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COMPARISON OF DIFFERENT METHODS FOR ESTIMATING THE BUILDING 
ENVELOPE THERMAL CHARACTERISTICS 

 
2OID�0HMUL���%UXQR�3HXSRUWLHU���DQG�$ODLQ�*XLDYDUFK��

�0,1(6�3DULV7HFK���&HQWHU�IRU�(QHUJ\�HIILFLHQF\�RI�6\VWHPV��3DULV��)UDQFH��
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�
�
�
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$%675$&7�
7KH� DLP� RI� WKLV� ZRUN� LV� WR� HYDOXDWH� WKH� UHOLDELOLW\� RI�
GLIIHUHQW� PHWKRGV� DOORZLQJ� WKH� HVWLPDWLRQ� RI� JOREDO�
HQYHORSH� WKHUPDO� SDUDPHWHUV�� WKH� KHDW� ORVV� FRHIILFLHQW�
DQG�WKH�PDLQ�WLPH�FRQVWDQW��XVLQJ�VKRUW�WHUP�PRQLWRULQJ��
(QHUJ\� VLJQDWXUH�� VWHDG\� VWDWH� FDOFXODWLRQ�� DQG�
LGHQWLILFDWLRQ� PHWKRGV� KDYH� EHHQ� WHVWHG� RQ� D� QHZ�
H[SHULPHQWDO�SDVVLYH�KRXVH��$�VSHFLILF�KHDWLQJ�VFHQDULR�
ZDV� DGRSWHG�� ,W� FRQVLVWV� WR� FUHDWH� D� WUDQVLHQW� VWDWH�
EHWZHHQ� D� KHDWHG� SHULRG� DQG� DQ� XQKHDWHG� RQH�� 7KH�
SRVVLELOLW\�RI�LGHQWLI\LQJ�WKH�PDLQ�WLPH�FRQVWDQW�DQG�WKH�
JOREDO� KHDW� ORVV� FRHIILFLHQW� RI� WKH� EXLOGLQJ� LV� HYDOXDWHG�
XVLQJ� UHVSHFWLYHO\� WKH� WUDQVLHQW� SHULRG� DQG� WKH�
PHDVXUHPHQWV�RYHU�WKH�KHDWLQJ�SHULRG��

,1752'8&7,21�
,QFUHDVLQJ�GHPDQG�IRU�HQHUJ\�HIILFLHQF\�UHTXLUHV�D�PRUH�
SUHFLVH�NQRZOHGJH�RI� EXLOGLQJ�SHUIRUPDQFH�SDUDPHWHUV��
7KH�WRWDO�KHDW�ORVV�FRHIILFLHQW�DQG�WKH�PDLQ�WLPH�FRQVWDQW�
DUH� WZR� VXFK� IXQGDPHQWDO� SHUIRUPDQFH� SDUDPHWHUV��
ZKLFK� SURYLGH� LQIRUPDWLRQ� DERXW� WKH� HQYHORSH� WKHUPDO�
SHUIRUPDQFH�� (VWLPDWLQJ� WKHVH� SDUDPHWHUV� IRU� H[LVWLQJ�
EXLOGLQJV�LV�FKDOOHQJLQJ���

,Q�WKH�OLWHUDWXUH��WKHUH�DUH�D�YDULHW\�RI�PHWKRGV�DOORZLQJ�
WKH�HVWLPDWLRQ�RI� WKHVH�SDUDPHWHUV��7KH\�GHSHQG�RQ� WKH�
DYDLODEOH� GDWD� DQG� FDQ� EH� FODVVLILHG� LQ� WZR� DSSURDFKHV��
7KH� ILUVW� RQH� LV� WKH� VWDWLVWLFDO� DSSURDFK� EDVHG� XSRQ�
UHJUHVVLRQ� PRGHO� RU� VWHDG\� VWDWH� IRUPXODV� >$VKUDH��
����@�� 7KH� VHFRQG� DSSURDFK� LV� WKH� G\QDPLF� PRGHOLQJ�
DSSURDFK�EDVHG�RQ�D�VXLWDEOH�PRGHO� WDNLQJ� LQWR�DFFRXQW�
WKH� SK\VLFDO� SKHQRPHQD� LQ� WKH� EXLOGLQJ�� ,W� UHTXLUHV�
GHWDLOHG�GDWD�RQ�PDWHULDO�DQG�EXLOGLQJ�FKDUDFWHULVWLFV���

5HJUHVVLRQ� DSSURDFKHV� XVH� VLPSOLILHG� VWDWLF� PRGHOV� IRU�
HVWLPDWLQJ�EXLOGLQJ�WKHUPDO�FKDUDFWHULVWLFV��)RU�LQVWDQFH��
WKH�HQHUJ\�VLJQDWXUH�KDV�EHHQ�ODUJHO\�XVHG�IRU�HYDOXDWLQJ�
WKH� HQHUJ\� SHUIRUPDQFH� RI� D� EXLOGLQJ� LQ� WHUPV� RI� WKH�
JOREDO�KHDW�ORVV�FRHIILFLHQW�>6M|JHQ�HW�DO�������@��><X�HW�
DO�� ����@� DQG� >*KLDXV�� ����@�� 7KLV� FRHIILFLHQW� FDQ� EH�
DOVR� FDOFXODWHG� IURP� WKH� LQIRUPDWLRQ� DERXW� WKH�EXLOGLQJ�
FKDUDFWHULVWLFV� LQFOXGLQJ� WKH� WKHUPDO� SURSHUWLHV� RI�
PDWHULDOV� XVLQJ� D� VWHDG\� VWDWH� IRUPXOD� >57�� ����@��
+RZHYHU�� LQ� JHQHUDO� LW� LV� GLIILFXOW� WR� REWDLQ� GHWDLOHG�
SK\VLFDO�SURSHUWLHV�RI�D�JLYHQ�EXLOGLQJ��6R�WKLV�SURFHGXUH�
RI� FDOFXODWLRQ� LV� YHU\� VHQVLWLYH� WR� WKH� HVWLPDWLRQ� RI� WKH�
SK\VLFDO� SURSHUWLHV� RI� WKH� EXLOGLQJ�� ,Q� WKLV� SDSHU�� WKH�
VWXGLHG�EXLOGLQJ�LV�D�QHZ�H[SHULPHQWDO�SDVVLYH�KRXVH��VR�

ZH� DVVXPH� WKDW� WKH� EXLOGLQJ� FKDUDFWHULVWLFV� SDUDPHWHUV�
KDYH� VRPH� GHJUHH� RI� SUHFLVLRQ�� 7KHUHIRUH�� WKH� VWHDG\�
VWDWH�IRUPXOD�FDQ�EH�XVHG�WR�FDOFXODWH�WKH�JOREDO�KHDW�ORVV�
FRHIILFLHQW��
0RGHO� LGHQWLILFDWLRQ� DSSURDFKHV� DLP� DW� HVWLPDWLQJ� D�
VXLWDEOH�PRGHO�EDVHG�RQ�REVHUYHG�GDWD�FROOHFWHG�IURP�WKH�
EXLOGLQJ��7KLV� FDQ�EH�GRQH�XVLQJ� D�QXPEHU�RI� GLIIHUHQW�
WHFKQLTXHV�DV�WKH�3UHGLFWLRQ�(UURU�0HWKRG��3(0��ZKLFK�
LV� WKH� PRVW� XVHG� HVWLPDWLRQ� PHWKRG� IRU� PRGHO�
SDUDPHWHUL]DWLRQ�� 7KH� LGHQWLILFDWLRQ� SURFHVV� FDQ� EH�
DSSOLHG� XVLQJ� GLIIHUHQW� W\SHV� RI� PRGHOV�� IRU� H[DPSOH�
WUDQVIHU� IXQFWLRQV� ><RXPLQ� HW� DO�� ����@� RU� WKHUPDO�
QHWZRUN� PRGHOV� >'pTXp� HW� DO�� ����@�� G\QDPLF� V\VWHP�
PRGHOV� GHULYHG� IURP� DFWXDO� EXLOGLQJ� SHUIRUPDQFH� GDWD�
>-LPHQH]� HW� DO�� ����@� RU� FRQWLQXRXV� WLPH�PRGHOV� EDVHG�
RQ� WKH� PD[LPXP� OLNHOLKRRG� PHWKRG� >0DGVHQ� HW� DO��
����@���
2ORIVVRQ� HW� DO� �>2ORIVVRQ� HW� DO�� ����@�� >2ORIVVRQ� HW� DO��
����@�� DQG� /XQGLQ� HW� DO� >/XQGLQ� HW� DO�� ����@� HVWLPDWH�
VRPH� FKDUDFWHULVWLFV� RI� WKH� HQYHORSH� �WRWDO� KHDW� ORVV�
FRHIILFLHQW�� WRWDO� KHDW� FDSDFLW\� DQG� VRODU� JDLQ� IDFWRU��
XVLQJ� D� QHXUDO� QHWZRUNV� PRGHO� WKDW� LV� WUDLQHG� RQ�
PHDVXUHG� GDWD� IRU� WKH� LQGRRU� �RXWGRRU� WHPSHUDWXUH�
GLIIHUHQFH�� WKH� VXSSOLHG� KHDW� DQG� WKH� DYDLODEOH� LQWHUQDO�
DQG�VRODU�JDLQV���
,Q�WKLV�SDSHU��D�PRGHO�LGHQWLILFDWLRQ�SURFHGXUH�KDV�EHHQ�
DSSOLHG�XVLQJ�D�EODFN�ER[�PRGHO�DQG�D�G\QDPLF�WKHUPDO�
PRGHO��3OHLDGHV�&RPILH�>3HXSRUWLHU������@��7KH�DGRSWHG�
PRGHO�IRUP�LV�WKH�VWDWH�VSDFH�IRUP���
7KH� PDLQ� DLP� RI� WKLV� ZRUN� LV� WR� LQYHVWLJDWH� WKH�
SRVVLELOLW\��EDVHG�RQ�D�VKRUW�WHUP�PHDVXUHPHQW�SHULRG��WR�
HYDOXDWH� WKH� HQHUJ\� SHUIRUPDQFH� RI� DQ� H[SHULPHQWDO�
SDVVLYH� KRXVH� E\� HVWLPDWLQJ� LWV� PDLQ� WKHUPDO�
FKDUDFWHULVWLFV���
7KH� ZRUN� FRQVLVWV� LQ� FRPSDULQJ� GLIIHUHQW� PHWKRGV�
HVWLPDWLQJ� WKH�JOREDO� KHDW� ORVV�FRHIILFLHQW�DQG� WKH�PDLQ�
WLPH� FRQVWDQW�� $VVXPLQJ� WKDW� WKH� DYDLODEOH� GDWD�
UHJDUGLQJ� WKH� FKDUDFWHULVWLFV� RI� WKH�ZDOOV��ZLQGRZV� DQG�
DLU� WLJKWQHVV� RI� WKH� H[SHULPHQWDO� SDVVLYH� KRXVH� DUH�
SUHFLVH��ZH�FDQ�FRQVLGHU� WKDW� WKH� UHIHUHQFH�YDOXH�RI� WKH�
JOREDO� KHDW� ORVV� FRHIILFLHQW� LV� JLYHQ� E\� WKH� VWHDG\� VWDWH�
IRUPXOD�� &RQFHUQLQJ� WKH� PHDQ� WLPH� FRQVWDQW�� WKH�
UHIHUHQFH� YDOXH� LV� JLYHQ� E\� WKH� G\QDPLF� VLPXODWLRQ�
PRGHO� 3OHLDGHV�&RPILH� EHFDXVH� WKH� FRUUHVSRQGLQJ�

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

- 630 -



2 
 

PRGHO� UHSUHVHQWV� WKH� SK\VLFDO� SKHQRPHQD� LQ� WKH�
EXLOGLQJ��

)LUVWO\�� WKLV� SDSHU� SUHVHQWV� D� EULHI� GHVFULSWLRQ� RI� WKH�
VWXGLHG� EXLOGLQJ� DQG� WKH� PHDVXUHG� GDWD�� 7KHQ�� WKH�
DGRSWHG� PHWKRGV� IRU� HVWLPDWLQJ� WKH� WKHUPDO�
FKDUDFWHULVWLFV� DUH� OLVWHG�� 7KH� REWDLQHG� UHVXOWV� IRU� ERWK�
WKH� JOREDO� KHDW� ORVV� FRHIILFLHQW� DQG� WKH� PDLQ� WLPH�
FRQVWDQW� DUH� SUHVHQWHG�� 7KLV� SDSHU� ILQLVKHV� ZLWK�
FRQFOXVLRQV� RI� WKLV� VWXG\� DQG� FRQVLGHUDWLRQV� RI� IXUWKHU�
UHVHDUFK��

%8,/',1*�'(6&5,37,21�$1'�
0($685('�'$7$�
7KH� VWXGLHG� EXLOGLQJ� LV� D� SDUW� RI� DQ� H[SHULPHQWDO�
SODWIRUP� FDOOHG� ,1&$6� ZKLFK� LV� EXLOW� LQ� WKH� 1DWLRQDO�
,QVWLWXWH� IRU� 6RODU� (QHUJ\� �&KDPEpU\�� )UDQFH��� ,W� LV� DQ�
H[SHULPHQWDO�SDVVLYH�KRXVH�ZLWK�WZR�IORRUV��,WV�QHW�IORRU�
DUHD�LV�DERXW�����Pð��7KH�HQYHORSH�LV�PDGH�RI����FP�RI�
KHDY\�FRQFUHWH�DQG����FP�RI�LQVXODWLQJ�PDWHULDO��
7KH� EXLOGLQJ� LV� HTXLSSHG� ZLWK� DQ� HOHFWULFDO� KHDWLQJ�
LQWHJUDWHG� LQ� WKH�PHFKDQLFDO� YHQWLODWLRQ� V\VWHP� �ZLWK� D�
KHDW�UHFRYHU\�V\VWHP���
7KH� EXLOGLQJ� KDV� EHHQ� PRQLWRUHG�� ZH� H[SORLW� WKH�
PHDVXUHG� GDWD� IURP� ��� -DQXDU\� WR� ��� 0DUFK� ������
0HDVXUHV� TXDQWLWLHV� DUH�� �D�� WKH� LQGRRU� WHPSHUDWXUH� LQ�
GLIIHUHQW� URRPV� �URRPV� �� DQG� ��� ILUVW� IORRU� DQG� OLYLQJ�
URRP�� �E�� WKH� RXWGRRU� DLU� WHPSHUDWXUH�� �F�� WKH� VRODU�
UDGLDWLRQ�� 7KH� WRWDO� KHDWLQJ� SRZHU� LV� JLYHQ� E\� WKH�
G\QDPLF�WKHUPDO�PRGHO�3OHDLGHV�&RPILH��
,Q� WKLV� VWXG\�� WKH� EXLOGLQJ� LV� DSSUR[LPDWHG� E\� D� VLQJOH�
]RQH�DQG�LWV�WKHUPDO�EHKDYLRU�LV�SUHVHQWHG�E\�WKH�LQGRRU�
DLU� WHPSHUDWXUH� ZKLFK� LV� GHILQHG� E\� WKH� PHDQ�
WHPSHUDWXUH� RI� WKH� ILUVW� IORRU� �URRP� �� DQG� ��� DQG� WKH�
JURXQG�IORRU��OLYLQJ�URRP����
,Q� RUGHU� WR� WHVW� WKH� VLPSOLILHG� PHWKRG� DOORZLQJ� WKH�
HVWLPDWLRQ�RI� WKH�PDLQ� WLPH�FRQVWDQW�� D� VSHFLILF�KHDWLQJ�
VFHQDULR� KDV� EHHQ� DGRSWHG�� ,W� FRQVLVWV� WR� FUHDWH� D�
WUDQVLHQW�VWDWH�EHWZHHQ�D�KHDWHG�SHULRG�DQG�DQ�XQKHDWHG�
RQH�� 0RUH� SUHFLVHO\�� WKH� YDULDWLRQ� RI� WKH� LQGRRU�
WHPSHUDWXUH�ZDV�PHDVXUHG�GXULQJ�D�ILUVW�SHULRG�LQ�ZKLFK�
WKH� EXLOGLQJ� LV� KHDWHG� DQG� WKHQ� WKH� KHDWLQJ� VRXUFH� ZDV�
RII� GXULQJ� ��� GD\V�� 7KLV� FDQ� RQO\� EH� GRQH� LQ� DQ�
H[SHULPHQWDO�EXLOGLQJ��WKHUHIRUH�LQ�D�VHFRQG�VWHS�ZH�ZLOO�
UHGXFH� WKH� OHQJWK� RI� WKLV� SHULRG�� RU� XVH� D� IUHH� IORDWLQJ�
SHULRG�LQ�PLG�VHDVRQ��
)LJXUH� �� VKRZV� WKH� LQGRRU� DLU� WHPSHUDWXUH� 3HULRG� ��
FRUUHVSRQGV� WR� WKH� SHULRG� IURP� ��� )HEUXDU\� WR� ���
)HEUXDU\������ ���ZHHNV��GXULQJ�ZKLFK� WKH�KHDWLQJ�ZDV�
VWRSSHG� DQG� WKH� VKXWWHUV� ZHUH� FORVHG�� 3HULRG� ��
FRUUHVSRQGV�WR�WKH�SHULRG�RI�KHDWLQJ�ZLWK�RSHQ�VKXWWHUV���
�
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Figure 1 Time evolution of the indoor air temperature 

)LJXUH� �� UHSUHVHQWV� WKH� WLPH� HYROXWLRQ� RI� WKH� KHDWLQJ�
SRZHU�� RXWGRRU� DLU� WHPSHUDWXUH� DQG� VRODU� UDGLDWLRQ��:H�
QRWLFH� WKDW� WKH� KHDWLQJ� SRZHU� UDQJHV� IURP� �� WR� DURXQG�
�����:�DQG� WKH� RXWGRRU� WHPSHUDWXUH� YDULHV� IURP�í��&�
WR����&��
7KH�PD[LPXP�YDOXH�RI�VRODU�UDGLDWLRQ�LV�DERXW�����:���
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Figure 2 Time evolution of heating power, outdoor air 

temperature and solar radiation 
 

0(7+2'2/2*<�
:H�IRFXV�RQ�HVWLPDWLQJ�WKHUPDO�SHUIRUPDQFH�SDUDPHWHUV�
RI�D�EXLOGLQJ� XVLQJ� OLPLWHG�REVHUYDWLRQ�GDWD��7KH� WHVWHG�
PHWKRGV� DUH� UHVSHFWLYHO\� WKH� HQHUJ\� VLJQDWXUH�� VWHDG\�
VWDWH�FDOFXODWLRQ�VLPSOLILHG�PHWKRG�DQG�WKH�LGHQWLILFDWLRQ�
PHWKRG��:H�SUHVHQW� LQ�7DEOH��� WKH�GDWD� VRXUFH� DQG� WKH�
HVWLPDWHG�FKDUDFWHULVWLFV�XVLQJ�HDFK�PHWKRG��
�
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Table 1 
 The tested methods for estimating the thermal 

characteristics of the envelope 
�

Data source Method Estimated 
characteristics 

+HDWLQJ�SRZHU��DQG��
2XWGRRU��DLU�
WHPSHUDWXUH��

(QHUJ\�6LJQDWXUH� *OREDO�KHDW�
ORVV�FRHIILFLHQW�
�'HWDLOHG�EXLOGLQJ�

�FKDUDFWHULVWLFV�
6WHDG\�VWDWH�
IRUPXOD�

,QGRRU�DQG�RXWGRRU�DLU�
WHPSHUDWXUHV��VRODU�
JDLQ��JOREDO�KHDW�ORVV�
FRHIILFLHQW�DQG�KHDWLQJ�
SRZHU��

6LPSOLILHG�
PHWKRG�

0DLQ�WLPH�
FRQVWDQW�

6LPXODWLRQ�GDWD�
��LQGRRU�DQG�RXWGRRU�
DLU�WHPSHUDWXUHV��VRODU�
UDGLDWLRQ�DQG�KHDWLQJ�
SRZHU��

,GHQWLILFDWLRQ��
EDVHG�RQ�
G\QDPLF�PRGHO�

0HDVXUHG�GDWD��
�LQGRRU�DQG�RXWGRRU�DLU�
WHPSHUDWXUHV��VRODU�
UDGLDWLRQ�DQG�KHDWLQJ�
SRZHU��

,GHQWLILFDWLRQ��
EDVHG�RQ�D�EODFN�
ER[�PRGHO�

�
7R�HVWLPDWH�WKH�JOREDO�KHDW�ORVV�FRHIILFLHQW�RI�WKH�SDVVLYH�
KRXVH�� ZH� XVH� WZR�PHWKRGV�ZKLFK� DUH� UHVSHFWLYHO\� WKH�
HQHUJ\�VLJQDWXUH�DQG�WKH�VWHDG\�VWDWH�IRUPXOD���
�

 Energy signature  
,W�FRQVLVWV�LQ�XVLQJ�WKH�UHJUHVVLRQ�RI�HQHUJ\�FRQVXPSWLRQ�
RYHU� WKH� FOLPDWLF� GDWD� �RXWGRRU� DLU� WHPSHUDWXUH��
>:HVWHUJUHQ� HW� DO�� ������ %DXHU� HW� DO�� ����@�� )RU� PRUH�
GHWDLOV�DERXW�WKLV�VWDWLF�PHWKRG�VHH�>*KLDXV������@��

 Steady state formula simplified method 
7KH� VWHDG\� VWDWH� IRUPXOD� IRU� FDOFXODWLQJ� WKH� WRWDO� KHDW�
ORVV� FRHIILFLHQW� QRWHG� LV� JLYHQ� E\� WKH� IROORZLQJ�
HTXDWLRQ��
�

�

�
�

����

7R�HVWLPDWH�WKH�PDLQ�WLPH�FRQVWDQW�RI�WKH�SDVVLYH�KRXVH��
ZH� FRPSDUH� WKH� UHVXOWV� REWDLQHG� E\� UHVSHFWLYHO\� WKH�
VWHDG\� VWDWH� PHWKRG� �VLPSOLILHG� PHWKRG�� DQG� WKH�
LGHQWLILFDWLRQ� PHWKRG� IRU� ERWK� WKH� G\QDPLF� PRGHO� DQG�
WKH�EODFN�ER[�PRGHO��
,Q� WKLV�SDSHU��ZH�SUHVHQW�RQO\�D�EULHI�GHVFULSWLRQ�RI� WKH�
VLPSOLILHG� PHWKRG� DOORZLQJ� WKH� HVWLPDWLRQ� RI� WKH� PDLQ�
WLPH� FRQVWDQW� RI� WKH� EXLOGLQJ� XVLQJ� D� VKRUW� PRQLWRULQJ�
SHULRG�� )RU� PRUH� GHWDLOV� DERXW� WKH� LGHQWLILFDWLRQ�
SURFHGXUH�VHH�>0HMUL�HW�DO������@��

 Steady state calculation (simplified method) 
7KH� XVHG� GDWD� FRUUHVSRQG� WR� WKH� WUDQVLHQW� SHULRG�� WKH�
KHDWLQJ�ZDV� RII� DQG� WKH� VKXWWHUV�ZHUH� FORVHG� GXULQJ� ���
GD\V���
7KH�VLPSOH�G\QDPLF�HTXDWLRQ�GHVFULELQJ�WKH�EHKDYLRU�RI�
WKH�EXLOGLQJ�LV�JLYHQ�EHORZ��
�

�� ����

�
(TXDWLRQ�����FDQ�EH�ZULWWHQ�DV�WKH�IROORZLQJ��
�

 

�
����

�
ZLWK���

�

�

�
����

�
ZKHUH� �LV�WKH�PDLQ�WLPH�FRQVWDQW�RI�WKH�EXLOGLQJ��
7KH�UHVROXWLRQ�RI�HTXDWLRQ�����OHDGV�WR�WKH�IROORZLQJ�
HTXDWLRQ��

��

�
�

����

�
7KH�DERYH�HTXDWLRQ�LV�QRWHG�WKH�WLPH�FRQVWDQW�IXQFWLRQ��
7KH�PDLQ�WLPH�FRQVWDQW�RI�WKH�EXLOGLQJ�LV�WKHQ�GHGXFHG�
IURP�WKH�QHJDWLYH�LQYHUVH�RI�WKH�VORSH�RI�WKH�DERYH�FXUYH�
ZKLFK�LV�HTXDO�WR� ����

5(68/76�$1'�',6&866,21��
Heat loss coefficient 
7R�HVWLPDWH�WKH�JOREDO�KHDW�ORVV�FRHIILFLHQW�RI�WKH�SDVVLYH�
KRXVH�� D� KHDWLQJ�SHULRG� RI� ���GD\V� LV� XVHG� �ILUVW� SHULRG�
EHIRUH� WKH� WUDQVLHQW� RQH��� 7KH� YDOXH� RI� WKH� JOREDO� KHDW�
ORVV� FRHIILFLHQW� FDOFXODWHG� E\� WKH� JHQHUDO� IRUPXOD�
�HTXDWLRQ����LV�HTXDO�WR����:�.���
7KH� VWXGLHG� EXLOGLQJ� LV� D� QHZ� H[SHULPHQWDO� SDVVLYH�
KRXVH�� IRU� ZKLFK� SUHFLVH� GDWD� LV� DYDLODEOH� UHJDUGLQJ� LWV�
JHRPHWULFDO�� RSWLFDO� DQG� WKHUPDO� FKDUDFWHULVWLFV�� VR� WKDW�
WKH� JOREDO� KHDW� ORVV� FRHIILFLHQW� REWDLQHG� E\� WKH� VLPSOH�
IRUPXOD�FDQ�EH�FRQVLGHUHG�DV�D�UHIHUHQFH�YDOXH���
7KH�HQHUJ\�VLJQDWXUH�XVLQJ�WKH�KRXUO\�GDWD�LV�GHSLFWHG�RQ�
)LJXUH� ��� ZKLOH� WKH� RQH� XVLQJ� GDLO\� GDWD� LV� VKRZQ� LQ�
)LJXUH����7KH�HQHUJ\�FRQVXPSWLRQ�LV�SORWWHG�DJDLQVW�WKH�
RXWGRRU� DLU� WHPSHUDWXUH�� :H� SODQ� WR� UHILQH� WKH� HQHUJ\�
VLJQDWXUH�E\� FRQVLGHULQJ� WKH� VRODU� UDGLDWLRQ�� 7KH�JOREDO�
KHDW� ORVV� FRHIILFLHQW� LV� GHGXFHG� IURP� WKH� VORSH� RI� WKLV�
FXUYH��+RXUO\�GDWD�GRHV�QRW�DOORZ�WKH�HVWLPDWLRQ�RI�WKLV�
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FRHIILFLHQW� EHFDXVH� RI� D� WRR� ODUJH� GLVSHUVLRQ��7KH� GDLO\�
HQHUJ\�VLJQDWXUH�SURYLGHV�D�YDOXH�RI�WKH�JOREDO�KHDW�ORVV�
FRHIILFLHQW� HTXDO� WR� ���:�.�� 7KLV� ODWWHU� LV� ���� KLJKHU�
WKDQ� WKH� UHIHUHQFH� YDOXH� RI� ��:�.� REWDLQHG� IURP� WKH�
VLPSOH�IRUPXOD��

-8 -6 -4 -2 0 2 4 6 8
0

200

400

600

800

1000

1200

Mean outdoor temperature (°C)

H
o
u
rl
y 

h
e
a
tin

g
 p

o
w

e
r 

(W
)

 

 

�

Figure 3 Energy consumption versus outside air 
temperature using hourly data  
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Figure 4 Energy consumption versus outside air 
temperature using daily data 

 
:H� SURSRVH� WR� GHWHUPLQH� WKH� YDOXH� RI� WKH� JOREDO� KHDW�
ORVV�FRHIILFLHQW�EDVHG�RQO\�RQ�PHDVXUHPHQW�GDWD�GXULQJ�
WKH� QLJKW�� 7KLV� ZDV� FKRVHQ� LQ� RUGHU� WR� PLQLPL]H� WKH�
SHUWXUEDWLRQ� LQ� WKH� WKHUPDO� EHKDYLRU� RI� WKH� EXLOGLQJ�
HQYHORSH�GXH�WR�WKH�VRODU�UDGLDWLRQ��,W�SURYLGHV�D�YDOXH�RI�
+�  � ��� �:� �� .��� 7KLV� YDOXH� LV� ��� KLJKHU� WKDQ� WKH�
UHIHUHQFH�RQH��
:H� FDQ� FRQILUP� WKDW� WKH� HQHUJ\� VLJQDWXUH� LV� D� VLPSOH�
ZD\�WR�FDOFXODWH�WKH�JOREDO�KHDW�ORVV�FRHIILFLHQW�EXW�LW�LV�
PRUH�SUHFLVH�LI�D�ORQJHU�SHULRG�RI�GDWD�LV�XVHG��

Main time constant 
&RQFHUQLQJ� WKH�PDLQ� WLPH� FRQVWDQW� RI� WKH� H[SHULPHQWDO�
SDVVLYH�KRXVH�WKUHH�PHWKRGV�KDYH�EHHQ�FRPSDUHG�LQ�WKLV�
VWXG\��7KH�ILUVW�RQH�LV�EDVHG�XSRQ�WKH�VLPSOLILHG�PHWKRG�
JLYHQ�DERYH��7KH�VHFRQG�RQH�FRQFHUQV�WKH�LGHQWLILFDWLRQ�
PHWKRG�XVLQJ�D�EODFN�ER[�PRGHO�DQG�WKH�WKLUG�RQH�LV�WKH�

LGHQWLILFDWLRQ�PHWKRG�XVLQJ�WKH�G\QDPLF�WKHUPDO�PRGHO��
7KH� FRQVLGHUHG� GDWD� FRUUHVSRQG� WR� WKH� PHDVXUHG� GDWD�
GXULQJ�WKH�WUDQVLHQW�SHULRG��ZLWKRXW�KHDWLQJ�VRXUFH�IRU����
GD\V����
7KH� FKDUDFWHULVWLFV� RI� WKH� VWXGLHG� EXLOGLQJ� DUH� ZHOO�
NQRZQ� DQG� WKH� G\QDPLF� WKHUPDO� PRGHO� UHSUHVHQWV� LWV�
PDLQ� SK\VLFDO� SKHQRPHQD�� :H� FDQ� WKHUHIRUH� FRQVLGHU�
WKDW� WKH� UHIHUHQFH� YDOXH� RI� WKH� PDLQ� WLPH� FRQVWDQW� LV�
JLYHQ� E\� WKH� LGHQWLILFDWLRQ� PHWKRG� XVLQJ� WKH� G\QDPLF�
WKHUPDO�PRGHO��,W�LV�HTXDO�WR������K���
)LJXUH� �� VKRZV� WKH� FXUYH� RI� WKH� WLPH� FRQVWDQW� IXQFWLRQ��
RI� WKH� H[SHULPHQWDO� SDVVLYH� KRXVH� �HTXDWLRQ� ���� 7KH�
YDOXH�RI�WKH�PDLQ�WLPH�FRQVWDQW�GHGXFHG�IURP�WKLV�FXUYH�
LV� HTXDO� WR� ���� K�� &RPSDULQJ� WKLV� YDOXH� ZLWK� WKH�
UHIHUHQFH� RQH�� ZH� QRWH� WKDW� WKH� VLPSOLILHG� PHWKRG�
RYHUHVWLPDWHV�WKH�WKHUPDO�PDVV�RI�WKH�SDVVLYH�KRXVH��,W�LV�
����KLJKHU�WKDQ�WKH�UHIHUHQFH�YDOXH��

20 40 60 80 100 120 140 160 180 200 220
-0.8

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

Time (h)

T
im

e 
co

ns
ta

nt
 F

un
ct

io
n

 

 

 
y = - 0.0033*x + 0.035

Time constant Function
   linear regression

=303 (h)

Figure 5 Time constant Function curve (simplified 
method) 

�
7KH� VHFRQG�PHWKRG� WHVWHG� WR� HYDOXDWH� WKH� WKHUPDO�PDVV�
LQ� WKH�SDVVLYH� KRXVH� LV� WKH� LGHQWLILFDWLRQ�PHWKRG�� 6LQFH�
WKH�VLPXODWHG�PRGHO�KDV�EHHQ�YDOLGDWHG��WKH�QH[W�VWHS�LQ�
WKH� LGHQWLILFDWLRQ� SURFHGXUH� LV� WR� HVWLPDWH� WKH� WKHUPDO�
FKDUDFWHULVWLFV��7KH�VHOHFWHG�PRGHO�LV�WKH�RUGHU���PRGHO��
6LPXODWHG� DQG� PHDVXUHG� LQGRRU� DLU� WHPSHUDWXUHV� DUH�
UHSUHVHQWHG�LQ�)LJXUH����:H�FRQFOXGH�WKDW�WKHUH�LV�D�TXLWH�
JRRG�DJUHHPHQW�EHWZHHQ�WKH�PHDVXUHG�DQG�WKH�VLPXODWHG�
WHPSHUDWXUHV�� 7KH� LGHQWLILHG� YDOXH� RI� WKH� PDLQ� WLPH�
FRQVWDQW�LV�HTXDO�WR�����K�ZKLFK�LV�FORVH�WR�WKH�UHIHUHQFH�
YDOXH�� 7KLV�PHDQV� WKDW� LQ� WKLV� FDVH� VWXG\� WKH� HVWLPDWHG�
PRGHO�SURYLGHV�DQ�DSSURSULDWH�GHVFULSWLRQ�RI�WKH�WKHUPDO�
PDVV�RI�WKH�SDVVLYH�KRXVH��
�
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Figure 6 Comparison between measured and simulated 
indoor air temperatures (Measurements/black box 

model) 
 

%RWK� WKH� VLPSOLILHG� PHWKRG� DQG� WKH� LGHQWLILFDWLRQ�
PHWKRG� KDYH� EHHQ� WHVWHG� E\� YDU\LQJ� WKH� QXPEHU� RI�
FRQVLGHUHG�GD\V��7KH�REWDLQHG�UHVXOWV�DUH�VXPPDUL]HG�LQ�
7DEOH����7KH�UHVXOWV�FRUUHVSRQGLQJ�WR�WKH�HVWLPDWHG�YDOXH�
RI�WKH�PDLQ�WLPH�FRQVWDQW�IURP�WKH�VLPSOLILHG�PHWKRG�DUH�
QRWHG� � DQG� IURP� WKH� LGHQWLILFDWLRQ� PHWKRG� DUH�
QRWHG� ���
:H�QRWH�WKDW�RQO\�RYHU�D�SHULRG�RI���GD\V��WKH�VLPSOLILHG�
PHWKRG� LV� DEOH� WR� HVWLPDWH� D� WLPH� FRQVWDQW� FORVH� WR� WKH�
UHIHUHQFH�YDOXH��ZKLOH�WKH�VLPXODWLRQ�ZLWK�WKH�LGHQWLILHG�
PRGHO� JLYHV� D� YDOXH� FORVHU� WR� WKH� UHIHUHQFH� RQH� RQO\�
XVLQJ� WKH�GDWD�FRUUHVSRQGLQJ� WR� WKH�ZKROH�SHULRG��)RU�D�
IHZ� GD\V� GDWD�� WKH� HVWLPDWHG� YDOXH� GRHV� QRW� UHIOHFW� WKH�
WKHUPDO� EHKDYLRU� RI� WKH� EXLOGLQJ�� 7KLV� ODWHU� UHVXOW�
FRQILUPV� WKDW� LGHQWLILHG� PRGHOV� DUH� JHQHUDOO\� PRUH�
DFFXUDWH�LI�D�SHULRG�ORQJHU�WKDQ���GD\V�LV�XVHG��
 

Table 2 
 Estimated values of the main time constant of the 

passive house 
 

�

&21&/86,21�
7KHUH� DUH� PDQ\� GLIIHUHQW� PHWKRGV� DQG� PRGHOV� IRU� WKH�
DQDO\VLV� RI� HQHUJ\� XVH� LQ� H[LVWLQJ� EXLOGLQJV�� 1R� VLQJOH�
RQH�LV�XQLYHUVDOO\�WKH�EHVW��5DWKHU�WKH�FKRLFH� LQ�D�JLYHQ�

VLWXDWLRQ� GHSHQGV� RQ� ZKDW� RQH� ZDQWV� WR� FDOFXODWH� DQG�
ZKLFK�LQSXW�GDWD�LV�DYDLODEOH�>5DEO������@��,Q�WKLV�SDSHU��
ZH� KDYH� SUHVHQWHG� D� FRPSDULVRQ� EHWZHHQ� GLIIHUHQW�
PHWKRGV�DOORZLQJ� WKH�HVWLPDWLRQ�RI� WKH�JOREDO� KHDW� ORVV�
FRHIILFLHQW� DQG� WKH� PDLQ� WLPH� FRQVWDQW� RI� D� PRQLWRUHG�
H[SHULPHQWDO�SDVVLYH�KRXVH���
6LPSOLILHG�PHWKRGV�DUH�XVXDOO\�QRW�WKH�PRVW�DSSURSULDWH�
WR� HYDOXDWH� WKH� HQHUJ\� SHUIRUPDQFH� RI� D� ORZ� HQHUJ\�
EXLOGLQJ�� ,Q� IDFW�� ZH� KDYH� VKRZQ� WKDW� WKH� VLPSOLILHG�
PHWKRG� RI� FDOFXODWLQJ� WKH� PDLQ� WLPH� FRQVWDQW� RI� D�
EXLOGLQJ� LV� YHU\� VHQVLWLYH� WR� WKH� YDULDWLRQ� RI� WKH� WLPH�
SHULRG�DQG�LW�LV�RQO\�YDOLG�IRU�DQ�XQKHDWHG�SHULRG���
5HJDUGLQJ� WKH� HQHUJ\� VLJQDWXUH�� WKH� LPSRUWDQW� SUREOHP�
LQ�DSSO\LQJ�WKLV�PHWKRG�LV�WKDW�RQ�VKRUW�WLPH�LQWHUYDOV�WKH�
GDWD� PD\� EH� OHVV� FRUUHODWHG� GXH� WR� WKH� LQIOXHQFH� RI�
UDQGRP�OLNH�WKH�YHQWLODWLRQ�UDWHV�DQG�VRODU�JDLQV�>*KLDXV��
����@��)RU�WKLV�PHWKRG�ZH�PXVW�KDYH�D�ORQJ�WLPH�SHULRG�
RI�PRQLWRULQJ�GDWD��
7KH� VWHDG\� VWDWH� IRUPXOD� FDQ� SURYLGH� D� VXLWDEOH�
HVWLPDWLRQ�RI� WKH�JOREDO�KHDW� ORVV�FRHIILFLHQW�RQO\�ZKHQ�
WKH� EXLOGLQJ� LV� QHZ� DQG� ZHOO� NQRZQ�� +RZHYHU�� LW� PD\�
QRW� EH� IHDVLEOH� IRU� H[LVWLQJ� EXLOGLQJV� EHFDXVH� GHWDLOHG�
GDWD� RQ� SK\VLFDO� SURSHUWLHV� DQG� JHRPHWULFDO�
FKDUDFWHULVWLFV�DUH�RIWHQ�QRW�DYDLODEOH�RU�XQFHUWDLQ��
7KH�LGHQWLILFDWLRQ�PHWKRG�ZDV�DOVR�YHU\�VHQVLWLYH�WR�WKH�
YDULDWLRQ�RI�WKH�XVHG�VKRUW�WLPH�SHULRG��:H�FDQ�REWDLQ�D�
JRRG� ILW� EHWZHHQ� VLPXODWLRQ� DQG� PHDVXUHPHQWV� HYHQ�
ZLWK� ZURQJ� SDUDPHWHUV�� 7KLV� LV� ZK\� ZH� VKRXOG� KDYH� D�
VXIILFLHQWO\�ORQJ�WLPH�SHULRG�RI�PHDVXUHG�GDWD�WR�XVH�WKH�
LGHQWLILFDWLRQ�SURFHGXUH��+HQFH��PRQLWRULQJ�WKH�EXLOGLQJ�
EHFRPHV� FUXFLDO� IRU� D� PRUH� SUHFLVH� DVVHVVPHQW� RI� WKH�
HQHUJ\�SHUIRUPDQFH��
$V�D�IXUWKHU�UHVHDUFK��LW�ZLOO�EH�LPSRUWDQW�WR�HYDOXDWH�WKH�
HIIHFW� RI� SDUDPHWHU� XQFHUWDLQW\� RQ� WKH� UHOLDELOLW\� RI� WKH�
G\QDPLF�WKHUPDO�PRGHO���

120(1&/$785(�
BBM   = EODFN�ER[�PRGHO�
+����� ��JOREDO�KHDW�ORVV�FRHIILFLHQW�>:�.@�
      =  PDLQ�WLPH�FRQVWDQW�>K@�
8�����=  KHDW�ORVV�FRHIILFLHQW�WKURXJKW�WKH�HOHPHQW�L��
����������GRRUV��ZLQGRZV�DQG�ZDOOV��LQ�>:�P��.@��
����=  VXUIDFH�RI�WKH�HOHPHQW�,�LQ�>P�@��

� ����=  �DLU�IORZ�UDWH��LQ�>P��K@��
����=  heat ORVV�FRHIILFLHQW�SHU�XQLW�OHQJWK�LQ�>:�P�.@�

DQG��
/���LV�LWV�FRUUHVSRQGLQJ�OHQJWK�LQ�>P@��

�= �VSHFLILF�KHDW�FDSDFLW\�RI�WKH�DLU�LQ�
����������������������>:K�P��.@�
� �  � WKH� DSSDUHQW� KHDW� FDSDFLW\� RI� WKH� EXLOGLQJ�
>:K�P��.@�

���� ��VRODU�JDLQ�>:@�
� ��LQWHUQDO�JDLQ�LQFOXGLQJ�WKH�KHDWLQJ�VRXUFHV�LQVLGH�

����������WKH�EXLOGLQJ��H�J��GRPHVWLF�DSSOLDQFHV��>:@�
 ��LQGRRU�DLU�WHPSHUDWXUH�>�&@�
� �WKH�RXWGRRU�DLU�WHPSHUDWXUH�>�&@�
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7LQ�� �LQLWLDO�LQGRRU�WHPSHUDWXUH�>�&@�
W������ �WLPH�>K@�
D������ ��FRQVWDQW���VORSH�RI�WKH�WLPH�FRQVWDQW�IXFWLRQ�
����������FXUYH����
E������ �FRQVWDQW��

$&..12:/('*(0(17�
7KLV�VWXG\�KDV�EHHQ�SHUIRUPHG�LQ�WKH�IUDPH�RI�WKH�&KDLU�
3DULV7HFK�9,1&,� ³(FR�GHVLJQ� RI� EXLOGLQJV� DQG�
LQIUDVWUXFWXUH´��

5()(5(1&(6��
$6+5$(� +DQGERRN�� IXQGDPHQWDOV������� (GLWHG� E\�

5REHUW(GLWRU�3DUVRQV��$PHULFDQ�6RFLHW\�RI�+HDWLQJ��
5HIULJHUDWLRQ�DQG�$LU�&RQGLWLRQLQJ�(QJLQHHUV��

%DXHU�0���6FDUWH]]L�-�/���������$�VLPSOLILHG�FRUUHODWLRQ�
PHWKRG�DFFRXQWLQJ�IRU�KHDWLQJ�DQG�FRROLQJ�ORDGV�LQ�
HQHUJ\�HIILFLHQW� EXLOGLQJ�� (QHUJ\� DQG� EXLOGLQJ� ���
�������������

'pTXp� )��� 'HOLOOH� 6��� 'DXWLQ� 6�� ������ 5pGXFWLRQ� G¶XQ�
V\VWqPH� OLQpDLUH� HW� LQYDULDQW� SDU� OD� WHFKQLTXH� GH�
0RRUH�� $SSOLFDWLRQ� j� OD� WKHUPLTXH� GX� EkWLPHQW��
5HYXH�*pQpUDOH�GH�7KHUPLTXH���������������O������

*KLDXV� &�� ������ ([SHULPHQWDO� HVWLPDWLRQ� RI� EXLOGLQJ�
HQHUJ\� SHUIRUPDQFH� E\� UREXVW� UHJUHVVLRQ�� (QHUJ\�
DQG�%XLOGLQJV����������±�����

-LPHQH]� 0�-��� 0DGVHQ� +��� $QGHUVHQ� .�.�� ������
,GHQWLILFDWLRQ�RI� WKH�PDLQ� WKHUPDO�FKDUDFWHULVWLFV�RI�
EXLOGLQJ�FRPSRQHQWV�XVLQJ�0$7/$%��%XLOGLQJ�DQG�
(QYLURQPHQW����������������

/XQGLQ�0���$QGHUVVRQ�6���gVWLQ�5�� ������'HYHORSPHQW�
DQG� YDOLGDWLRQ� RI� D� PHWKRG� DLPHG� DW� HVWLPDWLQJ�
EXLOGLQJ� SHUIRUPDQFH� SDUDPHWHUV�� (QHUJ\� DQG�
%XLOGLQJV���������±�����

0DGVHQ�+���+ROVW�-��������(VWLPDWLRQ�RI�FRQWLQXRXV�WLPH�
PRGHOV�IRU�WKH�KHDW�G\QDPLFV�RI�D�EXLOGLQJ��(QHUJ\�
DQG�%XLOGLQJV��������������

0HMUL�2���3DORPR�'HO�%DUULR�(���*KUDE�0RUFRV�1��������
(QHUJ\� SHUIRUPDQFH� DVVHVVPHQW� RI� RFFXSLHG�
EXLOGLQJV� XVLQJ� PRGHO� LGHQWLILFDWLRQ� WHFKQLTXHV��
(QHUJ\�DQG�%XLOGLQJV��������������

2ORIVVRQ� 7��� $QGHUVVRQ� 6�� ������ $QDO\VLV� RI� WKH�
LQWHUDFWLRQ� EHWZHHQ� KHDWLQJ� DQG� GRPHVWLF� ORDG� LQ�
RFFXSLHG�VLQJOH�IDPLO\�EXLOGLQJV��LQ��3URFHHGLQJV�RI�
WKH� �WK� 6\PSRVLXP� RQ� %XLOGLQJ� 3K\VLFV� LQ� WKH�
1RUGLF�&RXQWULHV��*RWKHQEXUJ��6ZHGHQ�����±�����

3HXSRUWLHU��%��� 6RPPHUHX[�� �,�%�� ������ 6LPXODWLRQ� WRRO�
ZLWK� LWV� H[SHUW� LQWHUIDFH� IRU� WKH� WKHUPDO� GHVLJQ� RI�
PXOWL]RQH� EXLOGLQJV�� ,QWHUQDWLRQDO� -RXUQDO� RI�
6XVWDLQDEOH�(QHUJ\��������������������

5DEO� $������� 3DUDPHWHU� (VWLPDWLRQ� LQ� %XLOGLQJV��
PHWKRGV� IRU� G\QDPLF� DQDO\VLV� RI� PHDVXUHG� HQHUJ\�
XVH��6RODU�(QHUJ\�(QJLQHHULQJ������������

57������� /HV� UqJOHV� 7K±8�� 5qJOHPHQWDWLRQ� 7KHUPLTXH�
������

6M|JUHQ� -��8��� $QGHUVVRQ� 6��� 2ORIVVRQ� 7�� ������ $Q�
DSSURDFK� WR� HYDOXDWH� WKH� HQHUJ\� SHUIRUPDQFH� RI�
EXLOGLQJV�EDVHG�RQ�LQFRPSOHWH�PRQWKO\�GDWD��(QHUJ\�
DQG�%XLOGLQJV����������±�����

7�� 2ORIVVRQ�� $QGHUVVRQ� 6�� ������ 2YHUDOO� KHDW� ORVV�
FRHIILFLHQW� DQG� GRPHVWLF� HQHUJ\� JDLQ� IDFWRU� IRU�
VLQJOH�IDPLO\� EXLOGLQJV�� %XLOGLQJ� DQG� (QYLURQPHQW�
������������±������

:HVWHUJUHQ� .�(��� +|JEHUJ� +��� 1RUOpQ� 8��
�����0RQLWRULQJ� HQHUJ\� FRQVXPSWLRQ� LQ� VLQJOH�
IDPLO\� KRXVHV�� (QHUJ\� DQDG� %XLOGLQJ� ��� ���� � ����
�����

<RXPLQJ�&K���=DLNDQJ�&��������$�QHXUDO�QHWZRUN�EDVHG�
H[SHULPHQWDO� WHFKQLTXH� IRU� GHWHUPLQLQJ� ]�WUDQVIHU�
IXQFWLRQ� FRHIILFLHQWV� RI� D� EXLOGLQJ� HQYHORSH��
%XLOGLQJ�DQG�(QYLURQPHQW����������������

<X� )�:��� &KDQ� .�7�� ������ (QHUJ\� VLJQDWXUHV� IRU�
DVVHVVLQJ�WKH�HQHUJ\�SHUIRUPDQFH�RI�FKLOOHUV��(QHUJ\�
DQG�%XLOGLQJV�����
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