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FOREWORD 
 
RD&D-projects performed by the Swedish Gas Center, are usually 
presented in reports, available to each and everyone who wants to share 
the results of a project. 
 
SGC prints and publishes the reports but the authors of each report are 
responsible for the accuracy of the content. Everyone making use of any 
description, results etc will do this on his own responsibility. Excerpts 
from a report may be used if the source is indicated 
 
Swedish Gas Center (SGC) is a joint venture of energy gas business 
organizations. SGC’s primary mission is to co-ordinate the joint Research, 
Development and Demonstration (RD&D) efforts that are performed 
within the Swedish gas industry. The shareholders of SGC are: The 
Swedish Gas Association, Sydkraft Gas AB, Sydkraft AB, Göteborg 
Energi AB, Lunds Energi AB and Öresundskraft AB. 
 
This project has been funded by: 
 
 Sunkiss 
 Catator AB 
 LTH, Kemicentrum 
 Sydkraft Gas AB 
 Nova Naturgas AB 
 AB Fortum Värme samägt med Stockholm stad 
 Statens Energimyndighet 
   
 
SVENSKT GASTEKNISKT CENTER AB 
 
 
 
Johan Rietz 
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&RQFOXVLRQV�
 

� 7KH�VXEMHFW�RI�WKLV�SURMHFW�ZDV�WR�WHVW�WKH�QHZ�NLQG�RI�FDWDO\WLF�QHW��ZKLFK�
FDQ�EH�XVHG�LQ�WKH�UDGLDQW�EXUQHUV��7ZR�PDLQ�FRQILJXUDWLRQV�ZHUH�LQYHVWLJDWHG�LQ�
WKH�SURMHFW�� WKH�681.,66�EXUQHU��ZKHUH� WKH�FRPEXVWLRQ� WDNHV�SODFH� LQ� WKH�ILEHU�
FDWDO\VWV�DQG�WKH�&DWDWRU�EXUQHU�ZLWK�WKH�FDWDO\WLF�QHWV��7KH�ILEHU�FDWDO\VWV�UHTXLUH�
D�VSHFLDO�V\VWHP�RI�VHFRQGDU\�DLU�IORZ�WR�DYRLG�WRR�KLJK�WHPSHUDWXUHV�LQVLGH�WKH�
FDWDO\VWV�PDWHULDO�GXULQJ�FRPEXVWLRQ��7KLV�VROXWLRQ�VHHPV�WR�EH�QRW�DGHTXDWH�IRU�
WKH�FDWDO\WLF�QHW�ZKHUH�WKH�FRPEXVWLRQ�RI�WKH�SUHPL[��JDV�DQG�DLU�PL[WXUH��LV�PRUH�
VXLWDEOH��'XULQJ� WKH� H[SHULPHQWV�ZLWK� WKLV�PDWHULDO�KLJKHU� HPLVVLRQV�RI�&2�DQG�
92&�ZHUH�PHDVXUHG�ZKLFK�PHDQV�WKDW�WKH�FRPEXVWLRQ�ZDV�QRW�FRPSOHWH��'XH�WR�
WKLV� IDFW� DOVR� WKH� UDGLDWLRQ� HIILFLHQF\� ZDV� ORZHU� WKDQ� LQ� WKH� FDVH� RI� 681.,66�
FDWDO\VWV��DERXW��������7KH�H[SHULPHQWV�FRQGXFWHG�IRU�WKH�GHFUHDVLQJ�DUHD�RI�WKH�
IDQ�LQOHW��VXJJHVW�WKDW�WKH�FDWDO\WLF�QHW�KDV�D�SRWHQWLDO�WR�ZRUN�VDWLVIDFWRU\�ZLWKRXW�
WKH�VHFRQGDU\�DLU�IORZ�DQG�WKH�IXWXUH�ZRUN�VKRXOG�IRFXV�RQ�WKLV�LVVXH��

� 7HVWHG� FDWDO\VWV� PDWHULDOV� RIIHU� JUHDW� SRVVLELOLW\� IRU� KLJKO\� HIILFLHQW�
GHYLFHV�DQG�HYHQ�QRZ�WKHLU�UDGLDWLRQ�HIILFLHQFLHV������±�������DUH�KLJKHU�WKDQ�WKH�
UHSRUWHG�HIILFLHQFLHV�RI�FDWDO\WLF�UDGLDQW�EXUQHUV��������������+RZHOO�HW�DO����������
DQG�WKH�FODVVLFDO�JDV�UDGLDQW�EXUQHUV�����±��������3HWWHUVRQ����������

� ,W� LV� EHOLHYHG� WKDW� WKH� ORZHU� UDGLDWLRQ� HIILFLHQFLHV� DQG� WKH� KLJKHU�
HPLVVLRQV�FDQ�EH�HOLPLQDWHG�ZLWK�D�GHVLJQ�ZKHUH�D�SUH�PL[�RI�DLU�DQG�JDV�LV�IHG�WR�
WKH� FDWDO\WLF� EXUQHU�� %RWK� 6XQNLVV� DQG� &DWDWRU� DUH� SRVLWLYH� WR� D� IXUWKHU�
GHYHORSPHQW�RI� WKH�QHZ�GHVLJQ� LQ�RUGHU� WR�GHYHORS� LW� LQWR� D� FRPPHUFLDO�GHVLJQ�
ZKLFK�FDQ�UHSODFH�H[LVWLQJ�EXW�DOVR�FDQ�EH�XVHG�IRU�QHZ�SURFHVV�DSSOLFDWLRQV���

� 7KH�SRZHU�OHYHOV�IRU�WKH�QHZ�GHVLJQ�XVLQJ�WKH�&DWDWRU�QHW�UDQJH�EHWZHHQ�
��� DQG� ���� N:�P�� ZKLFK� HQDEOHV� WKH� DSSOLFDWLRQ� RI� WKLV� GHVLJQ� ERWK� IRU� ORZ�
HQHUJ\� WUDQVIHU�DSSOLFDWLRQV�VXFK�DV�SDLQWLQJ�DQG� ODFTXHULQJ��DV�ZHOO�DV� IRU�KLJK�
HQHUJ\�WUDQVIHU�DSSOLFDWLRQV�VXFK�DV�LQ�WKH�GU\LQJ�RI�FRDWHG�SDSHUV��

� 7KH�IXWXUH�GHYHORSPHQW�VKRXOG�IRFXV�RQ�WKH�IROORZLQJ�WRSLFV��

�� UHSODFH�WKH�VHFRQGDU\�DLU�V\VWHP�ZLWK�D�GHVLJQ�XVLQJ�D�SUH�PL[�RI�DLU�
DQG�JDV��'HWHUPLQH�WKH�PRVW�VXLWDEOH�H[FHVV�DLU�UDWLR�IRU�WKH�XQLW��

�� enable even gas distribution over the whole burner surface. 

�� enable easy and quick start up and shut down of the unit. 

�� make sure that security is maintained at the required level. 

�� investigate what size and power levels are most suitable for the 
design depending on the different process applications. 
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7KH�DLP�RI�WKLV�SURMHFW�ZDV�WR�LQYHVWLJDWH�WKH�SRVVLELOLW\�WR�XVH�WKH�ZLUH�PHVK�
EDVHG�FDWDO\VW�GHYHORSHG�E\�&DWDWRU�LQ�/XQG�LQ�,5�EXUQHUV��&DWDO\WLF�EXUQHUV�DUH�
YHU\� DWWUDFWLYH� DQG�KDYH�SRWHQWLDO� WR� HQKDQFH� WKH� HIILFLHQF\� RI�KHDW� WUDQVIHU� DQG�
UHGXFH� WKH� HQYLURQPHQWDO� LPSDFW�GXH� WR�SROOXWDQW�HPLVVLRQV�� WKH�JUHHQKRXVH�JDV�
&2���WKH�WR[LF�JDVHV�&2�DQG�12[�DQG�XQEXUQHG�K\GURFDUERQV�+&��7KHVH�EXUQHUV�
KDYH�WR�ILQG�DSSOLFDWLRQV�LQ�WKH�ODFTXHULQJ�DQG�SDLQWLQJ�LQGXVWULHV�WR�GU\�DQG�FXUH�
SRZGHU� SDLQWV� DQG� LQ� WKH� IRRG� LQGXVWU\�� 7KH� PRVW� FRPPRQ� HOHPHQWV� LQ� WKHVH�
GU\HUV�DUH�EXUQHUV�HPLWWLQJ� LQIUDUHG�UDGLDWLRQ�IURP�D�VXUIDFH�DW����������&�WR�D�
SDLQWHG�VXUIDFH��

