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7KLV� SDSHU� UHSRUWV� WKH� GHYHORSPHQW� RI� D� *DXVVLDQ�
3URFHVV� �*3�� HPXODWRU� WR� PDNH� DQ� HQHUJ\� HIILFLHQW�
RSHUDWLRQDO� GHFLVLRQ� E\� HPXODWLQJ� FRPSOH[� DQG�
G\QDPLF� SK\VLFDO� EHKDYLRU� RI� D� EXLOGLQJ�� 7KH� *3�
HPXODWRU�GHPDQGV�PXFK� OHVV� WLPH�DQG�HIIRUW�DV�ZHOO�
DV�SURGXFHV�DOPRVW�LGHQWLFDO�RXWSXWV�FRPSDUHG�WR�WKH�
ZKROH�EXLOGLQJ�VLPXODWLRQ� WRROV�VXFK�DV�(QHUJ\3OXV��
7KLV� VWXG\� VWDUWHG� IURP� D� UHTXHVW� E\� DQ� RIILFH�
EXLOGLQJ� RZQHU� ZKR� ZDQWHG� WR� LQYHVWLJDWH� ZKHWKHU�
(QHUJ\3OXV�FDQ�EH�DSSOLFDEOH�IRU�UHDO�WLPH�RSHUDWLRQ�
DQG�PDQDJHPHQW� RI� D� KLJK�ULVH� RIILFH� EXLOGLQJ�� 7KH�
(QHUJ\3OXV�PRGHO� RI� WKH� EXLOGLQJ� GHYHORSHG� E\� WKH�
DXWKRUV� UHTXLUHG� VLJQLILFDQW� FRPSXWDWLRQ� WLPH� IRU�
SURGXFLQJ�VWRFKDVWLF�RXWSXWV��8QGHU�WKLV�FRQWH[W�� WKH�
*3� HPXODWRU�ZDV� GHYHORSHG� IRU� RSHUDWLRQ� VWUDWHJLHV�
VXFK�DV�DQVZHULQJ�ZKDW�LI�VFHQDULRV�LQ�UHDO�WLPH��7KLV�
SDSHU� UHSRUWV� FRQVWUXFWLRQ� SURFHVV� DQG� SHUIRUPDQFH�
RI�WKH�*3�HPXODWRU��,W�LV�VKRZQ�LQ�WKLV�SDSHU�WKDW�WKH�
*3�HPXODWRU�LV�JRRG�HQRXJK�WR�EH�XVHG�IRU�UHDO�WLPH�
RSWLPDO�RSHUDWLRQ���

,1752'8&7,21�
+LJK�ULVH�RIILFH�EXLOGLQJV�FRQVXP�VLJQLILFDQW�FRROLQJ�
HQHUJ\�GXH�WR�KLJK�LQWHUQDO�KHDW�JDLQ�DQG�WUDVQSDUHQW�
HQYHORSHV�� ,W� LV� KLJKO\� UHTXLUHG� WR� SURYLGH� HQHUJ\�
HIILFLHQW� RSHUDWLRQ� VWUDWHJ\� �H�J�� RSWLPDO� FKLOOHG�
ZDWHU�WHPSHUDWXUH��ZDWHU�WHPSHDWXUH�RI�FRROLQJ�WRZHU��
HWF��� LQ� UHDO� WLPH� IRU� EHWWHU� EXLOGQJ� HQHUJ\�
PDQDJHPHQW���
7KH�ZKROH�EXLOGLQJ�VLPXODWLRQ�WRROV��H�J��(QHUJ\3OXV��
(63�U�� 7516<6�� HWF��� KDYH� EHHQ� ZLGHO\� XVHG� WR�
DQVZHU� VXFK� ZKDW�LI� VFHQDULRV�� 7KH� ZKROH� EXLOGLQJ�
VLPXODWLRQ� WRROV� FDQ� SURYLGH� VWRFKDVWLF� SUHGLFWLRQ�
XVLQJ� 0RQWH� &DUOR� VLPXODWLRQ�� +RZHYHU�� LW� WDNHV�
VLJQLILFDQW� WLPH� DQG� HIIRUWV� WR� GHYHORS� D� EXLOGLQJ�
HQHUJ\� PRGHO� XVLQJ� WKH� ZKROH� EXLOGLQJ� VLPXODWLRQ�
WRROV��,Q�DGGLWLRQ��FRPSXWDWLRQ�WLPH�RI�WKH�WRROV�LV�QRW�
QHJOLJLEOH�� ,Q� RWKHU� ZRUGV�� EXLOGLQJ� RSHUDWLRQ�
PDQDJHUV�RU�EXLOGLQJ�RZQHUV�FDQQRW�GHULYH�VWRFKDVWLF�
SUHGLFWLRQ� UHVXOWV� FRQVLGHULQJ� WKH� XQFHUWDLQW\� RI� WKH�
EXLOGLQJ�LQ�UHDO�WLPH���
7KH� *DXVVLDQ� 3URFHVV� �*3�� HPXODWRU� KDV� UHFHQWO\�
UHFHLYHG�PXFK� DWWHQWLRQ� GXH� WR� LWV� UHPDUNDEOH� SRVW�
SURFHVVLQJ� FDSDELOLWLHV� LQ� EXLOGLQJ� VLPXODWLRQ�� 7KH�
*3� HPXODWRU�� EDVHG� RQ� %D\HVLDQ� DSSURDFK�� LV� D�

