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%XLOGLQJ�PRGHOLQJ� LV�D� UHSHWLWLYH��FRVWO\�DQG� IDOOLEOH�
WDVN�� ZKLFK� KDV� SRWHQWLDO� WR� EH� HQKDQFHG� WKURXJK�
DXWRPDWLRQ�� 7KLV� SDSHU� SUHVHQWV� D� FDVH� VWXG\� RI�
WKHUPDO� DQG� HOHFWULFDO� SHUIRUPDQFH� VLPXODWLRQ� XVLQJ�
D� VLPSOLILHG�EXLOGLQJ�PRGHO��7KH�PRGHO� LV� EDVHG�RQ�
FRPPRQO\� DYDLODEOH� EXLOGLQJ� LQIRUPDWLRQ�� VXFK� DV�
WKH� (QHUJ\� 3HUIRUPDQFH� &HUWLILFDWH� �(3&�� DQG�
PRQLWRULQJ� GDWD�� 7KLV� FDVH� VWXG\� DVVHVVHV� WKH�
IHDVLELOLW\� DQG� DGRSWDELOLW\� RI� VLPSOLILHG�PRGHOV� IRU�
UHDOLVWLF� SHUIRUPDQFH� VLPXODWLRQ� SXUSRVHV�� $Q�
H[LVWLQJ� RIILFH� EXLOGLQJ� ORFDWHG� LQ� 9LHQQD� KDV� EHHQ�
VHOHFWHG�DV�D�WHVWEHG��3UHOLPLQDU\�UHVXOWV�GHPRQVWUDWH�
WKDW� WKHUH� LV� KLJK� OHYHO� RI� DJUHHPHQW� EHWZHHQ� WKH�
PRGHO�DQG�WKH�H[LVWLQJ�RIILFH�EXLOGLQJ��
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,QFUHDVLQJ� HQHUJ\� SULFHV� DQG� HYHU�KLJKHU� FOLPDWLF�
SURWHFWLRQ�WDUJHWV�UHTXLUH�LPSURYHG�HQHUJ\�HIILFLHQF\�
LQ� EXLOGLQJ� VWRFN� QHZ� EXLOW� REMHFWV�� +RZHYHU��
TXDQWLILFDWLRQ� DQG� FRPSDUDELOLW\� RI� HIILFLHQF\� LV�
RIWHQ� PLVVLQJ�� ZH� ODFN� PHWKRGV� WR� FRPSDUH� WKH�
FRQVXPSWLRQ� RI� VLPLODU� HQHUJ\� V\VWHPV� LQ� RUGHU� WR�
PDNH�VWDWHPHQWV�DERXW�WKH�HIILFLHQF\�RI�WKH�EXLOGLQJ��
,Q�DGGLWLRQ�LW�LV�GLIILFXOW�WR�UHSUHVHQW�EXLOGLQJ�GDWD�LQ�
D�VLPSOH�DQG�IDVW�PDQQHU��
3UHVHQWO\��PRVW�RI�WKH�ZLGH�VSUHDG�GDWD�YLVXDOL]DWLRQ�
WRROV� DUH� HLWKHU� WRR� FRPSOH[� RU� UHTXLUH� D� KLJK�
H[SHQGLWXUH� RI� WLPH� WR� JDWKHU� DQG� VDQLWL]H� EXLOGLQJ�
GDWD� LQ� RUGHU� WR� DOORZ� D� FRPSUHKHQVLYH� EXLOGLQJ�
SHUIRUPDQFH�DVVHVVPHQW�� ,Q�PRVW�FDVHV� WKLV�PD\�QRW�
EH� GRQH�ZLWKRXW� DQ� LQVSHFWLRQ� RI� WKH� EXLOGLQJ�� 7KLV�
UHVXOWV�LQ�D�WLPH�FRQVXPLQJ�DQG�FRPSOH[�VHW�RI�WDVNV�
ZKLFK�FRXOG�EHQHILW� IURP�FRPSXWDWLRQDO� VXSSRUW��E\�
DXWRPDWHG� EXLOGLQJ� PRGHOLQJ� VROXWLRQV�� %RWK�
FRPPHUFLDO� DQG� RSHQ�VRXUFH� VROXWLRQV� DUH�
XQIRUWXQDWHO\� YHU\� VFDUFH� GXH� WR� WKH� XQLTXHQHVV� RI�
HDFK�EXLOGLQJ�WR�EH�HYDOXDWHG���
7KH�SURFHVV�GHVFULEHG�LQ�WKLV�SDSHU�UHTXLUHV�D�OLPLWHG�
VHW�RI�GDWD�DERXW�WKH�EXLOGLQJ��LQWHUQDO�WKHUPDO�ORDGV�
RI�WKH�EXLOGLQJ�FDQ�EH�HVWLPDWHG��EDVHG�RQ�WKH�(QHUJ\�
3HUIRUPDQFH�&HUWLILFDWH� �(3&�� LQ�PRVW�FRXQWULHV� WKH�
PDQGDWRU\� OHJDO� LPSOHPHQWDWLRQ� RI� 'LUHFWLYH�
��������(8�� ������ DQG� WKH� HQHUJ\� FRQVXPLQJ�
FRPSRQHQWV� LQ� WKH� EXLOGLQJ�� 7KHVH� PD\� LQFOXGH�
EXLOGLQJ�HQHUJ\�V\VWHPV��VXFK�DV�KHDWLQJ�FRROLQJ�DQG�
DLU� FRQGLWLRQLQJ� �+9$&��DQG� OLJKWLQJ� V\VWHP� ORDGV��
VRODU� ORDGV�� FRPSXWHUV�� DQG� PDQ\� PRUH�� ,Q�
FRQMXQFWLRQ� ZLWK� WKH� W\SLFDO� SK\VLFDO� SURSHUWLHV� RI�

WKH� FRQVWUXFWLRQ� W\SH� FKRVHQ�� KHDWLQJ� DQG� FRROLQJ�
ORDGV�RI�WKH�EXLOGLQJ�DV�ZHOO�DV�HOHFWULF�ORDG�SURILOHV�
FDQ�EH� FRPSXWHG��7KH� ORDGV�PD\� WKHQ�EH� FRPSDUHG�
WR�DFWXDO�DPRXQW�RI�HQHUJ\�XVHG�IRU�KHDWLQJ��FRROLQJ�
DQG� HOHFWULFLW\� WR� JHW� DQ� LGHD� RI� WKH� EXLOGLQJ�
SHUIRUPDQFH��
7KHVH� GDWD� DUH� IHG� LQWR� DQ� DXWRPDWHG� WRRO�� ZKLFK�
FUHDWHV� D� FRPSOHWH� �'� PRGHO� UHSUHVHQWLQJ� DQ�
DSSUR[LPDWLRQ� RI� WKH� UHDO� EXLOGLQJ� JHRPHWU\� DQG�
SK\VLFV��D�VR�FDOOHG�VLPSOLILHG�EXLOGLQJ�PRGHO��
:KHWKHU� WKH� EXLOGLQJ� LV� PRQLWRUHG� RU� QRW�� WKLV� ILUVW�
FRPSDULVRQ� RI� WKH� HQHUJ\� FRQVXPSWLRQ� VKRXOG� UDLVH�
WKH�DZDUHQHVV�RI� WKH�XVHU�ZLWK� UHVSHFW� WR�KLV�HQHUJ\�
FRQVXPSWLRQ� DQG� WKH� &2�� HPLVVLRQV� WKDW� FDQ� EH�
GHULYHG� IURP� WKLV� FRQVXPSWLRQ�� )LJXUH� �� VKRZV� DQ�
H[DPSOH�RI�KRZ�VLPSOLILHG�EXLOGLQJ�PRGHO�JHQHUDWHG�
IRU�VLPXODWLRQ�SXUSRVHV�FDQ�ORRN�OLNH���
�

�
Figure 1: Simplified building model examples. 