7KH�PRVW�LPSRUWDQW�DGYDQWDJHV�FRPSDUHG�WR�RWKHU�W\SHV�RI�GU\HUV�DUH�WKH�KLJK�
KHDW� IOX[HV� ��������� N:�P��� DQG� WKDW� WKH� KHDW� WUDQVIHU� LV� SHUIRUPHG� ZLWKRXW�
FRQWDFW�ZLWK�D�KRW�VXUIDFH��6RPH�GLVDGYDQWDJHV�IRU�WKLV�NLQG�RI�GU\HUV�DUH�WKH�ORZ�
HQHUJ\�HIILFLHQFLHV��W\SLFDOO\�EHWZHHQ����������DQG�WKDW�WKH�VSHFWUDO�GLVWULEXWLRQ�
RI� WKH� UDGLDWLRQ� GRHV� QRW� PDWFK� WKH� ZDYHOHQJWKV� ZKHUH� WKH� SURGXFW� KDV� D� KLJK�
DEVRUSWLYLW\��

,Q�WKH�FDWDO\WLF�EXUQHUV�FRPEXVWLRQ�RI�QDWXUDO�JDV�RU�SURSDQH�WDNHV�SODFH�LQ�D�
SRURXV� EHG� LPSUHJQDWHG� ZLWK� VRPH� FDWDO\VW�� 7KH� IXHO� LV� R[LGL]HG� DW� ORZHU�
WHPSHUDWXUH�UHVXOWLQJ�LQ�ORZHU�HPLVVLRQV�RI�12[��

7KH� GLIIHUHQFH� EHWZHHQ� WKH� EXUQHU� GHYHORSHG� LQ� WKLV� SURMHFW� FRPSDUHG� WR�
WUDGLWLRQDO�FRQVWUXFWLRQV�LV�WKDW�WKH�FRPEXVWLRQ�LV�SHUIRUPHG�RYHU�D�WKLQ�QHW�FRDWHG�
ZLWK�D�FDWDO\WLF�PDWHULDO��7KLV�GHVLJQ�VKRXOG�RIIHU�WKH�IROORZLQJ�DGYDQWDJHV��
�
D�� /DUJHU�UDQJH�RYHU�ZKLFK�WKH�SRZHU�FDQ�EH�FRQWUROOHG��1RUPDOO\�D�UDQJH�RI�����

LV�DFKLHYHG�ZKLOH�WKLV�QHZ�W\SH�RI�GU\HU�FRXOG�EH�H[SHFWHG�WR�RSHUDWH�RYHU�WKH�
UDQJH�������

E�� 7KH�R[LGDWLRQ�RFFXUV�RYHU�D�WKLQ�QHW�ZLWK�D�YHU\�ORZ�SUHVVXUH�GURS��7KLV�ZLOO�
EH�DQ�LPSRUWDQW�IHDWXUH�LQ�QHZ�IXWXUH�GHVLJQV��

F�� 7KH� DPRXQW� RI� PDVV� LQ� WKH� QHW� LV� PXFK� ORZHU� FRPSDUHG� ZLWK� WUDGLWLRQDO�
GHVLJQV��ZKLFK� UHVXOWV� LQ� D� YHU\� IDVW� G\QDPLFV� IRU� WKH� UDGLDWRU��7KLV�ZLOO� EH�
LPSRUWDQW�IRU�D�UDSLG�VWDUWLQJ�XS�DQG�FORVLQJ�GRZQ�RI�WKH�XQLW�OLPLWLQJ�WKH�ULVN�
IRU�ILUH�KD]DUGV��

G�� $�ORZHU�WHPSHUDWXUH�LQ�WKH�XQLW�UHVXOWV�LQ�ORZHU�HPLVVLRQV�RI�12[��
H�� /DUJHU�IXHO�IOH[LELOLW\�IRU�DOO�JDV�IXHOV��
I�� )HZHU�SUREOHPV�ZLWK�FORJJLQJ�RI�SRUHV�UHVXOWLQJ�LQ�PRUH�HYHQ�GLVWULEXWLRQ�RI�

WKH�JDV�PL[WXUH�DQG�WKXV�DOVR�HYHQ�FRPEXVWLRQ�RYHU�WKH�VXUIDFH�RI�WKH�EXUQHU��
�
7KH�SURMHFW� JRDO� LV� WR� WHVW� WKH�SULQFLSOHV�� GHWHUPLQH� VRPH�NH\�SDUDPHWHUV�ZKLFK�
FDQ� EH� FRPSDUHG�ZLWK� H[LVWLQJ� GHVLJQV� DQG� HYDOXDWH� IRU�ZKLFK� DSSOLFDWLRQV� WKLV�
NLQG�RI�GHVLJQ�LV�EHVW�VXLWHG��7KH�SDUWLFLSDQWV�LQ�WKH�SURMHFW�DUH�WKH�'HSDUWPHQW�RI�
&KHPLFDO�(QJLQHHULQJ� ,��/XQG� ,QVWLWXWH�RI�7HFKQRORJ\��&DWDWRU�$%�LQ�/XQG�DQG�
681.,66�LQ�/\RQ��
�
0HDVXUHPHQWV�KDYH�EHHQ�SHUIRUPHG�IRU� WKH�H[LVWLQJ�6XQNLVV�GHVLJQ�DQG�WKH�QHZ�
GHVLJQ� ERWK� E\� /XQG� ,QVWLWXWH� RI� 7HFKQRORJ\�� LQ� WKH� &DWDWRU� ODERUDWRU\� DQG� E\�
681.,66�LQ�WKHLU�ODERUDWRULHV�LQ�/\RQ��
�
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�� (9$/8$7,21� 2)� 7+(� 681.,66� %851(5� (48,33('�
:,7+�681.,66�),%(5�3$'�&$7$/<67�

�
,Q� WKH� ILUVW� VWDJH� RI� WKH� SURMHFW� WKH�5;�����7KHUPRUHDFWRU�� � ±� FDWDO\WLF� ,5�

EXUQHU�IURP�681.,66�ZDV�WHVWHG�WR�PHDVXUH�WKH�UDGLDWLRQ�HIILFLHQF\��HPLVVLRQV�
DQG�SUHVVXUH�GURS��7KH�EXUQHU�RSHUDWHV�QRUPDOO\� LQ�WKH� UDQJH�RI�����WR������N:�
DQG�LWV�HPLWWLQJ�DUHD�LV���[���FP��7KH�EXUQHU�FRQVLVWV�RI�D�IHZ�OD\HUV�RI�LQVXODWLRQ�
DQG�ILEHU�FDWDO\VWV�DQG�DOO�OD\HUV�DUH���FP�WKLFN��)LJXUH�����
�
�

JDV�DLU

IOXH�JDVHV VHFRQGDU\
DLU�IORZ

LQVXODWLRQ
$O 2

� �

ILEHU�FDWDO\VWV�,
ILEHU�FDWDO\VWV�,,
VXSSRUWLQJ�QHW

�
)LJXUH����,QVXODWLRQ�DQG�ILEHU�FDWDO\VWV�OD\HUV�LQ�WKH�681.,66�EXUQHU�

�
�
�

�'HWDLOHG�681.,66�EXUQHU�GHVLJQ�LV�SUHVHQWHG�LQ�WKH�ILJXUHV�EHORZ��7KH�ILUVW�
OD\HU�LV�WKH�ZRRO�LQVXODWLRQ��)LJXUH�����

�
�

�
�

)LJXUH����,QVXODWLRQ�OD\HU�LQ�WKH�EXUQHU�
�

7KH�FDWDO\WLF�FRPEXVWLRQ�RI�WKH�QDWXUDO�JDV�WDNHV�SODFH�LQ�WKH�UHIUDFWRU\�SDQHO��
7KH� SDQHO� FRQVLVWV� RI� WZR� OD\HUV� RI� WKH� UHIUDFWRU\� ILEHUV� LQ� ZKLFK� SDUWLFOHV� RI�
SODWLQXP�EDVHG� FDWDO\VWV� DUH� GLVWULEXWHG� �)LJXUH� ���� 7KH� FDWDO\VWV� LQLWLDWH� DQG�
DFFHOHUDWH� WKH�QDWXUDO� JDV�FDWDO\WLF�FRPEXVWLRQ��ZKLFK�KHDWV� WKH� UHIUDFWRU\�SDQHO�
ZLWKRXW�D�YLVLEOH� IODPH� WR��������R&��7KH�RXWHU� OD\HU� LV�D�VXSSRUWLQJ�QHW�ZKLFK�
SURWHFWV�WKH�FDWDO\VW�PDWHULDO�DJDLQVW�IDOOLQJ�GRZQ�IURP�WKH�SDQHO��)LJXUH�����
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)LJXUH����)LEHU�FDWDO\VWV�
�
�
�

