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$%675$&7�
$� VHW� RI� IXWXUH� ZHDWKHU� GDWD� GHULYHG� IURP� 8.�
&OLPDWH�3URMHFWLRQV������LV�XVHG�WR�DVVHVV�WKH�ULVN�RI�
RYHUKHDWLQJ�LQ�WKH�GHVLJQ�RI�D�VXVWDLQDEOH�KRVSLWDO�LQ�
WKH�8.�XQGHU��FXUUHQW��DQG�IXWXUH�FOLPDWH��0RGHOOLQJ�
UHVXOWV� RI� LQGRRU� RSHUDWLYH�DLU� WHPSHUDWXUH� DUH�
FRPSDUHG� ZLWK� WKUHH� GLVWLQFW� RYHUKHDWLQJ� PHWULFV�
LQFOXGLQJ�WKH� 'HSDUWPHQW� RI� +HDOWK¶V� 7HFKQLFDO�
0HPRUDQGXP� ������� &,%6(� *XLGH� $� DQG�%6�(1�
������ $GDSWLYH� 7KHUPDO� &RPIRUW� 6WDQGDUG�� 7R�
WDFNOH� IXWXUH� RYHUKHDWLQJ� RI� WKH� EXLOGLQJ� VSDFHV��
HLJKWHHQ� LQGLYLGXDO� SDVVLYH� GHVLJQ� PHDVXUHV�
�FRYHULQJ� ORZ�HQHUJ\� YHQWLODWLRQ�� VKDGLQJ� DQG�
FRROLQJ�� DUH� WHVWHG� LQ� ,(6�$SDFKH6LP� DQG� WKH�PRVW�
HIIHFWLYH� PHDVXUHV� DUH� FRPELQHG� DV� DGDSWDWLRQ�
SDFNDJHV�IRU�IXUWKHU�WHVWLQJ��7KLV�ZRUN�KDV�GHYHORSHG�
D� UHSOLFDEOH� PHWKRGRORJLFDO� DSSURDFK� IRU� DGDSWLQJ�
QHZ�EXLOGLQJV�DJDLQVW�D�IXWXUH�ZDUPLQJ�FOLPDWH���

,1752'8&7,21�
Importance and urgency 
7KH�8.�2IILFH�IRU�1DWLRQDO�6WDWLVWLFV��-RKQVRQ�HW�DO��
������ KDYH� UHSRUWHG� WKDW� ������ H[FHVV� GHDWKV� DUH�
DWWULEXWHG� WR� WKH� ����� KHDWZDYH� LQ� (QJODQG� DQG�
:DOHV� �6WHGPDQ� ������� 2WKHU� (XURSHDQ� FRXQWULHV�
DOVR� VXIIHUHG� FRQVLGHUDEO\�� VXFK� DV� ������� KHDW�
UHODWHG� GHDWKV� LQ� )UDQFH� �9DOOHURQ� DQG� %RXPHQGLO�
�������������LQ�,WDO\��%LVDQWL�HW�DO���������DQG�������
LQ� 3RUWXJDO� �7ULJR� HW� DO�� ������� 6XFK� KHDWZDYHV� DUH�
H[SHFWHG� WR� EH� PRUH� IUHTXHQW� DQG� ZLGHVSUHDG� LQ�
(QJODQG¶V�IXWXUH��2YHQ�HW�DO����������
7R�PLWLJDWH�FOLPDWH�FKDQJH��WKH�8.�*RYHUQPHQW�KDV�
LQWURGXFHG� WKH� &OLPDWH� &KDQJH� $FW� �*UHDW� %ULWDLQ�
������ WR� UHGXFH� JUHHQKRXVH� JDV� HPLVVLRQV� DW� OHDVW�
���� E\� ����V� EDVHG� RQ� ����¶V� EDVHOLQH�� 7KH�
1DWLRQDO� +HDOWK� 6HUYLFH� �1+6�� LV� WKH� ODUJHVW�
HPSOR\HU�LQ�(XURSH�ZLWK�����PLOOLRQ�HPSOR\HHV���7KH�
1+6� LQ� (QJODQG� FRQWULEXWHV� DURXQG� ���� RI� SXEOLF�
VHFWRU� FDUERQ� HPLVVLRQV� �/&%� +HDOWKFDUH� �������
ZKLFK�LV�HTXLYDOHQW�WR�DERXW����RI�WKH�FRXQWU\¶V�WRWDO�
FDUERQ� HPLVVLRQV�� 7KLV� LQFOXGHV� HPLVVLRQV� IURP�
KHDOWKFDUH� EXLOGLQJV�� PRYHPHQW� RI� SHRSOH� �H�J��
SDWLHQWV�� VWDII� DQG� YLVLWRUV�� DQG� HPEHGGHG� FDUERQ�
IURP� KHDOWKFDUH� JRRGV� DQG� VHUYLFHV�� %DVHG� RQ� WKH�
1+6� (QJODQG� FDUERQ� IRRWSULQW� UHSRUW� ����� �1+6�
6XVWDLQDEOH� 'HYHORSPHQW� 8QLW� ������� KHDOWKFDUH�
EXLOGLQJV� FRQWULEXWH� ���� RI� WKH� KHDOWKFDUH� VHFWRU¶V�
WRWDO� FDUERQ� HPLVVLRQV�� 7KHUHIRUH�� LW� LV� YLWDO� WR�

H[SORUH� WKH� EXLOGLQJ�SHUIRUPDQFH�RI�KRVSLWDOV� XQGHU�
IXWXUH� FOLPDWH� DQG� GHYHORS� DGDSWDWLRQ� PHDVXUHV� IRU�
µIXWXUH�FOLPDWH�SURRIHG¶�KRVSLWDOV��
Feasibility  
7KH� 8.� &OLPDWH� 3URMHFWLRQV� ����� �8.&3����
�-HQNLQV� HW� DO�� ������ IRUPV� WKH�PRVW� FRPSUHKHQVLYH�
VHW�RI�FOLPDWH�FKDQJH�SUHGLFWLRQV�IRU�WKH�8.�WR�GDWH��
$V� RQH� RI� WKH� PDLQ� SURGXFWV� RI� 8.&3���� WKH�
:HDWKHU�*HQHUDWRU�JHQHUDWHV�GDLO\�DQG�KRXUO\�IXWXUH�
ZHDWKHU�YDULDEOHV�IRU�����V�WR�����V�EDVHG�RQ�FDUERQ�
HPLVVLRQ�VFHQDULRV� �ORZ��PHGLXP�DQG�KLJK��DW��NP��
JULG� UHVROXWLRQ��8VLQJ� WKH�ZHDWKHU�JHQHUDWRU��(DPHV�
HW� DO�� �������KDYH�FUHDWHG� IXWXUH�ZHDWKHU� ILOHV� UHDG\�
IRU� XVH� LQ� G\QDPLF� EXLOGLQJ� VLPXODWLRQ�� ZKLFK�
SURYLGHV� DQ� RSSRUWXQLW\� WR� GHVLJQ� µFOLPDWH�SURRIHG¶�
KRVSLWDOV�WHVWHG�XVLQJ�G\QDPLF�EXLOGLQJ�VLPXODWLRQ��

5(6($5&+�0(7+2'2/2*<�
7KLV�SDSHU�XVHV�D�G\QDPLF�VLPXODWLRQ�EDVHG�DSSURDFK�
WR� V\VWHPDWLFDOO\� WHVW� DQG� HYDOXDWH� WKH� SRWHQWLDO� IRU�
LQFRUSRUDWLQJ�DGDSWDWLRQ�VWUDWHJLHV�LQWR�WKH�GHVLJQ�RI�
KRVSLWDO� EXLOGLQJV� LQ� WKH� 8.�� VR� DV� WR� IXWXUH�SURRI�
WKHP� DJDLQVW� FOLPDWH� FKDQJH� GULYHQ� RYHUKHDWLQJ��
ZLWKRXW�LQFUHDVLQJ�&2��HPLVVLRQV����
7KH�DSSURDFK�DGRSWHG�LQ�WKH�UHVHDUFK�LV�EDVHG�RQ�ULVN�
DQDO\VLV��ZKLFK�LQYROYHV�DVVHVVLQJ�LPSDFWV�RI�FOLPDWH�
FKDQJH� WR� DUULYH� DW� UREXVWO\� WHVWHG� �E\� PRGHOOLQJ���
WHFKQLFDOO\�IHDVLEOH�DQG�SUDFWLFDO�DGDSWDEOH�PHDVXUHV�
DSSURSULDWH� IRU� WKH� FDVH� VWXG\� KRVSLWDO� EXLOGLQJ�
ORFDWHG�LQ�WKH�8.���
,W� LV� D� UHSOLFDEOH� PHWKRGRORJLFDO� DSSURDFK� IRU�
DGDSWLQJ� QHZ� EXLOGLQJV� DJDLQVW� IXWXUH� FOLPDWH�
FKDQJH��7KH�PHWKRG�DGRSWHG�LQ�WKH�UHVHDUFK�LV��
��� &RQGXFW�FOLPDWH�ULVN�DVVHVVPHQW�IRU�WKH�EXLOGLQJ�

VLWH� XVLQJ� 8.&3��� :HDWKHU� *HQHUDWRU�
7KUHVKROG� 'HWHFWRU� DQG� XQGHUVWDQG� FKDQJHV� RI�
WKH�NH\�GHVLJQ�SDUDPHWHUV�XQGHU�IXWXUH�FOLPDWH��

��� 5HYLHZ� UHOHYDQW� SHUIRUPDQFH�PHWULFV� DQG� VHOHFW�
DSSURSULDWH� PHWULF� IRU� WKH� FDVH� VWXG\� EXLOGLQJ�
�H�J��RYHUKHDWLQJ�PHWULF�IRU�WKLV�UHVHDUFK���

��� 5HYLHZ� VXLWDEOH� DGDSWDWLRQ� PHDVXUHV� IRU� WKH�
SURMHFW���

��� %XLOG� GHWDLOHG� URRP� OHYHO� HQHUJ\� PRGHOV� LQ� D�
G\QDPLF�VLPXODWLRQ�VRIWZDUH�VXFK�DV�,(6�9(�IRU�
KRXUO\� VLPXODWLRQ� DQG� HYDOXDWH� WKH� EXLOGLQJ�
SHUIRUPDQFH� DJDLQVW� WKH� SHUIRUPDQFH� PHWULF�
VHOHFWHG� �H�J�� HVWDEOLVK� WKH� RYHUKHDWLQJ� ULVN� IRU�
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WKH�PDLQ� RFFXSLHG� VSDFHV� XQGHU� FXUUHQW�� ����V��
����V�DQG�����V¶�FOLPDWH���

��� 'HYHORS�DGDSWDWLRQ�SDFNDJHV�ZKLFK�FRPELQH�WKH�
PRVW� HIIHFWLYH� LQGLYLGXDO� DGDSWDWLRQ� PHDVXUHV�
DQG� WHVW� WKHP� DJDLQ� LQ� EXLOGLQJ� PRGHO� XQGHU�
FXUUHQW�DQG�IXWXUH�FOLPDWH��

��� ,PSOHPHQW� WKH� PRVW� HIIHFWLYH� DGDSWDWLRQ�
PHDVXUHV� LQ� GHWDLOHG� EXLOGLQJ� GHVLJQ� LQ�
FROODERUDWLRQ� ZLWK� WKH� GHVLJQ� WHDP� DQG� GHSOR\�
DGDSWDWLRQ�PHDVXUHV�LQ�WKH�SURMHFW��

��� 0RQLWRU� DQG� HYDOXDWH� WKH� LPSDFW� RI� WKH�
DGDSWDWLRQ� PHDVXUHV� LQ� SUDFWLFH� IRU� FRQWLQXRXV�
IHHGEDFN�DQG�LPSURYHPHQW��

1RWH�WKDW�WKH�UHVXOWV�RI�VWHS���DQG���ZLOO�EH�SXEOLVKHG�
LQ�GXH�FRXUVH��DV�WKLV�LV�DQ�RQ�JRLQJ�SURMHFW����

&/,0$7(�&+$1*(�02'(//,1*��
Climate and weather data information for the 
case study 
8.&3���SURYLGHV�SXEOLFO\�DFFHVVLEOH�FOLPDWH�FKDQJH�
GDWD� IUHH� RI� FKDUJH�� ,W� LV� WKH� ILIWK� JHQHUDWLRQ� RI�
LQIRUPDWLRQ� EDVHG� RQ� PHWKRGRORJ\� IURP� WKH� 0HW�
2IILFH�DQG�UHIOHFWV� WKH�PRVW� UHFHQW��EHVW� LQVLJKW� LQWR�
KRZ� WKH� FOLPDWH� V\VWHP� ZRUNV� DQG� KRZ� LW� PLJKW�
FKDQJH�LQ�WKH�IXWXUH�ZLWK�EXLOW�LQ�ORJLFDO�XQFHUWDLQWLHV�
�-HQNLQV� HW� DO�� ������� 7R� LQYHVWLJDWH� WKH� LPSDFWV� RI�
FOLPDWH� FKDQJH� RQ� EXLOGLQJV�� IRXU� DVVXPSWLRQV� DUH�
PDGH�WR�FKRRVH�VXLWDEOH�ZHDWKHU�GDWD��7KHVH�LQFOXGH��
DSSURSULDWH� WLPH� VOLFHV�� HPLVVLRQ� VFHQDULR��
SUREDELOLW\�SHUFHQWLOHV�DQG�ORFDWLRQ���
8.&3��� SURYLGH� SURMHFWLRQV� IRU� �� WLPH� VOLFHV�� )RU�
HDFK� WLPH� VOLFH�� ��� \HDUV� ZHDWKHU� GDWD� DUH� PDGH�
DYDLODEOH��)RU�WKH�VFRSH�RI� WKLV� UHVHDUFK�� WKH�DXWKRUV�
DUH� LQWHUHVWHG� LQ� WKH� VKRUW�� PHGLXP� DQG� ORQJ�WHUP�
EXLOGLQJ� SHUIRUPDQFH� DV� WKH\� UHSUHVHQW� D� VDPSOH� RI�
IXWXUH� WLPH� VOLFHV� ORRNLQJ� VXIILFLHQWO\� IDU� WRZDUGV� D�
WLPH�KRUL]RQ�OLNHO\�WR�EH�RI�LQWHUHVW�IRU�WKH�OLIHVSDQ�RI�
EXLOGLQJV� FXUUHQWO\� XQGHU� GHYHORSPHQW�� 7KH� WKUHH�
WLPH�VOLFHV�XVHG� IRU� WKLV� VWXG\�DUH�����V������V�DQG�
����V��ILJXUH�����

�
)LJXUH���7LPH�VOLFHV�

7KH� 8.&3��� SURYLGHV� SURMHFWLRQV� EDVHG� RQ� WKUHH�
GLIIHUHQW� SRVVLEOH� IXWXUH� FOLPDWH� FKDQJH� VFHQDULRV��
ORZ�� PHGLXP� DQG� KLJK� JUHHQKRXVH� JDV� HPLVVLRQV��
7KH�REVHUYHG�HPLVVLRQV�GXULQJ������WR������DUH�YHU\�
FORVH�WR�WKH�KLJK�HPLVVLRQ�VFHQDULRV�DVVXPHG�LQ������
�,QWHUQDWLRQDO� (QHUJ\� $JHQF\� ������ ZKLFK� LV� ZK\��
KLJK�HPLVVLRQ�VFHQDULR�LV�VHOHFWHG�IRU�WKLV�VWXG\��
%\� H[DPLQLQJ� WKH� SURFHVV� �(DPHV� HW� DO�� ������ RI�
JHQHUDWLQJ� IXWXUH� ZHDWKHU� GDWD�� WKH� DXWKRUV� VHOHFWHG�
WKH����SHUFHQWLOH�ZHDWKHU�GDWD�WR�FRQGXFW�VLPXODWLRQ��
EHFDXVH�LW�KDV�WKH�KLJKHVW�SUREDELOLW\�WR�KDSSHQ��

7KH�FDVH�VWXG\�EXLOGLQJ�LV�ORFDWHG�LQ�:HOZ\Q�*DUGHQ�
FLW\�� 7KH� ODWLWXGH� DQG� ORQJLWXGH� RI� WKH� VLWH� DUH�
�����1������:��7KH�8.&3����NP�E\��NP�JULG��,'��
��������� FRYHUV� WKH� GHYHORSPHQW� DUHD�� /RQGRQ�
+HDWKURZ� ������1�� ����:�� LV� WKH� QHDUHVW� ORFDWLRQ�
ZKLFK� KDV� &,%6(� KLVWRULFDO� ZHDWKHU� GDWD� DYDLODEOH��
7KH�'HVLJQ�6XPPHU�<HDU�IRU�/RQGRQ�LV�������ZKLFK�
KDV� WKH� WKLUG� ZDUPHVW� $SULO�$XJXVW� SHULRG� GXULQJ�
����� DQG� ������ 1RWH� WKDW� 'HVLJQ� 6XPPHU� <HDUV�
�'6<�� DUH� XVHG� IRU� RYHUKHDWLQJ� DQDO\VLV� DQG� 7HVW�
5HIHUHQFH�<HDUV��75<��DUH�XVHG�IRU�HQHUJ\�DQDO\VLV�
LQ�WKLV�VWXG\��%DVHG�RQ�DOO�DVVXPSWLRQV�PDGH�DERYH��
WKH� ZHDWKHU� GDWD� XVHG� IRU� EXLOGLQJ� VLPXODWLRQ� DUH�
OLVWHG��

7DEOH���:HDWKHU�GDWD�IRU�VLPXODWLRQ�
Time 
slices Description of weather data 

%DVHOLQH� +HDWKURZ�&,%6(�'6<�75<������������

����V� 6KRUW�WHUP�KLJK�HPLVVLRQ�����
'6<�75<�������������

����V� 0HGLXP�WHUP�KLJK�HPLVVLRQ�����
'6<�75<�������������

����V� /RQJ�WHUP�KLJK�HPLVVLRQ�����'6<�75<��
������������

$� EULHI� FRPSDULVRQ� RI� DOO�'6<�ZHDWKHU� GDWD� DERYH�
ZDV� PDGH� WR� VKRZ� WKH� LQFUHDVH� RI� DYHUDJH�
WHPSHUDWXUH� GXULQJ� $SULO�6HSWHPEHU� SHULRG� IURP�
EDVHOLQH� WR�����V��$V� VKRZQ� LQ�)LJXUH���� WKH�$SULO�
6HSWHPEHU� DYHUDJH� WHPSHUDWXUH� LQFUHDVHV� ����� �&�
IURP�&,%6(�EDVHOLQH�WR�����V���

�
)LJXUH���$YHUDJH�WHPSHUDWXUH��$SU�6HS��

7KH� QXPEHUV� RI� KRXUV� RI� H[WHUQDO� WHPSHUDWXUH� RYHU�
�����������DQG�����&�GXULQJ�$SULO�6HSWHPEHU�SHULRG�
DUH� LOOXVWUDWHG� LQ� ILJXUH� ��� %RWK� ILJXUH� �� DQG� ��
LQGLFDWH� WKDW� D� ZDUPLQJ� FOLPDWH� ZLOO� RFFXU� LQ� WKH�
ODWWHU�SDUW�RI�WKLV�FHQWXU\���

Overheating metrics for hospital buildings 
2YHUKHDWLQJ� LQ� WKLV� SDSHU� LV� GHILQHG� DV� DQ�
HQYLURQPHQWDO�FRQGLWLRQ�WKDW�H[FHHGV�WKH�XSSHU�OLPLW�
RI� WKHUPDO� FRPIRUW� VWDQGDUG�� &DUOXFFL� DQG� 3DJOLDQR�
������� VXPPDUL]HG� ��� FRPIRUW� UHODWHG� LQGLFHV� DQG�
V\VWHPDWLFDOO\� UHYLHZHG� ��� ORQJ�WHUP� WKHUPDO�
FRPIRUW�LQGLFHV��)RU�KRVSLWDO�HQYLURQPHQW��3UHGLFWHG�
0HDQ�9RWH��309���3UHGLFWHG�3HUFHQWDJH�'LVVDWLVILHG�
�33'�� LQGLFHV�ZHUH�XVHG� LQ� UHFHQW� VWXGLHV� �'H�*LXOL�
HW� DO�� ������ 3RXUVKDJKDJK\� DQG� 2PLGYDUL� ������
$GDPX� HW� DO�� ������ WR� H[DP� FRPIRUW� FRQGLWLRQV��
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.KRGDNDUDPL� DQG� 1DVUROODKL� ������� UHYLHZHG� WKUHH�
HQYLURQPHQWDO� FRQGLWLRQV� IRU� VXUJHU\� URRPV� GHILQHG�
E\� $6+5$(��$,$� DQG� 86� GHSDUWPHQW� RI� 9HWHUDQV�
$IIDLUV�� /RPDV� DQG� *LULGKDUDQ� ������� FRPSDUHG�
&,%6(�� %6(1� DQG� $6+5$(� DGDSWLYH� WKHUPDO�
FRPIRUW� VWDQGDUGV� IRU� IUHH�UXQQLQJ� KRVSLWDO� ZDUGV��
0RVW�RI�FRPIRUW�VWDQGDUG�WUHDW�RFFXSDQWV�DV�LGHQWLFDO��
KRZHYHU� HYLGHQFH� �6NRRJ� HW� DO�� ������ VKRZV� WKDW�
SDWLHQWV�DFFHSW�KLJKHU�GHJUHH�RI�WKHUPDO�FRPIRUW�WKDQ�
KRVSLWDO�VWDII��EHFDXVH�WKH\�ZLOO�OHDYH�WKH�KRVSLWDO�LQ�
IRUHVHHDEOH�WLPH��

�
)LJXUH���1XPEHU�RI�KRXUV�RYHU������������DQG����⁰&�
2Q� UHYLHZLQJ� WKH� RYHUKHDWLQJ� PHWULFV� FRPPRQO\�
XVHG� LQ� WKH�8.�� LW� LV� UHDOLVHG� WKDW�RYHUKHDWLQJ�KRXUV�
DQG�RYHUKHDWLQJ�SHUFHQWDJH�DUH� WKH�PRVW�WUDQVSDUHQW�
DQG�HIILFLHQW�ZD\�WR�HYDOXDWH�RYHUKHDWLQJ��7KH�33'�
309� ,QGH[� LV� ZHOO� DFFHSWHG� E\� LQGXVWU\� DQG�
DFDGHPLD�� KRZHYHU� WKH� XVDJH� RI� 33'�309� QHHG�
RWKHU� IDFWRUV�� VXFK� DV� FORWKHV� DQG� PHWDEROLF� UDWH��
$GDSWLYH� FRPIRUW� LV� DQ� DSSURDFK� WR� GHYHORS�
VXVWDLQDEOH� WKHUPDO� FRPIRUW� VWDQGDUGV�� SRWHQWLDOO\�
ZLGHQLQJ�D�FXUUHQWO\�DFFHSWHG�WKHUPDO�FRPIRUW�UDQJH��
)RU� WKLV� UHVHDUFK�� WKH� DXWKRUV� DUH� LQWHUHVWHG� LQ� WKH�
RYHUKHDWLQJ�VLWXDWLRQ�RI����FRQVXOWLQJ�URRPV�WKDW�GR�
QRW� KDYH� D� FRROLQJ� V\VWHP�� 7KHUHIRUH�� WKUHH� GLVWLQFW�
PHWULFV� DUH� VHOHFWHG� WR� HYDOXDWH�RYHUKHDWLQJ� ULVNV�RI�
WKLV�KRVSLWDO�EXLOGLQJ�PRGHO�DQG�WKH\�DUH���

� 'HSDUWPHQWV� RI� +HDOWK¶V� 7HFKQLFDO�
0HPRUDQGXP��������'HSDUWPHQW�RI�+HDOWK�
������

� &,%6(�*XLGH�$��&,%6(�������
� %6� (1� ������ $GDSWLYH� 7KHUPDO� &RPIRUW�

6WDQGDUG� �%ULWLVK� 6WDQGDUGV� ,QVWLWXWLRQ�
������

1RWH� WKDW� WKH� DVVHVVPHQW� PHWULF�� FULWHULRQ� DQG�
DSSOLFDELOLW\�DUH� OLVWHG� LQ� WDEOH����)RU�%6�(1�������
VWDQGDUG�� FDWHJRU\� ,� �YHU\� VHQVLWLYH� DQG� IUDJLOH�
RFFXSDQWV� ZLWK� VSHFLDO� UHTXLUHPHQWV� OLNH�
KDQGLFDSSHG�� VLFN�� YHU\� \RXQJ� FKLOGUHQ� DQG� HOGHUO\�
SHUVRQV�� LV� XVHG� IRU� WKH� KRVSLWDO� HQYLURQPHQW�� 7KH�
HTXDWLRQV� RI� FDOFXODWLQJ� XSSHU� OLPLW� RI� WKH� DGDSWLYH�
WKHUPDO�FRPIRUW�DUH�JLYHQ�EHORZ��

𝑡 = 0.33𝑡 + 18.8 + 2�

𝑡(ௗ) = (1 − 0.8)(𝑡ୣ(ୢିଵ) + 0.8𝑡ୣ(ௗିଶ)
+ 0.8ଶ𝑡(ௗିଷ) + 0.8ଷ𝑡(ௗିସ)
+ 0.8ସ𝑡(ௗିହ) + 0.8ହ𝑡(ௗି)
+ 0.8𝑡(ௗି))�

𝑡� LV� WKH� GDLO\� UXQQLQJ� PHDQ� RI� RXWGRRU�
WHPSHUDWXUH�� DQG� LW� LV� FDOFXODWHG� EDVHG� RQ� WKH�
SUHYLRXV���GD\V�RXWGRRU�WHPSHUDWXUH�𝑡ୣ��
)LJXUH� �� LOOXVWUDWHV� WKH� XSSHU� OLPLWV� RI� DGDSWLYH�
WKHUPDO� FRPIRUW� ]RQH� DW� EDVHOLQH� DQG� ����V�� � 1RWH�
WKDW� WKH� ����V¶� OLPLW� �UHG�� LV� JHQHUDOO\� KLJKHU� WKDQ�
FXUUHQW� EDVHOLQH� YDOXH� �EOXH�� GXH� WR� IXWXUH� ZDUPHU�
FOLPDWH�� +RZHYHU�� ERWK� RI� WKHP� DUH� ORZHU� WKDQ� WKH�
&,%6(�����&�WKUHVKROG��JUHHQ�OLQH����

)LJXUH���7KH�XSSHU�OLPLW�RI�DGDSWLYH�FRPIRUW�]RQH�

02'(//,1*�$668037,216��
$66(66,1*�29(5+($7,1*�5,6.�
Simulation tool 
,(6�$SDFKH6LP�LV�VHOHFWHG�DV�D�PRGHOOLQJ�WRRO�GXH�WR��
LWV� ZLGH� DSSOLFDWLRQ� LQ� WKH� LQGXVWU\�� LW� LV� WHVWHG�
DFFRUGLQJ� WR� $16,�$6+5$(� 6WDQGDUG� ����
�����,(6�����D��,(6�����E����

Building profile 
7KH� FDVH� VWXG\� LV� D� QHZ� �����P�� SXUSRVH� EXLOW�
KHDOWKFDUH� IDFLOLW\� ZKLFK� LV� PDGH� XS� RI� WKUHH� µ/¶�
VKDSHG� FOLQLFDO� ZLQJV� �ILJXUH� ��� DUUDQJHG� DURXQG� D�
FHQWUDO� VRIW�ODQGVFDSHG� FRXUW\DUG� WR� PD[LPLVH� GD\�
OLJKWLQJ�� QDWXUDO� YHQWLODWLRQ� DQG� DFFHVV� WR� JUHHQ�
H[WHUQDO�VSDFHV��7KH�QHZ�IDFLOLW\�ZLOO�DFFRPPRGDWH�D�
QHZ�ORFDO�DFFLGHQW�	�HPHUJHQF\�GHSDUWPHQW��D�ODUJH�
GLDJQRVWLF� LPDJLQJ� GHSDUWPHQW�� ,W� ZLOO� DOVR� LQFOXGH�
RXWSDWLHQWV�GHSDUWPHQW��FKLOGUHQ¶V�VHUYLFHV��WKHUDSLHV��
WKH�EUHDVW�FOLQLF�DQG�D�GD\�WUHDWPHQW�VXLWH��

�
)LJXUH���7KXPEQDLO�RI�WKH�KRVSLWDO�,(6�PRGHO��

7KH� EXLOGLQJ� PRGHO� KDV� ���� ]RQHV� LQ� WRWDO�� ZKLFK�
LQFOXGH� ��� FRQVXOWLQJ� URRPV�� ���� FLUFXODWLRQ� DUHDV��
���� DX[LOLDU\� YHQWLODWLRQ� DUHDV�� ��� VSHFLDOLVW� DUHDV�
ZLWK� PHGLFDO� PDFKLQHV� DQG� ��� DUHDV� IRU� :&�GLUW\�
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XWLOLWLHV�� $OO� EXLOGLQJ� VSDFHV� KDYH� EHHQ� FRQILJXUHG�
ZLWK�DQ� LQILOWUDWLRQ�UDWH�RI������DLU�FKDQJH�SHU�KRXU��
,QWHUQDO� FRQGLWLRQV� �VXFK� DV� PLQLPXP� IUHVK� DLU�
YHQWLODWLRQ� UDWHV�� RFFXSDQWV�� DQG� OLJKWLQJ� DQG�
HTXLSPHQW�JDLQV��LQ�WKH�PRGHO�ZHUH�VHW�DFFRUGLQJ�WR�
1&0�GDWDEDVH��'&/*��������7KH�WKHUPDO�SURSHUWLHV�
RI� WKH� KRVSLWDO¶V� FRQVWUXFWLRQ� HOHPHQWV� DUH� OLVWHG� LQ�
IROORZLQJ� WDEOH�� 7KH� KHDWLQJ� VHW� SRLQW� RI� WKH�
FRQVXOWLQJ�DUHD�LV���⁰&�ZLWK�VHWEDFN�DW���⁰&�DW�QLJKW�
WLPH�� +HDWLQJ� LV� SURYLGHG� E\� D� KHDW� SXPS� ZLWK� D�
GHVLJQHG� &RHIILFLHQW� RI� 3HUIRUPDQFH� �&R3�� RI� �����
1R�DFWLYH�FRROLQJ�LV�SURYLGHG�IRU�FRQVXOWLQJ�URRPV����

7DEOH���8�YDOXH�RI�FRQVWUXFWLRQ�HOHPHQWV�
Construction elements EN ISO U-value (W/m2K) 
([WHUQDO�ZDOO� �������
*URXQG�IORRU� �������
5RRI� �������
���PP�FHLOLQJ� �������
���PP�FHLOLQJ� �������
'RRU� �������
,QWHUQDO�SDUWLWLRQ� �������
'RXEOH�JOD]LQJ� �������

3(5)250$1&(�2)�%$6(�02'(/�
7R� LQYHVWLJDWH� WKH� FOLPDWH� FKDQJH� LPSDFW� RQ� WKH�
KRVSLWDO�� WZR� VHWV� RI� VLPXODWLRQV� RI� WKH� EDVH�PRGHO�
ZHUH� FRQGXFWHG�� HQHUJ\� VLPXODWLRQ� XVLQJ� EDVHOLQH�
DQG� IXWXUH� 75<� GDWD�� IUHH�UXQQLQJ� WHPSHUDWXUH�
VLPXODWLRQ�XVLQJ�EDVHOLQH�DQG�IXWXUH�'6<�GDWD���

Baseline energy consumption of the hospital 
7KH� ,(6� PRGHO� ZDV� UXQ� ZLWK� DOO� WKH� DVVXPSWLRQV�
PDGH� DERYH��7KH�PDNHXS�RI� EDVHOLQH�PRGHO� HQHUJ\�
XVDJH� LV� LOOXVWUDWHG� LQ� IROORZLQJ�SLH� FKDUW��1RWH� WKDW�
JDV�LV�RQO\�XVHG�IRU�SURYLGLQJ�GRPHVWLF�KRW�ZDWHU�LQ�
WKH� KRVSLWDO�� ,Q� RUGHU� WR� LQYHVWLJDWH� WKH� FOLPDWH�
FKDQJH� LPSDFW� RQO\�� LW� LV� DVVXPHG� WKDW� WKH� XVDJH� RI�
KRW� ZDWHU�� HTXLSPHQW� DQG� OLJKWV� ZLOO� QRW� FKDQJH� LQ�
WKH�IXWXUH��7KHUHIRUH��JDV�FRQVXPSWLRQ�DQG�HOHFWULFLW\�
FRQVXPSWLRQ� IRU� HTXLSPHQW� DQG� OLJKWLQJ� VWD\� WKH�
VDPH� LQ� WKH� IXWXUH��7KH�RQO\�FKDQJLQJ� IDFWRU�GXH� WR�
FOLPDWH� LV� HOHFWULFLW\� FRQVXPSWLRQ� IRU� EXLOGLQJ�
VHUYLFHV�V\VWHP��

�
)LJXUH���(QHUJ\�FRQVXPSWLRQ��WRWDO������0:K��

$�GHWDLOHG� EUHDNGRZQ� RI� VHUYLFHV� V\VWHP� HOHFWULFLW\�
FRQVXPSWLRQ� LV� LOOXVWUDWHG� LQ� ILJXUH� ���1RWH� WKDW� WKH�
HOHFWULFLW\� FRQVXPSWLRQ� IRU� GRPHVWLF� KRW� ZDWHU�
SXPSV� ZRXOG� QRW� FKDQJH� GXH� WR� FOLPDWH� DQG�
DGDSWDWLRQ� PHDVXUHV�� 7KH� FKDQJLQJ� IDFWRUV� GXH� WR�
FOLPDWH�FKDQJH�DUH�39�HOHFWULFLW\�JHQHUDWLRQ��KHDWLQJ��
FRROLQJ� DQG� V\VWHP� IDQV�SXPSV�� )LJXUH� �� LOOXVWUDWHV�

WKH� LQFUHDVH� LQ� HOHFWULFLW\� JHQHUDWLRQ� LQ� ����V� DQG�
����V���

�
)LJXUH���39�JHQHUDWHG�HOHFWULFLW\��0:K��

Overheating risk in the future 
)UHH�IORDW�DLU�RSHUDWLYH�WHPSHUDWXUHV�RI����FRQVXOWLQJ�
URRPV� DUH� FRPSDUHG�ZLWK� WKUHH� GLVWLQFW� RYHUKHDWLQJ�
PHWULFV�OLVWHG�LQ�WDEOH����'XH�WR�WKH�SDSHU�OLPLW��VRPH�
UHVXOWV� DUH� VKRZQ� LQ� WDEOH� ��� 2YHUKHDWHG� ]RQHV� DUH�
KLJKOLJKWHG� LQ� UHG�� 7KH� WDEOH� LQGLFDWHV� WKDW� %6� (1�
������DGDSWLYH� WKHUPDO�FRPIRUW� OLPLW� LV� WKH� VWULFWHVW�
PHWULF� IRU� WKH� IXWXUH� FOLPDWH� RI� WKH� FDVH� VWXG\�
EXLOGLQJ��7KHUHIRUH��LW�LV�QRW�DOZD\V�WUXH�WKDW�DGDSWLYH�
FRPIRUW� OLPLW� FRXOG� SRWHQWLDOO\� ZLGHQ� D� FXUUHQWO\�
DFFHSWHG� WKHUPDO� FRPIRUW� UDQJH�� HVSHFLDOO\� IRU�
VHQVLWLYH�RFFXSDQWV���
$V� &,%6(� RYHUKHDWLQJ� PHWULF� ���� RFFXSLHG� KRXUV�
RYHU� RSHUDWLYH� WHPSHUDWXUH� RI� ��� ⁰&�� LV� FXUUHQWO\�
ZLGHO\�XVHG�LQ�EXLOGLQJ�VHUYLFHV�LQGXVWU\�LQ�WKH�8.��
LW�LV�XVHG�LQ�IROORZLQJ�VWXGLHV�WR�WHVW�SHUIRUPDQFH�RI�
DGDSWDWLRQ�PHDVXUHV��

7$&./,1*�7+(�29(5+($7,1*�5,6.�
Modelling of adaptation measures 
7R� WDFNOH� WKH� RYHUKHDWLQJ� LVVXHV� LQ� WKH� EXLOGLQJ�
VSDFHV�� ��� SDVVLYH� GHVLJQ� PHDVXUHV� �FRYHULQJ� ORZ�
HQHUJ\� YHQWLODWLRQ�� VKDGLQJ�� JOD]LQJ�� KLJK� DOEHGR�
VXUIDFH� DQG� RULHQWDWLRQ�� DUH� WHVWHG� LQGLYLGXDOO\�
DJDLQVW� IXWXUH� ZHDWKHU� GDWD� DQG� WKH� PRVW� HIIHFWLYH�
PHDVXUHV� DUH� FRPELQHG� DV� DGDSWDWLRQ� SDFNDJHV� WR�
FRQGXFW�IXUWKHU�WHVWLQJ���
7KH� SHUFHQWDJHV� RI� DQQXDO� RFFXSLHG� KRXUV� RYHU�
RSHUDWLYH� WHPSHUDWXUH���� �&�RI����FRQVXOWLQJ� URRPV�
LQ� WKH� KRVSLWDO� ZHUH� FDOFXODWHG� LQ� EXLOGLQJ� WKHUPDO�
VLPXODWLRQ� VRIWZDUH�� 7KH� DYHUDJH� YDOXH� RI�
RYHUKHDWLQJ� SHUFHQWDJHV� RI� ��� FRQVXOWLQJ� DW� FXUUHQW��
����V� DQG� ����V� DUH� OLVWHG� LQ� WDEOH� ��� 7KH� UHVXOWV�
VKRZV� WKDW� WKH� ZKLWH� SDLQW�� GDUN� ILOP� DQG� WULSOH�
JOD]LQJ� FDQ� KHOS� UHGXFH� RYHUKHDWLQJ� SHUFHQWDJHV� DW�
FXUUHQW� FOLPDWH� DQG� LQ� WKH� IXWXUH�� 7KH� UHVXOWV� DOVR�
VKRZ� WKDW� H[WHUQDO� VKDGLQJ� GHYLFHV� KDYH� EHWWHU�
SHUIRUPDQFH� WKDQ� LQWHUQDO� VKDGLQJ� GHYLFHV�� 7KH�
H[WHUQDO� VKXWWHU� FDQ�VLJQLILFDQWO\� UHGXFH�RYHUKHDWLQJ�
SHUFHQWDJHV� DQG� SHUIRUPV� EHVW� DPRQJ� DOO� RWKHU�
RSWLRQV�� 2WKHU� RULHQWDWLRQV� DUH� LQYHVWLJDWHG� LQ� WKLV�
VWXG\�� EXW� GXH� WR� VLWH� OLPLWDWLRQV� DQG� FXUUHQW� GHVLJQ�
SKDVH�RI�WKH�EXLOGLQJ��WKH�FXUUHQW�RULWHQWDWLRQ�FDQQRW�
EH�FKDQJHG��
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Performance of adaptation packages 
7ZR� DGDSWDWLRQ� SDFNDJHV� ZHUH� GHYHORSHG� EDVHG� RQ�
WKH� HIIHFWLYHQHVV� RI� LQGLYLGXDO� DGDSWDWLRQ�PHDVXUHV��
7KH\�DUH�KLJKOLJKWHG�LQ�WKH�ODVW���FROXPQV�RI�WDEOH����
'HWDLOHG�GHVLJQV�RI�VHOHFWHG�DGDSWDWLRQ�SDFNDJHV�DUH�
GLVFXVVHG� ZLWK� WKH� SURMHFW� WHDP�� DQG� LQFRUSRUDWHG�
LQWR�WKH�GHVLJQ��7KH\�DUH��

� 3DFNDJH� �� �3��� LQFOXGHV� WKH�PRVW� HIIHFWLYH�
DGDSWDWLRQ�PHDVXUH��H[WHUQDO�ORXYUHV��RQO\���

� 3DFNDJH� �� �3��� FRPELQHV� ZKLWH� SDLQWV�
VXUIDFHV��WULSOH�JOD]LQJ�DQG�H[WHUQDO�VKXWWHUV��
1RWH� WKDW�ZLQGRZ�ILOP� VKRXOG�KDYH� OLPLWHG�
HIIHFW�GXH�WR�LQVWDOODWLRQ�RI�VKDGLQJ�GHYLFHV��
WKHUHIRUH� GDUN� ILOP� LV� QRW� LQFOXGHG� LQ� WKLV�
SDFNDJH��

7KH� SHUIRUPDQFHV� RI� WKH� WZR� DGDSWDWLRQ� SDFNDJHV�
ZHUH� WHVWHG� XQGHU� FXUUHQW�� ����V�� ����V� DQG� ����V�
FOLPDWH� FRQGLWLRQ�� $YHUDJHV� RI� RYHUKHDWLQJ�
SHUFHQWDJHV� RI� ��� FRQVXOWLQJ� URRPV� DUH� VKRZQ� LQ�
WDEOH����ZKLOH�WKH�WRWDO�HOHFWULFLW\�FRQVXPSWLRQ�RI�WKH�
ZKROH�EXLOGLQJ� LV� OLVWHG� LQ� WDEOH����7KH�UHVXOWV�VKRZ�
WKDW�WKH�DGDSWDWLRQ�SDFNDJHV�FDQ�VLJQLILFDQWO\�UHGXFH�
WKH� RYHUKHDWLQJ� SHUFHQWDJHV� IURP� ����� WR� ����� LQ�
����V� IRU� WKH� KRVSLWDOV� DQG� GR� QRW� KDYH� VLJQLILFDQW�
LPSDFW�RQ�HQHUJ\�XVDJH��'HWDLOHG�DQDO\VLV�VKRZV�WKDW�
KHDWLQJ� HQHUJ\� FRQVXPSWLRQ� GHFUHDVHV� LQ� WKH� IXWXUH�
ZKLOH� FRROLQJ� �IRU� RWKHU� VSDFHV�� QRW� FRQVXOWLQJ�
URRPV��HQHUJ\�FRQVXPSWLRQ�ZRXOG�LQFUHDVH��

',6&866,21�
,Q� UHIOHFWLQJ� RQ� WKH�ZRUN� XQGHUWDNHQ�� LW� LV� XVHIXO� WR�
DGGUHVV� WKH� IROORZLQJ� WKUHH� LVVXHV� H[SHULHQFHG��
)LUVWO\�� WKLV� ZRUN� VHOHFWHG� KLJK� FDUERQ� HPLVVLRQ�
VFHQDULR�DQG����SHUFHQWLOH�ULVN�OHYHO��,W�FRXOG�EH�JRRG�
WR� KDYH� FRQVLVWHQW� GHVLJQ� WDUJHW� UHFRPPHQGHG� E\�
JRYHUQPHQWV�RU�SURIHVVLRQDO�ERGLHV��6HFRQGO\�� WKUHH�
RYHUKHDWLQJ�PHWULFV�ZHUH�FRPSDUHG�LQ�WKLV�VWXG\��7KH�
VHOHFWLRQ�RI�PHWULF�PD\�UHVXOW�LQ�GLIIHUHQW�DGDSWDWLRQ�
PHDVXUHV��$JDLQ��FRQVLVWHQW�PHWULF�VKRXOG�EH�DSSOLHG�
WR�WKH�GHVLJQ�RI�VDPH�W\SH�RI�EXLOGLQJV��7KLUGO\�� WKH�
DVVXPSWLRQV� ZHUH� PDGH� LQ� WKLV� VWXG\� WKDW� DOO�
RFFXSDQWV�DQG�LQWHUQDO�KHDW�JDLQ�VWD\�WKH�VDPH�LQ�WKH�
IXWXUH�� 7KLV� PD\� QRW� EH� WUXH� GXH� WR� WHFKQRORJLHV�
GHYHORSLQJ���

&21&/86,21�
7KLV� ZRUN� FUHDWHV� D� UHSOLFDEOH� PHWKRGRORJLFDO�
DSSURDFK� IRU� DGDSWLQJ� QHZ� EXLOGLQJV� DJDLQVW� IXWXUH�
FOLPDWH�FKDQJH��,W�LV�XVHG�D�G\QDPLF�VLPXODWLRQ�EDVHG�
DSSURDFK� WR� V\VWHPDWLFDOO\� WHVW� DQG� HYDOXDWH� WKH�
SRWHQWLDO� IRU� LQFRUSRUDWLQJ� DGDSWDWLRQ� VWUDWHJLHV� LQWR�
WKH�GHVLJQ�RI�D�KRVSLWDO�EXLOGLQJV�LQ�WKH�8.��VR�DV�WR�
IXWXUH�SURRI� WKHP� DJDLQVW� FOLPDWH� FKDQJH� GULYHQ�
RYHUKHDWLQJ�� ZLWKRXW� LQFUHDVLQJ� &2�� HPLVVLRQV��
(LJKWHHQ� DGDSWDWLRQ� PHDVXUHV� ZHUH� PRGHOOHG� XVLQJ�
G\QDPLF� EXLOGLQJ� VLPXODWLRQ� VRIWZDUH� ,(6�
$SDFKH6LP��7KH�PRVW� HIIHFWLYH� LQGLYLGXDO�PHDVXUHV�
ZHUH� FRPELQHG� DV� WZR� DGDSWDWLRQ� SDFNDJHV�� %RWK�
SDFNDJHV� DOORZ� DOO� FRQVXOWLQJ� URRPV� WR� VWD\� ZLWKLQ�

FRPIRUW� UDQJH� LQ� ����V�� 7KH\� DOVR� DOORZ� PRVW� RI�
FRQVXOWLQJ�URRPV�WR�VWD\�ZLWKLQ�FRPIRUW�UDQJH�GXULQJ�
WKH�����V��
7KH� VLPXODWLRQ� UHVXOWV�ZHUH� FRPSDUHG� DJDLQVW� WKUHH�
RYHUKHDWLQJ� HYDOXDWLRQ� PHWULFV�� +70������� &,%6(�
*XLGH� $� DQG� %6� (1� ������� %6� (1� ������ LV� WKH�
VWULFWHVW� PHWULF� IRU� WKLV� SDUWLFXODU� EXLOGLQJ� EHFDXVH�
FDWHJRU\� ,� OLPLW� �IRU� YHU\� VHQVLWLYH� DQG� IUDJLOH�
RFFXSDQW��ZDV�XVHG��
7KLV� ZRUN� DOVR� KHOSV� SROLF\� PDNHUV� DQG� GHVLJQHUV�
XQGHUVWDQG� WKH� LPSDFW� RI� FOLPDWH� FKDQJH� DQG� WKH�
HIIHFWLYHQHVV� RI� DGDSWDWLRQ� PHDVXUHV� LQ� DYRLGLQJ�
RYHUKHDWLQJ�QRZ�DQG�LQ�WKH�IXWXUH���

$&.12:/('*(0(17�
7KH� DXWKRUV� DUH� JUDWHIXO� WR� WKH� 8.� 7HFKQRORJ\�
6WUDWHJ\� %RDUG� ZKR� VSRQVRUHG� WKLV� ZRUN� WKURXJK�
µ'HVLJQ� IRU� )XWXUH� &OLPDWH�� $GDSWLQJ� %XLOGLQJV¶�
SURJUDPPH��

5()(5(1&(6�
$GDPX��=��$���3ULFH��$��'��)��DQG�&RRN��0��-��������

3HUIRUPDQFH� HYDOXDWLRQ� RI� QDWXUDO� YHQWLODWLRQ�
VWUDWHJLHV� IRU�KRVSLWDO�ZDUGV�±�$�FDVH�VWXG\�RI�
*UHDW� 2UPRQG� 6WUHHW� +RVSLWDO�� %XLOGLQJ� DQG�
(QYLURQPHQW���������������

%LVDQWL�� /��� HW� DO�� ������ ����� +HDW� :DYHV� DQG�
0RUWDOLW\�LQ�,WDO\��(SLGHPLRORJ\���������6����

%ULWLVK� 6WDQGDUGV� ,QVWLWXWLRQ�� ������ %6� (1�
����������� ,QGRRU� HQYLURQPHQWDO� LQSXW�
SDUDPHWHUV�IRU�GHVLJQ�DQG�DVVHVVPHQW�RI�HQHUJ\�
SHUIRUPDQFH�RI�EXLOGLQJV�DGGUHVVLQJ� LQGRRU�DLU�
TXDOLW\�� WKHUPDO� HQYLURQPHQW�� OLJKWLQJ� DQG�
DFRXVWLFV��/RQGRQ��%ULWLVK�6WDQGDUGV�,QVWLWXWH��

&DUOXFFL�� 6�� DQG� 3DJOLDQR�� /�� ������ $� UHYLHZ� RI�
LQGLFHV� IRU� WKH� ORQJ�WHUP� HYDOXDWLRQ� RI� WKH�
JHQHUDO�WKHUPDO�FRPIRUW�FRQGLWLRQV�LQ�EXLOGLQJV��
(QHUJ\�DQG�%XLOGLQJV���������������

&,%6(�� ������(QYLURQPHQWDO�'HVLJQ��&,%6(�*XLGH�
$�� /RQGRQ�� &KDUWHUHG� ,QVWLWXWLRQ� RI� %XLOGLQJ�
6HUYLFHV�(QJLQHHUV��

'&/*�� ������ 1DWLRQDO� &DOFXODWLRQ� 0HWKRGRORJ\�
�1&0�� PRGHOOLQJ� JXLGH� �IRU� EXLOGLQJV� RWKHU�
WKDQ�GZHOOLQJV�LQ�(QJODQG�DQG�:DOHV���/RQGRQ��
'HSDUWPHQW� IRU� &RPPXQLWLHV� DQG� /RFDO�
*RYHUQPHQW��

'H� *LXOL�� 9��� HW� DO�� ������ 0HDVXUHG� DQG� SHUFHLYHG�
LQGRRU� HQYLURQPHQWDO� TXDOLW\�� 3DGXD� +RVSLWDO�
FDVH�VWXG\��%XLOGLQJ�DQG�(QYLURQPHQW����������
�����

'HSDUWPHQW�RI�+HDOWK��������+HDWLQJ�DQG�YHQWLODWLRQ�
V\VWHPV� ±� +HDOWK� 7HFKQLFDO� 0HPRUDQGXP� ���
���� 6SHFLDOLVHG� YHQWLODWLRQ� IRU� KHDOWKFDUH�
SUHPLVHV� ±� 3DUW� $�� 1RUZLFK�� 7KH� 6WDWLRQHU\�
2IILFH��

(DPHV��0���.HUVKDZ��7��DQG�&ROH\��'��������2Q�WKH�
FUHDWLRQ� RI� IXWXUH� SUREDELOLVWLF� GHVLJQ� ZHDWKHU�
\HDUV� IURP� 8.&3���� %XLOGLQJ� 6HUYLFHV�
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(QJLQHHULQJ� 5HVHDUFK� DQG� 7HFKQRORJ\�� �������
���������

*UHDW� %ULWDLQ�� ������ 7KH� &OLPDWH� &KDQJH� $FW� �����
&KDSWHU�����/RQGRQ��7KH�6WDWLRQHU\�2IILFH��

,(6�� ����D�� %XLOGLQJ� (QYHORSH� DQG� )DEULF� /RDG�
7HVWV� SHUIRUPHG� RQ� $SDFKH6LP� LQ� DFFRUGDQFH�
ZLWK� $16,�$6+5$(� 6WDQGDUG� ���������
>RQOLQH@�� $YDLODEOH� IURP��
KWWS���ZZZ�LHVYH�FRP�VRIWZDUH�YDOLGDWLRQ�DVKUD
HB��������BLHVYHB�B��]LS� >$FFHVVHG� �� )HE�
����@��

,(6�� ����E��6SDFH�+HDWLQJ�(TXLSPHQW�3HUIRUPDQFH�
7HVWV� SHUIRUPHG� RQ� $SDFKH6LP� LQ� DFFRUGDQFH�
ZLWK� $16,�$6+5$(� 6WDQGDUG� ���������
>RQOLQH@�� $YDLODEOH� IURP��
KWWS���ZZZ�LHVYH�FRP�VRIWZDUH�YDOLGDWLRQ�DVKUD
HB��������BLHVYHB�B��]LS� >$FFHVVHG� �� )HE�
����@��

,QWHUQDWLRQDO� (QHUJ\� $JHQF\�� ������ &2��
(0,66,216� )520� )8(/� &20%867,21�
+LJKOLJKWV�������(GLWLRQ���)UDQFH��,QWHUQDWLRQDO�
(QHUJ\�$JHQF\��

-HQNLQV�� *��� HW� DO��� ������ 8.� &OLPDWH� 3URMHFWLRQV��
%ULHILQJ� UHSRUW� �9HUVLRQ� ���� 8.� &OLPDWH�
3URMHFWLRQV��

-RKQVRQ��+���HW�DO��������7KH�LPSDFW�RI�WKH������KHDW�
ZDYH� RQ� PRUWDOLW\� DQG� KRVSLWDO� DGPLVVLRQV� LQ�
(QJODQG�� +HDOWK� 6WDWLVWLFV� 4XDUWHUO\�� ������ ��
����

.KRGDNDUDPL�� -�� DQG� 1DVUROODKL�� 1�� ������ 7KHUPDO�
FRPIRUW� LQ� KRVSLWDOV� ±� $� OLWHUDWXUH� UHYLHZ��
5HQHZDEOH� DQG� 6XVWDLQDEOH� (QHUJ\� 5HYLHZV��
������������������

/&%�+HDOWKFDUH��������/RZ�&DUERQ�%XLOGLQJV�LQ�WKH�
+HDOWKFDUH� 6HFWRU�� 'HSDUWPHQW� IRU� %XVLQHVV��
,QQRYDWLRQ�	�6NLOOV��8.���

/RPDV�� .�� -�� DQG� *LULGKDUDQ�� 5�� ������ 7KHUPDO�
FRPIRUW� VWDQGDUGV�� PHDVXUHG� LQWHUQDO�
WHPSHUDWXUHV� DQG� WKHUPDO� UHVLOLHQFH� WR� FOLPDWH�
FKDQJH�RI�IUHH�UXQQLQJ�EXLOGLQJV��$�FDVH�VWXG\�
RI� KRVSLWDO� ZDUGV�� %XLOGLQJ� DQG� (QYLURQPHQW��
�����������

1+6� 6XVWDLQDEOH� 'HYHORSPHQW� 8QLW�� ������ 1+6�
(QJODQG�&DUERQ� (PLVVLRQV�� &DUERQ� )RRWSULQW�
PRGHOOLQJ�WR�������1+6��

2YHQ��.�� -��� HW� DO�� ������&OLPDWH� FKDQJH� DQG�KHDOWK�
DQG� VRFLDO� FDUH�� 'HILQLQJ� IXWXUH� KD]DUG��
YXOQHUDELOLW\�DQG�ULVN�IRU�LQIUDVWUXFWXUH�V\VWHPV�
VXSSRUWLQJ� ROGHU� SHRSOH¶V� KHDOWK� FDUH� LQ�
(QJODQG��$SSOLHG�*HRJUDSK\�������������

3RXUVKDJKDJK\�� $�� DQG� 2PLGYDUL�� 0�� ������
([DPLQDWLRQ� RI� WKHUPDO� FRPIRUW� LQ� D� KRVSLWDO�
XVLQJ� 309�33'� PRGHO�� $SSO� (UJRQ�� �������
�����������

6NRRJ�� -��� )UDQVVRQ�� 1�� DQG� -DJHPDU�� /�� ������
7KHUPDO� HQYLURQPHQW� LQ� 6ZHGLVK� KRVSLWDOV��
(QHUJ\�DQG�%XLOGLQJV������������������

6WHGPDQ�� -�� 5�� ������ 7KH� SUHGLFWHG� QXPEHU� RI� DLU�
SROOXWLRQ� UHODWHG� GHDWKV� LQ� WKH� 8.� GXULQJ� WKH�
$XJXVW� ����� KHDWZDYH�� $WPRVSKHULF�
(QYLURQPHQW��������������������

7ULJR�� 5��0��� HW� DO�� ������ (YDOXDWLQJ� WKH� LPSDFW� RI�
H[WUHPH� WHPSHUDWXUH�EDVHG� LQGLFHV� LQ� WKH������
KHDWZDYH� H[FHVVLYH� PRUWDOLW\� LQ� 3RUWXJDO��
(QYLURQPHQWDO� 6FLHQFH� 	� 3ROLF\�� ������� ����
�����

9DOOHURQ�� $��-�� DQG� %RXPHQGLO�� $�� ������
eSLGpPLRORJLH� HW� FDQLFXOHV� �� DQDO\VHV� GH� OD�
YDJXH� GH� FKDOHXU� ����� HQ� )UDQFH�� &RPSWHV�
5HQGXV�%LRORJLHV����������������������

�

7DEOH���2YHUKHDWLQJ�DVVHVVPHQW�PHWULFV�
Source Assessment metric Criterion Applicability 

+70�������'HSDUWPHQW�
RI�+HDOWK�������

1XPEHU�RI�KRXUV�RYHU�GU\�
EXOE�WHPSHUDWXUH�RI����⁰&�

1R�PRUH�WKDQ����
RFFXSLHG�KRXUV� $OO�VSDFHV�

&,%6(�*XLGH�$��&,%6(�
������

3HUFHQWDJH�RI�KRXUV�RYHU�GU\�
RSHUDWLYH�WHPSHUDWXUH�RI����
⁰&�

1R�PRUH�WKDQ����RI�
RFFXSLHG�KRXUV�

2IILFHV��&RQVXOWLQJ�
URRPV��

%6�(1��������%ULWLVK�
6WDQGDUGV�,QVWLWXWLRQ�
������

1XPEHU�RI�KRXUV�RYHU�
FDWHJRU\�,�DGDSWLYH�FRPIRUW�
XSSHU�OLPLW�

1R�PRUH�WKDQ�����RU�����
RI�RFFXSLHG�KRXUV�GXULQJ�
D�\HDU�

1DWXUDOO\�YHQWLODWHG�
VSDFHV�ZLWK�RSHUDEOH�
ZLQGRZV�

�

�
)LJXUH���%UHDNGRZQ�RI�HOHFWULFLW\�XVDJH�IRU�VHUYLFHV�V\VWHP��0:K��� �

-17.6 109.4 28.6 12.5 3.8 

-20 0 20 40 60 80 100 120 140 160
PV generated electricity Heating DHW pumps Chillers System fans/pumps
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7DEOH���2YHUKHDWLQJ�UHVXOWV�XVLQJ�GLIIHUHQW�PHWULFV�

�
� �
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7DEOH���2YHUKHDWLQJ�UHVXOWV�RI�GLIIHUHQFH�DGDSWDWLRQ�PHDVXUHV�
�

Adaptation measures Current 2050s 2080s P1 P2 
Base model��GRXEOH�JOD]LQJ��XVHU�FRQWUROOHG�
YHQWLODWLRQ��QR�VKDGLQJ��,(6�VLWH�URWDWLRQ�DQJOH�
�����

0.7% 1.2% 4.0% � �

High albedo 
surface�

&UHDP�SDLQW� 0.7% 1.2% 3.8% � �

:KLWH�3DLQW� 0.6% 1.1% 3.6% � ¥�

Windows and 
film tech-
nologies�

7ULSOH�JOD]LQJ� 0.6% 1.0% 3.6% � ¥�

/LJKW�ILOP� 0.7% 1.1% 3.8% � �

'DUN�ILOP� 0.6% 1.0% 3.5% � �

Ventilation 

7ZR�DLU�FKDQJH�UDWH� 8.2% 16.4% 24.5% � �

����DLU�FKDQJH�UDWH� 4.1% 9.4% 16.9% � �

)LYH�DLU�FKDQJH�UDWH� 2.7% 5.9% 12.6% � �

Shading 

([WHUQDO�VKXWWHU�ZLWK�FRQWURO�
�DW�����:�P��

0.3% 0.1% 0.8% ¥� ¥�

)L[HG�VKDGLQJ� 0.3% 0.8% 1.7% � �
,QWHUQDO�FXUWDLQ�ZLWK�FRQWURO��
DW����:�P��

0.4% 0.2% 1.5% � �

Orientation 

15⁰  0.6% 1.0% 3.4% � �

60⁰ 0.4% 0.5% 2.1% � �

105⁰ 0.3% 0.1% 1.1% � �

150⁰ 0.3% 0.1% 0.9% � �

195⁰ 0.3% 0.1% 1.2% � �

240⁰ 0.5% 0.7% 2.5% � �

285⁰ 0.7% 1.2% 3.8% � �
�
�

7DEOH���2YHUKHDWLQJ�SHUFHQWDJHV�RI�DGDSWDWLRQ�SDFNDJHV�

Average percentage of 
occupied hours over 28 ⁰C 

CIBSE DSY 
baseline 

2030s H 50% 
DSY 

2050s H 50% 
DSY 

2080s H 50% 
DSY 

%DVH�PRGHO� 0.7% 0.2% 1.2% 4.0% 
3DFNDJH��� 0.1% 0.0% 0.1% 0.8% 
3DFNDJH��� 0.2% 0.0% 0.0% 0.5% 
�

7DEOH���2YHUKHDWLQJ�SHUFHQWDJHV�RI�DGDSWDWLRQ�SDFNDJHV�
Total electricity 
consumptions 
(MWh) 

CIBSE TRY 
baseline 

2030s H 50% 
TRY 

2050s H 50% 
TRY 

2080s H 50% 
TRY 

%DVH�PRGHO� 441 448 438 431 
3DFNDJH��� 444 458 447 437 
3DFNDJH��� 442 457 445 435 
�
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