
THERMAL COMFORT ANALYSIS OF A TRADITIONAL IRANIAN COURTYARD 
FOR THE DESIGN OF SUSTAINABLE RESIDENTIAL BUILDINGS 

�
6RRO\HRQ�&KR�DQG�1RRVKDIDULQ�0RKDPPDG]DGHK�

6FKRRO�RI�$UFKLWHFWXUH��&ROOHJH�RI�'HVLJQ��1RUWK�&DUROLQD�6WDWH�8QLYHUVLW\�
5DOHLJK��1RUWK�&DUROLQD��86$�

�
�
�

$%675$&7�
7KLV�SDSHU�SUHVHQWV�WKH�UHVXOWV�RI�VLPXODWLRQ�PRGHOLQJ�
DQDO\VLV�RI�QDWXUDO�YHQWLODLWRQ�V\VWPHV�LQ�D�WUDGLWLRQDO�
FRXUW\DUG� UHVLGHQFH� LQ� D� KRW� DQG� GU\� FOLPDWH�� 7KH�
SXUSRVH�RI�WKLV�UHVHDUFK�ZDV�WR�DQDO\]H�DQG�HYDOXDWH�
SDVVLYH�HQHUJ\�V\VWHPV�DQG�WKHLU�HOHPHQWV�WR�SURYLGH�
LPSOLFDWLRQV� IRU� WKH�GHVLJQ�RI� VXVWDLQDEOH� UHVLGHQWLDO�
EXLOGLQJV��$Q�H[LVWLQJ�WUDGLWLRQDO�FRXUW\DUG�LQ�WKH�FLW\�
RI�.DVKDQ��,UDQ��ZDV�XVHG�DV�D�FDVH�VWXG\�WR�DQDO\]H�
WKH�LQGRRU�WKHUPDO�FRPIRUW�FRQGLWLRQV�DQG�WR�GHYHORS�
D� VLPXODWLRQ� PRGHO�� 7KH� (QHUJ\3OXV� VLPXODWLRQ�
SURJUDP�ZDV�XVHG�WR�FDOFXODWH�WKH�WKHUPDO�ORDGV�RI�WKH�
EXLOGLQJ�DQG�WR�DQDO\]H�WKH�HIIHFWLYHQHVV�RI�WKH�QDWXUDO�
YHQWLODWLRQ� V\VWHPV� DORQJ� ZLWK� RWKHU� QDWLYH� GHVLJQ�
VWUDWHJLHV�LQ�WHUPV�RI�WKHUPDO�FRPIRUW��

,1752'8&7,21�
:LWK� WKH� JURZWK� RI� JOREDO� ZDUPLQJ� DQG� HQHUJ\�
FRQVXPSWLRQ�� FRXUW\DUG� EXLOGLQJV� KDYH� EHHQ�
FRQVLGHUHG� DV� DQ� DOWHUQDWLYH� RI� HQHUJ\� HIILFLHQW�
EXLOGLQJ� W\SRORJ\� GXH� WR� WKH� ODUJH� WHPSHUDWXUH�
GLIIHUHQFH�EHWZHHQ�LQWHUQDO�DQG�H[WHUQDO�DUHDV�ZLWKLQ�
EXLOGLQJV��&RXUW\DUG� LV�RQH�RI� WKH�,UDQLDQ� WUDGLWLRQDO�
DUFKLWHFWXUH� HOHPHQWV�� ZKLFK� DOO� RI� WKH� VSDFHV� LQ� D�
EXLOGLQJ�DUH�ORFDWHG�DURXQG�WKLV�RSHQ�DQG�UHFWDQJXODU�
DUHD�� 7KLV� VSDWLDO� VWUXFWXUH� KDV� ERWK� VRFLDO� DQG�
HQYLURQPHQWDO�IXQFWLRQ��ZKLFK�SURYLGHV�SULYDWH�VSDFH��
ZKLOH� DFWLQJ� DV� D� VRXUFH�RI� OLJKW�� IUHVK� DLU� DQG�KHDW��
$QRWKHU�FKDUDFWHULVWLF�RI�,UDQLDQ�DUFKLWHFWXUH�LV�XVLQJ�
WKH�UHODWLYHO\�FRQVWDQW�JURXQG�WHPSHUDWXUH�E\�GLJJLQJ�
WKH�FRXUW\DUG�DQG�FRQVWUXFWLQJ�WKH�EXLOGLQJ�XQGHU�WKH�
JURXQG�� 7KH� JURXQG� WHPSHUDWXUH� LV� ZDUPHU� WKDQ�
RXWVLGH�WHPSHUDWXUH�LQ�FROG�ZHDWKHU�VHDVRQ�DQG�FRROHU�
LQ� KRW� ZHDWKHU� VHDVRQ�� 7KLV� IHDWXUH� DSSHDUV� WR� KDYH�
VLJQLILFDQW�SRWHQWLDO�WR�PDLQWDLQ�FRPIRUWDEOH� WKHUPDO�
FRQGLWLRQ�LQ�LQGRRU�VSDFHV���

/,75785(�5(9,(:�
6HYHUDO� VWXGLHV� KDYH� EHHQ� GRQH� DERXW� WKHUPDO�
SHUIRUPDQFH�RI�WKH�FRXUW\DUG�IRUP��VSHFLILFDOO\�LQ�KRW�
DQG� DULG� FOLPDWH� WR� DGGUHVV� WKH� WKHUPDO�� VKDGLQJ��
GD\OLJKW�� DQG� DLUIORZ� FKDUDFWHULVWLFV� �6DIDU]DGHK��
������6DLQW��������0RVWDID�DQG�&RVWD��������0RRUH��
������.KDPPDU���������
*LRYLQL��������UHSRUWHG�UHVXOWV�IURP�WKH�H[SHULPHQWDO�
SDVVLYH�FRROLQJ�VWXG\��+H�SURSRVHG�D�PRGHO�EDVHG�RQ�
WKH� SDUDPHWHUV� RI� YHQWLODWLRQ� UDWH�� WKHUPDO� PDVV��
RSHQLQJV��DQG�RXWGRRU�WHPSHUDWXUH��$OGDZRXG��������

FODLPHG�WKDW�FRXUW\DUG�LQWHJUDWLRQ�LV�HQHUJ\�HIILFLHQW�
LQ�DOO�FOLPDWHV��VSHFLILFDOO\�LQ�KRW�GU\�DQG�KRW�KXPLG�
FRQGLWLRQ�ZLWK�HYDOXDWLQJ�WKH�HQHUJ\�SHUIRUPDQFH�RI�D�
FRXUW\DUG�LQ�YDULRXV�VLWXDWLRQV��0XKDLVHQ�HW�DO���������
H[DPLQHG� WKH� HIIHFW� RI� YDULRXV� LUUDGLDWLRQV� GXH� WR�
GLIIHUHQW� SDUDPHWHUV� RI� FRXUW\DUG� VXFK� DV� KHLJKW� WR�
UHGXFH�KHDWLQJ�DQG�FRROLQJ�ORDGV�LQ�5RPH�FOLPDWH��$O�
+HPLGGL� HW� DO�� ������� H[DPLQHG� WKH� HIIHFW� RI�
YHQWLODWLRQ� LQ� WKHUPDO� SHUIRUPDQFH� RI� D� FRXUW\DUG�
KRXVH� LQ� 6DXGL� $UDELD� XVLQJ� VHQVRUV� LQVWUXPHQWV��
6KDUSOHV� HW� DO�� ������� H[DPLQHG� WKH� DLUIORZ� WKURXJK�
FRXUW\DUG� LQ� DQ� XUEDQ� HQYLURQPHQW� E\� ZLQG� WXQQHO�
H[SHULPHQW�� 0DOHN]DGHK� DQG� /RYHGD\� �������
LQWHJUDWHG�WZR�SURJUDPV��7516<6��.OHLQ��������DQG�
(19,�PHW�����%UXVH���������IRU�WKH�DQDO\VLV�RI�LQGRRU�
VSDFHV�DQG�DGMDFHQW�RXWGRRU�VSDFHV�LQ�,UDQLDQ�KRXVHV�
WR�HVWLPDWH�KHDWLQJ�DQG�FRROLQJ�ORDGV��7DODJKDQL�HW�DO��
������� DQDO\]HG� WKHUPDO� FRPIRUW� DQG� HQHUJ\�
FRQVXPSWLRQ�RI�GZHOOLQJV�ZLWK�WUDQVLWLRQDO�VSDFHV� LQ�
WKUHH� GLIIHUHQW� FOLPDWHV� LQ� 1HWKHUODQG� XVLQJ� WKH�
'HVLJQ%XLOGHU� SURJUDP� �7LQGDOH�� ������� 7KH\�
IRFXVHG�RQ�KHDWLQJ�DQG�FRROLQJ�HQHUJ\�FRQVXPSWLRQ�
RI�FRXUW\DUG��DWULXP�DQG�VXQ�VSDFHV�RI�EXLOGLQJV���
%HUNRYLF�HW�DO���������HYDOXDWHG�WKH�WKHUPDO�FRPIRUW�
GXULQJ� VXPPHU� LQ� KRW� DQG� GU\� FRQGLWLRQ� IRU� WKUHH�
GLIIHUHQW� FRXUW\DUGV�� 7KH\� XVHG� &)'� PRGHO� WR�
HYDOXDWH� WKH� WKHUPDO� FRPIRUW� DQG� (19,�PHW� ����
�%UXVH�� ������ WR� FDOFXODWH� WKH� WHPSHUDWXUH� RI�
PLFURFOLPDWLF� FRXUW\DUG�� 7KH\� LQYHVWLJDWHG� DERXW�
ZKLFK� SDUDPHWHU� KDV� WKH� PRVW� LPSDFW� WR� LPSURYH�
FRPIRUW��VKDGH�FRQWULEXWLRQ�RU�ZLQG�FRQWULEXWLRQ���
7DNLQJ�LQWR�DFFRXQW�RI�DOO�WKHVH�VWXGLHV��FRXUW\DUG�KDV�
EHHQ�NQRZQ�DV�RQH�RI� WKH�SDVVLYHO\�HQHUJ\�HIILFLHQW�
EXLOGLQJ� IRUPV��7KHUPDO� SHUIRUPDQFH� RI� WKLV� VSDWLDO�
EXLOGLQJ�KDV�EHHQ� LQYHVWLJDWHG�E\�PDQ\� UHVHDUFKHUV��
KRZHYHU�� LW� LV� VWLOO� QRW� VXIILFLHQW� RI� HYDOXDWLQJ�
FRXUW\DUG¶V�WKHUPDO�SHUIRUPDQFH�LQ�GHWDLO�DORQJ�ZLWK�
LWV� PLFURFOLPDWH� LPSDFW� DQG� FURVV� YHQWLODWLRQ� ZLWK�
VLPXODWLRQ� WRROV��7KLV�VWXG\�JRHV�IXUWKHU� WR�H[DPLQH�
WKH� EHKDYLRU� RI� D� FRXUW\DUG� KRXVH� DV� D� FDVH� VWXG\�
DJDLQVW� GLIIHUHQW� SDUDPHWHUV�� VSHFLILFDOO\�� FHUWDLQ�
PDWHULDOV� DQG� QDWXUDO� YHQWLODWLRQ� V\VWHP� WR� VKRZ� LQ�
ZKDW� H[WHQW� WKH� QDWXUDO� YHQWLODWLRQ�� DV� D� UHVXOW� RI�
FKDQJLQJ�UHODWLYH�SDUDPHWHUV��FDQ�UHGXFH�WKH�WKHUPDO�
HQHUJ\�UHTXLUHPHQW�LQ�KRW�DQG�GU\�FOLPDWH�RI�,UDQ���
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7KH� W\SRORJ\� RI� WUDGLWLRQDO� FRXUW\DUG� EXLOGLQJV� LV�
LQWURYHUWHG��7KH�FRXUW\DUG�LV�WKH�KHDUW�RI�WKH�KRXVH�DQG�
DOO�WKH�VSDFHV�DUH�ORFDWHG�DURXQG�LW��ZKLFK�KDV�WKH�EHVW�
YLHZ�DQG�DFFHVV�WR�WKH�RWKHU�DUHDV�DQG�VKDSH�WKH�OLQN�
EHWZHHQ�GLIIHUHQW�VSDFHV��$UMPDQGL�������� ,W�DOVR�FDQ�
PLWLJDWH� QRLVHV� IURP� VXUURXQGLQJ� EXLOGLQJV� RU� IURP�
WKH�DGMDFHQW�VWUHHW��7ODJKDQL��������� 
8VLQJ� RSWLPL]HG� VSDWLDO� IRUPV� RI� FRXUW\DUG� ZLWK�
QDWXUDO�HOHPHQWV�VXFK�DV�ZDWHU�DQG�SODQW�KHOSV�PDNH�
DSSURSULDWH� VWUDWHJ\� IRU� SDVVLYH� FRROLQJ� GHVLJQ��
1DWXUDO� YHQWLODWLRQ� DQG� VKDGLQJ� DUH� WKH� PRVW�
VLJQLILFDQW� HIIHFWV� LQ� SDVVLYH� FRROLQJ� GHVLJQ� DQG�
UHPHG\�RI�WKH�LQGRRU�WHPSHUDWXUH�LQFUHDVH���

Natural ventilation function 
$SSO\LQJ� WKH� ZLQG� HQHUJ\� IRU� YHQWLODWLRQ� ZDV�
FRQVLGHUHG�DV�RQH�RI�WKH�PDLQ�PHWKRGV�RI�WUDGLWLRQDO�
DUFKLWHFWXUH�WR�SURYLGH�WKHUPDO�FRPIRUW�IRU�RFFXSDQWV�
LQ�EXLOGLQJV�HVSHFLDOO\� LQ�KRW�DQG�GU\� FOLPDWHV��7KLV�
VWUDWHJ\� LV� XWLOL]HG� QRW� RQO\� WR� FRQVHUYH� HQHUJ\�� EXW�
DOVR�WR�SURYLGH�SURSHU�WKHUPDO�FRPIRUW�IRU�LQKDELWDQWV�
LQ�LQGRRU�VSDFHV��$OO�KHPLGL��������%HKERRG���������
:LQG�HQHUJ\�KDV�WZR�IXQFWLRQV�LQ�FRXUW\DUG�EXLOGLQJV��
2QH�RI�WKHP�LV�FLUFXODWLQJ�WKH�DLU�EHWZHHQ�RXWGRRU�DQG�
LQVLGH� WKH� FRXUW\DUG�� 7KH� RWKHU� HIIHFW� LV� YHQWLODWLQJ�
LQGRRU�DLU�RI�WKH�FRXUW\DUG��,Q�KRW�DQG�GU\�FRQGLWLRQ��
GXULQJ�WKH�QLJKW��ZDUP�DLU�ULVHV�LQ�IURQW�WKH�FRXUW\DUG�
DQG�H[LWV�ZKLOH�WKH�FRROHU�DLU�UHSODFHV�LW��7KHQ��GXULQJ�
WKH� GD\�� FRRO� DLU� LV� FLUFXODWHG� WKURXJK� WKH� LQGRRU�
VSDFHV���$O�+HPLGL����������
&RQVLGHULQJ�HQHUJ\�FRQVXPSWLRQ�LQFUHDVH�DQG�KHDOWK�
FRQFHUQV� RI� RFFXSDQWV� LQ� EXLOGLQJV�� WKH� LQWHUHVW� RI�
XVLQJ�QDWXUDO�YHQWLODWLRQ�LQ�EXLOGLQJV�DQG�RWKHU�QDWXUDO�
HOHPHQWV� KDV� EHHQ� LQFUHDVHG� RYHU� WLPH� �6KDUSOHVV��
������� ,Q� RUGHU� WR� SUHVHQW� VROXWLRQV� IRU� DSSO\LQJ�
QDWXUDO�HQHUJ\�DQG�GLVSHQVH�LW� WR�UHGXFH�WKH� ORDGV�RI�
PHFKDQLFDO� V\VWHPV�� FRPSUHKHQVLYH� DQG� VFLHQWLILF�
VWXGLHV� RQ� YHUQDFXODU� FRROLQJ� V\VWHPV� LQ� FRXUW\DUG�
EXLOGLQJV�DQG�DQ�LQ�GHSWK�DQDO\VLV�LQ�WHUPV�RI�HQHUJ\�
FRQVHUYDWLRQ� DQG� KXPDQ� FRPIRUW� DUH� SUHVHQWHG� DV�
IROORZV��

&$6(�678'<�
,W� KDV� EHHQ� SUHYLRXVO\� VKRZQ� IURP� VHYHUDO� VWXGLHV�
DERXW� ZK\� WKH� WHPSHUDWXUH� RI� WKH� LQVLGH� VSDFHV� RI�
FRXUW\DUG� EXLOGLQJ� LV� FRQVLGHUDEO\� ORZHU� WKDQ� WKH�
RXWGRRU� WHPSHUDWXUH� �0HLU�� ������ 0XKDLVHQ�� ������
$O��+HPLGGL��������7DOHJKDQL��������%HUNRYLF��������
$OB0DVUL�� ������� 7KH� SDVVLYH� GHVLJQ� VWUDWHJLHV� LQ� D�
WUDGLWLRQDO�KRXVH��NQRZQ�DV�%URMHUGL�KD�KRXVH�LQ�KRW�
GU\� FOLPDWH� RI� .DVKDQ�� ,UDQ�� ZHUH� H[DPLQHG� LQ� WKLV�
VWXG\��7KH�FRQVWUXFWLRQ�RI�WKLV�EXLOGLQJ�ZDV�ILQLVKHG�
LQ������ZLWK�PRUH�WKDQ�����PDUEOH�VWRQHV�ZLWK�RWKHU�
PDWHULDOV�VXFK�DV�VWXFFR�LQ�LWV�FRQVWUXFWLRQ��)LJXUH���
VKRZV�WKH�JHRPHWU\�RI�WKH�FRXUW\DUG�EXLOGLQJ��ZKLFK�
LQGLFDWHV� VRPH� GHVLJQ� VWUDWHJLHV� DERXW� ORFDWLRQ��
RULHQWDWLRQ� DQG� PLQLPXP� UHODWLRQVKLS� ZLWK� RXWGRRU�
FRQGLWLRQV��,W�KDV�WKH�OLQHDU�IRUP��ZKLFK�LV�GLYLGHG�LQ�
IRXU�GLVWLQFWLRQ�YROXPHV�LQ�GLIIHUHQW�GLUHFWLRQV�� �7KH�
RSHQLQJV�RI�WKHVH�EXLOGLQJ�DUH�ORRNHG�LQZDUGV��0RVW�

RI� WKH� DSHUWXUHV� DUH� RSHQ� WRZDUG� FRXUW\DUG�� DQG� WKH�
H[WHULRU� ZDOOV� KDYH� WKH� PLQLPXP� DSHUWXUHV�� ZKLFK�
LQFUHDVHG� WKH� VDIHW\� DQG� VHFXULW\� RI� EXLOGLQJV�
�7DOHJKDQL���������
�
�

 
Figure1 Geometry model of the case study courtyard 

for the EnergyPlus simulation  
 

Simulation modeling program 
,Q� WKLV� VWXG\�� WKH�(QHUJ\3OXV� �'2(�� ������ SURJUDP�
ZDV�XVHG� WR�HYDOXDWH� WKH� LPSDFW�RI�PXOWL�SDUDPHWHUV�
RQ�WKH�HQHUJ\�FRQVXPSWLRQ�RI�WKH�FRXUW\DUG�EXLOGLQJV��
(QHUJ\3OXV� KDV� EHHQ� YDOLGDWHG� WKURXJK� PXOWLSOH�
SURFHVVHV� VXFK� DV� HPSLULFDO� YDOLGDWLRQ�� FRPSDUDWLYH�
DQDO\VLV��DQG�DQDO\WLFDO�YHULILFDWLRQ���
(QHUJ\3OXV� LV� D� QHZ� JHQHUDWLRQ� RI� VLPXODWLRQ� WRRO�
ZKLFK� GHYHORSHG� E\� LQWHJUDWLQJ� WZR� PDLQ� EXLOGLQJ�
VLPXODWLRQ� SURJUDPV��'2(��� DQG�%/$67� �%XLOGLQJ�
/RDGV�$QDO\VLV�DQG�6\VWHP�7KHUPRG\QDPLFV��������
ZLWK�VXSSRUW�IURP�8�6��GHSDUWPHQW�RI�(QHUJ\��,W�XVHV�
D� PRGXODU� SURJUDP� VWUXFWXUH�� ZKLFK� LV� HDV\� WR�
PDLQWDLQ��XSGDWH��DQG�H[WHQG��$OO�WKH�LQSXW�DQG�RXWSXW�
GDWD� ILOHV� UHODWHG� ZLWK� (QHUJ\3OXV� DUH� LQ� VLPSOH�
IRUPDWV�DQG�FDQ�EH�HDVLO\�XVHG�E\�RWKHU�SURJUDPV�DQG�
GDWDEDVHV��7KLV�SURJUDP�JLYHV�GHWDLOHG�VLPXODWLRQV�RI�
WKH� EXLOGLQJ� VXFK� DV� EXLOGLQJ� ORDGV�� KHDW� JDLQ��
GD\OLJKW�� VRODU� DQDO\VLV� DQG� DLUIORZ�� DQG� WKH� HQHUJ\�
DSSOLHG� RU� H[WUDFWHG� E\� PHFKDQLFDO� V\VWHPV�
�7DODJKDQL�� ������ $O�0DVUL�� ������� 7KH� VLPXODWLRQ�
SDUDPHWHUV� LPSOHPHQWHG� LQ� WKH�(QHUJ\3OXV� SURJUDP�
DUH�DV�IROORZV��

Building geometry and climate data 
7R�H[DPLQH�WKH�HQHUJ\�SHUIRUPDQFH�RI�FRXUW\DUGV��WKH�
JHRPHWU\� PRGHO� ZDV� GHYHORSHG� XVLQJ� WKH� *RRJOH�
6NHWFK8S�� �*RRJOH�� ������ SURJUDP� ZLWK� WKH�
2SHQ6WXGLR� SURJUDP� SOXJJHG� LQ� WR� LW� �(OOLV�� ������
GHYHORSHG�E\�1DWLRQDO�5HQHZDEOH�(QHUJ\�/DERUDWRU\�
�15(/���2SHQ6WXGLR� LV� D� JUDSKLF� XVHU� LQWHUIDFH� IRU�
(QHUJ\3OXV� UXQQLQJ� LQ� 6NHWFK8S�� 7KH� PRGHO� ZDV�
VLPSOLILHG�WR�KDYH�RQO\�WKH�FHQWUDO�FRXUW\DUG�DQG�QLQH�
DGMDFHQW� WKHUPDO� ]RQHV�� 'HVLJQ� UHTXLUHPHQWV��
LQFOXGLQJ�VFKHGXOHV� IRU�UHVLGHQWLDO�EXLOGLQJV��SHRSOH��
OLJKW�� HTXLSPHQW�� FRQVWUXFWLRQ� RI� WKH� EXLOGLQJ� ZLWK�
HDUWKHQ� YHUQDFXODU�PDWHULDOV�� DQG� QDWXUDO� YHQWLODWLRQ�
V\VWHP�� ZHUH� FRQVLGHUHG� IRU� WKH� VLPXODWLRQ� SURFHVV��
7KH� PDLQ� IRFXV� RI� WKH� VLPXODWLRQ� SURFHVV� ZDV� WR�
HYDOXDWH� WKH� WKHUPDO�HQHUJ\�UHTXLUHPHQW� LQ� WKH�IRUP�
RI�FRROLQJ�ORDGV�IRU�WKH�FRXUW\DUG�PRGHO��
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7KH�FLW\�RI�.DVKDQ�LV�ORFDWHG�LQ�WKH�FHQWHU�RI�,UDQ�LQ�
WKH�SURYLQFH�RI�,VIDKDQ��7KH�FOLPDWH�RI�FHQWUDO�UHJLRQ�
RI� ,UDQ� LV� UHODWLYHO\� VLPLODU� WR� GHVHUW� FRQGLWLRQ�� 7KH�
ZHDWKHU� FKDUDFWHULVWLF� RI� WKLV� DUHD� LV� KRW� DQG� GU\�
FRQGLWLRQ�ZLWK� D� KLJK� UDQJH� RI� WHPSHUDWXUH� EHWZHHQ�
GD\� DQG� QLJKW� �%HKERRG�� ������� 5HDGLO\� DYDLODEOH�
ZHDWKHU�GDWD�LQ�WKH�IRUP�RI�(3:�DYDLODEOH�IURP�WKH�
86�'2(�ZHEVLWH�ZDV�XVHG�IRU�WKH�VLPXODWLRQ��

Material 
,Q�WUDGLWLRQDO�KRXVH�RI�,UDQ��WKH�HIIHFW�RI�WKH�WKHUPDO�
PDVV�� VXFK� DV� FOD\� DQG� WKDWFK� ZLWK� PRUH� WKLFNQHVV��
UHGXFHV�WKH�DPRXQW�RI�KHDWLQJ�DQG�FRROLQJ�ORDGV�RI�WKH�
EXLOGLQJ�FRQVLGHUDEO\��)RU�WKH�FRPSUHKHQVLYH�VWXG\�RI�
WKH�UROH�RI�WKHVH�PDWHULDOV�LQ�HQHUJ\�FRQVFLRXV�GHVLJQ��
WKH�FRROLQJ�ORDGV�RI�%URMHUGL�KD�KRXVH�ZHUH�FDOFXODWHG�
ZLWK� WUDGLWLRQDO�PDWHULDOV� IRU�FRQWUROOLQJ� WKH� WKHUPDO�
FRPIRUW�RI�LQVLGH�WKH�EXLOGLQJ��,Q�WKH�VLPXODWLRQ��WKH�
FRQVWUXFWLRQ�RI�ZDOO��URRI��DQG�IORRU�ZDV�GHILQHG�EDVHG�
RQ�WUDGLWLRQDO�KRXVH��ZKLFK�FRQVLVWV�RI�WKH�IROORZLQJ�
PDWHULDOV����
 7KH�H[WHUQDO�ZDOOV�FRQVLVW�RI�ILYH�OD\HUV��L�H���
3ODVWHU� �����FP��� WKDWFK�DV� WKHUPDO� LQVXODWLRQ� OD\HU�
����� FP��� ILUHG� FOD\� ���� FP��� WKDWFK� ����� FP��� DQG�
SODVWHU������FP���OD\HUHG�IURP�RXWVLGH�WR�LQVLGH��7KH�
WRWDO�8�YDOXH�RI�WKLV�ZDOO� LV������:�P�.��)LJXUH���
VKRZV�WKH�OD\HUV�RI�WKH�H[WHUQDO�ZDOO���

�

�
Figure 2 Layers of external wall 

�

 7KH� LQWHUQDO� ZDOOV� DUH� WKH� VDPH� ZLWK� WKH�
FRQILJXUDWLRQ� RI� WKH� H[WHUQDO� ZDOO� ZLWKRXW� WKH�
LQVXODWLRQ�OD\HU���
 7KH� URRIV� DUH� DOVR� KDYH� ILYH� OD\HUV�� IURP�
RXWVLGH�WR�LQVLGH�ZLWK�WKH�8�YDOXH�RI�����:�P��.�
 7KH�8�YDOXH�RI�IORRU�LV������:�P��.�
 7KH�W\SH�RI�ZLQGRZ�LV�GRXEOH�JOD]LQJ�ZLWK���
OD\HU� RI� �PP� FOHDU� IORDW� JODVV� DQG� ��PP� RI� DLU�
ZLWKLQ�WKRVH��8�YDOXH�RI�����:�P��.����

7KH� 8�YDOXHV� RI� WKHVH� PDWHULDOV� ZHUH� PDQXDOO\�
FDOFXODWHG�DQG�XVHG�LQ�WKH�(QHUJ\3OXV�VLPXODWLRQ��

�

Table 1 
 U-values of building materials 

 

 
Thickness 

(m) 
R-value 
m2 K/W 

U-value 
W/m2 K 

:DOO� ����� ����� �����

5RRI� ����� ����� �����

)ORRU� ����� ����� �����

:LQGRZ� ������ ����� �����

With and without thermostat Settings 
,Q� WKLV� VWXG\�� WKHUH� ZHUH� WRWDO� RI� IRXU� VFHQDULRV�
GHYHORSHG�� 7KH� ILUVW� WZR� FDVHV� DUH� EDVHG� RQ� WKH�
WKHUPRVWDW� VHWWLQJV� WR� FDOFXODWH� WKH� WKHUPDO� ORDGV� RI�
WKH�EXLOGLQJ��7KH�WKHUPRVWDWV�ZHUH�VHW�WR������R&�IRU�
FRROLQJ� DQG� ��� R&� IRU� KHDWLQJ�� 7KLV� LV� IRU� ORDGV�
FDOFXODWLRQ�� VR� WKH� ³,GHDO�/RDGV�$LU�6\VWHP´�RSWLRQ�
ZDV�XVHG�LQ�(QHUJ\3OXV��1R�PHFKDQLFDO�V\VWHPV�QHHG�
WR� EH� GHILQHG�� ,Q� DQRWKHU� FDVH�� KRZHYHU�� WKH� QDWXUDO�
YHQWLODWLRQ� IXQFWLRQ� ZDV� XVHG� DV� D� VHSDUDWH� FDVH� LQ�
(QHUJ\3OXV�WR�VHH�WKH�LPSDFW�RI�LW�DQG�FRPSDUH�WR�WKH�
FDVH�ZLWKRXW�QDWXUDO�YHQWLODWLRQ���
7KHUH� ZHUH� DOVR� WZR� RWKHU� FDVHV� ZLWKRXW� WKH�
WKHUPRVWDW� FRQWURO�� &RQVHTXHQWO\�� QR� WKHUPDO� ORDGV�
ZHUH�FDOFXODWHG��UDWKHU�REVHUYHG�ZHUH�WKH�KRXUV�ZKHUH�
WKH�]RQH�WHPSHUDWXUH�DQG�KXPLGLW\�FRQGLWLRQV�DUH�IDOO�
LQ�WR�WKH�$6+5$(�WKHUPDO�FRPIRUW�]RQH��7KHVH�KRXUV�
ZHUH� FRPSDUHG� EHWZHHQ� WKH� FDVHV�ZLWK� DQG�ZLWKRXW�
WKH�QDWXUDO�YHQWLODWLRQ�FRQWUROV��

Air flow network 
7KLV� VHFWLRQ� SURYLGHV� SDUDPHWHUV� WR� VHH� KRZ� DLU�
PRYHPHQW��HLWKHU�IURP�WKH�RXWVLGH�RU�EHWZHHQ�URRPV�
LQ� FRQMXQFWLRQ� ZLWK� HQYLURQPHQWDO� V\VWHPV�� LV�
FRQVLGHUHG�DQG�WUHDWHG��7KH�$LU)ORZ1HWZRUN�PRGHO�LV�
XWLOL]HG�WR�VLPXODWH�WKH�SHUIRUPDQFH�RI�WKH�DLUIORZ�LQ�
PXOWL]RQHV�FRQVLGHULQJ�RXWGRRU�ZLQG�DQG�WKH�SUHVVXUH�
RI� DLU� WKURXJK�+9$&�V\VWHP�RSHUDWLRQ��7KLV�PRGHO�
JLYHV� WKH� DELOLW\� WR� VLPXODWH� WKHUPDO� FRQGLWLRQ� LQ�
GLIIHUHQW� ]RQH� DQG� DLU� OHDNDJH� WKURXJK� WKH� VXUIDFHV�
ZLWK�WKH�FRQVWDQW�YROXPH�RI�DLU�GLVWULEXWLRQ���7KH�LQSXW�
REMHFWV�IRU�WKH�VLPXODWLRQ�LQWHJUDWHV�ILYH�PDLQ�REMHFWV��
L�H��� ��� DLU� IORZ� 1HWZRUN� VLPXODWLRQ� REMHFW� ZKLFK�
SUHVHQWV�WKH�EDVLF�UXQ�IDFWRUV�IRU�WKH�PRGHO�OLNH�PRGHO�
FRQWURO�� ��� WKH� DLUIORZ� 1HWZRUN�� 0XOWL]RQH� GDWD�
REMHFWV� ZKLFK� XWLOL]HG� IRU� FDOFXODWLRQ� � DLUIORZV� RI�
PXOWL]RQHV� �(DFK� REMHFW� FRQVLVWV� RI� EXLOGLQJ� ]RQHV��
H[WHULRU�RI�EXLOGLQJ�DV�QRGHV��DQG�EXLOGLQJ�VXUIDFHV�DV�
OLQNDJH������WKH�DLUIORZ�1HWZRUN��'LVWULEXWLRQ��1RGH�
REMHFW�XWLOL]HG�WR�VLPXODWH�DLU�GLVWULEXWLRQ�����$LUIORZ�
1HWZRUN� FRPSRQHQW� GDWD� ZKLFK� LQGLFDWH� WKH�
UHODWLRQVKLS�EHWZHHQ�DLU�SUHVVXUH�DQG�DLU�IORZ��DQG����
$LUIORZ�1HWZRUN�OLQNDJH�GDWD�REMHFWV�ZKLFK�UHSUHVHQW�
WKH� FRQQHFWLRQ� � EHWZHHQ� WZR� $LUIORZ1HWZRUN��
'LVWULEXWLRQ�� 1RGH� REMHFWV� DQG� $LUIORZ1HWZRUN�
FRPSRQHQW��
7KH� $LUIORZ1HWZRUN� PRGHO� FDOFXODWH� WKUHH� VWHSV� LQ�
RUGHU��3UHVVXUH�GLIIHUHQFH� DQG� DLUIORZ� V\VWHP��1RGH�
WHPSHUDWXUH�DQG�KXPLGLW\��VHQVLEOH�DQG�ODWHQW�ORDG�RI�
FRROLQJ�DQG�KHDWLQJ���
%\�FDOFXODWLQJ�WKH�SUHVVXUH�DQG�DLUIORZ�DW�HDFK�QRGH�
DQG�GHWHUPLQLQJ�WKH�DLUIORZ�WKURXJK�HDFK�OLQNDJH��WKH�
PRGHO� FDQ� GHWHUPLQH� WKH� QRGH� WHPSHUDWXUH� DQG�
KXPLGLW\� UDWLR�� %DVHG� RQ� WKHVH� FDOFXODWLRQV�� WKH�
VHQVLEOH�DQG�ODWHQW�ORDGV�IRU�HDFK�]RQH�FDQ�EH�GHILQHG��
$FFRUGLQJ� WR� WKHVH� LQIRUPDWLRQ� FRQVLGHULQJ� +9$&�
V\VWHP�ORDG��WKH�ILQDO�]RQH�DLU�WHPSHUDWXUH��KXPLGLW\�
UDWLR� DQG� SUHVVXUH� DUH� DWWDLQHG� WR� HYDOXDWH� WKHUPDO�
FRQGLWLRQ�RI�HDFK�]RQH�DQG�WRWDO�FRROLQJ�ORDG��
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7KLV� VLPXODWLRQ� VSHFLILHV� WKH� EDVLF� SDUDPHWHUV� IRU�
DLUIORZ� VLPXODWLRQ� DQG� ZLQG� SUHVVXUH�� ,W� GHWHUPLQHV�
WKH� DLU� PDVV� IORZ� EDVHG� RQ� WKH� DPRXQW� RI� DLUIORZ�
WKURXJK� FUDFN� LQ� VXUIDFHV�� ZLQGRZV� DQG� GRRUV� LQ�
FORVHG�DQG�RSHQ�FRQGLWLRQV��7KH�GHWDLO�LQSXWV�DUH�WKH�
FKDUDFWHULVWLFV� RI� RSHQLQJ� DQG� FUDFN� LQ� VXUIDFHV��
DVVLJQHG�VSHFLILF�FRHIILFLHQW�YDOXH�IRU�DLU�PDVV�IORZ��
DQG� ZLQG� SUHVVXUH� FRQFHUQHG� ZLWK� FUDFNV� DQG�
RSHQLQJV� LQ�EXLOGLQJ¶V�VXUIDFHV�� �%\�SURYLGLQJ� WKHVH�
LQSXW� REMHFWV�� LW� ZDV� DEOH� WR� PHDVXUH� WKH� WKHUPDO�
FRQGLWLRQ�RI�HDFK�]RQH�DQG�HYDOXDWH�WKH�HIIHFW�RI�DLU�
IORZ�V\VWHP��

ASHRAE comfort zone 
7KHUPDO� FRPIRUW� KDV� EHHQ� GHILQHG� E\� $PHULFDQ�
6RFLHW\� RI� +HDWLQJ�� 5HIULJHUDWLQJ� DQG� $LU�
&RQGLWLRQLQJ�(QJLQHHUV��$6+5$(��DV�³WKH�FRQGLWLRQ�
RI�WKH�PLQG�LQ�ZKLFK�VDWLVIDFWLRQ�LV�H[SUHVVHG�ZLWK�WKH�
WKHUPDO� HQYLURQPHQW´� �$WZDWHU�� ������� 7KHUPDO�
FRPIRUW� GHSHQGV� RQ� GLIIHUHQW� SDUDPHWHUV�� 7KHUH� DUH�
WZR� PDLQ� IDFWRUV� ZKLFK� GHWHUPLQH� KXPDQ� WKHUPDO�
FRPIRUW�� L�H��� ³SHUVRQDO� IDFWRUV´� VXFK� DV� RFFXSDQW�
DFWLYLW\�� FORWKLQJ� OHYHO�� DJH�� DQG� VH[�� DQG�
³HQYLURQPHQWDO�IDFWRUV´�VXFK�DV�GU\�EXOE�WHPSHUDWXUH��
PHDQ�UDGLDQW�WHPSHUDWXUH��ZKLFK�UHIHUV�WR�VXUURXQGLQJ�
REMHFWV� WHPSHUDWXUH�� KXPLGLW\�� DQG� DLU� YHORFLW\´�
�$VIRXU���������
2QH� RI� WKH�PHWKRGV� IRU� GHILQLQJ� WKHUPDO� FRPIRUW� LV�
HYDOXDWLQJ�HIIHFWLYH�WHPSHUDWXUH��ZKLFK�LV�FDOFXODWHG�
E\�KXPLGLW\� UDWLR�DQG� WKH� LQGRRU� WHPSHUDWXUH� �)ULHU��
�������7KH�WKHUPDO�FRPIRUW�]RQH�FDQ�EH�LGHQWLILHG�LQ�
SV\FKRPHWULF�FKDUW�DGRSWHG�E\�$6+5$(�DV�VKRZQ�LQ�
)LJXUH�����

�

�
Figure 3 Comfort zone in Psychometric chart  

�

5(68/76�$1'�$1$/<6,6�
)LJXUH���DQG���VKRZ�WKH�IORRU�SODQV�RI�WKH�ILUVW�DQG�WKH�
VHFRQG� IORRU�� 7KH� ILUVW� IORRU� KDV� �� ]RQHV�� $OO� IRXU�
GLUHFWLRQV� KDYH� HDFK� ]RQH�� DQG�=RQH� �� LV� LQVLGH� WKH�
FRXUW\DUG� FRQQHFWLQJ� WKH� WZR� OHYHOV�� ILUVW� IORRU� DQG�
VHFRQG�IORRU��,Q�WKH�VHFRQG�IORRU��WKHUH�DUH�WKUHH�]RQHV�
LQ�HDVW��ZHVW�DQG�QRUWK�GLUHFWLRQV��%\�PRQLWRULQJ�WKH�
VLPXODWLRQ�UHVXOWV�RI�WKH�IRXU�FDVHV�GHVFULEHG�HDUOLHU��
LW� FDQ� EH� LGHQWLILHG� ZKLFK� ]RQH� KDV� EHWWHU� RU� ZRUVH�
WKHUPDO�FRQGLWLRQV�FRPSDUHG�WR�WKH�RWKHU�]RQHV��

�
Figure4 First Floor plan 

�
Figure5 Second Floor Plan 

 

Without thermostat control 
)LJXUHV���WKURXJK����VKRZ�DQG�FRPSDUH�WKH�WKHUPDO�
FRQGLWLRQ�RI� HDFK� ]RQH�EHWZHHQ� WKH� FDVHV� ERWK�ZLWK�
DQG�ZLWKRXW�QDWXUDO�YHQWLODWLRQ�LQ�ZKLFK�QR�WKHUPRVWDW�
LV� DVVLJQHG�� 7KH� UHG� FRORXU� LQGLFDWHV� RXWGRRU�
FRQGLWLRQ��ZKLOH�WKH�\HOORZ�IRU�WKH�FDVH�ZLWK�QDWXUDO�
YHQWLODWLRQ� DQG� WKH�EOXH� IRU� WKH� FDVH�ZLWKRXW�QDWXUDO�
YHQWLODWLRQ�� 7KH� HIIHFW� RI� WKH� QDWXUDO� YHQWLODWLRQ� LV�
FOHDUO\� LQGLFDWHG� LQ� WKH� JUDSKV� E\� WKH� WHPSHUDWXUH�
VKLIW�� )RU� H[DPSOH�� GXH� WR� WKH� QDWXUDO� YHQWLODWLRQ�
HIIHFW��WKH�PD[LPXP�WHPSHUDWXUH�RI�=RQH���FKDQJHG�
IURP�����R&�WR������R&��L�H�������R&�ORZHU�ZLWK�QDWXUDO�
YHQWLODWLRQ������
�

�
Figure 6 Zone-1, south façade, first floor, no 
thermostat set point, with /without ventilation 

�
Figure 7 Zone-2, west façade, first floor, no 

thermostat set point, with /without ventilation 
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Figure 8 Zone 3, north façade, first floor, no 
thermostat set point, with /without ventilation 

�
Figure 9 Zone 4, east façade, first floor, no 

thermostat set point, with /without ventilation 
�

�
Figure 10 Zone- 5, south Eyvan no thermostat set 

point, with /without ventilation 

�
Figure 11 Zone-6, south façade, second floor no 

thermostat set point, with /without ventilation 

�
Figure 12 Zone- 7, west façade, second floor no 

thermostat set point, with /without ventilation 

�
Figure 13 Zone- 8, north façade, second floor no 

thermostat set point, with /without ventilation 
�

7DEOH���VXPPDUL]HV� WKH� LQGLYLGXDO�]RQHV¶�PD[LPXP�
WHPSHUDWXUHV�� =RQH��� ��QG� IORRU� ZHVW�� VKRZV� WKH�
ODUJHVW� WHPSHUDWXUH� GLIIHUHQFH�� ���� R&��$OVR��=RQH���
��QG�IORRU�QRUWK��DQG�=RQH�����QG�IORRU�VRXWK��PDGH�D�
VLJQLILFDQW� WHPSHUDWXUH� UHGXFWLRQV� IURP� WKH� QDWXUDO�
YHQWLODWLRQ��+RZHYHU��=RQH�����VW�IORRU�QRUWK���=RQH���
��VW� IORRU�ZHVW��� DQG�=RQH��� ��VW� IORRU� VRXWK�� VKRZHG�
WKH�OHDVW�HIIHFW�ZLWK�DERXW���R&�GLIIHUHQFHV���
�

Table2 
 Comparison of maximum temperatures 

 
 
 

Zone 

Max. Temp. (oC) Temperature 
Difference  

(oC)�
W/ Nat. 

