� (QHUJ\� (QG�XVH� 3URMHFW�� VWXGLHV� RYHU� WKUHH� ORFDWLRQV�� $XFNODQG��
+DPLOWRQ�DQG�:HOOLQJWRQ��VKRZHG�WKDW�KRW�ZDWHU�DFFRXQWV�IRU�DERXW�������RI�WKH�WRWDO�KRXVHKROG�HQHUJ\�
XVH��+((3�������<HDU����DQG�LV�WKH�PDLQ�VRXUFH�RI�&2��HPLVVLRQV��1,:$�6FLHQFH����������
�
6RODU�ZDWHU�KHDWLQJ�SURGXFHV�]HUR�QHW�HPLVVLRQV�RI�JUHHQKRXVH�JDVHV��LW�LV�UHQHZDEOH��QDWXUDO��DEXQGDQW�
DQG�FRXOG�EH�HDVLO\� LQWHJUDWHG�ZLWK�H[LVWLQJ�EXLOGLQJ�ZDWHU�KHDWLQJ�V\VWHPV���,I�D�VRODU�KHDWLQJ�V\VWHP�LV�
FRUUHFWO\�LQVWDOOHG��LW�FRXOG�VXSSO\�XS�WR���±����RI�DQQXDO�GRPHVWLF�ZDWHU�KHDWLQJ�HQHUJ\�GHPDQGV����
�
7ZR�PDMRU�UHJLRQV�LQ�WKH�IRUHIURQW�RI�VRODU�WHFKQRORJ\�DUH�$XVWUDOLD�DQG�:HVWHUQ�(XURSH���$YDLODELOLW\�RI�
VRODU�UDGLDWLRQ�LQ�1HZ�=HDODQG������������.ZK�Pð��LV�DW�SDU�ZLWK�0HOERXUQH���������.ZK�Pð��DQG�DERYH�
(XURSHDQ�OHYHOV��*HUPDQ\�DW��������.ZK�Pð��� WKXV�PDNLQJ�IXWXUH�SURVSHFWV�RI�VRODU�WHFKQRORJ\�LQ�1HZ�



=HDODQG�YHU\�DWWUDFWLYH��((&$�����������6RODU�,QGXVWULHV�$VVRFLDWLRQ��������������6RODU�UDGLDWLRQ�FDQ�EH�
XWLOL]HG�HLWKHU�DV�KHDW��H�J���VRODU�KRW�ZDWHU�V\VWHPV��RU�DV�HOHFWULFLW\��WKURXJK�SKRWRYROWDLF�±39�V\VWHPV����
µ6RODUL]DWLRQ¶��WKH�FRQFHSW�RI�PDVV�UHWURILWWLQJ�RI�URRI��ZDOO�DQG�IORRU�LQVXODWLRQ��GUDXJKW�SURRILQJ�DQG�VRODU�
ZDWHU�KHDWHUV� WR�H[LVWLQJ�EXLOGLQJV��FRXOG�DFKLHYH� ODUJH�JUHHQKRXVH�JDV� UHGXFWLRQV� �%ODNHUV�������� �$Q�
DYHUDJH� KRXVH� URRI� RI� ����Pð� UHFHLYHV� DURXQG� ���� ����.:K�SHU� \HDU��PRUH� WKDQ� ��� WR� ��� WLPHV� WKH�
KRXVH¶V�WRWDO�UHTXLUHPHQWV���³7KH�WRWDO�KRXVHKROG�URRIWRS�DUHD�LQ�1HZ�=HDODQG�LV�H[SRVHG�WR�SULPDU\�VRODU�
HQHUJ\�WKDW�LV�HTXLYDOHQW�WR�DERXW�WZLFH�WKH�WRWDO�QDWLRQDO�HQHUJ\�FRQVXPHG´��((&$�������������1DWLRQDO�
FOLPDWH� FKDQJH� SROLFLHV� IRFXV� RQ� JUHHQKRXVH� JDV� HPLVVLRQV� IURP� PDMRU� VRXUFHV� VXFK� DV� DJULFXOWXUH��
HOHFWULFLW\�JHQHUDWLRQ�DQG�URDG�WUDQVSRUW��0I(�����E��������³6RODU�WKHUPDO�LV�RIWHQ�QRW�LQFOXGHG�LQ�QDWLRQDO�
HQHUJ\�SROLF\� WDUJHWV�EHFDXVH� LW� LV�D�KHDW� WHFKQRORJ\�DQG�FDQ�PRVW�VXFFHVVIXOO\�EH� LPSOHPHQWHG�DW� WKH�
ORFDO�OHYHO�³��((&$�DQG�6,$�����������
�
7KLV� SDSHU� IRFXVHV�RQ�TXDQWLI\LQJ� WKH�SRWHQWLDO� FRQWULEXWLRQ�RI� VRODU� HQHUJ\�FROOHFWHG�DW� WKH� ORFDO� VFDOH�
IURP�WKH�URRIV�RI�DQ�H[LVWLQJ�XUEDQ�QHLJKERXUKRRG�LQ�*OHQ�,QQHV��$XFNODQG��VHOHFWHG�DV�D�FDVH�VWXG\�VLWH���
7KH�SRWHQWLDO�UHVLGHQWLDO�URRIWRS�FRQWULEXWLRQV�WRZDUGV�WRWDO�GRPHVWLF�HQHUJ\�UHTXLUHPHQWV�RI�KRXVHKROGV�
DUH�FDOFXODWHG�IRU� WZR�VFHQDULRV�� �7KLV�SDSHU�DOVR�H[DPLQHV�WKH�SRVVLELOLWLHV�RI�HQKDQFHG�SRWHQWLDO�VRODU�
FRQWULEXWLRQV� IRU� WKH�K\SRWKHWLFDO�FDVH�ZLWK� LPSURYHG� URRI�FRQILJXUDWLRQV�� �&DUERQ�GLR[LGH�PLWLJDWLRQV�RU�
VDYLQJV�WKDW�FRXOG�EH�DFKLHYHG�DUH�DOVR�FDOFXODWHG�DQG�FRPSDUHG��
�
����1DWLRQDO�DQG�,QWHUQDWLRQDO�([DPSOHV��
�
,Q� FRXQWULHV� VXFK� DV� WKH�8QLWHG�.LQJGRP��*HUPDQ\�� WKH�1HWKHUODQGV��'HQPDUN� DQG� ,UHODQG�� WKHUH� KDV�
EHHQ� FRQVLGHUDEOH� H[DPLQDWLRQ� RI� WKH� SRWHQWLDO� RI� VRODU� HQHUJ\� XVH� LQ� GRPHVWLF� SXUSRVHV�� � 7DEOH� ��
SUHVHQWV�D�FRPSDULVRQ�RI�VRPH�VHOHFWHG�QDWLRQDO�DQG�LQWHUQDWLRQDO�H[DPSOHV��

�
7DEOH����&RPSDULVRQV�RI�1DWLRQDO�DQG�,QWHUQDWLRQDO�6RODU�3URMHFWV�

�
3URMHFWV� &OLPDWLF�'DWD�

GHJUHH�GD\V��DQQXDO�
PHDQ�WHPSHUDWXUH�
�

'HVFULSWLRQV�� 6RODU�7HFKQRORJ\�DQG�
6\VWHP�

$FWXDO�6RODU�3HUIRUPDQFH�

6NRWWHSDUNHQ��
%DOOHUXS��'HQPDUN�

�����GHJUHH�GD\V�
�EDVH�����&�����
�����&�

$SDUWPHQWV�
KRXVLQJ�����
IDPLOLHV��

6L[�VRODU�KHDWLQJ�V\VWHPV�
����Pð�HDFK����Pð�VRODU�
SDQHO�DSDUWPHQW��GLVWULFW�
KHDWLQJ�QHWZRUN�

����.:K�Pð�LQFOXGLQJ�VDYHG�
QHWZRUN�ORVVHV��GHFUHDVH�LQ�
KHDW�GHPDQG�E\�����
FRPSDUHG�WR�FRQYHQWLRQDO�
KRXVLQJ��

³%OL[HPERVFK��´�DQG�
³'ULHKRHNVERV´�
0HHUKRYHQ��
(LQGKRYHQ��
1HWKHUODQGV�

�����GHJUHH�GD\V�
�EDVH�����&����
������&�

1HZ�UHVLGHQWLDO�
GHYHORSPHQWV��
³%OL[HPERVFK�
�´������GZHOOLQJV��
DQG�
³'ULHKRHNVERV´�
�����GZHOOLQJV����

7ZR������Pð�VRODU�
FROOHFWRUV��VWDQGDUG�URRI��
����LQVWDOODWLRQV�LQ�WZR�
VLWHV��ORFDO�GLVWULFW�KHDWLQJ�
V\VWHP��

����NJ�&2 � �UHGXFWLRQ��
GHFUHDVH�LQ�KHDW�GHPDQG�E\�
�����

6RXWK�:LJJHQKDXVHQ�
6�G�VRODU�
GHYHORSPHQW��
)ULHGULFKVKDIHQ��
*HUPDQ\�

�����GHJUHH�GD\V�
�EDVH�����&���
������&�

����KRXVHV�� ,QGLYLGXDO�PRGXOHV�IRU�
VRODU�FROOHFWRUV�UDQJH�
IURP�����Pð��WR������Pð��
�����Pð�RI�VRODU�
FROOHFWRUV��

:LOO�VXSSO\�����RI�VSDFH�
KHDWLQJ�DQG�KRW�ZDWHU�
UHTXLUHPHQWV��

+RFNHUWRQ�+RXVLQJ�
SURMHFW��+RFNHUWRQ��
1RWWLQJKDPVKLUH��8.��

�����GHJUHH�GD\V�
�EDVH�����&����
�����&�

��6LQJOH�VWRUH\�
HDUWK�VKHOWHUHG�
WHUUDFH�GZHOOLQJV�
DQG�D�VWXG\�FHQWUH�
RQ����KD�VLWH�

�����N:�DUUD\�RI�
SKRWRYROWDLFV�SOXV�WZR���
N:�ZLQG�WXUELQHV��DOO�JULG�
FRQQHFWHG�DQG�SDVVLYH�
VRODU�JDLQ�IURP�VRXWK�
IDFLQJ�FRQVHUYDWRULHV��

7KH�UHQHZDEOH�HQHUJ\�V\VWHP�
SURYLGHV�DOO�WKH�HQHUJ\�IRU�WKH�
KRXVHV��ZKLFK�DUH�GHVLJQHG�WR�
PLQLPLVH�HQHUJ\�GHPDQG��

��+DXUDNL�5RDG��
:DLKHNH�,VODQG��
$XFNODQG��1=�
�

�����KHDWLQJ�
GHJUHH�GD\V��EDVH��
���&�����
�������&�

WRWDO�IORRU�DUHD�RI�
����P � �

����OLWUHV�LQVXODWHG�VRODU�
KRW�ZDWHU�F\OLQGHU��

VXSSO\LQJ�ZHOO�RYHU�����RI�KRW�
ZDWHU�GHPDQG�

���.DUDND�5RDG��
:DLKHNH�,VODQG��
$XFNODQG��1=�
�

�����KHDWLQJ�
GHJUHH�GD\V��EDVH��
���&�����
�������&�

��P � ��WKUHH�
EHGURRP�KRXVH�

39�V\VWHP�����N:�SHDN�
DQG�FRQVLVWV�RI����SDQHOV�
�HDFK�����:DWWV�DW����
YROWV�'&��LQ�WZR�VWULQJV�

ILUVW�\HDU�RI�RSHUDWLRQ�WKH�39�
V\VWHP�JHQHUDWHG������
N:K�DQQXP�

6RXUFH�� (XURSHDQ� &RPPLVVLRQ� 'LUHFWRUDWH�*HQHUDO� IRU� (QHUJ\� DQG� 7UDQVSRUW� ±� KWWS���ZZZ�PDQDJHQHUJ\�QHW�LQGH[HV�,���KWP���
KWWS���ZZZ�ZRUOGFOLPDWH�FRP���6KDQQRQ�HW�DO�������� ,'03��KWWS���LGPS�HQWSH�IU�VWDWLRQV�Q]O���Q]O���KWPO��9DOH�HW�DO��������9DOH�DQG�
9DOH�������7ZLQQ�������



�
7KH� $XVWUDOLDQ� µ6RODU� &LWLHV¶� SURJUDPPH�� D� YLVLRQ� IRU� WKH� IXWXUH�� KDV� UHFHLYHG� VLJQLILFDQW� JRYHUQPHQW�
VXSSRUW� IRU� WULDOV�RI� VRODU� WHFKQRORJLHV�DQG�HQHUJ\�HIILFLHQF\� LQ�XUEDQ�DUHDV�� VSHFLILFDOO\� LQ�H[LVWLQJ�DQG�
QHZ�UHVLGHQWLDO�DQG�FRPPHUFLDO�EXLOGLQJV�DQG�ZLOO� UXQ� IURP��������� WR��������� �$XVWUDOLDQ�*RYHUQPHQW�
�������
�
����*OHQ�,QQHV�±�7KH�&DVH�6WXG\�6LWH�
�
*OHQ� ,QQHV� LV� D� ORZ�GHQVLW\�� ORZ�ULVH�� W\SLFDO� 1=� VXEXUE� ZLWK� GHWDFKHG� ODUJH� VLQJOH� KRXVHKROGV� LQ� D�
PHGLXP�GHQVLW\�]RQLQJ�DFFRUGLQJ�WR�WKH�RSHUDWLYH�$XFNODQG�'LVWULFW�3ODQ��������7KH�VW\OHV�RI�WKH�EXLOGLQJV�
UHODWH� JHQHUDOO\� WR� WKH� ����V� DQG� DUH� SUHGRPLQDQWO\� VLQJOH� VWRUH\� KRXVHV�� � $� VLJQLILFDQW� SDUW� RI� WKH�
KRXVLQJ�VWRFN�LV�VWDWH�KRXVLQJ���7KH�FDVH�VWXG\�VLWH�LV�ERXQGHG�E\�+HDWKHUEDQN�6WUHHW�WRZDUGV�WKH�HDVW��
/LQH�5RDG�LQ�WKH�ZHVW��)DUULQJGRQ�6WUHHW�WRZDUGV�WKH�QRUWK�DQG�7DQLZKD�6WUHHW�LQ�WKH�VRXWK���$FFRUGLQJ�WR�
FHQVXV�GDWD�IRU�������WKH�*OHQ�,QQHV�VLWH�KDV�D�SRSXODWLRQ�RI������D�FDOFXODWHG�DYHUDJH�KRXVHKROG�VL]H�RI�
����IRU�WKH�VL[�PHVK�EORFNV�FRQWDLQHG�ZLWKLQ�WKH�VLWH��DQG�����WRWDO�SULYDWHO\�RFFXSLHG�GZHOOLQJV��6WDWLVWLFV�
1HZ�=HDODQG���������)LJ���SUHVHQWV�WKH�*OHQ�,QQHV�FDVH�VWXG\�VLWH��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�6RXUFH��$XFNODQG�'LVWULFW�3ODQ�2SHUDWLYH�������,VWKPXV�6HFWLRQ��

�
)LJ����*OHQ�,QQHV�&DVH�6WXG\�$UHD��

�
����$XFNODQG�&LW\��*URZWK�0DQDJHPHQW�6WUDWHJ\�DQG�*OHQ�,QQHV�LQWR�WKH�)XWXUH�
�
7KH� $XFNODQG� &LW\�� *URZWK� 0DQDJHPHQW� 6WUDWHJ\�� D� YLVLRQ� IRU� WKH� IXWXUH� RI� WKH� FLW\� DGRSWHG� E\� WKH�
$XFNODQG�&LW\�&RXQFLO� LQ�'HFHPEHU�������VHWV�D�EURDG�VWUDWHJLF�GLUHFWLRQ� IRU�XUEDQ�GHYHORSPHQW�ZLWKLQ�
WKH� FLW\� WR� PDQDJH� JURZWK� LQ� D� VXVWDLQDEOH� ZD\�� � 7KLV� JURZWK� PDQDJHPHQW� VWUDWHJ\� DOVR� WDNHV� LQWR�
DFFRXQW� WKH� SROLF\� RXWFRPHV� RI� IXWXUH� UHJLRQDO� JURZWK� DFFRUGLQJ� WR� WKH� UHFRPPHQGDWLRQV� IURP� WKH�
$XFNODQG�5HJLRQDO�*URZWK�6WUDWHJ\���������
�
³,Q� WDQGHP�ZLWK� WKH� GHFLVLRQV� EHLQJ�PDGH� DW� WKH� UHJLRQDO� OHYHO� DERXW� JURZWK� SDWWHUQV�� SXEOLF� WUDQVSRUW�
GHYHORSPHQW�DQG�ODQG�XVH���$XFNODQG�&LW\�KDV�GHYHORSHG�³$XFNODQG�&LW\��*URZWK�0DQDJHPHQW�6WUDWHJ\�
�'HFHPEHU������´�WR�SURYLGH�D�VWUDWHJLF�IUDPHZRUN�WR�DFFRPPRGDWH�WKLV�H[SHFWHG�JURZWK�RQ�WKH�,VWKPXV�
RYHU�WKH�QH[W����\HDUV´��$XFNODQG�&LW\�&RXQFLO�����������
�
7KLV�VWUDWHJ\�KDV� LGHQWLILHG� WZR�DUHDV�RI�JURZWK��DUHDV�RI�VWDELOLW\� �ZKLFK�DUH�QRW� VXLWDEOH� IRU� LQFUHDVHG�
JURZWK�� DQG� DUHDV� RI� FKDQJH� �ZKHUH� LQFUHDVHG� JURZWK� FDQ� EH� VXSSRUWHG��� � 7KH� SODQQLQJ� IRU� JURZWK� LQ�
DUHDV�RI�FKDQJH�LV�IXUWKHU�FODVVLILHG� LQWR�WKUHH�FDWHJRULHV�RI�SULRULW\�FHQWUHV��SULRULW\���FHQWUHV��JURZWK�LV�
DOUHDG\� XQGHUZD\� �������� RQZDUGV��� SULRULW\� �� FHQWUHV� �JURZWK� ZLOO� VWDUW� DV� UHTXLUHG��� DQG� SULRULW\� ��
FHQWUHV��LQ�DUHDV�ZKLFK�ZRXOG�UHTXLUH� LQIUDVWUXFWXUH�XSJUDGHV�IRU�JURZWK�XSWDNH���$XFNODQG�&LW\�&RXQFLO�
���������� �$XFNODQG�&LW\�KDV� LQWURGXFHG�WKH�5HVLGHQWLDO���]RQH� LQWR� WKH�,VWKPXV�'LVWULFW�3ODQ�WR�DFKLHYH�
WKH�RXWFRPHV�RI�WKH�&LW\¶V�DGRSWHG�JURZWK�PDQDJHPHQW�VWUDWHJ\�WKDW�EHFDPH�RSHUDWLYH�RQ���������

�
1RUWK�



$IWHU� H[WHQVLYH� FRPPXQLW\� FRQVXOWDWLRQ� ZLWK� WKH� ORFDO� FRPPXQLW\� DQG� VWDNHKROGHUV� RI� *OHQ� ,QQHV��
$XFNODQG�&LW\�KDV�GHYHORSHG�D�OLYHDEOH�FRPPXQLW\�SODQ��³*OHQ�,QQHV�LQWR�WKH�IXWXUH´��ZKLFK�ZDV�DGRSWHG�
RQ����-XO\������E\�WKH�&RXQFLO���7KLV�SURYLGHV�D�IUDPHZRUN�IRU�PDQDJLQJ�JURZWK�DQG�GHYHORSPHQW�LQ�WKH�
DUHD�RYHU�WKH�QH[W����\HDUV���$�NH\�DFWLRQ�LGHQWLILHG�ZLWKLQ�WKLV�VWUDWHJ\�LV�WR�LQWURGXFH�WKH�5HVLGHQWLDO���
]RQLQJ� IROORZLQJ� SXEOLF� FRQVXOWDWLRQ� WKDW� DOORZV� PRUH� PHGLXP�� WR� KLJK�GHQVLW\� KRXVLQJ� VXFK� DV� WRZQ�
KRXVHV�� WHUUDFHG�KRXVLQJ��DQG�DSDUWPHQWV� WKDW�DUH� LQ�FORVH�ZDONLQJ�GLVWDQFH�RI�*OHQ� ,QQHV� WRZQ�FHQWUH�
DQG�SXEOLF� WUDQVSRUW��$XFNODQG�&LW\�&RXQFLO��6HFWLRQ����5HSRUW��3ODQ�FKDQJH��������� �7KH�NH\�SULQFLSOHV�
SURSRVHG� WR� JXLGH� WKH� IXWXUH� GHYHORSPHQW� RI� *OHQ� ,QQHV� LQFOXGH�� HQYLURQPHQWDO� SURWHFWLRQ�� ORFDWLRQ� RI�
JURZWK�� LQWHJUDWHG� GHYHORSPHQW�� VWURQJ� FRPPXQLWLHV�� XUEDQ� GHVLJQ�� HFRQRPLF� GHYHORSPHQW� DQG�
HPSOR\PHQW�DQG�IXQGLQJ���$XFNODQG�&LW\�&RXQFLO��������

�������$XFNODQG�&LW\�&RXQFLO�3ODQ�&KDQJH����LQ�*OHQ�,QQHV�

$XFNODQG�&LW\� LV� XQGHUJRLQJ� D� SODQ� FKDQJH� SURFHVV�� SODQ� FKDQJH� ��� LQ�*OHQ� ,QQHV�� � 7KH�&RXQFLO� KDG�
SXEOLFO\�QRWLILHG�WKH�SODQ�FKDQJH�LQ������DQG�WKH�KHDULQJ�RI�VXEPLVVLRQV�ZDV�KHOG�LQ�-XQH��������8QGHU�
WKH�5HVRXUFH�0DQDJHPHQW�$FW������WKH�&RXQFLO�KDV�REOLJDWLRQV�DQG�IXQFWLRQV�WR�XQGHUWDNH��LQ�SDUWLFXODU�
HYDOXDWLRQ�RI� WKH�SURSRVHG�SODQ�FKDQJH�EHIRUH� WKH�QRWLILFDWLRQ�RI�D�FKDQJH�WR�D�'LVWULFW�3ODQ�� �$XFNODQG�
&LW\�&RXQFLO¶V�6HFWLRQ����5HSRUW�DQDO\VHG�IRXU�SURSRVHG�FKDQJHV�DQG�FRQVLGHUHG�WKH\�ZHUH�DQ�HIIHFWLYH�
PHWKRG�RI�DFKLHYLQJ�WKH�UHJLRQDO�DQG�&LW\�&RXQFLO�JURZWK�PDQDJHPHQW�REMHFWLYHV��$XFNODQG�&LW\�&RXQFLO��
6HFWLRQ����5HSRUW������� �7KLV�SXEOLF�SODQ�FKDQJH����KDG�SURSRVHG�]RQLQJ�FKDQJHV�IRU�UHVLGHQWLDO�DUHDV�
JHQHUDOO\�ORFDWHG�ZLWKLQ�D���PLQXWH�ZDON�RI�WKH�*OHQ�,QQHV�WRZQ�FHQWUH�DQG�PDLQO\�IURQWLQJ�RQWR�WKH�DUWHULDO�
URDGV�LQ�WKH�DUHD�±�$SLUDQD�$YHQXH��/LQH�5RDG��7DQLZKD�6WUHHW��DQG�3RLQW�(QJODQG�5RDG��$XFNODQG�&LW\�
&RXQFLO��6HFWLRQ����5HSRUW��3ODQ�FKDQJH����������7KH�VHOHFWHG�FDVH�VWXG\�VLWH�LQ�*OHQ�,QQHV�IRU�WKLV�SDSHU�
IXOILOOV�WKHVH�FULWHULD�DQG�WKH�PDLQ�FKDQJHV�SURSRVHG�ZHUH�WR�UH]RQH�WKH�FDVH�VWXG\�VLWH�IURP�5HVLGHQWLDO�
�D� PHGLXP� LQWHQVLW\� ]RQLQJ� SDUWO\� WR� 5HVLGHQWLDO� �E� DQG� SDUWO\� WR� 5HVLGHQWLDO� �D�� � � 7KLV� LQGLFDWHV� WKH�
&RXQFLO� EHOLHYHV� WKLV�DUHD� LV�PRVW� OLNHO\� WR� DFFRPPRGDWH�VLJQLILFDQW� IXWXUH�JURZWK�� � 7KH�5HVLGHQWLDO� �D�
]RQH�DOORZV�D�UHVLGHQWLDO�GHQVLW\�XS�WR�RQH�XQLW�SHU�����Pð�DQG�D�PD[LPXP�KHLJKW�RI������P��ZKLOH� WKH�
5HVLGHQWLDO��E�]RQH�SHUPLWV�D�KLJKHU�UHVLGHQWLDO�GHQVLW\�XS�WR�RQH�XQLW�SHU����Pð�DQG�D�PD[LPXP�KHLJKW�
RI������P����

,Q�VSLWH�RI�KDYLQJ�D�PHGLXP�GHQVLW\�]RQLQJ�DFFRUGLQJ� WR� WKH�$XFNODQG�'LVWULFW�3ODQ�2SHUDWLYH������� WKH�
FDVH�VWXG\�VLWH�GRHV�QRW�FXUUHQWO\�DFFRPPRGDWH�VXIILFLHQW�KRXVHV�WR�EHFRPH�HOLJLEOH�DV�D�PHGLXP�GHQVLW\�
KRXVLQJ� DUHD� DQG� LV� SUHGRPLQDQWO\� D� ORZ�GHQVLW\� UHVLGHQWLDO� DUHD�� � 6XPPDU\� RI� VXEPLVVLRQV� LQGLFDWHV�
PDQ\�RI�WKH�UHVLGHQWV�GR�QRW�VXSSRUW�UH]RQLQJ�RSWLRQV�IRU�*OHQ�,QQHV��$XFNODQG�&LW\�&RXQFLO����������
�
����:K\�*OHQ�,QQHV�KDV�EHHQ�VHOHFWHG"�
�
$FFRUGLQJ�WR�WKH�$XFNODQG�&LW\��*URZWK�0DQDJHPHQW�6WUDWHJ\��*OHQ�,QQHV�KDV�EHHQ�OLVWHG�DV�RQH�RI�WKH�
SULRULW\� RQH� FHQWUHV� IRU� ERWK� UHVLGHQWLDO� JURZWK� DQG� EXVLQHVV� GHYHORSPHQW�� � 8UEDQ� IRUP� FKDQJHV� DUH�
DOUHDG\�RFFXUULQJ�UDSLGO\�LQ�WKLV�DUHD��
³*OHQ�,QQHV�LV�LGHQWLILHG�DV�D�3ULRULW\���³DUHD�RI�FKDQJH´�LQ�$XFNODQG�&LW\¶V�JURZWK�PDQDJHPHQW�VWUDWHJ\�
EHFDXVH�LW�KDV�WKH�IROORZLQJ�FKDUDFWHULVWLFV��
•�JRRG�DFFHVV�WR�&HQWUDO�$XFNODQG�DQG�WR�0DQXNDX�E\�URDG�DQG�UDLO���
•�D�JURZLQJ�SRSXODWLRQ��ZKLFK� LV�H[SHFWHG�WR�JURZ�E\�DERXW�������SHRSOH�RU�����QHZ�KRPHV�ZLWKLQ� WKH�
QH[W����\HDUV��

•�ZHOO�HVWDEOLVKHG�FRPPXQLW\�DQG�WRZQ�FHQWUH��
•� �DYDLODELOLW\�RI�VRPH�YDFDQW�RU�XQGHUGHYHORSHG�UHVLGHQWLDO�DQG�EXVLQHVV�VLWHV�DQG�
•�QDWXUDO�IHDWXUHV�DQG�RSHQ�VSDFHV´�$XFNODQG�&LW\�&RXQFLO�������������
$SLUDQD�$YHQXH�� D� UHJLRQDO� DUWHULDO� URDG�� DQG�7DQLZKD�6WUHHW�� D� GLVWULFW� DUWHULDO� URDG�� UXQ� WKURXJK�*OHQ�
,QQHV� 5RDG� LQ� DGGLWLRQ� WR� WKH� FROOHFWRU� VWUHHW�� /LQH� 5RDG�� � *OHQ� ,QQHV� LV� DOVR� ORFDWHG� DW� D� PRGHUDWH�
GLVWDQFH�IURP�$XFNODQG�FHQWUDO�EXVLQHVV�GLVWULFW��&%'����7KH�WRZQ�FHQWUH�KDV�DQ�H[FHOOHQW�FRPELQDWLRQ�RI�
SXEOLF� WUDQVSRUW� �WUDLQ� URXWH�FRQQHFWLQJ� WKH�FLW\�DQG�RWKHU�VXEXUEV�RI�$XFNODQG��EXV� WHUPLQDO��� VKRSSLQJ�
FHQWUH��EXVLQHVV�DFWLYLW\�DUHDV��RSHQ�VSDFH�DUHDV��VSHFLDO�SXUSRVH�DFWLYLW\�DUHDV��DQG� UHVLGHQWLDO�DUHDV�
UDQJLQJ�IURP�5HVLGHQWLDO���WR�5HVLGHQWLDO���VXUURXQG�DOO�WKHVH�DFWLYLWLHV���7KH�IRUWKFRPLQJ�ORFDO�XUEDQ�IRUP�
WUDQVIRUPDWLRQV� LQ� *OHQ� ,QQHV� SURYLGH� D� XVHIXO� UHVHDUFK� IRFXV� WR� XQGHUVWDQG� VXFK� LVVXHV� DV� ORFDO�
HQYLURQPHQWDO� VXVWDLQDELOLW\� LQ� UHODWLRQ� WR� YDULRXV� DWWULEXWHV�� ODQG� XVHV�� ]RQLQJ�� IRUPV� RI� XUEDQ�
GHYHORSPHQW� VXFK� DV� VPDUW� JURZWK�� WUDQVLW� RULHQWHG� GHYHORSPHQW� �72'��� QHZ�XUEDQLVP�FKDUDFWHULVWLFV��



XUEDQ�GHVLJQ�DQG�HFRORJLFDO�TXDOLWLHV�� �7KH� IXWXUH�UHGHYHORSPHQW�SURYLGHV�DQ�RSSRUWXQLW\� WR� LQFRUSRUDWH�
PRUH�SRWHQWLDO�IRU�VXVWDLQDELOLW\��
�
����0HWKRGRORJ\�
�
����([LVWLQJ�'RPHVWLF�(QHUJ\�'HPDQG�&DOFXODWLRQ�
�
$V�D� ILUVW�FRPSRQHQW�RI� WKH� UHVHDUFK�GLVFXVVHG�DERYH�� WKH� WRWDO�H[LVWLQJ�GHPDQGV�RI�KRXVHKROG�HQHUJ\�
XVH� LQ�ZDWHU� KHDWLQJ�� VSDFH� KHDWLQJ�� FRRNLQJ�� UHIULJHUDWLRQ�� OLJKWLQJ�� HQWHUWDLQPHQW�� HWF��� DUH� VHSDUDWHO\�
HVWLPDWHG�IURP�WKH�FDOFXODWHG�GDWD�RQ�SHU�FDSLWD�QDWLRQDO�UHTXLUHPHQWV�EDVHG�RQ�RYHUDOO�HQHUJ\�XVH�IURP�
WKH�0LQLVWU\�RI�(FRQRPLF�'HYHORSPHQW������GDWD�IRU�WKH�*OHQ�,QQHV�FDVH�VWXG\�DUHD���7KH�+((3�VWXG\�
�������VXJJHVWV� WKHUH� LV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH� LQ�DYHUDJH�KRXVHKROG�HQHUJ\�XVH�EHWZHHQ�
+((3� KRXVHV� LQ� $XFNODQG�� +DPLOWRQ��:HOOLQJWRQ� DQG� &KULVWFKXUFK�� � ,PSURYHG� HVWLPDWHV� RI� KRXVHKROG�
DSSOLDQFH� HQHUJ\� XVH� KDYH� EHHQ� SUHSDUHG� VKRZLQJ� WKDW� RYHU� WKH� WKUHH� ORFDWLRQV� DQG� FRQVLGHULQJ�
HOHFWULFLW\�DQG�JDV�KRXVHKROG�HQHUJ\�HQG�XVH��KRW�ZDWHU�DFFRXQWV�IRU�DERXW������VSDFH�FRQGLWLRQLQJ������
OLJKWLQJ�DERXW������ UHIULJHUDWLRQ�DERXW������FRRNLQJ�DERXW���� LQFOXGLQJ� UDQJH��HQWHUWDLQPHQW�����DQG�
RWKHUV��XQDVVLJQHG�DQG�ODUJHO\�PLVFHOODQHRXV��DERXW�����RI�WKH�WRWDO��%5$1=�������<($5����([HFXWLYH�
6XPPDU\�� LL���� � &RPSDULVRQ� RI� GDWD� IURP� ((&$� DQG� &HQWUH� IRU� $GYDQFHG� (QJLQHHULQJ� �&$(�� VRXUFHV�
LQGLFDWH�ZDWHU�KHDWLQJ�ZDV�����DQG�VSDFH�KHDWLQJ�ZDV�����RI�WRWDO�GRPHVWLF�HQHUJ\�XVH�LQ������IRU�DOO�
W\SHV� RI� HQHUJ\� LQFOXGLQJ� JHRWKHUPDO� �&$(� ������ ���� ((&$� (QHUJ\�(QG�8VH� 'DWDEDVH� ������� � 7RWDO�
GRPHVWLF�HQHUJ\�XVH�RQ�D�QDWLRQDO�VFDOH�KDV�ULVHQ�IURP������3-�IRU�WKH�\HDU�������((&$�����D��7DEOH�
&��������WR�����3-�LQ�������0LQLVWU\�RI�(FRQRPLF�'HYHORSPHQW�����������
�
:DWHU� KHDWLQJ� HQHUJ\� FRXOG� EH� FRQWULEXWHG� ODUJHO\� E\� URRI�PRXQWHG� VRODU� ZDWHU� KHDWLQJ� SDQHOV�� � 7KH�
HQHUJ\�JHQHUDWHG�E\�SKRWRYROWDLF��39��DUUD\V�PRXQWHG�RQ�WKH�DSSURSULDWH�URRI�DUHDV�VKRXOG�EH�XVHG�IRU�
WKRVH�IXQFWLRQV�WKDW�UHTXLUH�HOHFWULFLW\��VXFK�DV�HQWHUWDLQPHQW��OLJKWLQJ��UHIULJHUDWLRQ�DQG�RWKHUV��UDWKHU�WKDQ�
XVLQJ� WKH� HOHFWULFLW\� IRU� VSDFH� FRQGLWLRQLQJ�� � 7KRXJK� FRRNLQJ� FRXOG� EH� DOVR� GRQH� E\� JDV�� LW� KDV� EHHQ�
DVVXPHG� WKDW� ���� RI� WKH� HQHUJ\� UHTXLUHPHQWV� IRU� KRXVHKROG� XVH�� H[FHSW� ZDWHU� KHDWLQJ� DQG� VSDFH�
FRQGLWLRQLQJ� �%5$1=� ������ LL��� ZLOO� EH� IURP� HOHFWULFLW\�� � 7DEOH� �� SUHVHQWV� H[LVWLQJ� KRXVHKROG� HQHUJ\�
GHPDQGV�FDOFXODWHG�LQ�GLIIHUHQW�FDWHJRULHV���([FOXGLQJ�VSDFH�FRQGLWLRQLQJ��LQ�DOO�RWKHU�FDWHJRULHV�WKH�WRWDO�
HQHUJ\�XVH�RI� WKH�*OHQ� ,QQHV�FDVH�VWXG\�DUHD� LV������*-�SHU�DQQXP��6SDFH�KHDWLQJ� LV�H[FOXGHG� IURP�
DQDO\VLV�IURP�WKLV�SRLQW�EHFDXVH�LW�GRHV�QRW�QHHG�WR�EH�SURYLGHG�E\�HOHFWULFLW\��
�

7DEOH����([LVWLQJ�'HPDQGV�RI�+RXVHKROG�(QHUJ\�8VH�
�

'DWD�+((3��<HDU��� ��&RQWULEXWLRQV�
([LVWLQJ�'HPDQGV�

��*-��DQQXP��
:DWHU�+HDWLQJ� ������ �����

6SDFH�&RQGLWLRQLQJ� ������ �����
&RRNLQJ� ��� ����

(QWHUWDLQPHQW� ��� ����
/LJKWLQJ� ���� �����

5HIULJHUDWLRQ� ���� �����
RWKHUV��XQDVVLJQHG�DQG�
ODUJH�PLVFHOODQHRXV� ���� �����

7RWDO� �� ������
��������������������������6RXUFH��+((3��<HDU���������
�����������������������
�
�
����3RWHQWLDO�RQ�VLWH�VRODU�HQHUJ\�JHQHUDWLRQ�EDVHG�RQ�FXUUHQW�EXLOGLQJ�URRI�RULHQWDWLRQV�
�
������%XLOGLQJ�5RRI�$UHDV�DQG�6RODU�(IILFLHQW�5RRI�$UHDV�(VWLPDWLRQ�
�
)URP� DHULDO� SKRWRJUDSKV�� DQG� XVLQJ� D� VSDWLDO� PHWKRGRORJ\� GHYHORSHG� SUHYLRXVO\� �*KRVK� ������� WRWDO�
EXLOGLQJ�URRI�DUHDV�RI�WKH�*OHQ�,QQHV�FDVH�VWXG\�DUHD�DUH�FDOFXODWHG���7KH�WRWDO�VLWH�DUHD�LV������KHFWDUHV���
7KH� YDOXH� RI� WRWDO� EXLOGLQJ� URRI� DUHDV� LV� HTXDO� WR� ���� KHFWDUHV� DQG� ������ RI� WKH� WRWDO� VLWH� DUHD���
&RQVLGHULQJ�WKH�VORSH�RI�WKH�URRIV�DQG�DQ�RULHQWDWLRQ�RI�URRI�ZLWKLQ����GHJUHHV�RQ�HLWKHU�VLGH�RI�QRUWK�DV�



VRODU�HIILFLHQW� �%UHXHU�HW�DO�� �������� WKH� WRWDO�DYDLODEOH�VRODU�HIILFLHQW� URRI�DUHDV�FXUUHQWO\�DYDLODEOH�ZHUH�
GUDZQ�GLDJUDPPDWLFDOO\�RQ�WKH�URRI�IRUPV�DQG�FDOFXODWHG�VSDWLDOO\��*KRVK���������,W�LV�HVWLPDWHG�WKDW������
KHFWDUHV�RU������Pð�RI�WKH�WRWDO�URRI�DUHD�LV�VRODU�HIILFLHQW���6RODU�HIILFLHQW�URRI�DUHDV�WKDW�ZRXOG�EH�VKDGHG�
E\�WKH�WUHHV�DUH�QRW�LQFOXGHG�LQ�WKH�FDOFXODWLRQV���)LJ���SUHVHQWV�EXLOGLQJ�URRI�DUHDV�DQG�VRODU�HIILFLHQW�URRI�
DUHDV�RI�WKH�*OHQ�,QQHV�FDVH�VWXG\�VLWH��
�
�
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�
)LJ����*OHQ�,QQHV�%XLOGLQJ�5RRI�$UHD�DQG�6RODU�(IILFLHQW�5RRI�$UHD�

�
7KHUH�DUH�GLIIHUHQW�FDWHJRULHV�RI�EXLOGLQJ�URRI�DUHDV�FRPSULVLQJ�ODUJH��PHGLXP�DQG�VPDOO�KRXVHV��JDUDJHV��
VWRUHV�DQG�VKDGHV�� �7ZR�FDWHJRULHV�� ODUJH�URRI�DUHDV� UDQJLQJ� IURP����Pð� WR�DERYH�����Pð�DQG�VPDOOHU�
URRI�DUHDV�EHORZ����Pð��DUH�FRQVLGHUHG���(DFK�FDWHJRU\�KDV�IRXU�VXE�FDWHJRULHV���7KH�DQDO\VLV�LQ�7DEOH���
LQGLFDWHV� WKDW� LQ� WKH� ODUJH�URRI�DUHDV�FDWHJRU\�� WKH�GRPLQDWLQJ�JURXS�RI�EXLOGLQJ�URRI�DUHDV�DUH�EHWZHHQ�
����DQG��������Pð�DQG�WKDW�������RI�WKH�WRWDO�URRI�DUHDV�RI�WKHVH�EXLOGLQJV�DUH�VRODU�HIILFLHQW����

�
7DEOH����%XLOGLQJ�URRI�DUHD�ZLVH�$YDLODEOH�6RODU�(IILFLHQW�5RRI�$UHDV�

�
&DWHJRU\�

$V�SHU�%XLOGLQJ�5RRI�$UHD�
�Pð�� 1XPEHUV� 7RWDO�%XLOGLQJ�5RRI�$UHD� 7RWDO�6RODU�(IILFLHQW�5RRI�$UHD� $YHUDJH���

/DUJH�5RRI�$UHDV� � � �
��������� ��� ����� ���� �����
����������� ���� ������ ����� �����
����������� ��� ����� ���� �����
$ERYH����� ��� ������� ������ �����
727$/��� ���� ������ ����� �����

6PDOO�5RRI�$UHDV� � � �
�������� ��� ������ ����� �����
��������� ��� ������� ����� ����
��������� ��� ������� ������� �����
��������� �� ������ ������� �����
727$/��� ��� ������� ������ �����

727$/��727$/�����727$/���� ���� �������� ������� �����

�



5RRI�DUHDV�EHORZ����Pð�GRPLQDWH�VPDOOHU�URRI�DUHDV��ZKLFK�PD\�EH�JDUDJHV�DQG�VKDGHV���2QO\�������RI�
WKH�WRWDO�VPDOOHU�URRI�DUHDV�DUH�VRODU�HIILFLHQW���&RQVLGHULQJ�ODUJH�DQG�VPDOOHU�URRI�DUHDV��RYHUDOO�������RI�
WKH�WRWDO�EXLOGLQJ�URRI�DUHDV�LQ�WKH�*OHQ�,QQHV�VLWH�DUH�FXUUHQWO\�VRODU�HIILFLHQW��
�
��������(QHUJ\�SRWHQWLDO�RI�&XUUHQW�6RODU�(IILFLHQW�5RRI�$UHDV��
�
$� UHFHQW� VWXG\� E\� WKH� 8.� 'HSDUWPHQW� RI� 7UDGH� DQG� ,QGXVWU\� ������� SURSRVHG� WKDW� VR�FDOOHG� µPLFUR�
JHQHUDWLRQ¶��VPDOO�VFDOH�UHQHZDEOH�HQHUJ\�V\VWHPV�VXFK�DV�VRODU�SDQHOV�RQ�KRXVHV��FRXOG�JHQHUDWH����WR�
����RI�WKH�FRXQWU\¶V�WRWDO�HOHFWULFLW\�GHPDQG�E\��������0LFUR�JHQHUDWLRQ�FDQ�SURYLGH�ERWK�KRW�ZDWHU�DQG�
HOHFWULFLW\�� �)RU�KRW�ZDWHU�SURYLVLRQ��WKH�6ROD��70�+����&ROOHFWRU� LV�GHVLJQHG�WR�SURYLGH�KRW�ZDWHU�IRU�D�
IDPLO\�RI�VL[�DQG�KDV�D�����Pð�VRODU�FROOHFWRU�DUHD�DQG�D����� OLWUHV�VWRUDJH� WDQN��&$(������������� � ,W� LV�
WKHUHIRUH�DVVXPHG�WKDW�D���Pð�SHU�KRXVHKROG�VRODU�ZDWHU�KHDWHU�DUHD�ZRXOG�EH�VXIILFLHQW�RQ�DYHUDJH�IRU�
DOO� VL]HV�RI�KRXVHKROG�DQG� WKLV�ZRXOG�QHHG� WR�EH�SODFHG�RQ�SDUW�RI� WKH�VRODU�HIILFLHQW� URRI�DUHD� �*KRVK�
������������(QHUJ\�JHQHUDWLRQ�IURP�HDFK���Pð�VRODU�ZDWHU�KHDWHU�LV�DW�WKH�UDWH�RI������.ZK��&$(�������
������ �RU������*-�SHU�DQQXP�� �)RU�HOHFWULFLW\�����Pð�RI�SKRWRYROWDLF�PRGXOHV�FDQ�JHQHUDWH����0-� �GD\��
DVVXPLQJ�����HIILFLHQF\�LQ�$XFNODQG�DQG���Pð�JHQHUDWHV���0-�SHU�GD\��5HGVKDZ�DQG�'DZEHU�������RU�
�����*-�SHU�\HDU��*KRVK���������������
�
$V�WKH�URRI�GHVLJQ�RI�EXLOGLQJV�FRXOG�LQFRUSRUDWH�YDU\LQJ�VORSHV�DQG�URRI�SDWWHUQV�� LW� LV�YHU\�LPSRUWDQW�WR�
GHWHUPLQH�KRZ�PDQ\�RI� WKHVH�VRODU�HIILFLHQW� URRI�DUHDV�DUH�XVHIXO�� �6RODU�ZDWHU�KHDWHUV�RU�SKRWRYROWDLF�
PRGXOHV�DUH�JHQHUDOO\� LQ�WKH�IRUP�RI�UHFWDQJXODU�SDQHOV�� WKHUHIRUH��ZKHQ�SODFHG�RQ�WKH�URRI�RI�EXLOGLQJV�
WKH\�GR�QRW�DGHTXDWHO\�FRYHU�DOO�WKH�VRODU�HIILFLHQW�URRI�DUHDV�ZKLFK�KDYH�WULDQJXODU�HGJHV��VKRUWHU�OHQJWKV�
DQG�GLIIHUHQW� VKDSHV�� �7KHVH�YDULRXV� URRI� FRQILJXUDWLRQV�DIIHFW� WKH�XWLOL]DWLRQ�RI� VRODU�HQHUJ\� IURP�VRODU�
HIILFLHQW�URRI�DUHDV��
�
&RQVLGHULQJ�WZR�VFHQDULRV�EDVHG�RQ�FXUUHQW�DYDLODEOH�VRODU�HIILFLHQW�URRI�DUHDV��WKLV�SDSHU�H[DPLQHV�VRODU�
HIILFLHQW�URRI�XWLOL]DWLRQ��IXOO�RU������XWLOL]DWLRQ�LUUHVSHFWLYH�RI�URRI�FRQILJXUDWLRQV��6FHQDULR����DQG�SDUWLDO�
XWLOL]DWLRQ�FRQVLGHULQJ�URRI�FRQILJXUDWLRQV��6FHQDULR�������
�
8QGHU�6FHQDULR����DOO�WKH�VRODU�HIILFLHQW�URRI�DUHDV�DYDLODEOH�DUH�DVVXPHG�WR�EH�XWLOL]HG�IXOO\�IRU�VRODU�KRW�
ZDWHU� SDQHOV� DW� WKH� UDWH� RI� �� Pð� SHU� KRXVHKROG�� DQG� WKH� UHPDLQLQJ� DUHD� LV� DOORFDWHG� WR� SKRWRYROWDLF�
PRGXOHV�� �7KH�FRUUHVSRQGLQJ�HQHUJ\�HTXLYDOHQWV� LQ�*-�DQQXP�DQG���RI� WKH�WRWDO�H[LVWLQJ�GHPDQGV�WKDW�
FRXOG�EH�SURYLGHG� LQ�ZDWHU�KHDWLQJ�DQG�RWKHU�FDWHJRULHV�H[FHSW�VSDFH�FRQGLWLRQLQJ�DUH�FDOFXODWHG�� �7KH�
UHVXOWV� LQGLFDWH�WKDW������*-�DQQXP�DQG�����RI� WKH�WRWDO�H[LVWLQJ�GHPDQGV��H[FHSW�VSDFH�FRQGLWLRQLQJ��
FRXOG�EH�SURYLGHG�E\�WKH�FXUUHQWO\�DYDLODEOH�VRODU�HIILFLHQW�URRI�DUHD��
�
,Q�6FHQDULR����WZR�VRODU�ZDWHU�SDQHOV����P�;���P��HTXLYDOHQW�WR���Pð�SHU�KRXVHKROG��DUH�ILWWHG�RQ�WKH�VRODU�
HIILFLHQW�UHVLGHQWLDO�URRIWRSV�RI�WKH�GZHOOLQJV�LQ�*OHQ�,QQHV�XVLQJ�$UF*,6���2QO\�����RXW�RI�����GZHOOLQJV�
FRXOG�DFFRPPRGDWH�WZR�VRODU�ZDWHU�KHDWHU�SDQHOV�RQ�WKHLU�VRODU�HIILFLHQW�URRIV��RQH�FRXOG�DFFRPPRGDWH�
RQH�SDQHO��DQG����EXLOGLQJV�GR�QRW�KDYH�DSSURSULDWH�VRODU�RULHQWDWLRQV����
�
6LPLODUO\��SKRWRYROWDLF�PRGXOHV�RI�����P�;�����P�ZHUH�ILWWHG�RQ�WKH�DUHD�RI�VRODU�HIILFLHQW�URRIV�UHPDLQLQJ�
DIWHU�SODFLQJ�VRODU�KRW�ZDWHU�SDQHOV���7KLV�SURFHVV�ZDV�WLPH�FRQVXPLQJ�DQG�VR�ZDV�FDUULHG�RXW�IRU�RQO\����
GZHOOLQJV�LQ�WKH�*OHQ�,QQHV�VLWH�� �7KH�UHDOLVWLF�DYDLODEOH�DUHDV�RI�SKRWRYROWDLFV�ZHUH�FRPSDUHG�ZLWK�WRWDO�
DYDLODEOH� VRODU� HIILFLHQW� URRI� DUHDV� IRU� WKRVH� ��� GZHOOLQJV�� � 7KH� FDOFXODWLRQV� VKRZ� WKDW� WKHVH� EXLOGLQJV�
UHDOLVWLFDOO\�FRXOG�XVH�RQO\�����RI�WKH�WRWDO�DYDLODEOH�VRODU�HIILFLHQW�URRI�DUHDV��DQG�����VRODU�HIILFLHQW�URRI�
DUHDV�ZRXOG�EH�ORVW�GXH�WR�LQDSSURSULDWH�URRI�GHVLJQV��PRVWO\�KLSV�DQG�YDOOH\V����7KH�SHUFHQWDJH�YDOXH�RI�
���� REWDLQHG� IRU� SKRWRYROWDLFV� LQ� FRPELQDWLRQ� ZLWK� VRODU� ZDWHU� KHDWHU� SURYLVLRQV� ZDV� WKHQ� DSSOLHG� WR�
DFKLHYH� RYHUDOO� UHVXOWV� IRU� WKH� FRPSOHWH� *OHQ� ,QQHV� VLWH�� � 7KH� FRUUHVSRQGLQJ� HQHUJ\� HTXLYDOHQW� LQ�
*-�DQQXP�RU���RI�WKH�WRWDO�H[LVWLQJ�GHPDQGV�WKDW�FRXOG�EH�SURYLGHG�LQ�ZDWHU�KHDWLQJ�DQG�RWKHU�FDWHJRULHV�
�H[FHSW�VSDFH�FRQGLWLRQLQJ��LV�FDOFXODWHG����
�
7KH� UHVXOWV� LQGLFDWH� WKDW� ����� *-�DQQXP� DQG� ���� RI� WKH� WRWDO� H[LVWLQJ� GHPDQGV� H[FHSW� VSDFH�
FRQGLWLRQLQJ�FRXOG�EH�SURYLGHG�E\�VRODU�HQHUJ\�FROOHFWHG�IURP�WKH�H[LVWLQJ�URRIWRSV��

�
�
�
�
�



7DEOH����7ZR�6FHQDULRV�RQ�$YDLODEOH�6RODU�5RRI�$UHD�8WLOL]DWLRQV�
�

�
&DPLOOHUL� DQG� -DTXHV� ������� KDYH� DVVXPHG� WKDW� QHZ� PDFUR�VFDOH� K\GURHOHFWULFLW\� SURMHFWV� DUH�
RYHUEXUGHQHG�ZLWK�SXEOLF�RSSRVLWLRQ�DQG�DOO�QHZ�ODUJH�VFDOH�HOHFWULFDO�FDSDFLW\�LQ�1=�ZLOO�WKHUHIRUH�FRPH�
IURP� WKHUPDO� VRXUFHV� �PDLQO\� FRDO�� DW� D� JUHHQKRXVH� JDV� FRVW� RI� ����� NLORJUDPV� RI� HTXLYDOHQW� &2��
HPLVVLRQV�SHU�NLORZDWW�KRXU�RI�HOHFWULFLW\��&DPLOOHUL�DQG�-DTXHV����������7KH�UHFHQW�FDQFHOODWLRQ�RI�3URMHFW�
$TXD�VXSSRUWV�WKH�LGHD�WKDW�WKLV�DVVXPSWLRQ�RI�QR�QHZ�PDFUR�VFDOH�K\GURHOHFWULFLW\�JHQHUDWLRQ�LV�FXUUHQWO\�
YDOLG�DQG�WKDW�DOO�QHZ�JHQHUDWLRQ�IURP�LQFUHDVHG�XVDJH�RU�DQ\�QHZ�UHGXFWLRQ�LQ�XVDJH�ZLOO�HLWKHU�LQFUHDVH�
RU�UHGXFH�WKH�DPRXQW�RI�WKHUPDO�HOHFWULFLW\�GHPDQG�LQ�1HZ�=HDODQG��WKXV�WKLV�ILJXUH�RI������NLORJUDPV�&2��
SHU� N:K� ������ WRQQHV� SHU� *-�� ZLOO� EH� XVHG� LQ� WKH� FDUERQ� GLR[LGH� FDOFXODWLRQV� KHUH�� � 7KH� UHVXOWV� IRU�
6FHQDULRV� �� DQG� �� DQG� FRUUHVSRQGLQJ� &2�� YDOXHV� RI� GRPHVWLF� HQHUJ\� VDYLQJV� DUH� FDOFXODWHG� DQG�
SUHVHQWHG�LQ�7DEOH����
�
����$GGLWLRQDO�6RODU�(IILFLHQW�5RRI�*HQHUDWLRQ��
�
,Q�*OHQ� ,QQHV�KLS� URRI�SDWWHUQV�FXUUHQWO\�SUHGRPLQDWH�RQ�VLQJOH�GHWDFKHG�KRXVHV�� �*DEOH� URRIV�SURYLGH�
PRUH�UHFWDQJXODU�URRI�DUHD�LQ�RQH�SODQH�FRPSDUHG�ZLWK�KLS�URRIV�DQG�FRXOG�SURYLGH�D�XVHIXO� LQFUHDVH�LQ�
XVHIXO�VRODU�HIILFLHQW�URRI�DUHD����
�
&RQVLGHULQJ�RQO\�PLQLPDO�FKDQJH�WR�URRI�FRQILJXUDWLRQ��VXFK�DV�XVLQJ�JDEOH�HQG�URRIV�UDWKHU�WKDQ�KLS�URRI�
LQWR�D�JDEOH�HQG�URRI��DGGLWLRQDO�VRODU�HIILFLHQW�URRI�DUHD�WKDW�FRXOG�EH�JHQHUDWHG�LV�FDOFXODWHG���7KH�UHVXOWV�
DUH�SUHVHQWHG�LQ�7DEOH������
���
7KH�RXWFRPHV�VXJJHVW� WKDW� IRU� WKH�PD[LPXP�XVH��6FHQDULR����RI�DYDLODEOH�VRODU�HIILFLHQW� URRI�DUHD�� WKH�
UHVLGHQWLDO� URRIWRS� SRWHQWLDO� FRXOG� LQFUHDVH� IURP����� WR� ������ LQ� WHUPV�RI� SHUFHQWDJH� FRQWULEXWLRQV� RI�
WRWDO�GRPHVWLF�GHPDQGV��H[FHSW�VSDFH�FRQGLWLRQLQJ����)RU�D�PRUH�UHDOLVWLF�VLWXDWLRQ��6FHQDULR����WKLV�XVH�
FRXOG�EH�HQKDQFHG�IURP�����WR�����ZLWK�PLQLPDO�FKDQJHV�LQ�H[LVWLQJ�URRI�FRQILJXUDWLRQV�IRU�WKH�VHOHFWHG�
FDVH�VWXG\�VLWH����
�
6RODU�HQHUJ\�JHQHUDWLRQ�IURP�PLQLPDO�FKDQJHV�LQ�URRI�FRQILJXUDWLRQV�ZLOO�VDYH������WRQQHV�RI�&R��IURP�
*OHQ�,QQHV�SHU�\HDU�LQ�6FHQDULR���DQG�����WRQQHV�RI�&R��IURP�*OHQ�,QQHV�SHU�\HDU�LQ�6FHQDULR����
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�
�
�
�
�

6FHQDULR���
�

6FHQDULR���

7RWDO�DYDLODEOH�VRODU�HIILFLHQW�URRI�DUHD��P���
�

�����
� 7RWDO�DYDLODEOH�VRODU�HIILFLHQW�URRI�DUHD��P � ��

�
�����

�
7RWDO�DUHD��P���RI�VRODU�ZDWHU�KHDWHU�UHTXLUHG�
#���Pð�SHU�KRXVHKROG� ����

7RWDO� DUHD� �P��� RI� VRODU�ZDWHU� KHDWHU� XWLOL]HG�#� ���
Pð�����QR���P�;���P�VRODU�SDQHOV�SHU�KRXVHKROG�

����

5HPDLQLQJ�$UHD�IRU�SKRWRYROWDLF���P � ��
�

�����
�

$UHD�XWLOL]HG�IRU�SKRWRYROWDLF�FRQVLGHULQJ�����XVH�
�P � ��

�����

(QHUJ\�HTXLYDOHQW�ZDWHU�KHDWHU��*-�DQQXP�� ����� (QHUJ\�HTXLYDOHQW�ZDWHU�KHDWHU��*-�DQQXP�� �����

(QHUJ\�HTXLYDOHQW�SKRWRYROWDLF��*-�DQQXP��
�����
� (QHUJ\�HTXLYDOHQW�SKRWRYROWDLF��*-�DQQXP��

�����
7RWDO� RQVLWH� VRODU� � HQHUJ\� JHQHUDWLRQ�
�*-�DQQXP��

�����
� 7RWDO�RQVLWH�VRODU��HQHUJ\�JHQHUDWLRQ��*-�DQQXP��

�����
7RWDO� RQVLWH� � &2�� � HPLVVLRQ� 6DYLQJV��
�WRQQHV�DQQXP�� �����

7RWDO� RQVLWH� � &2�� � HPLVVLRQ� 6DYLQJV��
�WRQHV�DQQXP��

����
�� RI� H[LVWLQJ� GHPDQGV� H[FHSW� VSDFH�
FRQGLWLRQLQJ�FDWHJRU\� ����

��RI� H[LVWLQJ�GHPDQGV�H[FHSW� VSDFH�FRQGLWLRQLQJ�
FDWHJRU\�

����

8QXVHG�VRODU�HIILFLHQW�URRI�DUHD���Pð��� �� 8QXVHG�VRODU�HIILFLHQW�URRI�DUHD���Pð��� �����
��RI��XQXVHG�VRODU�HIILFLHQW�URRI�DUHD��Pð���� �� ��RI��XQXVHG�VRODU�HIILFLHQW�URRI�DUHD��Pð���� ���
(QHUJ\�HTXLYDOHQW�XQXVHG�VRODU�HIILFLHQW�URRI�
DUHD� �� (QHUJ\�HTXLYDOHQW�XQXVHG�VRODU�HIILFLHQW�URRI�DUHD�

�����



7DEOH����$GGLWLRQDO�6RODU�(IILFLHQW�5RRI�*HQHUDWLRQ�DVVXPLQJ�JDEOH�URRIV�
�

7RWDO�DGGLWLRQDO�DYDLODEOH�VRODU�HIILFLHQW�5RRI�DUHD��P��� �����
6&(1$5,2�±���
$VVXPLQJ�WKHVH�DGGLWLRQDO�VRODU�HIILFLHQW�DUHDV�IRU�SKRWRYROWDLFV�	������XVH��
HQHUJ\�HTXLYDOHQW�RI�SKRWRYROWDLF��*-�DQQXP�� ����
7RWDO�RQVLWH�VRODU��HQHUJ\�JHQHUDWLRQ��*-�DQQXP���6FHQDULR����$GGLWLRQDO�� �����
7RWDO�RQVLWH��&2��HPLVVLRQ�6DYLQJV���WRQQHV��DQQXP����6FHQDULR����$GGLWLRQDO�� �����
��RI�H[LVWLQJ�GHPDQGV�H[FHSW�VSDFH�FRQGLWLRQLQJ�FDWHJRU\�

������

6&(1$5,2�±���
7RWDO�DGGLWLRQDO�DUHD��P���XWLOL]HG�WKDW�ZDV�ORVW�LQ��6FHQDULR���

�����

�*UDQG�7RWDO�RI�WKH�DERYH�WZR�DUHDV��6FHQDULR����$GGLWLRQDO��
�����

$VVXPLQJ�WKLV�DUHD�LV�IRU�SKRWRYROWDLFV�	�����XVH��HQHUJ\�HTXLYDOHQW�
SKRWRYROWDLF��*-�DQQXP��

�����

7RWDO�RQVLWH�VRODU��HQHUJ\�JHQHUDWLRQ��*-�DQQXP����6FHQDULR����$GGLWLRQDO��
�����

7RWDO�RQVLWH��&2��HPLVVLRQ�6DYLQJV���WRQQHV��DQQXP����6FHQDULR����$GGLWLRQDO��
����

��RI�H[LVWLQJ�GHPDQGV�H[FHSW�VSDFH�FRQGLWLRQLQJ�FDWHJRU\�
����

�
����&RQFOXVLRQV��
�
$W� ORFDO� VFDOH�� URRI� IRUPV� DQG� RULHQWDWLRQV� RI� EXLOGLQJV� KDYH� D� FRQVLGHUDEOH� LPSDFW� RQ� VRODU� HQHUJ\�
JHQHUDWLRQ�� � 7KLV� VWXG\�HVWDEOLVKHV� WKDW� DSSURSULDWHO\� GHVLJQHG� �L�H�� UHFWDQJXODU�� URRI� IRUPV�DUH�DEOH� WR�
HQKDQFH�VRODU�HQHUJ\�JHQHUDWLRQ�IURP�URRIV��DOORZLQJ�DSSURSULDWH�VRODU�KRW�ZDWHU�DQG�SKRWRYROWDLF�SDQHO�
LQVWDOODWLRQV� ZLWK� PLQLPDO� FKDQJH�� � ,W� LV� FOHDU� WKDW� LW� LV� YHU\� LPSRUWDQW� WR� PDNH� SURYLVLRQ� IRU� WKH� IXWXUH�
LQVWDOODWLRQ� RI� VRODU� SDQHOV� DW� WKH� FRQFHSWXDO� VWDJH� RI� URRI� GHVLJQ� LQ� DQ\� QHZ� EXLOGLQJV� WKDW� PD\� EH�
SURSRVHG� LQ� WKH� IXWXUH� LQWHQVLILFDWLRQ� RI� GHYHORSPHQW� LQ� *OHQ� ,QQHV�� � %XLOGLQJ� VXFK� URRIV� FDQ� PDNH�
VLJQLILFDQW�FRQWULEXWLRQ�WR�JHQHUDWLQJ�HQHUJ\�RQ�VLWH��ZLWK�WKH�SRWHQWLDO�WR�SURYLGH�XS�WR�����RI�KRXVHKROG�
HOHFWULFLW\�GHPDQG�LQ�WKH�FDVH�VWXG\�VLWH��DQG�FDQ�DOVR�UHGXFH�SURGXFWLRQ�RI�&2��HPLVVLRQV���7KH�FDUERQ�GLR[LGH�UHGXFWLRQ�RI�DERXW�����WRQQHV�IRU� WKH�FDVH�VWXG\�DUHD�UHSUHVHQWV�����WRQQHV�SHU�SHUVRQ�� � ,I� WKLV�
VWUDWHJ\� ZDV� DGRSWHG� IRU� DOO� UHVLGHQWLDO� DUHDV� LW� ZRXOG� GHOLYHU� D� VLJQLILFDQW� UHGXFWLRQ� RI� ���� RI� 1HZ�
=HDODQG¶V� WRWDO� &2�� HPLVVLRQV�� � 7KH� VRFLDO� EDUULHUV� DQG� HFRQRPLF� FDOFXODWLRQV� IRU� WKH� XSWDNH� RI� VRODU�WHFKQRORJLHV�KDYH� QRW� EHHQ� LQFOXGHG� LQ� WKLV� VWXG\�� � )XWXUH� UHVHDUFK� VKRXOG� XQGHUWDNH� VWXGLHV� RI� WKHVH�
GLPHQVLRQV�WR�SUHVHQW�DQ�LQWHJUDWHG�UHVHDUFK�IRFXV�RQ�UHQHZDEOH�VRODU�HQHUJ\�JHQHUDWLRQ�IURP�UHVLGHQWLDO�
URRIV�WR�GHVLJQ�PRUH�VHOI�VXIILFLHQW�QHLJKERUKRRGV����
�
����$FNQRZOHGJHPHQWV�
�
7KH� DXWKRUV� ZRXOG� OLNH� WR� DFNQRZOHGJH� WKH� VXSSRUW� RI� WKH� )567� IXQGHG� ³/HDUQLQJ� 6XVWDLQDELOLW\´�
SURJUDPPH�LQYROYLQJ�/DQGFDUH�5HVHDUFK�LQ�FROODERUDWLRQ�ZLWK�2SXV�,QWHUQDWLRQDO�&RQVXOWDQWV�/WG�DQG�WKH�
8QLYHUVLW\�RI�$XFNODQG��
�
����5HIHUHQFHV�
�
$XFNODQG�&LW\�&RXQFLO����������6HFWLRQ����5HSRUW��3ODQ�&KDQJH�����,VWKPXV�'LVWULFW�3ODQ�*OHQ�,QQHV���5HVLGHQWLDO��D�
DQG���5H]RQLQJ���$XFNODQG��1HZ�=HDODQG��
$XFNODQG�&LW\�&RXQFLO����������2QOLQH�DW��
KWWS���ZZZ�DXFNODQGFLW\�JRYW�Q]�FRXQFLO�GRFXPHQWV�GLVWULFW�XSGDWHV�W����30��6HFWLRQ���SGI�
KWWS���ZZZ�DXFNODQGFLW\�JRYW�Q]�FRXQFLO�GRFXPHQWV�GLVWULFW�XSGDWHV�W����30��VLWHVPDS�SGI�
KWWS���ZZZ�DXFNODQGFLW\�JRYW�Q]�FRXQFLO�GRFXPHQWV�GLVWULFW�XSGDWHV�W����SP��VXPPDU\RIVXEV�SGI��DFFHVVHG�RQ���WK�
-XQH���������
$XFNODQG�&LW\�&RXQFLO����������*OHQ�,QQHV�LQWR�WKH�IXWXUH���$XFNODQG��1HZ�=HDODQG��
$XFNODQG�&LW\�&RXQFLO����������$XFNODQG�&LW\��*URZWK�0DQDJHPHQW�6WUDWHJ\���$XFNODQG��1HZ�=HDODQG��
$XFNODQG� &LW\� &RXQFLO�� � ������ � 3DUW� �� �� 5HVLGHQWLDO� $FWLYLW\�� &LW\� RI� $XFNODQG�� � 'LVWULFW� 3ODQ�� ,VWKPXV� 6HFWLRQ��



2SHUDWLYH��SS���$���$�����$XFNODQG��1HZ�=HDODQG��
$XVWUDOLDQ�*RYHUQPHQW��'HSDUWPHQW�RI� WKH�3ULPH�0LQLVWHU�DQG�&DELQHW�� ������� �6HFXULQJ�$XVWUDOLDQ�(QHUJ\�)XWXUH��
)DFW�6KHHW�±�6RODU�&LWLHV��$�9LVLRQ�RI�)XWXUH���2QOLQH�DW���
KWWS���ZZZ�GSPF�JRY�DX�SXEOLFDWLRQV�HQHUJ\BIXWXUH�IDFWVKHHWV�IDFWVKHHWB��KWP��DFFHVVHG�RQ����-XO\��������
%ODNHUV�� $�� � ������ � 6RODUL]DWLRQ�� � 7KH� $XVWUDOLDQ� 1DWLRQDO� 8QLYHUVLW\�� )DFXOW\� RI� (QJLQHHULQJ� DQG� ,QIRUPDWLRQ�
7HFKQRORJ\�� 'HSDUWPHQW� RI� (QJLQHHULQJ�� &HQWUH� IRU� 6XVWDLQDEOH� (QHUJ\� 6\VWHPV�� � 2QOLQH� DW��
KWWS���VRODU�DQX�HGX�DX�GRFV�6RODUL]DWLRQ�SGI����DFFHVVHG�RQ����-XO\��������
%UHXHU��'�5����������'HVLJQ�IRU�WKH�6XQ��9RO�����:RUNLQJ�0DQXDO��(QHUJ\�(IILFLHQF\�&RQVHUYDWLRQ�$XWKRULW\��((&$���
$XFNODQG��1HZ�=HDODQG��
5HVRXUFH�&HQWUH�IRU�%XLOGLQJ�([FHOOHQFH��%5$1=�����������(QHUJ\�8VH�LQ�1HZ�=HDODQG�+RXVHKROGV�±�+((3�<HDU��
5HSRUW��([HFXWLYH�6XPPDU\���6WXG\�5HSRUW��65������1HZ�=HDODQG����
&DPLOOHUL��0�-���DQG�-DTXHV��5�$�����������,PSOLFDWLRQV�RI�&OLPDWH�&KDQJH�IRU�WKH�&RQVWUXFWLRQ�6HFWRU��2IILFH�
%XLOGLQJV���%5$1=�6WXG\�5HSRUW�65�����2QOLQH�DW��KWWS���ZZZ�EUDQ]�FR�Q]����DFFHVVHG�RQ�����0D\��������
&HQWHU�IRU�$GYDQFHG�(QJLQHHULQJ��DQG�(QHUJ\�(IILFLHQF\�DQG�&RQVHUYDWLRQ�$XWKRULW\��&$(�DQG�((&$�����������1HZ�
DQG�(PHUJLQJ�5HQHZDEOH�(QHUJ\�2SSRUWXQLWLHV� LQ�1HZ�=HDODQG�� �7KH�8QLYHUVLW\�RI�&DQWHUEXU\��&KULVWFKXUFK��1HZ�
=HDODQG��
&HQWUH� IRU�$GYDQFHG�(QJLQHHULQJ�� ������� �(QHUJ\�(IILFLHQF\��$�*XLGH� WR�&XUUHQW�DQG�(PHUJLQJ�7HFKQRORJLHV��7KH�
8QLYHUVLW\�RI�&DQWHUEXU\��&KULVWFKXUFK��1HZ�=HDODQG��
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