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$%675$&7�
7KLV� SDSHU� SURSRVHV� D� PHWKRGRORJ\� WR� GHYHORS� DQ�
XUEDQ� VFDOH� PRGHO� RI� HQHUJ\� XVH� RI� EXLOGLQJV�� 7KLV�
PHWKRGRORJ\� DGGUHVVHV� WKH� GLYHUVLW\� LQ� HQHUJ\� XVH�
WKURXJK� WZR� DSSURDFKHV�� FODVVLILFDWLRQ� RI� WKH�
EXLOGLQJ� VWRFN� DQG� DUFKHW\SH� PRGHOOLQJ�� VXSSRUWHG�
E\� %D\HVLDQ� FDOLEUDWLRQ�� 7KH� %D\HVLDQ� DSSURDFK�
DOORZV�TXDQWLILFDWLRQ�RI�XQFHUWDLQWLHV� LQ�PRGHO� LQSXW�
SDUDPHWHUV��:H�GHVLJQHG�D�KLHUDUFKLFDO�FDOLEUDWLRQ�VR�
WKDW� XQFHUWDLQ� LQSXW�PRGHO� SDUDPHWHUV� DUH� FDOLEUDWHG�
IRU� GLIIHUHQW� WLPH� UHVROXWLRQV� RI� DQDO\VLV�� :H�
YDOLGDWHG� WKH� FDOLEUDWLRQ� SURFHVV� E\� DSSO\LQJ� LW� WR� D�
IRRG�VXSHUPDUNHW�EXLOGLQJ�VWRFN�LQ�D�UHJLRQ�DV�D�FDVH�
VWXG\��7KH�UHVXOWV�JHQHUDOO\�VKRZHG�WKDW�WKH�SURSRVHG�
DSSURDFK� HQDEOHV� XUEDQ� VFDOH� PRGHOV� WR� WDNH� LQWR�
DFFRXQW� QRW� RQO\� WKH� RYHUDOO� FKDUDFWHULVWLFV� RI� WKH�
EXLOGLQJ� VWRFN� UHSUHVHQWHG� E\� DQQXDO� HQHUJ\�
FRQVXPSWLRQ�EXW�DOVR�WKH�LQIOXHQFH�RI�PHWHRURORJLFDO�
FRQGLWLRQV� VKRZQ� LQ� WKH� YDULDWLRQ� RI� ZHHNO\� HQHUJ\�
FRQVXPSWLRQ���

,1752'8&7,21�
7KHUH�DUH�D�QXPEHU�RI�XUEDQ�VFDOH�PRGHOV�GHYHORSHG�
LQ� UHFHQW� \HDUV� IRU� HVWLPDWLQJ� WKH� HQHUJ\� XVH� RI�
EXLOGLQJ� VWRFNV�� 7KH� PRVW� FRPPRQO\� XVHG�
PHWKRGRORJ\�IRU�XUEDQ�VFDOH�PRGHOOLQJ�DUH�DUFKHW\SH�
HQJLQHHULQJ�PRGHOV��GLVFXVVHG�LQ�6ZDQ�HW�DO����������
7KH� SURFHGXUH� RI�PRGHO� GHYHORSPHQW� LV� DV� IROORZV��
��� WKH� EXLOGLQJ� VWRFN� LV� GLYLGHG� LQWR� VHYHUDO� VWRFN�
FDWHJRULHV� DFFRUGLQJ� WR� WKH� EXLOGLQJ� FKDUDFWHULVWLFV�

DQG� LQWHUQDO� DFWLYLWLHV�� ��� $Q� DUFKHW\SH� PRGHO��
UHSUHVHQWDWLYH� RI� D� SDUWLFXODU� EXLOGLQJ� FDWHJRU\�� LV�
GHYHORSHG�����7KH�XQLW�HQHUJ\�FRQVXPSWLRQ��(8,��IRU�
HDFK� FDWHJRU\� LV� TXDQWLILHG� E\� SHUIRUPLQJ� EXLOGLQJ�
SHUIRUPDQFH� VLPXODWLRQ� XVLQJ� WKH� DUFKHW\SHV� DV�
LQSXW�� DQG� ��� 7KH� WRWDO� HQHUJ\� FRQVXPSWLRQ� LV�
TXDQWLILHG� E\� PXOWLSO\LQJ� WKH� XQLW� HQHUJ\�
FRQVXPSWLRQ� E\� WKH� QXPEHU� RI� XQLWV� LQ� HDFK� VWRFN�
FDWHJRU\�� 7KH� DUFKHW\SH� VLPXODWLRQ� SURFHVV� WKXV�
HQDEOHV� WKH� LGHQWLILFDWLRQ�RI� NH\� IDFWRUV�GHWHUPLQLQJ�
WKH�HQHUJ\�XVH�LQ�HDFK�VWRFN�FDWHJRU\��
7KH� PDLQ� VKRUWFRPLQJV� RI� WKH� DUFKHW\SH� DSSURDFK�
FDQ� EH� LOOXVWUDWHG� WKURXJK� WKH� IROORZLQJ� H[DPSOH��
)LJXUH� �� VKRZV� WKH� FXPXODWLYH� IUHTXHQF\� RI� WRWDO�
IORRU�DUHD�DQG�HQHUJ\�XVH�LQWHQVLW\��(8,��RI�-DSDQHVH�
UHWDLO� IDFLOLWLHV� �<DPDJXFKL� HW� DO�� ������� � ,W� FDQ� EH�
VHHQ� WKDW� WKH� (8,� DQG� WRWDO� IORRU� DUHD� DUH� ZLGHO\�
GLVWULEXWHG� �D� ORJDULWKPLF� VFDOH� LV� XVHG� LQ�)LJXUH�����
1R�VLQJOH�DUFKHW\SH�PRGHO�FDQ� UHDVRQDEO\� UHSUHVHQW�
WKLV� ZLGH� GLVWULEXWLRQ�� ,QGHHG�� IXUWKHU� VXE�
FODVVLILFDWLRQV�RI�EXLOGLQJV�EHFRPH�QHFHVVDU\�DV�WKH\�
FDQ� FRQVLGHUDEO\� UHGXFH� WKH� ODUJH� VSUHDGV� LQ� HQHUJ\�
XVH�� )RU� D� SDUWLFXODU� VXE�FDWHJRU\� RI� EXLOGLQJ�� D�
SUREDELOLVWLF�HQHUJ\�PRGHO�FDQ�EH�XVHG�WR�HIIHFWLYHO\�
LQFRUSRUDWH�WKH�UHPDLQLQJ�YDULDELOLW\�LQ�WKH�(8,��
7KLV�SDSHU�IRFXVHV�RQ�DGGUHVVLQJ�KRZ�WR�LQFRUSRUDWH�
ZLWKLQ�HQHUJ\�DQDO\VLV� WKLV�YDULDELOLW\�RI�(8,�ZLWKLQ�
D� EXLOGLQJ� VWRFN� FDWHJRU\� LQ� XUEDQ� VFDOH� HQHUJ\�
PRGHOOLQJ�� ZKLOH� 0DWVXRND� HW� DO�� ������� DGGUHVVHV�
WKH�VXE�FODVVLILFDWLRQ�RI�-DSDQHVH�UHWDLO�IDFLOLWLHV���

�
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7KH�YDULDELOLW\�LQ�(8,�LV�GXH�WR�D�QXPEHU�RI�IDFWRUV��
$� SUREDELOLVWLF� DSSURDFK�� ZKLFK� JLYHV� LQSXW�
SDUDPHWHUV� DV� VWDWLVWLFDO� GLVWULEXWLRQV� DQG� ZKLFK�
JHQHUDWHV� D� ODUJH� QXPEHU� RI� VLPXODWLRQ� RXWSXWV� E\�
VDPSOLQJ�IURP�WKHVH�VWDWLVWLFDO�GLVWULEXWLRQV��LV�XVHIXO�
WR� WDNH� LQWR� DFFRXQW� WKH� YDULHW\� LQ� (8,�� +RZHYHU��
GLVWULEXWLRQV� RI� LQSXW� SDUDPHWHUV� DUH� XVXDOO\�
XQNQRZQ��+HR�HW� DO�� ������� DQG�%RRWK� HW� DO�� �������
SUHVHQWHG� D� %D\HVLDQ� FDOLEUDWLRQ� PHWKRGRORJ\� WKDW�
GHYHORSV� FDOLEUDWHG� GLVWULEXWLRQV� IRU� XQFHUWDLQ� LQSXW�
SDUDPHWHUV� VR� WKDW� WKH� GLVWULEXWLRQ� RI� VLPXODWLRQ�
RXWSXWV� UHIOHFWV� WKH�DFWXDO�HQHUJ\�FRQVXPSWLRQ� IRU�D�
JLYHQ� VDPSOH� RI� EXLOGLQJV�� 7KLV� FDOLEUDWLRQ� SURFHVV�
FRPELQHV����VHQVLWLYLW\�DQDO\VLV�WR�VHOHFW�WKRVH�PRGHO�
SDUDPHWHUV� ZKRVH� XQFHUWDLQW\� KDV� D� VLJQLILFDQW�
LQIOXHQFH� RQ� VLPXODWLRQ� RXWSXWV� DQG� ��� D� %D\HVLDQ�
FDOLEUDWLRQ� PHWKRG� WR� TXDQWLI\� XQFHUWDLQWLHV� IRU�
VHOHFWHG� LPSRUWDQW� XQFHUWDLQ� SDUDPHWHUV�� 6HQVLWLYLW\�
DQDO\VLV�LV�LPSRUWDQW�WR�VHOHFW�D�OLPLWHG�QXPEHU�RI�WKH�
PRVW� LPSRUWDQW� XQFHUWDLQ� SDUDPHWHUV�� VLQFH� WKH�
%D\HVLDQ�FDOLEUDWLRQ�SURFHVV�FDQ�EH�FRPSXWDWLRQDOO\�
H[SHQVLYH���
7KHVH� SUHYLRXV� DSSOLFDWLRQV� RI� D� SUREDELOLVWLF�
DSSURDFK�VKRZHG�WKH�XVHIXOQHVV�RI� WKH�PHWKRGRORJ\�
WR� DGGUHVV� WKH� XQFHUWDLQW\� LQ� VLPXODWLRQ� RXWSXW��
+RZHYHU�� WKH\� DUH� RQO\� OLPLWHG� WR� FDOLEUDWLQJ� WKH�
PRGHO� SDUDPHWHUV� DJDLQVW� D� VLQJOH� UHVROXWLRQ� RI�
VLPXODWLRQ� RXWSXW�� PRQWKO\� HQHUJ\� FRQVXPSWLRQ��
+RZHYHU��XVXDOO\�D�QXPEHU�RI�VLPXODWLRQ�RXWSXWV�DUH�
DQDO\VHG� LQ� EXLOGLQJ� SHUIRUPDQFH� VLPXODWLRQ�� IRU�
H[DPSOH� ZHHNO\� HQHUJ\� FRQVXPSWLRQ� WR� FRQVLGHU�
VHDVRQDO�YDULDWLRQ�DQG�KRXUO\�HQHUJ\�FRQVXPSWLRQ�WR�
PRGHO� WKH� WLPH�VHULHV� FKDUDFWHULVWLFV� RI� HQHUJ\� XVH��
)XUWKHUPRUH�� WKH� HIIHFW� RI� XQFHUWDLQW\� LQ� � LQSXW�
SDUDPHWHUV� PD\� EH� GLIIHUHQW� DW� � GLIIHUHQW� WLPH�
UHVROXWLRQV�� )RU� H[DPSOH�� LI� WKH� RSHUDWLRQDO� WLPH� LV�
VLPSO\�PRYHG�D�IHZ�KRXUV�HDUOLHU��VLPXODWLRQ�UHVXOWV�
RI� KRXUO\� HQHUJ\� FRQVXPSWLRQ� FRQVLGHUDEO\� YDU\�

IURP� WKH� RULJLQDO�� EXW� DQQXDO� HQHUJ\� FRQVXPSWLRQ�
PLJKW� RQO\� EH� PRGHVWO\� GLIIHUHQW�� 6LPLODUO\�� ZKLOVW�
EXLOGLQJ� LQVXODWLRQ� SHUIRUPDQFH� PLJKW� KDYH� D� ODUJH�
LPSDFW�RQ� VHDVRQDO�YDULDWLRQ�� UHSUHVHQWHG�E\�ZHHNO\�
HQHUJ\� FRQVXPSWLRQ�� LWV� LQIOXHQFH� RQ� DQQXDO� HQHUJ\�
FRQVXPSWLRQ�PLJKW�EH�PRGHVW�LQ�PLOG�FOLPDWH�]RQHV�
GXH� WR� WKH� EDODQFLQJ� RI� HQHUJ\� FRQVXPSWLRQ� IRU�
KHDWLQJ�DQG�FRROLQJ���
�
7KH� FRQVLGHUDWLRQ� RI� WKLV� WLPH�UHVROXWLRQ� EULQJV�
IRUZDUG� LVVXHV� UHODWHG� WR� GDWD� DYDLODELOLW\�� DQG� WKH�
FDOLEUDWLRQ� SURFHVV� UHTXLUHV� FRPSDULQJ� VLPXODWLRQ�
RXWSXWV� ZLWK� DFWXDO� HQHUJ\� FRQVXPSWLRQ� XQGHU�
GLIIHUHQW�NQRZQ�VFHQDULRV��)RU�WKH�FDOLEUDWLRQ�SURFHVV�
WR� UHDVRQDEO\� FDSWXUH� WKH� YDULDELOLW\� ZLWKLQ� D� VXE�
FDWHJRU\�RI�EXLOGLQJ�� HQHUJ\� FRQVXPSWLRQ�GDWD� IURP�
D� ODUJH� VDPSOH� RI� EXLOGLQJV� PXVW� EH� DYDLODEOH��
+RZHYHU�� ZKLOVW� DQQXDO� HQHUJ\� FRQVXPSWLRQ� IRU� D�
ODUJH� QXPEHU� RI� VDPSOHV� LV� RIWHQ� DYDLODEOH�� KLJKHU�
WLPH�UHVROXWLRQ�GDWD�LV�QRW���

0(7+2'2/2*<�
%DVHG�RQ�WKLV�EDFNJURXQG��ZH�SURSRVH�D�KLHUDUFKLFDO�
FDOLEUDWLRQ�SURFHVV�IRU�XUEDQ�VFDOH�PRGHOOLQJ��VKRZQ�
LQ�)LJXUH����,Q�WKLV�SDSHU��ZH�GHYHORS�DQ�XUEDQ�VFDOH�
HQHUJ\� PRGHO� RI� IRRG� VXSHUPDUNHWV� LQ� +\RJR�
SUHIHFWXUH��-DSDQ��DV�D�FDVH�VWXG\��:H�VHOHFWHG�DQQXDO�
DQG� ZHHNO\� HQHUJ\� FRQVXPSWLRQ� DV� VLPXODWLRQ�
RXWSXWV�� DJDLQVW� ZKLFK� XQFHUWDLQ� SDUDPHWHUV� DUH�
FDOLEUDWHG� �� +RZHYHU�� LQSXW� SDUDPHWHUV� FDQ� EH�
FDOLEUDWHG� IRU� RWKHU� VLPXODWLRQ� RXWSXWV� DOVR�� H�J��
KRXUO\�HQHUJ\�FRQVXPSWLRQ���
,Q�WKH�ILUVW�VWHS��SDUDPHWHU�VFUHHQLQJ�LV�FDUULHG�RXW�WR�
LGHQWLI\�LPSRUWDQW�XQFHUWDLQ�LQSXW�SDUDPHWHUV�H[SODLQ�
DQQXDO� WRWDO�HQHUJ\�FRQVXPSWLRQ�DQG�ZHHNO\�HQHUJ\�
FRQVXPSWLRQ�� :H� FDOO� VHOHFWHG� SDUDPHWHUV� DQQXDO�
WRWDO� YDULDWLRQ� SDUDPHWHU� DQG� ZHHNO\� YDULDWLRQ�
SDUDPHWHU� LQ� WKLV� SDSHU�� ,Q� WKH� VHFRQG� VWHS��

�

�� �
)LJXUH����3URSRVHG�FDOLEUDWLRQ�SURFHVV��

�

Bayesian calibration  using 5  food supermarkets with 
time series energy consumption

Parameter screening (Factorial Sampling Method)
�� $QQXDO�HQHUJ\�XVH�LQWHQVLW\�>0-��P²·\HDU�@
�� 6XP�RI�VTXDUH�RI�WKH�GHYLDWLRQ�RI�ZHHNO\�HQHUJ\�

FRQVXPSWLRQ

���&DOLEUDWLRQ�RI�DQQXDO�WRWDO�YDULDWLRQ�SDUDPHWHUV

List of calibration parameters
$� $QQXDO�WRWDO�YDULDWLRQ�SDUDPHWHU
%� :HHNO\�YDULDWLRQ�SDUDPHWHU

���&DOLEUDWLRQ�RI�ZHHNO\�YDULDWLRQ�SDUDPHWHUV

Bayesian calibration  using 35 food supermarkets with 
annual energy consumption

Posterior distribution of annual total 
variation parameters for 
5 supermarkets

Estimation of energy consumption of whole food 
supermarket stock in the region 

Posterior distribution of weekly 
variation parameters

Posterior distribution of annual total 
variation parameters
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SUREDELOLW\� GLVWULEXWLRQV� IRU� WKH� ZHHNO\� YDULDWLRQ�
SDUDPHWHUV� DUH� HVWLPDWHG� XVLQJ� WZR� %D\HVLDQ�
FDOLEUDWLRQV��,Q�WKLV�VWHS��ZH�DSSOLHG�WKH�FDOLEUDWLRQ�WR�
ILYH� IRRG� VXSHUPDUNHWV� IRU� ZKLFK� GHWDLOHG� HQHUJ\�
FRQVXPSWLRQ� GDWD� ZDV� DYDLODEOH�� ZLWK� ��� PLQ� WLPH�
UHVROXWLRQ�� DV� ZHOO� DV� LQIRUPDWLRQ� RQ� EXLOGLQJ��
RSHUDWLRQ�VFKHGXOH�DQG�HTXLSPHQW�FRQILJXUDWLRQ��H�J��
UHIULJHUDWLRQ�FDELQHWV���7KH�ILUVW�FDOLEUDWLRQ�ZDV�XVHG�
WR� GHYHORS� D� SUREDELOLW\� GLVWULEXWLRQ� IRU� WKH� DQQXDO�
YDULDWLRQ� SDUDPHWHUV� DQG� WKH� JHQHUDWHG� GLVWULEXWLRQV�
DUH� RQO\� DSSOLFDEOH� WR� WKH� ILYH� IRRG� VXSHUPDUNHWV��
7KLV� VWHS� LV� QHFHVVDU\� IRU� DVVLJQLQJ� WKH� PRVW�
SODXVLEOH� YDOXHV� IRU� WKH� DQQXDO� YDULDWLRQ� SDUDPHWHUV�
LQ�WKH�FDOLEUDWLRQ�RI�ZHHNO\�YDULDWLRQ�SDUDPHWHUV��7KH�
%D\HVLDQ�FDOLEUDWLRQ� IUDPHZRUN�XVHG� LQ� WKLV�ZRUN� LV�
EDVHG�RQ�.HQQHG\�	�2¶+DJDQ���������,W�LV�GHVFULEHG�
IXOO\�LQ�WKH�FRQWH[W�RI�EXLOGLQJ�VLPXODWLRQ�E\�+HR�HW�
DO��������DQG�%RRWK�HW�DO��������
,Q� WKH� WKLUG� VWDJH�� XQFHUWDLQW\� VXUURXQGLQJ� WKH�
FROOHFWLYH�PDFUR�VFDOH� SDUDPHWHUV� WKDW� DIIHFW� DQQXDO�
HQHUJ\� FRQVXPSWLRQ� ZDV� DGGUHVVHG�� 7KLV� ZDV� WR�
GHYHORS� D� VFKHPH� WR� DJJUHJDWH� WKH� HQHUJ\�
FRQVXPSWLRQ� IRU� WKH� WDUJHW� EXLOGLQJ� VWRFN�� )RU� WKLV�
SURFHVV��ZH�XVHG�DYDLODEOH�GDWD�IRU�WKH�DQQXDO�HQHUJ\�
FRQVXPSWLRQ� RI� ��� IRRG� VXSHUPDUNHWV�� DV� ZHOO� DV�
LQIRUPDWLRQ� RQ� EXLOGLQJ� VL]H� DQG� EXVLQHVV� KRXU�� ,Q�
WKLV�FDOLEUDWLRQ��WKH�SRVWHULRU�GLVWULEXWLRQV�GHYHORSHG�
LQ� WKH� SUHYLRXV� VWHS� ZHUH� DVVXPHG� IRU� WKH� ZHHNO\�
YDULDWLRQ�SDUDPHWHUV����
:H� ILQDOO\� FDUULHG� RXW� D�0RQWH� &DUOR� VLPXODWLRQ� WR�
HVWLPDWH� WKH� WRWDO� HQHUJ\� FRQVXPSWLRQ� RI� WKH� ZKROH�
EXLOGLQJ�VWRFN�RI�IRRG�VXSHUPDUNHW�ORFDWHG�LQ�+\RJR�
SUHIHFWXUH�� %DVHG� RQ� WKH� DSSOLFDWLRQ�� WKH� DXWKRUV�
GLVFXVV� WKH� PHWKRGRORJ\� WR� DGGUHVV� XQFHUWDLQW\� LQ�
XUEDQ�VFDOH�HQHUJ\�PRGHOV���

)22'�683(50$5.(7�02'(/�
7KLV� VHFWLRQ� LQWURGXFHV� WKH� DUFKHW\SH� RI� IRRG�
VXSHUPDUNHWV� DQG� WKH� SURFHVV� WR� TXDQWLI\� HQHUJ\�
FRQVXPSWLRQ�� 6X]XNL� HW� DO�� ������� FRQGXFWHG�
PHDVXUHPHQWV� DQG� ILHOG� VXUYH\V� RQ� WZR� IRRG�
VXSHUPDUNHWV� WR� GHYHORS� D� VLPXODWLRQ� PRGHO�� 7KH�
PRGHO� FRPELQHV� D� ZKROH� EXLOGLQJ� HQHUJ\� GHPDQG�
PRGHO� DQG� D� UHIULJHUDWLRQ� FDELQHW� HQHUJ\� GHPDQG�
PRGHO��7KH�EXLOGLQJ�PRGHO�FDOFXODWHV�HQG�XVH�HQHUJ\�
GHPDQG� DQG� FRUUHVSRQGLQJ� HQHUJ\� FRQVXPSWLRQ� IRU�
KHDWLQJ�� FRROLQJ�� YHQWLODWLRQ�� OLJKWLQJ�� ZDWHU� KHDWLQJ�
DQG�RWKHUV��<DPDJXFKL�HW�DO���������7KH�UHIULJHUDWLRQ�
FDELQHW� HQHUJ\� GHPDQG� PRGHO� ILUVW� FDOFXODWHV�
UHIULJHUDWLRQ� ORDG� IRU� WKH�FDELQHW�GLVSOD\�DQG� HQHUJ\�
FRQVXPSWLRQ�WR�JHQHUDWH�FRROHG�DLU�FRUUHVSRQGLQJ�WR�
WKH�FDOFXODWHG�UHIULJHUDWLRQ�ORDG���

Archetype of food supermarket 
)LJXUH� �� VKRZV� WKH� IORRU� SODQ� DSSOLHG� WR� WKH�
VLPXODWHG� IRRG� VXSHUPDUNHWV�� 7KH� WRWDO� IORRU� DUHD�
ZDV�JLYHQ�IURP�WKRVH�RI�VLPXODWHG�IRRG�VXSHUPDUNHWV��
7KH�UDWLR�EHWZHHQ�VDOHV�IORRU�DUHD�DQG�WRWDO�IORRU�DUHD�
ZDV� DVVXPHG� WR� EH� ����� 7KH� EXVLQHVV� KRXU� ZDV�
DVVXPHG�WR�EH�IURP����DP�WR����SP��,W�ZDV�DVVXPHG�

WKDW�DLU�VRXUFH�KHDW�SXPS�V\VWHP�LV�XVHG�IRU�KHDWLQJ�
DQG� FRROLQJ�� 7KH� QRUWK� VDUIDFH� ZDV� DVVLJQHG� DV� WKH�
EXLOGLQJ� IURQWDJH�� 5HIULJHUDWLRQ� FDELQHWV� ZHUH�
DVVXPHG�WR�EH�SODFHG�HYHU\ZKHUH�DORQJ�WKH�ZDOOV�RI�
WKH� VDOHV� DUHD� H[FHSW� WKH� QRUWK� VXUIDFH�� 7KH� WRWDO�
OHQJWK� RI� FDELQHWV� ZDV� GHULYHG� IURP� D� UHJUHVVLRQ�
PRGHO�EDVHG�RQ�VWDWLVWLFDO�GDWD� IURP�D�VDPSOH�VHW�RI�
VXSHUPDUNHWV��<DPDJXFKL�HW�DW����������

�
)LJXUH���)ORRU�SODQ�RI�WKH�DUFKHW\SH�

Refrigeration cabinet energy demand model 
,Q� WKLV� PRGHO�� ��� NLQGV� RI� FDELQHW� W\SH� ZHUH�
LGHQWLILHG� DFFRUGLQJ� WR� WKH� VKDSH� RI� FDELQHW� DQG� VHW�
SRLQW� WHPSHUDWXUH� FRUUHVSRQGLQJ� WR� GLVSOD\HG� LWHPV��
)LUVW�� WKH� WRWDO� OHQJWK� RI� WKH� FDELQHW� LV� JLYHQ�� 7KH�
FRPSRVLWLRQ�ZDV� WKHQ� GHWHUPLQHG� EDVHG� RQ� WKH� GDWD�
OLVWHG� LQ� 7DEOH� ��� 7DEOH� �� DOVR� OLVWV� WKH� FDSDFLW\� RI�
UHIULJHUDWLRQ� HTXLSPHQW� DQG� DLU� YROXPH� XVHG� LQ� WKH�
VLPXODWLRQ� PRGHO�� 7KH� FDSDFLW\� RI� HTXLSPHQW� IRU� D�
UHIULJHUDWHG� GLVSOD\� FDELQHW� LQFOXGLQJ� IDQ�� GHIRJJHU�
KHDWHU�� OLJKWLQJ� DQG� GHIURVW� KHDWHU�� ZDV� VHW� RQ� WKH�
EDVLV� RI� PDQXIDFWXUHU� VSHFLILFDWLRQV�� 7KH� GHIRJJHU�
KHDWHU� LV� FRQWUROOHG� E\� WKH� KXPLGLW\� VHQVRU�� LWV� KHDW�
JDLQ� GHFUHDVHV� ZKHQ� WKH� DLU� LV� GULHU� RQ� WKH� ZLQWHU�
PRQWKV�RI�-DQXDU\��)HEUXDU\�DQG�'HFHPEHU���
:H�GLYLGHG�RSHUDWLRQ�WLPH�LQWR�IRXU�JURXSV�DV�VKRZQ�
LQ� 7DEOH� �� IRU� DVVXPLQJ� WKH� RSHUDWLRQ� RI� HDFK�
FRPSRQHQW�RI�FDELQHW�LQWR�EXVLQHVV�KRXU��SUHSDUDWLRQ�
KRXU�� FORVLQJ� KRXU� DQG� GHIURVW� RSHUDWLRQ�� 7KLV�
VFKHGXOH� ZDV� VHW� IRU� HDFK� GLVSOD\� FDELQHW�� ,Q� WKLV�
FRQGLWLRQ�� WKH� WKHUPDO� ORDG� FDXVHG� E\� LQWHUQDO� KHDW�
JDLQ�DQG�DLU�OHDNDJH�LV�FDOFXODWHG��
7KH� KHDW� ORDG� RI� WKH� UHIULJHUDWLRQ� FDELQHW� FDQ�
JHQHUDOO\� EH� GLYLGHG� LQWR� WZR� FDWHJRULHV�� KHDW� JDLQ�
DQG�LQILOWUDWLRQ�ORDG��
7KH� KHDW� JDLQ� RI� WKH� FDELQHW�QHG� >N:@� LV� JLYHQ� E\�
(TXDWLRQ� ���� ZKHUH� Cap� >N:@� LV� WKH� FDSDFLW\� RI�
FDELQHW�UHODWHG�HTXLSPHQW�LQFOXGLQJ�FDELQHW�OLJKWLQJ��
IDQ��GHIRJJHU�DQG�GHIURVWHU�DQG�UR� LV� WKH�XVDJH�UDWH�
>�@�FRUUHVSRQGLQJ�WR�WKH�RSHUDWLRQ�FRQGLWLRQV����

URCapQHG  � � � � ����

:KLOVW� D� FRQVWDQW� YROXPH� RI� DLU� LV� FLUFXODWHG� LQ� D�
FDELQHW�� WKH� LQILOWUDWLRQ� ORDG� LV�FDXVHG�E\� OHDNDJH�RI�
FLUFXODWHG�DLU� WR� WKH�RXWVLGH�RI�FDELQHW��$�SRUWLRQ�RI�
OHDNHG� DLU� LV� GHILQHG� E\� DLU� ILOWUDWLRQ� UDWLR RI� >�@��
ZKLFK� LV� D� FRQVWDQW� GHSHQGHQW� RQ� WKH� W\SH� DQG�
RSHUDWLRQ�PRGHO�RI�FDELQHWV�� ,Q�DGGLWLRQ��WKH�YROXPH�
RI�OHDNHG�DLU�VXUURXQGLQJ�WKH�FDELQHW�LV�LQKDOHG�DW�WKH�
DLU�LQOHW�RI�FDELQHW��7KXV��WKH�VHQVLEOH�LQILOWUDWLRQ�ORDG�

2IILFH�DQG�
VWRUDJH�VSDFH

6DOHV�DUHD

)DoDGH�ZLWK�
HQWUDQFH�DQG�D�
ODUJH�ZLQGRZ�
RSHQLQJ
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QIS�>N:@�LV�FDOFXODWHG�E\�(TXDWLRQ�����ZKHUH�V LV�WKH�
YROXPH�RI�DLU�FLUFXODWLRQ�RI�FDELQHW�>Pñ�V@��

�� casef looraIS TTVRICQ  � � ����

ZKHUH�Ca� LV� WKH� VSHFLILF� KHDW� RI� DLU� >N-�.·Pñ@��Tfloor�
>�&@�LV�LQGRRU�DLU�WHPSHUDWXUH�DQG�Tcase�LV�WKH�VHW�SRLQW�
WHPSHUDWXUH� RI� WKH� FDELQHW�� 7KH� ODWHQW� KHDW� ORDG�QIL�
>N:@� LV� WKHQ� JLYHQ� E\� (TXDWLRQ� ����� ZKHUH�CV >N-��
Pñ��&@�LV�WKH�YDSRXU�ZDWHU�VSHFLILF�KHDW�FDSDFLW\�DQG�
�>N-��Pñ@�LV�WKH�ODWHQW�KHDW�RI�ZDWHU�HYDSRUDWLRQ��

VRIHHTCQ casef l oorVI L  ���� �  ����

7KXV�� WKH� LQILOWUDWLRQ� ORDG� QI� >N:@� LV� JLYHQ� E\�
(TXDWLRQ�����

ISILI QQQ  � � � ����

7KH� SRZHU� FRQVXPSWLRQ� RI� WKH� UHIULJHUDWLRQ� FDELQHW�
LV�FDOFXODWHG�E\�(TXDWLRQ��������

COPQQE IHG ���
  �� � ����

7KH�FRHIILFLHQW�RI�SHUIRUPDQFH��COP��LV�PRGHOHG�E\�
D� UHJUHVVLRQ� FXUYH�� GHYHORSHG� EDVHG� RQ� PHDVXUHG�
SRZHU� FRQVXPSWLRQ� FRQVLGHULQJ� ORDG� IDFWRU� DQG�

RXWGRRU�WHPSHUDWXUH���

6(/(&7,21�2)�81&(57$,1�
3$5$0(7(56��

Methodology for parameter screening 
,Q� WKLV� VWXG\��ZH� H[DPLQHG� WKH�XQFHUWDLQW\� LQYROYHG�
LQ�WKH����SDUDPHWHUV�OLVWHG�LQ�7DEOH����7KH�LQIOXHQFH�
RI� WKH� SDUDPHWHUV� RQ� VLPXODWLRQ� RXWSXW� �L�H�� HQHUJ\�
FRQVXPSWLRQ�� ZDV� TXDQWLILHG� E\� XVLQJ� WKH� )DFWRULDO�
6DPSOLQJ�0HWKRG��)06����
)60�LV�D�XVHIXO�WHFKQLTXH�IRU�ILQGLQJ�SDUDPHWHUV�WKDW�
KDYH� D� VLJQLILFDQW� LQIOXHQFH� RQ� WKH� RXWSXWV� RI� D�
VLPXODWLRQ� PRGHO� ZLWK� D� ODUJH� QXPEHU� RI� LQSXW�
SDUDPHWHUV�� ,Q� WKLV� VWXG\�� ZH� XVHG� WKH� )60�
SURFHGXUH� DV� VXJJHVWHG� E\� :LW� �������� ,Q� WKLV�
SURFHGXUH��ZH� RQO\� XVHG� WKH� WZR� H[WUHPH� YDOXHV� RI�
HDFK�SDUDPHWHU� UDQJH��ZKLFK�ZHUH�FROOHFWHG� WKURXJK�
D� UHIHUHQFH� VXUYH\� DQG� LQWHUYLHZ� RI� H[SHUWV�� 7KHVH�
YDOXHV� DUH� ODEHOHG� DV� µ2))¶� DQG� µ21¶�� ,QLWLDOO\�� DOO�
SDUDPHWHUV� DUH� VHW� WR� µ2))¶�� 7KHQ� RQH� SDUDPHWHU� LV�
UDQGRPO\�VHOHFWHG�DQG� LWV�YDOXH� LV�FKDQJHG� WR� µ21¶��
7KLV� SDUDPHWHU¶V� HOHPHQWDU\� HIIHFW� FDQ� EH� REVHUYHG�

7DEOH��6HWWLQJV�RI�WKHUPDO�ORDG�LQVLGH�UHIULJHUDWHG�FDELQHWV��

 � 7\SH� ,WHP�
6HW�SRLQW�

WHPSHUDWXUH�
>º&@�

+HDW�JDLQ�>:�P@�

)DQ�
'HIRJJHU�KHDWHU�

&DQRS\�
OLJKWLQJ�

&DELQHW�
OLJKWLQJ�

'HIURVW�
KHDWHU�6XPPHU�

('D\WLPH���
6XPPHU
（1LJKW）�

:LQWHU
（'D\WLPH）�

:LQWHU
（1LJKW）�

��9HUWLFDO��PXOWL�GHFN� 9HJHWDEOHV� 6 ����� ����� ����� ����� ����� ����� ����� ����
��9HUWLFDO��PXOWL�GHFN� )UXLW� 6 ����� ���� ���� ���� ���� ����� ������ ����
��9HUWLFDO��PXOWL�GHFN� %HDQ�FXUG� 6 ����� ���� ���� ���� ���� ����� ����� ����
��9HUWLFDO��PXOWL�GHFN� 3DFNDJHG�IRRG� 6 ����� ���� ���� ���� ���� ����� ����� ����
��9HUWLFDO��PXOWL�GHFN� 1RRGOH� 6 ����� ����� ����� ����� ����� ���� ������ ����
��9HUWLFDO��PXOWL�GHFN� 6WRFN�ILVK� 0 ����� ����� ����� ����� ����� ����� ����� ����
��9HUWLFDO��PXOWL�GHFN� 6WRFN�ILVK� 0 ����� ����� ����� ����� ����� ����� ����� ����
��9HUWLFDO��PXOWL�GHFN� 5DZ�ILVK� 0 ���� ����� ����� ����� ����� ����� ����� ������
��9HUWLFDO��PXOWL�GHFN� 0HDW� 0 ����� ����� ����� ����� ����� ����� ����� ����
���9HUWLFDO��PXOWL�GHFN� 0LON� 6 ����� ����� ����� ����� ����� ����� ����� ����
���9HUWLFDO��PXOWL�GHFN� /LTXLU� 6 ����� ����� ����� ����� ����� ����� ������ ����
���9HUWLFDO��VHPL�GHFN� 3UHSDUHG�GLVK� 6 ����� ���� ���� ���� ���� ����� ����� ����
���2SHQ��LVODQG� &KLOOHG�JURFHU\� -18 ����� ����� ����� ���� ���� ���� ���� ������
���9HUWLFDO� )UR]HQ�ILVK� -18 ����� ������ ������ ����� ����� ����� ����� ������
���'XDO�IUHH]HU� ,FHFUHDP� -18 ����� ������ ������ ����� ����� ����� ����� �������
���9HUWLFDO��JODVV�GRRU� )UR]HQ�IRRG� -18 ����� ������ ������ ������ ����� ���� ����� ������
���2SHQ��LVODQG� )UR]HQ�IRRG� -18 ����� ����� ����� ����� ����� ���� ���� ������
�

7DEOH��6HWWLQJV�RI�KRXUO\�UHIULJHUDWHG�GLVSOD\�FDELQHW�RSHUDWLRQ��
��<HOORZ��&ORVLQJ�KRXUV��%OXH��'HIURVW�RSHUDWLRQ��5HG��%XVLQHVV�KRXUV��2UDQJH��3UHSDUDWLRQ�KRXUV��

�

� 9HUWLFDO��PXOWL�GHFN 9HJHWDEOHV
� 9HUWLFDO��PXOWL�GHFN )UXLW
� 9HUWLFDO��PXOWL�GHFN %HDQ�FXUG
� 9HUWLFDO��PXOWL�GHFN 3DFNDJHG�IRRG
� 9HUWLFDO��PXOWL�GHFN 1RRGOH
� 9HUWLFDO��PXOWL�GHFN 6WRFN�ILVK
� 9HUWLFDO��PXOWL�GHFN 6WRFN�ILVK
� 9HUWLFDO��PXOWL�GHFN 5DZ�ILVK
� 9HUWLFDO��PXOWL�GHFN 0HDW
�� 9HUWLFDO��PXOWL�GHFN 0LON
�� 9HUWLFDO��PXOWL�GHFN /LTXLU
�� 9HUWLFDO��VHPL�GHFN 3UHSDUHG�GLVK
�� 2SHQ��LVODQG &KLOOHG�JURFHU\
�� 9HUWLFDO��PXOWL�GHFN )UR]HQ�ILVK
�� 'XDO�IUHH]HU ,FHFUHDP
�� 9HUWLFDO��JODVV�GRRU )UR]HQ�IRRG
�� 2SHQ��LVODQG )UR]HQ�IRRG

���������� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����������7\SH 8VH
+RXUO\�RSHUDLRQ　>��PLQ@

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� �����
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E\� FRPSDULQJ� WKH� VLPXODWLRQ� RXWSXWV� ZLWK� WKH� WZR�
VHWV� RI� LQSXW� SDUDPHWHUV�� 7KLV� SURFHVV� LV� UHSHDWHG�
XQWLO� WKH� YDOXHV� RI� DOO� FRQVLGHUHG� SDUDPHWHUV� KDYH�
EHHQ� FKDQJHG� WR� µ21¶�� 5HSHDWLQJ� WKLV� REVHUYDWLRQ�
����WLPHV�LQ�WKLV�VWXG\��WKH�PHDQ�YDOXH�DQG�VWDQGDUG�
GHYLDWLRQ� RI� WKH� HOHPHQWDU\� HIIHFW� DUH� GHWHUPLQHG��
:H� VHOHFWHG�SDUDPHWHUV� IRU� WKH�%D\HVLDQ� FDOLEUDWLRQ�
LI� WKH� VXP� RI� WKH� PHDQ� DQG� VWDQGDUG� GHYLDWLRQ� RI�
HOHPHQWDU\� HIIHFW� H[FHHGHG� ���� RI� WKH� PHDQ�
HOHPHQWDU\�HIIHFW��
,Q� WKH� %D\HVLDQ� FDOLEUDWLRQ� SURFHVV�� ZH� XVH� ZHHNO\�
DQG� DQQXDO� HQHUJ\� FRQVXPSWLRQ�� 7KXV�� SDUDPHWHUV�
VLJQLILFDQWO\� DIIHFWLQJ� ZHHNO\� DQG� DQQXDO� HQHUJ\�
FRQVXPSWLRQ�PXVW� EH� VHOHFWHG��)RU� WKLV� SXUSRVH��ZH�
XVHG�WZR�NLQGV�RI�HQHUJ\�FRQVXPSWLRQ�IRU�SDUDPHWHU�
VFUHHQLQJ�� 7KH� ILUVW� RQH� LV� DQQXDO� WRWDO� HQHUJ\�
FRQVXPSWLRQ��7KH�VHFRQG�RQH� LV�ZHHNO\�YDULDWLRQ�RI�
HQHUJ\� FRQVXPSWLRQ� GHILQHG� E\� WKH� DQQXDO� VXP� RI�
ZHHNO\�YDULDQFH�JLYHQ�E\�(TXDWLRQ�����ZKHUH�(ZZHHN�
LV� WKH�WRWDO�ZHHNO\�HQHUJ\�FRQVXPSWLRQ�DQG�(ZPLQ� LV�
WKH�PLQLPXP�YDOXH�RI�ZHHNO\�HQHUJ\�FRQVXPSWLRQ��

PLQEwEwEwv weekweek  � � ����

)RU� ZHHNO\� HQHUJ\� FRQVXPSWLRQ�� WKH� HIIHFW� RI� HDFK�
SDUDPHWHU� LV� FDOFXODWHG� E\� WKH� GLIIHUHQFH� LQ� ZHHNO\�
HQHUJ\�FRQVXPSWLRQ�IURP�WKH�SUHYLRXV�VWHS�RI�)06��
5HVXOW�RI�SDUDPHWHU�VFUHHQLQJ�
)LJXUH� �� DQG� )LJXUH� �� VKRZ� WKH� HIIHFW� RI� WKH�
H[DPLQHG�SDUDPHWHUV��%DVHG�RQ� WKH�UHVXOW��ZH�FKRVH�
ILYH�SDUDPHWHUV� IRU�ZHHNO\� HQHUJ\� FRQVXPSWLRQ� DQG�
IRXU� SDUDPHWHUV� IRU� DQQXDO� HQHUJ\� FRQVXPSWLRQ�
�OLVWHG� LQ� 7DEOH� ���� )RXU� SDUDPHWHUV� DUH� LQFOXGHG� LQ�
ERWK� DQQXDO� DQG� ZHHNO\� HQHUJ\� DQDO\VLV�� DQG� WKH�
FDELQHW� DLU� LQILOWUDWLRQ� UDWLR� LV� HYDOXDWHG� IRU� WKH�
ZHHNO\� HQHUJ\� FRQVXPSWLRQ� RQO\�� %DVHG� RQ� WKLV�
UHVXOW�� WKH� SURFHGXUH� VKRZQ� LQ� )LJXUH� �� FDQ� EH�
VLPSOLILHG�� ,W� ZDV� XQQHFHVVDU\� WR� FDOLEUDWH� DQQXDO�
YDULDWLRQ� SDUDPHWHUV� EHIRUH� FDUU\LQJ� RXW� FDOLEUDWLRQ�
IRU� ZHHNO\� XQFHUWDLQ� SDUDPHWHUV�� 7KXV�� RQO\� WZR�
FDOLEUDWLRQV�ZHUH�SHUIRUPHG�DV�H[SODLQHG�EHORZ��

%$<(6,$1�&$/,%5$7,21�)25�
:((./<�(1(5*<�&2168037,21�
7KH� %D\HVLDQ� FDOLEUDWLRQ� PHWKRG� �.HQQHG\� DQG�
2¶+DJDQ�� ������ ZDV� DSSOLHG� WR� WKH� PRGHO� RI� ILYH�
IRRG� VXSHUPDUNHWV� ORFDWHG� LQ� +\RJR� SUHIHFWXUH��
7DEOH� �� OLVWV� WKH� JHQHUDO� LQIRUPDWLRQ� RI� WKH� IRRG�
VXSHUPDUNHWV�� )RU� WKHVH� VXSHUPDUNHWV�� ��� PLQ�
UHVROXWLRQ� HQHUJ\� FRQVXPSWLRQ� GDWD� ZDV� DYDLODEOH��
7KH� YDOXHV� RI� WKH� FDOLEUDWHG� SDUDPHWHUV� ZHUH�
UDQGRPO\� VHOHFWHG� XVLQJ� /DWLQ�+\SHUFXEH� 6DPSOLQJ�
PHWKRG� �0DF'RQDOG� ������ VR� WKDW� WKHVH� FDOLEUDWHG�
SDUDPHWHUV� FRYHUHG� WKHLU� YDOXH� UDQJH�� 3ULRU�
GLVWULEXWLRQV� IRU� DOO� WKH� FDOLEUDWHG� SDUDPHWHUV� ZHUH�
DVVXPHG� WR� IROORZ� D� WULDQJXODU� GLVWULEXWLRQ� ZLWK�
ORZHU� DQG� XSSHU� OLPLWV� WKDW�ZHUH� DVVXPHG� WR� EH� WKH�
SDUDPHWHUV¶� ORZHU� DQG� XSSHU� ERXQGV�� ZKLOVW� WKH�
YHUWH[�ZDV�WR�EH�WKH�FHQWUH�RI�WKH�ERXQGV��

)LJXUH� �� VKRZV� FDOFXODWHG� ZHHNO\� HQHUJ\�
FRQVXPSWLRQ� EDVHG� RQ� WKH� SULRU� GLVWULEXWLRQV� XVLQJ�
/DWLQ�+\SHUFXEH�6DPSOLQJ��ZKLOVW�WKH�KRUL]RQWDO�D[LV�
VKRZV� PHDQ� RXWVLGH� DLU� WHPSHUDWXUH� GXULQJ� WKH�
FRUUHVSRQGLQJ�ZHHN��7KH�ILJXUH�DOVR�VKRZV�WKH�DFWXDO�
ZHHNO\�HQHUJ\�FRQVXPSWLRQ�ZKLFK�LV�WKH�PHDQ�RI�WKH�
�� VXSHUPDUNHWV�� 7KH� GDWD� VKRZQ� LQ� WKH� ILJXUH� ZHUH�
LQSXWWHG�WR�WKH�FDOLEUDWLRQ���
Table 3 Examined uncertain parameters  
&DWHJRU\� QR� 3DUDPHWHU� 8QLW�
%XLOGLQJ�
DQG�+9$&�

��
��
��
��
��

/LJKWLQJ�LQWHQVLW\�
$SSOLDQFH�LQWHQVLW\�
2FFXSDQWV�LQWHQVLW\�
$LU�FKDQJH�UDWLR�
5DWHG�&23�RI�DLU�FRQGLWLRQHU�

:�Pð�
:�Pð�
3HUVRQ�Pð�
7LPHV�KRXU�
��

5HIULJHUD�
WLRQ�
V\VWHP�

��
��
��
��
���
���
���
���

/HQJWK�RI�FDELQHW�
5DWHG�&23�RI�UHIULJHUDWRUV�
'HIURVW�KHDWHU�FDSDFLW\�
&LUFXODWLRQ�IDQ�FDSDFLW\�
$QWL�VZHDW�KHDWHU�FDSDFLW\�
&DELQHW�OLJKWLQJ�FDSDFLW\�
$LU�LQILOWUDWLRQ�UDWLR�
$LU�YHORFLW\�RI�DLU�FXUWDLQ�

P�
��
:�P�
:�P�
:�P�
:�P�
��
Y�V�

�
)LJXUH� �� (IIHFW� RI� XQFHUWDLQ� SDUDPHWHUV� RQ� DQQXDO�
HQHUJ\�FRQVXPSWLRQ�

�
)LJXUH���(IIHFW�RQ�ZHHNO\�HQHUJ\�FRQVXPSWLRQ�
Table 4 Parameters selected by FSM 
(QHUJ\� 3DUDPHWHU� (IIHFW���
$QQXDO� 5HIULJHUDWRU�5DWHG�&23�

/HQJWK�RI�FDELQHW�
/LJKWLQJ�LQWHQVLW\�
$LU�YHORFLW\�RI�DLU�FXUWDLQ�

����
����
����
����

:HHNO\� 5HIULJHUDWRU�5DWHG�&23�
/HQJWK�RI�FDELQHW�
$LU�YHORFLW\�RI�DLU�FXUWDLQ�
/LJKWLQJ�LQWHQVLW\�
&DELQHW�DLU�LQILOWUDWLRQ�UDWLR�

�����
����
����
����
����

��7KH�HIIHFW�LV�VKRZQ�LQ�D�UHODWLYH�YDOXH�FRPSDUHG�WR�
WKRVH�FDOFXODWHG�XQGHU�EDVH�FRQGLWLRQV��

�

�����

�����

�����

�����

�����

�����

� � � � � � � � � �� �� �� ��

(I
IH
FW
�>0

-�
P
ðÂ\
U@

3DUDPHWHU�QXPEHU

○0HDQ
♦0HDQ±SD

�

�����

�����

�����

�����

�����

�����

� � � � � � � � � �� �� �� ��

(I
IH
FW
�>0

-�
P
ðÂ\
U@

3DUDPHWHU�QXPEHU

○0HDQ
♦0HDQ±SD
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7KH�SXUSRVH�RI� WKLV� FDOLEUDWLRQ� LV� WR� OHDUQ� DERXW� WKH�
DLU�LQILOWUDWLRQ�UDWLR�RI�UHIULJHUDWLRQ�FDELQHWV��VLQFH�DOO�
WKH� RWKHU� SDUDPHWHUV� ZLOO� EH� XSGDWHG� E\� WKH� VHFRQG�
FDOLEUDWLRQ�� XVLQJ� WKH� DQQXDO� HQHUJ\� FRQVXPSWLRQ�
GDWD�� � )LJXUH� �� VKRZV� WKH� SULRU� DQG� SRVWHULRU�
GLVWULEXWLRQV�RI� WKH� FDOLEUDWHG�SDUDPHWHUV��$V� VKRZQ�
LQ� WKH� ILJXUH�� WKH� SRVWHULRU� GLVWULEXWLRQ� GLG� QRW�
VLJQLILFDQWO\� YDU\� ZLWK� SULRU� GLVWULEXWLRQV� IRU� WKH�
OHQJWK� RI� UHIULJHUDWLRQ� FDELQHW � �� DLU�YHORFLW\� RI�
FDELQHW� DLU�FXUWDLQ� DQG� OLJKWLQJ� LQWHQVLW\�� )RU� UDWHG�
&23� RI� UHIULJHUDWRUV� HTXLSSHG� ZLWK� UHIULJHUDWLRQ�
FDELQHW�� WKHUH� DUH� WKUHH� IUHTXHQW� ]RQHV�� 7KHVH� ]RQHV�
FRXOG�UHSUHVHQW�DFWXDO�&23�RI�WKH�ILYH�VXSHUPDUNHWV��
7KH� SRVWHULRU� GLVWULEXWLRQ� RI� FDELQHW� DLU�� LQILOWUDWLRQ�
UDWLR�VOLJKWO\�VKLIWHG�WR�OHIW�RQ�WKH�KRUL]RQWDO�D[LV���
)LJXUH� �� VKRZV� ZHHNO\� HQHUJ\� FRQVXPSWLRQ�
FDOFXODWHG�EDVHG�RQ�WKH�SRVWHULRU�GLVWULEXWLRQV�VKRZQ�
LQ� )LJXUH� ��� $V� VKRZQ� LQ� WKH� ILJXUH�� WKH� FDOLEUDWHG�
UHVXOW�DJUHHV�ZHOO�ZLWK�WKH�DFWXDO�HQHUJ\�FRQVXPSWLRQ��
%\� FKDQJLQJ� WKH� GLVWULEXWLRQV� RI� WKH� FDOLEUDWHG�
SDUDPHWHUV� IURP� WKH� SULRU� WR� SRVWHULRU�� URRW� PHDQ�
VTXDUH� HUURU� �506(�� LPSURYHG� IURP� ����� WR� �����
0-��PðÂZHHN����
Table 5 General information of 5 food supermarkets   
1R� 7RWDO�IORRU�

DUHD�>Pð@�
6DOHV�DUHD�

>Pð@�
&DELQHW�OHQJWK�

>P@�
%XVLQHVV�

KRXU�
�� ������ ������ ���� ������
�� ������ ������ ���� ������
�� ������ ������ ���� ������
�� ������ ������ ���� ������
�� ������ ������ ���� ������

�

�
)LJXUH� �� 6LPXODWLRQ� UHVXOW� RI� ZHHNO\� HQHUJ\�
FRQVXPSWLRQ�FDOFXODWHG�EDVHG�RQ�SULRU�GLVWULEXWLRQV�

%$<(6,$1�&$/,%5$7,21�)25�
$118$/�(1(5*<�&2168037,21�
7KH� %D\HVLDQ� FDOLEUDWLRQ� PHWKRG� ZDV� DSSOLHG� WR� D�
IRRG� VXSHUPDUNHW� PRGHO� HVWLPDWLQJ� WKH� DQQXDO�
HQHUJ\�FRQVXPSWLRQ�RI����IRRG�VXSHUPDUNHWV�ORFDWHG�

�����������������������������������������������������������
� �,W� VKRXOG� EH� QRWHG� WKDW� WKH� OHQJWK� RI� WKH�
UHIULJHUDWLRQ� FDELQHWV� ZDV� PRGHOOHG� DV� WKH� VXP� RI�
PHDQ�OHQJWK�RI�FDELQHWV�DQG�GHYLDWLRQ�WKDW�ZDV�JLYHQ�
DV�WKH�XQFHUWDLQ�SDUDPHWHU��7KH�YDOXH�LQ�)LJXUH���FDQ�
EH� FRQYHUWHG� WR� WKH� OHQJWK� E\� PXOWLSO\LQJ� WKH�
VWDQGDUG�GHYLDWLRQ�RI�WKH�YDULDWLRQ�RI�FDELQHW�OHQJWK���

LQ� +\RJR� SUHIHFWXUH�� +HUH�� WKH� IRXU� FDOLEUDWHG�
SDUDPHWHUV� OLVWHG� LQ�7DEOH���ZHUH� H[DPLQHG��9DOXHV�
RI� WKH� FDOLEUDWHG� SDUDPHWHUV� ZHUH� UDQGRPO\�
JHQHUDWHG� XVLQJ� /DWLQ� +\SHUFXEH� 6DPSOLQJ� ZKLOVW�
XVLQJ� WKH� SULRU� GLVWULEXWLRQV� IRU� DOO� WKH� FDOLEUDWHG�
SDUDPHWHUV��2QO\� IRU� WKH�FDELQHW�DLU�LQILOWUDWLRQ� UDWLR�
ZDV� WKH� SRVWHULRU� GLVWULEXWLRQ� XVHG�� DV� VKRZQ� LQ�
)LJXUH�����
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�

)LJXUH���3ULRU�DQG�SRVWHULRU�GLVWULEXWLRQV�
�

�
)LJXUH� �� 6LPXODWLRQ� UHVXOW� FDOFXODWHG� EDVHG� RQ�
SRVWHULRU�GLVWULEXWLRQV�
�
7KH� SXUSRVH� RI� WKLV� FDOLEUDWLRQ� LV� WR� XQGHUVWDQG� WKH�
YDULDWLRQ� RI� WKH� XQFHUWDLQ� SDUDPHWHUV� RYHU� WKH� IRRG�
VXSHUPDUNHW� VWRFN� LQ� WKH� UHJLRQ��)LJXUH��� VKRZV� WKH�
VLPXODWLRQ�RXWSXWV�DQG�REVHUYDWLRQV�RI�DQQXDO�HQHUJ\�
XVH� LQWHQVLW\� RI� WKH� ��� IRRG� VXSHUPDUNHWV�� 7KH�
KRUL]RQWDO�D[LV�VKRZV�WKH�WRWDO�IORRU�DUHD�RI�WKH�IRRG�
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VXSHUPDUNHWV�� 7KHVH� GDWD� ZHUH� LQSXWWHG� WR� WKH�
%D\HVLDQ�FDOLEUDWLRQ�� �)LJXUH����VKRZV�WKH�SULRU�DQG�
SRVWHULRU� GLVWULEXWLRQV� RI� WKH� IRXU� FDOLEUDWHG�
SDUDPHWHUV�� )LJXUH� ��� VKRZV� WKH� VLPXODWLRQ� RXWSXWV�
HVWLPDWHG�E\�XVLQJ�WKH�SRVWHULRU�GLVWULEXWLRQV�IRU�WKH�
FDOLEUDWHG� SDUDPHWHUV�� 7KH� FDOLEUDWLRQ� LPSURYHG� WKH�
URRW� PHDQ� VTXDUH� HUURU� IURP� ������ WR� ������
0-��PðÂ\U����
%DVHG�RQ�WKH�UHVXOW�VKRZQ�LQ�)LJXUH�����ZH�FDQ�LQIHU�
WKH� IROORZLQJ�� �D�� WKH� SRVWHULRU� GLVWULEXWLRQ� RI� WKH�
UDWHG� &23� RI� UHIULJHUDWRUV� LV� WRZDUGV� WKH� XSSHU�
ERXQG��,Q�SK\VLFDO�WHUPV��WKLV�PHDQV�WKDW�WKH�&23�RI�
UHIULJHUDWLRQ� FDELQHWV� LV� KLJKHU� WKDQ� H[SHFWHG� LQ� WKH�
SULRU� GLVWULEXWLRQ�� �E�� 7KH� OHQJWK� RI� UHIULJHUDWLRQ�
FDELQHWV�ZDV�HVWLPDWHG�WR�EH�ORQJHU�WKDQ�DVVXPHG�LQ�
WKH�SULRU�GLVWULEXWLRQ�� ,Q�DGGLWLRQ��WKH�OHQJWK� LV�PRUH�
FRQFHQWUDWHG� LQ� WKH� UDQJH� IURP� �� WR� ��� �F�� /LJKWLQJ�
LQWHQVLW\� ZDV� HVWLPDWHG� WR� EH� PRUH� LQWHQVLYH� WKDQ�
DVVXPHG� LQ� WKH� SULRU� GLVWULEXWLRQ�� �G�� 7KH� SRVWHULRU�
GLVWULEXWLRQ� RI� WKH� YHORFLW\� RI� DLU� FXUWDLQ� RI�
UHIULJHUDWLRQ� FDELQHWV� GRHV� QRW� YDU\� VLJQLILFDQWO\�
IURP�WKH�SULRU�HVWLPDWHV����
�

�
)LJXUH� �� VLPXODWLRQ� UHVXOW� RI� ZHHNO\� HQHUJ\�
FRQVXPSWLRQ�FDOFXODWHG�EDVHG�RQ�SULRU�GLVWULEXWLRQV�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
)LJXUH����3ULRU�DQG�SRVWHULRU�GLVWULEXWLRQV�
�

)LJXUH����VKRZV�PRQWKO\�HQHUJ\�FRQVXPSWLRQ�RI�WKH�
���IRRG�VXSHUPDUNHWV�HVWLPDWHG�XVLQJ� WKH�SULRU� �DQG�
SRVWHULRU� GLVWULEXWLRQV�� 7KH� ILJXUH� DOVR� VKRZV� WKH�
PHDQ�RI�DFWXDO�PRQWKO\�FRQVXPSWLRQ�RI� WKH����IRRG�
VXSHUPDUNHWV��$V�VKRZQ�LQ�WKH�ILJXUH��WKH�VLPXODWLRQ�
RXWSXWV� XVLQJ� WKH� SRVWHULRU� GLVWULEXWLRQV� ZHOO� FRYHU�
WKH� DFWXDO� PRQWKO\� HQHUJ\� FRQVXPSWLRQ� H[FHSW� WKH�
SORW� RI� -DQXDU\� DQG� WKH� UDQJH� LQ� ZKLFK� VLPXODWLRQ�
RXWSXWV� GLVWULEXWH� EHFDPH� QDUURZHU� FRPSDUHG� WR�
WKRVH�HVWLPDWHG�EDVHG�RQ�WKH�SULRU�GLVWULEXWLRQV��7KLV�
UHVXOW� LPSOLHV� WKDW� WKH� SURSRVHG� KLHUDUFKLFDO�
FDOLEUDWLRQ� LPSURYHG� WKH�PRGHO� WR� WDNH� LQWR� DFFRXQW�
QRW� RQO\� WKH� RYHUDOO� FKDUDFWHULVWLF� RI� WKH� IRRG�
VXSHUPDUNHW� VWRFN� EXW� DOVR� WKH� LQIOXHQFH� RI�
PHWHRURORJLFDO� FRQGLWLRQV� VKRZQ� LQ� WKH� VHDVRQDO�
YDULDWLRQ�RI�HQHUJ\�FRQVXPSWLRQ���
�

�)LJXUH� ��� 6LPXODWLRQ� UHVXOW� FDOFXODWHG� EDVHG� RQ�
SRVWHULRU�GLVWULEXWLRQV�
�

��

�
)LJXUH����0HDQ�PRQWKO\�HQHUJ\�FRQVXPSWLRQ�RI�WKH�
��� IRRG� VXSHUPDUNHWV� HVWLPDWHG� XVLQJ� WKH� SULRU� DQG�
SRVWHULRU�GLVWULEXWLRQV�
�

(67,0$7,21�2)�727$/�(1(5*<�
&2168037,21�2)�7+(�:+2/(�)22'�
683(50$5.(7�%8,/',1*�672&.�
7KH� WRWDO� HQHUJ\� FRQVXPSWLRQ� RI� WKH� ZKROH� IRRG�
VXSHUPDUNHW� VWRFN� ZDV� HVWLPDWHG� E\� XVLQJ� WKH�
SRVWHULRU�GLVWULEXWLRQV�JDLQHG�IRU�WKH�IRXU�FDOLEUDWLRQ�
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SDUDPHWHUV�� � )LJXUH� ��� VKRZV� WKH� HVWLPDWHG� PHDQ�
HQHUJ\� XVH� LQWHQVLW\� DQG� LWV� FRPSRVLWLRQ�� ,W� ZDV�
HVWLPDWHG�WR�EH�������0-��P²·\U��DQG�PRUH�WKDQ�����
LV�RFFXSLHG�E\�HQHUJ\�FRQVXPSWLRQ�IRU�UHIULJHUDWLRQ��
)LJXUH����VKRZV�WKH�GLVWULEXWLRQ�RI�HVWLPDWHG�SULPDU\�
HQHUJ\� XVH� LQWHQVLW\� DPRQJ� WKH� IRRG� VXSHUPDUNHW�
VWRFN� LQ�+\RJR� SUHIHFWXUH��%DVHG� RQ� WKLV� UHVXOW�� WKH�
WRWDO� HQHUJ\� FRQVXPSWLRQ� LQ� WKH� SUHIHFWXUH� ZDV�
HVWLPDWHG� WR� EH� ���±���� 3-�\HDU� IRU� WKH� IRRG�
VXSHUPDUNHW� VWRFN� ZLWK� WRWDO� IORRU� DUHD� RI� ������
WKRXVDQG�P²����
�

�
)LJXUH����&DOFXODWHG�PHDQ�(8,�RI�IRRG�VXSHUPDUNHWV��

�
)LJXUH����(VWLPDWHG�WRWDO�HQHUJ\�FRQVXPSWLRQ�

&21&/86,21�
7KLV� SDSHU� SURSRVHG� D� PHWKRGRORJ\� WR� GHYHORS� DQ�
XUEDQ� VFDOH� PRGHO� RI� HQHUJ\� XVH� RI� EXLOGLQJV�� 7KLV�
PHWKRGRORJ\� DGGUHVVHV� WKH� GLYHUVLW\� LQ� HQHUJ\� XVH�
WKURXJK� WZR� GLIIHUHQW� DSSURDFKHV�� FODVVLILFDWLRQ� RI�
WKH� EXLOGLQJ� VWRFN� DQG� DUFKHW\SH� PRGHOOLQJ�� DQG�
%D\HVLDQ� FDOLEUDWLRQ�� SURGXFLQJ� D� SUREDELOLW\�
GLVWULEXWLRQ�IRU�WKH�XQFHUWDLQ�LQSXW�PRGHO�SDUDPHWHUV�
IRU� HDFK� EXLOGLQJ� VWRFN� FDWHJRU\�� :H� HVSHFLDOO\�
IRFXVHG� RQ� WKH� FDOLEUDWLRQ� SURFHVV� DQG� SURSRVHG� D�
KLHUDUFKLFDO� FDOLEUDWLRQ� LQ� RUGHU� WR� GHYHORS�
SUREDELOLW\� GLVWULEXWLRQV� DSSOLFDEOH� WR� D� QXPEHU� RI�
VLPXODWLRQ�RXWSXWV�ZLWK�GLIIHUHQW�WLPH�UHVROXWLRQV���
7KH� SURSRVHG� PHWKRGRORJ\� ZDV� DSSOLHG� WR� D� IRRG�
VXSHUPDUNHW� EXLOGLQJ� VWRFN� LQ� +\RJR� SUHIHFWXUH� LQ�
-DSDQ�� 7KH� UHVXOWV� JHQHUDOO\� VKRZHG� WKDW� WKH�
PHWKRGRORJ\� VLJQLILFDQWO\� UHGXFH� XQFHUWDLQW\� LQ� WKH�
VLPXODWLRQ� RXWSXW� RI� WKH� XUEDQ� VFDOH� IRRG�
VXSHUPDUNHW� PRGHO�� 7KH� URRW� PHDQ� VTXDUH� HUURU�
FDOFXODWHG� IRU� ��� H[LVWLQJ� IRRG� VXSHUPDUNHWV� ZDV�
LPSURYHG�IURP��������ZKLFK�ZDV�FDOFXODWHG�EDVHG�RQ�
SULRU�NQRZOHGJH��WR�������0-��Pð�\U����
+RZHYHU��ZH�KDYH�QRW� YDOLGDWHG� WKDW� WKH� SUREDELOLW\�
GLVWULEXWLRQV� JLYHQ� E\� WKH� SDUDPHWHU� FDOLEUDWLRQ�

UHIOHFW� WKH� DFWXDO� FRQGLWLRQ�� 7KLV� YDOLGDWLRQ� ZLOO� EH�
GRQH�DV�SDUW�RI�D�IXWXUH�VWXG\���

$&.12:/('*(0(17�
7KLV� ZRUN� LV� VXSSRUWHG� E\� *UDQWV�LQ�$LG� IRU�
6FLHQWLILF�5HVHDUFK��-DSDQ�6RFLHW\�IRU�WKH�3URPRWLRQ�
RI�6FLHQFH�1R�����������DQG�����������

5()(5(1&(6�
%RRWK�$�7���&KRXGKDU\�5���6SLHJHOKDOWHU�'�-���������

+DQGOLQJ� XQFHUWDLQW\� LQ� KRXVLQJ� VWRFN� PRGHOV��
%XLOGLQJ�DQG�(QYLURQPHQW��YRO������SS���������

+HR� <��� &KRXGKDU\� 5��� $XJHQEURH� *�$�� ������
&DOLEUDWLRQ�RI�EXLOGLQJ�HQHUJ\�PRGHOV�IRU�UHWURILW�
DQDO\VLV�XQGHU�XQFHUWDLQW\��(QHUJ\�DQG�%XLOGLQJV��
YRO�����SS�����������

.HQQHG\� 0�&��� 2¶+DJDQ� $�� ������ %D\HVLDQ�
FDOLEUDWLRQ�RI�FRPSXWHU�PRGHOV��-RXUQDO�RI�5R\DO�
6WDWLVWLFDO�6RFLHW\�%��YRO������SS����������

0DFGRQDOG�� ,�� ������ &RPSDULVRQ� RI� VDPSOLQJ�
WHFKQLTXHV� RQ� WKH� SHUIRUPDQFH� RI� 0RQWH�&DUOR�
EDVHG� VHQVLWLYLW\� DQDO\VLV�� ,Q� ��WK� ,QWHUQDWLRQDO�
,%36$�&RQIHUHQFH��SS�����±�����*ODVJRZ���

0DWVXRND��$���<DPDJXFKL��<��6X]XNL��<��� 6KLPRGD��
<�� ������ 8UEDQ�VFDOH� 0RGHOOLQJ� RI� (QHUJ\�
'HPDQG�RI�5HWDLO�)DFLOLWLHV��7KH�3URFHHGLQJV�RI�
WKH�%XLOGLQJ�6LPXODWLRQ�������

0RUULV� 0�'�� ������ )DFWRULDO� 6DPSOLQJ� 3ODQV� IRU�
3UHOLPLQDU\� &RPSXWDWLRQDO� ([SHULPHQWV��
7HFKQRPHWULFV��YRO�����SS����������

6X]XNL��<���<DPDJXFKL��<��6KLUDLVKL��.���1DUXPL��'���
6KLPRGD�� <�� ������ $QDO\VLV� DQG� PRGHOLQJ� RI�
HQHUJ\�GHPDQG�RI�UHWDLO�VWRUHV��7KH�3URFHHGLQJV�
RI�WKH�%XLOGLQJ�6LPXODWLRQ�������SS�������������

6ZDQ�/*���8JXUVDO�9�,�� ������0RGHOLQJ� RI� HQG�XVH�
HQHUJ\� FRQVXPSWLRQ� LQ� WKH� UHVLGHQWLDO� VHFWRU��$�
UHYLHZ� RI�PRGHOLQJ� WHFKQLTXHV�� 5HQHZDEOH� DQG�
6XVWDLQDEOH� (QHUJ\� 5HYLHZV�� YRO� ���SS�� �����
������

<DPDJXFKL� <��� 6KLPRGD� <�� ������ 'LVWULFW�VFDOH�
6LPXODWLRQ� IRU� 0XOWL�SXUSRVH� (YDOXDWLRQ� RI�
8UEDQ� (QHUJ\� 6\VWHPV�� -RXUQDO� RI� %XLOGLQJ�
3HUIRUPDQFH�6LPXODWLRQ��YRO�����SS�����������

<DPDJXFKL�<��HW�DO��������&ODVVLILFDWLRQ�RI�-DSDQHVH�
5HWDLO�)DFLOLWLHV� WR�(VWDEOLVK�%HQFKPDUN�(QHUJ\�
&RQVXPSWLRQ�� 3URFHHGLQJV� RI� $&(((� 6XPPHU�
6WXG\�������6DQ�)UDQFLVFR��

:LW� 'H�0�� 6�� ������ ,GHQWLILFDWLRQ� RI� WKH� LPSRUWDQW�
SDUDPHWHUV� LQ� WKHUPDO� EXLOGLQJ� VLPXODWLRQ�
PRGHOV�� -RXUQDO� RI� VWDWLVWLFDO� FRPSXWDWLRQ� DQG�
VLPXODWLRQ��9RO������SS����������
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