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7KH�SXUSRVH�RI� WKLV�SDSHU� LV� WR�SURYLGH�D�FDVH�VWXG\�
IRU� LQFUHDVLQJ� WKH� VLPXODWLRQ� DFFXUDF\� RI� KHDOWKFDUH�
EXLOGLQJV��,Q�EXLOGLQJ�GHVLJQ�SURIHVVLRQ��WKH�GHPDQG�
IRU�DFFXUDWH�HQHUJ\�VLPXODWLRQ�RI�EXLOGLQJV�DW�GHVLJQ�
SKDVH� LV� JUDGXDOO\�EHFRPLQJ� DQ�HVVHQWLDO�SDUW�RI� WKH�
GHVLJQ� GRFXPHQWV� DV� EXLOGLQJ� RZQHUV� DQG� HQHUJ\�
FRGHV� DUH� LQFUHDVLQJO\� UHTXLULQJ� DFFXUDWH� HQHUJ\�
SUHGLFWLRQV��

7KH� FDVH� VWXG\� LQ� WKLV� SDSHU� LV� D� FDQFHU� LQVWLWXWH�
ZKLFK� LV� FKRVHQ� DV� DQ� H[DPSOH� RI� KHDOWKFDUH�
EXLOGLQJV�� +HDOWKFDUH� EXLOGLQJV� KDYH� EHHQ� PDMRU�
HQHUJ\� FRQVXPHUV� ZLWK� D� VLJQLILFDQW� FRQWULEXWLRQ� WR�
WKH� WRWDO� DQQXDO� HQHUJ\� FRQVXPSWLRQ� LQ� FRPPHUFLDO�
EXLOGLQJV�� 7KH� WRWDO� HQHUJ\� XVHG� E\� D� W\SLFDO�
KHDOWKFDUH� EXLOGLQJ� SHU� VTXDUH�IRRW� LV� DERXW� �� WLPHV�
WKH� XVDJH� RI� D� W\SLFDO� RIILFH� EXLOGLQJ�� 7KH� VWXG\�
VLPXODWHV� WKH� DQQXDO� HQHUJ\� FRQVXPSWLRQ�� DQG�
FRPSDUHV� LW� DJDLQVW� WKH� DFWXDO� FRQVXPSWLRQ�� 7KLV�
FRPSDULVRQ� IXUWKHU� HQDEOHV� LGHQWLILFDWLRQ� RI�
LPSRUWDQW� VLPXODWLRQ� LQSXWV� WKDW�DIIHFW� WKH�DFFXUDF\��
7KH� IROORZLQJ� SDUDPHWHUV� KDG� DQ� LPSRUWDQW�
FRQWULEXWLRQ� RQ� WKH� VLPXODWLRQ� DFFXUDF\�� HTXLSPHQW�
DQG� RFFXSDQF\� VFKHGXOHV�� HTXLSPHQW� ORDGV�� DQG�
WHPSHUDWXUH� DQG� KXPLGLW\� VHW�SRLQWV�� 8VLQJ� D� VHW� RI�
UHFRPPHQGHG� LQSXW� SDUDPHWHUV�� WKH� VLPXODWLRQ�
DFFXUDF\�RI�WKH�HOHFWULF�HQHUJ\�ZDV�ZLWKLQ�����RI�WKH�
DFWXDO� HQHUJ\� XVDJH� RI� WKH� EXLOGLQJ�� ,Q� DGGLWLRQ��
SDWWHUQ� RI� SUHGLFWHG� HQHUJ\�� ZKLFK� UHSUHVHQWV� WKH�
HOHFWULFLW\� GHPDQG�� DOVR� IROORZHG� WKH� DFWXDO� HQHUJ\�
XVH�SDWWHUQ��

,1752'8&7,21�
Building energy simulation history 
7KH� KLVWRU\� RI� EXLOGLQJ� HQHUJ\� VLPXODWLRQ� SURJUDPV�
VWDUWHG�DIWHU�WKH�RLO�HPEDUJR�LQ�������ZKLFK�EURXJKW�
WKH� DWWHQWLRQ� RI� WKH� 8�6�� JRYHUQPHQW� WR� WKH� FULWLFDO�
LPSRUWDQFH� RI� HQHUJ\� XVDJH�� 7KH� ILUVW� VLPXODWLRQ�
SURJUDP� ZDV� RQO\� FDSDEOH� RI� SHUIRUPLQJ� WKHUPDO�
FDOFXODWLRQV� IRU� RQO\� D� VLQJOH� ]RQH� �.XVXGD�� ������
%HQQHWW� HW� DO��� ������� ,Q� WKH� HDUO\�����V�� VLPXODWLRQ�
SURJUDPV�ZHUH�FDSDEOH�RI�PRGHOLQJ�PXOWLSOH�WKHUPDO�
]RQHV� DQG� SHUIRUP� FDOFXODWLRQV� IRU� WKH� KHDWLQJ��
FRROLQJ�� YHQWLODWLQJ� DQG� DLU�FRQGLWLRQLQJ� �+9$&��
V\VWHPV� RSHUDWLQJ� XQGHU� GLIIHUHQW� FRQGLWLRQV� �%XKO��
������ &ODUNH� HW� DO��� ������ 3DOPLWHU� HW� DO��� ������� ,Q�
WKH�����V��VLPXODWLRQ�SURJUDPV�HYROYHG�WR�KDYH�PRUH�
XVHU�IULHQGO\� JUDSKLFDO� LQWHUIDFHV� WKDW� DOORZHG�

GHVLJQHUV�DQG�HQJLQHHUV�WR�XVH�WKHP�HDVLO\��,Q�WKH�ODWH�
����V� DQG� HDUO\� ����V� ZDV� WKH� GHYHORSPHQW� RI� WKH�
'HSDUWPHQW�RI�(QHUJ\¶V�IDPRXV�VLPXODWLRQ�SURJUDP��
(QHUJ\� 3OXV�� ZKLFK� LV� WKH� SURJUDP� XVHG� IRU� WKLV�
UHVHDUFK�VWXG\��&UDZOH\�HW�DO���������

Importance of Building energy simulation 
%XLOGLQJ�D�QHZ�EXLOGLQJ�FUHDWHV�D� VRXUFH�RI�HQHUJ\�
XVH� DQG� DGGV� D� EXUGHQ� RQ� WKH� WRWDO� HQHUJ\�
FRQVXPSWLRQ�� 2ZQHUV� WU\� WR� UHGXFH� WKH� HQHUJ\�
QHHGHG� WR� RSHUDWH� WKHLU� EXLOGLQJV� WR� ORZHU� WKH�
ILQDQFLDO� H[SHQVHV� DQG� UHGXFH� WKH� LPSDFW� RQ� WKH�
HQYLURQPHQW��7KHUHIRUH��EXLOGLQJ�RZQHUV�RIWHQ�WU\�WR�
KDYH� VXVWDLQDEOH� DQG� HQHUJ\�HIILFLHQW� EXLOGLQJV� WKDW�
FRQVXPH� OHVV� HQHUJ\� WKDQ� VLPLODU� FRQYHQWLRQDO�
EXLOGLQJV�� 0DQ\� EXLGOLQJ� RZQHUV�� HVSHFLDOO\� KLJK�
HQHUJ\� FRQVXPHUV� VXFK� DV� KHODWKFDUH�� DVN� IRU�
DFFXUDWH� SUHGLFWLRQV�RI� HQHUJ\�XVH��7KH�SUHGLFDWLRQV�
DUH�XVHG�LQ�ILQDQFLDO�EXGJHWLQJ�WR�HVWLPDWH�WKH�FRVW�RI�
XWLOLWLHV� �'HJHOPDQ�� ������� ,Q� DGGLWLRQ�� JUHHQ�
EXLOGLQJ�JXLGHOLQHV��VXFK�DV�/(('��DQG�HQHUJ\�FRGHV�
DUH� LQFUHDVLQJO\� UHTXLULQJ� DFFXUDWH� HQHUJ\�
VLPXODWLRQV�� 7KHUHIRUH�� SHUIRUPLQJ� DQ� DFFXUDWH�
HQHUJ\� VLPXODWLRQ� GXULQJ� WKH� GHVLJQ� SKDVH� RI� WKH�
EXLOGLQJ�LV�EHFRPLQJ�DQ�LPSRUWDQW�UHTXLUHPHQW�LQ�WKH�
LQGXVWU\���
&XUUHQW� SUDFWLFHV� LQ� LQFUHDVLQJ� DFFXUDFLHV� RI�
VLPXODWLRQV�DUH�SHUIRUPHG�DV�D�FDOLEUDWLRQ�SURFHVV�LQ�
ZKLFK� WKH�EXLOGLQJ� LV� DOUHDG\�EXLOW� DQG� LV� RSHUDWLQJ��
7KH�SURFHVV�LQFOXGHV�FUHDWLQJ�DQ�LQLWLDO�PRGHO��ZKLFK�
WKHQ� JUDGXDOO\� EHFRPHV� PRUH� DFFXUDWH� DV� LQSXW�
SDUDPHWHUV�DUH�FRQVWDQWO\�LPSURYHG�DIWHU�VHYHUDO�VLWH�
YLVLWV� DQG� LQWHUYLHZV�� ,W� LV� QRW� D� SURFHVV� WR� SUHGLFW�
IXWXUH� HQHUJ\� XVH�� EXW� UDWKHU� WR� GLVFRYHU� ZKLFK�
SDUDPHWHUV� KDG� WKH� ELJJHVW� LPSDFW� RQ� DFFXUDF\��
7KHUHIRUH��E\�LGHQWLI\LQJ�LPSRUWDQW�VLPXODWLRQ�LQSXWV�
WKDW�DIIHFW�WKH�DFFXUDF\��HQHUJ\�DQDO\VWV�PD\�EH�DEOH�
WR� SURGXFH� DFFXUDWH� VLPXODWLRQV� GXULQJ� WKH� GHVLJQ�
SKDVH�RI�IXWXUH�EXLOGLQJV���
7KH� PHWKRG� WKLV� VWXG\� IROORZHG� WR� SURGXFH� JRRG�
DFFXUDF\�LV�E\�FUHDWLQJ�WKH�EXLOGLQJ�PRGHO�IROORZLQJ�
WKH�GHVLJQ�SURFHGXUHV�WKDW�PHFKDQLFDO��HOHFWULFDO��DQG�
SOXPELQJ� �0(3�� GHVLJQHUV� ZRXOG� IROORZ� WR� GHVLJQ�
WKH�0(3�V\VWHPV�IRU�WKH�EXLOGLQJ��'HSHQGLQJ�RQ�WKH�
W\SH� RI� WKH� EXLOGLQJ�� 0(3� GHVLJQHUV� W\SLFDOO\� VWDUW�
ZLWK� WKH� LGHQWLI\LQJ� WKH�DSSOLFDEOH�GHVLJQ�JXLGHOLQHV�
DQG� VSHFLDOW\� FRGHV�� )RU� LQVWDQFH�� WKH� FXUUHQW� FDVH�
VWXG\� LV� D� KHDOWKFDUH� EXLOGLQJ� ZLWK� UHVHDUFK�
ODERUDWRULHV��0(3�GHVLJQHUV�ZRXOG�VWULFWO\�IROORZ�WKH�
1DWLRQDO�,QVWLWXWH�RI�+HDOWK��1,+��JXLGHOLQH�³'HVLJQ�
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5HTXLUHPHQW�0DQXDO��7KH�IRUPXODH�IRU�EXLOGLQJ�VWDWH�
RI� WKH� DUW� ELRPHGLFDO� ODERUDWRULHV´� DV� D� JXLGH� IRU�
SURSHUO\�GHVLJQLQJ� WKH�0(3�V\VWHPV�RI� WKH�EXLOGLQJ�
WR� PDLQWDLQ� WKH� UHTXLUHG� IXQFWLRQDOLW\� DQG� VDIHW\� RI�
WKH� RFFXSDQWV�� 7KHUHIRUH�� WKH� 1,+� JXLGHOLQH¶V�
UHFRPPHQGDWLRQV�ZHUH�XVHG�IRU�WKLV�VLPXODWLRQ��

Healthcare as a major energy consumer 
+HDOWKFDUH� EXLOGLQJV� DUH� RQH� RI� WKH� ELJJHVW� HQHUJ\�
FRQVXPHUV�� HVSHFLDOO\� ZKHQ� FRPSDUHG� WR� W\SLFDO�
RIILFH� EXLOGLQJV�� ,Q� ������ WKH� 8�6�� (QHUJ\�
,QIRUPDWLRQ�$GPLQLVWUDWLRQ�SHUIRUPHG�D�&RPPHUFLDO�
%XLOGLQJV�(QHUJ\�&RQVXPSWLRQ�6XUYH\� �&%(&6�� WR�
HYDOXDWH� HQHUJ\� FRQVXPSWLRQ� RI� GLIIHUHQW� W\SHV� RI�
FRPPHUFLDO� EXLOGLQJV�� 7KH� VXUYH\� FRYHUHG� ��������
RIILFH� EXLOGLQJV� ZLWK� D� WRWDO� VTXDUH� IRRWDJH� RI� �����
ELOOLRQ� IW�� ������ ELOOLRQ� P��� DQG� D� WRWDO� HQHUJ\�
FRQVXPSWLRQ� RI� ������ WULOOLRQ� %WX� ����� PLOOLRQ�
0:K���7KH� VXUYH\� DOVR� FRYHUHG� �������� KHDOWKFDUH�
IDFLOLWLHV�ZLWK�D�WRWDO�VTXDUH�IRRWDJH�RI������ELOOLRQ�IW��
�������PLOOLRQ�P���DQG�D�WRWDO�HQHUJ\�FRQVXPSWLRQ�RI�
����7ULOOLRQ�%WX� �����PLOOLRQ�0:K��� 7KHUHIRUH�� DQ�
DYHUDJH�RIILFH� EXLOGLQJ� XVHV�������00%WX�SHU�\HDU�
�������� %WX�IW�� SHU� \HDU��� ,Q� FRQWUDVW�� WKH� DYHUDJH�
KHDOWKFDUH� EXLOGLQJ� XVHV� ������ 00%WX� SHU� \HDU�
���������%WX�IW��SHU�\HDU�� WKDW� LV�D�OLWWOH�PRUH�WKDQ���
WLPHV�ZKDW�WKH�DYHUDJH�RIILFH�EXLOGLQJ�XVHV��&%(&6��
��������
+HDOWKFDUH� EXLOGLQJV� WKDW� LQFOXGH� ODERUDWRULHV�
FRQVXPH� HYHQ� PRUH� HQHUJ\�� /DERUDWRULHV� W\SLFDOO\�
FRQVXPH��� WR���� WLPHV�PRUH� HQHUJ\�SHU� VTXDUH� IRRW�
WKDQ�GR�RIILFH� EXLOGLQJV��6SHFLDOW\� ODERUDWRULHV� VXFK�
DV� FOHDQ� URRPV� FDQ� FRQVXPH� DV�PXFK� DV� ���� WLPHV�
WKH� HQHUJ\� IRU� D� VLPLODU� VL]H� FRPPHUFLDO� EXLOGLQJ�
�/DE���LQUR���������7KHUHIRUH��DFFXUDWHO\�VLPXODWLQJ�
KHDOWKFDUH� EXLOGLQJV� LV� LPSRUWDQW� WR� KDYH� UHOLDEOH�
HQHUJ\� FRQVXPSWLRQ� GDWD� WR� PHDVXUH� WKH�
HIIHFWLYHQHVV�RI�GLIIHUHQW�HQHUJ\�HIILFLHQF\�PHDVXUHV���

Parameters impact on accuracy 
6LPXODWLRQ�SURJUDPV�KDYH�PDQ\�SDUDPHWHUV�WKDW�PD\�
UHTXLUH� DQ� HQRUPRXV� DPRXQW� RI� WLPH� WR� LQSXW��
7KHUHIRUH�� � WKH� JRDO� RI� VRPH� UHVHDUFKHV� EHFDPH� WR�
QDUURZ� GRZQ� WKH� QXPEHU� RI� SDUDPHWHUV� WKDW� QHHG�
DFFXUDWH�YDOXHV�IURP�WKH�XVHU�DQG�OHW�WKH�SURJUDP�XVH�
GHIDXOW�YDOXHV�IRU�WKH�UHVW���
$V� DQ� H[DPSOH� WR� REVHUYH� ZKDW� PD\� EH� WKH� PRVW�
LQIOXHQWLDO� SDUDPHWHUV� RQ� VLPXODWLRQ�� <RRQ� HW� DO��
�������SHUIRUPHG�D�VWXG\�ZKHUH�WKH\�XVHG�FDOLEUDWLRQ�
WR� LQFUHDVH� WKH� DFFXUDF\� RI� D� VLPXODWLRQ� PRGHO� DQG�
FRPSDUHG� LW� DJDLQVW� DFWXDO� PHWHUHG� GDWD� IURP� WKHLU�
FDVH�VWXG\��D����VWRU\�RIILFH�EXLOGLQJ�LQ�6HRXO��6RXWK�
.RUHD���
<RRQ� HW� DO�� FDOLEUDWHG� WKHLU� PRGHO� E\� FRQVWDQWO\�
YLVLWLQJ� WKH� VLWH� DQG� FRQGXFWLQJ� LQWHUYLHZV� RI� WKH�
EXLOGLQJ� RSHUDWRUV�� 7KH\� FKDQJHG� LQSXW� YDOXHV� IRU�
VLPXODWLRQ� SDUDPHWHUV� DQG� UDQ� WKH� PRGHO� ��� WLPHV��
7HQ� WLPHV� RXW� RI� WKH� ��� LQYROYHG� FKDQJLQJ� WKH�
VFKHGXOHV� DQG� ORDG� GHQVLW\� RI� WKH� PRGHO�� $V� D�
FRQFOXVLRQ� IURP� WKLV� FDOLEUDWLRQ�� DFFXUDWH� LQSXWV� IRU�

HTXLSPHQW�VFKHGXOHV�DQG�ORDG�GHQVLWLHV�SOD\�D�PDMRU�
UROH�LQ�VLPXODWLRQ�DFFXUDF\���
$QRWKHU� VWXG\� LV� SHUIRUPHG� E\�:DQJ� HW� DO�� �������
ZKHUH� WKH\� H[DPLQHG� HIIHFWV� RI� GLIIHUHQW� LQSXW�
SDUDPHWHUV� RQ� WKH� DFFXUDF\� RI� EXLOGLQJ� HQHUJ\�
VLPXODWLRQV���
7KH� EDVH�PRGHO� ZDV� D�PHGLXP� VL]H� RIILFH� EXLOGLQJ�
WKDW� LV� FUHDWHG� LQ� FRPSOLDQFH� ZLWK� $6+5$(� �����
������ � ,QSXW� SDUDPHWHUV� WKDW� KDYH� EHHQ� YDULHG� DUH��
OLJKWLQJ� FRQWUROV�� SOXJ�LQ� ORDGV�� +9$&� HTXLSPHQW�
VFKHGXOHV�� RFFXSDQF\� VFKHGXOHV�� WHPSHUDWXUH� VHW�
SRLQWV� DQG� VHW�EDFNV�� HFRQRPL]HU� F\FOH�� DQG�
PLQLPXP�IORZ�RI�9$9�ER[HV���
7KH� VWXG\� IRXQG� WKDW� WKH� +9$&� V\VWHP� VFKHGXOHV��
VSHFLILFDOO\�URRP�VHW�SRLQWV�DQG�9$9�PLQLPXP��DQG�
SOXJ�ORDG� VFKHGXOH� SOD\� D� PDMRU� UROH� LQ� DFFXUDF\��
0RUHRYHU�� WKH� VWXG\� IRXQG� WKDW� WKH� FXPXODWLYH�
LPSDFW�RI� WKHVH�SDUDPHWHUV� LV� ODUJHU� WKDQ� WKH�VXP�RI�
LQGLYLGXDO�HIIHFW�RI�HDFK���
7KLV�VWXG\�VKRZV�WKDW�PDLQO\�ORDG�VFKHGXOHV��FRPLQJ�
IURP� WKH� SOXJ�ORDGV� DQG� +9$&� HTXLSPHQW�� KDYH� D�
VLJQLILFDQW�LPSDFW�RQ�VLPXODWLRQ�UHVXOW���
��

&$6(�678'<��
7KH� FDVH� VWXG\� IRU� WKLV� UHVHDUFK� LV� D� �������� IW��
�������� P��� FDQFHU� LQVWLWXWH� EXLOGLQJ� ORFDWHG� LQ�
&HQWUDO� 3HQQV\OYDQLD�� 7KH� EXLOGLQJ� LV� SDUW� RI� DQ�
HGXFDWLRQDO� FRPSOH[� WKDW� LQFOXGHV� FROOHJH� RI�
PHGLFLQH�� FOLQLFDO� VFLHQFH�� DQG� VHYHUDO� ODERUDWRULHV��
7KH�FDQFHU� LQVWLWXWH� XVHG�����YHUVLRQ�RI�/(('�1HZ�
&RQVWUXFWLRQ�	�0DMRU�5HQRYDWLRQV��1&��WR�REWDLQ�D�
/(('�FHUWLILFDWLRQ��7KH�EXLOGLQJ�LQFOXGHV�ILYH�IORRUV�
ZLWK� WZR� PDLQ� IXQFWLRQV�� UDGLDWLRQ� DQG� LQIXVLRQ�
WKHUDS\� LQ� WKH� ILUVW� WKUHH� IORRUV�� DQG� FDQFHU� UHVHDUFK�
ODERUDWRULHV� ORFDWHG� LQ� WKH� WRS� WZR� IORRUV�� 7KH�
EXLOGLQJ� ZDV� FRPSOHWHG� DQG� FHUWLILHG� LQ� ������ 7KH�
FDQFHU� LQVWLWXWH� FXUUHQWO\� KDV� WKH� KLJKHVW� HOHFWULF�
HQHUJ\�XVDJH�SHU�VTXDUH�IRRWDJH�LQ�WKH�FRPSOH[�ZLWK�
D�YDOXH�RI������N:K�IW�������KLJKHU�WKDQ�WKH�DYHUDJH�
RI�RWKHU�PHWHUHG�EXLOGLQJV�WKDW�LV�DW����N:K�IW����
%HLQJ�SDUW�RI�D�PHGLFDO�VFKRRO�DQG�UHVHDUFK�FDPSXV��
WKH� FDQFHU� LQVWLWXWH� UHFHLYHV� LWV� VWHDP� DQG� FKLOOHG�
ZDWHU� IURP� D� FHQWUDO� SODQW� WKDW� IHHGV� WKH� HQWLUH�
FDPSXV�� 7KH� FHQWUDO� SODQW� GRHV� QRW� KDYH� VXE�
PHWHULQJ� IRU� WKH� VWHDP� DQG� FKLOOHG� ZDWHU� VXSSO\��
7KHUHIRUH�� LW� ZDV� QRW� SRVVLEOH� WR� REWDLQ� VWHDP� RU�
FKLOOHG� ZDWHU� FRQVXPSWLRQ� IRU� WKH� FDQFHU� LQVWLWXWH��
+RZHYHU�� WKH� FDQFHU� LQVWLWXWH� KDV� VXE�PHWHULQJ� IRU�
WKH� HOHFWULF� SDQHOERDUGV�� ZLWK� HDFK� SDQHOERDUG�
PHWHUHG� VHSDUDWHO\�� 7KH� IDFLOLWLHV� DQG� RSHUDWLRQV�
RIILFH�ZDV�DEOH�WR�SURYLGH�WKH�PHWHUHG�HOHFWULFDO�GDWD��
SDQHOERDUG� VFKHGXOHV�� DQG� WKH� DUFKLWHFWXUDO��
HOHFWULFDO��DQG�PHFKDQLFDO�GUDZLQJV��(DFK�SDQHOERDUG�
SURYLGHV� SRZHU� WR� D� GLIIHUHQW� EXLOGLQJ� V\VWHP�� VXFK�
DV� OLJKWLQJ� RU� PHFKDQLFDO�� 8VLQJ� WKH� SDQHOERDUG�
VFKHGXOHV�� LW� ZDV� IRXQG� WKDW� PRVW� SXPS� DQG� IDQ�
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PRWRUV�� RYHU� ����� KRUVHSRZHU�� RI� WKH� PHFKDQLFDO�
V\VWHPV�ZHUH�RQ� WKHLU�RZQ�SDQHOERDUGV�� WKXV�� LW�ZDV�
SRVVLEOH� WR� GHILQH� ZKDW� SHUFHQWDJH� RI� HOHFWULFDO�
SRZHU� ZHQW� WR� WKH� PHFKDQLFDO� V\VWHPV¶� IDQV� DQG�
SXPSV��)LJXUH���VKRZV�WKH�DQQXDO�HOHFWULF�XVDJH�SHU�
SDQHOERDUG��/RRNLQJ�DW� WKH�PHWHUHG�SDQHOERDUGV�� WKH�
KLJKHVW�YDOXHV�DUH�IURP�SDQHOV�0'�3��DQG�0'�*���
7KHVH� WZR� SDQHOV� VHUYH� WKH� PRWRUV� RI� SXPSV�� IDQV�
DQG�FRPSUHVVRUV�RI� WKH�EXLOGLQJ�PHFKDQLFDO� V\VWHP��
DQG� WKH\� FRXQW� IRU� ����RI� WKH� WRWDO� HOHFWULFLW\� XVHG�
E\�WKH�EXLOGLQJ��

6,08/$7,21��
,Q� WKLV� VWXG\�� 'HVLJQ%XLOGHU�� DQ� LQWHUIDFH� RI�
(QHUJ\3OXV� KDV� EHHQ� WKH� PDLQ� SURJUDP� XVHG� IRU�
VLPXODWLRQ�� 7KH� SURJUDP� RIIHUV� WKH� RSWLRQ� WR�PRGHO�
WKH�EXLOGLQJ�ZLWK�D�VLPSOH�RU�GHWDLOHG�+9$&�V\VWHP��
,W� KDV� EXLOW�LQ� WHPSODWHV� IRU� FRQVWUXFWLRQ� PDWHULDO��
ZHDWKHU� GDWD�� W\SLFDO� ORDGV�� DQG� VFKHGXOHV� WKDW� DUH�
EDVHG� RQ� $6+5$(� ����������� WKH� ,QWHUQDWLRQDO�
(QHUJ\�&RGH��DQG�RWKHU�EXLOGLQJ�DQG�HQHUJ\�FRGHV��
7KH� EXLOGLQJ� PDWHULDO¶V� WKHUPDO� SURSHUWLHV� XVHG� IRU�
WKLV�VLPXODWLRQ�DUH�WKH�$6+5$(�����������WHPSODWHV�
DV�LW�LV�WKH�UHTXLUHG�E\�WKH�/(('�1&������ZKLFK�WKH�
FDQFHU�LQVWLWXWH�KDV�IROORZHG���
7KH�SUHVHQW� VWXG\� LQYHVWLJDWHG�NH\� LQSXW�SDUDPHWHUV�
WKDW�LQFUHDVH�WKH�VLPXODWLRQ�DFFXUDF\�ZKHQ�FRPSDUHG�
WR� WKH� DFWXDO� HQHUJ\� XVDJH� RI� WKH� FDQFHU� LQVWLWXWH��
LQFOXGLQJ�WKH�ODERUDWRU\�VSDFHV��,Q�DGGLWLRQ��IRU�WKHVH�
SDUDPHWHUV��WKH�VWXG\�LQYHVWLJDWHV�WKH�LPSDFW�RI�XVLQJ�
WKH� DSSOLFDEOH� GHVLJQ� DQG� HQHUJ\� JXLGHOLQHV� YDOXHV��
WKDW� 0(3� GHVLJQHUV� ZRXOG� XVH�� LQVWHDG� RI� WKH�
SURJUDP¶V�GHIDXOWV��7KLV�LQYHVWLJDWLRQ�KDV�IRXQG�WKDW�
WKH� NH\� LQSXW� SDUDPHWHUV� DUH� HTXLSPHQW� DQG�
RFFXSDQF\� VFKHGXOHV�� HTXLSPHQW� ORDGV�� DQG�
WHPSHUDWXUH�DQG�KXPLGLW\�VHW�SRLQWV���

Equipment and occupancy Schedules 
7KH�8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
�(3$�� DQG� WKH� 8�6�� 'HSDUWPHQW� RI� (QHUJ\� �'2(��
ERWK� VSRQVRUHG� D� SURMHFW� QDPHG� ³/DEV� IRU� WKH� ��VW�
&HQWXU\� �/DE����´� ZKLFK� FUHDWHG� D� JXLGHOLQH� WR�
UHGXFH� HQHUJ\� FRQVXPSWLRQ� LQ� ODERUDWRULHV�� 2QH� RI�
WKH� REMHFWLYHV� RI� WKLV� SURMHFW� LV� WR� HQDEOH� DFFXUDWH�
VLPXODWLRQV� RI� ODERUDWRULHV�� 7KHUHIRUH�� WKH� SURMHFW�
FUHDWHG� UHFRPPHQGHG� RFFXSDQF\�� HTXLSPHQW�� DQG�
OLJKWLQJ� VFKHGXOHV� IRU� ODERUDWRULHV� EDVHG� RQ� UHDO�
VFKHGXOHV� REWDLQ� IURP� FDVH� VWXG\� ODERUDWRULHV� WKDW�
SDUWLFLSDWHG� LQ� WKH� /DE� ��� SURMHFW� �/DE���VFKGO��
������� )LJXUH� �� UHSUHVHQWV� WKH� W\SLFDO� VFKHGXOH�
WHPSODWH�WKDW�VLPXODWLRQ�SURJUDPV�XVH�IRU�KHDOWKFDUH�
DQG� ODERUDWRU\� RFFXSDQF\�� )LJXUH� �� VKRZV� WKH�
ZHHNGD\� RFFXSDQF\� VFKHGXOH� SURSRVHG� E\� WKH� (3$�
/DE���SURMHFW�� ,Q� WKH�SUHVHQW� VWXG\�� WKH�(3$�/DE���
VFKHGXOHV� ZHUH� XVHG� VLQFH� WKH\� DUH� EDVHG� RQ� DFWXDO�
VFKHGXOHV�REWDLQHG�IURP�WKH�ILHOG��

Equipment Load 
$QRWKHU� LPSRUWDQW� LQSXW� IRU� DFFXUDWH� VLPXODWLRQV� LV�
WKH�HTXLSPHQW�ORDG�YDOXHV��7KH�FDQFHU� LQVWLWXWH�ZLWK�
LWV�UHVHDUFK�DQG�UDGLDWLRQ�WKHUDS\�IDFLOLWLHV�LV�D�KLJK�
HQHUJ\� FRQVXPHU� ZLWK� KLJK� HOHFWULFDO� HQHUJ\�
UHTXLUHPHQW� DQG� KLJK� SOXJ�ORDGV�� 7KH� 1DWLRQDO�
,QVWLWXWH�RI�+HDOWK��1,+��KDV�SXEOLVKHG�D�ELRPHGLFDO�
ODERUDWRU\� GHVLJQ� JXLGHOLQH� WLWOHG� ³'HVLJQ�
5HTXLUHPHQW�0DQXDO��7KH�IRUPXODH�IRU�EXLOGLQJ�VWDWH�
RI� WKH� DUW� ELRPHGLFDO� ODERUDWRULHV´� WR� VSHFLI\� WKH�
DUFKLWHFWXUDO�� PHFKDQLFDO�� HOHFWULFDO�� DQG� SOXPELQJ�
UHTXLUHPHQWV� WR� PDLQWDLQ� WKH� TXDOLW\� RI� ZRUN� DQG�
VDIHW\� RI� RFFXSDQWV� LQ� ELRPHGLFDO� ODERUDWRULHV�� 3DUW�
RI� WKH� HOHFWULFDO� GHVLJQ� UHTXLUHPHQWV� LV� WKH� HOHFWULF�
HQHUJ\� GHQVLW\� UHTXLUHG� WR� UHSUHVHQW� WKH� SOXJ�ORDGV��
&RPSDULQJ� WKH�GHIDXOW�YDOXHV�XVHG� LQ� WKH� VLPXODWLRQ�
SURJUDP�DQG�YDOXHV�UHFRPPHQGHG�E\�WKH�1,+�GHVLJQ�
PDQXDO��WKH�GHIDXOW�YDOXH�WKDW�WKH�VLPXODWLRQ�SURJUDP�
XVHV�IRU�HTXLSPHQW�ORDG�LV�����:�IW��ZLWK�����EHLQJ�
WKH�UDGLDWLRQ�JDLQ��7KH�1,+�JXLGH�UHTXLUHV�����:�IW��
IRU� ODERUDWRU\�HTXLSPHQW�HOHFWULFDO� ORDGV��7KHUHIRUH��
WR� TXDQWLI\� WKH� HOHFWULFDO� XVDJH� RI� WKH� ODERUDWRU\�
VSDFHV� LQ� WKH� FDQFHU� LQVWLWXWH�� DQ� DYHUDJH�YDOXH�RI���
:�IW�� ZDV� XVHG� DV� WKH� HOHFWULF� XVDJH� ZLWK� D� ����
UDGLDWLRQ�IUDFWLRQ��1,+���������

Temperature and humidity set-points 
$QRWKHU� LPSRUWDQW� IDFWRU� WKDW� DIIHFWV� WKH� DPRXQW� RI�
HQHUJ\� XVDJH� LQ� KHDOWKFDUH� EXLOGLQJV� LV� WKH�
WHPSHUDWXUH� VHWEDFNV�� 7KH� FDQFHU� LQVWLWXWH� LV� D� ���
KRXU� IDFLOLW\� WKDW� KDV� WKHUDS\� DQG� ODERUDWRU\� ]RQHV�
ZLWK� VWULFW� WHPSHUDWXUH� DQG� KXPLGLW\� UHTXLUHPHQWV��
7KH�1,+�UHTXLUHPHQWV�IRU�WHPSHUDWXUH�VHW�SRLQWV�DQG�
KXPLGLW\� ZHUH� XVHG� IRU� WKH� ODERUDWRU\� ]RQHV� LQ� WKH�
FDQFHU�LQVWLWXWH��6LQFH�ODERUDWRU\�VSDFHV�LQ�KHDOWKFDUH�
EXLOGLQJV� DUH� ]RQHV� ZLWK� KLJK� VHQVLWLYLW\� DQG� ORZ�
WROHUDQFH�WR�WKH�WHPSHUDWXUH�DQG�KXPLGLW\�FRQGLWLRQV��
WKH�1,+�JXLGH�UHTXLUHV�WKDW�WHPSHUDWXUH�DQG�KXPLGLW\�
VHW� SRLQWV� GHWDLOHG� LQ� 7DEOH� ��PXVW� EH� FRQWUROOHG� DW�
DOO�WLPH� ZLWKRXW� XVH� RI� D� VHWEDFN� FRQWURO� UHJLPH��
2WKHU� DX[LOLDU\� VSDFHV� VXFK� DV� DGPLQLVWUDWLYH� DQG�
RIILFH� VSDFHV� KDYH� WKH� VDPH� WHPSHUDWXUH� DQG�
KXPLGLW\� UHTXLUHPHQWV� LQ� 7DEOH� �� EXW� RQO\� GXULQJ�
RFFXSLHG� KRXUV�� 7KHUHIRUH�� WKH� YDOXHV� XVHG� IRU� WKH�
FDQFHU� LQVWLWXWH¶V� ODERUDWRU\� ]RQHV� DUH� DV� VKRZQ� LQ�
Table 2, ZKLOH� WKH� UDGLRORJ\� DQG� WKHUDS\� ]RQHV� DUH�
VHW�DW�WKH�GHIDXOW�WHPSHUDWXUH�DQG�KXPLGLW\�VHW�SRLQWV�
IRU�WUHDWPHQW�DUHDV�DV�VKRZQ�LQ�Table 3.�
 
Table 1 Indoor Design Conditions required by NIH 

Design Manual 

6HDVRQ� 7HPSHUDWXUH� R)�
�R&��

5HODWLYH�
+XPLGLW\���

6XPPHU� �������������� �������

:LQWHU� �������������� �������
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Table 2 Indoor Design Conditions used for 
simulating laboratory zones 

6HDVRQ�6HW�
SRLQW�

6HW�SRLQW�
7HPSHUDWXUH�
R)��R&����

6HW�EDFN�
7HPSHUDWXUH�
R)��R&��

5HODWLYH�
+XPLGLW\�
��

6XPPHU� �������� �������� ������

:LQWHU� �������� �������� ������

Table 3 Indoor Design Conditions used for 
simulating therapy and treatment zones (program 

defaults) 

6HDVRQ�6HW�
SRLQW�

6HW�SRLQW�
7HPSHUDWXUH�
R)��R&����

6HW�EDFN�
7HPSHUDWXUH�
R)��R&��

5HODWLYH�
+XPLGLW\�
��

6XPPHU� �������� ���������� ������

:LQWHU� �������� �������� ������

Simulation results 
$IWHU� XVLQJ� WKH� LQSXW� SDUDPHWHUV� ZLWK� WKH� PRGLILHG�
YDOXHV� PHQWLRQHG� LQ� WKH� SUHYLRXV� VHFWLRQV�� WKH�
VLPXODWHG�HOHFWULFLW\�UHVXOWV�DUH�FRPSDUHG�DJDLQVW�WKH�
SURJUDP�GHIDXOWV�IRU�WKHVH�SDUDPHWHUV�DQG�DJDLQVW�WKH�
DFWXDO� PHWHUHG� HOHFWULF� XVDJH�� ,Q� ������ WKH� FDQFHU�
LQVWLWXWH� XVHG� ����� PLOOLRQ� N:K� RI� HOHFWULF� HQHUJ\�
WKDW� LV� ������ N:K�IW��� 5XQQLQJ� WKH� VLPXODWLRQ� ZLWK�
/DE��� VFKHGXOHV� DQG� DSSURSULDWH� ORDG� LQSXWV� DQG�
WHPSHUDWXUH� VHW�SRLQWV�� WKH� UHVXOWV� IRU� WKH� HOHFWULF�
XVDJH� HTXDOV� WR� ����� PLOOLRQ� N:K� WKDW� LV� ������
N:K�IW��� )LJXUH� �� VKRZV� D� FRPSDULVRQ� EHWZHHQ� WKH�
DFWXDO�PHWHUHG�HOHFWULF�XVDJH�RI�WKH�FDQFHU�LQVWLWXWH�LQ�
������ WKH� SUHGLFWHG� HOHFWULF� XVDJH� IURP� WKH�
VLPXODWLRQ� SURJUDP� XVLQJ� WKH� GHIDXOWV� YDOXHV� DQG�
XVLQJ� WKH� PRGLILHG� YDOXHV� IRU� WKH� SDUDPHWHUV�
GLVFXVVHG� LQ� WKH� SUHYLRXV� VHFWLRQ�� 7KH� PRGLILHG�
SDUDPHWHUV� VKRZ� HOHFWULF� HQHUJ\� SUHGLFWLRQ� WKDW� LV�
ZLWKLQ� ���� RI� WKH� DFWXDO� XVH�� 7KLV� LV� ������
LPSURYHPHQW� LQ� DFFXUDF\� FRPSDUHG� WR� WKH� SURJUDP�
GHIDXOWV�IRU�WKH�VDPH�SDUDPHWHUV��

',6&866,21�
/RRNLQJ�DW�)LJXUH����WKH�DFWXDO�EXLOGLQJ�HOHFWULF�GDWD�
REWDLQHG� IURP� WKH� VLWH� DQG� WKH� VLPXODWHG� GDWD� ERWK�
KDYH� XQLIRUP� XVDJHV� WKURXJKRXW� WKH� \HDU� UHJDUGOHVV�
RI�WKH�RXWVLGH�ZHDWKHU�FRQGLWLRQV��7KH�DFWXDO�HOHFWULF�
GDWD� LQFOXGH� WKH� OLJKWLQJ��SOXJ�ORDGV� LQ� WKH�EXLOGLQJ��
WKH� SXPSV� DQG� IDQV� RI� WKH� PHFKDQLFDO� V\VWHP�� 7KH�
HOHFWULFLW\�REWDLQHG�IURP�WKH�VLPXODWLRQV�UHSUHVHQWHG�
FRPSXWHUV�� URRP� HOHFWULFLW\� �SOXJ�ORDGV��� OLJKWLQJ��
V\VWHP� IDQV�� DQG� V\VWHP�SXPSV�� 7KHVH� UHVXOWV� VKRZ�
WKH�LPSDFW�RI�XVLQJ�WKH�FRUUHFW�RFFXSDQF\��ORDG��DQG�
OLJKWLQJ�VFKHGXOHV��,Q�DGGLWLRQ��WKH�VWULFW�WHPSHUDWXUH�
UHTXLUHPHQWV� LQ� WKH� ODERUDWRU\� VSDFHV� GHPDQG� WKH�
+9$&� V\VWHP� WR� EH� UXQQLQJ� FRQWLQXRXVO\� WR�
PDLQWDLQ� WKH� UHTXLUHG� WHPSHUDWXUH� DQG� KXPLGLW\�
OHYHOV�DW�DOO�WLPH��

&21&/86,21�
7KH� VWXG\� H[DPLQHG� WKH� VLPXODWLRQ� DFFXUDF\� IRU� D�
FDQFHU� LQVWLWXWH� DV� DQ� H[DPSOH� RI� KHDOWKFDUH�
EXLOGLQJV�� 7KH� DLP� ZDV� WR� SURGXFH� DFFXUDWH�
VLPXODWLRQ�UHVXOWV�ZLWKRXW�FDOLEUDWLRQ��7KH�SURFHVV��
ZDV�GRQH�E\�FUHDWLQJ�WKH�HQHUJ\�PRGHO�DFFRUGLQJ�WR�
GHVLJQ� FRGHV� DQG� JXLGHOLQHV� DSSOLFDEOH� WR� WKH�
EXLOGLQJ�� 7KH� IDFLOLWLHV� DQG� RSHUDWLRQV� RIILFH�
RYHUVHHLQJ� WKH� FDQFHU� LQVWLWXWH� SURYLGHG� WKH� DFWXDO�
PHWHUHG� HOHFWULF� GDWD�� 7R� LQFUHDVH� DFFXUDF\� RI� WKH�
FDQFHU� LQVWLWXWH� HQHUJ\� VLPXODWLRQ�� WKH� IROORZLQJ�
VLPXODWLRQ� LQSXW� SDUDPHWHUV� KDYH� EHHQ� FKDQJHG� WR�
PHHW�1,+�DQG�(3$¶V�/DE��� UHTXLUHPHQWV�� DQG� WKH\�
DUH��HTXLSPHQW�DQG�RFFXSDQF\�VFKHGXOHV��HTXLSPHQW�
ORDGV��DQG�WHPSHUDWXUH�DQG�KXPLGLW\�VHW�SRLQWV��$IWHU�
VLPXODWLRQ�� WKH� SUHGLFWHG� HQHUJ\� XVDJH� VKRZHG� D�
SDWWHUQ� WKDW� PDWFKHV� WKH� DFWXDO� XVDJH� SDWWHUQ� RI� WKH�
FDQFHU� LQVWLWXWH�� ,Q� DGGLWLRQ�� WKH� SUHGLFWHG� HOHFWULF�
HQHUJ\�SHU�VTXDUH�IRRW�ZDV�ZLWKLQ�����RI�WKH�DFWXDO�
XVDJH��7KHUHIRUH�� WKH�LQSXW�YDULDEOHV��HTXLSPHQW�DQG�
RFFXSDQF\� VFKHGXOHV�� HTXLSPHQW� ORDGV�� DQG�
WHPSHUDWXUH� DQG� KXPLGLW\� VHW�SRLQWV� KDYH� DQ�
LPSRUWDQW� LPSDFW� RQ� WKH� DFFXUDF\� RI� PRGHOOLQJ� WKH�
FDVH� VWXG\�� ZKLFK� LV� D� FDQFHU� LQVWLWXWH� ZLWK� D�
ODERUDWRU\� VSDFH� RFFXS\LQJ� ���� RI� WKH� EXLOGLQJ��
7KHVH� LQSXWV� DUH� DSSOLFDEOH� WR� RWKHU� KHDOWKFDUH�
IDFLOLWLHV� WR� LQFUHDVH� WKH� DFFXUDF\� RI� WKH� EXLOGLQJ�
HQHUJ\�VLPXODWLRQV��

$&.12:/('*0(17��
7KLV�VWXG\�ZDV�SDUWLDOO\�VXSSRUWHG�E\�WKH�'2(�+8%�
IRU� (QHUJ\� (IILFLHQW� %XLOGLQJV� �((%� +8%�� XQGHU�
$ZDUG� 1XPEHU� '(�((��������� 7KH� DXWKRU� ZRXOG�
DOVR� OLNH� WR� WKDQN� WKH� GHSDUWPHQW� RI� IDFLOLWLHV� DW� WKH�
3HQQ� 6WDWH� 0LOWRQ� 6�� +HUVKH\� 0HGLFDO� &HQWHU� DQG�
+HDOWK�6\VWHP�IRU�WKHLU�KHOS�DQG�VXSSRUW�LQ�JDWKHULQJ�
GDWD�IRU�WKLV�VWXG\��

',6&/$,0(5��
7KLV�SDSHU�ZDV�SUHSDUHG�DV�DQ�DFFRXQW�RI�ZRUN�
VSRQVRUHG�E\�DQ�DJHQF\�RI�WKH�8QLWHG�6WDWHV�
*RYHUQPHQW��1HLWKHU�WKH�8QLWHG�6WDWHV�*RYHUQPHQW�
QRU�DQ\�DJHQF\�WKHUHRI��QRU�DQ\�RI�WKHLU�HPSOR\HHV��
PDNHV�DQ\�ZDUUDQW\��H[SUHVV�RU�LPSOLHG��RU�DVVXPHV�
DQ\�OHJDO�OLDELOLW\�RU�UHVSRQVLELOLW\�IRU�WKH�DFFXUDF\��
FRPSOHWHQHVV��RU�XVHIXOQHVV�RI�DQ\�LQIRUPDWLRQ��
DSSDUDWXV��SURGXFW��RU�SURFHVV�GLVFORVHG��RU�
UHSUHVHQWV�WKDW�LWV�XVH�ZRXOG�QRW�LQIULQJH�SULYDWHO\�
RZQHG�ULJKWV��5HIHUHQFH�KHUHLQ�WR�DQ\�VSHFLILF�
FRPPHUFLDO�SURGXFW��SURFHVV��RU�VHUYLFH�E\�WUDGH�
QDPH��WUDGHPDUN��PDQXIDFWXUHU��RU�RWKHUZLVH�GRHV�
QRW�QHFHVVDULO\�FRQVWLWXWH�RU�LPSO\�LWV�HQGRUVHPHQW��
UHFRPPHQGDWLRQ��RU�IDYRXULQJ�E\�WKH�8QLWHG�6WDWHV�
*RYHUQPHQW�RU�DQ\�DJHQF\�WKHUHRI��7KH�YLHZV�DQG�
RSLQLRQV�RI�DXWKRUV�H[SUHVVHG�KHUHLQ�GR�QRW�
QHFHVVDULO\�VWDWH�RU�UHIOHFW�WKRVH�RI�WKH�8QLWHG�6WDWHV�
*RYHUQPHQW�RU�DQ\�DJHQF\�WKHUHRI��
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5()(5(1&(6�
&UDZOH\��'�%���/DZULH��/���:LQNOHPDQQ��)���

³(QHUJ\3OXV��FUHDWLQJ�D�QHZ�JHQHUDWLRQ�
EXLOGLQJ�HQHUJ\�VLPXODWLRQ�SURJUDP�´�
Building and Environment 33�������������
���±�����

'HJHOPDQ��/���6RHEDUWR��9��³9LWDO�6LJQV�&XUULFXOXP�
0DWHULDOV�3URMHFW��:KROH�%XLOGLQJ�(QHUJ\�
3HUIRUPDQFH�VLPXODWLRQ�DQG�3UHGLFWLRQ�IRU�
UHWURILWV´��7H[DV�86$��8QLYHUVLW\�RI�7H[DV�
$	0��

7��.XVXGD���The Computer Program for Heating and 
Cooling Loads in Buildings��%XLOGLQJ�
6FLHQFH�6HULHV�����:DVKLQJWRQ��'&��
1DWLRQDO�%XUHDX�RI�6WDQGDUGV��������

)�:��%XKO��5�%��&XUWLV��6�'��*DWHV��-�-��+LUVFK��0��
/RNPDQKHNLP��6�3��-DHJHU��$�+��5RVHQIHOG��
)�&��:LQNHOPDQQ��%�'��+XQQ��0�$��
5RVFKNH��+�'��5RVV��*�6��/HLJKWRQ����DOE-
2: A New State-of the-Art Computer 
Program for Energy Utilization Analysis of 
Buildings��6HFRQG�,QWHUQDWLRQDO�&,%�
6\PSRVLXP�RQ�(QHUJ\�&RQVHUYDWLRQ�LQ�WKH�
%XLOW�(QYLURQPHQW��'HQPDUN��'DQLVK�
%XLOGLQJ�5HVHDUFK�,QVWLWXWH�������

*��$��%HQQHWW�HW�DO���CAL-ERDA Program Manual��
/RV�$ODPRV��10��/RV�$ODPRV�6FLHQWLILF�
/DERUDWRU\��������

-�$��&ODUNH�DQG�'��0F/HDQ���ESP - a Building and 
Plant Energy Simulation System��
6WUDWKFO\GH���(QHUJ\�6LPXODWLRQ�5HVHDUFK�
8QLW��8QLYHUVLW\�RI�6WUDWKFO\GH��������

/��3DOPLWHU��7��:KHHOLQJ�DQG�5��-XGNRII��Residential 
Energy Simulator �*ROGHQ��&2���6RODU�
(QHUJ\�5HVHDUFK�,QVWLWXWH�6(5,��QRZ�15(/�
5HSRUW��������

6KHSKHUG��'���³$�FORVHU�ORRN�DW�/(('�LQ�QHZ�
FRQVWUXFWLRQ�´�Rock Products ���, ���������
������

(,$�&%(&6�'DWDEDVH��REMHFW�QDPH��7DEOH�%����
(QHUJ\�6RXUFHV��1XPEHU�RI�%XLOGLQJV��
DFFHVVHG�)HEUXDU\������������
KWWS���ZZZ�HLD�JRY�FRQVXPSWLRQ�FRPPHUFLD
O�GDWD�������

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\���
Laboratories for the 21st Century: An 
Introduction to Low-Energy Design��
DFFHVVHG�)HEUXDU\�����������
KWWS���ZZZ�L�VO�RUJ�GRFXPHQWV�WRRONLW�ORZH
QHUJ\B����SGI�

8�6��(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\,  
Laboratories for the 21st Century: 
Laboratory Modelling Guideline using 
ASHRAE 90.1-2007 Appendix G��DFFHVVHG�
)HEUXDU\�����������
KWWS���ZZZ�L�VO�RUJ�GRFXPHQWV�WRRONLW�DVKUD
HBDSSJB����B����SGI��

�
�

1DWLRQDO�,QVWLWXWH�RI�+HDOWK��Design Requirements 
Manual for Biomedical Laboratories and 
Animal Research Facilities��0DU\ODQG�86$��
1DWLRQDO�,QVWLWXWH�RI�+HDOWK��������

:DQJ��/���0DWKHZ��3���3DQJ��;���³8QFHUWDLQWLHV�LQ�
HQHUJ\�FRQVXPSWLRQ�LQWURGXFHG�E\�
EXLOGLQJ�RSHUDWLRQV�DQG�ZHDWKHU�IRU�D�
PHGLXP�VL]H�RIILFH�EXLOGLQJ�´�Energy and 
Buildings�53,������������±����<H]LUR��$���
'RQJ��%���/HLWH��)���³$Q�DSSOLHG�DUWLILFLDO�
LQWHOOLJHQFH�DSSURDFK�WRZDUGV�DVVHVVLQJ�
EXLOGLQJ�SHUIRUPDQFH�VLPXODWLRQ�WRROV�´�
Energy and Buildings�40,������������±����

<RRQ��-���/HH��(���&ODULGJH��'���³&DOLEUDWLRQ�
3URFHGXUH�IRU�(QHUJ\�3HUIRUPDQFH�
6LPXODWLRQ�RI�D�&RPPHUFLDO�%XLOGLQJ�´�
Solar Energy Engineering 125,���������
���±�����
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Figure 2: The default occupancy schedule that 
DesignBuilder uses. 

�
�

Figure 3: The occupancy schedule suggested by the EPA 
Labs for the 21s century project 

�

Figure 1: Annual electric usage in Cancer Institute per panelboard. 
Circled bars represent panelboards for the mechanical system. 

�

Figure 4: A comparison 
between the actual 
electric energy used by 
the Cancer Institute 
(Black) and the electric 
usage obtained from 
simulated model using 
both default (Dark 
Grey) and modified 
values for parameters 
(Light Grey). 

�
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