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7KLV�GRFXPHQW�JLYHV�D�GHVFULSWLRQ�RI�DQ�DQDO\VLV�WRROV�IRU�RSWLPDO�PDLQWHQDQFH�LQWHUYDO�SODQQLQJ�
,QLWLDOO\� LW� LV� LPSRUWDQW� WR� VWDWH� WKDW�PDLQWHQDQFH� DQG� UHIXUELVKPHQW� LV� GRQH� WR�PD[LPLVH� ORQJ
WHUP� V\VWHP�SHUIRUPDQFH�� 7KH� WRRO� LV� WKHUHIRUH� EDVHG� RQ� DQ� RSWLPLVDWLRQ�PRGHO�ZKLFK� WDNHV
FDUH�RI� WKLV�SHUVSHFWLYH�� 7KH�PRGHO�PLQLPLVHV� WKH� VXP�RI� H[SHFWHG� DQQXDO�PDLQWHQDQFH� FRVW�
ORVV�GXH�WR�ZHDU�PHFKDQLVPV�DQG�H[SHFWHG�FRVWV�FDXVHG�E\�XQFRQWUROOHG�IDLOXUH�

7KH� PRGHO� FDOFXODWHV� RSWLPDO� PDLQWHQDQFH� LQWHUYDOV� IRU� ERWK� K\GUDXOLF� VWULQJV�� WXUELQHV� DQG
JHQHUDWRUV��,W�DOVR�SURYLGHV�FDOFXODWLRQV�IRU�PRUH�GHWDLOHG�XQLWV�LQ�WKH�SURGXFWLRQ�V\VWHP�

7KLV�DQDO\VLV�IXQFWLRQ�ZLOO�UHWULHYH�GDWD�IURP�WKH�5(0$)(;�GDWDEDVH��DQG�ZLOO�KDYH�WKH�RSWLRQ�WR
VWRUH�UHVXOWV�DQG�LQSXWV�ORFDOO\�RQ�D�3&�

�� 2%-(&7,9(�2)�)81&7,21

7KLV�IXQFWLRQ�SURYLGHV�FDOFXODWLRQV�RI�RSWLPDO�PDLQWHQDQFH�LQWHUYDOV�IRU�K\GUDXOLF�VWULQJ��WXUELQH
DQG� JHQHUDWRU�� 7KLV� WRRO� ZLOO� FRQWULEXWH� LQ� WKH� SODQQLQJ� SURFHVV� WR� PDNH� EHWWHU� GHFLVLRQV� IRU
PDLQWHQDQFH�DQG�UHIXUELVKPHQW�E\�FRPELQLQJ�HFRQRPLFDO�DVVXPSWLRQV�DQG�HYDOXDWLRQV�ZLWK�WKH
WHFKQLFDO�VWDWH�RI�WKH�SRZHU�SURGXFWLRQ�V\VWHP�

7KH�V\VWHP�SURYLGHV�GRFXPHQWDWLRQ�IRU�GHFLVLRQV�DQG�ZLOO�JLYH�WKH�PDLQWHQDQFH�SODQQHU�D�WRRO�
ZKLFK�VSHDNV�WKH�LPSRUWDQW�ODQJXDJH�RI�HFRQRP\��%DVHG�RQ�FXUUHQW�NQRZOHGJH��WKH�SODQQHU�FDQ
VD\� WKDW� WKLV� UHFRPPHQGHG�VROXWLRQ� LV� WKH�FRUUHFW�PDLQWHQDQFH�UHIXUELVKPHQW�GHFLVLRQ� IRU� WKH
V\VWHP�EHLQJ� DQDO\VHG�� 7KH�PRGHO�ZLOO� FDOFXODWH� WKH� H[SHFWHG�PDLQWHQDQFH� FRVW� IROORZLQJ� DQ
RSWLPDO� VWUDWHJ\�� DQG� DOVR� GRFXPHQW� WKH� �LQYLVLEOH�� FRVWV� RI� UXQQLQJ� WKH� V\VWHP� DW� D� ORZHU
HIILFLHQF\�OHYHO�WKDQ�D�QHZO\�PDLQWDLQHG�UHIXUELVKHG�V\VWHP�ZRXOG�

$QDO\VLV�RI�WXUELQH�

7KH�IXQFWLRQ�FDQ�DQDO\VH�WKUHH�GLIIHUHQW�PDLQWHQDQFH�UHIXUELVKPHQW�DVSHFWV�RI�WKH�WXUELQH�

n 'HYHORSPHQW� LQ�K\GUDXOLF�HIILFLHQF\��:HDU� LV�FDXVHG�E\�FDYLWDWLRQ�DQG�VDQG�HURVLRQ
ZKLFK� LQIOXHQFH� WKH� WXUELQHV�DELOLW\� WR� WUDQVIRUP� WKH�HQHUJ\� LQ� WKH� UXQQLQJ�ZDWHU� WR
URWDWLQJ�HQHUJ\�LQ�WKH�WXUELQH�

n 'HYHORSPHQW�LQ�YROXPHWULF�HIILFLHQF\��6DQG�LQ�WKH�ODE\ULQWK�VHDOLQJ�ZLOO�JLYH�LQFUHDVHG
OHDNDJH� IORZ� E\SDVVLQJ� WKH� WXUELQH� UXQQHU�� DQG� WKHUHE\� JLYH� ORZHU� YROXPHWULF
HIILFLHQF\���1%���'RHV�QRW�DSSO\�WR�3HOWRQ�WXUELQHV��

n 3UREDELOLW\�RI�VXGGHQ�IDLOXUH�GXH�WR�PHFKDQLFDO�DJHLQJ�RI�GLIIHUHQW�SDUWV�LQ�WKH�WXUELQH�
�7HFKQLFDO�OLIHWLPH�RI�HTXLSPHQW��

 7KHVH�DUH�DOO�VXEMHFWV�RI�PDLQWHQDQFH�SODQQLQJ��DQG�LW�LV�SRVVLEOH�WR�FRPELQH�WKHVH�DVSHFWV�RI�WKH
GHFLVLRQ�SUREOHP�LQ�WKH�V\VWHP���7KH�WHFKQLFDO�FRQGLWLRQV�XQGHU�ZKLFK�WKH�WXUELQH�LV�H[SHFWHG�WR
UXQ��ZLOO�WRJHWKHU�ZLWK�PDUNHW�DVVXPSWLRQV�EH�WKH�EDVLF�LQSXW�IRU�WKH�FDOFXODWLRQV���7KLV�LQFOXGHV
VHDVRQDO� YDULDWLRQV� LQ� JURVV� KHDG� DQG� SRZHU� RXWSXW� DQG� KRZ� WKHVH� YDULDEOHV� LQIOXHQFH� WKH
HIILFLHQF\�OHYHO�
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 $QDO\VLV�RI�K\GUDXOLF�VWULQJ�

 7KH� XVHU� DOVR� KDV� DQ� RSWLRQ� WR� DQDO\VH� WKH� K\GUDXOLF� VWULQJ�� (YHQ� WKRXJK� WKH� WXQQHO� LV� WR� EH
VSHFLILHG� LQ� WKH� V\VWHP� IRU� HQHUJ\� FDOFXODWLRQV�� ZH� FRQFHQWUDWH� WKH� PDLQWHQDQFH� DQG
UHIXUELVKPHQW�DQDO\VLV�WR�WKH�SHQVWRFN���7KH�IROORZLQJ�LV�EHLQJ�FRQVLGHUHG�LQ�WKH�DQDO\VLV�

n 'HYHORSPHQW� LQ� KHDG� ORVV� PDNHV� LW� SRVVLEOH� WR� FDOFXODWH� DQG� HVWLPDWH� WKH
GHYHORSPHQW�RI�HIILFLHQF\�LQ�WKH�K\GUDXOLF�VWULQJ��7KH�ORVV�HOHPHQWV�ZH�FRQVLGHU�LV�WKH
VLQJXODU�ORVVHV�GXH�WR�JHRPHWU\�DQG�ORVV�GXH�WR�IULFWLRQ��7KH�VLQJXODU�ORVVHV�QRUPDOO\
KDYH�QR�GHWHFWDEOH�FKDQJHV��VR�ZH�IRFXV�DW�LQFUHDVH�LQ�WKH�KHDG�ORVV�GXH�WR�IULFWLRQ
GHYHORSPHQW�

$QDO\VLV�RI�JHQHUDWRU�

,Q� WKH�PRGHO� ZH� DVVXPH� WKHUH� DUH� QR� HIILFLHQF\� GHFUHDVH� LQ� FRQQHFWLRQ� ZLWK� WKH� JHQHUDWRU�
+RZHYHU��ZH� DVVXPH� WKDW� WKH� JHQHUDWRU� LV�PRQLWRUHG� SHULRGLFDOO\� WR� JHQHUDWH� LQIRUPDWLRQ� WR
PDNH�RSWLPDO�UHIXUELVKPHQW�GHFLVLRQV��7KH� LQSXW� WR�WKH�PRGHO� LV� WKH�FKDQJH� LQ�GLVFKDUJH� OHYHO
IURP� WKH� VWDWRU� ZLQGLQJV�� 7KHVH� PHDVXUHPHQWV� KDYH� JLYHV� D� TXLWH� GLIILFXOW� LQWHUSUHWDWLRQ
FKDOOHQJH��+RZ�GRHV� WKH� GLVFKDUJH� FKDQJH� DIIHFW� WKH� IDLOXUH� UDWH� H[SHFWDWLRQV� "� � 6LQFH�PDMRU
PDLQWHQDQFH� GHFLVLRQV� DUH� PDGH� EDVHG� RQ� VXFK� PHDVXUHPHQWV�� ZH� ZLOO� LQWHJUDWH� WKLV� LQ� WKH
PRGHO�

$QDO\VLV�RI�VLQJOH�FRPSRQHQWV�

,W�ZLOO�DOVR�EH�SRVVLEOH�WR�GR�DQDO\VLV�XSRQ�VLQJOH�FRPSRQHQWV��7KLV�LV�QRW�WKH�PDLQ�IRFXV�IRU�WKH
V\VWHP�� EXW� WKH� RSWLRQ� SURYLGHV� DQ� RSSRUWXQLW\� WR� HYDOXDWH� WKH� ULVN� FRQQHFWHG� WR� HDFK
FRPSRQHQW�EDVHG�RQ�IDLOXUH�DVVXPSWLRQV��7KHVH�DQDO\VLV�LV�SULPDULO\�ZRUWKZKLOH�IRU�SDUWV�RI�WKH
K\GURSRZHU� V\VWHP�ZLWK� D� SUHGLFWDEOH� DJHLQJ� SURFHVV�� ,I� ZH� DVVXPH� WKDW� WKH� IDLOXUH� LQWHQVLW\
LQFUHDVHV� RYHU� WKH� \HDUV�� LW� LV� SRVVLEOH� WR� FDOFXODWH� D� RSWLPDO� PDLQWHQDQFH� LQWHUYDO� IRU� WKDW
FRPSRQHQW�� 7KHVH� FRPSRQHQW� VSHFLILF� DQDO\VLV� ZLOO� QRW� LQFOXGH� FDOFXODWLRQV� IRU� HIILFLHQF\
GHYHORSPHQW�
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7KLV� IXQFWLRQ�FDQ�RSWLRQDOO\� LQFOXGH�ERWK� WKH�0DLQWHQDQFH�RSHUDWRU��&RQWURO�RSHUDWRU�DQG� WKH
0DQDJHPHQW�RSHUDWRU��7KLV�GHSHQGV�RQ�WKH�GDWD�DYDLODEOH��RU�WKH�SXUSRVH�RI�WKH�DFWXDO�DQDO\VLV�
7KH� QDWXUDO� SODFH� IRU� WKLV� V\VWHP� WR� EH� XVHG�� LV� DW� WKH�PDQDJHPHQW� RU�PDLQWHQDQFH� RSHUDWRU
OHYHO��,W�QHHGV�LQSXW�ERWK�IURP�PDUNHW�DQG�SURGXFWLRQ�GLYLVLRQV�LQ�WKH�FRPSDQ\�

7DEOH�� 6HTXHQFH�RI�RSWLRQDO�DQG�QHFHVVDU\� WDVNV� WR�XWLOLVH� WKH�RSWLPDO�PDLQWHQDQFH� IXQFWLRQ
IRU�+\GUDXOLF�VWULQJ��7XUELQH�DQG�*HQHUDWRU�

(YHQW 5HTXHVW�5HVSRQVH
�54�56�

)URP 7R

7HFKQLFDO�GDWD�IRU�WXUELQH 54 0DLQWHQDQFH
RSHUDWRU��0�2��

'DWDEDVH

6WDWH�RI�WXUELQH��(IILFLHQF\�OHYHO� 54 0�2� &RQWURO�2SHUDWRU
�&�2��

7HFKQLFDO�GDWD�IRU�K\GUDXOLF�VWULQJ 54 0�2� 'DWDEDVH

6WDWH�RI�K\GUDXOLF�VWULQJ��+HDG�ORVV� 54 0�2� &�2�

7HFKQLFDO�GDWD�IRU�JHQHUDWRU 54 0�2� 'DWDEDVH

6WDWH�RI�JHQHUDWRU��'LVFKDUJH�OHYHO� 54 0�2� &�2�

(YDOXDWLRQ�RI�H[SHFWHG�GHYHORSPHQW�RI
H[LVWLQJ�DQG�RU�DOWHUQDWLYH�QHZ�HTXLSPHQW

54 0�2� &�2��
0DQDJHPHQW�
'DWDEDVH

0DUNHW�DVVXPSWLRQV 54 0�2��
0DQDJHPHQW

0DUNHW�GLYLVLRQ�
'DWDEDVH

0DLQWHQDQFH�FRVWV 54 0�2� 0DQDJHPHQW

3URGXFWLRQ�SODQV��H[SHFWHG� 54 0�2� 'DWDEDVH

&RQVHTXHQFHV�RI�VWRS�LQ�V\VWHP 54 0�2� 0DQDJHPHQW

6WRUH�LQSXW�GDWD 54 0�2� 'DWDEDVH

5XQ�PRGHO�DOWHUQDWLYHV 54 )XQFWLRQ )XQFWLRQ

3UHVHQW�UHVXOWV�IRU�V\VWHPV�DQDO\VHG�
��RSWLPDO�LQWHUYDO��W�
��H[SHFWHG�V\VWHP�VWDWH��η�
��VHQVLWLYLW\�DQDO\VLV
��HFRQRP\

56
56
56
56

)XQFWLRQ
)XQFWLRQ
)XQFWLRQ
)XQFWLRQ

0�2�
0�2�
0�2�
0�2�

3UHVHQW�FRQFOXVLRQ
�(VVHQWLDOO\�WKH�VDPH�LQIRUPDWLRQ�DV�DERYH�

56 0�2� 0DQDJHPHQW
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,QWHUQDO�HYHQWV�VXFK�DV�HUURU�PHVVDJHV��UHTXHVW�IRU�DGGLWLRQDO�VSHFLILFDWLRQ�RI�WDVN��L�H��OLPLWDWLRQ
WR�VXE�IXQFWLRQV�HWF���DUH�QRW�LQFOXGHG�LQ�WKH�WDEOH�DERYH��7KH�WDEOH�MXVW�VKRZV�WKH�PDLQ�WDVNV�WR
EH�FRQVLGHUHG�EHIRUH�XVLQJ�WKH�WRRO�

7KLV�VHTXHQFH�RI�WDVNV�LV�PHDQW�DV�DQ�H[DPSOH�RQ�KRZ�WR�RUJDQLVH�WKH�RSHUDWLRQ�RI�WKLV�PRGHO�
,Q� JHQHUDO� WKH� GDWD� VRXUFHV� WR� EH� XVHG� VKRXOG� EH� WKH� EHVW� SRVVLEOH� RQHV�� 6RPH� RI� WKH� GDWD
VKRXOG�EH�ORFDOLVHG�LQ�D�FHQWUDO�GDWDEDVH��DQG�RWKHUV�KDYH�PRUH�TXDOLWDWLYH�DVSHFWV�ZKLFK�KDYH
WR�EH�WDNHQ�LQWR�FRQVLGHUDWLRQ��6RPH�RI�WKH�SDUDPHWHUV�KDYH�D�KLJKO\�XQFHUWDLQ�QDWXUH��L�H��SULFHV
DQG�IDLOXUH�UDWHV���DQG�WKHVH�FDQ�EH�JLYHQ�DV�GLVWULEXWLRQV�RU�LQWHUYDOV�

�� ,1387�'$7$�'(),1,7,21

7KLV�FKDSWHU�JLYHV�DQ�RYHUYLHZ�RYHU�WKH�FHQWUDO�SDUDPHWHUV�EHLQJ�XVHG�LQ�WKH�PRGHO��6RPH�RI
WKHP�DUH�RSWLRQDO��DQG�LW�LV�QRW�QHFHVVDU\�WR�VSHFLI\�DOO�WKHVH�LQSXW�GDWD�WR�DQDO\VH�MXVW�SDUWV�RI
WKH�V\VWHP���'XULQJ�WKH�GHYHORSPHQW�RI�WKH�PRGHO��WKHUH�PLJKW�EH�VRPH�PLQRU�FKDQJHV�LQ�WKLV
OLVW���7KLV�OLVW�LV�DOVR�JLYHQ�DV�D�PRUH�GHWDLOHG�WDEOH�LQ�DSSHQGL[���

���*HQHUDO�WHFKQLFDO�GDWD�
���
���
���
���

Q
W\SH
4
+

1XPEHU�RI�SDUDOOHOV�LQ�SRZHU�VWDWLRQ
7\SH�RI�SURGXFWLRQ��ULYHU�PDJD]LQH�HQHUJ\�
0D[LPXP�)ORZ
*URVV�KHDG

�P��V�
�P�

�LQWHJHU�
�WH[W�
�UHDO�
�UHDO�

���7HFKQLFDO�GDWD�IRU�+\GUDXOLF�VWULQJ�
���
���
���
���
���

/W
$
0
/S
'

/HQJWK�RI�WXQQHO
7XQQHO�FURVV�VHFWLRQ�DUHD
0DQQLQJ�QXPEHU��)ORZ�IULFWLRQ�IRU�WXQQHO�
/HQJWK�RI�SHQVWRFN�V�
'LDPHWHU�RI�SHQVWRFN�V�

�P�
�P��
����
�P�
�P�

�UHDO�
�UHDO�
�UHDO�
�UHDO�
�UHDO�

���7HFKQLFDO�GDWD�IRU�WXUELQH�V��
���
���
���
���

WXUELQH
3
3PD[

ηW�3�

7\SH�RI�WXUELQH��3HOWRQ�)UDQFLV�.DSODQ�
3RZHU�RXWSXW�DW�PD[LPXP�HIILFLHQF\
0D[LPXP�SRZHU�RXWSXW
(IILFLHQF\�DV�IXQFWLRQ�RI�SRZHU�RXWSXW

�0:�
�0:�
���

�WH[W�
�UHDO�
�UHDO�
�UHDO�

���7HFKQLFDO�GDWD�IRU�JHQHUDWRU�V��
���
���

JW\SH
ηJ

7\SH�RI�JHQHUDWRU
*HQHUDWRU�HIILFLHQF\ ���

�WH[W�
�UHDO�

���0HDVXUHPHQWV�RQ�SHQVWRFN�V����2SWLRQDO�
���

���

���

ηPS�7�

+/�7�

5�7�

0HDVXUHG�K\GUDXOLF�HIILFLHQF\�OHYHO
EDVHG�RQ
+HDG�ORVV�GHYHORSPHQW
RU
5RXJKQHVV�PHDVXUHPHQWV

���

�P�

�PP�

�UHDO�

�UHDO�

�UHDO�
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���0HDVXUHPHQWV�RQ�WXUELQH�V����2SWLRQDO�
���

���

ηPW�7�3�

∆4P�7�

0HDVXUHG�K\GUDXOLF�HIILFLHQF\�OHYHO
�K\GUDXOLF�HIILFLHQF\�
0HDVXUHG�LQWHUQDO�OHDNV�LQ�WXUELQH��DW�EHVW
RSHUDWLRQDO�SRLQW�
�YROXPHWULF�HIILFLHQF\�

���

�P��V�

�UHDO�

�UHDO�

���0HDVXUHPHQWV�RQ�JHQHUDWRU�V����2SWLRQDO�
���
���

JPRQ
GFP�7�

0RQLWRULQJ�VWUDWHJ\��3'$�WDQ�δ�RWKHUV�
0HDVXUHG�GLVFKDUJH�IURP�ZLQGLQJV �S&�
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2XWSXW�IURP�IXQFWLRQ�

1.  ([SHFWHG�RSWLPDO�PDLQWHQDQFH�UHIXUELVKPHQW�LQWHUYDO��W
��\HDUV��

2.  ([SHFWHG�WLPH�WR�QH[W�PDLQWHQDQFH�UHIXUELVKPHQW�EDVHG�RQ�WKH�H[LVWLQJ�VWDWH�RI�WKH�WXUELQH
HIILFLHQF\��KHDG� ORVV�URXJKQHVV� LQ�SHQVWRFN��GLVFKDUJH� OHYHO� LQ�JHQHUDWRU�RU�DJH�RI�XQLW�� WQH[W

�\HDUV��

3.  )RU�V\VWHPV�ZLWK�HIILFLHQF\�GHFUHDVH�DQG�HIILFLHQF\�PHDVXUHPHQWV�EHLQJ�SHUIRUPHG�UHJXODUO\�
WKH� PRGHO� FDOFXODWHV� WKH� OHYHO� RI� HIILFLHQF\� DW� ZKLFK� WKH� WXUELQH� RU� SHQVWRFN� VKRXOG� EH
UHIXUELVKHG�RU�PDLQWDLQHG��η
�����

4.  (FRQRPLFDO�GDWD�IRU�WKH�RSWLPDO�UHIXUELVKPHQW�SODQ��7KLV�LQFOXGHV
����H[SHFWHG�DQQXDO�UHIXUELVKPHQW�PDLQWHQDQFH�FRVW��FXUUHQF\�\HDU�
����H[SHFWHG�DQQXDO�SURGXFWLRQ�ORVV�GXH�WR�IDLOXUH�DQG�HIILFLHQF\�GHFUHDVH��FXUUHQF\�\HDU�
����FRVW�DW�WKH�WLPH�RI�UHIXUELVKPHQW�PDLQWHQDQFH��SODQQHG�RU�DW�DQ�XQH[SHFWHG�IDLOXUH
����HVWLPDWH�RI�ORVV�E\�GRLQJ�UHIXUELVKPHQW�PDLQWHQDQFH�WRR�HDUO\�RU�WRR�ODWH��FXUUHQF\�
����VWRUDJH�DQDO\VLV��L�H��YDOXH�RI�KDYLQJ�WKH�XQLWV�VWRUHG�ORFDOO\