Ventilation 
W/O Nat. 

Ventilation 

=RQH��� ����� ����� ����

=RQH��� ����� ����� ����

=RQH��� ����� ����� ����

=RQH��� ����� ����� ����

=RQH��� ����� ����� ����

=RQH��� ����� ����� ����

=RQH��� ����� ����� ����

=RQH��� ����� ����� ����
�

/LNHZLVH�� WKH�WRWDO�QXPEHU�RI�GD\V�WKDW�IDOO� LQ�WR�WKH�
$6+5$(� FRPIRUW� ]RQH� LV� VKRZQ� LQ� WKH� VLPLODU�
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IDVKLRQ�� 7DEOH� �� FRPSDUHV� WKH� QXPEHU� RI� GD\V� RI�
FRPIRUW� FRQGLWLRQ�EHWZHHQ�ZLWK� DQG�ZLWKRXW� QDWXUDO�
YHQWLODWLRQ����

Table 3 
 Number of days in a year in thermal comfort 

condition in two cases with and without airflow 
 

Zone 
# of Days in Comfort Zone Difference 

(Days)�w/ Nat. Vent. w/o Nat. Vent. 

=RQH��� ���� ��� ���

=RQH��� ��� ��� ���

=RQH��� ��� ��� ���

=RQH��� ��� ��� ���

=RQH��� ���� ��� ���

=RQH��� ���� ��� ���

=RQH��� ���� ��� ���

=RQH��� ���� ��� ���
�

7KH� UHVXOWV� DUH� DERXW� WKH� VDPH� ZLWK� WKH� PD[LPXP�
WHPSHUDWXUH� FRPSDULVRQV� LQ� 7DEOH� ��� =RQHV� �� WR� ��
VKRZ�WKH�ODUJHVW�LPSDFW�IURP�WKH�QDWXUDO�YHQWLODWLRQ��
2QH�H[FHSWLRQ� LQ� WKLV�FRPSDULVRQ� LV� WKDW�=RQH�����VW�
IORRU�VRXWK��PDGH�D�FRQVLGHUDEOH�LPSURYHPHQW�LQ�WKH�
QXPEHU� RI� GD\V� HYHQ� WKRXJK� WKH� PD[LPXP�
WHPSHUDWXUH�GLIIHUHQFH�ZDV�QRW�VLJQLILFDQW��

With thermostat control 
7R�DQDO\VH�DQG�FRPSDUH�WKH�WKHUPDO�ORDGV�EHWZHHQ�WKH�
WZR� FDVHV�� ZLWK� DQG� ZLWKRXW� QDWXUDO� YHQWLODWLRQ�� WKH�
WKHUPRVWDW�ZDV�VHW�WR����R&�IRU�KHDWLQJ�DQG������R&�IRU�
FRROLQJ�� )LJXUHV� ��� WKURXJK� ��� VKRZ� WKH� WKHUPDO�
FRQGLWLRQV� RI� WKH� LQGLYLGXDO� ]RQHV� LQ� 3V\FKURPHWULF�
FKDUWV��$V�H[SHFWHG��DOO�WKH�]RQHV�DUH�VDWLVILHG�LQ�WHUPV�
RI� WKH� WKHUPDO� FRQGLWLRQV�� PHHWLQJ� WKH� $6+5$(¶V�
FRPIRUW�FRQGLWLRQV��7KH�KXPLGLW\�ZDV�QRW�FRQWUROOHG��
VR�WKDW�WKHUH�DUH�D�QXPEHU�RI�GDWD�SRLQWV�RXWVLGH�RI�WKH�
FRPIRUW� ]RQH� LQ� WHUPV�RI�KXPLGLW\� OHYHO��$JDLQ�� WKH�
UHG�LV�IRU�RXWGRRU�FRQGLWLRQ��WKH�\HOORZ�IRU�WKH�FDVH�RI�
QDWXUDO� YHQWLODWLRQ�� DQG� WKH� EOXH� IRU� WKH� FDVH� RI� QR�
QDWXUDO�YHQWLODWLRQ��
�

�
Figure 14 Zone- 1, south façade, first floor, with 

thermostat set point with /without ventilation 

�
Figure 15 Zone- 2, west façade, first floor, with 
thermostat set point, with /without ventilation 

�
Figure 16 Zone-3, north façade, first floor, with 
thermostat set point, with /without ventilation 

�
Figure 17 Zone-4, east façade, first floor with 
thermostat set point with /without ventilation 

�
Figure 18 Zone-5, south Eyvan with thermostat set 

point with /without ventilation 
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�
Figure 19 Zone-6, south façade, second floor with 

thermostat set point with /without ventilation 

�
Figure 20 Zone-7, west façade, second floor, with 

thermostat set point with /without ventilation 

�
Figure 21 Zone-8, north façade, second floor, with 

thermostat set point with /without ventilation 
�

�

)LJXUH����VKRZV�WKH�(QHUJ\�8VH�,QWHQVLWLHV��(8,V��RI�
WKH� LQGLYLGXDO� ]RQHV¶� FRROLQJ� HQHUJ\�� 7KH� JUD\�
FROXPQV�DUH�WKH�FDVHV�RI�QDWXUDO�YHQWLODWLRQ��7KH�UHG�
FROXPQV�LQFOXGH�WKH�UHVXOWV�ZLWKRXW�QDWXUDO�YHQWLODWLRQ�
V\VWHP���
�

�

Figure 22 Cooling loads comparison  

7DEOH���VXPPDUL]HV�WKH�(8,V��$V�VKRZQ��=RQH�����QG�
IORRU�ZHVW��UHTXLUHG�WKH�PRVW�FRROLQJ�HQHUJ\�WKDQ�DQ\�
RWKHU� ]RQHV� ZLWKRXW� QDWXUDO� YHQWLODWLRQ�� 7KLV� ]RQH�
DORQJ� ZLWK� =RQH��� DQG� =RQH��� DFKLHYHG� WKH� ODUJHVW�
HIIHFW�IURP�WKH�QDWXUDO�YHQWLODWLRQ�WHFKQRORJ\�� ,Q�WKH�
RWKHU�KDQG��=RQH�����VW�IORRU�VRXWK��UHTXLUHG�WKH�OHDVW�
FRROLQJ�HQHUJ\��,W�GHSHQGV�RQ�WKH�GLUHFWLRQ�RI�IDoDGH�
DQG�LWV�RSHQLQJ�SHUFHQWDJH���

�

Table 3 
 Comparison of total cooling loads 

 

Zone 
Cooling EUI (kWh/m^2-yr) 

EUI 
Difference W/ Nat. 

Ventilation 
W/O Nat. 

