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)RFXVLQJ� WKH� DUFKLWHFWXUH� IRUP� DV� DQ� REMHFWLYH�
IXQFWLRQ� RI� PDQ\� SDUDPHWHUV�� EXLOGLQJ� SDUDPHWULF�
GHVLJQ�LV�D�QRYHO�GHVLJQ�PHWKRG�ZLGHO\�XVHG�DOO�RYHU�
WKH�ZRUOG��7KH�ILQDO�VFKHPH�FDQ�EH�JHQHUDWHG�WKURXJK�
FRQWUROOLQJ�WKH�SDUDPHWHUV�RU�WKH�IXQFWLRQ�UHODWLRQVKLS��
%XW�WKH�FXUUHQW�VLWXDWLRQ�RI�WKH�DSSOLFDWLRQ�LV�WKDW��WKH�
HQHUJ\�HIILFLHQF\�GHVLJQ��LJQRUHG�LQ�VFKHPDWLF�SKDVH��
LV�VXEMHFW�WR�WKH�DUFKLWHFWXUH�IRUP�GHVLJQ��,Q�RUGHU�WR�
FRPELQH� WKH� HQHUJ\� HIILFLHQF\� GHVLJQ� ZLWK� WKH�
SDUDPHWULF� GHVLJQ�� DQ� LQWHJUDWHG� DSSOLFDWLRQ� RI� WKH�
EXLOGLQJ� PRGHOOLQJ� VRIWZDUH� 5KLQR�� WKH� EXLOGLQJ�
SHUIRUPDQFH�VLPXODWLRQ�VRIWZDUH�(QHUJ\3OXV�DQG�WKH�
0RVW�(QHUJ\�(IILFLHQW�6FKHPH�*HQHUDWRU�0((6*�<X�
4LRQJ� HWDO�� ������ LV� SXW� IRUZDUG� LQ� WKLV� SDSHU�� WR�
DFKLHYH�DQ�LQWHJUDWHG�SURFHVV�IURP�EXLOGLQJ�PRGHOOLQJ�
WR� HQHUJ\� FRQVXPSWLRQ� VLPXODWLRQ�� )LUVWO\�� D�
PRGHOOLQJ� SURFHGXUH� LQ�5KLQR� KDV� EHHQ� HVWDEOLVKHG��
DQG�WKH�EXLOGLQJ�LQIRUPDWLRQ�RXWSXW�KDV�EHHQ�DFKLHYHG�
WKURXJK�ZULWLQJ�DQG�UXQQLQJ�S\WKRQ�VFULSW��VHFRQGO\��
FRPSDULVRQ� EHWZHHQ� (QHUJ\3OXV� DQG� 0((6*� KDV�
EHHQ� SHUIRUPHG� IURP� WKUHH� DVSHFWV�� FRPSXWLQJ� WLPH�
FRQVXPSWLRQ�� GLIILFXOW\� RI� FRPELQDWLRQ� ZLWK� 5KLQR��
UHODWLYH� GHYLDWLRQ� DQG� GHYLDWLRQ� GLUHFWLRQ� RI�
VLPXODWLRQ� UHVXOWV�� ILQDOO\�� WKH� ZD\� WR� DFKLHYH� WKH�
LQWHJUDWHG�VLPXODWLRQ�GHVLJQ�SURFHVV�PRUH�HIILFLHQWO\�
LV�GLVFXVVHG�DQG�VRPH�VSHFLILF�WHFKQLFDO�DGYLFH�LV�SXW�
IRUZDUG��

,1752'8&7,21�
Parametric design theory 
8QGHU� WKH� LQIOXHQFH� RI� FRPSOH[� VFLHQFH�� EXLOGLQJ�
SDUDPHWULF�GHVLJQ�PHWKRG�LV�EDVHG�RQ�QRQOLQHDU�WKHRU\�
DQG�SKLORVRSK\�DQG� WDNHV�FRPSXWHUV�DV�DLGHG�GHVLJQ�
WRROV��8QGHU�WKLV�PHWKRG��GHVLJQ�VFKHPH�LV�WDNHQ�DV�D�
IXQFWLRQ� RI� PDQ\� GHVLJQ� SDUDPHWHUV�� DQG� WKH� ILQDO�
GHVLJQ�VFKHPH�FDQ�EH�JHQHUDWHG�E\�FRQWUROOLQJ�WKHVH�
SDUDPHWHUV�RU�FRQWUROOLQJ�WKH�IXQFWLRQ�UHODWLRQVKLS��6R�
DUFKLWHFWXUH�GHVLJQ�ZRUNV�JXLGHG�E\�WKLV�QRYHO�GHVLJQ�
PHWKRG�DOZD\V�DSSHDU�IORZLQJ��LUUHJXODU��IUHH�DQG�VRIW��
:LWK� WKH� UDSLG� GHYHORSPHQW� RI� DUFKLWHFWXUDO� WKHRU\�
DQG� EXLOGLQJ� WHFKQRORJ\�� WKLV� GHVLJQ� PHWKRG� LV�
JUDGXDOO\� DSSOLHG� LQWR� PRUH� DQG� PRUH� SURMHFWV� E\�
PDQ\�DUFKLWHFWV�LQ�PRGHUQ�WLPHV��
$LPLQJ� DW� DFKLHYLQJ� DQ� H\H�FDWFKLQJ� DUFKLWHFWXUDO�
IRUP�� VRPH� DUFKLWHFWV� DOZD\V� WDNH� FRPSOH[� VFLHQFH�

WKHRULHV� DV� WKHLU� GHVLJQ� ORJLF�� $V� D� UHVXOW�� WKH�
IXQFWLRQDO�UHTXLUHPHQWV�RI�EXLOGLQJ�DUH�IRUFHG�WR�ILW�LQ�
ZLWK� WKH� GHVLJQ� ORJLF� ZKLFK� KDV� QRWKLQJ� WR� GR�ZLWK�
DUFKLWHFWXUH�� )LQDOO\�� WKH� FRUH� LGHD� RI� SDUDPHWULF�
GHVLJQ�PHWKRG�LV�GHYLDWHG�IURP��
$V� WKH� ILUVW� VWHS� RI� WKH� ZKROH� GHVLJQ� SURFHVV�� WKH�
VFKHPH�GHVLJQ�SKDVH�FRQFHQWUDWHV�WKH�PDLQ�SRLQWV��,Q�
WKLV� VWDJH�� WKH� DUFKLWHFWXUDO� IRUP�QHDUO\� WDNHV� VKDSH��
DQG� PRVW� RI� WKH� SDUDPHWHUV� UHODWHG� WR� HQHUJ\�
FRQVXPSWLRQ�DUH�VHOHFWHG��0DQ\�VWXGLHV��GH�:LOGH�3��
������ +RQJ� 7LDQ]KHQ� HWDO�� ������ $XJHQEURH� *��
������ VKRZ� WKDW�� ZLWK� WKH� SURPRWLRQ� RI� GHVLJQ�� WKH�
HQHUJ\�VDYLQJ� VSDFH� LV� VPDOOHU� DQG� VPDOOHU�� DQG� WKH�
FRVW�RI�WKH�VDPH�HQHUJ\�VDYLQJ�EHQHILW� LV�KLJKHU�DQG�
KLJKHU�� ,W� LV� SRLQWHG� WKDW� SHUIRUPDQFH�EDVHG�
DUFKLWHFWXUH� GHVLJQ� VKRXOG� EH� WDNHQ� SODFH� RI� E\�
SHUIRUPDQFH�GULYHQ�GHVLJQ��;LQJ�6KL�HWDO���������
,Q�FRQFOXVLRQ��SDUDPHWULF�GHVLJQ�PHWKRG�DQG�HQHUJ\�
HIILFLHQW� GHVLJQ� PHWKRG� VKRXOG� EH� FRPELQHG� LQ� WKH�
HDUO\�VWDJH�� ,I�EXLOGLQJ�HQHUJ\�FRQVXPSWLRQ�RU�RWKHU�
VLQJOH� SHUIRUPDQFH� JRDO� LV� WDNHQ� DV� WKH� REMHFWLYH�
IXQFWLRQ� RI� EXLOGLQJ� GHVLJQ� SDUDPHWHUV�� WKH� HQHUJ\�
FRQVXPSWLRQ� FDQ� EH� UHGXFHG� RU� WKH� EXLOGLQJ�
SHUIRUPDQFH� FDQ� EH� LPSURYHG� E\� FRQWUROOLQJ� WKH�
SDUDPHWHUV� RU� FRQWUROOLQJ� WKH� IXQFWLRQ� UHODWLRQVKLS��
)RU� H[DPSOH�� EXLOGLQJ� FRROLQJ� DQG� KHDWLQJ� HQHUJ\�
FRQVXPSWLRQ�FDQ�EH�H[SUHVVHG�DV��
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7KH�LQGRRU�UDGLDWLRQ�KHDW�JDLQ�4�LQ�VXPPHU�RFFXSLHV�
D�ODUJH�SURSRUWLRQ�RI�WKH�FRROLQJ�ORDG sumQ ��6R� sumQ
FRXOG� EH� UHGXFHG� E\� UHGXFLQJ� 4�� 5DGLDWLRQ�
GLVWULEXWLRQ� RQ� EXLOGLQJ� IDoDGH� FDQ� EH� DIIHFWHG� E\�
FKDUDFWHULVWLFV�RI�EXLOGLQJ�IRUP�DQG�EXLOGLQJ�HQYHORSH��
IRU�H[DPSOH��WKH�DQJOH�RI�URWDWLRQ�RI�HDFK�IORRU� ��WKH�
URRI� RYHUKDQJ� OHQJWK� l �� WKH� ZLQGRZ�WR�ZDOO� UDWLR�
::5�DQG�VR�RQ��
$� FDOFXODWLRQ� IRUPXOD� RI� VWHDG\�VWDWH� ORDG� �=HQJ�
-LDQORQJ�� ������ WKURXJK� EXLOGLQJ� HQYHORSH� LV�
LQWURGXFHG�WR�FDOFXODWH�WKH�LQGRRU�UDGLDWLRQ�KHDW�JDLQ�
LQ� WKLV� SDSHU��)RU�JOD]LQJ� SDUW� RI� EXLOGLQJ� HQYHORSH��
WKH�KHDW�JDLQ�RI�XQLW�DUHD�LV��
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6R�::5� DQG� 6&� FDQ� JUHDWO\� LQIOXHQFH� WKH� LQGRRU�
UDGLDWLRQ�KHDW�JDLQ��
,Q� FRQFOXVLRQ�� 4� FDQ� EH� H[SUHVVHG� DV� DQ� REMHFWLYH�
IXQFWLRQ� 

�������� SCWWRlfQ  �����������������������

7KH� UHGXFWLRQ� RI� LQGRRU� UDGLDWLRQ� KHDW� JDLQ� DQG� DQ�
XQLIRUP�UDGLDWLRQ�GLVWULEXWLRQ�RQ�EXLOGLQJ�IDoDGH�FDQ�
EH�DFKLHYHG�E\�FRQWUROOLQJ� �� l ��::5��DQG�6&��WKXV�
WKH�HQHUJ\�HIILFLHQW�RSWLPL]DWLRQ�GHVLJQ�REMHFWLYH�FDQ�
EH�DFKLHYHG� 
6LPLODUO\��LI�WKH�REMHFWLYH�LV�WR�VWUHQJWKHQ�WKH�LQWHULRU�
QDWXUDO�YHQWLODWLRQ�� WKH�REMHFWLYH� IXQFWLRQ�YHQWLODWLRQ�
UDWH�FDQ�EH�H[SUHVVHG�DV��

���� saopgV  �������������������������

p LV� WKH� ZLQG� SUHVVXUH� GLIIHUHQFH� EHWZHHQ� WKH�
ZLQGZDUG�VLGH�DQG�WKH�OHHZDUG�VLGH��R�UHSUHVHQWV�WKH�
ZLQGRZ¶V� RSHQLQJ� VL]H�� VD� UHSUHVHQWV� WKH� LQWHULRU�
VSDWLDO�DUUDQJHPHQW��7KHUHIRUH�JRRG�YHQWLODWLRQ�FDQ�EH�
DFKLHYHG�E\�DGMXVWLQJ�R�DQG�VD�EDVHG�RQ� p ��

7KH� OLJKWLQJ� HQHUJ\� FRQVXPSWLRQ� lightE �FDQ� EH�
H[SUHVVHG� DV� IROORZV� LI� PLQLPXP� OLJKWLQJ� HQHUJ\�
FRQVXPSWLRQ�LV�WKH�REMHFWLYH��

����� WWRdhElight  ���������������������

G�UHSUHVHQWV�WKH�H[WHULRU�]RQH�GHSWK� UHSUHVHQWV�WKH�
ZLQGRZ¶V�WUDQVPLWWDQFH��
,I� WKH� WRWDO� HQHUJ\� FRQVXPSWLRQ� (� LV� WDNHQ� DV� DQ�
REMHFWLYH�IXQFWLRQ��(�FDQ�EH�H[SUHVVHG�DV��

������� zyxfE  �������������������������

7KHQ�UHGXFWLRQ�RI�(�FDQ�EH�DFKLHYHG�WKURXJK�DGMXVWLQJ�
DOO�RI�WKH�HQHUJ\�UHODWHG�GHVLJQ�SDUDPHWHUV�[��\��]����

Framework of this research 
,Q� RUGHU� WR� FRPELQH� HQHUJ\� HIILFLHQF\� GHVLJQ� ZLWK�
EXLOGLQJ�IRUP�GHVLJQ�LQ�VFKHPDWLF�SKDVH��DQ�LQWHJUDWHG�
VLPXODWLRQ�GHVLJQ�PHWKRG�LV�SXW�IRUZDUG�LQ�WKLV�SDSHU��
7KH�EXLOGLQJ�PRGHOOLQJ�VRIWZDUH�5KLQR��WKH�EXLOGLQJ�
SHUIRUPDQFH�VLPXODWLRQ�VRIWZDUH�(QHUJ\3OXV�DQG�WKH�
PRVW�HQHUJ\�HIILFLHQW� VFKHPH�JHQHUDWRU�0((6*�DUH�
LQWHJUDWHG� WR� DFKLHYH� WKH� IROORZLQJ� WZR� JRDOV�����
�6LPXODWLQJ� ZKLOH� GUDZLQJ��WKH� VFKHPH� FDQ� EH�
DGMXVWHG� EDVHG� RQ� WKH� HQHUJ\� VLPXODWLRQ� UHVXOWV�� ����
7KH�ZRUNORDG�RI�DUFKLWHFWXUDO�PRGHOOLQJ�LQ�VLPXODWLRQ�
VRIWZDUH� FDQ� EH� UHGXFHG� HIIHFWLYHO\�� )LJXUH� �VKRZV�
WKH�IUDPHZRUN�RI�WKLV�UHVHDUFK��
�

�
Figure 1 Integrated simulation and design process 

�
,Q�0((6*��SDUDPHWHUV�DUH�GLYLGHG�LQWR�WZR�NLQGV��RQH�
NLQG� LV� JLYHQ� EDVHG� RQ� REMHFWLYH� FRQGLWLRQV� RI� WKH�
SURMHFW�� DQG� WKH� RWKHU� NLQG� RI� SDUDPHWHUV� ZLOO� EH�
REWDLQHG�E\�RSWLPL]DWLRQ��$IWHU�VHWWLQJ�YDOXHV�RI� WKH�
ILUVW� W\SH� RI� SDUDPHWHUV� DQG� VHWWLQJ� UDQJHV� RI� WKH�
VHFRQG�W\SH�RI�SDUDPHWHUV��WKH�RSWLPDO�VROXWLRQ�ZLWK�
WKH� ORZHVW� HQHUJ\� FRQVXPSWLRQ� FDQ� EH� JHQHUDWHG�
WKURXJK�WKH�HQHUJ\�FRQVXPSWLRQ�SUHGLFWLRQ�PRGHO�DQG�
WKH�JHQHWLF�DOJRULWKP�LQWHJUDWHG�LQWR�0((6*�EDVHG�RQ�
$('30��;LDRUX�=KRX���������ZKLFK�LV�WKH�WKHRUHWLFDO�
EDVLV�RI�0((6*��
�

�
Figure 2 Frame of AEDPM 

�
7KH� DFFXUDF\� RI�0((6*� KDV� EHHQ� WHVWHG� EDVHG� RQ�
FOLPDWH�GDWDV�RI�WKH�IROORZLQJ�IRXU�FLWLHV��*XDQJ]KRX��
6KDQJKDL�� %HLMLQJ� DQG� +DHUELQ�� )RU� HDFK� FLW\�� WKH�
RSWLPDO�VROXWLRQ�LV�JHQHUDWHG�E\�0((6*��WKHQ�Q�QHZ�
GLIIHUHQW� VFKHPHV� DUH� JHQHUDWHG� WKURXJK� PRGLI\LQJ�
WKH� RSWLPDO� VROXWLRQ�� (QHUJ\� FRQVXPSWLRQ� �GRHVQ
W�
LQFOXGH� OLJKWLQJ� HQHUJ\� FRQVXPSWLRQ�� RI� HDFK� FLW\¶V��
Q��� VFKHPHV� LV� FDOFXODWHG� E\� $('30� DQG� 'H67�
UHVSHFWLYHO\��WKHQ�FRPSDUHG��7KH�UHODWLYH�GHYLDWLRQ�RI�
HQHUJ\�FRQVXPSWLRQ�LV�VKRZQ�LQ�7DEOH����;LDRUX]KRX��
�������
�
�
�
�
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Table1 
Relative deviation between DeST and MEESG 

City Guang
zhou 

Shangh
ai Beijing Haerbi

n 
5HODWLYH�
GHYLDWLRQ�
����

���� ���� ����� �����

�
)URP�7DEOH����WKH�UHODWLYH�GHYLDWLRQV�DUH�DOO�QRW�KLJKHU�
WKDQ��������$QG�HQHUJ\�VLPXODWLRQ�UHVXOW�VKRZV�WKDW��
ZKHQ�FDOFXODWHG�E\�'H67�� WKH�EXLOGLQJ�VFKHPH�ZLWK�
WKH�ORZHVW�HQHUJ\�FRQVXPSWLRQ�LV�H[DFWO\�WKH�RSWLPDO�
VROXWLRQ� SUHGLFWHG� E\� 0((6*�� ,Q� FRQFOXVLRQ�� WKH�
HQHUJ\� FRQVXPSWLRQ� WUHQG� SUHGLFWHG� E\� $('30� LV�
FRUUHFW� RQ� WKH� ZKROH�� DQG� WKH� RUGHU� RI� HQHUJ\�
FRQVXPSWLRQ�YDOXH�RI�WKH�Q���VFKHPHV�LQ�HDFK�FLW\�LV�
FRQVLVWHQW�ZLWK�WKH�UHVXOW�FDOFXODWHG�E\�'H67�DOWKRXJK�
WKHUH�DUH�DOVR�GLIIHUHQFHV��
/LPLWHG� WR� WKH� FRPSOH[LW\� RI� EXLOGLQJ� HQHUJ\�
FRQVXPSWLRQ� SUHGLFWLRQ� PRGHO�� WKH� SODQ� VKDSH� RI�
RSWLPDO�GHVLJQ�VFKHPHV�DUH�DOO�UHFWDQJOH���
$OWKRXJK�0((6*�FDQ�SURYLGH�D�IDVW�FDOFXODWLRQ��LW�LV�
QHFHVVDU\� WR� UHVHDUFK� RQ� WKH� UHODWLYH� GHYLDWLRQ� DQG�
GHYLDWLRQ�GLUHFWLRQ�EHWZHHQ� WKH�VLPXODWLRQ�UHVXOWV�RI�
0((6*� DQG� (QHUJ\3OXV�� 6R�� WKLV� UHVHDUFK� PDLQO\�
LQFOXGHV� WKH� IROORZLQJ� FRQWHQW�� ���+RZ� WR�PRGHO� LQ�
5KLQR�� WKHQ� KRZ� WR� RXWSXW� WKH� EXLOGLQJ� LQIRUPDWLRQ�
DQG�HGLW� LW� LQWR�D�IL[HG�IRUPDW�UHTXLUHG�LQ�VLPXODWLRQ�
WRROV�����&RPSDUH�(QHUJ\3OXV�ZLWK�0((6*�LQ�WKUHH�
DVSHFWV�� FDOFXODWLRQ� WLPH� FRQVXPSWLRQ�� GLIILFXOW\� RI�
FRPELQDWLRQ� ZLWK� 5KLQR�� UHODWLYH� GHYLDWLRQ� DQG�
GHYLDWLRQ�GLUHFWLRQ�RI�VLPXODWLRQ�UHVXOWV��

6,08/$7,21�$1'�(;3(5,0(17�
Building information output 
,Q� RUGHU� WR� DFKLHYH� UHDO�WLPH� VLPXODWLRQ� RI� EXLOGLQJ�
HQHUJ\� FRQVXPSWLRQ� GXULQJ� GHVLJQ� SURFHVV�� WKH�
EXLOGLQJ� LQIRUPDWLRQ� PXVW� EH� RXWSXW� DFFXUDWHO\� DQG�
TXLFNO\�� ,Q� DGGLWLRQ�� LQ� RUGHU� WR� FRPELQH� ZLWK�
VLPXODWLRQ� WRRO�� WKH� IRUPDW� RI� WKH� RXWSXW� EXLOGLQJ�
LQIRUPDWLRQ� VKRXOG� EH� VLPLODU� WR� WKDW� RI� VLPXODWLRQ�
LQSXW�ILOH�DV�IDU�DV�SRVVLEOH��(QHUJ\�VLPXODWLRQ�WRROV�LQ�
WKLV� UHVHDUFK� DUH� 0((6*� DQG� 'HVLJQ%XLOGHU�
�'HVLJQ%XLOGHU�DQG�(QHUJ\3OXV�DUH�EDVHG�RQ�WKH�VDPH�
DOJRULWKP�� %HFDXVH� LW� LV� HDVLHU� WR� PRGHO� LQ�
'HVLJQ%XLOGHU� DQG� DXWRPDWLF� FDOFXODWLRQ� RI�
VLPXODWLRQ�WRRO�FDQQRW�EH�DFKLHYHG�DW�WKH�SUHVHQW�VWDJH��
VR�'HVLJQ%XLOGHU�LV�XVHG�WR�SHUIRUP�HQHUJ\�VLPXODWLRQ�
LQVWHDG�RI�(QHUJ\3OXV�LQ�WKLV�SDSHU����
,Q�WKLV�SDSHU��EXLOGLQJ�LQIRUPDWLRQ�RI�5KLQR�PRGHO�LV�
RXWSXW�WKURXJK�UXQQLQJ�S\WKRQ�VFULSW�ZULWWHQ�LQ�5KLQR��
2QH�FDVH�LV�VKRZQ�LQ�)LJXUH����7KH�PRGHO�LV�D�WZR�
VWRUH\�EXLOGLQJ��SODQ�VL]H�LV���P×��P��VWRUH\�KHLJKW�
LV� �P， DQG� WKHUH� DUH� IRXU� ZLQGRZV� RQ� WKH� VRXWK�
IDFDGH�� ,Q� RUGHU� WR� RXWSXW� EXLOGLQJ� LQIRUPDWLRQ�
DFFXUDWHO\�� PRGHOOLQJ� SURFHVV� PXVW� IROORZ� WKH�
IROORZLQJ� IRXU� VWHSV����3XOO� XS� EXLOGLQJ� ERG\�
EORFN����([SORGH�WKH�PRGHO����&RS\�WKH�JURXQG�IORRU�

WR� WKH� KHLJKW� RI� �� PHWHUV� YHUWLFDOO\����)UDPH� RXW� ��
ZLQGRZV�RQ� WKH�VRXWK� IDFDGH��$IWHU�PRGHOOLQJ��D� W[W�
IRUPDW�ILOH�ZKLFK�UHFRUGV�EXLOGLQJ�LQIRUPDWLRQ�FDQ�EH�
JHQHUDWHG�WKURXJK�UXQQLQJ�WKH�3\WKRQ�VFULSW���
�

�
Figure 3 Modelling and information output in Rhino 
�
,QIRUPDWLRQ�RI�UHFWDQJOH�EXLOGLQJ�LV�HDV\�WR�REWDLQHG��
$QG�LI�WKH�3\WKRQ�VFULSW�LV�PRGLILHG�DQG�LPSURYHG��WKH�
VKDSH�RI�EXLOGLQJ�SODQ�FDQ�EH�QRW�RQO\�UHFWDQJOH��EXW�
DOVR� /�� FRQFDYH� RU� RWKHU� PRUH� FRPSOH[� VKDSHV��
%HFDXVH� KRZ� WR� PDNH� WKH� VLPXODWLRQ� LQSXW� ILOH�
DFFXUDWHO\� UHDG� LQIRUPDWLRQ� IURP� WKH� �W[W� ILOH� RXWSXW�
IURP� 5KLQR� LV� VWLOO� QRW� DFKLHYHG�� VR� FRPSDULVRQ�
EHWZHHQ� 0((6*� DQG� (QHUJ\3OXV� LV� ILQLVKHG� E\�
PDQXDO�PRGHOOLQJ�LQ�WKLV�UHVHDUFK��

Energy consumption simulation 
7KH�VWDQGDUG�EXLOGLQJ�PRGHO�WR�EH�VLPXODWHG�LV�FXERLG��
(DFK�IORRU�LV�GLYLGHG�LQWR�ILYH�]RQHV��RQH�LQWHULRU�DQG�
ILYH�H[WHULRU�]RQHV��
�

�
Figure 4 Building Model 

�
%XLOGLQJ� HQHUJ\� VLPXODWLRQ� LV� SHUIRUPHG� LQ�%HLMLQJ��
2WKHU� FRQGLWLRQV� DUH�� ::5� LV� ������������� WKH�
HTXLSPHQW� KHDW� JDLQ� LV� ��:�P�� RU� �:�P��� WKH�
H[WHULRU� ]RQH� GHSWK� LV� �P��P��P�� %XLOGLQJ� PRGHO�
SDUDPHWHU�VHWWLQJV�FDQ�EH�GLYLGHG�LQWR���W\SHV��7DEOH��
a�7DEOH����SLQN�SDUDPHWHUV�DUH�LQSXW�E\�GUDZLQJ��EOXH�
SDUDPHWHUV�DUH�LQSXW�E\�FKRRVLQJ�PDWHULDOV��WKH�RWKHUV�
DUH�PDQXDO�LQSXW�SDUDPHWHUV��
�
�
�
�
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Table 2 
Shape parameters 

 MEESG DB 
%XLOGLQJ�DUHD� ����P�� ����P��
1XPEHU�RI�IORRU� ��� ���
6WRUH\�KHLJKW� ���P� ���P��
6RXWK�VLGH�OHQJWK� ��P� ��P�
,QILOWUDWLRQ�UDWH� ���DF�K� ���DF�K�

�
Table 3 

Thermal parameters 
 MEESG DB 
8�YDOXH�RI�ZDOO� ����:�P��.� ����:�P��.�
8�YDOXH�RI�
ZLQGRZ� ����:�P��.� ����:�P��.�

6+*&�RI�ZLQGRZ� ������ ������
�

Table 4 
System parameters 

 MEESG DB 
+HDWLQJ�VHWSRLQW�
WHPSHUDWXUH�

��℃� ��℃�

+HDWLQJ�VHW�EDFN� �� ��℃�
&RROLQJ�VHWSRLQW�
WHPSHUDWXUH�

��℃� ��℃�

&RROLQJ�VHW�EDFN� �� ��℃�
+XPLGLILFDWLRQ�VHWSRLQW� �� ����
'HKXPLGLILFDWLRQ�VHWSRLQW� �� ����
7DUJHW�LOOXPLQDQFH� �� ���OX[�

�
Table 5 

Schedule 
 Density Schedule 
2FFXSDQF\� ���SHRSOH�P�� 0RQGD\�WR�

)ULGD\：
����a������

/LJKWLQJ� ��:�P��
(TXLSPHQW� ��:�P��RU�

�:�P��
�

Table 6 
HVAC schedule 

+HDWLQJ� 1RY���WKa0DU���WK�
&RROLQJ� 0D\���VWa6HS���WK�

�

',6&866,21�$1'�5(68/7�$1$/<6,6�
Computation time consumption 
)RU�WKH�VLPXODWLRQ�PRGHO�DERYH��WKH�FDOFXODWLRQ�WLPH�
RI�0((6*�LV���V��DQG�WKDW�RI�'HVLJQ%XLOGHU�LV����V��
VR�WKH�FRPSXWDWLRQDO�HIILFLHQF\�RI�0((6*�LV�KLJKHU�
WKDQ�'HVLJQ%XLOGHU��,Q�VFKHPDWLF�SKDVH��GXULQJ�ZKLFK�
WKH�EXLOGLQJ�IRUP�LV�VLPSOH�DQG�FRQFHSWXDO��RXU�JRDO�LV�
WR�FRPSDUH�EXLOGLQJ�SHUIRUPDQFH�RI�GLIIHUHQW�GHVLJQ�
VFKHPHV�DV�TXLFNO\�DV�SRVVLEOH��EXW�QRW�WR�JHW�SUHFLVH�
VLPXODWLRQ� UHVXOWV�� %HFDXVH� WKH� QRQ�OLQHDU� PRGHO� LQ�
5KLQR�LV�DOZD\V�FRPSOH[��DQG�WKH�PRGHO�FRPSOH[LW\�
ZLOO�LQFUHDVH�LQ�WKH�IXWXUH��LW�JRHV�ZLWKRXW�VD\LQJ�WKDW�
D�IDVW�FDOFXODWLRQ�PHWKRG�LV�SUHIHUDEOH��(VSHFLDOO\�WKH�
JRDO��6LPXODWLRQ� ZKLOH� GUDZLQJ��� LI� DFKLHYHG�� ZLOO�

JXLGH� SHUIRUPDQFH�RULHQWHG� JUHHQ� EXLOGLQJ� GHVLJQ�
IURP�WKH�VWDUW�RI�EXLOGLQJ�GHVLJQ��7KH�GHVLJQ�PHWKRG�
SURSRVHG�LQ�WKLV�SDSHU��ZKLFK�FDQ�LQVWDQWO\�IHHGEDFN�
FDOFXODWLRQ�UHVXOWV��LV�PRUH�LQ�OLQH�ZLWK�WKH�GHPDQG�RI�
DUFKLWHFWV��8QGHU�WKLV�PHWKRG��XVHUV�FDQ�JHW�D�IDVW�DQG�
LQWXLWLYH�XQGHUVWDQGLQJ�RI� WKH�EXLOGLQJ�SHUIRUPDQFH��
WKHQ�PRGLI\�GHVLJQ�VFKHPHV�PRUH�HIIHFWLYHO\���

Combination with Rhino 
,Q�RUGHU�WR�FRPSDUH�WKH�GLIILFXOW\�RI�FRPELQLQJ�
0((6*�ZLWK�5KLQR�DQG�(QHUJ\3OXV�ZLWK�5KLQR��
EXLOGLQJ�PRGHO�SDUDPHWHUV�UHTXLUHG�LQ�WKH�WZR�
VLPXODWLRQ�WRROV�DUH�VXPPDUL]HG�LQ�WKLV�SDSHU��)RU�
0((6*��EXLOGLQJ�PRGHO�LQIRUPDWLRQ�LQFOXGHV�WKH�
IROORZLQJ����SDUDPHWHUV��EXLOGLQJ�DUHD��VWRUH\�KHLJKW��
QXPEHU�RI�IORRU��::5��HDVW�VRXWK�ZHVW�QRUWK�URRI���
EXLOGLQJ�RULHQWDWLRQ��π�����π�������π����π�����
DWULXP�DUHD�UDWLR��VRXWK�WR�ZHVW�OHQJWK�UDWLR�RI�
DWULXP�������������������������DWULXP�FRXUW\DUG�
SRVLWLRQ�FHQWHU�VRXWK�ZHVW�QRUWK�HDVW���
DWULXP�FRXUW\DUG�W\SH�DWULXP�FRXUW\DUG���H[WHULRU�
]RQH�GHSWK��)RU�(QHUJ\3OXV��YHUWH[�FRRUGLQDWHV�RI�
HDFK�SLHFH�RI�EXLOGLQJ�
HQYHORSH�ZDOO�SDUWDWLRQ�URRI�FHLOLQJ�IORRU�ZLQGRZ��
PXVW�EH�ZULWWHQ�LQWR�DQ��LGI�ILOH�LQ�DFFRUGDQFH�ZLWK�D�
IL[HG�IRUPDW��
3DUDPHWHUV� UHDG� IURP�5KLQR�PRGHO� FRQFOXGH� YHUWH[�
FRRUGLQDWHV�RI�ZDOO�� IORRU��FHLOLQJ��URRI�DQG�ZLQGRZ��
$QG�SDUDPHWHUV�UHTXLUHG�LQ�0((6*�FDQ�EH�FDOFXODWHG�
DFFRUGLQJ� WR� SDUDPHWHUV� UHDG� IURP�5KLQR�PRGHO�� ,Q�
DGGLWLRQ�� LW� LV� HDV\� IRU� 0((6*� WR� UHDG� GDWD� IURP�
H[FHOV�� %XW� EHFDXVH� WKH� WH[W� VWUXFWXUH� RI� �LGI� ILOH� LV�
PXFK� PRUH� FRPSOH[� DQG� VWULFW�� LW� LV� GLIILFXOW� IRU�
(QHUJ\3OXV� WR� UHDG� LQIRUPDWLRQ� IURP� WKH� �W[W� ILOH�
RXWSXW�IURP�5KLQR�PRGHO��
Relative deviation and deviation direction 
�

Table 7 
Energy consumption when equipment heat 

gain=20W/m2,exterior zone depth=4m (kWh/m2·a) 
WWR Tool heat cool light total 

����
'%� ������� ������� ������� �������
0((6*� ������� ������� ������� �������

����
'%� ������� ������� ������� �������
0((6*� ������� ������� ������� �������

����
'%� ������� ������� ������� �������
0((6*� ������� ������� ������� �������

�
Table 8 

Energy consumption when equipment heat 
gain=0W/m2,exterior zone depth=4m (kWh/m2·a) 

WWR Tool heat cool light total 

����
'%� ������� ������� ������� �������
0((6*� ������� ������� ������� �������

����
'%� ������� ������� ������� �������
0((6*� ������� ������� ������� �������

���� '%� ������� ������� ������� �������
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0((6*� ������� ������� ������� �������
 

�
Table 9 

Energy consumption when equipment heat 
gain=20W/m2,exterior zone depth=6m (kWh/m2·a) 

WWR Tool heat cool light total 

����
'%� ������� ������� ������� �������
0((6*� ������� ������� ������� �������

����
'%� ������� ������� ������� �������
0((6*� ������� ������� ������� �������

����
'%� ������� ������� ������� �������
0((6*� ������� ������� ������ �������

�
Table 10 

Energy consumption when equipment heat 
gain=0W/m2,exterior zone depth=6m (kWh/m2·a) 

WWR Tool heat cool light total 

����
'%� ������� ������� ������� �������
0((6*� ������� ������� ������� �������

����
'%� ������� ������� ������� �������
0((6*� ������� ������� ������� �������

����
'%� ������� ������� ������� �������
0((6*� ������� ������� ������ �������

�
Table 11 

Energy consumption when equipment heat 
gain=20W/m2,exterior zone depth=8m (kWh/m2·a) 

WWR Tool heat cool light total 

����
'%� ������� ������� ������� �������
0((6*� ������� ������� ������� ������

����
'%� ������� ������� ������� �������
0((6*� ������� ������� ������� ������

����
'%� ������� ������� ������ �������
0((6*� ������� ������� ������ ������

�
Table 12 

Energy consumption when equipment heat 
gain=0W/m2,exterior zone depth=8m (kWh/m2·a) 

WWR Tool heat cool light total 

����
'%� ������� ������� ������� �������
0((6*� ������� ������� ������� �������

����
'%� ������� ������� ������� �������
0((6*� ������� ������� ������� �������

����
'%� ������� ������� ������ �������
0((6*� ������� ������� ������ �������

�
Table 13 

Relative deviation of energy consumption between 
MEESG and DesignBuilder (%) 

d WWR Equipment heat gain=20W/m2 

heat cool light total 

�P�
���� ������ �������� ������ �������
���� ������ ������� ������� �������

���� ������� �������� ������ �������

�P�
���� ������ ������� ������� ������
���� ������ �������� ������� �������
���� ������ �������� �������� �������

�P�
���� ������� ������� ������ ������
���� ������� ������� ������� ������
���� ������� �������� ������� ������

�
Table 14 

Relative deviation of energy consumption between 
MEESG and DesignBuilder (%) 

d WW
R 

Equipment heat gain=0W/m2 

heat cool light total 

�P�
���� �������� �������� ������ ��������
���� �������� �������� ������� ��������
���� �������� �������� ������� ��������

�P�
���� �������� �������� ������� �������
���� �������� �������� ������� ��������
���� ������� �������� �������� ��������

�P�
���� ������� �������� ������ �������
���� ������� �������� ������� �������
���� ������ �������� ������� �������

�
5HODWLYH�GHYLDWLRQ�FDQ�EH�FDOFXODWHG�E\�WKH�IROORZLQJ�
IRUPXOD��

����


DB

DBMEESG

E
EE

�������������������������

)URP�7DEOH���a�7DEOH����� WRWDO� HQHUJ\�FRQVXPSWLRQ�
FDOFXODWHG�E\�0((6*�LV�ORZHU�WKDQ�WKDW�FDOFXODWHG�E\�
'HVLJQ%XLOGHU�H[FHSW�IRU���FDVHV��7DEOH�����)RU�WKHVH�
��FDVHV��WKH�H[WHULRU�]RQH�GHSWK�LV�ODUJH�EXW�::5�LV�
VPDOO���
+HDWLQJ�GHYLDWLRQ�LQFUHDVHV�ZLWK�H[WHULRU�]RQH�GHSWK�
DQG� HTXLSPHQW� KHDW� JDLQ� LQFUHDVLQJ� DQG� ::5�
GHFUHDVLQJ��,W�FKDQJHV�IURP���������WR�������。�
&RROLQJ� GHYLDWLRQ� LV� QHJDWLYH� IRU� DOO� FDVHV�� ZKHQ�
H[WHULRU� ]RQH� GHSWK� LV� �P�� HTXLSPHQW� KHDW� JDLQ� LV�
�:�P���::5�LV������FRROLQJ�GHYLDWLRQ�FDQ�EH���������
�7DEOH������&RROLQJ�GHYLDWLRQ�LQFUHDVHV�ZLWK�H[WHULRU�
]RQH�GHSWK�LQFUHDVLQJ��
/LJKWLQJ� GHYLDWLRQ� LQFUHDVHV� ZLWK�::5� GHFUHDVLQJ�
DQG� H[WHULRU� ]RQH�GHSWK� LQFUHDVLQJ��(VSHFLDOO\�ZKHQ�
H[WHULRU�]RQH�GHSWK�LV��P��OLJKWLQJ�GHYLDWLRQ�FDQ�EH�XS�
WR���������7DEOH������
%HFDXVH� OLJKWLQJ� HQHUJ\� FRQVXPSWLRQ� SUHGLFWLRQ�
PRGHO�LQWHJUDWHG�LQ�0((6*�LV�REWDLQHG�IURP�D�ODUJH�
QXPEHU�RI�DFFXUDWH�VLPXODWLRQ�UHVXOWV�E\�(FRWHFW�DQG�
'D\VLP�� 6R� IXUWKHU� UHVHDUFK� RQ� OLJKWLQJ� HQHUJ\�
FRQVXPSWLRQ� EHWZHHQ� '%� DQG� 0((6*� KDV� EHHQ�
SHUIRUPHG��
/LJKWLQJ� HQHUJ\� FRQVXPSWLRQ� FDQ� EH� GLYLGHG� LQWR�
H[WHULRU� OLJKWLQJ� HQHUJ\� FRQVXPSWLRQ� DQG� LQWHULRU�
OLJKWLQJ�HQHUJ\�FRQVXPSWLRQ��7DEOH���a7DEOH������
�
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Table 15 
Lighting energy consumption when exterior zone 

depth=4m (kWh/m2·a) 
WWR Tool Interior Exterior 

����
'%� ������� ������
0((6*� ������� ������

����
'%� ������� ������
0((6*� ������� ������

����
'%� ������� ������
0((6*� ������� ������

�
Table 16 

Lighting energy consumption when exterior zone 
depth=6m (kWh/m2·a) 

WWR Tool Interior Exterior 

����
'%� ������� ������
0((6*� ������� ������

����
'%� ������� ������
0((6*� ������� ������

����
'%� ������� ������
0((6*� ������� ������

�
Table 17 

Lighting energy consumption when exterior zone 
depth=8m (kWh/m2·a) 

WWR Tool Interior Exterior 

����
'%� ������� �������
0((6*� ������� �������

����
'%� ������� ������
0((6*� ������� ������

����
'%� ������� ������
0((6*� ������� ������

�

�
Figure 5 Exterior lighting energy consumption when 

exterior zone depth=4m 

�

�

Figure 6 Exterior lighting energy consumption when 

exterior zone depth=6m 

 

 
Figure 7 Exterior lighting energy consumption when 

exterior zone depth=8m 

 
/LJKWLQJ� HQHUJ\� FRQVXPSWLRQ� GLYLVLRQ� UHVXOWV� VKRZ�
WKDW��
���,QWHULRU�OLJKWLQJ�HQHUJ\�FRQVXPSWLRQ�LV�REWDLQHG�E\�
PXOWLSO\LQJ� OLJKWLQJ� GHQVLW\� E\� ZRUNLQJ� KRXUV�� VR�
LQWHULRU�OLJKWLQJ�HQHUJ\�FRQVXPSWLRQ�FDOFXODWHG�E\�WKH�
WZR�PHWKRGV�DUH�QHDUO\�HTXDO���
���([WHULRU�OLJKWLQJ�HQHUJ\�FRQVXPSWLRQ�FDOFXODWHG�E\�
0((6*�LV�PXFK�KLJKHU� WKDQ� WKDW�FDOFXODWHG�E\�'%��
([WHULRU� OLJKWLQJ� GHYLDWLRQ� LQFUHDVHV� ZLWK� H[WHULRU�
]RQH�GHSWK�GHFUHDVLQJ��VR�ZKHQ�H[WHULRU�]RQH�GHSWK�LV�
FRQVWDQW�� OLJKWLQJ� GHYLDWLRQ� ZLOO� LQFUHDVH� ZLWK� WKH�
SURSRUWLRQ�RI�H[WHULRU�DUHD�LQFUHDVLQJ��
���&RPSDUHG� WR� '%�� WKH� SDUDPHWHU� ::5� KDV� D�
JUHDWHU� LPSDFW� RQ� H[WHULRU� OLJKWLQJ� HQHUJ\�
FRQVXPSWLRQ�FDOFXODWHG�E\�OLJKWLQJ�HQHUJ\�SUHGLFWLRQ�
PRGHO�LQWHJUDWHG�LQ�0((6*��

&21&/86,21�
,W� LV� SRLQWHG� RXW� WKDW�� DOWKRXJK� EXLOGLQJ� SDUDPHWULF�
GHVLJQ� PHWKRG� LV� ZLGHO\� XVHG� WRGD\�� WKH� HQHUJ\�
HIILFLHQF\�GHVLJQ� LV� VXEMHFW� WR� WKH�DUFKLWHFWXUDO� IRUP�
GHVLJQ�LQ�VFKHPDWLF�SKDVH��,Q�RUGHU�WR�FRPELQH�HQHUJ\�
HIILFLHQF\�GHVLJQ�ZLWK�SDUDPHWULF�GHVLJQ�LQ�VFKHPDWLF�
SKDVH��DQ�LQWHJUDWHG�DSSOLFDWLRQ�RI�5KLQR��(QHUJ\3OXV�
DQG� 0((6*� LV� SXW� IRUZDUG�� DQG� DQ� LQWHJUDWHG�
VLPXODWLRQ�DQG�GHVLJQ�SURFHVV�KDV�EHHQ�HVWDEOLVKHG�LQ�
WKLV�SDSHU��
,Q� WKH� DVSHFW� RI� LQIRUPDWLRQ� RXWSXW�� D� PRGHOOLQJ�
SURFHGXUH� KDV� EHHQ� HVWDEOLVKHG� LQ� WKLV� SDSHU�� $IWHU�
PRGHOOLQJ�� WKH� EXLOGLQJ� PRGHO� LQIRUPDWLRQ� FDQ� EH�
RXWSXW�WKURXJK�S\WKRQ�VFULSW�ZULWWHQ�LQ�5KLQR��,Q�WKH�
DVSHFW�RI�HQHUJ\�VLPXODWLRQ��DLPLQJ�DW�HYDOXDWLQJ�WKH�
SRVVLELOLW\� RI� FRPELQDWLRQ�0((6*� DQG� (QHUJ\3OXV�
ZLWK� 5KLQR�� WKH� FRPSDULVRQ� EHWZHHQ� 0((6*� DQG�
'HVLJQ%XLOGHU� KDV� EHHQ� SHUIRUPHG� LQ� WKUHH� DVSHFWV��
FDOFXODWLRQ� WLPH� FRQVXPSWLRQ�� GLIILFXOW\� RI�
FRPELQDWLRQ� ZLWK� 5KLQR�� UHODWLYH� GHYLDWLRQ� DQG�
GHYLDWLRQ�GLUHFWLRQ�RI�HQHUJ\�VLPXODWLRQ�UHVXOWV��
,Q�FRQFOXVLRQ��
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����0((6*�KDV�D�ELJ�DGYDQWDJH�RYHU�'HVLJQ%XLOGHU�
LQ�DQ�LQWHJUDWHG�DSSOLFDWLRQ�EHFDXVH�D�VKRUWHU�WLPH�ZLOO�
EH� FRQVXPHG� ZKHQ� FDOFXODWLQJ� WKH� VDPH� FDVH�� $QG�
DQRWKHU� DGYDQWDJH� RI� UDSLG� FDOFXODWLRQ� LV� WKDW� WKH�
VLPXODWLRQ�UHVXOWV�FDQ�EH�IHHGEDFN��WKHQ�WKH�GHVLJQ�FDQ�
EH� DGMXVWHG� DFFRUGLQJ� WR� WKH� VLPXODWLRQ� UHVXOWV�� ����
&RPSDUHG�WR�(QHUJ\3OXV��0((6*�LV�PXFK�HDVLHU�WR�
EH�FRPELQHG�ZLWK�5KLQR��
���)RU� WKH� ���VWRUH\� FDVH� LQ� WKLV� SDSHU�� VLPXODWLRQ�
UHVXOWV� VKRZ� WKDW� HQHUJ\� FRQVXPSWLRQ� FDOFXODWHG� E\�
0((6*�LV�ORZHU�WKDQ�'%�ERWK�IRU�KHDWLQJ�DQG�FRROLQJ��
EXW� OLJKWLQJ� HQHUJ\� FRQVXPSWLRQ� FDOFXODWHG� E\�
0((6*�LV�KLJKHU�WKDQ�'%���
)XUWKHU�ZRUN�IRFXVHV�RQ���SRLQWV��
���7KH�S\WKRQ� VFULSW�ZLOO� EH�PRGLILHG� WR�PHHW�PRUH�
FRPSOH[�EXLOGLQJ�IRUP��
���+HDWLQJ� DQG� FRROLQJ� ORDG� FDOFXODWHG� E\� '%� DQG�
0((6*�ZLOO�EH�GLYLGHG�DQG�PRUH�GHWDLOHG�FRPSDULVRQ�
EHWZHHQ� WKH� �� FDOFXODWLRQ� PHWKRGV� VKRXOG� EH�
SHUIRUPHG�� /LJKWLQJ� HQHUJ\� SUHGLFWLRQ� PRGHO�
LQWHJUDWHG� LQ� 0((6*� ZLOO� EH� PRGLILHG� E\� PRUH�
DFFXUDWH� VLPXODWLRQV�� ,Q� IXUWKHU� VLPXODWLRQV�� PDQ\�
SDUDPHWHUV� ZLOO� EH� DOWHUHG�� IRU� H[DPSOH�� LQ� OLJKWLQJ�
VLPXODWLRQ�� WKH� DPELHQW� ERXQFHV� VKRXOG� EH� FKDQJHG�
IURP���WR����DQG�WKH�::5�UDQJH�VKRXOG�EH�FKDQJHG�
IURP�>�������@�WR�>�������@��
���&RPSDUH� 0((6*� ZLWK� RWKHU� HQHUJ\� VLPXODWLRQ�
VRIWZDUH��VXFK�DV�'H67��,(6����
���(QHUJ\�FRQVXPSWLRQ�SUHGLFWLRQ�PRGHO�LQ�0((6*�
VKRXOG� EH� GHYHORSHG� DQG� DSSOLHG� LQWR� DUFKLWHFWXUH�
GHVLJQ� ZRUNV� ZLWK� PRUH� FRPSOH[� VKDSHV�� 7KH�
IROORZLQJ� �� PRGXOHV� LQWHJUDWHG� LQ� 0((6*� ZLOO� EH�
IRFXVHG�� ERG\� MXGJLQJ�PRGXOH�� UDGLDWLRQ� FDOFXODWLRQ�
PRGXOH��OLJKWLQJ�HQHUJ\�SUHGLFWLRQ�PRGXOH��

120(1&/$785(�
E  HQHUJ\�FRQVXPSWLRQ�

sumQ  FRROLQJ�ORDG�LQ�VXPPHU�

winQ  KHDWLQJ�ORDG�LQ�ZLQWHU�

sCOP  FRHIILFLHQW�RI�SHUIRUPDQFH�LQ�VXPPHU�

wCOP  FRHIILFLHQW�RI�SHUIRUPDQFH�LQ�ZLQWHU�

winq  UDGLDWLRQ�KHDW�JDLQ�IURP�ZLQGRZ�

winK  KHDW�WUDQVIHU�FRHIILFLHQW�RI�ZLQGRZ�

T  WHPSHUDWXUH�GLIIHUHQFH��
SC  VKDGLQJ�FRHIILFLHQW�RI�ZLQGRZ�

solarq  UDGLDWLRQ�HQHUJ\�LQWHQVLW\�RQ�WKH�ZLQGRZ�

Q  LQGRRU�UDGLDWLRQ�KHDW�JDLQ�
  IORRU
V�RULHQWDWLRQ�
l  URRI�RYHUKDQJ�OHQJWK�
  JOD]LQJ�UDWLR�
V  YHQWLODWLRQ�UDWH�

p  ZLQG�SUHVVXUH�GLIIHUHQFH�EHWZHHQ�WKH�ZLQGZDUG�
VLGH�DQG�WKH�OHHVLGH�

sa  LQWHULRU�VSDWLDO�DUUDQJHPHQW�
o  ZLQGRZ
V�RSHQLQJ�VL]H�

lightE  OLJKWLQJ�HQHUJ\�FRQVXPSWLRQ�

d  H[WHULRU�]RQH�GHSWK�
  �WKH�ZLQGRZ¶V�WUDQVPLWWDQFH�
x  ILUVW�YDULDEOH�
y  VHFRQG�YDULDEOH�
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