5.  $�IXOO�UHSRUW�RI�WKH�LQSXW�GDWD�

6.  *UDSKLFDO�SUHVHQWDWLRQ�RI�WKH�VROXWLRQ�

�� '<1$0,&�%(+$9,285

7KLV�PRGHO�LV�EDVLFDOO\�TXLWH�VWDWLF��7KH�XVHU�HQWHUV�WKH�GDWD�UHTXLUHG��DQG�WKH�V\VWHP�FDOFXODWHV
WKH�FRUUHFW�PDLQWHQDQFH�GHFLVLRQ�EDVHG�RQ�WKLV�LQSXW��7KH�XVH�RI�WKH�PRGHO�KRZHYHU�LV�VXEMHFW
WR�″G\QDPLF�WKLQNLQJ″�

:H�SURSRVH�WKH�IROORZLQJ�RI�ZKHQ�WR�XVH�WKLV�PRGHO�LQ�WKH�PDLQWHQDQFH�SODQQLQJ�

1.  :KHQ�SODQQLQJ�QHZ�K\GURSRZHU�SODQWV�LW�LV�LPSRUWDQW�WR�WKLQN�PDLQWHQDQFH�DQG�VWUDWHJLHV�IRU
UHIXUELVKPHQW�IURP�WKH�YHU\�EHJLQQLQJ�

2.  :KHQ�HIILFLHQF\�PHDVXUHV�RI�WKH�WXUELQH�KDV�EHHQ�SHUIRUPHG��DQG�QHZ�LQIRUPDWLRQ�DERXW�WKH
WXUELQH�V\VWHP�LV�LQTXLUHG�

3.  :KHQ�QHZ�WHFKQRORJ\�LV�EHLQJ�LQWURGXFHG�LQ�WKH�PDUNHW��L�H��QHZ�PDWHULDOV�ZLWK�VLJQLILFDQWO\
EHWWHU� GHWHULRUDWLRQ� UDWHV� WR� SUHYHQW� FDYLWDWLRQ�� 7KLV� ZLOO� QRUPDOO\� JLYH� DQ� RSWLPDO� VWUDWHJ\
ZKLFK�UHTXLUHV�DQ�HDUOLHU�QH[W�PDLQWHQDQFH�UHIXUELVKPHQW�DFWLRQ�

4.  :KHQ�WKH�H[SHFWDWLRQV�FRQFHUQLQJ�WKH�ORQJ�WHUP�HQHUJ\�SULFH�FKDQJHV�

5.  )RU� HGXFDWLRQDO� SXUSRVHV� WR� OHDUQ� PDLQWHQDQFH� HQJLQHHUV� DQG� HFRQRPLVWV� WR� VHH� WKH
FRQQHFWLRQV� EHWZHHQ� HFRQRP\� DQG� WHFKQRORJ\� LQ� PDLQWHQDQFH�UHIXUELVKPHQW� GHFLVLRQ
PDNLQJ��7KLV�V\VWHP�ZLOO�EH�TXLWH�HDV\�WR�XVH�DQG� LV�SUREDEO\�D�JRRG�ZD\�RI� OHDUQLQJ�WKHVH
UHODWLRQV�
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,Q� WKLV� VHFWLRQ�ZH�JLYH�D�EULHI�GHVFULSWLRQ�RI� WKH�RSWLPLVDWLRQ�PRGHO�FRQFHSW�� � )LUVW�ZH�JLYH� D
GHVFULSWLRQ�RI�WKH�V\VWHP�VWUXFWXUH��DQG�WKHQ�ZH�JLYH�D�IHZ�FRPPHQWV�DERXW�WKH�PRGHO�

2YHUDOO�SURJUDP�VWUXFWXUH�

)LJXUH���JLYHV�D�EULHI�RYHUYLHZ�RI�WKH�GDWD�V\VWHP��ZKLFK�ZLOO�EH�LPSOHPHQWHG�

Basic technology
specification

State of system
Maintenance cost and

downtime

Expected development
in efficiency and

failure rates

Modell for optimal maintenance/refurbishment strategy

Market assumptions

Evaluate results

Monitoring
condition

Results
(table / graph)

Change technical
parameters  ?

Change market
parameters ?

Write report

Optional description
of new system

)LJXUH����2YHUDOO�SURJUDP�VWUXFWXUH

7KH� ILJXUH� LV� D� IORZ� GLDJUDP� IRU� WKH� V\VWHP� DQG� JLYHV� DQ� LQGLFDWLRQ� RI� WKH� ZD\� WR� XVH� LW� IRU
GHFLVLRQ�PDNLQJ��E\�DOVR�GRLQJ�VHQVLWLYLW\�DQDO\VLV�IRU�FULWLFDO�SDUDPHWHUV�
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VWUDWHJ\���,W�LV�D�QRUPDO�FRVW�PLQLPLVDWLRQ�PRGHO�EDVHG�RQ�WKH�LQSXW�GDWD�IURP�WKH�ER[HV�OHDGLQJ
LQWR�LW��$�VLPSOLILFDWLRQ�RI�WKH�PRGHO�ORRNV�OLNH�WKLV�
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GXULQJ�WKLV�SURMHFW�
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0RGHOOLQJ�IDLOXUH�GHQVLW\�IXQFWLRQV�

:H�ZLOO�SULPDULO\�DSSO\� WKH�VWDQGDUG�H[SRQHQWLDO�GLVWULEXWLRQ�WR�GHVFULEH�VWRFKDVWLF� IDLOXUH��DQG
WKH�:HLEXOO�GLVWULEXWLRQ�WR�GHVFULEH�WKH�ULVN�RI�IDLOXUH�LQ�FRPSRQHQWV�ZLWK�D�UHGXFHG�UHOLDELOLW\�DV
D�IXQFWLRQ�RI�DJH�

([SRQHQWLDO� ( )I W H W= ⋅ −λ λ

:HLEXOO� ( )I W W H W= ⋅ ⋅− −αβ β α β1

7KH�SDUDPHWHUV� LQ� WKHVH�GLVWULEXWLRQV� LV�H[SODLQHG� LQ�VWDQGDUG�ERRNV�RI� VWDWLVWLFV�� �:H�ZLOO� DOVR
DSSO\�WKH�PRGHO�LQ�FRPELQDWLRQ�ZLWK�HPSLULFDO�GLVWULEXWLRQV��JHQHUDWHG�IURP�VWDWLVWLFDO�GDWDEDVHV�

,PSDFW�RI�JURVV�KHDG�YDULDWLRQV�

,W� LV�NQRZQ�WKDW�YDULDWLRQV�LQ�WKH�JURVV�KHDG�GXH�WR�VHDVRQDO�K\GURORJLFDO� IOXFWXDWLRQV�ZLOO�KDYH
LPSDFW�RQ�WKH�EHVW�RSHUDWLRQDO�SRLQW��HIILFLHQF\�OHYHO�DQG�WKHUHE\�RQ�WKH�RSWLPDO�UHIXUELVKPHQW
GHFLVLRQV�������,Q�WKH�PRGHOV�GHYHORSHG�VR�IDU��WKLV�LV�QRW�WDNHQ�LQWR�DFFRXQW���2XU�DPELWLRQ�LV�WR
PDNH�LW�DQ�RSWLRQ�WR�LQWHJUDWH�H[SHFWHG�IOXFWXDWLRQV�LQ�WKH�KHDG�DV�LQSXW�WR�WKH�FDOFXODWLRQV���7KH
FKDQJHV�QHHGHG�LQ�WKH�PRGHO�WR�LPSOHPHQW�WKLV��LV�QRW�ILQLVKHG�\HW�
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7KH�SURJUDP�V\VWHP�LV�D�VWDQG�DORQH�PRGXOH�VXLWDEOH�IRU�FRGLQJ�LQ�WKH�&���ODQJXDJH��7KH�UHDVRQ
WKDW� WKH� &��� ODQJXDJH� LV� UHFRPPHQGHG�� LV� WKDW� ZH� DOUHDG\� KDYH� D� SURWRW\SH� ZULWWHQ� LQ� WKLV
ODQJXDJH��7KH�GLDORJXH� LV� WR�EH� LPSOHPHQWHG�ZLWK�0LFURVRIW�9LVXDO�&���DV� D�:LQGRZV���17�
DSSOLFDWLRQ�

$OO�GDWD�LQWR�DQG�RXW�RI�WKH�PRGXOH�DUH�VR�IDU�DVVXPHG�WR�EH�KHOG�LQ�VWDQGDUG�ELQDU\�L�R�IRUPDW�LQ
&�����$Q�LQWHJUDWLRQ�LQWR�DQ\�VSHFLILF�GDWDEDVH�V\VWHP�VKRXOG�WKHUHIRUH�EH�YHU\�HDV\�

7KH� GLDORJXH�ZLOO� EH� GHVLJQHG� WR� JLYH� WKH� RSHUDWRU� DQ� LQWXLWLYH� UHFRJQLWLRQ� RI� WKH� XQGHUO\LQJ
WHFKQLFDO�V\VWHP���)RU�WKH�XVHU�WR�JDLQ�FRQILGHQFH�LQ�D�V\VWHP��WKLV�LV�D�YHU\�LPSRUWDQW�LVVXH�

���� 6<67(0�,17(5)$&(

7KLV�V\VWHP�LV�QRW�GHSHQGHQW�RI�RWKHU�GDWD�V\VWHPV��EXW�LW�ZLOO�EH�XVHIXO�WR�LQWHJUDWH�VRPH�RI�WKH
IXQFWLRQV� ZLWK� DYDLODEOH� GDWDEDVHV�� $Q� H[DPSOH� RI� WKLV� LV� HVWLPDWLRQ� RI� IDLOXUH� UDWHV� WR� DQ
XQGHUO\LQJ�GDWDEDVH�ZLWK�UHOHYDQW�VWDWLVWLFV���5HI��3URMHFW�$���3URFXUH�0DLQWHQDQFH�+LVWRU\�DQG
6WDWLVWLFV��

�� (5525�0$1$*(0(17

$�JHQHUDO�UXOH�LV�WKDW�DOO�LQSXW�GDWD�VKRXOG�EH�VXEMHFW�WR�TXDOLW\�FKHFNLQJ�EHIRUH�WKH\�DUH�HQWHUHG
LQWR�WKH�PRGHO��7KH�PRGHO�LQ�LWVHOI�LV�YHU\�UHOLDEOH��DQG�LW�FDOFXODWHV�WKH�RSWLPDO�VROXWLRQ�EDVHG�RQ
WKH�LQSXW��7KH�SUREOHP�LV�WKHUHIRUH�WKH�LQLWLDO�HYDOXDWLRQ�RI�WKH�XQFHUWDLQ�SDUDPHWHUV��7R�SUHYHQW
�ZURQJ�� LQSXW�� LW� LV� QHFHVVDU\� WR� SUHSDUH� D� �8VHUV� *XLGH��� ZLWK� H[DPSOHV� RI� KRZ� WR� XVH� WKH
V\VWHP�LQ�D�SURSHU�ZD\�

,I� WKHUH� LV� GDWD�PLVVLQJ� LQ� WKH� XQGHUO\LQJ� GDWDEDVH�� WKHUH�ZLOO� EH� SURPSWHG� D�PHVVDJH� RQ� WKH
VFUHHQ��DQG�SURGXFHG�DQ�HUURU�ILOH�WR�GRFXPHQW�WKHVH�SUREOHPV�
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IRU�QHJDWLYLW\�DQG�]HUR�LQ�WKH�FHQWUDO�SDUDPHWHUV�ZKLFK�UHTXLUH�SRVLWLYH�QXPEHUV�WR�PDNH�VHQVH�

,W�LV�SRVVLEOH�WKDW�ZH�ZLOO�OLPLW�WKH�QXPEHU�RI�WXUELQHV�LQ�SDUDOOHO�WR�1��,Q�WKH�SURWRW\SH�1�HTXDOV
���$W�SUHVHQW�ZH�ZLOO�DOVR�OLPLW�WKH�V\VWHP�WR�RQH�K\GURSRZHU�SODQW��$W�D�ODWHU�VWDJH�LW�PLJKW�EH
SRVVLEOH�WR�H[WHQG�WKH�V\VWHP�WR�VLPXOWDQHRXVO\�JHQHUDWH�PDLQWHQDQFH��UHIXUELVKPHQW�SODQV�IRU
GLIIHUHQW�SODQWV�RZQHG�E\�WKH�VDPH�FRPSDQ\�

$W�WKLV�SRLQW��ZH�GR�QRW�GLVFXVV�FRPSOLFDWLRQV�UHJDUGLQJ�FRQWUDFWV�RI�SRZHU�GHOLYHU\�DQG�VDIHW\
DVSHFWV�RI�UXQQLQJ�WKH�K\GURSRZHU�V\VWHP��7KHVH�DVSHFWV�ZLOO�PDNH�WKH�PRGHOOLQJ�RI�DQ�RSWLPDO
PDLQWHQDQFH�DFWLYLW\�VRPHZKDW�PRUH�FRPSOH[��DQG�LV�DW�SUHVHQW�QRW� LQFOXGHG�DV�UHVWULFWLRQV� LQ
WKH�PRGHO�

7KH�VWDWH�RI�WKH�SHQVWRFN�V\VWHP�DQG�WKH�JHQHUDWRU�ZLOO�DOVR�LQIOXHQFH�WKH�UHIXUELVKPHQW�GHFLVLRQ
IRU� WKH� WXUELQH�� VLQFH� WKHVH� DUH� GHSHQGHQW� RI� HDFK� RWKHU�� 7KLV� GHSHQGHQFH� ZLOO� LQLWLDOO\� EH
PRGHOOHG�TXLWH�URXJKO\��EXW�WR�EHJLQ�ZLWK�WKH�SXUSRVH�RI�WKLV�RSWLRQ�LV�WR�UHYHDO�WKH�SULQFLSOHV�RI
D� FRUUHFW� PDLQWHQDQFH� VWUDWHJ\�� ZLWK� EDVLV� LQ� PHDVXUHG� DQG� H[SHFWHG� GHYHORSPHQW� LQ
WXUELQH�SHQVWRFN�HIILFLHQF\�DQG�HYDOXDWLRQ�RI�IDLOXUH�SUREDELOLWLHV�IRU�WKH�WXUELQH�DQG�JHQHUDWRU�

��� +$5':$5(�$1'�62)7:$5(�5(48,5(0(176

7KLV�PRGHO�ZLOO�SULPDULO\�EH� LPSOHPHQWHG� IRU�3&�ZLWK�D� UHTXLUHPHQW�RI�KDYLQJ�:LQGRZV���RU
:LQGRZV� 17� LQVWDOOHG�� 7KH� KDUGZDUH� UHTXLUHPHQWV� IRU� WKLV� V\VWHP� LV� JLYHQ� E\� WKH� KDUGZDUH
UHTXLUHG�ZKHQ�XVLQJ�:LQGRZV�����:LQGRZV�17�

)RU�JRRG�V\VWHP�SHUIRUPDQFH��D�3HQWLXP�3&�LV�UHFRPPHQGHG�
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��� 7(67�3/$1

7KH�SXUSRVH�RI�WKH�WHVW�LV�WR�DVVXUH�WKDW�WKH�V\VWHP�WR�EH�GHYHORSHG�ZLOO�EHQHILW�WKH�SURFHVV�RI
PDNLQJ�EHWWHU�PDLQWHQDQFH� DQG� UHIXUELVKPHQW� GHFLVLRQV� LQ� D� K\GURSRZHU� SODQW�� � 7KH� WHVW�ZLOO
SULPDULO\�EH�SHUIRUPHG�E\�DSSO\LQJ�WKH�V\VWHP�RQ�WKH�WZR�SODQWV��ZKLFK�LV�FKRVHQ�IRU�WHVW�VLWHV�RI
5(0$)(;�� �)UDQFH�&RYDV� LQ� 3RUWXJDO� DQG� 6DOWR� GH� 6RXWHOR� LQ� 6SDLQ��� ,Q� DGGLWLRQ� 6WDWNUDIW� ZLOO
HYDOXDWH�WKH�V\VWHP�EHLQJ�GHYHORSHG��DQG�KDYH�D�UROH�DV�WHVWHUV��DGYLVRUV�DQG�DFWLYH�GLVFXVVLRQ
SDUWQHUV�GXULQJ�WKH�SURMHFW�

7HVWLQJ�LV�D�SDUW�RI�WKH�TXDOLW\�SURFHVV��DQG�LW�VKRXOG�KDYH�IRFXV�ERWK�RQ����WKH�WHFKQLFDO�TXDOLW\
RI� WKH� FRPSXWHU� V\VWHP�� ��� WKH�TXDOLW\� RI� WKH� FDOFXODWLRQV� SHUIRUPHG� E\� WKH�PRGHO�� DQG� ��� WKH
TXDOLW\�RI�WKH�V\VWHP�DV�D�SDUW�RI�WKH�RYHUDOO�PDLQWHQDQFH�SURFHVV�LQ�WKH�K\GURSRZHU�FRPSDQ\�

1)  7KH� WHFKQLFDO� TXDOLW\� RI� WKH� FRPSXWHU� V\VWHP� LV� WR� EH� FRPSDUHG� ZLWK� WKH� VWDQGDUGV� RI
:LQGRZV���:LQGRZV17�� 7KH� TXDOLW\� RI� WKH� V\VWHP� LQWHUIDFH� VKRXOG� EH� PHDVXUHG� E\� WKLV
VWDQGDUG�� EXW� LV� WR� VRPH� H[WHQW� D� VXEMHFWLYH� PDWWHU�� ,Q� DGGLWLRQ� WKH� VRIWZDUH� PXVW� EH
HYDOXDWHG� DFFRUGLQJ� WR� DYDLODELOLW\� RI� RQVFUHHQ� KHOS�IXQFWLRQV� DQG� JHQHUDO� V\VWHP
GRFXPHQWDWLRQ��7KLV�HYDOXDWLRQ�FDQ�EH�GRQH�E\�DQ\�XVHU�RU�H[SHULHQFHG�GHYHORSHU�

2)  7KH�TXDOLW\�RI�WKH�FDOFXODWLRQV�LV�WKH�PDLQ�SDUW�RI�WKH�V\VWHP��DQG�LV�D�V\QWKHVLV�RI�HFRQRP\
DQG� WHFKQRORJ\�� 7KH� HFRQRPLF� FDOFXODWLRQV� ZLOO� EH� WHVWHG� DQG� YHULILHG� E\� UHVHDUFKHUV� DW
6,17()� ,QGXVWULDO�0DQDJHPHQW� �� $SSOLHG� (FRQRPLFV�� 7KH� WHFKQRORJ\� VSHFLILFDWLRQV� ZLOO� EH
YHULILHG�DQG�WHVWHG�E\�(),��.Y�UQHU�(QHUJ\�DQG�6WDWNUDIW��7KH�PDLQ�WHVW�IRU�WKLV�SDUW��KRZHYHU
LV� WKH� �RQ� VLWH�� WHVWV�� DQG� WR� ZKDW� H[WHQW� WKH� UHVXOWV� IURP� WKH� FDOFXODWLRQV� LV� DFFHSWHG� DV
UHOLDEOH�DQG�UHOHYDQW�

3)  7KH�TXDOLW\� RI� WKH� V\VWHP�DV� D� SDUW� RI� WKH�RYHUDOO�PDLQWHQDQFH�SURFHVV� LV�PD\EH� WKH�PRVW
GLIILFXOW��EXW�PRVW�LPSRUWDQW�SDUW�RI�LW���7KH�TXHVWLRQ�LV�KRZ�WKLV�V\VWHP�LV�IXQFWLRQLQJ�DV�D�SDUW
RI� WKH� WRWDO� PDLQWHQDQFH� VWUDWHJ\� LQ� WKH� SRZHU� SODQW�� 7KLV� LV� D� TXDOLWDWLYH� WHVW�� ZKLFK� ZLOO
UHTXLUH�WKH�PDLQWHQDQFH�DQDO\VW�WR�EH�HGXFDWHG�LQ�WKH�5(0$)(;�FRQFHSW��7HVWLQJ�WKLV�SDUW�LV
D� JHQHUDO� SDUW� RI� WKH� 5(0$)(;� SURMHFW�� EXW� VRPH� V\VWHPV� ZLOO� SUREDEO\� ZRUN� EHWWHU� WKDQ
RWKHUV�� 7KLV�ZLOO� DOVR� YDU\� IURP� RQH� VLWH� WR� DQRWKHU�� GHSHQGLQJ� RQ� LQWHUHVW� DQG� VNLOO� RI� WKH
DQDO\VW�

$V�PHQWLRQHG� HDUOLHU��ZH� KDYH� DOUHDG\� GHYHORSHG� D� SURWRW\SH�ZKLFK� UXQV� RQ� 3&� �'26��ZLWK
PDQXDO� LQSXW� RI� GDWD�� 7KH� PDLQ� PRGHO� LV� LPSOHPHQWHG� WKHUH�� DQG� LW� KDV� EHHQ� XVHG� IRU
HGXFDWLRQDO� SXUSRVHV� DW� VHPLQDUV� KHOG� E\� WKH� 1RUZHJLDQ� (OHFWULFLW\� )HGHUDWLRQ� �(Q)2��� 7KH
FRQFHSW�KDV� DOVR�EHHQ�HYDOXDWHG�E\�6WDWNUDIW�� 7KLV� WHVWLQJ� UHYHDOHG� WKH�QHHG�RI�PRGLI\LQJ� WKH
SURWRW\SH�PRGHO�
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'HWDLOHG� VSHFLILFDWLRQ� RI� DOJRULWKPV� DQG� VRIWZDUH� VXE�PRGXOHV� ZLOO� EH� GHYHORSHG� GXULQJ� WKH
SURMHFW��DQG�LV�DW�WKLV�SRLQW�SUHOLPLQDU\��7KH�UHIHUHQFH�DUWLFOHV�����DQG�����JLYHV�DQ�LQWURGXFWRU\
RYHUYLHZ�RYHU�WKH�GHWDLOV�LQ�WKH�V\VWHP�

5()(5(1&(6

��� )��5�PR��0�:�/XQG��6,17()���7�.�1LHOVHQ��+�+XODDV��.Y�UQHU��
�+LJK�KHDG�)UDQFLV�WXUELQHV���RSWLPDO�UHIXUELVKLQJ�WLPH�
3DSHU�SUHVHQWHG�DW�WKH�FRQIHUHQFH��8SUDWLQJ�	�UHIXUELVKLQJ�K\GUR�SRZHUSODQWV��
LQ�1LFH��)UDQFH��&RQIHUHQFH�3URFHHGLQJV��9RO�,,,������

��� $�2��(JJHQ��%�,��/DQJGDO��)��5�PR��7�.��1LHOVHQ��0��/DXOR�
�%HVOXWQLQJVVW�WWHV\VWHPHU�IRU�YHGOLNHKROGVSODQOHJJLQJ
0RGHOO�DY�YDQQYHL��WXUELQ�RJ�JHQHUDWRU��������
�,Q�1RUZHJLDQ�

��� )�2�5DVPXVVHQ�
�+\GUDXOLVN�RSWLPDO�GULIW�DY�YDQQNUDIWV\VWHPHU��������
�+\GUDXOLF�RSWLPDO�RSHUDWLRQ�RI�K\GURSRZHU�V\VWHPV�
�,Q�1RUZHJLDQ���67)���$������
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,WHP +\GUDXOLF�VWULQJ��WXUELQH�DQG�JHQHUDWRU

'RPDLQ 5HIXUELVKPHQW�0DLQWHQDQFH�SODQQLQJ

8VHU�1HHG 7R�JHQHUDWH�RSWLPDO�UHIXUELVKPHQW�SODQV

)XQFWLRQ 2SWLPDO�PDLQWHQDQFH�LQWHUYDO�IRU�K\GUDXOLF�VWULQJ��WXUELQH�DQG�JHQHUDWRU

1R� 6\VWHP 6XEV\VWHP 3DUDPHWHU 6WDWH 7\SH 8QLW�RI
PHDVXUH

5DQJH $ODUP
YDOXH

7ULS
YDOXH

5HPDUNV 'DWD�ODEHO

�� 3RZHU
VWDWLRQ

1XPEHU�RI�SDUDOOHOV
LQ�SRZHU�VWDWLRQ

Numeric Site dependent
1 = [1, 8]

None configured,
Remafex DB

_PS_#NUMP

�� 3RZHU
VWDWLRQ

7\SH�RI�SURGXFWLRQ Numeric Site depend.
(Magazine=0/
River=1)

None configured,
Remafex DB

_PS_#TYPE

�� 3RZHU
VWDWLRQ

0D[LPXP�9ROXPH
IORZ

Numeric m3/s [0, Qimax] None configured,
Remafex DB

_PS_#MFLW

�� 3RZHU
VWDWLRQ

*URVV�KHDG Numeric m >0 None acquired, _PS_#GHED

�� +\GUDXOLF
VWULQJ

7XQQHO /HQJWK Numeric m >0 None configured,
Remafex DB

_HY_TL_#LENG

�� +\GUDXOLF
VWULQJ

7XQQHO &URVV�VHFWLRQ�DUHD Numeric m2 >0 None configured,
Remafex DB

_HY_TL_#CSEC

�� +\GUDXOLF
VWULQJ

7XQQHO 0DQQLQJ�1XPEHU Numeric >0
[20, 50]

None configured,
Remafex DB

_HY_TL_#MANN

�� +\GUDXOLF
VWULQJ

3HQVWRFN /HQJWK Numeric m >0 None configured,
Remafex DB

_HY_PE_#LENG

�� +\GUDXOLF
VWULQJ

3HQVWRFN 'LDPHWHU Numeric m >0 none configured,
Remafex DB

_HY_PE_#DIAM

��� +\GUR�
HOHFWULF�VHW

7XUELQH 7\SH Numeric (0=Pelton/1=Kaplan
/2=Francis)

none configured,
Remafex DB

_HS_TU_#TYPE

��� +\GUR�
HOHFWULF�VHW

7XUELQH 3RZHU�RXWSXW�DW
PD[�HIILFLHQF\

Numeric MW >0 none configured, N data
Remafex DB

_HS_TU_#PMEF

��� +\GUR�
HOHFWULF�VHW

7XUELQH 0D[LPXP�SRZHU
RXWSXW

Numeric MW  >0 none configured, N data
Remafex DB

_HS_TU_#PMAX
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��� +\GUR�
HOHFWULF�VHW

7XUELQH (IILFLHQF\�DV
IXQFWLRQ�RI�SRZHU

Numeric % >0 none calculated, N series,
Remafex DB

_HS_TU_#EPOW

��� +\GUR�
HOHFWULF�VHW

*HQHUDWRU 7\SH char none configured,
Remafex DB

_HS_GE_#TYPE

��� +\GUR�
HOHFWULF�VHW

*HQHUDWRU (IILFLHQF\ Numeric % >0 none configured, N data
Remafex DB

_HS_GE_#EFF

��� +\GUDXOLF
VWULQJ

3HQVWRFN 0HDVXUHG�K\GUDXOLF
HIILFLHQF\�OHYHO

Numeric % >0 none (Based on 17 or
18) configured

_HY_PE_#MEFF

��� +\GUDXOLF
VWULQJ

3HQVWRFN +HDG�ORVV
GHYHORSPHQW

Numeric m >0 none acquired, time
series, Remafex DB

_HY_PE_#MHLO

��� +\GUDXOLF
VWULQJ

3HQVWRFN 5RXJKQHVV
PHDVXUHPHQWV

Numeric mm >0 none acquired, time
series, Remafex DB

_HY_PE_#MROU

��� +\GUR�
HOHFWULF�VHW

7XUELQH 0HDVXUHG�K\GUDXOLF
HIILFLHQF\

Numeric % >0 none acquired, N time
series, Remafex DB

_HS_TU_#MHEF

��� +\GUR�
HOHFWULF�VHW

7XUELQH 0HDVXUHG�LQWHUQDO
OHDNV

Numeric m3/s [0,->) none acquired, N time
series, Remafex DB

_HS_TU_#MILE

��� +\GURHO�VHW *HQHUDWRU 0RQLWRULQJ�VWUDWHJ\ char (PDA/ tanδ/ A/ B) none configured _HS_GE_#STRM

��� +\GUR�
HOHFWULF�VHW

*HQHUDWRU 0HDVXUH�GLVFKDUJH
IURP�ZLQGLQJV

numeric pC [0,->) none acquired, N time
series, Remafex DB

_HS_GE_#MDSC

���D +\GUDXOLF
VWULQJ

3HQVWRFN ([SHFW��URXJKQHVV
GHYHORSPHQW

Numeric mm [0,->) none assumptions about
future development

_HY_PE_#EREF

���E +\GUR�
HOHFWULF�VHW

7XUELQH ([SHFWHG�K\GUDXOLF
HIILFLHQF\�GHYHORS�

Numeric % [0,->) none assumptions about
future development

_HS_TU_#EHEF

��� +\GUR�
HOHFWULF�VHW

7XUELQH ([SHFWHG�LQWHUQDO
OHDNV�GHYHORS�

Numeric m3/s [0,->) none assumptions about
future development

_HS_TU_#EILE

��� +\GUR�
HOHFWULF�VHW

*HQHUDWRU ([SHFWHG�GLVFKDUJH
IURP�ZLQGLQJV

numeric pC [0,->) none assumptions about
future development

_HS_GE_#EDSC

��� +\GUR�
HOHFWULF�VHW

7XUELQH )DLOXUH�GHQVLW\ Numeric
x3

Contains up to 3
unrestr.  param.

