
Urban Energy Information Modelling: An interactive platform to communicate simulation-
based high fidelity building energy analysis using Geographical Information Systems (GIS) 
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VWDJH�QRZDGD\V�LV�EHFRPLQJ�D�FRPPRQ�WUHQG�DPRQJ�
EXLOGLQJ� GHVLJQHUV� ZKR� DUH� FRQFHUQHG� DERXW� HQHUJ\�
FRQVHUYDWLRQ�� 7KLV� WDVN� DSSOLHV� WR� QHZ� FRQVWUXFWLRQ�
DV� ZHOO� DV� UHWURILW� SURMHFWV� WR� DGGUHVV� VXVWDLQDELOLW\�
LVVXHV�ZLWK�UHJDUG�WR�UHGXFLQJ�FDUERQ�IRRWSULQW�ZKLOH�
PDLQWDLQLQJ�KHDOWK\�DQG�SURGXFWLYH�HQYLURQPHQWV���
$�ELJJHU�FKDOOHQJH�LV�HPHUJLQJ�LQ�SUDFWLFH�WR�DGGUHVV�
WKH� WRWDO� HQHUJ\� FRQVXPSWLRQ� SURILOH� RQ� D�
QHLJKERUKRRG� RU� FLW\� OHYHO� UDWKHU� WKDQ� MXVW� DW� WKH�
EXLOGLQJ� OHYHO�� )RU� FLWLHV� ZLWK� D� GHQVH� XUEDQ�
HQYLURQPHQW��WKH�HQHUJ\�FRQVXPSWLRQ�E\�WKH�EXLOGLQJ�
VHFWRU� LV� PRUH� WKDQ� WZR�WKLUGV� RI� WKH� WRWDO� HQHUJ\�
FRQVXPSWLRQ�RI�WKH�FLW\��1HZ<RUN���������7KLV�LV�WKH�
FDVH� ZLWK� DOPRVW� HYHU\� FLW\� QRW� RQO\� LQ� WKH� 8QLWHG�
6WDWHV�EXW�DOPRVW�DOO�WKH�FLWLHV�LQ�GHYHORSLQJ�DQG�WKLUG�
ZRUOG�FRXQWULHV���
$� EXLOGLQJ�E\�EXLOGLQJ� HQHUJ\� FRQVXPSWLRQ� PRGHO�
ZRXOG�EH�D�VWDUWLQJ�SRLQW�IRU�DQDO\VLV�E\�XUEDQ�GHVLJQ�
SODQQHUV��+RZDUG�%��HW�DO����������7KLV�EXLOGLQJ�E\�
EXLOGLQJ� HQHUJ\� FRQVXPSWLRQ� FDQ� EH� DQ� LPSRUWDQW�
GDWD� VRXUFH� E\� WKH� XWLOLW\� FRPSDQLHV� WR� RSWLPL]H�
HQHUJ\� VXSSO\� DQG� PHFKDQLFDO� HQJLQHHUV� WR� GHVLJQ�
HIILFLHQW� V\VWHPV�� 7KH� ILUVW� SDUW� RI� WKH� UHVHDUFK�
LQYROYHV�XUEDQ�HQHUJ\�PRGHOLQJ�RI�D����DFUH�PL[HG�
XVH�UHGHYHORSPHQW��7KH�VHFRQG�SDUW�LV�WR�FRQYH\�WKLV�
WR�WKH�FOLHQWV��WKH�GHVLJQ�WHDP�DQG�UHODWHG�SDUWLHV�IRU�
GHFLVLRQ� PDNLQJ� XVLQJ� *HRJUDSKLFDO� ,QIRUPDWLRQ�
6\VWHPV��*,6���
7KH� FRQFHSW� RI� DGRSWLQJ� *,6� WR� SUHVHQW� EXLOGLQJ�
VLPXODWLRQ� UHVXOWV� LV� IDLUO\� QHZ� LQ� WKH� EXLOGLQJ�

VLPXODWLRQ� LQGXVWU\�� 7KLV� UHVHDUFK� QRW� RQO\� IRFXVHV�
RQ�GDWD� UHSUHVHQWDWLRQ��EXW� DOVR� VHUYHV� DV� D�GHFLVLRQ�
PDNLQJ� VXSSRUW� WRRO�� 7KH� *,6� PDS� SURYLGHV�
LQIRUPDWLRQ� RQ� WKH� PDFUR� WR� PLFUR� OHYHO� EXLOGLQJ�
HQHUJ\�FRQVXPSWLRQ��HQHUJ\�FRQVXPSWLRQ�DFURVV� WKH�
VLWH� WR� LQGLYLGXDO� EXLOGLQJ� HQHUJ\� FRQVXPSWLRQ��� WKH�
HQHUJ\� XVH� LQWHQVLW\� �(8,�� RI� HDFK� EXLOGLQJ� DV�ZHOO�
WKH�(8,� DQG� WKH� SHDN�KHDWLQJ� DQG� FRROLQJ� ORDGV� IRU�
WKH� HQWLUH� VLWH� DV� ZHOO� DV� HDFK� LQGLYLGXDO� EXLOGLQJ��
7KH� HQHUJ\� VLPXODWLRQ� DOVR� SURYLGHV� WKH� KRXUO\�
HQHUJ\�FRQVXPSWLRQ�WR�VWXG\�WKH�DFWXDO�SHDNV�ZKLFK�
RFFXU� GXULQJ� D� ���KRXU� SHULRG�� 7KLV� LQIRUPDWLRQ� LV�
H[WUHPHO\� LPSRUWDQW� WR� PHFKDQLFDO� HQJLQHHUV� IRU�
+9$&� SODQW� VL]LQJ�� GHYLVH� RSWLRQV� IRU� WKHUPDO� DQG�
GLVWULFW� WUL�JHQHUDWLRQ� V\VWHPV� FRPSDUHG� WR� VWDQG�
DORQH� V\VWHPV�� )RU� WKH� GHVLJQ� WHDP�� WKH� PDSSLQJ�
LQIRUPDWLRQ� LV� SDUWLFXODUO\� LPSRUWDQW� LQ� WHUPV� RI�
GHVLJQ� LPSURYLVDWLRQ� DQG� RSWLPL]DWLRQ� RI� HQHUJ\�
FRQVXPSWLRQ� E\� XVLQJ� VXVWDLQDEOH� GHVLJQ� VWUDWHJLHV��
$FFRUGLQJ� WR� �+RZDUG� %�� HW� DO��� ������� FRPELQHG�
KHDW� DQG� SRZHU� V\VWHPV� �&+3�� FDQ� IXQFWLRQ�
HIIHFWLYHO\� E\� UH�XVLQJ� WKH�ZDVWH� KHDW� IURP� WKH� VLWH��
7KLV�LV�SRVVLEOH�GXH�WR�WKH�FORVH�VSDWLDO�SUR[LPLW\�RI�
WKH� VLWH� WR� WKH� &+3� V\VWHPV�� 6SDWLDOO\� GLVWULEXWHG�
HQHUJ\� XVH� LQIRUPDWLRQ� FDQ� KHOS� WKH� GHVLJQ� WHDP�
LGHQWLI\� FRVW�HIIHFWLYH� HQJLQHHULQJ� RSSRUWXQLWLHV��
7KHUHIRUH�� LQIRUPDWLRQ� RQ� VLWH� KHDWLQJ� DQG� FRROLQJ�
ORDGV� FDQ� KHOS� LGHQWLI\� FRVW� HIIHFWLYH� HQHUJ\� VXSSO\�
V\VWHPV�RQ�DQ�XUEDQ�VFDOH��
7KH�*,6�PDSSLQJ� LV� LQWHQGHG� WR� EH� D� SRZHUIXO� WRRO�
IRU� WKH� VWDNHKROGHUV� WKDW� ZLOO� KHOS� WKHP� ZLWK� WKH�
GHFLVLRQ� IRU� HQHUJ\� SODQW� VL]LQJ�� HQHUJ\� XVH�� UHWXUQ�
RQ�LQYHVWPHQW�DQG�FRPSDUDWLYH�HVWLPDWHV�RI�07&2��
DVVRFLDWHG� ZLWK� GLVWULFW� WKHUPDO� DQG� GLVWULFW� WUL�
JHQHUDWLRQ� �KHDW�� FRRO� DQG� HOHFWULF� SRZHU�� YHUVXV�
VWDQG�DORQH�V\VWHPV��

2%-(&7,9(6�
7KLV� SDSHU� SUHVHQWV� D� GHWDLOHG� DQDO\VLV� RI� EDVHOLQH�
HQHUJ\� VLPXODWLRQ� RI� WKH� ���DFUH� XUEDQ� PL[HG�XVH�
UHGHYHORSPHQW� RI� WKH� /RZHU� +LOO� 'LVWULFW� LQ�
3LWWVEXUJK�� 3HQQV\OYDQLD�� 86$�� &RPSDUDWLYH�
DQDO\VLV�DUH�SHUIRUPHG�WR�VWXG\�WKH�VLPXODWLRQ�PRGHO�
LQSXW� SDUDPHWHUV� XVLQJ� 'HVLJQ%XLOGHU� GHIDXOW�
DVVXPSWLRQV� DQG� WKH� 'HSDUWPHQW� RI� (QHUJ\� �'2(��
UHIHUHQFH�PRGHO� LQSXW�SDUDPHWHUV��7KH�RXWSXW�RI� WKH�
EDVHOLQH� HQHUJ\� VLPXODWLRQ� DQDO\VLV�� ZKLFK� DUH�
PRGHOOHG� EDVHG� RQ� '2(� UHIHUHQFH� EXLOGLQJ�� LV�
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PDSSHG� XVLQJ� *,6�� ZKLFK� VHUYHV� DV� D� WRRO� IRU� GDWD�
UHSUHVHQWDWLRQ� DQG� FRPPXQLFDWLRQ� IURP� D� PDFUR�
OHYHO� WR� PLFUR� OHYHO� RI� LQGLYLGXDO� EXLOGLQJV�� $W� WKH�
PDFUR� OHYHO�� WKH� PDS� SURYLGHV� LQIRUPDWLRQ� RQ� WKH�
HQWLUH� VLWH� HQHUJ\�FRQVXPSWLRQ�� HQHUJ\�XVH� LQWHQVLW\�
�(8,�� ZKLFK� LV� EURNHQ� GRZQ� WR� EORFN� OHYHO�
LQIRUPDWLRQ� IRU� GLIIHUHQW� EXLOGLQJ� W\SHV�� ZKLFK� LV�
IXUWKHU� EURNHQ� GRZQ� WR� WKH� PLFUR� EXLOGLQJ� OHYHO�
LQIRUPDWLRQ� ZKLFK� LQ� DGGLWLRQ� WR� WKH� WRWDO� HQHUJ\�
FRQVXPSWLRQ� DQG� WKH� (8,�� SURYLGHV� HQHUJ\� HQG�XVH�
GHWDLOV�DQG�KRXUO\�HQHUJ\�FRQVXPSWLRQ���

%8,/',1*�(1(5*<�6,08/$7,21�
$1'�*,6�0$33,1*�352&(66�
$� %DVHOLQH� HQHUJ\� VLPXODWLRQ� LV� FRQGXFWHG� IRU� WKH�
PL[HG�XVH� UHGHYHORSPHQW� WKDW� FRPSULVHV� ���

EXLOGLQJV� RI� ODQG� XVH� W\SHV� QDPHO\�� PXOWL�IDPLO\�
XQLWV�� WRZQKRXVHV�� RIILFHV�� UHWDLO� VSDFHV�� FRPPXQLW\�
FHQWUH� DQG� D� KRWHO� XVLQJ� (QHUJ\3OXV� VLPXODWLRQ�
HQJLQH�ZLWK�'HVLJQ%XLOGHU�DV�WKH�LQWHUIDFH��7KH�GDWD�
IURP� WKH� VLPXODWLRQ� LV� SURFHVVHG� IRU� DQDO\VLV� XVLQJ�
0LFURVRIW� H[FHO�� 7KH�SURFHVVHG� GDWD� DUH�PDSSHG�RQ�
$UF� 0DS� IRU� HYHU\� EXLOGLQJ� DV� EXLOGLQJ� DWWULEXWHV��
7KHVH�EXLOGLQJ�DWWULEXWHV�FDQ�EH�YLHZHG�DV�D�+70/�
SRS�XS�ZLQGRZ� LQ�$UF�6FHQH�DV� VKRZQ� LQ�)LJXUH����
)LJXUH� �� VKRZV� WKH� VLWH� SODQ� RI� WKH� /RZHU� +LOO�
'LVWULFW� LQGLFDWLQJ� WKH�GLIIHUHQW� ODQG�XVHV�DORQJ�ZLWK�
WKH�VXUURXQGLQJV�LQ�FRQWH[W���
�

�
Figure 1 Site map of the Lower Hill District, Pittsburgh, Pennsylvania

GIS representation as a Decision Support Tool 
7KH� SODWIRUP� XVHG� IRU� HIIHFWLYHO\� FRQYH\LQJ� WKH�
VLPXODWHG� GDWD� LV� $UF� 0DS� DQG� $UF� 6FHQH� YHUVLRQ�
������7KH�VLPXODWHG�GDWD�IRU�HDFK�EXLOGLQJ�LV�PDSSHG�
LQ�$UF�6FHQH� WKDW� HQDEOHV� �'�EXLOGLQJ� YLVXDOL]DWLRQ�
DV�ZHOO�DV�JUDSKLFDO�GDWD�UHSUHVHQWDWLRQ��
)LUVWO\��WKH�*,6�PDS�LV�FUHDWHG�XVLQJ�WKH��'�OD\HUV�RI�
WKH� ODQG�SDUFHOV�� URDGV�� WRSRJUDSK\��EXLOGLQJ�EORFNV��
DQG�K\GURORJ\�IRU�WKH�FLW\�RI�3LWWVEXUJK��7KHVH�OD\HUV�
DUH� GRZQORDGHG� IURP� WKH� $OOHJKHQ\� &RXQW\��
3HQQV\OYDQLD� *,6� ZHEVLWH�� 7KH� OD\HUV� DUH� WKHQ�
LPSRUWHG� LQWR�$UF�0DS� WR� FUHDWH� D� �'� EDVH� IRU� WKH�
EXLOGLQJ� EORFNV�� ,Q� RUGHU� WR� PRGHO� D� UHDOLVWLF�
WRSRJUDSK\�IRU�WKH�EDVH��D�WULDQJXODWHG�GDWD�VWUXFWXUH�

�7,1��OD\HU�LV�FUHDWHG�XVLQJ�WKH��'�FRQWRXUV�DQG�WKH�
H[WUXVLRQ�IXQFWLRQ�LQ�$UF�0DS���
7KH� �'�PRGHOV� RI� WKH� EXLOGLQJV� RQ� WKH� /RZHU� +LOO�
GLVWULFW� VLWH� DUH� LPSRUWHG� IURP� WKH� 6NHWFKXS� ILOH�
SURYLGHG� E\� WKH� XUEDQ� SODQQLQJ� ILUP�8UEDQ� 'HVLJQ�
$VVRFLDWHV� �8'$���7KH��'�PRGHOV�RI�HDFK�EXLOGLQJ�
LV�H[SRUWHG�DV�D�FROODGD� ILOH� IURP�*RRJOH�VNHWFK�XS��
7KH� FROODGD� ILOH� LV� LPSRUWHG� LQWR� $UF� 6FHQH� DV� D�
JHRGDWDEDVH�ZKLFK�LV�FUHDWHG�IRU�HYHU\�EXLOGLQJ���
2QFH� WKH� �'�PDS� LV� FUHDWHG� LQ�$UF� 6FHQH�� WKH� GDWD�
IURP� WKH� HQHUJ\� VLPXODWLRQ� LV� LPSRUWHG� DV� EXLOGLQJ�
DWWULEXWHV� LQWR�$UF�0DS� DV�ZHOO� DV�$UF� 6FHQH� WR� EH�
DEOH� WR� VZLWFK� IURP� �'� DQG� �'�� (DFK� EXLOGLQJ�
FRQWDLQV� WKH� DWWULEXWHV�� EXLOGLQJ� QDPH�� WRWDO�
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FRQGLWLRQHG�DUHD��DQQXDO�HQHUJ\�FRQVXPSWLRQ��HQHUJ\�
XVH�LQWHQVLW\��DQQXDO�DQG�PRQWKO\�SHDN�GHPDQG��7KH�
VLPXODWHG�GDWD� DUH�SURFHVVHG�XVLQJ�0LFURVRIW�([FHO��
$UF� *,6� SURYLGHV� D� IHDWXUH� WR� GLUHFWO\� LPSRUW� WKLV�
([FHO� IRUPDW� GDWD� LQWR� WKH� �'� PDS� DV� EXLOGLQJ�
DWWULEXWHV��7KH�EXLOGLQJ�DWWULEXWHV�DUH�GHVLJQHG� WR�EH�
YLHZHG�DV�D�+70/�SRS�XS�ZLQGRZ�LQ�$UF�6FHQH�IRU�
HYHU\�EXLOGLQJ�DV�VKRZQ�LQ�)LJXUH�����
7KLV� YLVXDOL]DWLRQ� DLG� LV� DYDLODEOH� WR� DOO� SURMHFW�
GHFLVLRQ�PDNHUV� IRU� HDV\� DQG� FOHDU� DFFHVV� WR� DOO� WKH�
VLPXODWHG� GDWD�� &XUUHQWO\�� WKLV� GDWD� LV� DYDLODEOH� RQ�
$UF� 6FHQH�� ZKLFK� LV� D� VWDQG�DORQH� VRIWZDUH�� $V� D�
FRQWLQXDWLRQ�WR�WKH�SURFHVV�RI�PDNLQJ�VLPXODWHG�GDWD�
HDVLO\� DFFHVVLEOH� WR� SURMHFW� SDUWQHUV�� WKH� QH[W� VWHS�
LQYROYHV�PDNLQJ�WKH�GDWD�DYDLODEOH�RQOLQH���

Further development using GIS CLOUD 
0DNLQJ� WKH� PDS� DYDLODEOH� RQOLQH� FDQ� EH� DFKLHYHG�
XVLQJ�*,6�FORXG��$FFRUGLQJ�WR�WKH�GHYHORSHUV�RI�*,6�
FORXG� FRPSXWLQJ�� ³*,6� LV� D� WHFKQRORJLFDO� ILHOG� WKDW�
LQFRUSRUDWHV� JHRJUDSKLFDO� IHDWXUHV�ZLWK� WDEXODU� GDWD�
LQ� RUGHU� WR� PDS�� DQDO\]H� DQG� DVVHVV� UHDO� ZRUOG�
SUREOHPV´� �JLVFORXG�FRP�� ������� *,6� KHOSV� LQ�
PHUJLQJ�ODUJH�DPRXQWV�RI�GDWD�DQG�FDUWRJUDSK\�LQWR�D�
VLQJOH�PDS�ZKLFK�VHUYHV�DV�D�GHFLVLRQ�WRRO��$OWKRXJK�
*,6�VRIWZDUH�ZDV�FRPSOHWHO\�VWDQG�DORQH�SUHYLRXVO\��
WKH�UHFHQW� LQWURGXFWLRQ�RI�*,6�RQOLQH�DQG�*,6�FORXG�
WHFKQRORJLHV� KDV� HQDEOHG� VKDULQJ� WKH� GDWD� DQDO\VLV�
DQG�PDSSLQJ�WKH�GDWD��
*,6� FORXG� LV� WKH� ILUVW� ZHE� EDVHG� *,6� SRZHUHG� E\�
FORXG�FRPSXWLQJ� �JLVFORXG�FRP���������6LQFH� WKLV� LV�
DQ� LQWHJUDWHG� IHDWXUH� ZLWK� $5&� *,6�� LW� LV� FRVW�
HIILFLHQW�� HDV\� ZHE� SXEOLVKLQJ�� LPSURYHG�
FROODERUDWLRQ�DQG�DOVR�SURYLGHV�FORXG�VHFXULW\���

&XUUHQWO\�DOO�PDSSLQJ�RQ�*,6�FORXG�LV�LQ��'�IRUPDW��
7KH�PDSV�DUH�GLUHFWO\� LPSRUWHG� IURP�$UF�0DS�ZLWK�
WKH� LQGLYLGXDO� OD\HUV� DV� FORXG� GDWD�� 7KH� �'�
FRPSRQHQWV�VXFK�DV�EXLOGLQJV�DQG�RWKHU�ODQG�IHDWXUHV�
FDQ� EH� FRGHG� LQWR� WKH� *,6� FORXG� ZHEVLWH� XVLQJ�
-DYD6FULSW� $3,�� 7KH� XVH� RI� -DYD6FULSW� $3,� IRU� WKH�
GHYHORSPHQW� RI�*,6� FORXG� LV� GHWDLOHG� FRPSOHWHO\� LQ�
WKH�*,6�FORXG�GHYHORSHUV�PDQXDO��)LJXUH���LQGLFDWHV�
D� PRFN� XS� RI� WKH� *,6� FORXG� ZHEVLWH� ZLWK� WKH� ���
EXLOGLQJV� RI� WKH�/RZHU�+LOO�'LVWULFW�5HGHYHORSPHQW�
VLWH�DORQJ�ZLWK�LWV�VXUURXQGLQJV�EXLOGLQJ��7KH�IRUPDW�
DQG� OD\RXW� RI� WKH�ZHEVLWH� LV� LQ� DFFRUGDQFH�ZLWK� WKH�
FXUUHQW� YHUVLRQ� RI�*,6� FORXG�ZHEVLWH�ZKLFK� LV� XVHG�
IRU� �'� PDSSLQJ� DQG� GDWD� UHSUHVHQWDWLRQ�� 7KH� �'�
IHDWXUHV�DUH�LQWHQGHG�WR�EH�LQFRUSRUDWHG�LQWR�WKH�VDPH�
ZHEVLWH���
)LJXUH� �� LOOXVWUDWHV� WKH� VLPXODWHG� GDWD� LQIRUPDWLRQ�
WKDW�FDQ�EH�YLVXDOL]HG�RQ� WKH�*,6�FORXG�PDS�RQOLQH��
7KH�EXLOGLQJ�GDWD� �H�J�� EXLOGLQJ� W\SH�� EXLOGLQJ� DUHD��
QXPEHU�RI�UHVLGHQWLDO�XQLWV��DQG�VLPXODWHG�GDWD��H�J��
DQQXDO� HQG� XVH� HQHUJ\� FRQVXPSWLRQ�� SHDN� GHVLJQ�
ORDGV�� HQHUJ\� XVH� LQWHQVLW\�� DVVRFLDWHG� ZLWK� HDFK�
EXLOGLQJ�FDQ�EH�VHOHFWLYHO\�GLVSOD\HG��7KH�*,6�FORXG�
PDSV� FDQ� EH� YLHZHG� E\� DQ\RQH� ZKR� KDV� EHHQ�
SURYLGHG�ZLWK�D�OLQN�WR�WKH�PDS�DQG�FDQ�EH�FRQWUROOHG�
IRU�SULYDWH�DQG�SXEOLF�XVH���
7KH�VLPXODWLRQ�UHVXOWV�FDQ�EH�YLHZHG�DV� WLPH�EDVHG��
EXLOGLQJ� W\SH� EDVHG� DQG� VFDOH� EDVHG� GDWD�� 7KH� WLPH�
EDVHG� RXWSXW� SURYLGHV� PRQWKO\�� GDLO\� DQG� KRXUO\�
QDWXUDO� JDV� DQG� HOHFWULFLW\� FRQVXPSWLRQ� IRU� HYHU\�
EXLOGLQJ�RQ�WKH�VLWH��7KH�VFDOH�EDVHG�RXWSXW�SURYLGHV�
GDWD�IURP�D�PDFUR� OHYHO� �VLWH�VFDOH�� WR�D�PLFUR� OHYHO�
�EXLOGLQJ� VFDOH��� 7KH� EXLOGLQJ� W\SH� RXWSXW� SURYLGHV�
GHWDLOV�RQ�WKH�HQHUJ\�FRQVXPSWLRQ��DQG�SHDN�ORDGV�E\�
WKH�YDULRXV�EXLOGLQJ�W\SHV���

�
Figure 2 3D view of the Lower Hill District with building attributes displayed as a HTML pop up window in Arc 

Scene�
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Figure 3 Mock-up of the GIS cloud website for displaying simulated data on a macro and micro level 
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�
Figure 4 Mock-up of GIS cloud website indicating the two information display windows  

(HTML pop up and side bar)�
)LJXUH���LOOXVWUDWHV�WKH�WZR�ZLQGRZV�WKDW�FDQ�EH�XVHG�
WR� GLVSOD\� VLPXODWHG� GDWD� LQIRUPDWLRQ�� 7KH� +70/�
SRS� XS� ZLQGRZ� FDQ� EH� XVHG� WR� GLVSOD\� JUDSKLFDO�
LQIRUPDWLRQ� VXFK� DV� YLVXDOL]LQJ� SHDN� ORDGV�� DQG�
HQHUJ\�XVH�LQWHQVLWLHV��DFURVV�WKH�HQWLUH�VLWH��7KH�VLWH�
EDU� LV� XVHG� WR� GLVSOD\� LQGLYLGXDO� EXLOGLQJ�
LQIRUPDWLRQ�� 7KHUHIRUH�� WKH� GDWD� GLVSOD\� FDQ� EH�

RUJDQL]HG�FRQFXUUHQWO\�DV�PDFUR�OHYHO�GLVSOD\�GDWD�DV�
ZHOO�DV�EXLOGLQJ�OHYHO�GLVSOD\���
)LJXUH� �� UHSUHVHQWV� WKH� *RRJOH� (DUWK� LPDJH� RI� WKH�
/RZHU� +LOO� 'LVWULFW�� 8UEDQ� SODQQHUV� DQG� GHVLJQHUV�
XVH� WKLV� DV� D� YLVXDOL]DWLRQ� WRRO� IRU� WKH� GHVLJQ�
GHYHORSPHQW�DQG�GHVLJQ�GHFLVLRQ�PDNLQJ�ZLWK�WKH��
VXUURXQGLQJ�FRQWH[W�LQ�YLHZ��

Figure 5Google Earth representation of the Lower Hill District 
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6,08/$7,21�,1387�3$5$0(7(56�
)LJXUH���SURYLGHV�GHWDLOHG�LQIRUPDWLRQ�RQ�WKH�YDULRXV�
VRXUFHV� WKDW� LV� XVHG� WR� SRSXODWH� WKH� PRGHO� LQSXW�
SDUDPHWHUV��7KH�VRXUFHV�XVHG�IRU�WKH�EDVHOLQH�PRGHO�
VLPXODWLRQ� DUH� $6+5$(� ����������� '2(� UHIHUHQFH�
EXLOGLQJV� IRU� PLG�ULVH� UHVLGHQWLDO�� KLJK�ULVH�

FRPPHUFLDO�� VWDQG�DORQH� UHWDLO� DQG� VPDOO� KRWHO��
(QHUJ\3OXV� 70<�� ZHDWKHU� ILOH� IRU� 3LWWVEXUJK� DQG�
VSHFLILFDWLRQV� IURP� 8'$� VXFK� DV� VLWH� ]RQLQJ��
EXLOGLQJ� JHRPHWULHV�� EXLOGLQJ� DUHDV� IRU� HDFK�
UHVLGHQWLDO�XQLW��RIILFHV�DQG�UHWDLO�VSDFHV��QXPEHU�RI��
UHVLGHQWLDO�XQLWV�DQG�EXLOGLQJ�KHLJKWV�

�

Lower Hill District 
Baseline Energy 

Simulation Models

$6+5$(�����������DQG�
'2(�UHIHUHQFH�EXLOGLQJV�

FRPSOLDQW�PRGHO

Building context
*HRJUDSKLFDO�/RFDWLRQ

+RXUO\�ZHDWKHU�GDWD��GHVLJQ�GD\�GDWD
6XUURXQGLQJ�EXLOGLQJV
%XLOGLQJ�2ULHQWDWLRQ

Building Geometry
2YHUDOO�%XLOGLQJ�JHRPHWU\
6KDGLQJ�GHYLFH�JHRPHWU\

Thermal zones
7KHUPDO�]RQLQJ�OD\RXW

7KHUPDO�]RQLQJ�DGMDFHQF\�UXOHV�
�*URXQG�FRQWDFW��,QWHU�]RQDO��H[SRVHG��

DGLDEDWLF�
7KHUPDO�SDUWLWLRQLQJ

Occupancy
2FFXSDQW�GHQVLWLHV

2FFXSDQW�PHWDEROLF�DFWLYLW\�W\SH�UDWH

Lights and Equipment
/LJKWLQJ�3RZHU�'HQVLW\��/3'�
(TXLSPHQW�3RZHU�GHQVLW\��(3'�

([WHULRU�/LJKWLQJ�/HYHO��DQG�FRQWURO�
W\SH�

Domestic Hot Water
7\SH��FDSDFLW\��UDWHG�YROXPH�

(QHUJ\�)DFWRU
:DWHU�XVH�HTXLSPHQW�DQG�+:�IORZ�

UDWHV
0DLQV�:DWHU�WHPSHUDWXUH

+RW�ZDWHU�GHOLYHU\�WHPSHUDWXUH

Building Envelope
:LQGRZ�JHRPHWU\��*�WR�:�DUHD�5DWLR�
:LQGRZ�3URSHUWLHV��X�IDFWRU�6+*&��

97�
$ERYH�DQG�EHORZ�JUDGH�H[WHUQDO�ZDOOV�

�8�IDFWRU�
,QWHUQDO�ZDOOV��8�IDFWRU�DQG�

DVVHPEOLHV�
([WHUQDO�DQG�,QWHUQDO�)ORRUV

6ODE�RQ�JUDGH�IORRUV
,QWHUQDO�0DVV

(QYHORSH�LQILOWUDWLRQ�UDWH

Environmental controls
+HDWLQJ�FRROLQJ�VHWSRLQWV

0LQLPXP�RXWVLGH�DLU�YHQWLODWLRQ�
SHUVRQ

HVAC System
$SSHQGL[�*�7\SH��VHOHFWLRQ�FULWHULD�

Operational Schedules
%XLOGLQJ�VFKHGXOHV��RFFXSDQW�

VFKHGXOHV��OLJKWLQJ�DQG�HTXLSPHQW�
VFKHGXOHV�

(QYLURQPHQWDO�FRQWURO�VFKHGXOHV�
�KHDWLQJ�FRROLQJ�VFKHGXOHV�

+9$&�V\VWHP�RSHUDWLRQDO�VFKHGXOHV�
�$+8V��IDQV��FRLOV��SXPSV��ERLOHU��

FKLOOHU�

8UEDQ�'HVLJQ�$VVRFLDWHV��8'$�

:HDWKHU�GDWDEDVH��(QHUJ\3OXV�
3LWWVEXUJK�$OOHJKHQ\�&RXQW\�70<�

$6+5$(����������

'HSDUWPHQW�RI�(QHUJ\�5HIHUHQFH�EXLOGLQJ�PRGHOV

 Figure 6 Chart indicating various modelling input parameters and the sources for the input parameters; 
adapted from (Karaguzel & Lam, January 2012)�
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6,08/$7,21�5(68/76�
2Q�D�PDFUR�OHYHO��UHVXOWV�RI�WKH�HQHUJ\�VLPXODWLRQ�RI�
WKH� ��� EXLOGLQJV� SURYLGH� DQ� RYHUYLHZ�RI� WKH� HQHUJ\�
FRQVXPSWLRQ�� SHDN� HQHUJ\� GHPDQG� ORDGV� DQG� WKH�
HQHUJ\� XVH� LQWHQVLWLHV� IRU� WKH� ZKROH� VLWH�� 7KH�
HVWLPDWHG� $QQXDO� (QHUJ\� &RQVXPSWLRQ� XVLQJ� '2(�
UHIHUHQFH� LQSXW� SDUDPHWHUV� LV� ����������� N:K�� 7KH�
1HW�&RQGLWLRQHG� DUHD� LV� �������P��RXW� RI� WKH� JURVV�
IORRU�DUHD�RI� WKH�EXLOGLQJV�ZKLFK� LV��������P���7KH�
(QHUJ\� 8VH� ,QWHQVLW\� �(8,�� IRU� WKH� RYHUDOO� VLWH� LV�
������ N:K�P�� EDVHG� RQ� WKH� QHW� FRQGLWLRQHG� IORRU�

DUHD�� 2Q� D� PLFUR� OHYHO�� GHWDLOHG� VLPXODWLRQ� UHVXOWV�
DQG� DQDO\VHV� DUH� DYDLODEOH� IRU� HYHU\� EXLOGLQJ� W\SH�
�UHVLGHQWLDO�� FRPPHUFLDO�� UHWDLO��� VFDOHG� GRZQ� WR�
LQGLYLGXDO�EORFN�EXLOGLQJ�VFDOH���
)LJXUH� �� LOOXVWUDWHV� KRZ� WKH� VLWH� VFDOH� GDWD� LV�
RUJDQL]HG� IURP� D� EORFN� OHYHO� ]RRPLQJ� GRZQ� WR�
EXLOGLQJ� OHYHO�� 7KH� FKDUW� LQGLFDWHV� WKH� SHDN� KHDWLQJ�
DQG�FRROLQJ�ORDGV�SURILOH�DFURVV�HYHU\�EORFN�DQG�WKH�
EORFN�EXLOGLQJ�ZKLFK�KDYH�WKH�KLJKHVW�SHDNV���
�

�

�
Figure 7 Peak design loads for heating and cooling on a block and building level�

�
,03257$1&(�2)�7+(�'(&,6,21�
6833257�722/�
$V� GLVFXVVHG� LQ� WKH� HDUOLHU� VHFWLRQV�� WKH� *,6� FORXG�
SODWIRUP� KHOSV� WR� HIIHFWLYHO\� FRPPXQLFDWH� DOO� WKH�
XUEDQ� OHYHO� VLPXODWHG� GDWD� V\VWHPDWLFDOO\�� 7KH� *,6�
FORXG�SODWIRUP�VHUYHV�DV�DQ�HIIHFWLYH�GHFLVLRQ�VXSSRUW�
WRRO� IRU� DVVHVVLQJ� SRWHQWLDO� SURMHFW� LPSDFWV� LQ� WHUPV�
RI� HQHUJ\� FRQVXPSWLRQ� DQG� FDUERQ� HPLVVLRQV�� )URP�
SUHYLRXV� UHVHDUFK�� LW� LV� NQRZQ� WKDW� GLVWULFW� V\VWHPV�
FDQ� EH� GHVLJQHG� WR� IXQFWLRQ� HIIHFWLYHO\� ZKHQ� WKH�
ORDGV�FDQ�EH�DFFXUDWHO\�DJJUHJDWHG�IURP�DOO�EXLOGLQJV�
RQ�DQ�XUEDQ�VFDOH��ZLWK�WLPH�EDVHG�KLJK�ILGHOLW\�GDWD��
7KH�*,6� WRRO� KHOSV� LQ� DQDO\VLQJ� WKH� SHDN� ORDGV� IRU�
KHDWLQJ�DQG�FRROLQJ�RQ�DQ�XUEDQ�VFDOH�DQG�DFFHVVLQJ�
WKH� IHDVLELOLW\� RI� GLVWULFW� V\VWHPV� ZLWK� UHVSHFW� WR�
VL]LQJ� DQG� LQVWDOODWLRQ� RI� &+3� V\VWHPV�� �� 7KH� WRRO�

DOVR� KHOSV� LQ� DQDO\VLQJ� SRWHQWLDO� QHLJKERXUKRRG�
SDUWLHV� WKDW� PD\� EH� LQWHUHVWHG� LQ� LQYHVWLQJ� LQ� WKH�
GLVWULFW� V\VWHPV� WR� JHW� DQ� RSWLPDO� ORDG� IRU� WKH�
PD[LPXP� EHQHILWV� IURP� WKH� GLVWULFW� V\VWHP�� ,W� DOVR�
KHOSV� LQ� DFFHVVLQJ� WKH� FRPSOH[LW\�� HFRQRPLF�
RSSRUWXQLWLHV�� ULVN� DQG� IHDVLELOLW\� RI� LQWHU�UHODWHG�
HQHUJ\� SODQW� SDUDPHWHUV� WR� WKH� SURMHFW� VWDNHKROGHUV��
L�H��� LQYHVWRUV� DQG� GHYHORSHUV� DV� ZHOO� DV� WKH� GHVLJQ�
WHDP���
:KHQ� GHDOLQJ� ZLWK� XUEDQ� VFDOH� SURMHFWV��
FRPPXQLFDWLQJ� QXPHULF� GDWD� FDQ� EH� D� FXPEHUVRPH�
SURFHVV�DQG�KDV�D�KLJK�SUREDELOLW\�RI� HUURUV��3XWWLQJ�
WRJHWKHU� DOO� WKH� VLPXODWHG� GDWD� LQ� D� VWUXFWXUHG�
GDWDEDVH�ZLWK� JUDSKLFDO� UHSUHVHQWDWLRQ� VHUYHV� DV� WKH�
PRVW�HIIHFWLYH�PHWKRG�RI�FRPPXQLFDWLRQ��7KLV�YLVXDO�
PHWKRG� RI� UHSUHVHQWLQJ� VLPXODWHG� GDWD�ZLOO� HQKDQFH�
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WKH�GHFLVLRQ�PDNLQJ�SURFHVV�DW� WKH�PLFUR�DQG�PDFUR�
GHVLJQ�OHYHOV��

&21&/86,21�
7KLV� SDSHU� SUHVHQWV� DQ� XUEDQ� VFDOH� ZKROH� EXLOGLQJ�
HQHUJ\� VLPXODWLRQ� DQG� KLJK� ILGHOLW\� GDWD�
UHSUHVHQWDWLRQ� RI� WKH� DQQXDO� HQHUJ\� FRQVXPSWLRQ��
HQHUJ\�XVH� LQWHQVLWLHV�� DQG�SHDN�KHDWLQJ�DQG�FRROLQJ�
ORDGV�IURP�D�PDFUR�WR�PLFUR�OHYHO��)URP�WKH�SURFHVV�
RI� EXLOGLQJ� VLPXODWLRQ� WR� GDWD� YLVXDOL]DWLRQ� WKH�
IROORZLQJ�FRQFOXVLRQV�DUH�GUDZQ��

 )RU� VLPXODWLRQ� LQSXW� SDUDPHWHUV�� PDQDJLQJ�
WKH�VRXUFHV�RI�LQSXW�SDUDPHWHUV�FRQVLVWHQWO\�
LV�H[WUHPHO\�LPSRUWDQW�WR�DFKLHYH�VLPXODWHG�
GDWD� WKDW� FORVHO\� UHSOLFDWHV� UHDOLW\�� 7KH�
LQSXWV� DUH� UHFRPPHQGHG� WR� EH� GUDZQ� IURP�
VRXUFHV� VXFK� DV� EXLOGLQJ� FRGHV� DQG�
VWDQGDUGV� RU�ZHOO� HVWDEOLVKHG� UHVHDUFK� GDWD��
,W� LV� LPSRUWDQW�QRW� WR�DVVXPH� WKDW�GHIDXOWHG�
SDUDPHWHUV� LQ� JLYHQ� VRIWZDUH� DUH�
UHFRPPHQGHG� SDUDPHWHUV�� EXW� QHHG� WR� EH�
FKHFNHG� DJDLQVW� UHOHYDQW� VWDQGDUGV� DQG�
UHIHUHQFHV� EHIRUH� SHUIRUPLQJ� DQ\�
VLPXODWLRQ���

 'DLO\��ZHHNO\��PRQWKO\��VHDVRQDO�DQG�DQQXDO�
ORDG� FKDUDFWHULVWLFV� KDYH� D� VLJQLILFDQW�
LPSDFW� RQ� WKH� PHFKDQLFDO� HTXLSPHQW�
SHUIRUPDQFH�� ZKLFK� DIIHFWV� HFRQRPLFV� DQG�
HTXLSPHQW� FRQILJXUDWLRQV�� 3URYLGLQJ� WKH�
KLJK�ILGHOLW\�VLPXODWHG�GDWD�IURP�D�PDFUR�WR�
D�PLFUR� OHYHO� KHOSV� LQ� ILUVW� RUGHU� IHDVLELOLW\�
DVVHVVPHQW� RI� HQHUJ\� SURGXFWLRQ��
GLVWULEXWLRQ�DQG� VWRUDJH�DOWHUQDWLYHV�DV�ZHOO�
DV� SHUIRUPLQJ� FRPSDUDWLYH� HFRQRPLF� FRVW�
EHQHILW�FDOFXODWLRQV��

 &RPPXQLFDWLRQ� RI� XUEDQ� VFDOH� VLPXODWHG�
GDWD� FDQ� EH� D� YHU\� FXPEHUVRPH� DQG� HUURU�
SURQH� SURFHVV�� %\� XVLQJ�� WKH� VWUXFWXUHG�
GDWDEDVH� LQ� *,6� FRXSOHG� ZLWK� FORXG� EDVHG�
ZHE� FRPPXQLFDWLRQ� IHDWXUHV� WR� HQKDQFH�
DFFHVVLELOLW\� ZLOO� UHGXFH� GDWD� PDQDJHPHQW�
HUURUV� DQG� VHUYH� DV� D� SRZHUIXO� GHFLVLRQ�
VXSSRUW� WRRO� IRU� FLW\� SODQQHUV�� PHFKDQLFDO�
V\VWHP�GHVLJQHUV�DQG�RWKHU�SURMHFW�SDUWQHUV���

$&.12:/('*(0(17�
7KH� SURMHFW� WHDP� JUDWHIXOO\� DFNQRZOHGJHV� WKH�
FRQWULEXWLRQ�RI�WKH�IROORZLQJ�PHPEHUV��

 7KH� ILQDQFLDO� VXSSRUW� IURP� 3LWWVEXUJK�
*DWHZD\V� DV� ZHOO� DV� DVVLVWDQFH� IURP� WKH�
3LWWVEXUJK� 3HQJXLQV� DQG� WKH�8UEDQ�'HVLJQ�
$VVRFLDWHV��

 7KH� )DOO� ����� FODVV� RI� %XLOGLQJ�
3HUIRUPDQFH� 0RGHOLQJ�� 6FKRRO� RI�
$UFKLWHFWXUH�DW�&DUQHJLH�0HOORQ�8QLYHUVLW\�
IRU� SHUIRUPLQJ� EDVHOLQH� VLPXODWLRQV� RI� WKH��
EXLOGLQJV�DV�D�FODVV�DVVLJQPHQW��

 =KHQJ]KDR� 3HL�� JDUGXDWH� VWXGHQW� DW� WKH�
6FKRRO� RI� $UFKLWHFWXUH�� &DUQHJLH� 0HOORQ�
8QLYHUVLW\�IRU�SURYLGLQJ�DVVLVWDQFH�ZLWK�WKH�
PRGHOLQJ�RI�+9$&�DQG�ZDWHU�V\VWHPV�IRU�
WKH��EXLOGLQJV��

5()(5(1&(6�
�'2(���8��6�� ��������5HWULHYHG�IURP�'HSDUWPHQW�RI�
(QHUJ\��
KWWS���DSSV��HHUH�HQHUJ\�JRY�EXLOGLQJV�HQHUJ\SOXV�SG
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HVUL�FRP�� �Q�G����What is ArcGIS Server?� 5HWULHYHG�
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SXEOLVKHG��
+HLSOH�� 6��� 	� 6DLORU� -�� '�� �������� 8VLQJ� EXLOGLQJ�
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VHFWRU� HQHUJ\� FRQVXPSWLRQ� SURILOHV�� Energy and 
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6ZDQ��*���	�8JXUVDO��,��9���2FWREHU��������0RGHOLQJ�
RI� HQG�XVH� HQHUJ\� FRQVXPSWLRQ� LQ� WKH� UHVLGHQWLDO�
VHFWRU��$�UHYLHZ�RI�PRGHOLQJ�WHFKQLTXHV��Renewable 
and sustainable Energy Reviews�������������
ZZZ�JLVFORXG�FRP�� �������� 6WHS� E\� VWHS� JXLGH� IRU�
*,6�&ORXG�$SSOLFDWLRQV��
<DPDJXFKL��<���6KLPRGD��<���	�0L]XQR��0����������
3URSRVDO�RI�D�PRGHOLQJ�DSSURDFK�FRQVLGHULQJ�XUEDQ�
IRUP�IRU�HYDOXDWLRQ�RI�FLW\�OHYHO�HQHUJ\�PDQDJHPHQW��
Energy and Buildings�����������

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

- 1143 -