�
�

)LJXUH����6XSSRUWLQJ�QHW�
�
�
,Q�WKLV�EXUQHU�D�YHQWXUL�PL[LQJ�WXEH�LV�XVHG�WR�SURYLGH�D�SDUWLDO�SUHPL[�RI�DLU�DQG�
JDV��ZKLFK�IORZV�IURP�WKH�SUHPL[LQJ�FKDPEHU� WKURXJK� WKH�UHIUDFWRU\�SDQHO��7KH�
SUHPL[�LV�DLU�GHILFLHQW���������JDV���$�FKRNH�VROHQRLG�LV�XVHG�IRU���PLQXWH�DW�WKH�
VWDUW�RI�WKH�FDWDO\WLF�FRPEXVWLRQ�WR�HQULFK�WKH�PL[WXUH�ZLWK�JDV��7KH�IDQ�EORZV�WKH�
VHFRQGDU\�DLU�DJDLQVW�WKH�UDGLDWLQJ�VXUIDFH�RI�WKH�SDQHO��ZKLFK�GLIIXVHV�WKURXJK�WKH�
PDVV�RI� WKH� UHIUDFWRU\�SDQHO�DQG�PHHWV� WKH�SDUWLDO�SUHPL[�DQG�FRQWULEXWHV� WR� WKH�
FDWDO\WLF�R[LGDWLRQ�RI�WKH�QDWXUDO�JDV��7KH�EXUQHU�RSHUDWHV�DV�IROORZV��
�
��� $� SUHKHDWLQJ� UHVLVWRU� HOHPHQW� KHDWV� WKH� SDQHO� WR� DURXQG� ���R&� GXULQJ�

���PLQXWHV��
��� 7KH� JDV� VROHQRLG� YDOYH� DQG� WKH� FKRNH� VROHQRLG� YDOYH� RSHQ� VLPXOWDQHRXVO\�

DQG�WKH�RSHUDWLQJ�WHPSHUDWXUH�LV�UDSLGO\�DWWDLQHG�E\�WKH�FDWDO\WLF�FRPEXVWLRQ�
RI�WKH�JDV��

��� 7KH� IDQ� VWDUWV� DQG�GHOLYHUV� WKH� VHFRQGDU\� DLU� WR� WKH� VXUIDFH�RI� WKH� UHIUDFWRU\�
SDQHO�� 7KH� EXUQHU� LV� RSHUDWLQJ� XQGHU� VWHDG\� FRQGLWLRQV�� )URP� WKLV� PRPHQW�
LW�LV�SRVVLEOH�WR�ZRUN�ZLWK�WKH�LQOHW�JDV�SUHVVXUH�LQ�WKH�UDQJH�EHWZHHQ����DQG�
����PEDU��

�
�
�
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'XULQJ�WKH�H[SHULPHQWV� WKH�EXUQHU�ZDV�RSHUDWHG� LQ�WKH�UDQJH�EHWZHHQ����DQG�
����PEDU�� WKDW� LV�HTXLYDOHQW� WR����������N:�RI�JDV�SRZHU� �'DQLVK�QDWXUDO�JDV�"�
7KH� UDGLDWLRQ�HIILFLHQF\��HPLVVLRQV� LQ� WKH� IOXH�JDVHV�DQG� WKH�SUHVVXUH�GURS�ZHUH�
PHDVXUHG� LQ� WKH�EXUQHU��7KH� HIILFLHQF\�PHDVXUHPHQWV�ZHUH� FRQGXFWHG�XVLQJ� WKH�
FDORULPHWULF� PHWKRG�� 7KH� ZDWHU�EDWK� ZDV� EXLOW� DQG� WKH� WKHUPRFRXSOHV� ZHUH�
LQVWDOOHG�DW�WKH�LQOHW�DQG�RXWOHW�RI�WKH�EDWK��)LJXUH�����7KH�ZDWHU�EDWK�ZDV�SDLQWHG�
EODFN��VR�DOO�UDGLDWLRQ�IURP�WKH�EXUQHU�ZDV�DEVRUEHG�LQVLGH�RI� LW��7KH�ZDWHU�EDWK�
FRXOG� EH� SODFHG� QHDU� WKH� EXUQHU� VXUIDFH�� EHFDXVH� LWV� VHW�XS�ZDV�PRELOH� DQG� WKH�
GLVWDQFH�EHWZHHQ�EXUQHU�±�ZDWHU�EDWK�ZDV�HDV\�WR�DGMXVW��
�

�
�

)LJXUH����:DWHU�EDWK�XVHG�IRU�HIILFLHQF\�PHDVXUHPHQWV�
�

7KLV� EDWK� ZDV� LQVWDOOHG� EHORZ� WKH� EXUQHU� LQVLGH� WKH� FKDPEHU� ZKHUH� WKH� IOXH�
JDVHV�ZHUH� FROOHFWHG� DQG� WKHQ� WUDQVPLWWHG� WR� WKH� FKLPQH\� �)LJXUH� ���� 7KH� VLGH�
ZDOOV�RI� WKH�FKDPEHU�ZHUH�HDV\�WR� UHPRYH��VR�LW�ZDV�SRVVLEOH�WR�H�J��FKDQJH�WKH�
GLVWDQFH�EHWZHHQ�WKH�EXUQHU�DQG�WKH�EDWK��
�

�
�

)LJXUH����:DWHU�EDWK�LQ�WKH�IOXH�JDV�FROOHFWLQJ�FKDPEHU�
�



��

)LQDOO\�WKH�EXUQHU�ZDV�SODFHG�RQ�WKH�WRS�RI�WKH�FKDPEHU�LQ�WKH�KRUL]RQWDO�SRVLWLRQ�
DQG�WKH�EXUQHU�HPLWWLQJ�VXUIDFH�ZDV�IDFLQJ�WKH�ZDWHU�EDWK��7KH�DUHD�RI�ZDWHU�EDWK�
ZDV� VOLJKWO\� KLJKHU� WKDQ� WKH� EXUQHU� DUHD� WR� FDWFK� DOO� UDGLDWLRQ� HPLWWHG� E\� WKH�
EXUQHU��7KH�H[SHULPHQWDO�VHW�XS�LV�VKRZQ�LQ�WKH�)LJXUH����+RVHV�GHOLYHUHG�ZDWHU�
WR�DQG�IURP�WKH�ZDWHU�EDWK��7KH�ZDWHU�IORZ�ZDV�FRQWUROOHG�E\�WKH�IORZ�PHWHU�DQG�
ZDV� NHSW� RQ� KLJK� HQRXJK� OHYHO� �DURXQG� ����� NJ�V�� WR� KROG� WKH� FRQVWDQW� ZDWHU�
KLJKQHVV� ����� FP�� LQVLGH� WKH� EDWK� DQG� DFKLHYH� PRGHUDWH� ZDWHU� WHPSHUDWXUH�
LQFUHDVH�EHWZHHQ���WR����GHJUHHV��
�
�

�
�

)LJXUH����([SHULPHQWDO�LQVWDOODWLRQ�
�
�
7KH�ZDWHU�IORZ�DQG�WHPSHUDWXUHV�ZHUH�PHDVXUHG�DQG�WKH�DPRXQW�RI�KHDW�XVHG�WR�
ZDUP� WKH�ZDWHU� LQ� WKH�EDWK�ZDV� WKH� VFDOH�RI� WKH�EXUQHU�HIILFLHQF\��'XULQJ� WKHVH�
H[SHULPHQWV� ZDWHU�EDWK� ZDV� SODFHG� �� FP� EHORZ� WKH� EXUQHU� DQG� WKH� GLVWDQFH�
EHWZHHQ�WKH�ZDWHU�VXUIDFH�DQG�WKH�EXUQHU�HPLWWLQJ�VXUIDFH�ZDV�����FP��7KH�UHVXOWV�
DUH�SUHVHQWHG�LQ�)LJXUH����
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5DGLDWLRQ�HIILFLHQF\�RI�681.,66�EXUQHU
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)LJXUH����0HDVXUHG�UDGLDWLRQ�HIILFLHQF\�RI�681.,66�EXUQHU�
�

7KH�UDGLDWLRQ�HIILFLHQF\�IRU�WKH�WHVWHG�EXUQHU�UDQJHG�EHWZHHQ������DQG��������
,W�ZDV�REVHUYHG� WKDW� WKH� HIILFLHQF\� LQFUHDVHG�ZLWK� WKH� LQFUHDVLQJ�JDV�SRZHU� DQG�
DIWHU� WKH� HIILFLHQF\� KDV� DFKLHYHG� WKH�PD[LPXP� YDOXH� IRU� ����� N:� LW� GHFUHDVHG�
DJDLQ��

7KH�HPLVVLRQ�PHDVXUHPHQWV�ZHUH�FRQGXFWHG�DV�ZHOO��)LUVW�2���12��12���12[�
DQG�&2�FRQWHQWV� LQ� WKH� IOXH�JDVHV�ZHUH�PHDVXUHG�QHDU� WKH�EXUQHU�VXUIDFH� LQ� WKH�
PLGGOH� DQG� LQ� WKH� FRUQHU� RI� WKH� EXUQHU�� 'XULQJ� WKLV� PHDVXUHPHQW� WKH� FKDPEHU�
ZKHUH� WKH� EXUQHU� ZDV� SODFHG� ZDV� RSHQHG� RQ� WKH� VLGHV�� 7KHQ� WKH� FKDPEHU� ZDV�
FRPSOHWHO\� FORVHG� DQG� WKH�PHDVXUHPHQWV�ZHUH� FRQGXFWHG� LQ� WKH� FKLPQH\�ZKHUH�
WKH�IOXH�JDVHV�ZHUH�FROOHFWHG��$OVR�WKH�FRQWHQW�RI�WKH�YRODWLOH�RUJDQLF�FRPSRXQGV�
ZDV�PHDVXUHG�WKHQ��7KH�UHVXOWV�DUH�SUHVHQWHG�LQ�WKH�JUDSKV�EHORZ��
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2QH�FDQ�REVHUYH�WKDW�WKH�2��FRQWHQW�LQ�WKH�IOXH�JDVHV�ZDV�GHFUHDVLQJ�ZLWK�WKH�
LQFUHDVLQJ� JDV� SRZHU� DQG� WKDW� WKH� FRPEXVWLRQ� ZDV� OHVV� HIIHFWLYH� LQ� WKH� EXUQHU�
FRUQHU�WKDQ�LQ�WKH�PLGGOH��)LJXUH�����

5HVXOWV� REWDLQHG� IRU� &2� FRQWHQW� DUH� SUHVHQWHG� LQ� )LJXUH� ���� /RZHVW� &2�
DPRXQWV�ZHUH�PHDVXUHG� LQ� WKH�PLGGOH� RI� WKH� EXUQHU�ZKHUH� FRPEXVWLRQ� LV�PRVW�
HIIHFWLYH��,W�LV�GLIILFXOW�WR�REWDLQ�WKH�HYHQ�FRPEXVWLRQ�LQ�WKH�EXUQHU�DQG�GXH�WR�IDFW�
WKDW�DLU�DQG�JDV�DUH�GHOLYHUHG�LQ�WKH�PLGGOH�RI�EXUQHU�VXUIDFH�LW�LV�D�SRLQW�ZKHUH�WKH�
FRPEXVWLRQ�LV�PRVW�HIIHFWLYH�DQG�ORZHVW�HPLVVLRQ�RI�&2�LV�PHDVXUHG�WKHUH��9HU\�
VLPLODU� UHVXOWV� ZHUH� REWDLQHG� IRU�PHDVXUHPHQWV� FRQGXFWHG� LQ� WKH� EXUQHU� FRUQHU�
DQG� LQ� WKH� FKLPQH\� DQG� WKH\� VKRZ� WKH� WRWDO� &2� HPLVVLRQ� IURP� WKH� EXUQHU�� )RU�
KLJKHVW�JDV�SRZHU�RI������N:�WKH�&2�FRQWHQW�ZDV�DURXQG�����SSP��2QH�RI� WKH�
DLPV�RI�WKH�IXUWKHU�EXUQHU�GHYHORSPHQW�LV�WR�GHFUHDVH�WKH�&2�HPLVVLRQ�LQ�WKH�IOXH�
JDVHV��
�
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�
7KH�FRQWHQW�RI�WKH�YRODWLOH�RUJDQLF�FRPSRXQGV��92&���HTXLYDOHQW�IRU�SURSDQH��LQ�
WKH� IOXH�JDVHV�ZDV�PHDVXUHG� LQ� WKH�FKLPQH\�DQG� WKH�UHVXOWV�DUH�SUHVHQWHG� LQ� WKH�
)LJXUH�����7KH�DPRXQW�RI�92&�LQFUHDVHG�IRU�WKH�KLJKHU�JDV�SRZHU�DQG�DFKLHYHG�
DURXQG�����SSP�IRU������N:��
�
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)LJXUH�����92&�FRQWHQW�LQ�WKH�IOXH�JDVHV�
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�
7KH� SUHVVXUH� GURS� LQ� WKH� EXUQHU� DV� D� IXQFWLRQ� RI� JDV� SRZHU� LV� SUHVHQWHG� LQ� WKH�
)LJXUH�����7KH�SUHVVXUH�GURS�UDQJHG�EHWZHHQ�������3D�DQG�ZDV� LQFUHDVLQJ�ZLWK�
WKH�JDV�SRZHU��
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�� (9$/8$7,21� 2)� 7+(� 681.,66� %851(5� (48,33('�
:,7+�&$7$725¶6�:,5(�0(6+�&$7$/<67�

�
,Q�WKH�QH[W�VWDJH�RI�WKH�SURMHFW�WKH�ILEHU�FDWDO\VWV�RI�681.,66�ZDV�H[FKDQJHG�

DQG� WKH� FDWDO\WLF� QHW� PDGH� E\� &DWDWRU� ZDV� WHVWHG� LQ� WKH� EXUQHU�� $� IHZ�
FRQILJXUDWLRQV� ZHUH� LQYHVWLJDWHG� DQG� WKH� QXPEHU� RI� QHWV� DQG� WKHLU� ORFDOL]DWLRQ�
ZHUH�FKDQJHG��$W�WKH�EHJLQQLQJ�WKH�QHW�ZLWK�WKH�FDWDO\VW�ZDV�SODFHG�MXVW�DIWHU�WKH�
LQVXODWLRQ�OD\HU��)LJXUH������,W�ZDV�FRYHUHG�ZLWK�WKH�VXSSRUWLQJ�QHW��
�

�
�

)LJXUH�����&DWDWRU¶V�FDWDO\WLF�QHW�
�

'XULQJ�WHVWV�WKH�SUREOHPV�ZLWK�WKH�LJQLWLRQ�DQG�FRPEXVWLRQ�SURSDJDWLRQ�ZKHUH�
REVHUYHG�� ,W� VHHPV� WKDW� WKH� PHWKRG� XVHG� E\� 681.,66� WR� KHDW� WKH� FDWDO\VW� E\�
PHDQV�RI�HOHFWULFDO�UHVLVWRUV�LV�QRW�ZRUNLQJ�ZHOO�ZLWK�WKH�FDWDO\WLF�QHW��,Q�WKH�QH[W�
VWDJH� WKH� FDWDO\WLF� QHW� ZDV� SODFHG� RYHU� WKH� 681.,66� FDWDO\VWV� WR� DFWLYDWH� WKH�
FRPEXVWLRQ� RQ� WKH� QHW�� $IWHU� WKLV� H[SHULPHQW� WKH� 681.,66� FDWDO\VWV� ZHUH�
UHPRYHG� DQG� WKH� SODFHV� ZKHUH� WKH� FDWDO\VWV� ZHUH� EXUQHG� ZDV� REVHUYHG� RQ� LWV�
VXUIDFH�� ,W�PD\� VXJJHVW� WKDW� WKH� FRPEXVWLRQ� WHPSHUDWXUH� DFKLHYHG� LQ� WKLV�EXUQHU�
ZDV�WRR�KLJK��HYHQ�ZKHQ�LW�ZDV�RSHUDWLQJ�IRU�ORZ�JDV�SRZHU����������N:���

,Q� WKH�QH[W� WULDO� WKH� IROGHG�GLVWULEXWLQJ�PHWDOOLF�QHW�ZDV�SODFHG� UHFWDQJXODU� WR�
VHFRQGDU\�DLU�SDQHO�EHWZHHQ�WKH�LQVXODWLRQ�DQG�FDWDO\WLF�QHW��)LJXUH������
�
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)LJXUH�����)ROGHG�FDWDO\WLF�GLVWULEXWLRQ�QHW�
�

7KLV� FRQILJXUDWLRQ� LV� ODWHU� FDOOHG� ³WZR� QHWV� ±� UHFWDQJXODU´�� $� QXPEHU� RI�
PHDVXUHPHQWV�ZHUH�FRQGXFWHG�IRU�WKLV�EXUQHU�DQG�WKH�UHVXOWV�DUH�SUHVHQWHG�EHORZ��
7KHQ� D� SRVLWLRQ� RI� WKH� GLVWULEXWLQJ� QHW� ZDV� FKDQJHG� VR� LW� ZDV� SDUDOOHO� WR� WKH�
VHFRQGDU\�DLU�SDQHO�DQG�WKLV�FRQILJXUDWLRQ�LV�FDOOHG�³WZR�QHWV�±�SDUDOOHO´��)LQDOO\�D�
QHZ� FRQILJXUDWLRQ�ZDV� EXLOW� DQG� WHVWHG�� ,Q� WKLV� FRQILJXUDWLRQ� D� SRURXV�PDW�ZDV�
SODFHG�RQ� WKH� LQVXODWLRQ�OD\HU�� WKHQ�D�FDWDO\WLF�QHW�ZDV� ODLG�� ,W�ZDV�FRYHUHG�ZLWK�
WKH�IROGHG�FDWDO\WLF�GLVWULEXWLRQ�QHW��LQ�WKH�SDUDOOHO�WR�WKH�VHFRQGDU\�DLU�SRVLWLRQ���
7KHQ�WKH�WKLUG�FDWDO\WLF�QHW�ZDV�GRQH�DQG�LW�ZDV�FRYHUHG�ZLWK�WKH�VXSSRUWLQJ�QHW�
�)LJXUH������7KLV�FRQILJXUDWLRQ�LV�ODWHU�FDOOHG�³WKUHH�QHWV´�RU�³&DWDWRU´��
�

JDV�DLU

IOXH�JDVHV VHFRQGDU\
DLU

LQVXODWLRQ
SRURXV�PDW
FDWDO\WLF�QHW

FDWDO\WLF�QHW
VXSSRUWLQJ�QHW

GLVWULEXWLQJ�QHW

�
)LJXUH�����6FKHPH�RI�WKH�³WKUHH�QHWV´�FRQILJXUDWLRQ�

�
0HDVXUHPHQWV� ZHUH� FRQGXFWHG� IRU� WKHVH� WKUHH� FRQILJXUDWLRQV� IRU� JDV� SRZHUV�
���������N:�DQG�WKH�FRPSDULVRQ�RI� WKH�UHVXOWV�REWDLQHG�IRU� WKH�FDWDO\WLF�QHW�DQG�
ILEHU�FDWDO\VWV�DUH�SUHVHQWHG�LQ�FKDSWHU����
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�

7KH� FRPSDULVRQ� EHWZHHQ� WKH� UHVXOWV� REWDLQHG� IRU� EXUQHU� ZLWK� ILEHU� FDWDO\VWV�
DQG�FDWDO\WLF�QHW�LV�SUHVHQWHG�LQ�)LJXUHV��������
�
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)LJXUH�����0HDVXUHG�UDGLDWLRQ�HIILFLHQF\�IRU�FDWDO\WLF�EXUQHUV�
�

+LJKHVW� UDGLDWLRQ� HIILFLHQF\�ZDV�PHDVXUHG� IRU� WKH� 681.,66� EXUQHU� DQG� WKH�
GLIIHUHQFH�EHWZHHQ�WKH�HIILFLHQFLHV�DFKLHYHG�IRU�WKH�EXUQHUV�ZLWK�FDWDO\WLF�QHWV�LV�
���������,W�LV�D�ELW�VXUSULVLQJ�ORRNLQJ�DW�WKH�EXUQHU�VXUIDFH�WHPSHUDWXUH��ZKHUH�WKH�
WHPSHUDWXUH� PHDVXUHG� IRU� WKH� EXUQHU� ZLWK� WKUHH� QHWV� LV� KLJKHU� WKDQ� LQ� WKH�
681.,66�EXUQHU��)LJXUH������
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7KH� DPRXQWV�RI� WKH� UDGLDWLRQ� FDOFXODWHG� IRU� WKH�681.,66�DQG�&DWDWRU� FDWDO\VWV�
XVLQJ�WKH�PHDVXUHG�VXUIDFH�WHPSHUDWXUH�DUH��
�
681.,66�� :7$ ����������������������� ��� =+⋅⋅⋅⋅=⋅⋅⋅ −σε �

&DWDWRU��� :7$ ������������������������� ��� =+⋅⋅⋅⋅=⋅⋅⋅ −σε �
�
7KH�DPRXQW�RI�KHDW��ZKLFK�LV�H[FKDQJHG�DV�FRQYHFWLRQ�EHWZHHQ�WKH�EXUQHU�VXUIDFH�
DQG�ZDWHU�LQ�WKH�EDWK��LV��
�
681.,66�� :77$K

ZV
����������������������������� =+−+⋅⋅=−⋅⋅ �

&DWDWRU��� :77$K
ZV

����������������������������� =+−+⋅⋅=−⋅⋅ �
�
7KH� WRWDO� DPRXQW� RI� WKH� HQHUJ\�� ZKLFK� LV� HPLWWHG� IURP� WKH� EXUQHU� VXUIDFH� DQG�
H[FKDQJHG�DV�D�FRQYHFWLRQ�LV�DERXW��������RI�WKH�WRWDO�JDV�SRZHU��7KLV�YDOXH�LV�
PXFK�ORZHU�WKDQ�WKH�PHDVXUHG�UDGLDWLRQ�HIILFLHQF\��$�SRVVLEOH�H[SODQDWLRQ�LV�WKDW�
WKH�EXUQHU�WHPSHUDWXUH�ZDV�PHDVXUHG�LQ�MXVW�RQH�SRLQW�DQG�WKH�XQHYHQ�FRPEXVWLRQ�
RQ� WKH�EXUQHU� VXUIDFH�ZDV�REVHUYHG� LQ�DOO� FDVHV��/RRNLQJ�DW� WKH� UHVXOWV�REWDLQHG�
IRU�WKH�IOXH�JDVHV�OHDYLQJ�WKH�EXUQHU�PXFK�KLJKHU�WHPSHUDWXUHV�ZHUH�PHDVXUHG�IRU�
WKH�681.,66�EXUQHU��)LJXUH������*HQHUDOO\�WKH�PRUH�HYHQ�FRPEXVWLRQ�ZDV�DOVR�
REVHUYHG�LQ�WKLV�EXUQHU��7KLV�LV�D�UHDVRQ�WKDW�WKH�UDGLDWLRQ�HIILFLHQF\�IRU�WKH�EXUQHU�
ZLWK�WKH�ILEHU�FDWDO\VWV� LV�PXFK�KLJKHU�WKDQ�IRU� WKH�EXUQHU�ZLWK�WKH�FDWDO\WLF�QHW��
$OVR�WKH�EXUQHU�WHPSHUDWXUH�XVHG�LQ�WKH�FDOFXODWLRQV�LV�WKH�WHPSHUDWXUH�PHDVXUHG�
RQ� WKH� VXUIDFH� RI� WKH� VXSSRUWLQJ� QHW�� 7KH� DFWXDO� WHPSHUDWXUH� RI� WKH� FDWDO\VW�
PDWHULDO�ZDV�QRW�PHDVXUHG��EXW�LW�ZDV�HVWLPDWHG�WR�EH�DURXQG����R&��
�
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7KH�UHVXOWV�REWDLQHG�IRU�&2�HPLVVLRQ�VXJJHVW�WKDW�WKH�FRPEXVWLRQ�LV�QRW�FRPSOHWH�
LQ�WKH�EXUQHU�ZLWK�WKH�FDWDO\WLF�QHWV��)RU�WKH�KLJK�JDV�SRZHUV�WKH�GLIIHUHQFH�UDQJHV�
EHWZHHQ� �������� SSP�� $QG� WKH� VDPH� VLWXDWLRQ� ZDV� REVHUYHG� ERWK� IRU� WKH�
PHDVXUHPHQWV�FRQGXFWHG�LQ�WKH�PLGGOH�DQG�LQ�WKH�FRUQHU�RI�WKH�EXUQHU��)LJXUHV����
DQG������
�
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)LJXUH�����&2�HPLVVLRQ�LQ�WKH�IOXH�JDVHV�LQ�WKH�EXUQHU�FRUQHU�
�

0RUH� LQIRUPDWLRQ�DERXW� WKH�FRPEXVWLRQ� LQ� WKH�FDWDO\VW�PDWHULDO�FDQ�EH�IRXQG�
FRPSDULQJ� WKH� 92&� FRQWHQW� LQ� WKH� IOXH� JDVHV� DV� D� SURSDQH� HTXLYDOHQW��
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0HDVXUHPHQWV�ZHUH�FRQGXFWHG�LQ�WKH�FKLPQH\�ZKHQ�WKH�EXUQHU�ZDV�FORVHG�LQ�WKH�
FKDPEHU� WR�FROOHFW� WKH� IOXH�JDVHV��7KH� UHVXOWV�REWDLQHG� IRU�&DWDWRU�FDWDO\WLF�QHWV�
DUH� DERXW� ���� SPP� KLJKHU� WKDQ� IRU� 681.,66� FDWDO\VWV� �)LJXUH� ����� 7KH�
FRPEXVWLRQ� LQ�&DWDWRU� QHWV�PXVW� EH� RSWLPL]HG��SUREDEO\� WKH�681.,66� VROXWLRQ�
ZLWK�WKH�VHFRQGDU\�DLUIORZ�LV�QRW�VXLWDEOH�IRU�WKLV�NLQG�RI�FDWDO\VW��
�
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)LJXUH�����92&�HPLVVLRQ�LQ�WKH�IOXH�JDVHV�
�
7KH� VDPH� FRQFOXVLRQV� PD\� EH� GUDZQ� IURP� WKH� 2�� FRQWHQW� LQ� WKH� IOXH� JDVHV�
�)LJXUHV����DQG������7KH�2��FRQWHQW�LV�DERXW�����KLJKHU�IRU�WKH�&DWDWRU�FDWDO\VWV�
WKDQ�IRU�WKH�681.,66�PDWHULDO���
�
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)LJXUH�����2��HPLVVLRQ�LQ�WKH�IOXH�JDVHV�LQ�WKH�EXUQHU�FRUQHU�
�
7KH� &2� FRQWHQW� LQ� WKH� IOXH� JDVHV� LQ� WKH� FKLPQH\� ZDV� DOVR� PHDVXUHG�� 7KH�
HPLVVLRQV� DUH� YHU\� VLPLODU� IRU� ORZ� JDV� SRZHUV�� EXW� IRU� KLJKHVW� JDV� SRZHU� WKH�
GLIIHUHQFH� EHWZHHQ� WKH� UHVXOWV� REWDLQHG� IRU� 681.,66� DQG� &DWDWRU� FDWDO\VWV� LV�
DERXW� ���� SSP�� 7KH� KLJKHU� HPLVVLRQV� ZHUH� REVHUYHG� IRU� &DWDWRU� PDWHULDO�
�)LJXUH������
�
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)LJXUH�����&2�FRQWHQW�LQ�WKH�IOXH�JDVHV�

�
3UHVVXUH� GURS� LQ� WKH� FDWDO\WLF� EXUQHU� IRU� 681.,66� DQG� &DWDWRU�PDWHULDOV� ZHUH�
DOVR�PHDVXUHG��7KH�UHVXOWV�DUH�SUHVHQWHG�LQ�WKH�)LJXUH�����7KH�GLIIHUHQFH�EHWZHHQ�
WKH�UHVXOWV�LV������3D�DQG�VOLJKWO\�KLJKHU�SUHVVXUH�GURS�ZDV�REVHUYHG�IRU�&DWDWRU�
FDWDO\VWV��
�



���

���� ���� ���� ���� ����� ����� �����

��

��

��

��

��

��

��

��

��

��

���� ���� ���� ���� ����� ����� �����

��

��

��

��

��

��

��

��

��

��

3UHVVXUH�GURS�LQ�WKH�EXUQHU
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*DV�SRZHU�>:@ �
)LJXUH�����3UHVVXUH�GURS�LQ�WKH�FDWDO\WLF�EXUQHUV�

�
7KH�FRPSDULVRQ�EHWZHHQ�WKHVH�WZR�NLQGV�RI�FDWDO\VW�PDWHULDOV�VKRZHG�WKDW� LQ�

WKH�H[LVWLQJ�EXUQHU�FRQVWUXFWLRQ�ZLWK�WKH�VHFRQGDU\�DLU�IORZ��ZKLFK�ZDV�VSHFLDOO\�
GHYHORSHG�IRU�681.,66�ILEHU�FDWDO\VWV��WKH�&DWDWRU�FDWDO\WLF�QHW�LV�QRW�ZRUNLQJ�DW�
LWV�RSWLPDO�SHUIRUPDQFH��7KLV�NLQG�RI�PDWHULDO�ZDV�GHVLJQHG�IRU�EXUQHUV�ZLWK�WKH�
FRPEXVWLRQ�RI�WKH�SUHPL[HG�PL[WXUH�RI�JDV�DQG�DLU�LQ�WKH�FORVH�WR�VWRLFKLRPHWULF�
UDWLR��)XWXUH�GHYHORSPHQW�VKRXOG�EH�FRQFHQWUDWHG�RQ�WKH�WULDOV�WR�HOLPLQDWH�WKH�IDQ�
DQG�WKH�VHFRQGDU\�DLUIORZ�DQG�UHSODFLQJ�LW�E\�WKH�SUHPL[�GHOLYHU\�V\VWHP��
�
�� 7(67,1*� 2)� 6(&21'$5<� $,5� ,1)/8(1&(� 21�

&20%867,21�
�

$�QXPEHU�RI�WULDOV�ZLWK�JUDGXDOO\�GHFUHDVLQJ�DPRXQW�RI�VHFRQGDU\�DLU�IURP�WKH�
IDQ� ZHUH� GRQH�� 'XULQJ� WKH� H[SHULPHQWV� WKH� DUHD� RI� IDQ� LQOHW� ZDV� JUDGXDOO\�
GHFUHDVHG� XQWLO� LW�ZDV� FRPSOHWHO\� FRYHUHG�� VR� QR� DLU�ZDV� VXFNHG� WR� WKH� V\VWHP��
7KHVH� WHVWV�ZHUH� SHUIRUPHG� XVLQJ� WKH� EXUQHU�ZLWK� WKH�&DWDWRU� FDWDO\WLF� QHW� �WKH�
³WKUHH�QHWV´�FRQILJXUDWLRQ���5HVXOWV�DUH�SUHVHQWHG�EHORZ��

'XULQJ�WKH�H[SHULPHQWV� WKH�ZDWHU�EDWK�ZDV�SODFHG�DERXW����FP�EHORZ�EXUQHU�
VXUIDFH�DQG�WKH�FKDPEHU�ZDV�RSHQHG��7KH�ILUVW�YLVLEOH�HIIHFW�RI�WKLV�LV�PXFK�ORZHU�
WHPSHUDWXUH�RI� WKH� VXUIDFH�EXUQHU� LQ� FRPSDULVRQ�ZLWK� WHVWV�ZKHQ� WKH�ZDWHU�EDWK�
ZDV�SODFHG�YHU\�FORVH�WR�WKH�EXUQHU��)LJXUH������7KH�H[SHULPHQWV�ZHUH�SHUIRUPHG�
IRU�RQH� JDV�SRZHU� HTXDO� WR�����N:�ZKLOH� WKH� UDWLR�RI� WKH�RSHQ�DUHD� WR� WKH� WRWDO�
LQOHW�DUHD�ZDV�FKDQJLQJ��7KH�UDWLR�RI�WKH�DUHDV�HTXDO�WR���PHDQV�WKDW�WKH�LQOHW�RI�
WKH�IDQ�ZDV�FRPSOHWHO\�FORVHG��ZKLOH�UDWLR�HTXDO�WR���PHDQV�WKDW�WKH�IDQ�LQOHW�ZDV�
RSHQHG��'XH�WR�WKH�IDFW�WKDW�WKH�ZDWHU�EDWK�ZDV�QRW�LQIOXHQFLQJ�WKH�EXUQHU�DQG�WKH�
PL[LQJ�ZLWK�WKH�DPELHQW�DLU�ZDV�HDVLHU��WKH�EXUQHU�VXUIDFH�WHPSHUDWXUH�ZDV�DERXW�
��� GHJUHHV� ORZHU��:KHQ� WKH� IDQ� ZDV� FRPSOHWHO\� FORVHG� WKH� ZKROH� V\VWHP�ZDV�
VWRSSHG�DQG�WKH�WHPSHUDWXUH�ZHQW�GRZQ��
�
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)LJXUH�����)OXH�JDVHV�WHPSHUDWXUH�
�
6LPLODU� FRROLQJ� HIIHFW� ZDV� REVHUYHG� IRU� IOXH� JDVHV� WHPSHUDWXUHV�� HVSHFLDOO\� WKH�
WHPSHUDWXUHV� PHDVXUHG� LQ� WKH� EXUQHU� FRUQHU�� ZKLFK� ZHUH� DERXW� �����R&� ORZHU�
WKDQ�SUHYLRXVO\��)LJXUH������
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)LJXUH�����2��HPLVVLRQV�LQ�WKH�IOXH�JDVHV�
�
(PLVVLRQV� LQ� WKH� IOXH� JDVHV� ZHUH� PHDVXUHG� DQG� WKH� KLJKHU� FRQWHQW� RI� 2��ZDV�
REVHUYHG��SUHYLRXVO\�������LQ�WKH�PLGGOH�RI�WKH�EXUQHU�DQG�������LQ�WKH�EXUQHU�
FRUQHU���7KH�&2�HPLVVLRQV�ZHUH�ORZHU�WKDQ�LQ�WKH�WHVW�ZLWK�WKH�ZDWHU�EDWK�
�)LJXUH� ����� 7KH� FRPEXVWLRQ� SURFHVV� ZDV� PRUH� HIIHFWLYH� LQ� WKH� WHVWV� ZLWKRXW�
ZDWHU�EDWK��7KH�HPLVVLRQV�ZHUH�TXLWH�ORZ�HYHQ�ZKHQ�WKH�KDOI�RI�WKH�IDQ�LQOHW�ZDV�
FORVHG��D�ELW�KLJKHU�HPLVVLRQ�RI�&2�ZDV�PHDVXUHG�ZKHQ�����RI�WKH�IDQ�LQOHW�ZDV�
FORVHG��EXW�VWLOO�LW�ZDV�ORZHU�WKDQ�LQ�WKH�FDVH�ZLWK�WKH�ZDWHU�EDWK��UHVSHFWLYHO\�
���DQG����SSP���
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�� (9$/8$7,21�%<�681.,66�
�
����,1752'8&7,21�
�

7KH�DLP�RI� WKH�&DWDWRU�SURMHFW�ZDV� WR� LQYHVWLJDWH� WKH�SRVVLELOLW\�RI�XVLQJ� WKH�
ZLUH� PHVK� EDVHG� FDWDO\VW� GHYHORSHG� E\� &DWDWRU� LQ� /XQG� RQ� WKH� 6XQNLVV
�
7KHUPRUHDFWRU��5;��

6XQNLVV�ZDV�WR�UHSODFH�WKH�FDWDO\VW�ILEHU�XVHG�LQ�7KHUPRUHDFWRU��E\�D�VROLG�DQG�
OHVV�QR[LRXV�PDWHULDO�RI�FDWDO\VW�VXSSRUW��L�H��WKH�ZLUH�PHVK���7KH�ZKROH�ZLWK�DQ�
HTXLYDOHQW�SULFH�DQG�ZLWK�PLQLPXP�RI�PRGLILFDWLRQ�RQ�7KHUPRUHDFWRU���
�
����5(0,1'(5�
�

7KH�6XQNLVV
�7KHUPRUHDFWRU�� DUH�PRXQWHG� LQ�RYHQV� DQG� IXUQDFHV� WR�KHDW� DQG�
FXUH� WKH� SRZGHU� FRDWLQJ� RU� OLTXLG� SDLQW� RQ� LQGXVWULDO� SDUWV�� 7KHUPRUHDFWRU�� DUH�
DVVHPEOHG�LQ�ZDOO�PRXQWLQJ�V\VWHPV��
�
����35(9,286�5(3257�
�

7KH�/XQG�,QVWLWXWH�RI�7HFKQRORJ\�KDV�ZULWWHQ�D�UHSRUW�DERXW�WKH��(YDOXDWLRQ�RI�
D� QHZ� W\SH� RI� FDWDO\WLF� ,5�UDGLDWRU�� RQ� 0D\� ���� ������ ,W� LV� EDVHG� RQ� WKH�
FRPSDULVRQ�EHWZHHQ�D�6XQNLVV�7KHUPRUHDFWRU��ZLWK�FDWDO\VW� ILEHU�DQG� WKH� VDPH�
7KHUPRUHDFWRU��PRGLILHG��E\�&DWDWRU��ZLWK�WKH�ZLUH�PHVK��

7KH� UHSRUW� JLYHV� PHDVXUHPHQWV� RQ� ERWK� FRQILJXUDWLRQ� LQ� SRZHU�� FRPEXVWLRQ�
�&2��2����WHPSHUDWXUH�DQG�UDGLDWLRQ�HIILFLHQF\��
�
���� 385326(� )25� 681.,66� 75,$/6� 21� &$7$725¶6� :,5(� 0(6+�

&$7$/<67�
�

$W� WKH� HQG� RI� WKH� &DWDWRU
V� WULDOV� 6XQNLVV� ZDQWHG� WR� WHVW� DQG� VHH� WKH�
7KHUPRUHDFWRU��PRGLILHG�WR�H[DPLQH�DQG�VWXG\�WKH�SRVVLELOLWLHV�WR�PRXQW�WKH�ZLUH�
PHVK�FDWDO\VW�VXSSRUW�RQ�WKH�7KHUPRUHDFWRU��UDQJH��

7KH�SXUSRVH�RI�6XQNLVV�ZDVQ
W�WR�FKHFN�WKH�PHDVXUHPHQW�UHVXOWV�RI�&DWDWRU�EXW�
WR�VWXG\�WKH�LPSOHPHQWDWLRQ�RI�D�QHZ�FDWDO\VW�V\VWHP�IRU�7KHUPRUHDFWRU���6XQNLVV�
KDV�FRQVLGHUHG�WKDW�WKH�PHDVXUHPHQW�FDUULHG�RXW�E\�&DWDWRU�ZDV�FRUUHFW��
�
���� 7(67�2)� 7+(� 681.,66� %851(5� (48,33('�:,7+�&$7$725¶6�

:,5(�0(6+�&$7$/<67�
�

:KHQ�6XQNLVV�UHFHLYHG�WKH�EXUQHU�� WKH\�QRWLFHG�IHZ�DQRPDOLHV�UHODWLYH�WR�WKH�
PRXQWLQJ�RI�WKH�EXUQHU��

�
²� DVVHPEO\�RI�WKH�IURQW�EDU�IDFH�

²� IDVWHQLQJ�RI�WKH�FHOO�LQ�WKH�FHOO�HQFORVXUH�

�

:KHQ�6XQNLVV�VWDUWHG�WKH�EXUQHU�IRU�WKH�ILUVW�WLPH�WKH\�KDG�GLIILFXOWLHV�ZLWK�WKH�
EXUQHU��7KH�ZLUH�PHVK�FDWDO\VW�GLGQ
W�ZDUP�XS�DQG�WKH\�KDG�PDQ\�IDLOLQJV�LQ�WKH�
VWDUWLQJ�XS��7KRVH�SUREOHPV�KDYH�EHHQ�QRWHG�LQ�WKH�&DWDWRU�UHSRUW��



���

$IWHU�PDQ\�VWDUW�XSV�WKH�EXUQHU�KDV�UXQ�DQG�KHDWV�WKH�EODFN�VHQVRU�LQ�IURQW�RI�
WKH� SDQHO� �VHH� ILJXUHV� EHORZ� RI� WKH� WHVWLQJ� FRQILJXUDWLRQ��� 7KH� WHPSHUDWXUH�
UHDFKHG�ZDV����&�PD[LPXP��

:H�KDYH�QRWLFHG�WKDW�WKH�IURQW�EDU�IDFH�GLVWXUEHG�WKH�IORZ�RI�WKH�IDQ�LQ�IURQW�RI�
WKH� SDQHO�� :H� GHFLGHG� WR� GLVPRXQW� WKH� IURQW� EDU� IDFH� DQG� SXW� LW� LQ� LWV� LQLWLDO�
SRVLWLRQ� �LQ� WKH� VDPH� FRQILJXUDWLRQ� WKDW� ILEHU� DV� 6XQNLVV� KDV� PRXQWHG� WKH�
7KHUPRUHDFWRU����

:H�KDYH�WDNHQ�WKH�DGYDQWDJH�WR�ORRN�DW�WKH�ZLUH�PHVK�FRPSRVLWLRQ��
$IWHU�WKRVH�PRGLILFDWLRQV�ZH�KDYH�UHVWDUWHG�WKH�EXUQHU�DQG�WKH�IORZ�RI�WKH�IDQ�

KDG� D� ORZHU�GLVWXUEDQFH�RQ� WKH�EXUQHU
V� IDFH��$QG� WKH� WHPSHUDWXUH�RQ� WKH�EODFN�
VHQVRU�ZDV�DERXW�����&��
�

7KH�WHPSHUDWXUH�RQ�WKH�VDPH�EODFN�VHQVRU�ZLWK�D�6XQNLVV
�7KHUPRUHDFWRU��5;�
LV�DERXW�����&�WRR��
�

:KHQ�ZH�FKHFNHG�WKH�&2�UDWH�ZLWK�D�PDQXDO�&2�PHWHU�ZH�PHDVXUHG�WKH�VDPH�
OHYHO� DV� &DWDWRU�� %HWZHHQ� ��� DQG� ���� SSP� �GHSHQGLQJ� RQ� WKH� SRVLWLRQ� RQ� WKH�
PLGGOH�RU�FRUQHU�PHDVXUHPHQW�DQG�GLVWXUELQJ�RI�WKH�IDQ�YHQWLODWLRQ�LQ�IURQW�SDQHO�
±�1RWH�DOO�WHVWV�KDYH�EHHQ�GRQH�ZLWK�D�����PEDU�JDV�SUHVVXUH���%XW�LQ�DOO�FDVHV�WKH�
&2�UDWH�LV�PXFK�KLJKHU�WKDQ�D�6XQNLVV
�7KHUPRUHDFWRU���
�
����&21),*85$7,21�)25�7+(�7(67�
�

�
�

)LJXUH�����3RVLWLRQ�RI�WHPSHUDWXUH�FDSWRU�
�
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�
)LJXUH�����3RVLWLRQ�RI�VHQVRU�&2�PHWHU�

�
�
����&21&/86,21�
�

7KH� FRQFOXVLRQV� DUH� WKH� VDPH� DV� LQ� WKH� &DWDWRU
V� UHSRUW�� 7KH� 6XQNLVV
�
7KHUPRUHDFWRU��LQ�LWV�FRQILJXUDWLRQ�LV�QRW�DGDSWHG�IRU�WKH�ZLUH�PHVK�FDWDO\VW��7KH�
IROORZLQJ�OLVW�SRLQW�RXW�WKH�QRQH�VXLWDEOH�FRQILJXUDWLRQ�IRU�WKH�ZLUH�PHVK�EXUQHU��

�
²� :DUPLQJ�XS�V\VWHP��

²� 6HFRQG�DLU�YHQWLODWLRQ�IDQ��

²� 0L[LQJ��YHQWXUL��DLU�IDFWRU��

�

,Q�FRQFOXVLRQ��WKH�ZLUH�PHVK�FDWDO\VW�LVQ
W�GLUHFWO\�WUDQVSRVDEOH�DW�WKH�6XQNLVV
�
7KHUPRUHDFWRU���,I�6XQNLVV�ZDQW�WR�LQWURGXFH�WKLV�QHZ�FDWDO\VW�VXSSRUW��D�VSHFLILF�
GHYHORSPHQW�PXVW�EH�GRQH��QHZ�FRQFHSWLRQ��QHZ�WHVWV�DQG�TXDOLILFDWLRQV���
�

+RZHYHU�WKH�ZLUH�PHVK�FDWDO\VW�KDV�DQ�LPSRUWDQW�DWWUDFW�IRU�6XQNLVV�SURGXFWV�
EXW�QRW�LQ�WKLV�FRQILJXUDWLRQ��7KH�PDLQ�DWWUDFWLRQ�LV�WR�XVH�WKH�ZLUH�PHVK�LQ�VWDWLF�
�ZLWKRXW�VHFRQG�DLU�FRPEXVWLRQ��DQG�RU�D�ZLGH�VL]H�EXUQHU��
�

)RU�6XQNLVV�WKH�LQWHUHVW�LV�WR�VXEVWLWXWH�WKH�ILEHU�DQG�WR�JHW�D�QHZ�SURGXFW�UDQJH��

�

�
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����287/22.6�$1'�48(67,216�
�

-HDQ�-DFTXHV�&KDUPHV�DQG�3DWULFN�3DUSHWWH�YLVLWHG�&DWDWRU�DQG�/XQG� ,QVWLWXWH�
LQ� 6HSWHPEHU� DQG� D� GHYHORSPHQW� IRU� D� SDUWQHUVKLS� ZDV� FRQVLGHUHG�� %XW� WKH�
IROORZLQJ�TXHVWLRQV�UHPDLQ�DERXW�WKH�ZLUH�PHVK�WH[WXUH��

�
²� :KDW�LV�WKH�PD[LPXP�UDWH�IRU�SRZHU�VXUIDFH"�

²� :KDW�LV�WKH�PD[LPXP�VL]H"�$QG�WKH�PLQLPXP"�

²� :KDW�LV�WKH�PD[LPXP�WHPSHUDWXUH�VXSSRUW�E\�WKH�ZLUH�PHVK"�

²� �«�

$OO�WKRVH�SRLQWV�ZHUH�PHQWLRQHG�LQ�WKH�6HSWHPEHU�PHHWLQJ��
�
�
�� 120(1&/$785(�
�
$� DUHD� P��

K� KHDW�WUDQVIHU�FRHIILFLHQW� :�P��
7� WHPSHUDWXUH� .�
� � �
*UHHN�6\PEROV� �
ε� HPLVVLYLW\� ��
σ� 6WHIDQ�%RO]PDQQ¶V�FRQVWDQW������⋅����� :��P�.���
� � �
6XEVFULSWV� �
V� EXUQHU�VXUIDFH�
Z� ZDWHU�
�
�
�� 5()(5(1&(6�
�

3HWWHUVVRQ�� 0��� +HDW� 7UDQVIHU� DQG� (QHUJ\� (IILFLHQF\� LQ� ,QIUDUHG� 3DSHU� 'U\HUV��
3K�'��7KHVLV��'HSDUWPHQW�RI�&KHPLFDO�(QJLQHHULQJ����/XQG�8QLYHUVLW\�������

+RZHOO�� -�5��� +DOO��0�-��� (OO]H\�� -�/��� &RPEXVWLRQ� RI� K\GURFDUERQ� IXHOV� ZLWKLQ�
SRURXV�LQHUW�PHGLD��3URJUHVV�LQ�(QHUJ\�DQG�&RPEXVWLRQ�6FLHQFH��YRO�����LVVXH�����
SS�����������������
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