none tuned (acquired) _HS_TU_#FAIL

��� +\GUR�
HOHFWULF�VHW

*HQHUDWRU )DLOXUH�GHQVLW\ Numeric
x3

---«--- none tuned (acquired) _HS_GE_#FAIL

��� +\GUR�
HOHFWULF�VHW

7XUELQH�
*HQHUDWRU

)DLOXUH�GHQVLW\ Numeric
x3

---«--- none tuned (acquired)
(failure density for
components)

_HS_#COMFAIL

��� +\GUDXOLF
VWULQJ

3HQVWRFN ,QYHVWPHQW�DQG
ODERXU�SODQQHG

numeric currency [0,->) none configured,
Remafex DB

_HY_PE_#INVP

��� +\GUDXOLF
VWULQJ

3HQVWRFN ,QYHVWPHQW�DQG
ODERXU�FRUUHFWLYH

numeric currency [0,->) none configured,
Remafex DB

_HY_PE_#INVC
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��� +\GUDXOLF
VWULQJ

3HQVWRFN 'LVPRXQWLQJ�WLPH
IRU�XQLW

numeric hours [0,->) none configured,
Remafex DB

_HY_PE_#TDIS

��� +\GUDXOLF
VWULQJ

3HQVWRFN 'HOLYHU\�WLPH�IRU
XQLW

numeric hours [0,->) none configured,
Remafex DB

_HY_PE_#TDEL

��� +\GUDXOLF
VWULQJ

3HQVWRFN 0RXQWLQJ�WLPH�IRU
QHZ�XQLW

numeric hours [0,->) none configured,
Remafex DB

_HY_PE_#TMOU

��� +\GUR�
HOHFWULF�VHW

7XUELQH ,QYHVWPHQW�DQG
ODERXU�SODQQHG

numeric currency [0,->) none configured, N data,
Remafex DB

_HS_TU_#INVP

��� +\GUR�
HOHFWULF�VHW

7XUELQH ,QYHVWPHQW�DQG
ODERXU�FRUUHFWLYH

numeric currency [0,->) none configured, N data,
Remafex DB

_HS_TU_#INVC

��� +\GUR�
HOHFWULF�VHW

7XUELQH 'LVPRXQWLQJ�WLPH
IRU�XQLW

numeric hours [0,->) none configured, N data,
Remafex DB

_HS_TU_#TDIS

��� +\GUR�
HOHFWULF�VHW

7XUELQH 'HOLYHU\�WLPH�IRU
XQLW

numeric hours [0,->) none configured, N data,
Remafex DB

_HS_TU_#TDEL

��� +\GUR�
HOHFWULF�VHW

7XUELQH 0RXQWLQJ�WLPH�IRU
QHZ�XQLW

numeric hours [0,->) none configured, N data,
Remafex DB

_HS_TU_#TMOU

��� +\GUR�
HOHFWULF�VHW

*HQHUDWRU ,QYHVWPHQW�DQG
ODERXU�SODQQHG

numeric currency [0,->) none configured, N data,
Remafex DB

_HS_GE_#INVP

��� +\GUR�
HOHFWULF�VHW

*HQHUDWRU ,QYHVWPHQW�DQG
ODERXU�FRUUHFWLYH

numeric currency [0,->) none configured, N data,
Remafex DB

_HS_GE_#INVC

��� +\GUR�
HOHFWULF�VHW

*HQHUDWRU 'LVPRXQWLQJ�WLPH
IRU�XQLW

numeric hours [0,->) none configured, N data,
Remafex DB

_HS_GE_#TDIS

��� +\GUR�
HOHFWULF�VHW

*HQHUDWRU 'HOLYHU\�WLPH�IRU
XQLW

numeric hours [0,->) none configured, N data,
Remafex DB

_HS_GE_#TDEL

��� +\GUR�
HOHFWULF�VHW

*HQHUDWRU 0RXQWLQJ�WLPH�IRU
QHZ�XQLW

numeric Hours [0,->) none configured, N data,
Remafex DB

_HS_GE_#TMOU

��� +\GUR�
HOHFWULF�VHW

7XUELQH�
*HQHUDWRU

1XPEHU�RI
FRPSRQHQWV
GHILQHG

numeric 0 = (0,100) none Remafex DB,
(optional,export from
A3-function)

_HS_#COMNUM

���D +\GUR�
HOHFWULF�VHW

7XUELQH�
*HQHUDWRU

&RPSRQHQW�QDPH char Text label Max 30
characters for M
components

none Remafex DB,
(optional,export from
A3-function)

_HS_#COMNAME

���E +\GUR�
HOHFWULF�VHW

7XUELQH�
*HQHUDWRU

,QYHVWPHQW�DQG
ODERXU�SODQQHG

numeric Currency [0,->) none configured , M*N
data, Remafex DB,
(optional,export from
A3-function)

_HS_#COMINVP

��� +\GUR�
HOHFWULF�VHW

7XUELQH�
*HQHUDWRU

,QYHVWPHQW�DQG
ODERXU�FRUUHFWLYH

numeric Currency [0,->) none configured , M*N
data, Remafex DB,
(optional,export from

_HS_#COMINVC
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A3-function)
��� +\GUR�

HOHFWULF�VHW
7XUELQH�
*HQHUDWRU

'LVPRXQWLQJ�WLPH
IRU�XQLW

numeric Hours [0,->) none configured , M*N
data, Remafex DB,
(optional,export from
A3-function)

_HS_#COMTDIS

��� +\GUR�
HOHFWULF�VHW

7XUELQH�
*HQHUDWRU

'HOLYHU\�WLPH�IRU
XQLW

numeric hours [0,->) none configured , M*N
data, Remafex DB,
(optional,export from
A3-function)

_HS_#COMTDEL

��� +\GUR�
HOHFWULF�VHW

7XUELQH�
*HQHUDWRU

0RXQWLQJ�WLPH�IRU
QHZ�XQLW

numeric hours [0,->) none configured , M*N
data, Remafex DB,
(optional,export from
A3-function)

_HS_#COMTMOU

��� 3RZHU
VWDWLRQ

([SHFWHG�VHDVRQDO
SURGXFWLRQ�SODQ

numeric MW [0,->) none configured, time
series, Remafex DB,
Max 365 data

_PS_#PLNE

��� 3RZHU
VWDWLRQ

([SHFWHG�DOW�
3URGXFWLRQ�SODQ

numeric MW [0,->) none tuned data
(optional)

_PS_#PLNA

��� 3RZHU
VWDWLRQ

([SHFWHG�VHDVRQDO
YDULDWLRQ�LQ�JURVV
KHDG

numeric m [0,->) none configured, time
series, Remafex DB,
Max 365 data.
(optional)

_PS_#GHVR

��� ([WHUQDO 0DUNHW ([SHFWHG�SULFH
IOXFWXDWLRQV

numeric currency/
MWh

[0,->) none configured
(optional)

_EX_#PFLU

��� ([WHUQDO 0DUNHW /RQJ�WHUP�GHYHORS�
PHQW�PDUNHW�SULFH

numeric currency/
MWh

[0,->) none configured
(assumptions)

_EX_#PLTM

��� ([WHUQDO 0DUNHW ,QWHUHVW�UDWH numeric %/year [0,->) none configured,
Remafex DB

_EX_#RINT

��� ([WHUQDO 0DUNHW ,QIODWLRQ�UDWH numeric %/year [0,->) none configured,
Remafex DB
(optional)

_EX_#RINF

��� ([WHUQDO /HJLVODWLRQ &RPSDQ\�WD[�UDWH numeric % [0,->) none configured,
Remafex DB
(optional)

_EX_#CTAX
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