Ventilation 

=RQH��� ����� ����� ����

=RQH��� ����� ����� �����

=RQH��� ����� ����� ����

=RQH��� ����� ������ �����

=RQH��� ����� ����� �����

=RQH��� ����� ����� �����

=RQH��� ����� ������ �����

=RQH��� ����� ����� �����
 

$V� VKRZQ� HDUOLHU�� XVLQJ� WKH� WKHUPDO� PDVV�
FKDUDFWHULVWLF�LQ�H[WHUQDO�ZDOO�KDV�WKH�VLJQLILFDQW�IDFWRU�
LQ� FRQGXFWLRQ� KHDW� SHUFHQWDJH� DQG� UHGXFLQJ� WKH�
FRROLQJ�ORDGV�GXULQJ�WKH�GD\���
1RWH�WKDW�WKH�FRPSDULVRQ�RI�HQHUJ\�FRQVXPSWLRQ�ZLWK�
WKH�QDWXUDO�YHQWLODWLRQ�V\VWHP�LV�OLPLWHG�WR�WKH�FRROLQJ�
ORDGV�� DQG� LW� H[FOXGHV�KHDWLQJ�V\VWHPV�� OLJKWLQJ��DQG�
DSSOLDQFHV��DOO�RI�ZKLFK�ZHUH�FRQVWDQW�LQ�DOO�FDVHV��

&21&/86,21�
&RXUW\DUG� KDV� VLJQLILFDQW� DGYDQWDJHV� RQ� WKHUPDO�
SHUIRUPDQFH� RI� LQGRRU� VSDFHV�� VSHFLDOO\� WKH� DUHDV�
DGMDFHQW�WR�WKH�FRXUW\DUG�LQ�KRW�DQG�GU\�FOLPDWHV��
(QHUJ\3OXV� LQFOXGHV� WKH� LQWHJUDWHG� QHWZRUN� PRGHO�
ZKLFK� FDQ� FDOFXODWH� WKH� DPRXQW� RI� DLUIORZ� WKURXJK�
RSHQLQJV� DQG� VXUIDFHV� DQG� UHSUHVHQW� LWV� LPSDFW� RQ�
FRROLQJ� HQHUJ\� ORDGV�� 7KLV� LPSDFW� FDQ� EH� PRGHOHG�
ZLWK�WKH�FRQVLGHUDWLRQ�RI�RWKHU�LPSRUWDQW�IDFWRUV�VXFK�
DV� WKHUPRVWDW� VHW� SRLQWV�� RFFXSDQF\� VFKHGXOHV�� DQG�
VSDFH� FRQILJXUDWLRQV�� 7KH� UHVXOWV� IURP� VLPXODWLRQ�
DQDO\VLV� LQGLFDWHG� WKDW� WKH� LQIOXHQFH� RI� WKH� LQWHUQDO�
FRXUW\DUG� RQ� WKH� WKHUPDO� FRQGLWLRQ� KDV� D� VWURQJ�
UHOLDQFH�RQ�WKH�HQYHORSH�RSHQLQJV�GXH�WR�WKH�DLUIORZ�
V\VWHP�� 7KLV� VWXG\� FRPHV� XS� WKDW� VXIILFLHQW� DQG�
HIILFLHQW�RSHQLQJV�LQ�DSSURSULDWH�GLUHFWLRQ�DUH�VXLWDEO\�
LQFRUSRUDWHG�LQ�SDVVLYH�FRROLQJ�GHVLJQ���7KLV�DSSURDFK�
KHOSV�SUHGLFW�WKH�DYHUDJH�LQGRRU�DLU�WHPSHUDWXUH�RI�D�
KLJK�PDVV�EXLOGLQJ��XQGHU�JLYHQ�FOLPDWLF�FRQGLWLRQV��
ZKLFK� DUH� QRW� XQLYHUVDOO\� DSSOLFDEOH� WKRXJK�� ,QSXW�
YDOXHV�EDVHG�RQ�WKH�DGMXVWPHQWV�VKRXOG�EH�FKHFNHG�RU�
FKDQJHG�IRU�WKH�DQDO\VLV�RI�WKH�HIIHFWV�RI�RWKHU�GHVLJQV�
DQG�FOLPDWLF�FRQGLWLRQV��5HVXOWV�DOVR�VKRZHG�WKDW�KRZ�
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PXFK�HQHUJ\�FDQ�EH�VDYHG�E\�DSSO\LQJ�DLUIORZ�V\VWHP�
WKURXJKRXW�WKH�FRXUW\DUG�EXLOGLQJV��
7KLV� UHVHDUFK� FRQVLGHUHG� WKH� IXQFWLRQ� RI� FRXUW\DUG�
V\VWHP� DVVRFLDWHG� ZLWK� RXWGRRU� WHPSHUDWXUH�� )XWXUH�
UHVHDUFK�ZLOO� LQYROYH� D� FRUUHODWLRQ� DQDO\VLV� EHWZHHQ�
WKH� LQGRRU� FRQGLWLRQV� DQG� WKH� PLFURFOLPDWLF�
FKDUDFWHULVWLFV�RI�WKH�LQQHU�DUHD�RI�WKH�FRXUW\DUG���

5()(5(1&(6�
$OGDZRXG�� $�� ������ 7KHUPDO� SHUIRUPDQFH� RI� FRXUW\DUG�

EXLOGLQJV��(QHUJ\�DQG�%XLOGLQJV�������±�����
$OGDZRXG�� $�� ������ &ODUN� 5�� &RPSDUDWLYH� DQDO\VLV� RI�

HQHUJ\�SHUIRUPDQFH�EHWZHHQ�FRXUW\DUG�DQG�DWULXP� LQ�
EXLOGLQJV��(QHUJ\�DQG�%XLOGLQJV��������±����

$O��+HPLGGL��1��$���$O��6DXG�.��$��0��������7KH�HIIHFW�RI�
D� YHQWLODWHG� LQWHULRU� FRXUW\DUG� RQ� WKH� WKHUPDO�
SHUIRUPDQFH� RI� D� KRXVH� LQ� D� KRW±DULG� UHJLRQ��
5HQHZDEOH�(QHUJ\�������±�����

$O�0DVUL�� 1��� $EX�+LMOHK�� %�� ������ &RXUW\DUG� KRXVLQJ� LQ�
PLGULVH� EXLOGLQJV�� $Q� HQYLURQPHQWDO� DVVHVVPHQW� LQ�
KRW�DULG� FOLPDWH�� 5HQHZDEOH� DQG� 6XVWDLQDEOH� (QHUJ\�
5HYLHZV��������±������

$UMPDQGL�� +��� 7DKLU�� 0��� 6KDEDQL�� 0��� &KH�$QL�� $���
$EGXOODK�� 1��� 8VPDQ�� ,�� ������ $SSOLFDWLRQ� RI�
7UDQVSDUHQF\� WR� ,QFUHDVH� 'D\�/LJKWLQJ� /HYHO� RI�
,QWHULRU�6SDFHV�RI�'ZHOOLQJV�LQ�7HKUDQ���$�/HVVRQ�IURP�
WKH�3DVW��,6%1��������������������

$VIRXU�� 2��� *DGL�� 0�� ������ 8VLQJ� &)'� WR� LQYHVWLJDWH�
YHQWLODWLRQ� FKDUDFWHULVWLFV� RI� YDXOWV� DV� ZLQG�LQGXFLQJ�
GHYLFHV� LQ� EXLOGLQJV�� 8VLQJ� &)'� WR� LQYHVWLJDWH�
YHQWLODWLRQ� FKDUDFWHULVWLFV� RI� YDXOWV� DV� ZLQG�LQGXFLQJ�
GHYLFHV�LQ�EXLOGLQJV��$SSOLHG�(QHUJ\��������±������

$WZDWHU�� 0�$�� ������ 7KH� UDGLDWLRQ� EXGJHW� IRU� SROOXWHG�
OD\HUV� RI� WKH� XUEDQ� HQYLURQPHQW�� -RXUQDO� RI� $SSOLHG�
0DWHULDOV�� ���� ���±����� $6+5$(� +DQGERRN�� ������
FK����7KHUPDO�FRPIRUW��

%HKERXG�� .��� 7DOHJKDQL�� 0��� +HLGDUL�� 6�� ������ (QHUJ\�
HIILFLHQW�DUFKLWHFWXUDO�GHVLJQ�VWUDWHJLHV�LQ�KRWBGU\�DUHD�
RI� ,UDQ�� .DVKDQ�� (PLUDWHV� -RXUQDO� IRU� (QJLQHHULQJ�
5HVHDUFK�����������������

%HUNRYLF��6���<H]LRUR���$���%LWDQ��$��������6WXG\�RI�WKHUPDO�
FRPIRUW� LQ� FRXUW\DUGV� LQ� D� KRW� DULG� FOLPDWH�� 6RODU�
(QHUJ\��������±������

%/$67�6XSSRUW�2IILFH�� ������%/$67�����8VHUV�0DQXDO��
8UEDQD��&KDPSDLJQ��,OOLQRLV��%/$67�6XSSRUW�2IILFH��
'HSDUWPHQW�RI�0HFKDQLFDO�DQG�,QGXVWULDO�(QJLQHHULQJ��
8QLYHUVLW\�RI�,OOLQRLV��

%UXVH��0��������(19,�PHW������&RQVXOWLQJ�DQG�6LPXODWLRQ�
6HUYLFHV��:HE��KWWS����ZZZ��HQYLPHW�FRP��

'2(�� 8�� ������ (QHUJ\3OXV� ,QSXW� 2XWSXW� 5HIHUHQFH�� 86�
'HSDUWPHQW� RI� (QHUJ\�� :HE�� KWWS����
ZZZ�HHUH�HQHUJ\�JRY�EXLOGLQJV�HQHUJ\SOXV�

(OOLV��3��������2SHQ6WXGLR�SOXJLQ�IRU�*RRJOH�6NHWFK8S�'��
9HUVLRQ� ����� -DQXDU\� �������� :HE��
KWWS���RSHQVWXGLR�QUHO�JRY��

*LYRQL�� %�� ������ &OLPDWH� FRQVLGHUDWLRQV� LQ� EXLOGLQJ� DQG�
XUEDQ�GHVLJQ��1HZ�<RUN��9DQ�1RVWUDQG�5HLQKROG��

*RRJOH� 6NHWFKXS�� YHUVLRQ� ��� �������� :HE��
ZZZ�VNHWFKXS�FRP�LQWO�HQ�LQGH[�KWPO�

+HLGDUL�� 6+�� ������$�GHHS� FRXUW\DUG� DV� WKH� EHVW� EXLOGLQJ�
IRUP�IRU�GHVHUW�FOLPDWH��DQ�LQWURGXFWLRQ�WR�HIIHFWV�RI�DLU�
PRYHPHQW��&DVH�VWXG\��<D]G���'(6(57�������������

.KDPPDU�� *�+��� +H\GDUL�� $��� 6KDKPRUDGL�� /�� ������
$QDO\VLV� RI� WKH� VWDWXV� RI� WUDGLWLRQDO� NQRZOHGJH� DQG�
WHFKQRORJ\�LQ�HQHUJ\�LPSURYHPHQW��7KH�FDVH�RI�6LVWDQ�

5HJLRQ�� ,UDQ�� -RXUQDO� RI� *HRJUDSK\� DQG� 5HJLRQDO�
3ODQQLQJ����������������������

.OHLQ��6�$���HW�DO��������7516<6�����$�7UDQVLHQW�6\VWHP�
6LPXODWLRQ� 3URJUDP�� 6RODU� (QHUJ\� /DERUDWRU\��
8QLYHUVLW\� RI� :LVFRQVLQ�� 0DGLVRQ�� 86$�� :HE���
KWWS���VHO�PH�ZLVF�HGX�WUQV\V���

0DOHN]DGHK��'���/RYHGD\��/��������7RZDUGV�WKH�LQWHJUDWHG�
WKHUPDO� VLPXODWLRQ� RI� LQGRRU� DQG� RXWGRRU� EXLOGLQJ�
6SDFHV��3URFHHGLQJV�RI�&RQIHUHQFH��$LU�&RQGLWLRQLQJ�
DQG�WKH�/RZ�&DUERQ�&RROLQJ�&KDOOHQJH��&XPEHUODQG�
/RGJH��:LQGVRU��8.���������/RQGRQ���

0HLU�� ,��� 3HDUOPXWWHU�� '��� (W]LRQ�� <�� ������ 2Q� WKH�
0LFURFOLPDWLF� %HKDYLRU� RI� 7ZR� 6HPL�(QFORVHG�
$WWDFKHG�&RXUW\DUGV�LQ�D�+RW�'U\�5HJLRQ��%XLOGLQJ�DQG�
(QYLURQPHQW�����������������

0RRUH��)�������� ³/HDUQLQJ� IRUP� WKH�SDVW�� SDVVLYH� FRROLQJ�
VWUDWHJLHV�LQ�WUDGLWLRQDO�FRQWHPSRUDU\�DUFKLWHFWXUH�´�LQ�
,VODPLF� $UFKLWHFWXUH� DQG� 8UEDQLVP�� HG�� $�� *HUPHQ�
�8QLYHUVLW\�RI�'DPPDP��6DXGL�$UDELD�����±�����

0RRVDYL�� 0�� ������ $Q� $QDO\VLV� WR� +LVWRULF� 5RRWV� RI�
&OLPDWLF� 'HVLJQ� LQ� $QFLHQW� $UFKLWHFWXUH� RI� &HQWUDO�
=RQH� RI� ,UDQ�� �QG� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
+XPDQLWLHV�� +LVWRULFDO� DQG� 6RFLDO� 6FLHQFHV�� ,3('5�
YRO�����6LQJDSRUH�

0XKDLVHQ��$�6��������6KDGLQJ�VLPXODWLRQ�RI�WKH�FRXUW\DUG�
IRUP� LQ� GLIIHUHQW� FOLPDWLF� UHJLRQV�� %XLOGLQJ� DQG�
(QYLURQPHQW���������±����

0XKDLVHQ�� $�6��� *DGL�� 0�%�� ������ (IIHFW� RI� FRXUW\DUG�
SURSRUWLRQV�RQ�VRODU�KHDW�JDLQ�DQG�HQHUJ\�UHTXLUHPHQW�
LQ� WKH� WHPSHUDWH� FOLPDWH� RI� 5RPH�� %XLOGLQJ� DQG�
(QYLURQPHQW��������±����

0XKDLVHQ��$�6���*DGL��0�%��������0RGHO�IRU�&DOFXODWLQJ�WKH�
6KDGHG� DQG� 6XQOLW� $UHDV� LQ� D� &LUFXODU� &RXUW\DUG�
*HRPHWU\��6FKRRO�RI�WKH�%XLOW�(QYLURQPHQW��8QLYHUVLW\�
RI� 1RWWLQJKDP�� 8QLYHUVLW\� 3DUN�� 1RWWLQJKDP�� � 1*��
�5'��8.��

0XVWDID��$��)���&RVWD��)�-���-DUXGL\D��$��������$�PRGHO�IRU�
ORZ� ULVH�� KLJK�GHQVLW\� GHYHORSPHQWV� LQ� WKH� (DVWHUQ�
SURYLQFHV�RI�6DXGL�$UDELD��LQ�,VODPLF�$UFKLWHFWXUH�DQG�
8UEDQLVP�� HG�� $�� *HUPHQ� 8QLYHUVLW\� RI� 'DPPDP��
6DXGL�$UDELD�����±�����

5RRGJDU��0���0DKPRXGL��0���(EUDKLPL��3���0RODHL��'��������
6XVWDLQDELOLW\� DUFKLWHFWXUDO� WRSRORJ\� DQG� JUHHQ�
EXLOGLQJ� HYDOXDWLRQV� RI� .DVKDQ�,UDQ� DV� D� KRW�DULG�
UHJLRQ�� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� *UHHQ� %XLOGLQJV�
DQG�6XVWDLQDEOH�&LWLHV��3URFHGLD�(QJLQHHULQJ���������������������������

6DIDU]DGHK��+���%DKDGRUL��0��������3DVVLYH�FRROLQJ�HIIHFWV�
RI�FRXUW\DUGV��%XLOGLQJ�DQG�(QYLURQPHQW������±�����

6DLQL��%�6��������%XLOGLQJ�LQ�+RW�'U\�&OLPDWHV��-RKQ�:LOH\��
%ULVEDQH��

6KDUSOHV��6���%HQVDOHP��5��������$LUIORZ�LQ�FRXUW\DUG�DQG�
DWULXP� EXLOGLQJV� LQ� WKH� XUEDQ� HQYLURQPHQW�� $� ZLQG�
WXQQHO�VWXG\��6RODU�(QHUJ\�����������±�����

7DEODGD/�� $��� %ORFNHQ�� %��� &DUPHOLHW�� -��� 7UR\HU�� )���
9HUVFKXUH�� +�� ������ 7KH� LQIOXHQFH� RI� FRXUW\DUG�
JHRPHWU\� RQ� DLUIORZ� DQG� WKHUPDO� FRPIRUW�� &)'� DQG�
WKHUPDO� FRPIRUW� VLPXODWLRQV�� 3/($�� 7KH� ��QG�
&RQIHUHQFH�RQ�3DVVLYH�DQG�/RZ�(QHUJ\�$UFKLWHFWXUH��
%HLUXW��/HEDQRQ���������

7DOHJKDQL��0��� 7HQSLHULN��0���'REEHOVWHHQ��$�� ������ 7KH�
(IIHFW� RI� 'LIIHUHQW� 7UDQVLWLRQDO� 6SDFHV� RQ� 7KHUPDO�
&RPIRUW� DQG� (QHUJ\� &RQVXPSWLRQ� RI� 5HVLGHQWLDO�
%XLOGLQJV�� 3URFHHGLQJV� RI� �WK�:LQGVRU� &RQIHUHQFH���
:LQGVRU��8.���������/RQGRQ��

7LQGDOH�� $�� ������ '(6,*1%8,/'(5� 62)7:$5(�
/,0,7('�� 8.�� :HE�� KWWS���� ZZZ�� 'HVLJQ�
EXLOGHU��FR�XN�
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