�
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6LPSOLILHG� EXLOGLQJ� PRGHOV� UHGXFH� PRGHOLQJ� FRVWV�
>=XFNHU� HW� DO��� ����@�� 0HWKRGV� WR� VXSSRUW� WKH�
DXWRPDWLF� EXLOGLQJ� HQHUJ\� VLPXODWLRQ� PRGHO�
JHQHUDWLRQ�KDYH�EHHQ�SUHVHQWHG�LQ�>/HDO�HW�DO�������@��
7KLV�PHWKRG�DOORZV�D�UHGXFWLRQ�RI� WKH�WLPH�DQG�FRVW�
UHODWHG�WR�EXLOGLQJ�PRGHOLQJ�DQG�VLPXODWLRQ�SURFHVV��
7KLV� ZD\� HPSOR\PHQW� RI� HQHUJ\� SHUIRUPDQFH�
PRGHOLQJ� DQG� VLPXODWLRQ� RQ� WKH� HQWLUH� EXLOGLQJ�
SURFHVV� EHFRPHV� PRUH� SUDFWLFDEOH�� DQG� FDQ� EH�
DSSOLHG� LQ� HDUO\� FRQFHSWXDO� GHVLJQ� DV� ZHOO� DV� LQ�
UHIXUELVKPHQW��
5HFHQW� UHVHDUFK� RQ� PRGHO� VLPSOLILFDWLRQ� KDV� EHHQ�
UHGXFLQJ� WKH� PRGHOLQJ� HIIRUW� DQG� HDVLQJ� WKH�
GHYHORSPHQW�RI�GHSHQGHQW�WHFKQRORJLHV��IRU�H[DPSOH�
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LQ�>7KRQ������@�DQG�>=XFNHU�HW�DO�������@���7KH�OHYHO�
RI� GHWDLO� LQ� WKH� PRGHO� FDQ� EH� G\QDPLFDOO\� DGDSWHG�
DFFRUGLQJ� WR� WKH� VWDWH� RI� SODQQLQJ� >%U\FKWD� HW� DO���
����@���
7KH�DUUDQJHPHQW�RI�WKH�EXLOGLQJ�LQWR�GLIIHUHQW�]RQHV�
PD\� QRW� EH� VHHQ� DV� MXVW� D� GLYLVLRQ�RI� WKH�EXLOW� DUHD��
EXW� DOVR� D� GHWDLOHG�EUHDNGRZQ�RI� WKH� HQWLUH� EXLOGLQJ�
HQYHORSH� XS� WR� WKH� ]RQH� OHYHO� >/LFKWPH��� ����@�� ,Q�
DGGLWLRQ�� LQGLYLGXDO� ]RQHV� FDQ�EH� IXUWKHU� VXEGLYLGHG�
LQWR� DUHDV� UHJDUGLQJ� LWV� XVDJH� RU� SXUSRVH�� 7KH�
SURFHVVLQJ� WLPH� UHTXLUHG� IRU� WKH� PDWKHPDWLFDO�
GHVFULSWLRQ� RI� WKH� EXLOGLQJ� LV� D� SUHGRPLQDQW� SDUW� RI�
WKH� VXUIDFH� HQWU\� RU� UHFRUGLQJ�� DQG� WKH� ]RQLQJ�
>(UKRUQ�.OXWWLJ� HW� DO��� ����@� >5RHPPOLQJ�� ����@�
>0DDV� ����@�� ,Q� DGGLWLRQ�� IRU� H[DPSOH�� D�
WUDQVIRUPDWLRQ� RI� VSDFHV� DQG�RU� ]RQHV� LQ� D� EXLOGLQJ�
UHTXLUHV� D� UHGHWHUPLQDWLRQ� RI� WKHVH� DUHDV�� 3UDFWLFDO�
H[SHULHQFH� VKRZV� WKDW� WKH� SURFHVVLQJ� WLPH� DQG�
DVVRFLDWHG�FRVWV� IRU�FUHDWLQJ� DQ�HQHUJ\�EDODQFH�ZLWK�
FXUUHQW� VRIWZDUH� VROXWLRQV� LV� KLJK�� 6ROXWLRQV� IRU�
DXWRPDWLQJ�EXLOGLQJ�HQHUJ\�PRGHOLQJ� IRU� VLPXODWLRQ�
SXUSRVHV�KDYH�EHHQ�GHYHORSHG�� IRU�H[DPSOH� �/HDO�HW�
DO��� ����� DQG� =XFNHU� HW�� DO�� ������� DOWKRXJK� FDVH�
VWXGLHV� ZKHUH� VLPXODWLRQ� UHVXOWV� DUH� FRPSDUHG� ZLWK�
UHDO�FRQVXPSWLRQ�YDOXHV�DUH�OHVV�FRPPRQ��

0(7+2'2/2*<�
7KH� JOREDO� DLP� RI� HVWDEOLVKLQJ� VLPSOLILHG� EXLOGLQJ�
PRGHOV�� HQDEOLQJ� UHOLDEOH� HQHUJ\� IRUHFDVWV�� LV�
H[SORUHG� E\� WKH� OLQNDJH� RI� WKH� EXLOGLQJ
V� PHWHULQJ�
GDWD�DQG�WKH�VLPXODWLRQ�RXWSXW�GDWD�YLD�D�FHQWUDO�GDWD�
VHUYHU�� )RU� WKH� DQDO\VLV� RI� UHVXOWV�� D� ZHE� SRUWDO�
PRQLWRULQJ� SODWIRUP� SURYLGLQJ� WKH� DXWRPDWHG�
JHQHUDWLRQ� RI� VWDQGDUGL]HG� HQHUJ\� SHUIRUPDQFH�
LQGLFDWRUV� LV� XVHG� DV� HYDOXDWLRQ� WRRO�� $V� DQ�
LQVWUXPHQW� IRU� WKH� PLG�� DQG� ORQJ�WHUP� UHVXOW�
GRFXPHQWDWLRQ�� SHULRGLFDO� HQHUJ\� UHSRUWV� RIIHULQJ� D�
FRPSDULVRQ� RI� PHWHUHG� HQHUJ\� FRQVXPSWLRQV� DQG�
IRUHFDVW�GDWD�LV�SDUW�RI�WKH�HQWLUH�V\VWHP��
7KH�DUFKLWHFWXUH�RI�WKH�JOREDO�V\VWHP�LV�VWUXFWXUHG�LQ�
IRXU� VXE�V\VWHPV�� ZKHUH� WKH� PDLQ� HQWLWLHV� DUH� WKH�
DXWRPDWLRQ� VHUYHU�� WKH� FHQWUDO� GDWD� VHUYHU�� WKH�
EDVHOLQH� VLPXODWLRQ� �XVLQJ� WKH� VLPSOLILHG� EXLOGLQJ�
PRGHO�� DQG� WKH� ZHE� SRUWDO� �ILJXUH� ���� 7KH� JOREDO�
LQIRUPDWLRQ� PDQDJHPHQW� LV� UHDOL]HG� XVLQJ� D�
SURSULHWDU\�-(9LV�VRIWZDUH�SDFNDJH�>-(9LV�����@��
�

�
Figure 2: Modular representation of the system 

architecture 

-(9LV�LQWHJUDWHV�GLIIHUHQW�SURWRFROV�DQG�WHFKQRORJLHV�
LQWR�RQH�GDWDEDVH�E\�SURYLGLQJ�D�FRPPRQ�DEVWUDFWLRQ�
OD\HU�� ,W� LV� LPSOHPHQWHG� LQ� WKH� REMHFW� RULHQWHG�
SURJUDPPLQJ� ODQJXDJH� -DYD� >2UDFOH� ����@� DQG� LV�
EDVHG�RQ�DQG�XVHV�RSHQ�VRXUFH�FRPSRQHQWV��%DVHG�RQ�
WKH�2SHQ�6RXUFH�YHUVLRQ�RI�-(9LV��FDUULHG�RXW�ZLWKLQ�
WKH� 2SHQ-(9LV� FRPPXQLW\� >2SHQ-(9LV� ����@�� WKH�
V\VWHP� LV� DEOH� WR� KDQGOH� ODUJH� DPRXQWV� RI� GDWD�
FRPLQJ�IURP�WKH�EDVHOLQH�VLPXODWLRQ�WRRO��$GGLWLRQDO�
GDWDEDVH� GHILQLWLRQV� DUH� DYDLODEOH�� ZKLFK� UHSUHVHQW�
WKH� LQIRUPDWLRQ� WKDW� FRPHV� IURP� RU� JRHV� WR� WKH�
LQWHUDFWLQJ�V\VWHP
V�HQWLWLHV��
%DVHG�RQ�WKH�H[LVWLQJ�VRIWZDUH�SDFNDJH��WKH�SURMHFW
V�
GDWD� VHUYHU� ZDV� EXLOW� DQG� LPSURYHG� E\� DGGLWLRQDO�
FRPPXQLFDWLRQ�LQWHUIDFHV�DQG�ORJLF�PRGXOHV��IXUWKHU�
GHVFULEHG�LQ�WKH�IROORZLQJ�VXE�VHFWLRQV��
�
Automation server 
7KH� /,1;� DXWRPDWLRQ� VHUYHU� LV� WKH� OLQNLQJ� SDUW�
EHWZHHQ�WKH�ILHOG�OHYHO�PHDVXUHPHQWV�LQ�WKH�EXLOGLQJ�
DXWRPDWLRQ�V\VWHP��%$6��DQG�WKH�PRQLWRULQJ�V\VWHP��
ZKLFK� HYDOXDWHV� WKH� FROOHFWHG� GDWD�� 7KH� DXWRPDWLRQ�
VHUYHU� LV� DQ� HPEHGGHG� FRQWUROOHU� WKDW� LV� FDSDEOH� RI�
LQWHJUDWLQJ� PHWHULQJ� HTXLSPHQW� RI� GLIIHUHQW�
WHFKQRORJLHV� �VHH� )LJXUH� ���� 7KLV� UDQJHV� IURP�
DWWDFKLQJ� 6�� PHWHUV� YLD� GLUHFW� ,�2� PRGXOHV� �SXOVH�
FRXQWHUV�� DV� ZHOO� DV� EULQJLQJ� LQ� PHWHU� GDWD� IURP�
ILHOGEXV�V\VWHPV�VXFK�DV�0�%XV�DQG�0RGEXV��
�

�
Figure 3: LOYTEC LINX-120 Automation Server 

CEA-709 
�
7KH�DXWRPDWLRQ�VHUYHU�LV�DOVR�D�PXOWL�SURWRFRO�GHYLFH�
WKDW�FDQ�LQWHJUDWH�LQWR�H[LVWLQJ�ILHOGEXV�QHWZRUNV�WKDW�
DUH� SUHGRPLQDQWO\� XVHG� LQ� PRGHUQ� %$6� VXFK� DV�
/RQ0DUN� V\VWHPV� �&($������� %$&QHW�� RU� .1;�
>6RXFHN�HW��DO�������@��)RU�UHIXUELVKPHQW�VLWHV��VHQVRU�
HTXLSPHQW�IRU�WHPSHUDWXUH��RFFXSDQF\�DQG�PRUH�FDQ�
EH�EURXJKW�LQWR�WKH�DXWRPDWLRQ�VHUYHU�YLD�WKH�=LJ%HH�
ZLUHOHVV� SURWRFRO� >=LJEHH� $OOLDQFH� ����@�� 7KH�
PHDVXUHPHQW�SRLQWV�DUH�UHSUHVHQWHG�DV�GDWD�SRLQWV�LQ�
WKH� DXWRPDWLRQ� VHUYHU�� 7KHVH� VHUYH� DV� DQ� DEVWUDFWHG�
YLHZ�RQ�WKH�%$6��7UHQG�ORJV�FDQ�EH�FRQILJXUHG�WKDW�
ORFDOO\� VWRUH� KLVWRULF� GDWD� RI� WKRVH� GDWD� SRLQWV�� 7KH�
KLVWRULF� GDWD� FDQ� WKHQ� EH� FROOHFWHG� E\� WKH� KHDG�HQG�
V\VWHP��
6SHFLDO� H[WHQVLRQV� LQ� WKH� DXWRPDWLRQ� VHUYHU� VXSSRUW�
WKH�DXWRPDWLF�EURZVLQJ�DQG�UHWULHYDO�RI�HQHUJ\�DZDUH�
GDWD�SRLQWV�DQG�KLVWRULF�GDWD��8VLQJ�WKLV�DSSURDFK��WKH�
EXLOGLQJ� HQJLQHHU� DXWRPDWLFDOO\� JHWV� WKH� QHHGHG�
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PHWD�GDWD� LQFOXGHG� LQ� WKH� DXWRPDWLRQ� VHUYHU�� ZKLFK�
PD\�ODWHU�EH�VXEMHFW�WR�DXWRPDWHG�GDWD�UHWULHYDO�XVLQJ�
D�GHGLFDWHG�ZHE�VHUYLFH��ZKLFK�H[SRVHV� WKH�UHOHYDQW�
GDWD��
�
Data server 
)RU� WKH� HVWDEOLVKPHQW� RI� D� VHDPOHVV� FRPPXQLFDWLRQ�
EHWZHHQ� WKH� GDWD� VHUYHU� DQG� WKH� DXWRPDWLRQ� VHUYHU�
WZR� FRPPXQLFDWLRQ� SURWRFROV� EDVHG� RQ� WKH�
DXWRPDWLRQ� VHUYHU
V� H[LVWLQJ� LQWHUIDFHV� ZHUH�
GHYHORSHG��
7KH�H[LVWLQJ�23&�;0/�'$�>23&�����@�LQWHUIDFH�RI�
WKH� /,1;� DXWRPDWLRQ� VHUYHU� ZDV� XSJUDGHG� E\� DQ�
DGGLWLRQDO�YHQGRU�VSHFLILF�23&�W\SH�UHSUHVHQWLQJ�WKH�
³HQHUJ\� DZDUHQHVV´� QRGHV�� %DVHG� RQ� WKLV� LPSURYHG�
23&�GDWD�VWUXFWXUH��WKH�H��GDWD�VHUYHUV�LV�HQDEOHG�WR�
UHTXHVW�DOO�HQHUJ\�DZDUHQHVV�PHWD�LQIR�LQFOXGLQJ�WKH�
UHIHUULQJ�,'�QXPEHUV�WR�WKH�WUHQGHG�GDWD�YLD�VWDQGDUG�
FRQIRUP�23&�;0/��
7KH�/2<7(&�;0/�'/�SURWRFRO�ZDV�DGDSWHG�E\�WKH�
-(9LV� V\VWHP� HQDEOLQJ� WKH� SHULRGLFDO� UHDGRXW� RI� WKH�
WUHQGHG�GDWD�IURP�WKH�H��DXWRPDWLRQ�VHUYHU�XVLQJ�WKH�
WUHQG� ,'�� 7UHQG
V� PHWD� LQIRUPDWLRQ� VXFK� DV� WLPH�
FKDQJH�DUH�FRQWUROOHG�E\�WKH�-(9LV�SURWRFRO�DGDSWLRQ�
DQG�DUH�LQWHJUDWHG�LQWR�WKH�GDWD�LPSRUW�IXQFWLRQDOLW\��
�
Baseline simulation 
7R�LPSOHPHQW�D�VHUYLFH�WR�FDOFXODWH�DQ�DSSUR[LPDWLRQ�
RI� WKH� HQHUJ\� SHUIRUPDQFH� RI� D� EXLOGLQJ� REMHFW�� ZH�
VKRXOG�KDYH�XQGHU�UHJXODU�FRQGLWLRQV��D��'�EXLOGLQJ�
PRGHO�EDVHG�RQ�D�VLPSOLILHG�JHRPHWU\��EXLOGLQJ�DUHD��
KHLJKW�� W\SH�� FRQVWUXFWLRQ� \HDU�� UDWLRQ� RI� ZLQGRZV���
WKH� JHRJUDSKLF� ORFDWLRQ� RI� WKH� REMHFW�� SK\VLFDO�
SDUDPHWHUV� GHGXFWHG� IURP� WKH� FRQVWUXFWLRQ� W\SH� RI�
WKH�EXLOGLQJ�DQG�IXUWKHU�LQWHUQDO�ORDGV�HVWLPDWHG�IURP�
WKH�XVDJH�RI� WKH�REMHFW��7KHVH�EXLOGLQJ�GDWD�PD\�EH�
REWDLQHG� IURP� WKH� (3&��0RVW� LPSRUW� LV� WKH� WKHUPDO�
FKDUDFWHULVWLFV�� FRQVLVWLQJ� RI� WKH� 8�YDOXHV� RI� WKH�
EXLOGLQJ�HQYHORS��EXW�DOVR�ZDOO�W\SH��KHDY\�RU�OLJKW���
IHQHVWUDWLRQ� ����� LQILOWUDWLRQ� UDWH� DQG�RU� YHQWLODWLRQ�
DQG� LQWHUQDO� JDLQV�� $� PRGXODU� VRIWZDUH�
LPSOHPHQWDWLRQ� DOORZV� WKH� VLPSOLILHG� PRGHO�
JHQHUDWLRQ�DV�VKRZQ�LQ�)LJXUH����
�

�
Figure 4:  Baseline simulation module overview 

[Leal et. al. 2012]�

7KH� VLPXODWLRQ� VRIWZDUH� LV� GLYLGHG� LQWR� WKUHH�
GLIIHUHQW� PRGXOHV�� QDPHO\� WKH� GDWD� LQWHUIDFH�� WKH�
PRGHO�JHQHUDWRU�DQG�WKH�VLPXODWLRQ�LQWHUIDFH���
7KH� GDWD� LQWHUIDFH� PRGXOH� LV� UHVSRQVLEOH� IRU� WKH�
FRPPXQLFDWLRQ�ZLWK�WKH�GDWD�VHUYHU�ZHE�VHUYLFH��$V�
VXFK��LW�PXVW�TXHU\�LQSXW�GDWD�IRU�PRGHOLQJ�SXUSRVHV��
DQG� UHWULHYH�RXWSXW� GDWD� IURP� WKH� VLPXODWLRQ� UHVXOWV��
7KH�LQSXW�GDWD�LV�VHQW�WR�WKH�PRGHO�JHQHUDWRU�PRGXOH��
LQ�RUGHU�WR�VXSSRUW�WKH�PRGHO�JHQHUDWLRQ��
7KH� RXWSXW� GDWD� LV� UHFHLYHG� IURP� WKH� VLPXODWLRQ�
LQWHUIDFH� DQG� URXWHG� WR� WKH� GDWD� VHUYHU� IRU� ILQDO�
VWRUDJH��
7KH� PRGHO� JHQHUDWRU� PRGXOH� LV� UHVSRQVLEOH� IRU�
JHQHUDWLQJ� D� VLPXODWLRQ� PRGHO� EDVHG� RQ� EDVLF�
EXLOGLQJ� LQIRUPDWLRQ� IURP�WKH�GDWDEDVH�JLYHQ�E\� WKH�
XVHU� LQ� FRPELQDWLRQ� ZLWK� VWDQGDUG� YDOXHV� LI� IXUWKHU�
EXLOGLQJ� GDWD� DUH� PLVVLQJ�� 7KH� PRGHO� JHQHUDWRU�
FUHDWHV� WKHQ� DQ� DSSURSULDWH� LQSXW� ILOH� �VLPXODWLRQ�
PRGHO��ZKLFK� LV�QHFHVVDU\�IRU� WKH�VLPXODWLRQ� WRRO� WR�
EH� DEOH� WR� UXQ� D� VLPXODWLRQ� DQG� ILQDOO\� JLYH� DQ�
DSSUR[LPDWLRQ�RI�WKH�HQHUJ\�XVH�RI�WKH�EXLOGLQJ� 
7KH�VLPXODWLRQ�LQWHUIDFH�PRGXOH�LV�UHVSRQVLEOH�WR��RQ�
WKH� RQH� KDQG�� HVWDEOLVK� FRPPXQLFDWLRQ� ZLWK� WKH�
VLPXODWLRQ� WRRO� �VXFK�DV�7516<6�>7516<6�����@��
(QHUJ\3OXV�>(QHUJ\3OXV�����@�RU�0RGHOOLFD�>:HWWHU�
DQG�+DXJVWHWWHU�����@��DQG�LQLWLDWLQJ�D�VLPXODWLRQ��RQ�
WKH� RWKHU� KDQG�� WR� UHDG� WKH� VLPXODWLRQ� UHVXOWV� DQG�
GHOLYHU� WKHP� WR� WKH� ZHE� VHUYLFH� LQWHUIDFH� IRU� ILQDO�
VWRUDJH�LQ�WKH�GDWDEDVH���
�
Web portal 
$� VXLWDEOH� UHSUHVHQWDWLRQ� RI� WKH� HQHUJ\� XVH� RI� WKH�
IDFLOLW\�KDV�EHHQ�DXWRPDWLFDOO\�FUHDWHG�DQG�SUHVHQWHG�
WR� WKH� XVHU� E\� DQ� HOHFWURQLF� PHGLXP� RI� KLV� FKRLFH��
$IWHU� WKLV� ILUVW� URXJK� HVWLPDWH�� WKH� XVHU� FDQ� LQSXW�
IXUWKHU� SDUDPHWHUV� RI� WKH� EXLOGLQJ� QRW� NQRZQ� WR� WKH�
DXWRPDWLRQ� V\VWHP� �DUHD�� JHRJUDSKLFDO� ORFDWLRQ��
FRQVWUXFWLRQ� W\SH�� XVDJH�� WR� JHW� D� UHILQHPHQW� RI� KLV�
HQHUJ\�HIILFLHQF\�DQDO\VLV���
7KH�ORDGV�FDOFXODWHG�E\�WKH�EDVHOLQH�VLPXODWLRQ�PD\�
WKHQ� EH� FRPSDUHG� WR� WKH� DFWXDO� DPRXQW� RI� HQHUJ\�
XVHG� IRU� KHDWLQJ� DQG� FRROLQJ�� DOORZLQJ� D� ILUVW�
SHUIRUPDQFH�DVVHVVPHQW�RI�WKH�EXLOGLQJ��
,W� VKRZV� XVHUV� WKHLU� HQHUJ\� HIILFLHQF\� FRPSDUHG� WR�
RWKHU� IDFLOLWLHV� ZLWK� VLPLODU� EXLOGLQJ� SDUDPHWHUV�� DV�
ZHOO� DV� WKH� DYHUDJH� HQHUJ\� FRQVXPSWLRQ� RI� DOO�
PRQLWRUHG�VWUXFWXUHV��H�J��RQ�UHJLRQDO�OHYHO���
7KH�HQHUJ\�UHSRUW�IXQFWLRQDOLW\�LV�JHQHUDOO\�VHSDUDWHG�
LQWR� WZR� SDUWV�� 7KH� PDQDJHPHQW� RI� VFKHGXOHG�
UHSRUWLQJ�WDVNV�RQ�WKH�RQH�KDQG��DQG�WKH�FUHDWLRQ�DQG�
VHQGLQJ� RI� WKH� UHSRUWV� EDVHG� RQ� D� FOXVWHU� VSHFLILF�
GRFXPHQW� WHPSODWH� RQ� WKH� RWKHU� KDQG�� :LWKLQ� WKH�
FRQWLQXRXV� V\VWHP� ZRUNLQJ� SURFHVV�� WKH� UHSRUW� WDVN�
KDQGOHU� VFDQV� WKH� -(9LV� GDWDEDVH� IRU� UHSRUW� QRGHV�
DQG� FKHFNV� WKH� JHQHUDWLRQ� FRQGLWLRQV�� ,I� WKH�
JHQHUDWLRQ� FRQGLWLRQV� EHFRPH� WUXH�� WKH� UHSRUW� WDVN�
KDQGOHU� WULJJHUV� WKH� UHSRUW� JHQHUDWLRQ� HQJLQH� DQG�
SURYLGHV�DOO�QHFHVVDU\�SDUDPHWHUV�IRU�WKH�FUHDWLRQ�RI�
WKH� HQHUJ\� UHSRUW�� 7KH� UHSRUW� HQJLQH� VXSSRUWV� ERWK�
0LFURVRIW�([FHO� DQG�2SHQ�2IILFH� FDOFXODWLRQ� VKHHWV�
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IRU� UHSRUW� WHPSODWHV�� ZKHUH� DOO� VWDQGDUG� RIILFH�
IXQFWLRQV� FDQ� EH� XVHG� DQG� FDQ� EH� FRQQHFWHG� WR� WKH�
GDWD�VWRUHG�LQ�-(9LV�E\�XVLQJ�D�YDULDEOH�V\QWD[��7KH�
UHSRUW� HQJLQH� DXWRPDWLFDOO\� ILOOV� WKH� WHPSODWH�
DFFRUGLQJ�WR�WKH�DFWXDO�GDWD�VLWXDWLRQ����
$IWHU� WKH� ILOOLQJ� RI� WKH� WHPSODWH�� WKH� UHSRUW� HQJLQH�
XSORDGV� WKH� ILQLVKHG� UHSRUW� LQWR� WKH� -(9LV� GDWDEDVH��
WULJJHUV� WKH� FRQYHUVLRQ� WR� �SGI� ILOH�� DQG� VHQGV� WKH�
ILQDOL]HG��SGI�UHSRUW�WR�WKH�FXVWRPHU
V�HPDLO�DGGUHVV��

&$6(�678'<�
$Q� H[LVWLQJ� RIILFH� EXLOGLQJ� ORFDWHG� LQ� 9LHQQD� KDV�
EHHQ�VHOHFWHG�DV�D�WHVWEHG��)LJXUH��: ����
�

�
Figure 5: Testbed building located in Vienna. 

 
$Q� HPEHGGHG� DXWRPDWLRQ� VHUYHU� KDV� EHHQ� LQVWDOOHG�
RQ�VLWH� WR�PHDVXUH�HQHUJ\�GDWD�RI� WKH�EXLOGLQJ��WRWDO�
HOHFWULFDO�� KHDWLQJ�� $�&�� DLU� IORZ��� 7KH� DFTXLVLWLRQ��
PRQLWRULQJ� DQG� YHULILFDWLRQ� RI� WKH� PHDVXUHG� DQG�
VLPXODWHG�GDWD��DV�ZHOO�DV� WKH� LPSOHPHQWDWLRQ�RI� WKH�
VLPXODWLRQ�PRGHO�ZHUH� UHDOL]HG�HQWLUHO\�RQ�DQ�2SHQ�
6RXUFH�VRIWZDUH�HQYLURQPHQW��
7KH� RIILFH� EXLOGLQJ� ZDV� EXLOW� LQ� ������ ORFDWHG� LQ�
9LHQQD¶V� ��WK� GLVWULFW� �)LJXUH� �: �� IHDWXULQJ� D� JURVV�
EXLOGLQJ�DUHD�RI������Pð��
7KH�WHVW�EXLOGLQJ�KRVWV�RIILFH�XQLWV�DORQJ�SURGXFWLRQ�
XQLW�� 7KH� WHVW� EXLOGLQJ� REWDLQV� LWV� WKHUPDO� HQHUJ\�
IURP� GLVWULEXWHG� KHDWLQJ� DQG� HOHFWULFDO� HQHUJ\� IURP�
WKH�JULG��7KH�GHSOR\PHQW�ZLOO�EH�PDGH� LQ� WKH�HQWLUH�
EXLOGLQJ���
$Q� HPEHGGHG� /,1;����� DXWRPDWLRQ� VHUYHU� �)LJXUH�
�: ��KDV�EHHQ�LQVWDOOHG�RQ�VLWH�WR�PHDVXUH�HQHUJ\�GDWD�
RI� WKH� EXLOGLQJ� �WRWDO� HOHFWULFDO�� KHDWLQJ�� $�&�� DLU�
IORZ��DV�ZHOO�DV�HQYLURQPHQWDO�GDWD�VXFK�DV�RXWGRRU�
WHPSHUDWXUH��7KH�DXWRPDWLRQ�VHUYHU�ZDV�DGGHG�WR�DQ�
H[LVWLQJ� /RQ0DUN� V\VWHP�� 0HWHU� GDWD� RI� GLIIHUHQW�
IORRU� PHWHULQJ� HTXLSPHQW� ZDV� EURXJKW� LQ� WRJHWKHU�
RYHU� &($����� ILHOGEXV� FDEOLQJ�� 7KH� RXWGRRU�

WHPSHUDWXUH� VHQVRU� ZDV� LQWHJUDWHG� RYHU� =LJ%HH�
ZLUHOHVV��7KH�HQHUJ\�DZDUHQHVV�GDWD� ORJV�KDYH�EHHQ�
H[SRVHG�RYHU�WKH�ZHE�VHUYLFH��7KH�DXWRPDWLRQ�VHUYHU�
KDV� EHHQ� DVVLJQHG� D� SXEOLF� ,3� DGGUHVV� DQG� ZDV�
UHJLVWHUHG� RYHU� WKH� HPEHGGHG� ZHE� VWDUWHU� ZLWK� WKH�
GDWD� VHUYHU�� )RU� QHWZRUN� VHFXULW\� UHDVRQV� WKH�
DXWRPDWLRQ� VHUYHU� ZDV� SODFHG� LQWR� D� '0=� DQG�
LVRODWHG�IURP�WKH�UHPDLQLQJ�%$6��

�
Figure 6: Cross section of the test building 

�
$Q� HPEHGGHG� /,1;����� DXWRPDWLRQ� VHUYHU� �)LJXUH�
�: ��KDV�EHHQ�LQVWDOOHG�RQ�VLWH�WR�PHDVXUH�HQHUJ\�GDWD�
RI� WKH� EXLOGLQJ� �WRWDO� HOHFWULFDO�� KHDWLQJ�� $�&�� DLU�
IORZ��DV�ZHOO�DV�HQYLURQPHQWDO�GDWD�VXFK�DV�RXWGRRU�
WHPSHUDWXUH��7KH�DXWRPDWLRQ�VHUYHU�ZDV�DGGHG�WR�DQ�
H[LVWLQJ� /RQ0DUN� V\VWHP�� 0HWHU� GDWD� RI� GLIIHUHQW�
IORRU� PHWHULQJ� HTXLSPHQW� ZDV� EURXJKW� LQ� WRJHWKHU�
RYHU� &($����� ILHOGEXV� FDEOLQJ�� 7KH� RXWGRRU�
WHPSHUDWXUH� VHQVRU� ZDV� LQWHJUDWHG� RYHU� =LJ%HH�
ZLUHOHVV��7KH�HQHUJ\�DZDUHQHVV�GDWD� ORJV�KDYH�EHHQ�
H[SRVHG�RYHU�WKH�ZHE�VHUYLFH��7KH�DXWRPDWLRQ�VHUYHU�
KDV� EHHQ� DVVLJQHG� D� SXEOLF� ,3� DGGUHVV� DQG� ZDV�
UHJLVWHUHG� RYHU� WKH� HPEHGGHG� ZHE� VWDUWHU� ZLWK� WKH�
GDWD� VHUYHU�� )RU� QHWZRUN� VHFXULW\� UHDVRQV� WKH�
DXWRPDWLRQ� VHUYHU� ZDV� SODFHG� LQWR� D� '0=� DQG�
LVRODWHG�IURP�WKH�UHPDLQLQJ�%$6��
+LVWRULFDO� GDWD� KDV� EHHQ� XVHG� WR� YHULI\� WKH� EXLOGLQJ�
PRGHO� DFFXUDF\� DQG� FRUURERUDWH� WKH� DJUHHPHQW�
EHWZHHQ�PHDVXUHG�DQG�VLPXODWHG�GDWD��
5HJDUGLQJ� WKH� SXUSRVH� GDWD�� LW� ZDV� GHWHUPLQHG� WKDW�
WKH� PDLQ� REMHFWLYH� RI� WKH� GHSOR\PHQW� SURFHVV� LV� WR�
SUHGLFW�WKH�HOHFWULFDO�HQHUJ\�FRQVXPSWLRQ�IRU�D�SHULRG�
RI� RQH� \HDU� IRU� WKH� HQWLUH� EXLOGLQJ�� 7KLV� LPSURYHV�
HQHUJ\� FRQVXPSWLRQ� DZDUHQHVV� DQG� DOORZV� UHGXFLQJ�
HOHFWULFDO� HQHUJ\� FRQVXPSWLRQ� E\� TXDQWLI\LQJ� WKH�
SUHGLFWLYH�FRQVXPSWLRQ��
7KH� EXLOGLQJ� GDWD� KDV� EHHQ� PDLQWDLQHG� XVLQJ�
(QYLGDWHF¶V�-(9LV�HQHUJ\�PRQLWRULQJ�V\VWHP��,W�KDV�D�
GDWDEDVH� VXSSRUWHG�E\� D� VRIWZDUH� WRRO�ZKLFK� DOORZV�
VWRULQJ� DQG� FRPPXQLFDWLQJ� EXLOGLQJ� GDWD� WR� WKH�
VLPXODWLRQ� VHUYLFHV�(QYLGDWHFV¶V� -(9LV� ZHE� VHUYLFH�
RIIHUV�DQ�DSSOLFDWLRQ�LQWHUIDFH�IRU�PRGHO�UHODWHG�GDWD�
WUDQVIHU�� (QHUJ\3OXV� ZDV� VHOHFWHG� DV� WKHUPDO�
VLPXODWLRQ�VHUYLFH��
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$� VLPSOLILHG� WHVWEHG� JHRPHWU\� PRGHO� KDV� EHHQ�
DXWRPDWLFDOO\�JHQHUDWHG�XVLQJ�WKH�EDVHOLQH�VLPXODWLRQ�
PRGXOH��ILJXUH�����
�

�
Figure 7: Simplified geometry model of the testbed 

office building in Vienna 
�
,QWHUQDO� WKHUPDO� ORDGV� RI� WKH� EXLOGLQJ� FRXOG� EH�
HVWLPDWHG�� EDVHG� RQ� WKH� (3&� LQSXW� DQG� WKH� HQHUJ\�
FRQVXPLQJ�FRPSRQHQWV�LQ�WKH�EXLOGLQJ��
7KHVH� LQFOXGHG� EXLOGLQJ� HQHUJ\� V\VWHPV�� VXFK� DV�
KHDWLQJ� FRROLQJ�� DLU� FRQGLWLRQLQJ� �+9$&��� OLJKWLQJ�
V\VWHP� ORDGV�� VRODU� ORDGV�� DQG� FRPSXWHUV�� ,Q�
FRQMXQFWLRQ� ZLWK� WKH� W\SLFDO� SK\VLFDO� SURSHUWLHV� RI�
WKH� FRQVWUXFWLRQ� W\SH� FKRVHQ�� KHDWLQJ� DQG� FRROLQJ�
ORDGV�RI�WKH�EXLOGLQJ�DV�ZHOO�DV�HOHFWULF�ORDG�SURILOHV�
KDYH�EHHQ�FRPSXWHG��
7KH� EXLOGLQJ� PRGHO� KDV� EHHQ� VWRUHG� LQ� DQ� LGI� ILOH��
7KLV�ILOH�HQFORVHV�D�GHVFULSWLRQ�RI�WKH�EXLOGLQJ�PRGHO�
IRU�WKHUPDO�VLPXODWLRQ�SXUSRVHV��
7HPSHUDWXUH� DQG� KXPLGLW\� VHQVRUV� DQG�
HOHFWULFLW\�WKHUPDO� FRQVXPSWLRQ� PHWHUV� DUH� DOUHDG\�
DYDLODEOH� LQ� WKH� EXLOGLQJ�� ,QLWLDO� DQDO\VHV� KDYH� EHHQ�
SHUIRUPHG� ZLWK� WKH� GDWD� VHUYHU� PRGXOH�� QDPHO\�
-(*UDSK��
)LJXUH� �� VKRZV� DQ� H[DPSOH� RI� KLVWRULFDO� GDWD�
YLVXDOL]DWLRQ�IRU�WKH�HOHFWULFDO�FRQVXPSWLRQ�SHU�IORRU�
�2*���2*���2*��DQG�'*��IRU�WKH�SHULRG�RI�-DQXDU\�
������XVLQJ�WKH�-(*UDSK�WRRO���

�
Figure 8: JEGraph analysis of historical 

consumption data 

+LVWRULFDO� VHQVRU� GDWD� ZHUH� FROOHFWHG� DQG� VWRUHG� LQ�
WKH�GDWDEDVH��'DWD�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ� WKH�
H�� GDWD� VHUYHU� PRGXOH�� 7KHQ� VHQVHG� GDWD� DQG�
VLPXODWLRQ�UHVXOW�GDWD�KDYH�EHHQ�FRPSDUHG�XVLQJ�WKH�
ZHE� VHUYLFH� PRGXOH�� FRQVHTXHQWO\� JHQHUDWLQJ� DQ�
HQHUJ\�UHSRUW��7KLV�HQHUJ\�UHSRUW�ZDV�VHQW�WR�WKH�XVHU�
E\�HPDLO��

5(68/7�$1$/<6,6�
,Q�RUGHU� WR�KDYH� UHDOLVWLF� V\VWHP� WHVWV�� WKHVH�KDYH� WR�
EH�SHUIRUPHG�DW� OHDVW� IRU� D� SHULRG�RI� RQH�\HDU��7KLV�
HQVXUHV�WKDW�V\VWHP�SHUIRUPDQFH�LV�WHVWHG�IRU�DW�OHDVW�
RQH� KHDWLQJ� VHDVRQ�� RQH� FRROLQJ� VHDVRQ� DQG� WZR�
LQWHUPHGLDWH� VHDVRQV�� ZKLFK� PDNHV� V\VWHP� WHVWLQJ�
H[WUHPHO\� ORQJ� DQG� UHVRXUFH� LQWHQVLYH�� 'XH� WR� WLPH�
OLPLWDWLRQ� LW� ZDV� QRW� SRVVLEOH� WR� WHVW� V\VWHP�
SHUIRUPDQFH� IRU� WKLV� SHULRG� RI� WLPH�� $OWKRXJK�
SUHOLPLQDU\�UHVXOWV��IRU�WKH�ODVW�TXDUWHU�������VXJJHVW�
WKDW� WKHUH� LV�KLJK� OHYHO�RI�DJUHHPHQW�EHWZHHQ�PRGHO�
DQG� VWDQGLQJ� RIILFH� EXLOGLQJ�� 7DEOH� �� VKRZV� D�
FRPSDULVRQ�EHWZHHQ� VLPXODWLRQ�DQG�PHDVXUHG� UHVXOW�
IRU�D�SHULRG�RI�WKUHH�PRQWKV��

Table 1 
Simulation and measured comparison 

�

BUILDING 
SYSTEM�

SIMULATED 
in kWh��

MEASURED 
in kWh�

(OHFWULFDO� ���������� ����������
+HDWLQJ� �������� �������� 
&RROLQJ� �� ��
�7KH�UHVXOWV�REWDLQHG�IURP�WKH�SUHOLPLQDU\�DQDO\VLV�RI�
WKH�VLPXODWHG�DQG�PHDVXUHG�GDWD�VXJJHVW�WKDW�WKHUH�LV�
D� KLJK� FRQFRUGDQFH� EHWZHHQ� WKHP�� &RPSDULQJ� WKH�
WZR� UHVXOWV� RI� WKH� HOHFWULFDO� FRQVXPSWLRQ� LW� PD\� EH�
VHHQ� WKDW� WKHUH� LV� D� YDULDWLRQ� RI� ��������&RPSDULQJ�
WKH� KHDWLQJ� FRQVXPSWLRQ� LW� FDQ� EH� VHHQ� WKDW� WKH�
YDULDWLRQ� LV� DERXW� �����&RROLQJ� FRQVXPSWLRQ� FRXOG�
QRW� EH� PHDVXUHG�� VLQFH� UHVXOWV� DUH� IURP� D� KHDWLQJ�
WLPH�SHULRG���
,W�PXVW�EH�WDNHQ�LQWR�DFFRXQW�WKDW�WKLV�PHDVXUHPHQWV�
ZHUH�PDGH�IRU�D�OLPLWHG�WLPH��,W�ZRXOG�EH�GHVLUDEOH�WR�
DQDO\VH� DW� OHDVW� D� ZKROH� \HDU�� 'XH� WR� UHVRXUFH�
OLPLWDWLRQV�WKLV�FRXOG�QRW�EH�DFFRPSOLVKHG�FXUUHQWO\���

&21&/86,21�
7KLV� SDSHU� KDV� VKRZQ� D� FDVH� VWXG\� RI� D� VLPSOLILHG�
HQHUJ\� PRGHOOLQJ� IRU� VLPXODWLRQ� SXUSRVHV�� +HUH� DQ�
HQHUJ\�DZDUHQHVV�V\VWHP�SURWRW\SH�ZLWK�WKH�DELOLW\�WR�
SUHVHQW� UHVXOWV� RI� WKH� HQHUJ\� HIILFLHQF\� HYDOXDWLRQ�
PDWKHPDWLFDOO\� EDVHG� RQ� FRQVXPSWLRQV��
FKDUDFWHULVWLF� HQHUJ\� YDOXHV� DQG� WKH� VFDOH� RI� SRLQW�
YDOXHV�RI�WKH�TXHVWLRQ�JXLGH�LV�VKRZQ���
%RWK� WKH� LQWHJUDWLRQ� LQWR� DQ� H[LVWLQJ� V\VWHP� DV�ZHOO�
DV� EXLOGLQJ� D� QHZ� V\VWHP� ZDV� SRVVLEOH� ZLWK� WKH�
SUHVHQWHG� DXWRPDWLRQ� VHUYHU� HTXLSPHQW�� 7KH�
H[WHQVLRQ� RI� WKH� HPEHGGHG� GHYLFH� E\� WKH� HQHUJ\�
DZDUH� GDWD� SRLQWV� DQG� ZHE� VHUYLFH� PDGH� LW� VLPSOHU�
IRU� WKH� FXVWRPHU� WR� DGG� WKH� HQHUJ\� PRQLWRULQJ�
V\VWHP��
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7KLV� DOORZHG� RQ� WKH� RQH� KDQG� XVHUV� WR� UHFHLYH� DQ�
HVWLPDWLRQ�RI�WKHLU�HQHUJ\�FRQVXPSWLRQ��RQ�WKH�RWKHU�
KDQG�WR�EH�DEOH�WR�FRPSDUH�WKHLU�EXLOGLQJ�ZLWK�RWKHUV�
ZLWKLQ�WKH�VDPH�FOXVWHU��
3UHOLPLQDU\� UHVXOWV� GHPRQVWUDWHG� WKDW� WKHUH� LV� KLJK�
OHYHO�RI�DJUHHPHQW�EHWZHHQ�PRGHO�DQG�H[LVWLQJ�RIILFH�
EXLOGLQJ��
7KH�ILHOG�WHVW�KDV�LGHQWLILHG�FUXFLDO�V\VWHP�SDUWV�WKDW�
QHHG� IXUWKHU� GHYHORSPHQW� LQ� WKH� IXWXUH�� (VSHFLDOO\��
WKH� H[SRVXUH� RI� VHQVLWLYH� RSHUDWLRQDO� GDWD� RI� WKH�
EXLOGLQJ� RYHU� D� ZHE� VHUYLFH� LV� FULWLFDO�� 7KH� FKRVHQ�
FRQFHSW�RI�SODFLQJ� WKH�HTXLSPHQW� LQ�D�'HPLOLWDUL]HG�
=RQH� �'0=�� VROYHV� WKH� VHFXULW\� LVVXHV� DV� WKH�
EXLOGLQJ� DXWRPDWLRQ� V\VWHP� �%$6�� LV� LVRODWHG��
+RZHYHU��IRU�ZLGH�VSUHDG�DFFHSWDQFH�D�PRUH�JHQHUDO�
VHFXULW\�FRQFHSW�LV�UHTXLUHG��7KLV�LV�EH\RQG�WKH�VFRSH�
RI�WKH�SURMHFW�DQG�OHIW�DV�IXWXUH�ZRUN��

120(1&/$785(�
BAS  ��%XLOGLQJ�$XWRPDWLRQ�6\VWHP 
DMZ  ��'HPLOLWDUL]HG�=RQH�SHULPHWHU�QHWZRUN 
EPC  �(QHUJ\�3HUIRUPDQFH�&HUWLILFDWH 
HVAC  ��+HDWLQJ�9HQWLODWLRQ�DQG�$LU�FRQGLWLRQLQJ  

$&.12:/('*(0(17�
7KLV� UHVHDUFK� LV� SDUW� RI� WKH� SURMHFW� H�� ±� (QDEOLQJ�
(QHUJ\� (IILFLHQW� (YDOXDWLRQ� &R�ILQDQFHG� E\� ))*� ��
3URMHFW�QXPEHU���������DQG�=,0�±�3URMHFW�QXPEHUV��
.)�������')���.)�������')���

5()(5(1&(6�
$OOLDQFH�� =LJ%HH�� �,(((� �������� ��� =LJ%HH�

VWDQGDUG���2Q�KWWS���ZZZ��]LJEHH��RUJ���������

%U\FKWD� 0��� 'XELVFK� )��� 3DOHQVN\� 3��� 6WLIW� )���
48((1�±�(LQ�7RRO�]XU�(YDOXLHUXQJ�LQQRYDWLYHU�
*HElXGH�� XQG� $QODJHQNRQ]HSWH� DXI� %DVLV�
G\QDPLVFKHU�6LPXODWLRQ���%DX6,0�������,%36$�
&RQIHUHQFH� 9LHQQD� 8QLYHUVLW\� RI� 7HFKQRORJ\��
���������������9LHQQD��SS����������

�³',5(&7,9(���������(8�2)�7+(�(8523($1�
3$5/,$0(17�$1'�2)�7+(�&281&,/�RI����
0D\������RQ�WKH�HQHUJ\�SHUIRUPDQFH�RI�EXLOGLQJV�
�UHFDVW�´��2IILFLDO�-RXUQDO�RI�WKH�(XURSHDQ�8QLRQ��
YRO������������

(QYLGDWHF�*PE+��³2SHQ-(9LV�FRPPXQLW\´�
ZZZ�2SHQ-(9LV�RUJ��)HE������

(QHUJ\3OXV���8�6��'HSDUWPHQW�RI�(QHUJ\�
³(QHUJ\3OXV´��������
KWWS���DSSV��HHUH�HQHUJ\�JRY�EXLOGLQJV�HQHUJ\SOXV��
YLVLWHG�RQ�������������

/HDO� 6��� -XGH[� )��� +DXHU� 6��� 6WLIW� )��� 'XELVFK� )���
=XFNHU� *��� $XWRPDWLF� EXLOGLQJ� HQHUJ\� PRGHOLQJ�
IRU� VLPXODWLRQ� SXUSRVHV��� %DX6,0� ������ ,%36$�
&RQIHUHQFH�� %HUOLQ� 8QLYHUVLW\� RI� WKH� $UWV�� ���
������������%HUOLQ��SS������������

23&� ;0/'$� ����� 6SHFLILFDWLRQ��
KWW���RSFIRXQGDWLRQ�RUJ��$XJ������

2UDFOH�-DYD��KWWS���ZZZ�MDYD�FRP��-DQ��������

3DOHQVN\� 3��� 7KH� -(9LV� 6HUYLFH� 3ODWIRUP� ��
'LVWULEXWHG� (QHUJ\� 'DWD� $FTXLVLWLRQ� DQG�
0DQDJHPHQW�� 5LFKDUG� =XUDZVNL� �(G���� 7KH�
,QGXVWULDO� ,QIRUPDWLRQ� 7HFKQRORJ\� +DQGERRN��
SDJHV� �����������²���� 1XPEHU� ������������
&5&�3UHVV��%RFD�5DWRQ��)ORULGD��������

6RXFHN� 6��� =XFNHU� *��� &XUUHQW� GHYHORSPHQWV� DQG�
FKDOOHQJHV� LQ� EXLOGLQJ� DXWRPDWLRQ��
(OHNWURWHFKQLN� 	� ,QIRUPDWLRQVWHFKQLN� �H� 	� L���
,VVXH��������SS�����²�����������

7KURQ�� 8�� 9RUDXVVFKDXHQGH� VHOEVWDGDSWLHUHQGH�
+HL]XQJVUHJHOXQJ� I�U� 6RODUKlXVHU�� 'LVVHUWDWLRQ��
)DFKEHUHLFK� 0DVFKLQHQEDX�� 8QLYHUVLWlW�
+DQQRYHU���������

7516<6���//&�7KHUPDO�(QHUJ\�6\VWHPa6SHFLDOLVWV�
��7516<6��������KWWS���ZZZ�WUQV\V�FRP��)HE�
�����

:HWWHU�0���+DXJVWHWWHU�&��´0RGHOLFD�YHUVXV� WUQV\V� ��
D� FRPSDULVRQ� EHWZHHQ� DQ� HTXDWLRQ�EDVHG� DQG� D��
SURFHGXUDO� PRGHOLQJ� ODQJXDJH� IRU� EXLOGLQJ�
HQHUJ\� VLPXODWLRQ�´� �QG� 6LP%XLOG� &RQIHUHQFH��
&DPEULGJH��0$��86$��������

=XFNHU� *��� +HWWIOHLVFK� &. 8VLQJ� 6LPXODWLRQ� IRU�
2SWLPL]HG� %XLOGLQJ� 2SHUDWLRQ�� (±QRYD� ������
)+�%XUJHQODQG������������������3LQNDIHOG��

=XFNHU�*���%UDXQ�5���-XGH[�)���+HWWIOHLVFK�&���:RUVW�
&DVH� $EVFKlW]XQJ� YRQ� WKHUPLVFKHP�
*HElXGHYHUKDOWHQ��(±QRYD�������)+�%XUJHQODQG��
����������������3LQNDIHOG 

=XFNHU� *��� -XGH[� )��� %UDXQ� 5��� +DXHU� 6��� /HDO� 6���
)HUKDWEHJRYLF�7��� �7KHUPDO�%XLOGLQJ�0RGHOLQJ�
6XSSRUWV� %XLOGLQJ� &RQWUROV�� LQ� SURFHHGLQJ� RI��
,(:7� ����� �� ��� ,QWHUQDWLRQDOH�
(QHUJLHZLUWVFKDIWVWDJXQJ� DQ� GHU� 78� :LHQ��
7HFKQLVFKH�8QLYHUVLWlW�:LHQ��:LHQ��gVWHUUHLFK��
�������������������������
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