
��� � � 32:(5_0D\������

�&KHQJ�&\FOH�IOLUWV�ZLWK����SSP�1�[��DQG�&2�
7KUHH� \HDUV� DJR�� DQ� DUWLFOH� LQ� 32:(5� GHVFULEHG� KRZ� &KHQJ� 3RZHU� 6\VWHPV�� E\�PRGLI\LQJ�WKH�FRPEXVWRUV�RI�VHYHUDO�SRSXODU�JDV�WXUELQHV��KDG�XVHG�VWHDP�LQMHFWLRQ�WR�ORZHU�WKH�XQLWV
�12[�RXWSXW�WR�DERXW���SSP�EXW�VRPH�PRGHOV�KDG�VXEVWDQWLDO�&2�OHYHOV�ZLWKRXW� FRPEXVWRU� PRGLILFDWLRQV�� 6LQFH� WKHQ�� WKH� FRPSDQ\� KDV� GHYHORSHG� QHZ�FRPEXVWRU�QR]]OHV�WKDW�UHFHQWO\�SURYHG�FDSDEOH�RI�OLPLWLQJ�D�WXUELQH
V�HPLVVLRQV�RI�ERWK�12[�DQG�&2�OHYHOV�WR�HYHQ� ORZHU�VLQJOH�GLJLW� OHYHOV��)LHOG� WHVW�UHVXOWV� IRU�D�QDSKWKD��EXUQLQJ�/0�����DUH�SUHVHQWHG���
%\�'U��5REHUW�3HOWLHU��3(��

DV�WXUELQH�XVHUV�KDYH�VXFFHVVIXOO\�XVHG�
VWHDP� LQMHFWLRQ� IRU� SRZHU�
DXJPHQWDWLRQ� DQG� 12[� FRQWURO� IRU�
PRUH�WKDQ����\HDUV��$�VPDOO�DPRXQW�RI�

VWHDP� LQMHFWHG� LQWR� WKH� WXUELQH
V� FRPEXVWLRQ�
QR]]OHV�RU�FRPSUHVVRU�GLVFKDUJH�SOHQXP�ZDV�
DOO� WKDW� ZDV� QHHGHG� WR� PHHW� HDUO\� OLPLWV� RQ�
HPLVVLRQV� RI� WKH� SROOXWDQW�� � $� SOHDVDQW� VLGH�
HIIHFW� ZDV� D� QRWLFHDEOH� LQFUHDVH� LQ� SRZHU�
RXWSXW�DVVXPLQJ�WKH�WXUELQH�FRXOG�KDQGOH�WKH�
DGGHG�PDVV�IORZ���

%DFN� ,Q� ������ 'U� 'DK� <X� &KHQJ� RI�
&KHQJ� 3RZHU� 6\VWHPV� �&36�� VDZ� WKH�
FRPPHUFLDO� SRVVLELOLWLHV� RI� LQMHFWLQJ� VWHDP�
LQWR�VPDOO� DQG�PLGVL]H� WXUELQHV� LQ� ,QGXVWULDO�
FRJHQHUDWLRQ�SODQWV� WKDW� XVH� D�KHDW�UHFRYHU\�
VWHDP�JHQHUDWRU� �+56*��WR�SURGXFH�SURFHVV�
VWHDP�� 7KH� FRPPHUFLDOL]DWLRQ� RI� WKH�
WHFKQRORJ\� WKURXJK� KLV�
FRPSDQ\�,QWHUQDWLRQDO� 3RZHU� 7HFKQRORJ\�
�6DQ� -RVH�� &DOLI���EHJDQ� ZLWK� WKH� �����
LQVWDOODWLRQ�RI�WKH�&KHQJ�&\FOH�RQ�DQ�$OOLVRQ�
����.+� WXUELQH� RQ� WKH� FDPSXV� RI� 6DQ� -RVH�
6WDWH�8QLYHUVLW\�LQ�&DOLIRUQLD��32:(5��-XQH�
������S������� �2Q� WKDW�SURMHFW�� FDSDFLW\� URVH�
IURP� ����� 0:� WR� ���� 0:�� FRPEXVWLRQ�
HIILFLHQF\� LQFUHDVHG� IURP� ���� WR� ����� DQG�
12[�UHPDLQHG�OHVV�WKDQ����SSP���

)XUWKHU� WHVWV� GHPRQVWUDWHG� WKDW� LW� ZDV�
SRVVLEOH�WR�VLJQLILFDQWO\�LQFUHDVH�WKH�RXWSXW�RI�
D� QXPEHU� RI� JDV� WXUELQHV� RI� WKDW� HUD� E\�
LQFUHDVLQJ�WKH�QR]]OH�VWHDP�IXHO�PDVV�UDWLR�WR�
����� �$W� WKH� WLPH�� VHYHUDO� JDV� WXUELQHV�ZHUH�
EHLQJ�PDUNHWHG�ZLWK�D�VWHDP�LQMHFWLRQ�RSWLRQ�
IRU� ERRVWLQJ� SHDNLQJ� SRZHU�� $PRQJ� WKHP�
ZDV� WKH� *(� /0����� VWHDP�LQMHFWHG� JDV�
WXUELQH� �67,*���ZKLFK�SURPLVHG� DQ� LQFUHDVH�
LQ�FDSDFLW\�IURP�D�QRQ�LQMHFWHG������0:�WR�D�
IXOO\�LQMHFWHG����0:��:KHQ�12[�UHGXFWLRQ�
YLD�VWHDP�LQMHFWLRQ�KLW�D�ORZHU�OLPLW�RI����SSP��
XVHUV� WXUQHG� WR� VHOHFWLYH� FDWDO\VW� UHGXFWLRQ�
�6&5��DQG�&2�FDWDO\VWV�WR�UHDFK�VLQJOH�GLJLW�

OHYHOV��ZKLFK�PDQ\�ORFDOLWLHV�ZHUH�EHJLQQLQJ�
WR�UHTXLUH��

'RQ
W� FRQIXVH� WKH�&KHQJ�&\FOH�ZLWK� WKH�
VWDQGDUG�67,*�F\FOHV�DYDLODEOH�IURP�RULJLQDO�
HTXLSPHQW� PDQXIDFWXUHUV�� 67,*� XVHV�
WUDGLWLRQDO�� FRQVWDQW�SUHVVXUH� ZDVWH� KHDW�
ERLOHU�WHFKQRORJ\��2SHUDWLRQ�RI�67,*�F\FOHV�
LV� OLPLWHG� WR� QHDU� IXOO� ORDG�� EHFDXVH� ORZ�
H[KDXVW� WHPSHUDWXUH� DW� SDUWLDO� ORDG� ZRXOG�
FDXVH�KHDW�WUDQVIHU�LPEDODQFHV�LQ�WKH�+56*��
%XW�EHFDXVH�WKH�&KHQJ�&\FOH�UHTXLUHV�WKH�XVH�
RI� D� YDULDEOH�SUHVVXUH� +56*�� LWV� RSHUDWLQJ�
UDQJH�H[WHQGV�IURP�LGOH�WR�IXOO�ORDG�

�
+RZ�ORZ�FDQ�\RX�JR"��
7KH� WHFKQRORJ\� GHYHORSPHQW� WKDW� KDV� PDGH�
SRVVLEOH� HYHQ� ORZHU� 12[� OHYHOV�DQG� QRZ���
&2� OHYHOV� DV� ZHOO�LV� WKH� &KHQJ� ORZ�12[�
�&/1��V\VWHP��6LPSOH�WR�H[SODLQ�EXW�GLIILFXOW�
WR� LPSOHPHQW�� WKH� &/1� V\VWHP� SUHFLVHO\�
PHWHUV� VWHDP� LQWR� WKH� IXHO� JDV� XQGHU�
FRQWUROOHG� FRQGLWLRQV�� XQOLNH� HDUOLHU� V\VWHPV�
WKDW� LQMHFWHG� VWHDP� LQWR� WKH� FRPSUHVVHG� DLU�
EHIRUH� LW� HQWHUV� WKH� FRPEXVWRU�� :LWK� D�
SURSHUO\�GHVLJQHG� VHW� RI� FRPEXVWRU�QR]]OHV��
WKH� KRPRJHQRXV� PL[WXUH� RI� IXHO� DQG� VWHDP�
LQFUHDVHV� GLIIXVLRQ� UDWHV� DQG� LPSURYHV� WKH�
UDWH� RI� FRPEXVWLRQ�� 7KH� UHVXOWV� DUH� D� ORZHU�
SHDN� IODPH� WHPSHUDWXUH�� PRUH� XQLIRUP�
WHPSHUDWXUH� GLVWULEXWLRQ�� DQG� D� VKRUWHU�
FRPEXVWLRQ� UHVLGHQFH� WLPH�DOO� RI� ZKLFK�
FRPELQH�WR�LQKLELW�12[�IRUPDWLRQ��

�7KH�&/1�V\VWHP�KDV�EHHQ�LQ�FRQWLQXRXV�
RSHUDWLRQ�DW�WKH�65,�&KHQJ�&\FOH�&RJHQ�SODQW�
IRU�WKH�SDVW�HLJKW�PRQWKV��7KH�12[�OHYHO�KDV�
EHHQ�PDLQWDLQHG�EHORZ� ���SSP��5LJ� WHVWV�RI�
WKH�$OOLVRQ�FRPEXVWRU�VKRZV�WKH�SRWHQWLDO�RI�
UHDFKLQJ� PXFK� ORZHU� 12[� WKDQ� WKDW�� LI�
SURSHUO\� GHVLJQHG� IXHO� QR]]OHV� DQG� IXHO�
PDQLIROGV�FDQ�EH�LQVWDOOHG��3RWHQWLDOO\�� WKHUH�
DUH� HLJKW� PRUH� RI� WKH� $OOLVRQ� ����EDVHG�
&KHQJ�&\FOHV�LQ�&DOLIRUQLD����� ,Q�$XVWUDOLD��

��� LQ� (XURSH�� DQG� KXQGUHGV� LQ� -DSDQ� WKDW�
FRXOG� DGRSW� WKH� VDPH� SURFHVV�� $� SDUWLDO�
&KHQJ�&\FOH��&KHQJ�%RRVW��DOVR�LV�EHQHILWLQJ�
WZR� *(� �%� WXUELQHV� ,Q�
FRPELQHG�KHDW�UHFRYHU\� VHUYLFH� DW� D�
&DOLIRUQLD� UHILQHU\�� � %XW� SHUKDSV� WKH� PRVW�
LQWHUHVWLQJ� LQVWDOODWLRQ� RI� D� SDUWLDO� &/1�
V\VWHP� LV� RQ� D� QDSKWKD�EXUQLQJ� /0�����
&KHQJ�&\FOH�LQ�.DXDL��+DZDLL��WKDW�ZHQW�LQWR�
VHUYLFH� LQ� ������ 0RUH� RQ� WKDW� SODQW� LQ� D�
PRPHQW��
�
)LUVW��WKH�ULJ�UHVXOWV��
2YHU�WKH�SDVW����PRQWKV��&36�KDV�ULJ�WHVWHG�
WKH�&/1�WHFKQRORJ\�RQ�D�5ROOV�5R\FH�$YRQ�
�����DQG�DQ�/0�����ILUHG�E\�QDWXUDO�JDV��OI�
WKH�ILQDO�WHVW� ULJ�UHVXOWV�ORRN�JRRG��&36�ZLOO�
PLJUDWH� WKH� WHFKQRORJ\� WR� WKHVH� ODUJHU�
WXUELQHV��$OO�RI�WKH�WHVWV�ZHUH�FRQGXFWHG�RQ�D�
&/1�WHVW� ULJ�DW�RQH�RI� WKH�&KHQJ�&DOLIRUQLD�
VLWHV�D� FRJHQHUDWLRQ� SODQW� WKDW� SURYLGHV� ����
0:� DQG� VWHDP� IRU� SRZHULQJ�� OLJKWLQJ��
KHDWLQJ�� DQG� FRROLQJ� WKH� FDPSXV� RI� 65,�
,QWHUQDWLRQDO��D�QRQSURILW�5	'�ILUP�EDVHG�LQ�
0HQOR�3DUN��

6R� IDU�� WKH� WHVW� UHVXOWV� KDYH� EHHQ� YHU\�
LQWHUHVWLQJ��WR�VD\�WKH�OHDVW��7KH����0:�FODVV�
$YRQ� ����� KDV� QHYHU� EHHQ� NQRZQ� DV� D�
�RZ�12[�RU��RZ�&2�SURGXFHU�WKDW� LV��XQWLO�
&36�HQJLQHHUV�JRW�WKHLU�KDQGV�RQ�WKH�HQJLQH
V�
FRPEXVWLRQ� V\VWHP�� )LUVW� WKH\� PRGLILHG� WKH�
FRPEXVWLRQ�OLQHU�VR�WKDW��HYHQ�ZLWKRXW�VWHDP�
LQMHFWLRQ�� &2� ZDV� UHGXFHG� IURP� RYHU� ����
SSP�WR���SSP��7KHQ�WKH�UHDO�WHVWV�EHJDQ��$IWHU�
,QVWDOOLQJ�WKH�&/1�IXHO�QR]]OH�KDUGZDUH�DQG�
FRQWUROV��12[�IHOO�EHORZ���SSP��DW�����2���
7KH�FRQWURO�PRGV� �HQWDLOHG�WKH�UHWURILW�RI�DQ�
DXWRQRPRXV� GLJLWDO� FRQWUROOHU� WR� FORVHO\�
PDQDJH�VWHDP�IXHO��

*�



�
�

UDWLRV� XQGHU� DOO� RSHUDWLQJ� FRQGLWLRQV��
6LJQLILFDQWO\��QR�IODPHRXWV�ZHUH�H[SHULHQFHG�
GXULQJ�WKH�WHVWLQJ��

7KH� QH[W� VHW� RI� ULJ� WHVWV� IRFXVHG� RQ� WKH�
ZRUNKRUVH�RI�WKH�PLGOLQH�JDV�WXUELQH�PDUNHW��
WKH�/0���2��7KH� WHVWV
�JRDO�ZDV� WR�UHDFK���
SSP�12[�ZLWK� FRLQFLGHQW� &2� OHVV� WKDQ� ���
SSP�� 7KH\� ZHUH� SHUIRUPHG� E\� D� WHDP� RI�
FRQVXOWDQWV�DQG�DVVRFLDWHV�RI�&36��LQFOXGLQJ�
WKH� FRJHQHUDWLRQ� SURMHFW� WHDPV� DW� 6DQ� -RVH�
6WDWH� 8QLYHUVLW\� DQG� SURIHVVRUV� RI� 1RUZD\�
7HFKQLFDO�8QLYHUVLW\��

5LJ�WHVWLQJ�RI�WKH�/0��22
V�FRPEXVWLRQ�
V\VWHP�IROORZHG�WKH�LQVWDOODWLRQ�RI�D�VHW�RI�VL[�
VSHFLDOO\� GHVLJQHG�� UHGXFHG� SUHVVXUH�GURS�
&/1�IXHO�QR]]OHV�LQ�D�VHJPHQW�RI�DQ�DQQXODU�
FRPEXVWRU�� 7KH� QHZ� QR]]OHV
� WLSV� FDQ�
DFFRPPRGDWH�D�KLJK�VWHDP�IXHO�UDWLR�ZLWKRXW�
WKH� QHHG� IRU� H[WUHPHO\� KLJK� VWHDP� RU� IXHO�
SUHVVXUH�D�GHVLJQ�FULWHULRQ�FRQVLGHUHG�D�PXVW�
IRU� LPSOHPHQWDWLRQ� RQ� D� UHDO� HQJLQH�� 7ZR�
JRDOV� RI� WKH� WHVWV� ZHUH� QR� IODPHRXW� DQG�
DFKLHYLQJ� DV� KLJK� D� VWHDP�IXHO� UDWLR� DV�
SRVVLEOH�DW�FRQGLWLRQV�SURGXFLQJ���SSP�12[�
RU�OHVV��$QRWKHU�ZDV�WR�FRPSDUH��WZR�GLIIHUHQW�
QR]]OH�WLS� FRQILJXUDWLRQV�� ERWK� RI� ZKLFK�
HQODUJH�WKH�VWHDP�DQG�IXHO�IORZ�DUHDV�ZLWKLQ�
WKH�FRQILQHV�RI�WKH�FXUUHQW�*(�QR]]OH�GHVLJQ��
2QH� ZDV� ZLWK� IRXU� LQMHFWLRQ� KROHV� DQG� WKH�
RWKHU�ZDV�ZLWK�VL[�LQMHFWLRQ�KROHV�DW�WKH�WLS�RI�
WKH�QR]]OH�FRQILJXUDWLRQ���

2QH�RI�WKH�WHVW�UHVXOWV�ZDV�H[SHFWHG��%RWK�
FRQILJXUDWLRQV� ZHUH� FDSDEOH� RI� DFKLHYLQJ� ��
SSP� 12[� ZLWK� QR� IODPH� LQVWDELOLW\�� %XW�
DQRWKHU�ZDV�D�FRPSOHWH�VXUSULVH��12[�OHYHOV��
EHORZ���SSP�ZHUH�UHDFKHG�ZLWK�&2�VWHDG\�DW�
��SSP�DQG�D�VWDEOH�IODPH�REVHUYHG�DFURVV�WKH�
HQWLUH�&/1�VWHDP�IXHO�RSHUDWLQJ�UDQJH�XS�WR�
���� VWHDP� �IXHO� UDWLR� �)LJXUH� ���� 7KH�
FRPEXVWLRQ� QRLVH� EHFDPH� TXLHWHU�� $W� WKLV�
KLJK�VWHDP�IXHO�UDWLR�WKH�HTXLYDOHQW�KHDW�UDWH�
UHGXFWLRQ� IRU� FRQVWDQW� SRZHU� LV� DERXW� ����
DQG�D�UHGXFWLRQ�RI�����&2���

�
�
�
�

$ORKD�IURP�WKH�*DUGHQ�,VODQG�
7KH�WHVW�ULJ�UHVXOWV�DW�65,�VKRXOGQ
W�KDYH�EHHQ�
WKDW� VXUSULVLQJ� LQ� OLJKW� RI� GDWD� WDNHQ� IURP�
DQRWKHU�&KHQJ�&\FOH� LQVWDOODWLRQ������� ULOHV�
DZD\�� .DXDL� ,VODQG� 8WLOLW\� &RRSHUDWLYH
V�
,.,8&,� .DSDLD� 3RZHU� 6WDWLRQ� �.36�� ZHQW�
FRPPHUFLDO� RQ� 6HSWHPEHU� ����� DQG� LV� WKH�
QHZHVW�SRZHU�SODQW�RQ�WKH�LVODQG��)LJXUH�����
7KH� IDFLOLW\� ZDV� RULJLQDOO\� GHYHORSHG� E\� D�
MRLQW� YHQWXUH� EHWZHHQ� &36� DQG� &1*� ,QW
O�
UHVSRQGLQJ� WR� DQ� LQGHSHQGHQW� SRZHU� ELG�
RIIHUHG�E\�&LWL]HQ
V�8WLOLW\��'XH� WR� WKH�KLJK�
HIILFLHQF\� RI� WKH� &KHQJ� &\FOH�� WKH� MRLQW�
YHQWXUH�ZDV�VHOHFWHG�WR�EH�WKH�ILQDO�ZLQQHU�RI�
WKH� ELG�� 7KH� SRZHU� LVODQG� ZDV� MRLQWO\�
VSHFLILHG� DQG� JXDUDQWHHG� EHWZHHQ� &36��
6WHZDUW�6WHYHQVRQ��QRZ�*(�(QHUJ\��DQG�*(�
$HUR� 3URGXFWV� WR� SURYLGH� D� SHUIRUPDQFH�
JXDUDQWHH� IRU� SURMHFW� ILQDQFLQJ���
6XEVHTXHQWO\��.DXDL�3RZHU� 3DUWQHUV�/3� �DQ�
LQGHSHQGHQW� 6DQ� 'LHJR�EDVHG� FRQVXOWLQJ�
JURXS��ZDV�KLUHG�DV�FRQVXOWDQWV�WR�DGPLQLVWHU�
HQYLURQPHQWDO� DQG� VLWH� SHUPLWV� WR� EXLOG� WKH�
SODQW�� &1*� ,QW
O� KDV� VLQFH� PHUJHG� ZLWK�
'RPLQLRQ�5HVRXUFHV� ,QF�� �'5,���'XH� WR� WKH�
SODQW
V�KLJK�UHOLDELOLW\�DQG�KLJK�HIILFLHQF\��LQ�
$XJXVW� ������.,8&� H[HUFLVHG� WKH�RSWLRQ� WR�
EX\�WKH�SODQW�IRU�������PLOOLRQ��7KH�SXUFKDVH�
ZDV�D�JRRG�GHDO�IRU�.DXDL�UHVLGHQWV��EHFDXVH�
LW� HOLPLQDWHG� WKH� QHHG� WR� SD\� '5,� IRU� �����
0:�RYHU�D����\HDU�SRZHU�SXUFKDVH�FRQWUDFW��

7KH� KHDUW� RI� WKH� .36� IDFLOLW\� LV� D�
YHQHUDEOH� *(� /0��22�3+� UDWHG� DW� �����
0:� DQG� RSHUDWHG� LQ� 

6XSHU� 67,*

�
FRQILJXUDWLRQ� �&KHQJ��� )RU� FRPSDULVRQ�
SXUSRVHV��WKH�VWDQGDUG�*(�GHVLJQHG�/0�����

�

67,*�FDQ�LQMHFW�XS�WR��������OE�KU�RI�VWHDP��
ZKHUHDV� WKH�&KHQJ� YHUVLRQ� KDV� EHHQ� NLFNHG�
XS�WR�D�PD[LPXP�RI��������OE�KU��OLPLWHG�RQO\�
E\� WKH� PD[LPXP� DOORZDEOH� FRPSUHVVRU�
GLVFKDUJH�SUHVVXUH�RI�����SVLJ��

7KH�.36���ZKLFK�VXSSOLHV�RYHU�����RI�WKH�
LVODQG
V� HOHFWULFDO� ORDG�� LV� GHVLJQHG� WR�
ORDG�IROORZ� GHPDQG� IURP� ���� WR� ����� RI�
WXUELQH� ORDG��7KH�XQLW� LV�QRUPDOO\� IXHOHG�E\�
QDSKWKD� EXW� RFFDVLRQDOO\� E\� -3��RU� -3�� � MHW�
IXHO�� GHSHQGLQJ� RQ� DYDLODELOLW\�� %HFDXVH� WKH�
SODQW� RSHUDWHV� ����� �XQXVXDO� IRU� D� VLPSOH��
F\FOH� JDV� WXUELQH��� LW� UDFNV� XS� D� ORW� RI�
RSHUDWLQJ�KRXUV�LQ�VKRUW�RUGHU��8S�WR��������
OK�KU� RI� LQMHFWLRQ� VWHDP� DW� ���� SVL�
����)�
FRPHV� IURP� D� RQFH�WKURXWK� VWHDP� JHQHUDWRU�
IURP� ,QQRYDWLYH� 6WHDP� 7HFKQRORJLHV�
�&DPEULGJH��2QW���WKDW�LV�GHVLJQHG�WR�RSHUDWH�
GU\� DQG� EH� VWDUWHG� KRW� LI� QHFHVVDU\�� �9LVLW�
ZZZ�RWVJ�FRP�IRU�PRUH� LQIRUPDWLRQ�RQ� WKLV�
XQLTXH�VWHDP�JHQHUDWRU���

3ODQW� HPLVVLRQV� SHUIRUPDQFH� RI� WKH�
VLPSOH�F\FOH�/0������WKH�67,*�YHUVLRQ��DQG�
WKH�&KHQJ�&\FOH�YHUVLRQ�IRU�12[�DQG�&2��DUH�
LOOXVWUDWHG� LQ� )LJXUHV��� DQG��� �� UHVSHFWLYHO\��
$V� WKH� WDEOHV� VKRZ�� KHDW� UDWH� H[KLELWV� DQ�
H[WUHPHO\�IODW�SURILOH�RYHU�WKH�RSHUDWLQJ�ORDG�
UDQJH� DQG� FRPSDUHV� IDYRUDEO\� ZLWK� DQ\�
���0:� QRPLQDO� FRPELQHG�F\FOH� GHVLJQ���
7KLV�LV�DQ�LPSRUWDQW�SRLQW��ZLWK�WKH�DYDLODEOH�
VWHDP��12[�FDQ�EH�UHGXFHG� WR����SSP�ZLWK�
QR]]OH� VWHDP�EHORZ�WKH� LVODQG
V�12[�SHUPLW�
OHYHO�IRU�D�OLTXLG�IXHOHG�HQJLQH�V\VWHP�RI����
SSP� 12[� ZLWKRXW� 6&5�� %HFDXVH� HYHU\�
NLORZDWW�KRXU�LV�QHHGHG�RQ�.DXDL��WKH�

���'ULYLQJ�D�ELJ�ULJ��5LJ�WHVWLQJ�RI�D�
VHJPHQW� RI� DQ� DQQXODU� FRPEXVWRU� RI� DQ�
/0����� UHWURILW� ZLWK� &KHQJ� ORZ�12[�
�&/1�� QR]]OHV� GHPRQVWUDWHG� WKDW�
HPLVVLRQV�RI�WKH�SROOXWDQW�FDQ�EH�OLPLWHG�WR�
�� SSP�� ZLWK� FRPSDUDEOH� OHYHOV� RI� &2���
&RXUWHV\��&KHQJ�3RZHU�6\VWHPV�

���%LJ�SRZHU��OLWWOH�SDFNDJH��.DSDLD�3RZHU�6WDWLRQ��FRPPLVVLRQHG�LQ�6HSWHPEHU�������
VXSSOLHV� RYHU� ���� RI� WKH� SRZHU� UHTXLUHG� E\� WKH� ,VODQG� RI� .DXDL�� �&RXUWHV\�� &KHQJ� 3RZHU�
6\VWHPV�.36�
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HQJLQH� UXQV� LQ� IXOO� DYDLODEOH� VWHDP� LQMHFWLRQ�
PRGH�PRVW�RI�WKH�WLPH�LQ�RUGHU�WR�PD[LPL]H�
LWV�RSHUDWLQJ�HIILFLHQF\��:LWKRXW�NQRZLQJ�WKH�
12[� UHGXFWLRQ� SRWHQWLDO� GXULQJ� WKH� VLWH�
SHUPLWWLQJ� SURFHVV�� 6&5� ZDV� D� UHTXLUHG�
DGGLWLRQ� WR� WKH� *(� ���� VWHDP�IXHO� FRD[LDO�
QR]]OH� V\VWHP�� 7KH� WDEOH� SURYLGHV� D�
FRPSUHKHQVLYH� ORRN� DW� WKH� SODQW
V� RSHUDWLQJ�
GDWD��

$� KRW� VHFWLRQ� LQVSHFWLRQ� RI� WKH� 6XSHU�
67,*�VWDUWHG�DW��������KRXUV�DV�WKH�VWDQGDUG�
*(� OLTXLG� IXHO� KRW� VHFWLRQ� RYHUKDXO�� 7KH�
LQVSHFWLRQ� ZDV� SHUIRUPHG� E\� $LU� 1HZ�
=HDODQG� (QJLQHHULQJ� 6HUYLFHV�� 'XH� WR� LWV�
H[FHOOHQW� KRW� VHFWLRQ� FRQGLWLRQ�� XSRQ�
ERURVFRSLQJ� WKH� HQJLQH�� WKH� LQVSHFWLRQ�
FRQWLQXHG� HYHU\�������� KRXUV��)LQDOO\�� DIWHU�
������� ILUHG� KRXUV� DQG� ���� VWDUWV�� .36�
GHFLGHG� WR�GR� WKH� ILUVW� KRW� VHFWLRQ� RYHUKDXO��
$FFRUGLQJ�WR�WKH�PRGXOH�FRQGLWLRQ�VXPPDU\�
UHSRUW�� WKH� ILUVW�VWDJH� KLJK�SUHVVXUH� WXUELQH��
QR]]OH� DVVHPEO\� ZDV� FRQVLGHUHG� WR� EH� LQ�
³VDWLVIDFWRU\�JRRG

� FRQGLWLRQ�� ZLWK� WKH�
SRWHQWLDO�IRU�RSHUDWLQJ�DQRWKHU�������WR�������
KRXUV�DV�ZDV�WKH�+37�URWRU�DVVHPEO\��)LJXUHV�
��DQG�����7KLV�LV�UHPDUNDEOH�SHUIRUPDQFH�IRU�
DQ� DHURGHULYDWLYH� JDV� WXUELQH� RSHUDWLQJ� IRU�
DOPRVW� ������� KRXUV� RQ� OLTXLG� IXHO� LQ� D�
ORDG�IROORZLQJ�PRGH��

7KH� FRQGLWLRQ� RI� WKH� VHFRQG�VWDJH� +37�
QR]]OH�DVVHPEO\�ZDVQ
W�TXLWH�DV�JRRG��7KH�

�
�

#����ORDG #����ORDG #����ORDG #����ORDG #����ORDG #����ORDG

$YHUDJH�DPELHQW�SUHVVXUH��SVLD�� ����� ����� ����� ����� ���� ����

$YHUDJH�DPELHQW�WHPSHUDWXUH��)�� ����� ���� ����� ����� ����� �����

$YHUDJH�UHODWLYH�KXPLGLW\����� �� �� �� �� �� ��

$YHUDJH�FRPSUHVVRU�GLVFKDUJH�SUHVVXUH��SVLD�� ������ ����� ������ ������ ������ ������

$YHUDJH�FRPSUHVVRU�GLVFKDUJH�WHPSHUDWXUH��)�� ������ ������ ������ ������ ������ ������

$YHUDJH�QR]]OH�VWHDP�IORZ��OE�KU�� ����� ����� ����� ����� ����� �����

$YHUDJH�QR]]OH�VWHDP�SUHVVXUH��SVLD�� ����� ����� ��� ����� ����� �����

$YHUVH�QR]]OH�VWHDP�WHPSHUDWXUH��)�� ��� ����� ����� ����� ����� �����

$YHUDJH�FRPSUHVVRU�GLVFKDUJH�SOHQXP�VWHDP�IORZ��OE�KU�� ������ ������ ������ ������ ������ ������

$YHUDJH�FRPSUHVVRU�GLVFKDUJH�SOHQXP�VWHDP�SUHVVXUH��SVLD�� ����� ����� ����� ����� ��� �����

$YHUDJH�FRPSUHVVRU�GLVFKDUJH�SOHQXP�VWHDP�WHPSHUDWXUH��)�� ����� ����� ����� ���� ��� �����

$YHUDJH�WXUELQH�LQOHW�SUHVVXUH��SVLD�� ����� ��� ������ ����� ��� �����

$YHUDJH�WXUELQH�LQOHW�WHPSHUDWXUH��)�� ����� ����� ����� ����� ����� �����

$YHUDJH�WXUELQH�H[KDXVW�WHPSHUDWXUH��)�� ����� ����� ����� ����� ����� �����

$YHUDJH�QR]]OH�VWHDP�IXHO�UDWLR� ���� ���� ���� ��� ���� ���

$YHUDJH�WXUELQH�12[��SSP�� ����� ����� ���� ����� ����� �����

$YHUDJH�XUHD�IORZ��OE�KU�� ����� ����� ����� ����� ����� �����

$YHUDJH�1+��12[�UDWLR� ���� ���� ���� ���� ���� ����

$YHUDJH�VWDFN�12[��SSP� ����� ����� ����� ����� ���� �����

$YHUDJH�WXUELQH�VWDFN�&2��SSP�� ���� � ���� ���� ���� ����

$YHUDJH�WXUELQH�VWDFN�62���SSP�� ��� ��� ��� ��� ��� ����

$YHUDJH�DFWLYH�ORDG��0:�� ������ ������ ������ ������ ������ ������

6WDQGDUG�GD\�DFWLYH�ORDG�#���)��0:�� ������ ������ ������ ������ ������ ������

6WDQGDUG�GD\�JURVV�KHDW�UDWH��%WX�N:K�� ����� ����� ����� ����� ����� �����

6WDQGDUG�GD\�HIILFLHQF\����� ���� ���� ���� ���� ���� ����

���+HDGLQJ�IRU�]HUR��$Q�/0�����UHWURILW�ZLWK�WKH�&/1�V\VWHP�SURGXFHG�PXFK�OHVV�12[�
WKDQ�WKH�XQLW�ZLWK�VWDQGDUG�PL[LQJ�QR]]OHV���6RXUFH��&KHQJ�3RZHU�6\VWHPV�

��� &2� OHYHOV� ORZHU�� WRR�� &2� UHGXFWLRQ�DOVR�ZDV� UHPDUNDEO\� UHGXFHG�E\� WKH�&/1�
QR]]OHV� LQ� D� WHVW� ULJ�� � 7KH� UHVXOWV�ZHUH� GXSOLFDWHG� E\� WHVWV� DW� WKH�.DSDLD� 3RZHU� 6WDWLRQ���
6RXUFH��&KHQJ�3RZHU�6\VWHPV�.36�

.DSDLD�3RZHU�6WDWLRQ�/0�����SHUIRUPDQFH�WHVW�UHVXOWV���
6RXUFH��&KHQJ�3RZHU�6\VWHPV�.36�



�

HDUO\� VWDJHV� RI� EXUQ� HURVLRQ� DQG� WKH� ORVV� RI�
SDUHQW� PDWHULDO� DSSHDU� WR� EH� WKH� OLPLWLQJ�
IDFWRUV�IRU�H[WHQGLQJ�WKH�HQJLQH
V�KRW�VHFWLRQ�
OLIH� �)LJWOUH� ���� )ROORZLQJ� WKH� LQVSHFWLRQ��
UHSDLUV�WKDW�EHJDQ�LQ�)HEUXDU\������LQFOXGHG�
LQVWDOODWLRQ� RI� &KURPDOOR\� VLQJOH�FU\VWDO�
QR]]OHV�� EODGHV�� DQG� FRPSRQHQWV� RQ� ERWK�
VWDJHV�RI�WKH�+37�WR�LPSURYH�LWV�KRW�VHFWLRQ�
OLIH�� $IWHU� D� \HDU� RI� RSHUDWLRQ�� WKH� SURXG�
RZQHU�RI�.36�UHSRUWHG�LQ�WKH�PRVW�UHFHQW�/1�
XVHUV�FRQIHUHQFH�WKDW�WKH�H[SHFWHG�KRW�VHFWLRQ�
OLIH�ZRXOG�EH��������KUV��7KLV�LV�ORQJHU�WKDQ�
PRVW�QDWXUDO�JDV�ILUHG�XQLWV�� �

�

���+RW�WR�WURW��%XUQLQJ�RI�WKH�IRUZDUG�
RXWHU� FRQFDYH� VXUIDFH� RI� WKH� ILUVW�VWDJH�
KLJK�SUHVVXUH�WXUELQH�QR]]OHV���&RXUWHV\��
&KHQJ�3RZHU�6\VWHPV�.36�

���%XUQLQJ�EODGHV��1RWH�EXUQLQJ�RQ�
WKH�FRQFDYH�VXUIDFH�RI�WKH�OHDGLQJ�HGJH�RI�
WKH�ILUVW�VWDJH�EODGLQJ�� �&RXUWHV\��&KHQJ�
3RZHU�6\VWHPV�.36�

���7RR�KRW� WR�KDQGOH��7KH�OHDGLQJ�
HGJH� RI� WKH� VHFRQG�VWDJH� KLJK�SUHVVXUH�
WXUELQH� QR]]OH� DOVR� VXIIHUHG� VLJQLILFDQW�
EXUQLQJ�GDPDJH���&RXUWHV\��&KHQJ�3RZHU�
6\VWHPV�.36�


