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7KLV� VWXG\� DGUHVVHV� WZR� VOLJKWO\� GLIIHUHQW��
PDFURVFRSLF�ORZ�RUGHU�WKHUPDO�HQYHORSH�PRGHOV�
�WKHUPDO�HOHFWULF� PRGHOV�� RI� D� UHVLGHQWLDO�
EXLOGLQJ�URRP�LQ�&RUVLFD��)UDQFH��7KHVH�PRGHOV�
DLP� WR� EH� LQWHJUDWHG� WR� WKH� LQ�VLWH� %06�
FRQWUROOHU� WR�SHUIRUP�RSWLPDO�SUHGLFWLYH�FRQWURO�
RI� IUHH� FRROLQJ�� WKDQNV� WR� RSHQLQJ� ZLQGRZV��
7KLV� SDSHU� ZLOO� ILUVW� SUHVHQW� WKH� EXLOGLQJ�� WKH�
FDVH� VWXG\� DQG� WKH� PHWKRGRORJ\� XVHG�� $�
FRPSDULVRQ� RI� WKH� FDOLEUDWLRQ� FDSDELOLWLHV� �ZLWK�
(QHUJ\3OXV� VLPXODWLRQV�� RI� WKHVH� PRGHOV�� ZLWK�
DQG� ZLWKRXW� LQVLGH� DLU� FDSDFLW\�� ZLOO� WKHQ� EH�
GRQH�� 7KH� PRUH� DSSURSULDWH� PRGHO� ZLOO� EH�
GHHSO\� VWXGLHG�� E\� XVLQJ� RSWLPLVDWLRQ� WHFKQLFV��
LQ� RUGHU� WR� PDNH� SDUDPHWHUV� LGHQWLILFDWLRQV�
VWDUWLQJ�IURP�WKH�G\QDPLF�VLPXODWLRQ�UHVXOWV���

,1752'8&7,21�
,Q�)UDQFH������RI�WKH�ZKROH�SURGXFWLRQ�RI�HOHFWULFLW\�
LV� XVHG� IRU� KHDWLQJ�� FRROLQJ� DQG� HTXLSPHQW� IRU�
UHVLGHQWLDO� DQG� QRQ� UHVLGHQWLDO� EXLOGLQJV�� &RROLQJ�
ORDGV� LQ� )UDQFH� �DQG� 0HGLWHUUDQHDQ� FRXQWULHV�� KDV�
EHFRPH� D� QHZ� SUREOHP� FDXVLQJ� VRPH� FRQVXPSWLRQ�
SHDNV�GXULQJ� VXPPHU�SHULRGV��)DFLQJ� WKH� JURZWK�RI�
SRSXODWLRQ� DQG� GHYHORSPHQW� RI� DFWLYH� FRROLQJ�
HTXLSPHQWV�� SDVVLYH� GHVLJQ� DQG� V\VWHPV� ZLOO� EH�
HQKDQFHG� IRU� EXLOGLQJV� LQ� WKH� IXWXUH�� 1DWXUDO� FURVV�
YHQWLODWLRQ�LV�FODLPHG�WR�EH�DQ�HIIHFWLYH�VROXWLRQ��EXW�
KDV�WR�EH�FRQWUROOHG�FRUUHFWO\��7R�RSWLPL]H�WKH�XVH�RI�
QLJKW�FRROLQJ�FRXSOHG�ZLWK�WKH�KLJK�EXLOGLQJ�WKHUPDO�
PDVV��RQVLWH�ZHDWKHU�IRUHFDVWV�DUH�SODQQHG�WR�EH�XVHG�
IRU�RSWLPDO�DQWLFLSDWHG�FRQWUROV�RI�RSHQLQJ�ZLQGRZV��
)RU� WKLV� SXUSRVH�� DQ� HQYHORSH� PRGHO�� DV� ZHOO� DV� DQ�
DLUIORZ� PRGHO� �JLYLQJ� WKH� DLUIORZ� UDWH� SDVVLQJ�
WKURXJK� WKH�RSHQLQJ�ZLQGRZV�GHSHQGLQJ�RQ�H[WHULRU�
FRQGLWLRQV��� DUH� QHHGHG� WR� SUHGLFW� WKH� LQGRRU�
HQYLURQPHQW�EHKDYLRXU��7KH�DLUIORZ�PRGHO�ZRQ¶W�EH�
GLVFXVVHG� LQ� WKLV� SDSHU�� )RU� WKH� SDVW� GHFDGH��
QXPHURXV� VWXGLHV� UHODWHG� WR� EXLOGLQJ� PRGHOOLQJ� DQG�
SUHGLFWLYH�FRQWUROV�KDYH�EHHQ�GRQH��$�ORW�RI�GLIIHUHQW�
W\SRORJLHV� RI� PRGHOV� KDYH� EHHQ� H[SHULHQFHG� DQG�
GLVFXVVHG�� 'HWDLOHG� PRGHOV�� UHGXFHG� RUGHU� PRGHOV�
�IURP� GHWDLOHG� PRGHOV�� DQG� HOHFWULFDO� HTXLYDOHQW�
PRGHOV� �XVXDOO\� ORZ� RUGHU� PRGHOV�� KDYH� WKHLU� RZQ�
TXDOLWLHV� DQG� VKRUWFRPLQJV�� :KHUHDV� GHWDLOHG�

EXLOGLQJ� PRGHOV� DUH� LQDSSURSULDWH� IRU� LGHQWLILFDWLRQ�
RI�SDUDPHWHUV�RQ�PHDVXUHG�GDWD��HOHFWULFDO�HTXLYDOHQW�
ORZ�RUGHU�PRGHOV�VXLW�ZHOO�IRU�WKLV�SXUSRVH��%DVHG�RQ�
0DGVHQ��0DGVHQ��������DQG�=D\DQH��=D\DQH���������
WKLV� VWXG\� IRFXVHV� RQ� DQ� HOHFWULFDO� HTXLYDOHQW�
PDFURVFRSLF� PRGHO� IRU� WKH� EXLOGLQJ� HQYHORSH�� ,W�
DGGUHVVHV� RQ� PRGHO� SDUDPHWHUV� LGHQWLILFDWLRQ� �RU�
FDOLEUDWLRQ�� XVLQJ� D� 6HTXHQWLDO� 4XDGUDWLF�
3URJUDPPLQJ� �643�� DOJRULWKP� �3RZHOO�� �������ZLWK�
(QHUJ\3OXV�VLPXODWLRQ�UHVXOWV���

&$6(�678'<�%8,/',1*�
35(6(17$7,21�
Building presentation 
7KH�FDVH�VWXG\�EXLOGLQJ�LV�³/H�&KDUSDN´��ZKLFK�
LV�SDUW�RI�&DUJqVH�,QVWLWXWH�RI�6FLHQWLILF�6WXGLHV�
�,(6&���&RUVLFD��)UDQFH���
�

�
)LJXUH�����(DVW�IDFDGH�RI�³/H�&KDUSDN´�EXLOGLQJ�

�

7KLV� LQVWLWXWH� LV� D� &156� �)UHQFK� 1DWLRQDO�
&HQWHU� RI� 5HVHDUFK�� HQWLW\�� ³/H� &KDUSDN´� LV� D�
WZR�VWRUH\V�UHVLGHQWLDO�EXLOGLQJ�FRPSRVHG�RI����
VLPLODU�URRPV�DQG�ZDV�SXW�LQWR�VHUYLFH�LQ�������
,W� LV� D�1HW� =HUR�(QHUJ\�%XLOGLQJ� WKDQNV� WR� WKH�
UHQHZDEOH� HQHUJ\� V\VWHPV�� YDFXXP� WXEHV� VRODU�
WKHUPDO� SDQQHOV� DQG� D� URRI� PRXQWHG� ���P��
DPRUSKHXV�39�PHPEUDQHV�ILHOG��6FLHQWLVWV�IURP�
DOO� DURXQG� WKH�ZRUOG�ZKR� FRPH� DW� WKH� LQVWLWXWH�
VOHHS� LQ� WKHVH� ��� P�� URRPV� �EHGURRP� DQG�
EDWKURRP��� 7KH� VLWH� LV� DERXW� ��NP� QRUWK� RI�
$MDFFLR��D�KXQGUHG�PHWHUV�IURP�WKH�VHD��DQG�WKH�
FOLPDWH� LV� D� KRW� 0HGLWHUUDQHDQ� RQH�� 7KLV�
EXLOGLQJ� ZDV� PRVWO\� GHVLJQHG� DQG� RULHQWHG� LQ�

Proceedings of BS2013: 
13th Conference of International Building Performance Simulation Association, Chambéry, France, August 26-28

- 2341 -



VHD� EUHH]HV� GLUHFWLRQ� WR� GHDO� ZLWK� VXPPHU�
RYHUKHDWLQJ� DQG� FRPIRUW� SUREOHPV�� � KXJH�
VKDGLQJV� WR� DYRLG�PRVW� VRODU� JDLQV� DQG� SDVVLYH�
FRROLQJ�XVLQJ�QDWXUDO�FURVV�YHQWLODWLRQ���
Cooling and heating strategies 
$Q� LQQRYDWLYH� V\VWHP� FRQWUROOHG� E\� D�%XLOGLQJ�
0DQDJHPHQW� 6\VWHP� �%06�� DOORZ� DXWRPL]HG�
RSHQLQJ� ZLQGRZV� FRQWURO� IRU� QLJKW� FRROLQJ��
HQKDQFHG�E\�KLJK�WKHUPDO�PDVV�LQWHULRU�FRQFUHWH�
ZDOOV��IORRUV�DQG�URRIV���
�

�
)LJXUH����URRP�QDWXUDO�YHQWLODWLRQ�SULQFLSOH��

�

7KHVH� RSHQLQJ� ZLQGRZV� SHUPLW� FURVV� QDWXUDO�
YHQWLODWLRQ�� DV� VKRZQ� LQ� )LJXUH� ��� ,Q� FDVH� RI�
VHYHUH�RYHUKHDWLQJ�RU�LQFRPIRUW��D�FHLOLQJ�IDQ�LV�
LQVWDOOHG� WR� LPSURYH� WKH� FRPIRUW� �ORZHU� WKH�
LQFRPIRUW���FUHDWLQJ�DQ�DLU�IORZ�RQ�WKH�RFFXSDQW�
VNLQ¶V� VXUIDFH�� JLYLQJ� KLP� D� FROGHU� DLU�
WHPSHUDWXUH� VHQVDWLRQ�� &RQFHUQLQJ� KHDWLQJ�
HTXLSPHQWV��D���P��YDFXXP�WXEHV�VRODU�WKHUPDO�
SDQHOV� ILHOG� SURYLGH� ���� RI� KHDWLQJ� �WKURXJK�
UDGLDQW�IORRUV��DQG�GRPHVWLF�KRW�ZDWHU�QHHGV��$�
��N:� EDFNXS� JDV� ERLOHU� LV� DOVR� LQVWDOOHG�� $�
VLPSOH� &RQWUROOHG� 0HFKDQLFDO� 9HQWLODWLRQ�
�&09�� RI� DERXW� ��� P��K� JXDUDQWHHV� VXIILFLHQW�
DLU�UHQHZDO�GXULQJ�ZLQWHU�DQG�VKRXOGHU�VHDVRQV���
Building Management System description 
7KH�%06�DOVR� FHQWUDOL]HV� DQG� VWRUHV� DOO� VHQVRU�
GDWD� DYDLODEOH�� (DFK� URRP� LV� HTXLSHG� E\� WZR�
LQVLGH� WHPSHUDWXUH� VHQVRUV� DQG� RQH� KXPLGLW\�
VHQVRU�� 7ZR� VSHFLILF� URRPV� KDYH� WZR� HQHUJ\�
PHWHUV�LQ�DGGLWLRQ��SOXJ�ORDGV�DQG�OLJKWLQJ��DQG�
DQ� DLU� VSHHG� VHQVRU�� $� URRI� PRXQWHG�
PHWHRURORJLF� VWDWLRQ� LQGLFDWHV� HQYLURQHPHQW� DLU�
WHPSHUDWXUH� DQG� KXPLGLW\�� ZLQG� VSHHG� DQG�
GLUHFWLRQ�� DQG� JOREDO� KRUL]RQWDO� VRODU� UDGLDWLRQ��
7KH�%06�DOVR�NQRZV�DW�DQ\�WLPH�WKH�SRVLWLRQ�RI�
RSHQLQJ�ZLQGRZV�� $OO� WKHVH�PHDVXUHPHQWV� FDQ�
EH�DFFHVHG�WKURXJK�D�ZHE�DSSOLFDWLRQ��)LJXUH�����
ZKLFK�DFWV�GLUHFWO\�RQ�WKH�%06�PRGEXV�OD\HU���
�

�
)LJXUH����%06�ZHE�DSSOLFDWLRQ��VSHFLILF�URRP�Q���

�

7KDQNV� WR� WKLV� LQWHUIDFH�� ZLQGRZV� IRU� QDWXUDO�
YHQWLODWLRQ� FDQ� EH� RSHQHG� �� FORVHG�� DQG� WKH�
FHLOLQJ� IDQ� FDQ� EH� WXUQHG� RQ� DW� WKUHH� GLIIHUHQW�
VSHHGV��RU�VWRSSHG���
Composition of the building  
7KLV� EXLOGLQJ� KDV� D� KLJK� WKHUPDO� PDVV� DQG�
H[WHULRU�LQVXODWHG�HQYHORSH�LQ�RUGHU�WR�SOD\�ZLWK�
QLJKW� IOXVKLQJ�� HQDEOHG� E\� QLJKW� QDWXUDO� FURVV�
YHQWLODWLRQ�� 7KH� HQYHORSH� FRPSRVLWLRQ� LV� JLYHQ�
LQ�)LJXUH����
�

�
)LJXUH����FRPSRVLWLRQ�RI�WKH�EXLOGLQJ�

�

8�YDOXHV��
��HDVW�DQG�ZHVW�IDFDGHV�������:�P���.���
��IORRU�������:�P���.���
��GRXEOH�JOD]LQJ�ZLWK�DUJRQ������:�P���.���
J�YDOXH���
��GRXEOH�JOD]LQJ�ZLWK�DUJRQ�������
Methodology 
(QHUJ\3OXV� PRGHOV� ZHUH� FUHDWHG� ZLWK� WKH� KHOS�
RI�*RRJOH6NHWFKXS�DQG�2SHQ6WXGLR�SOXJLQ��DQG�
WKHQ� VLPXODWHG� ZLWK� (QHUJ\3OXV�� $� ZKROH�
EXLOGLQJ� PRGHO� �)LJXUH� ��� ZDV� FRPSDUHG� WR� D�
VLPSOHU�WZR�URRPV�PRGHO��)LJXUH������
�
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�
)LJXUH����ZKROH�EXLOGLQJ�*RRJOH6NHWFKXS�YLHZ�

�

�

�
)LJXUH����WZR�URRPV�PRGHO�GHVFULSWLRQ�

�

7KH� PD[LPXP� LQGRRU� DLU� WHPSHUDWXUH� GLIIHUHQFH�
EHWZHHQ� WKHVH� WZR�FRQILJXUDWLRQV�ZDV� DURXQG�����&�
IRU� WKH� JURXQG� IORRU� ]RQH�� ZKLFK� LV� DVVXPHG� WR� EH�
OLWWOH�HQRXJK�WR�XVH�WKH�WZR�URRPV�PRGHO�LQVWHDG��

02'(/6�'(6&5,37,21�
:H� FRQVHTXHQWO\� IRFXVHG�� IRU� WKH� SXUSRVH� RI� WKLV�
VWXG\��RQ�D�XQLTXH�JURXQG�IORRU�URRP�VXUURXQGHG�E\�
WKUHH�VLPLODU�URRPV��

Assumptions on EnergyPlus simulations 
7KLV� UHVXOWV� RQ� DSSO\LQJ� DGLDEDWLF� FRQGLWLRQV� RQ�
LQWHUQDO� ZDOOV� DQG� FHLOLQJ�� DV� VKRZQ� LQ� )LJXUH� ���
(QYHORSH� VXUIDFHV� FRQGLWLRQV�� ZRRG� IDoDGHV� DUH�
H[SRVHG� WR� H[WHULRU� FRQGLWLRQV�� DQG� WKH� IORRU� LV�
H[SRVHG� WR� FRQGXFWLRQ� WUDQVIHU� ZLWK� WKH� JURXQG�� $�
ZHDWKHU�ILOH�RI�$MDFFLR�FLW\��IURP�7516<6��LV�XVHG��
$� FRQVWDQW� ��� P��K� YHQWLODWLRQ� UDWH� LV� DSSOLHG�� 7KH�
H[WHULRU�ZLQG�LV�QRW�WDNHQ�LQWR�DFFRXQW���
,QWHUQDO� JDLQV�� RQH� SHUVRQ�� PRQGD\� WLOO� IULGD\�� DV�
GHVFULEHG�EHORZ��
� ���$0�WR��$0����:�
� ���$0�WR��$0����:�
� ���$0�WR��30���:��QRERG\�LQVLGH��
� ���30�WR��30����:�
� ���30�WR��30���:��QRERG\�LQVLGH��
� ���30�WR���30����:�
�
2XWSXW� YDULDEOHV�� =RQH� 0HDQ� $LU� 7HPSHUDWXUH��
2XWGRRU� 'U\� %XOE�� =RQH� 7UDQVPLWWHG� 6RODU�� 3HRSOH�
7RWDO�+HDW�*DLQ�DQG�*URXQG�7HPSHUDWXUH���
�
5HVXOWV� IURP� (QHUJ\3OXV� VLPXODWLRQV� DUH� XVHG� DV�
LQSXWV� WR� FDOLEUDWH� DQG� WHVW� WKH� PDFURVFRSLF� PRGHOV�
SUHVHQWHG�EHORZ��
�
��

Description of the macroscopic envelope models 
7KHUPDO�(OHFWULFDO� DQDORJ\� ZDV� XVHG� WR� FUHDWH�
VFKHPHV� DQG� ZULWH� FRUUHVSRQGLQJ� HTXDWLRQV��
7HPSHUDWXUH��KHDW�JDLQV��WKHUPDO�UHVLVWDQFHV�DQG�
FDSDFLWLHV� DUH� DVVLPLODWHG� WR� YROWDJH�� FXUUHQW�
VRXUFH�� HOHFWULFDO� UHVLVWDQFHV� DQG� FDSDFLWLHV�
UHVSHFWLYHO\�� 0DQ\� HQYHORSH� PRGHO�
FRQILJXUDWLRQV�ZHUH� WULHG��EXW�RQO\�WZR�RI�WKHP�
�WKH� EHVW� RQHV�� DUH� SUHVHQWHG�� $V� VKRZQ� LQ�
)LJXUH���� WKH��5�&�PRGHO�KDV�JRW���UHVLVWDQFHV�
DQG���FDSDFLWLHV��
�

 
)LJXUH�����5�&�PRGHO�VFKHPH�

�

7H[W� DQG� 7VRO� UHSUHVHQW� WKH� 2XWGRRU� 'U\� %XOE�
DQG� *URXQG� 7HPSHUDWXUH� UHVSHFWLYHO\�� 4LQW� LV�
WKH�VXP�RI��=RQH�7UDQVPLWWHG�6RODU�DQG�3HRSOH�
7RWDO� +HDW� *DLQ�� ,W� UHSUHVHQW� WKH� ]RQH� WRWDO�
LQWHUQDO� KHDW� JDLQ�� 5PH[W� DQG� 5PLQW� DUH� WKH�
H[WHULRU� DQG� LQWHULRU� OXPSHG� UHVLVWDQFHV� RI� HDVW�
DQG� ZHVW� ZRRG� IDoDGHV� UHVSHFWLYHO\�� /XPSHG�
PHDQV� WKHUH� WKDW� 5PLQW�� IRU� H[DPSOH�� LV� WKH�
HTXLYDOHQW� UHVLVWDQFH� WKDW� OXPSV� FRQGXFWLRQ�
UHVLVWDQFH� WKURXJK�ZDOO� DQG� VXUIDFH� FRQYHFWLRQ�
ZLWK� LQWHULRU� DLU�� �5SH[W� DQG�5SLQW� DUH� H[WHULRU�
DQG�LQWHULRU�UHVLVWDQFHV�RI�WKH�IORRU�UHVSHFWLYHO\��
5Y� LV� WKH� HTXLYDOHQW� UHVLVWDQFH� UHSUHVHQWLQJ�
YHQWLODWLRQ��&P�DQG�&VRO�DUH�HDVW�DQG�ZHVW�ZRRG�
IDoDGHV�FDSDFLW\�DQG�IORRU�FDSDFLW\�UHVSHFWLYHO\��
7LQW�� 7P� DQG� 7S� UHSUHVHQW� =RQH� 0HDQ� $LU�
7HPSHUDWXUH�� ZRRG� IDFDGHV� HTXLYDOHQW� LQVLGH�
WHPSHUDWXUH��DQG�IORRU�LQVLGH�WHPSHUDWXUH�QRGHV�
UHVSHFWLYHO\��
�
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�
)LJXUH�����5�&�PRGHO�VFKHPH�

�

7KH��5�&�PRGHO�VKRZQ�LQ�)LJXUH���LV�WKH�VDPH�
EDVH� DV� �5�&�PRGHO� EXW� KDV� JRW� DQ� LQGRRU� DLU�
FDSDFLW\��&DLU��LQ�PRUH��5SH[W��5SLQW��7S�DQG�&S�
DUH� UHQDPHG� E\� 5VRO��� 5VRO��� 7PV� DQG� &VRO�
UHVSHFWLYHO\�� 7KH� XQNQRZQ� VWDWH� YDULDEOHV� DUH�
7P�� 7PV� DQG� 7LQW�� 7LQW� LV� DOVR� WKH� RXWSXW�
YDULDEOH� RI� WKHVH�PRGHOV��)ORRU� DQG�ZDOOV�ZHUH�
PRGHOOHG� VHSDUDWHO\� EHFDXVH� RI� WZR� PDLQ�
UHDVRQV��WKH�PXFK�KLJKHU�WKHUPDO�FDSDFLW\�RI�WKH�
IORRU� FRPSDUHG� WR�ZRRG� IDFDGHV�� DQG� WKH� KXJH�
GLIIHUHQFH� LQ� WHUPV� RI� H[WHULRU� WKHUPDO� ORDGV��
7KH�IORRU�LV�LQ�FRQWDFW�ZLWK�D�YHU\�ORZ�IUHTXHQF\�
YDULDWLRQ� HQWLW\�� WKH� JURXQG� �LQ� IDFW�� LWV�
WHPSHUDWXUH� LV� FRQVLGHUHG� FRQVWDQW� IRU� D�ZKROH�
PRQWK��� :KLOH� ZRRG� IDoDGHV� DUH� H[SRVHG� WR�
PXFK�KLJKHU�IUHTXHQF\�ORDGV��DV�VRODU�UDGLDWLRQV�
DQG� H[WHULRU� WHPSHUDWXUH�� 7KLV� FKRLFH�� IRU� WKLV�
FDVH� VWXG\�� JLYHV� EHWWHU� UHVXOWV� WKDQ� D� XQLTXH�
FDSDFLW\�IRU�ERWK�IORRU�DQG�ZRRG�IDFDGHV��
Initial models parameters calculations 
%DVLF� WKHUPDO� SURSHUWLHV� FDOFXODWLRQV� ZHUH� GRQH� WR�
GHWHUPLQH�5Y��&P��&VRO� DQG�&DLU� SDUDPHWHUV� EDVHG�
RQ� ZDOOV� DQG� ZLQGRZV� FRPSRVLWLRQ� DV� VKRZQ� LQ�
)LJXUH� ��� 5PH[W�� 5PLQW�� 5VRO�� DQG� 5VRO�� ZHUH�
GHWHUPLQHG�LQ�WZR�VWHSV��)LUVW��EDVLF�FDOFXODWLRQV�
RI� WKH� WKHUPDO� HTXLYDOHQW� UHVLVWDQFHV� RI� ZRRG�
IDoDGHV�ZDOOV�DQG�IORRU�UHVSHFWLYHO\��7KHQ��DV�DQ�
HVWLPDWLRQ��DQ�DUELWUDU\�VSOLW�RI�WKHVH�HTXLYDOHQW�
UHVLVWDQFHV�UHJDUGLQJ�WR�PDWHULDOV�DQG�LQVXODWLRQ�
SODFHPHQW��
5HVLVWDQFHV���DQG��FDSDFLWLHV��XQLWV���DUH��>.�:��@���
DQG��
>-�.��@�DQG�WKHLU�YDOXHV�DUH�OLVWHG�EHORZ��
5PH[W ������� 5PLQW ������� 5VRO� ������
5VRO� �������5Y �����&P ���(����&VRO �(�����
&DLU ������
Models equations  
8VLQJ7KHUPDO�(OHFWULFDO� DQDORJ\�� 2KP¶V� ODZ�
DQG�.LUFKKRII¶V�ODZV�FDQ�EH�DSSOLHG�WR�HVWDEOLVK�
WKH� HTXDWLRQV� UHODWHG� WR� WKHVH� PRGHOV�� $V� DQ�

H[HPSOH�� �5�&� PRGHO� HTXDWLRQV� DUH� VKRZQ�
EHORZ��
�

�
�

�
�

�
�

(TXDWLRQV� ��� HTXDWLRQ� �� DQG� HTXDWLRQ� �� DUH�
OLQNHG� DQG� IRUP� D� G\QDPLF� HTXDWLRQ� V\VWHP�� ,W�
FDQ� EH� H[SUHVVHG� ZLWK� D� VWDWH� VSDFH� PRGHO�
IRUPDOL]HG�DV�EHORZ��

�
ZKHUH� [� LV� WKH� VWDWH� YHFWRU� DQG� FRQWDLQV�
UHVSHFWLYHO\�VWDWH�SDUDPHWHUV�7P��7PV�DQG�7LQW��
X� LV� WKH� LQSXW� YHFWRU� DQG� FRQWDLQV� UHVSHFWLYHO\�
7H[W�� 4LQW� DQG� 7VRO�� ZKLFK� FRPH� IURP�
(QHUJ\3OXV� VLPXODWLRQ�� \� LV� WKH� RXWSXW� YHFWRU�
DQG�RQO\�FRQWDLQ�7LQW��WKH�RXWSXW�RI�WKLV�V\VWHP��
$�� %�� &� DQG� '� DUH� WKH� EXLOGLQJ� SK\VLFDO�
SURSHUWLHV�PDWULFHV��DQG�DUH�WLPH�LQYDULDQW��
Implementation in MATLAB environement 
7R� FDOFXODWH�7LQW�� WKH�PRGHO� RXWSXW�� ³F�G´� DQG�
³OVLP´� 0$7/$%� IXQFWLRQV� DUH� XVHG�� 7KH�
0$7/$%� VFULSW� ZDV� DOUHDG\� GHYHORSSHG� IRU� D�
VLPLODU� DSSOLFDWLRQ�� ,W� ZDV� MXVW� DGDSWHG� WR� WKLV�
�5�&� DQG� �5�&� PRGHOV�� HTXDWLRQ� �� LV� WKH�
XQLYHUVDO�VFULSW�IRU�³F�G´�IXQFWLRQ��DQG�HTXDWLRQ�
��LV�WKH�³OVLP´�IXQFWLRQ�XVHG�IRU��5�&�PRGHO��

�
�

�
³F�G´� IXQFWLRQ� GLVFUHWL]HV� WKH� FRQWLQXRXV�WLPH�
G\QDPLF� V\VWHP� PRGHO� ³V\V´� XVLQJ� ]HUR�RUGHU�
KROG� RQ� WKH� LQSXWV� DQG� D� VDPSOH� WLPH� RI� 7H�
VHFRQGV�� ³OVLP´� IXQFWLRQ� VLPXODWHV� WKH� �WLPH��
UHVSRQVH� RI� ³V\V´� GLVFUHWH� V\VWHPV� WR� WKH� LQSXW�
WLPH�KLVWRU\�>7H[W��4LQW��7VRO@�7LPHG��7KH�7LPHG�
YHFWRU� VSHFLILHV� WKH� WLPH� VDPSOHV� IRU� WKH�
VLPXODWLRQ�DQG�FRQVLVWV�RI�UHJXODUO\�VSDFHG�WLPH�
VDPSOHV�� >7BP���� 7BPV���� 7BLQW���@� VSHFLILHV�
LQLWLDO� VWDWH� SDUDPHWHUV� IRU� 7P�� 7PV� DQG� 7LQW�
UHVSHFWLYHO\�� 7KH� ³OVLP´� RXWSXW� LV� D� YHFWRU�
ZKLFK� FRQWDLQV� 7LQW� FDOFXODWLRQ� YDOXH� DW� HDFK�
VDPSOH�WLPH��
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Identification of parameters using an optimisation 
algorithm 
,Q� RXU� FDVH�� D� 6HTXHQWLDO� 4XDGUDWLF�
3URJUDPPLQJ� �643�� DOJRULWKP� �3RZHOO�� �������
DGDSWHG� WR� WKLV�PHGLXP�VFDOH� SUREOHP�� LV� XVHG��
7KH�DLP� LV� WR� ILQG�DQ�RSWLPDO� �5�&�DQG��5�&�
SDUDPHWHUV� VHW� WKDW� SURYLGH� WR� WKHVH� ORZ� RUGHU�
PDFURVFRSLF� PRGHOV� WKH� VDPH� EHKDYLRXU� DV�
(QHUJ\3OXV� PRGHO�� ,Q� RWKHU� ZRUGV�� ZH� WU\� WR�
PLQLPL]H� WKH� GLIIHUHQFH� EHWZHHQ� WKH� LQVLGH� DLU�
WHPSHUDWXUH� 7LQW� �RXWSXW� RI� �5�&� DQG� �5�&�
PRGHOV�� DQG�=RQH�0HDQ�$LU�7HPSHUDWXUH� IURP�
(QHUJ\3OXV� VLPXODWLRQV�� VR�FDOOHG�
7BLQWB(QHUJ\SOXV�� 7KH� 0$7/$%� IPLQFRQ�
RSWLPLVDWLRQ� IXQFWLRQ� ILQGV� WKH� PLQLPXP� RI� D�
FRQVWUDLQHG�QRQOLQHDU�PXOWLYDULDEOH�IXQFWLRQ�DQG�
LV� XVHG� IRU� WKH� SXUSRVH�� 7KH� REMHFWLYH� IXQFWLRQ�
³HFDUW´� LV� H[SUHVVHG� E\�PHDQV� RI� OHDVW� VTXDUHV�
PHWKRG�DQG�H[SUHVVHG�DV�VKRZQ�LQ�HTXDWLRQ����

�
SPLQ� DQG� SPD[� IPLQFRQ� FRQVWUDLQWV�� H[SUHVVHG� DV�
YHFWRUV�� FRQWDLQ�PLQLPXP� DQG�PD[LPXP� YDOXHV� IRU�
�5�&� DQG� �5�&� SDUDPHWHUV� UHVSHFWLYHO\�� DV�
GHVFULEHG� LQ� HTXDWLRQV� �� DQG� �� ��5�&� PRGHO��� ³´�
PHDQV�³PXOWLSOLHG�E\´�LQ�HTXDWLRQ����

�

�
'LIIHUHQW�IDFWRUV�ZHUH�DVVLJQHG� WR�JLYH�PRUH�RU�
OHVV� OLEHUW\� WR� WKH� RSWLPLVDWLRQ� IXQFWLRQ��
GHSHQGLQJ�RQ�SDUDPHWHUV��DV�OLVWHG�EHORZ��
H� �5Y�IDFWRU� H�� �&DLU�IDFWRU�H�� �&P�IDFWRU�
H�� �5PLQW�DQG�5VRO���LQWHULRU�UHVLVWDQFHV��
IDFWRU�
H�� �5PH[W�DQG�5VRO���H[WHULRU�UHVLVWDQFHV��
IDFWRU��
H�� �&VRO�IDFWRU�

',6&866,21�$1'�5(68/7�$1$/<6,6�
Evaluation criteria of models calibration and 
prediction accuracy  
,Q�RUGHU�WR�FRPSDUH�PRGHOV�RU�DQG�RSWLPLVDWLRQ�
RSWLRQV� �DV� SPLQ� DQG� SPD[��� ³FDOLEUDWLRQ´� DQG�
³SUHGLFWLRQ´� LQGLFDWRUV� KDYH� EHHQ� VHW� XS�� 7KHLU�
DLP�LV�WR�HYDOXDWH�WKH�DELOLW\�RI��5�&�DQG��5�&�
PRGHOV�WR�ILW�ZLWK�(QHUJ\3OXV�VLPXODWLRQ�UHVXOWV��
)RU�HDFK� �PRGHO��SDUDPHWHUV�DUH�ILUVW�RSWLPLVHG�
�FDOLEUDWHG� RU� LGHQWLILHG�� RQ� D� JLYHQ� SHULRG� RI�
WLPH�� XVLQJ� 643� DOJRULWKPV�� 7KLV� LV� WKH� VR�
FDOOHG� FDOLEUDWLRQ� VWHS�� 7KHQ� WKH� PRGHO� LV� UXQ�

ZLWK� RSWLPLVHG� SDUDPHWHUV� RQ� WKH� IROORZLQJ�
GD\V�� ZHHNV� RU� PRUH�� 7KLV� LV� WKH� VR�FDOOHG�
SUHGLFWLRQ� VWHS�� )RU� ERWK� FDOLEUDWLRQ� DQG�
SUHGLFWLRQ� VWHSV�� WKH� HUURU� EHHWZHHQ� 7LQW� DQG�
7BLQWB(QHUJ\SOXV� �7LQW� �� 7BLQWB(QHUJ\SOXV��� DV�
WKHLU�UHVSHFWLYH�HYROXWLRQV��DUH�SORWWHG��$YHUDJH�
DQG� PD[LPXP� DEVROXWH� HUURUV� LQGLFDWRUV� DUH�
FRPSXWHG�DQG�JLYH�D�JOREDO�YLVLRQ�RI�FDOLEUDWLRQ�
DQG�SUHGLFWLRQ�DFFXUDF\���
Global simulation Hypotheses  
)RU�WKH�SXUSRVH�RI�WKLV�SDSHU��RQO\���SUHGLFWLRQ�
SHULRGV�ZLOO�EH�DQDO\]HG���
������BWRB������D�W\SLFDO�VKRXOGHU�VHDVRQ�ZHHN��
ZLWK� YDULDEOH� H[WHULRU� ZHDWKHU� FRQGLWLRQV� �7H[W�
DQG��VRODU�LUUDGLDWLRQV��
������BWRB������D�KRW�DQG�VXQQ\�VXPPHU�ZHHN��
ZLWK� VLPLODU� ZHDWKHU� FRQGLWLRQV� WKURXJK� WKH�
ZHHN�
�������BWRB�������D�TXLWH�FROG�ZLQWHU�ZHHN�ZLWK�
YDULDEOH�ZHDWKHU�FRQGLWLRQV�
�

)RU��5�&�PRGHO��
��H ��������H� ����H� �����H� ����H� ���
)RU��5�&�PRGHO��
�� H �������� H� �������� H� ���� H� �����H� ����
H� ��
H� DQG� H�� DUH� VHW� WR� ������� WR� IL[�5Y� DQG�&DLU�
YDOXHV�� DV� IPLQFRQ� IXQFWLRQ�FDQ¶W�PRGLI\� WKHP��
7KH\�DUH�ZHOO�NQRZQ�DQG�WLPH�LQYDULDQW�YDOXHV��
EHFDXVH� WKH� JHRPHWU\� RI� WKH� ]RQH�� DV� LWV�
YHQWLODWLRQ�UDWH��DUH�DOVR�WLPH�LQYDULDQW��)RU�ERWK�
PRGHOV�� DOO� LQLWLDO� VWDWH� SDUDPHWHUV� DUH� VHW� WR�
7BLQWB(QHUJ\3OXV�YDOXH�DW�ILUVW�VDPSOH�WLPH��7H��
WKH� VLPXODWLRQ� VDPSOH� WLPH� FDQ� EH� ���V� RU�
����V��
Comparison of 5R2C and 5R3C models 
7KHVH�WZR�PRGHOV�ZHUH�VLPXODWHG�IRU�HDFK�SUHGLFWLRQ�
SHULRGV� GHVFULEHG� HDUOLHU� LQ� WKLV� HVVD\�� 0DQ\�
FDOLEUDWLRQ� SHULRGV� ZHUH� WULHG� DQG� RQO\� WKH� RQHV�
ZKLFK�JDYH�WKH�EHWWHU�UHVXOWV�ZHUH�WDNHQ�LQWR�DFFRXQW�
DQG� SUHVHQWHG� EHORZ�� )L[HG� 7H� VDPSOH� WLPH��
7H ���V��
�

�
)LJXUH�����5�&�DQG��5�&�GHWDLOHG�FRPSDULVRQ�

�
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)LJXUH� �� JLYHV� D� JOREDO� YLVLRQ� RI� PRGHOV�
FDOLEUDWLRQ� DQG� SUHGLFWLRQ� VNLOOV�� 7R� FRPSDUH�
�5�&�ZLWK��5�&�RQ�WKH�VDPH�SHULRG��OHW¶V�UHDG�
WKLV�JUDSK�E\�SDLUV�RI�FROXPQV�� OHIW�WR�ULJKW��IRU�
HDFK� DYHUDJH� FDOLEUDWLRQ� HUURU� �$&(��� DYHUDJH�
SUHGLFWLRQ�HUURU��$3(��DQG�PD[LPXP�SUHGLFWLRQ�
HUURU� �03(�� LQGLFDWRUV�� �5�&� FDOLEUDWLRQ� DQG�
SUHGLFWLRQ� HUURUV� DUH� DOZD\V� ORZHU� WKDQ� �5�&�
RQHV��
�

5R2C model 5R3C model
�

���

���

���

���

���

���

���

���

���

�

5R2C and 5R3C calibration and prediction comparison

average values based on 3 prediction periods through year

average calibration error

average prediction error

maximum prediction error

[°C]

�
)LJXUH������5�&�DQG��5�&�FRPSDULVRQ�WKURXJK�\HDU�
�

)LJXUH� ��� UHSUHVHQW� WKH� PHDQ� YDOXHV� RI� $&(�� $3(�
DQG�03(� IRU� WKHVH���SUHGLFWLRQ�SHULRGV��7KLV� JUDSK�
FOHDUO\� FRQILUPV� WKDW� �5�&� PRGHO� KDV� EHWWHU�
SUHGLFWLRQ� VNLOOV� DV� �5�&� PRGHO�� 6DPH� UHVXOWV� DQG�
FRQFOXVLRQV� IRU�7H ����V��7KH� DGGLWLRQDO� SDUDPHWHU�
&DLU�DGGV�D�KLJK�IUHTXHQF\�G\QDPLF�WR��5�&�PRGHO��
,W� FRPELQHV� YHU\� ORZ� IUHTXHQFLHV� G\QDPLFV� �&VRO���
PLG�IUHTXHQFLHV�G\QDPLFV��&P��DQG�KLJK�IUHTXHQFLHV�
G\QDPLFV� �&DLU��� 7KLV� ODVW� LV� HVVHQWLDO� IRU� WKH� PDLQ�
JRDO� RI� WKLV�PRGHO�� ,W�PXVW� EH� DEOH� WR�SUHGLFW� LQVLGH�
DLU� WHPSHUDWXUH� LQ�RUGHU�WR�HQVXUH�RSWLPDO�FRQWURO�RI�
QDWXUDO�YHQWLODWLRQ��1DWXUDO�YHQWLODWLRQ�UDWHV�FDQ�UHDFK�
QXPHURXV�DLU�FKDQJHV�SHU�KRXU��ZKLFK�FDQ�UHVXOWV� WR�
LPSRUWDQW� DQG� TXLFN� LQVLGH� DLU� WHPSHUDWXUH� FKDQJHV��
&RQVHTXHQWO\�� WKH� FRUUHVSRQGLQJ� PRGHO� PXVW� WDNH�
LQWR�DFFRXQW�VXFK�G\QDPLFV���

Influence of simulation sample time  
7ZR� GLIIHUHQW� �5�&�PRGHOV� DUH� FRPSDUHG� RQ� WKH� ��
SUHGLFWLRQ� SHULRGV�� XVLQJ� WKH� VDPH� SHULRG� IRU�
FDOLEUDWLRQ� VWHS�� 7KH� VDPH� �5�&� PRGHO� DUH� XVHG�
H[FHSW�WKH�VLPXODWLRQ�VDPSOH�WLPH�7H���ZKLFK�YDULHV�
EHWZHHQ� ���V� DQG� ����V�� 5HVXOWV� DUH� SUHVHQWHG�
EHORZ��
�

5R3C Te600 model 5R3C Te3600 model
�

���

���

���

���

���

���

���

���

5R3C model 600s and 3600s timesteps comparison

average values based on 3 prediction periods through year

average calibration error

average prediction error

maximum prediction error

[°C]

�
)LJXUH�����7H�LQIOXHQFH�RQ��5�&�PRGHO�

)LJXUH� ��� VKRZV� PHDQ� YDOXHV� RI� $&(�� $3(� DQG�
03(� IRU� WKHVH� �� SUHGLFWLRQ� SHULRGV� �DQG� WKHLU�
UHVSHFWLYH� FDOLEUDWLRQ� SHULRGV��� )RU� HDFK� SHULRG�� WKH�
VDPH� WUHQG�DSSHDUV��D����V�VDPSOH� WLPH�JLYHV�EHWWHU�
UHVXOWV�LQ�WHUPV�RI�SUHGLFWLRQ�VNLOOV��DW�OHDVW�IRU�WKHVH�
FRQVLGHUHG�SHULRGV��

Influence of calibration period length  
)RU�WKLV�SDUW��ZH�RQO\�FRQVLGHU�WKH��5�&�PRGHO��ZLWK�
D� ���V� 7H� VDPSOH� WLPH� �VR� FDOOHG� �5�&B7H�����
ZKLFK� LV� WKH� EHVW� RSWLRQ� IRU� QRZ�� )RU� HDFK� RI� WKH�
WKUHH�SUHGLFWLRQ�SHULRGV��ILYH�FDOLEUDWLRQ�SHULRGV�ZHUH�
DSSOLHG�������������DQG���ZHHNV��5HVXOWV�DUH�JLYHQ��IRU�
HDFK� SUHGLFWLRQ� SHULRG�� LQ� )LJXUH� ���� )LJXUH� ��� DQG�
)LJXUH�����
�

Influence of calibration period 
for 3/10_to_3/16 prediction period

0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

1

1 week 2 weeks 3 weeks 4 weeks 5 weeks

calibration period

[°C]

average calibration error
average prediction error
maximum prediction error

�
)LJXUH���������BWRB�����FDOLEUDWLRQ�LQIOXHQFH�

�

)RU�WKLV�VKRXOGHU�VHDVRQ�ZHHN��WKH�FDOLEUDWLRQ�SHULRGV�
ZKLFK� JLYH� WKH� EHVW� UHVXOWV� LQ� WHUPV� RI� SUHGLFWLRQ�
VNLOOV� DUH�� �� ZHHN� DQG� �� ZHHNV�� �� DQG� �� ZHHNV�
FDOLEUDWLRQ�SHULRGV�JLYH�HTXLYDOHQW�UHVXOWV��
�

Influence of calibration period 
for 7/18_to_7/24 prediction period

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

1 week 2 weeks 3 weeks 4 weeks 5 weeks

calibration period

[°C]

average calibration error
average prediction error
maximum prediction error

�
)LJXUH���������BWRB�����FDOLEUDWLRQ�LQIOXHQFH�

�

&RQFHUQLQJ� WKLV� KRW� DQG� VXQQ\� VXPPHU� ZHHN�� D� ��
ZHHNV� FDOLEUDWLRQ� SHULRG� LV� WKH� RSWLPDO� SHULRG��
FRPELQLQJ� ERWK� ORZHVW� DYHUDJH� DQG� PD[LPXP�
SUHGLFWLRQ� HUURU�� �� DQG� �� ZHHNV� FDOLEUDWLRQ� SHULRGV�
JLYH�HTXLYDOHQW�UHVXOWV��
�
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Influence of calibration period 
for 12/22_to_12/28 prediction period

0
0,2
0,4
0,6
0,8

1
1,2
1,4
1,6
1,8

2
2,2
2,4
2,6
2,8

3
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[°C]

average calibration error
average prediction error
maximum prediction error

�
)LJXUH����������BWRB������FDOLEUDWLRQ�LQIOXHQFH�

�

)RU�WKLV�ZLQWHU�ZHHN��D���ZHHNV�FDOLEUDWLRQ�SHULRG�LV�
DOVR� WKH� RSWLPDO� SHULRG�� IRU� VDPH� UHDVRQV� H[SODLQHG�
HDUOLHU�LQ�WKH�WH[W����DQG���ZHHNV�FDOLEUDWLRQ�SHULRGV�
JLYH�HTXLYDOHQW�UHVXOWV���
)RU� WKHVH� �� SUHGLFWLRQ� ZHHNV�� WKH� RYHUDOO� RSWLPDO�
FDOLEUDWLRQ� SHULRG� VHHPV� WR� YDU\� EHWZHHQ� �� DQG� ��
ZHHNV�� :H� FDQ� QRWH� WKDW� WKHUH� LV� QR� OLQN� EHWZHHQ�
DYHUDJH� FDOLEUDWLRQ� DQG� SUHGLFWLRQ� HUURUV� VNLOOV��
7\SLFDOO\�� VKRUW� FDOLEUDWLRQ� SHULRGV� ZLOO� WHQG� WR� D�
VPDOO� DYHUDJH� FDOLEUDWLRQ� HUURU� EXW� KLJKHU� DYHUDJH�
DQG� PD[LPXP� SUHGLFWLRQ� HUURUV� WKDQ� IRU� ORQJHU�
FDOLEUDWLRQ�SHULRGV��

5R3C_Te600 optimised parameters variability  
,Q� WKLV� VHFWLRQ�� WKH� YDULDELOLW\� RI� �5�&B7H����
RSWLPLVHG�SDUDPHWHUV�ZLOO�EH�DGGUHVVHG��$�VR�FDOOHG�
RSWLPLVHG� SDUDPHWHU� LV� DQ� LQLWLDO� PRGHO� SDUDPHWHU�
WKDW�KDV�EHHQ�RSWLPLVHG�E\�643�DOJRULWKP�GXULQJ�WKH�
FDOLEUDWLRQ�VWHS��5HVXOWV�DUH�VKRZQ�IRU�WKH���RSWLPDO�
FDOLEUDWLRQ� SHULRGV� EXW� DOVR� IRU� D� ZKROH� \HDU�
FDOLEUDWLRQ� SHULRG�� ,QLWLDO� SDUDPHWHU� YDOXHV� DUH� DOVR�
UHSRUWHG� WR� DSSUHFLDWH� KRZ� WKH� FDOLEUDWLRQ� VWHS� �LQ�
IDFW�WKH�VR�FDOOHG�643�RSWLPLVDWLRQ��DIIHFWV�WKHP��
�

5R3C_Te600, optimised  thermal mass depending on calibration 
period

���(���
���(���
���(���
���(���
���(���
���(���
���(���
���(���
���(���
���(���
���(���

2/10_to_3/9 6/28_to_7/17 12/1_to_12/21 1/1_to_12/31 initial value

calibration period

[J/K]

Cm
Csol �
)LJXUH�����RSWLPLVHG�&P�DQG�&VRO�YDULDELOLW\�

�

)LJXUH� ��� FRPSDUHV� LQLWLDO� DQG� RSWLPL]HG� &P� DQG�
&VRO� SDUDPHWHUV� �ZDOOV� DQG� IORRU� FDSDFLWLHV�
UHVSHFWLYHO\��� :H� FDQ� QRWLFH� WKDW� &P� DQG� &VRO�
RSWLPL]HG� SDUDPHWHUV� NHHS� D� SK\VLFDO�PHDQLQJ�� DQG�
KDYH�WKH�VDPH�RUGHU�RI�PDJQLWXGH�UHVSHFWLYHO\���
�

5R3C_Te600, optimised interior resistances depending on calibration 
period

���(���

���(���

���(���

���(���

���(���

���(���

���(���

���(���

���(���

2/10_to_3/9 6/28_to_7/17 12/1_to_12/21 1/1_to_12/31 initial value

calibration period

[K/W]

Rmint
Rsol2 �

)LJXUH�����RSWLPLVHG�5PLQW�DQG�5VRO��YDULDELOLW\�
�

)LJXUH� ��� VKRZV� LQLWLDO� DQG� RSWLPL]HG� 5PLQW� DQG�
5VRO��SDUDPHWHUV��LQWHULRU�ZDOOV�DQG�IORRU�UHVLVWDQFHV�
UHVSHFWLYHO\��� 2SWLPL]HG� 5PLQW� DQG� 5VRO�� IRU� DOO�
FDOLEUDWLRQ�SHULRG�FRQVLGHUHG��KDYH�WKH�VDPH�RUGHU�RI�
PDJQLWXGH�� :H� QRWLFH� WKDW� 5PLQW� RSWLPL]HG� DQG�
LQLWLDO�YDOXHV�DUH�FRPSOHWHO\�GLIIHUHQW��
�

5R3C_Te600, optimised  exterior resistances depending on 
calibration period

0
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[K/W]

Rmext
Rsol1 �
)LJXUH�����RSWLPLVHG�5PH[W�DQG�5VRO��YDULDELOLW\�

�

)LJXUH� ��� VKRZV� LQLWLDO� DQG� RSWLPL]HG� 5PH[W� DQG�
5VRO��SDUDPHWHUV��H[WHULRU�ZDOOV�DQG�IORRU�UHVLVWDQFHV�
UHVSHFWLYHO\��� ([FHSW� 5VRO�� IRU� ����BWRB�����
FDOLEUDWLRQ� SHULRG�� RSWLPL]HG� SDUDPHWHUV� DUH� RI� WKH�
VDPH�RUGHU�UHJDUGOHVV�WR�FDOLEUDWLRQ�SHULRG��7KH\�DUH�
DOVR� FORVH� WR� WKHLU� UHVSHFWLYH� LQLWLDO� YDOXHV�� � $V� D�
FRQFOXVLRQ� RI� WKLV� SDUW�� LQ� DOO�� RSWLPLVHG� SDUDPHWHUV�
VHHP�WR�NHHS�D�SK\VLFDO�PHDQLQJ�DQG�JOREDOO\�DUH�RI�
WKH�VDPH�RUGHU�RI�PDJQLWXGH�DV�WKHLU�UHVSHFWLYH�LQLWLDO�
YDOXHV��(YHQ�LI�WKH��5�&�LV�D�ORZ�RUGHU�PDFURVFRSLF�
PRGHO��LWV�HTXDWLRQV��)LJXUH����)LJXUH���DQG�)LJXUH����
DUH� EDVHG�RQ�SK\VLFDO� ODZV��7KLV� SURSHUW\�PD\�HDVH�
WKH� XQGHUVWDQGLQJ� RI� ERWK� PRGHO� DQG� RSWLPLVDWLRQ�
DOJRULWKP�EHKDYLRXUV��

&21&/86,21�
³/H�&KDUSDN´�LV�D�UHDO�FDVH�VWXG\�EXLOGLQJ��PRQLWRUHG�
DQG� HTXLSSHG�ZLWK� D�%XLOGLQJ�0DQDJHPHQW� 6\VWHP��
ZKLFK� DOORZV� VPDUW� FRQWURO� RI� RSHQLQJ� ZLQGRZV��
7KLV� V\VWHP� LV� XVHG� IRU� SDVVLYH� FRROLQJ�� FUHDWLQJ� D�
QDWXUDO� FURVV� YHQWLODWLRQ� RI� HDFK� URRP�� 7KLV� SDSHU�
SURSRVHV� D� FRPSDULVRQ� EHWZHHQ� WZR� ORZ� RUGHU�
PDFURVFRSLF� HQYHORSH� PRGHOV� DQG� D� SDUDPHWHU�
LGHQWLILFDWLRQ� DSSURDFK� EDVHG� RQ� 643� RSWLPLVDWLRQ�
DOJRULWKP�� ,W� DOVR� VKRZV� WKH� LQIOXHQFHV� RI� GLIIHUHQW�
FDOLEUDWLRQ� SHULRGV� DQG� VLPXODWLRQ� VDPSOH� WLPHV� RQ�
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SUHGLFWLRQ�VNLOOV��IRU�WKH��5�&�PRGHO�SURSRVHG�KHUH��
3UHGLFWLRQ� VNLOOV� UHIOHFW� WKH� DELOLW\� WKDW� WKH� PRGHO�
�FRXSOHG� ZLWK� 643� RSWLPLVDWLRQ� SURFHVV�� KDV� WR� ILW�
ZLWK�(QHUJ\3OXV�PRGHO�EHKDYLRXU��,W�LQGLFDWHV�LI�WKLV�
PRGHO� LV� VXLWDEOH� DQG� UHDG\� WR� EH� XVH� DV� D� EDVH�
HQYHORSH�PRGHO�IRU�RSWLPDO�SUHGLFWLYH�FRQWURO�RI�WKLV�
FDVH� VWXG\�� � 5HODWHG� VWXGLHV� SUHVHQWHG� LQ� WKLV� SDSHU�
JLYH� LQGLFDWLRQV� RQ� ZKLFK� RUGHU� RI� PRGHO�� VDPSOH�
WLPH�RU�FDOLEUDWLRQ�SHULRG�VXLWV�EHVW�IRU�WKLV�SUHGLFWLYH�
PRGHO�� 3HUVSHFWLYHV� RI� WKLV� ZRUN� DUH� QXPHURXV� DQG�
FKDOOHQJLQJ��
�

��FDOLEUDWLRQ�ZLWK�RQ�VLWH�PHDVXUHG�GDWD�
��GHYHORSPHQW��DQG�FDOLEUDWLRQ��RI�D�WKHUPDO�

DLUIORZ�PRGHO�IRU�QDWXUDO�FURVV�YHQWLODWLRQ��LQ�SDUDOOHO�
WR�5Y�RQ�WKH�VFKHPH��)LJXUH����

�� LPSOHPHQW� DQ� RSWLPDO� SUHGLFWLYH�
FRQWUROOHU� WR� WKH� RQ� VLWH� %06�� WDNLQJ� LQWR�
DFFRXQW� ZHDWKHU� IRUHFDVWV� DQG� RSWLPLVLQJ�
RSHQLQJ�ZLQGRZV�FRQWUROV��

�� FRPSDULVRQ�RI� LQGRRU�DLU� WHPSHUDWXUH��
GXULQJ� VXPPHU� VHDVRQ�� EHWZHHQ� D� URRP� ZLWK�
EDVLF�FRQWUROV�RI�RSHQLQJ�ZLQGRZV��WHPSHUDWXUH�
VHWSRLQWV�� DQG� D� URRP� ZLWK� RSWLPDO� SUHGLFWLYH�
FRQWUROV��

5()(5(1&(6�
0DGVHQ�� 3HGHU� %DFKHU�� 3KLOLS� 'HOII�� ������
%XLOGLQJ� HQHUJ\� SHUIRUPDQFH� �� 0RGHO�
LGHQWLILFDWLRQ� DQG� SDUDPHWHU� HVWLPDWLRQ��
,QIRUPDWLFV� DQG� 0DWKHPDWLFDO� 0RGHOOLQJ��
7HFKQLFDO� 8QLYHUVLW\� RI� 'HQPDUN�� 5LFKDUG�
3HGHUVHQV� 3ODGV�� %XLOGLQJ� ����� '.������
/\QJE\��'HQPDUN�

�
3RZHOO�� ������ �2Q� WKH� TXDGUDWLF� SURJUDPPLQJ�
DOJRULWKP� RI� *ROGIDUE� DQG� ,GQDQL���
0DWKHPDWLFDO� 3URJUDPPLQJ�6WXG\���� ��������
SS����������

�
=D\DQQH�� ������ ,GHQWLILFDWLRQ� G¶XQ� PRGqOH� GH�
FRPSRUWHPHQW� WKHUPLTXH�GH�EkWLPHQW� j�SDUWLU�
GH� VD� FRXUEH� GH� FKDUJH�� eFROH� QDWLRQDOH�
VXSpULHXUH�GHV�PLQHV�GH�3DULV��)UDQFH�

�
�
�
�
�
�
�
�
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