VXUURJDWH� PRGHO�� ZKLFK� FDQ� PLPLF� FRPSOH[� DQG�
G\QDPLF� SK\VLFDO� EHKDYLRUV� RI� D� EXLOGLQJ� �V\VWHPV��
ZKLOH�EHLQJ�FRPSXWDWLRQDOO\�FKHDS�WR�UXQ��)ULFNHU�HW�
DO�� ������� %URZQ� HW� DO� ������� SURSRVHG� D� NHUQHO�
UHJUHVVLRQ�WHFKQLTXH�IRU�HPXODWLQJ�D�EXLOGLQJ�HQHUJ\�
PRGHO��+HR�	�=DYDOD��������VKRZHG�DQ�DSSOLFDELOLW\�
RI� KHU�*3�PRGHO� IRU�0HDVXUHPHQW� DQG�9HULILFDWLRQ�
�0	9��SUDFWLFHV��(LVHQKRZHU�HW�DO���������VXJJHVWHG�
WKDW�WKH�*3�HPXODWRU�EH�XVHG�WR�SHUIRUP�D�VWRFKDVWLF�
RSWLPDO�GHVLJQ�RI�EXLOGLQJ�V\VWHPV��,Q�JHQHUDO��LW�KDV�
EHHQ�UHSRUWHG�WKDW�WKH�*3�HPXODWRU�SURGXFHV�UHOLDEOH�
VWRFKDVWLF� SUHGLFWLRQ� ZLWKRXW� GHPDQGLQJ� VLJQLILFDQW�
WLPH� DQG� HIIRUWV� FRPSDUHG� WR� WKH� ZKROH�EXLOGLQJ�
VLPXODWLRQ�WRROV��.HQQHG\�	�2¶+DJDQ��������2DNOH\�
	� 2¶+DJDQ�� ������ *ROGVWHLQ� 	� 5RXJLHU�� ������
5DVPXVVHQ� 	� :LOOLDPV�� ������ /LX� 	� :HVW�� ������
%URZQ�HW�DO��������+HR�	�=DYDOD��������(LVHQKRZHU�
HW�DO���������
7KLV� SDSHU� DGGUHVVHV� WKH� IROORZLQJ�� GHYHORSPHQW� RI�
WKH� *3� HPXODWRU� IRU� D� ODUJH�VFDOH� RIILFH� EXLOGLQJ��
VHDUFK� IRU� RSWLPDO� RSHUDWLRQ� VWUDWHJLHV� WR� UHGXFH�
HOHFWULFLW\�FRQVXPSWLRQ�RI�FKLOOHG�ZDWHU�V\VWHPV��7KH�
*3�HPXODWRU�SURYLGHV�YHU\�IDVW�VWRFKDVWLF�UHVXOWV� IRU�
EXLOGLQJ� RSHUDWLRQ� DQG� HQHUJ\� PDQDJHPHQW�� 7KH�
UHVXOWV� IURP� WKH� *3� HPXODWRU� LV� DSSUR[LPDWHO\�
LGHQWLFDO�WR�WKRVH�RI�G\QDPLF�VLPXODWLRQ�WRROV���

%8,/',1*�'(6&5,37,21�
7KH�FOLHQW�DVNHG�WKH�DXWKRUV�WR�GHYHORS�D�VLPXODWLRQ�
PRGHO� WR� LQYHVWLJDWH� DSSOLFDELOLW\� RI� (QHUJ\3OXV� LQ�
WKHLU�GDLO\�RSHUDWLRQ�DQG�PDQDJHPHQW�RI�D� UHDO�KLJK�
ULVH� RIILFH� EXLOGLQJ�� 7KH� FOLHQW� ZDQWHG� WR� NQRZ�
ZKHWKHU� (QHUJ\3OXV� FRXOG� EH� D� ULJKW� FKRLFH� IRU� WKH�
DIRUHPHQWLRQHG�SXUSRVHV��2QH�RI� WKH� UHTXHVW� E\� WKH�
FOLHQW�LV�WR�GHYHORS�WKH�(QHUJ\3OXV�VLPXODWLRQ�PRGHO�
WR�EH�DV�FORVH� WR� WKH�UHDOLW\�DV�SRVVLEOH��7KH�DXWKRUV�
KDG� WR� UHSRUW� WKH� FOLHQW� RXU� DVVXPSWLRQV� DQG�
SURIHVVLRQDO�MXGJPHQW�GXULQJ�WKH�PRGHOLQJ�SURFHVV����
7KH� EXLOGLQJ� LV� D� WHOHFRPPXQLFDWLRQ� FRPSDQ\¶V�
KHDGTXDUWHU�EXLOGLQJ�LQ�6HRXO��.RUHD��)LJXUH�����7KH�
EXLOGLQJ� KDV� ��� VWRULHV� DERYH� JURXQG� DQG� ��
XQGHUJURXQG�OHYHOV��DQG�WKH�WRWDO�IORRU�DUHD�LV��������
P��� 7KH� PDLQ� H[WHULRU� PDWHULDOV� DUH� ORZ�H� GRXEOH�
SDQH� JOD]LQJ�� DQG� WKH� ZLQGRZ�ZDOO� UDWLR� LV�
DSSUR[LPDWHO\�������
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3ULPDU\� V\VWHP� FRPSRQHQWV� LQFOXGH� WKUHH� VWHDP�
ERLOHUV�� RQH� FHQWULIXJDO� WXUER� FKLOOHU� IRU� $+8�� DQG�
WZR�FHQWULIXJDO�FKLOOHUV�IRU�DQ�LFH�VWRUDJH�V\VWHP��WZR�
DEVRUSWLRQ� FKLOOHUV� IRU� EDFNXS�� DQG� VHYHQ� KHDW�
H[FKDQJHUV�� 6HFRQGDU\� V\VWHP� FRPSRQHQWV� SODFHG�
EHWZHHQ�KHDWLQJ�DQG�FRROLQJ�SODQWV�DQG�HDFK�]RQH�RI�
WKH� EXLOGLQJ� DUH� FRPSRVHG� RI�&RQVWDQW� $LU�9ROXPH�
�&$9�� IRU� OREE\�� 9DULDEOH� $LU� 9ROXPH� �9$9�� IRU�
RIILFH� VSDFHV�� )DQ�3RZHU�8QLW� �)38��� DQG� )DQ�&RLO�
8QLW� �)&8��IRU�H[WUHPH�FRQWURO�]RQHV� IRU�KLJK� OHYHO�
RI�FRPIRUW�FRQGLWLRQ��7KH�GLVWULEXWLRQ�V\VWHPV�RI�WKH�
+9$&�LQFOXGH�YDULDEOH�RU�FRQVWDQW� IDQV�DQG�SXPSV��
,Q� SDUWLFXODU�� WKH� %XLOGLQJ� (QHUJ\� 0DQDJHPHQW�
6\VWHP��%(06��LQFOXGHV�������RQ�OLQH�VHQVRU�SRLQWV��

�
�

)LJXUH���7DUJHW�EXLOGLQJ��
�
)LUVWO\�� WKH� DXWKRUV� GHYHORSHG� DQ� (QHUJ\3OXV�PRGHO�
DV�VKRZQ�LQ�)LJXUH����7KH�VL]H�RI�WKH�,QSXW�'DWD�)LOH�
�,')�� LV���0%�DQG� WKH�QXPEHU�RI� WKH�FODVVHV� LQ� WKH�
,')�LV������7KH�QXPEHU�RI�WKH�]RQHV�LV�����DQG�WKH�
QXPEHU� RI� WKH� VXUIDFHV� LV� ������� ,W� WRRN� DOPRVW� WZR�
KRXUV� WR� UXQ� RQH� PRQWK� VLPXODWLRQ�� �XVHG� 3&�� ,QWHO�
L������������*+]��&38�DQG���*%�RI�PHPRU\���
$V� LQIHUUHG� IURP� WKH� VLPXODWLRQ� UXQWLPH�� WKH�
(QHUJ\3OXV� VLPXODWLRQ� PRGHO� ZDV� QRW� TXDOLILHG� IRU�
UHDO� WLPH� GHFLVLRQ� PDNLQJ� DQG� HQHUJ\� PDQDJHPHQW��
7KH�IROORZLQJ�VHFWLRQ�ZLOO�GHVFULEH�WKH�GHYHORSPHQW�
RI� WKH� *3� HPXODWRU� EDVHG� RQ� WKH� (QHUJ\3OXV�
VLPXODWLRQ�PRGHO�RI�WKH�EXLOGLQJ��

�
)LJXUH����(QHUJ\3OXV�VLPXODWLRQ�PRGHO��

*3�(08/$725�
,Q�JHQHUDO��WKH�FRQVWUXFWLRQ�RI�WKH�*3�HPXODWRU�WDNHV�
IRXU�VWHSV�DV�IROORZV������VHOHFWLRQ�RI�WUDLQLQJ�GDWDVHW��
���� FRQVWUXFWLRQ� RI� *DXVVLDQ� UHJUHVVLRQ� PRGHO�� ����
%D\HVLDQ�DSSURDFK��DQG�����XQFHUWDLQW\�RU�VHQVLWLYLW\�
DQDO\VLV��)LJXUH������
�

�
)LJXUH���'HYHORSPHQW�RI�*3�HPXODWRU�

�
7KH�WUDLQLQJ�GDWDVHW� LV�FRPSRVHG�RI�XQNQRZQ�LQSXWV�
DQG�VLPXODWLRQ�RXWSXWV��7R�JHQHUDWH�WKH�GDWDVHW��/DWLQ�
+\SHUFXEH�6DPSOLQJ��/+6��PHWKRG�KDV�EHHQ�ZLGHO\�
XVHG� WR� JHQHUDWH� VLPXODWLRQ� FDVHV� EDVHG� RQ�
SUREDELOLW\�GLVWULEXWLRQ��PLQ��EDVH��PD[��RI�XQNQRZQ�
LQSXWV�� 7KH� WUDLQLQJ� GDWDVHW� SURSDJDWHG� E\� /+6�
PHWKRG�LV�XVHG�WR�FRQVWUXFW�D�OLQHDU�UHJUHVVLRQ�PRGHO�
ZLWK� *DXVVLDQ� QRLVH�� 7KH�*3� LV� EDVHG� RQ�*DXVVLDQ�
SUREDELOLW\� GLVWULEXWLRQ� DQG� FDQ� JLYH� D� YHU\� JHQHUDO�
WUHDWPHQW� RI� D� *3� UHJUHVVLRQ� IXQFWLRQ� �2¶+DJDQ��
������� +RZHYHU�� LW� VKRXOG� EH� QRWHG� WKDW� WKH� *3�
UHJUHVVLRQ� IXQFWLRQ� KDV� WKUHH� XQNQRZQ� SDUDPHWHUV�
VXFK�DV�VFDOLQJ�SDUDPHWHU��OHQJWK�VFDOH��DQG�YDULDQFH�
RI� *DXVVLDQ� QRLVH�� DQG� WKH� SRVWHULRU� GLVWULEXWLRQ� RI�
XQNQRZQ�SDUDPHWHUV�QHHGV�WR�EH�HVWLPDWHG�DFFRUGLQJ�
WR�%D\HVLDQ�DSSURDFK��%XVE\��������9DQKDWDOR�HW�DO��
��������
7KH� %D\HVLDQ� DSSURDFK� KDV� EHHQ� ZLGHO\� XVHG� E\�
VSHFLI\LQJ�WKH�LQGLYLGXDO�EHOLHI��RU�SULRU�NQRZOHGJH��
LQWR� SUREDELOLW\� GLVWULEXWLRQ�� DQG� PLQLPL]LQJ� WKH�
XQLQWHQGHG�VXEMHFWLYH�HIIHFW�� ,Q�JHQHUDO��D�PD[LPXP�
D� SRVWHULRU� �0$3�� DQG�0DUNRY� &KDLQ�0RQWH� &DUOR�
�0&0&�� HVWLPDWH� FDQ� EH� XVHG� IRU� GHWHUPLQLQJ� WKH�
SRVWHULRU�GLVWULEXWLRQ�RI�WKRVH���

Chilled water system of the study  
)RU� WKLV� VWXG\�� WKUHH� FKLOOHG� ZDWHU� V\VWHPV� ZHUH�
FKRVHQ�� WZR� FKLOOHUV� IRU� WKH� LFH� WKHUPDO� VWRUDJH�
V\VWHP� DQG� RQH� WXUER� FKLOOHU� IRU� FRROLQJ�� 7KH� LFH�
WKHUPDO� VWRUDJH� V\VWHP� LV� XVHG� IRU� FRROLQJ� RI� WKH�
HQWLUH�EXLOGLQJ�ZKLOH�RQH�WXUER�FKLOOHU�LV�XVHG�IRU����
KRXUV� FRQWLQXRXV� FRROLQJ� RI� DQ� ,7� FHQWHU� ORFDWHG� LQ�
��)�LQ�WKH�EXLOGLQJ���
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$V�PHQWLRQHG�DERYH��WKH�*3�HPXODWRU�ZDV�GHYHORSHG�
WR� ILQG� RSWLPDO� RSHUDWLRQ� VWUDWHJLHV� LQ� UHDO� WLPH�
GHFLVLRQ�PDNLQJ��7KH�VFHQDULRV�RI�RXU�LQWHUHVWV�DUH�WR�
ILQG�RSWLPXP�7FKZV�DQG�7FWZV��
�

 7FKZV��FKLOOHG�ZDWHU�WHPSHUDWXUH�RI�VXSSO\�VLGH�
LQ�WKH�FKLOOHG�ZDWHU�ORRS�

 7FWZV�� FRROLQJ� ZDWHU� WHPSHUDWXUH� RI� VXSSO\�
VLGH�LQ�WKH�FRROLQJ�WRZHU�ORRS�

�

)LJXUH� �� VKRZV� D� VFKHPDWLF� GLDJUDP� RI� WKH� JLYHQ�
FKLOOHG� ZDWHU� V\VWHP�� 7KH� V\VWHP� FRQVXPHV�
VLJQLILFDQW�HOHFWULFLW\�WR�JHQHUDWH�WKH�FKLOOHG�ZDWHU��,Q�
VXFK� ODUJH� RIILFH� IDFLOLWLHV�� RQH� RI� WKH� GRPLQDQW�
HQHUJ\�FRQVXPHUV� LV�FRROLQJ�HQHUJ\��7KHUHIRUH�� LW� LV�
LPSRUWDQW� WR� RSWLPDOO\� FRQWURO� WKH� FKLOOHG� ZDWHU�
V\VWHP� EDVHG� RQ� WKH� DFFXUDWH� VLPXODWLRQ� PRGHO� �LQ�
WKLV� VWXG\�� D� PHWD�PRGHO� RU� WKH� *3� HPXODWRU�� WKDW�
SUHGLFWV� WKH� V\VWHP¶V� FKDUDFWHULVWLFV� �0RQIHW� 	�
=PHXUHDQX����������
�

�
�

)LJXUH���&KLOOHG�ZDWHU�V\VWHP�RI�WKH�VWXG\��
�

7KH� FKLOOHG� ZDWHU� V\VWHP� KDV� WZR� LGHQWLFDOO\�VL]HG�
LFH� WKHUPDO� VWRUDJH� FKLOOHUV� DQG� RQH� WUXER� FKLOOHU��
7ZR�DEVRUSWLRQ�FKLOOHUV�ZHUH�H[FOXGHG� IURP� WKH�*3�
HPXODWRU�VLQFH�WKH\�DUH�LQVWDOOHG�DV�EDFNXS�DQG�UDUHO\�
XVHG�� 7KH� WZR� LFH� WKHUPDO� VWRUDJH� FKLOOHUV� KDYH� D�
UDWHG� FDSDFLW\� DQG� &23� RI� ������ �N:�� DQG� �����
�:�:���7KH�WZR�FRROLQJ�WRZHUV�IRU�WKH�FKLOOHUV�KDYH�D�
UDWHG�FDSDFLW\��IDQ�SRZHU�DQG�ZDWHU�IORZ�RI������N:���
������N:���DQG��������P��PLQ��UHVSHFWLYHO\��7KH�WXUER�
FKLOOHU�KDV�D�UDWHG�FDSDFLW\�DQG�&23�RI������N:��DQG�

����� �:�:��� 7KH� FRROLQJ� WRZHU� IRU� WKH� WXUER� FKLOOHU�
KDV�D�UDWHG�FDSDFLW\��IDQ�SRZHU�DQG�ZDWHU�IORZ�RI�����
�N:���������N:��DQG�������P��PLQ����

Simple feasibility test of energy saving by 
EnergyPlus  
$V� PHQWLRQHG� DERYH�� WKH� JLYHQ� SUREOHP� LV� WR� ILQG�
RSWLPDO� 7FKZV� DQG� 7FWZV� DV� FRQWURO� YDULDEOHV�� ,I� ZH�
LQFUHDVH� 7FKZV� �UDQJLQJ� IURP� ���°&� WR� ����°&�� DQG�
7FWZV��UDQJLQJ�IURP�����°&�WR�����°&��ZLWK�LQFUHPHQW�
RI� ���°&�� WKH� SRVVLEOH� QXPEHU� RI� FRPELQDWLRQ�
EHFRPHV������������î����� ����������
5DWKHU� WKDQ� DWWHPSWLQJ� WR� VLPXODWH� DOO� SRVVLEOH�
FRPELQDWLRQ�E\�(QHUJ\3OXV��WKH�DXWKRUV�ILUVWO\�WHVWHG�
WKH�IROORZLQJ�WKUHH�FDVHV�WR�LQYHVWLJDWH�LPSRUWDQFH�RI�
ILQGLQJ�RSWLPDO�7FKZV�DQG�7FWZV��
�
 &DVH� ���7FKZV�RI� ���°&� �PLQLPXP�7FKZV�� �/HH�

	�&KHQJ��������
 &DVH� ��� 7FKZV� RI� ����°&� �GHIDXOW� 7FKZV� LQ�

(QHUJ\3OXV��
 &DVH� ��� 7FKZV� RI� ����°&� �PD[LPXP� 7FKZV� LQ�

(QHUJ\3OXV���/HH�	�&KHQJ���������
�
)RU� WKH� WKUHH� FDVHV�� 7FWZV� ZDV� VHW� WR� ����� °&� RU� D�
GHIDXOW�YDOXH�RI�7FWZV�LQ�(QHUJ\3OXV���
$V� VKRZQ� LQ� )LJXUH� ��� WKH� SXPS� DQG� IDQ� HOHFWULFLW\�
FRQVXPSWLRQV� DUH� SURSRUWLRQDO� WR� 7FKZV� �)LJXUH� ��D���
��E��� DQG� WKH� FRROLQJ� HOHFWULFLW\� FRQVXPSWLRQ� LV�
LQYHUVHO\� SURSRUWLRQDO� WR� 7FKZV� �)LJXUH� ��F���� 7KH�
WRWDO�HQHUJ\�VDYLQJ�SHU�GD\�E\�XVLQJ�RSWLPDO�7FKZV�LV�
�������ZKLFK�LV�VLJQLILFDQW��7DEOH������
�

�
�D��3XPS�HOHFWULFLW\�FRQVXPSWLRQ�

7DEOH���(OHFWULFLW\�HQHUJ\�FRQVXPSWLRQV�IRU��VW�$XJXVW�

TCHWS 
(°C] 

ELECTRICITY CONSUMPTION (KWH) SAVING RATE (%) 

PUMP SA FAN COOLING TOTAL PUMP SA FAN COOLING TOTAL 

���� ���� ��� ������� ������� �� �� �� ��

����� ���� ��� ������� ������� ����� ����� ���� ����

����� ���� ��� ������� ������� ����� ����� ����� �����
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�
�E��6XSSO\�DLU�IDQ�HOHFWULFLW\�FRQVXPSWLRQ�

�

�
�

�F��&RROLQJ�HOHFWULFLW\�FRQVXPSWLRQ�
)LJXUH���7KUHH�VDPSOH�FDVHV�RQ��VW�$XJXVW�

�

Generation of training set  
7DEOH� �� VKRZV� ILYH� XQNQRZQ� LQSXWV� ZKLFK� DUH�
DVVXPHG� WR� KDYH� D� QRUPDO� GLVWULEXWLRQ�� 7KH� QRUPDO�
GLVWULEXWLRQ� PD[LPL]HV� WKH� LQIRUPDWLRQ� HQWURS\�
DPRQJ� DOO� GLVWULEXWLRQV�ZLWK� D� NQRZQ�PHDQ� �ȝ�� DQG�
VWDQGDUG� GHYLDWLRQ� �ı�� �6LPODE�� ������� )RU�
XQFHUWDLQW\�SURSDJDWLRQ��/+6�PHWKRG�ZDV�HPSOR\HG��
/+6� PHWKRG� SURYLGHV� JRRG� FRYHUDJH� RI� WKH� LQSXW�
VSDFH� ZLWK� UHODWLYHO\� IHZ� VDPSOHV� FRPSDUHG� WR� WKH�
VWDQGDUG�EUXWH�IRUFH�UDQGRP�VDPSOLQJ��6DOWHOOL�HW�DO���
�������$� WRWDO�RI�VLPXODWLRQ�UXQV�ZDV�VHW� WR�����7KH�
QXPEHU� RI� JHQHUDWHG� VDPSOHV� ZDV� ZHOO� DERYH� WKH�
YDOXH�RI����î�N� �ZKHUH��N� LV� ILYH�XQNQRZQ�LQSXWV�DV�
VKRZQ� LQ� 7DEOH� ��� �08&0�� ������� 7KH� FRQILGHQFH�
LQWHUYDO�ZDV�VHW�WR������

7DEOH���
8QNQRZQ�LQSXWV�IRU�XQFHUWDLQW\�SURSDJDWLRQ�

�

UNKNOWN INPUTS MEAN STANDARD 
DEVIATION 

,FH�WKHUPDO��
VWRUDJH�FKLOOHU��

&23� ����� ������

,FH�WKHUPDO��
VWRUDJH�FKLOOHU��

&23� ����� ������

7XUER�FKLOOHU� &23� ����� ������

7HPSHUDWXUH�
VHW�SRLQWV��&��

7FKZV�� ����� ������

7FWZV� ����� ������
�

$V�VKRZQ�LQ�7DEOH���DQG�)LJXUH����FRROLQJ�HOHFWULFLW\�
FRQVXPSWLRQ�KDV�JUHDWHU�YDULDQFH�WKDQ�SXPS�DQG�IDQ�
HOHFWULFLW\� FRQVXPSWLRQ�� ,Q� RWKHU�ZRUGV�� WKH� FRROLQJ�
HOHFWULFLW\� FRQVXPSWLRQ� LV� PRUH� VHQVLWLYH� WR� WKH�
SUREDELOLW\� UDQJHV� RI� WKH� VHOHFWHG� XQNQRZQ� LQSXWV�
WKDQ�WKH�RWKHUV�GR��
:LWK�UHJDUG�WR�FRPSXWDWLRQ�WLPH��WKH�VLPXODWLRQ�UXQV�
���� FDVHV�� WRRN� DERXW� �� GD\V� IRU� RQH� PRQWK�
VLPXODWLRQ��IURP��VW�$XJXVW�WR���WK�$XJXVW���������
�

7DEOH���
8QFHUWDLQW\�UHVXOWV�RI�SXPS��IDQ��FRROLQJ��DQG�WRWDO�

HOHFWULFLW\�FRQVXPSWLRQ��N:K�P���
�

ELECT- 
RICITY 

CONSUMP- 
TION 

MEAN STANDARD 
DEVIATION 

CONFIDENCE 
INTERVAL 

2.5% 97.5% 

3XPS� ����� ������� ����� �����

)DQ� ����� ������� ����� �����

&RROLQJ� ����� ������� ����� �����

7RWDO� ����� ������� ����� �����
�

�
)LJXUH���8QFHUWDLQW\�UHVXOWV�XVLQJ�ER[SORW�

�

Formulation of GP emulator  
7KH� *3� HPXODWRU� ZDV� FRQVWUXFWHG� XVLQJ� *3VWXII�
VRIWZDUH�� *3VWXII� LV� LQ�KRXVH� 0�VFULSWV� FRGHG� LQ�
0$7/$%�GHYHORSHG�E\�9DQKDWDOR�HW�DO���������7KH�
*3VWXII� LV� D� FROOHFWLRQ� RI� 0$7/$%� IXQFWLRQV� WR�
EXLOG� DQG� DQDO\VH� %D\HVLDQ� PRGHOV� EXLOW� RYHU�
*DXVVLDQ� 3URFHVVHV�� 7KUHH� XQNQRZQ� SDUDPHWHUV�
�VFDOLQJ� SDUDPHWHU�� OHQJWK�VFDOH�� DQG� YDULDQFH� RI�
*DXVVLDQ� QRLVH�� RI� WKH�*3� UHJUHVVLRQ� IXQFWLRQ�ZHUH�
FDOFXODWHG�XVLQJ�0$3�HVWLPDWH��ZKLFK�LW�LV�UHODWLYHO\�
HDV\�DQG�IDVW�WR�HYDOXDWH��9DQKDWDOR�HW�DO����������

Validation of GP emulator  
7R� YHULI\� WKH� *3� HPXODWRU�� WKH� H[KDXVWLYH� PHWKRG�
ZDV� DGRSWHG�� 7KH� H[KDXVWLYH� PHWKRG� LV� WR� WHVW� IDOO�
SRVVLEOH� FDVHV�� ,Q� WKLV� VWXG\�� DQRWKHU� VHW� RI� ���
VLPXODWLRQ� FDVHV� ZHUH� QHZO\� PDGH� IRU� YDOLGDWLRQ�
SXUSRVH� DQG� FURVV�FRPSDUHG� WR� HDFK� RWKHU�
�(QHUJ\3OXV�DQG�*3�HPXODWRU����
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7DEOH���VKRZV�FRPSDULVRQ�UHVXOWV��7KH�GLIIHUHQFHV�LQ�
PHDQ�YDOXHV� RI� SXPS�� IDQ�� FRROLQJ� DQG� WRWDO� HQHUJ\�
EHWZHHQ� (QHUJ\3OXV� DQG� WKH� *3� HPXODWRU� DUH� ������
������ ������ DQG� ������ UHVSHFWLYHO\�� ZKLFK� LV�
VLJQLILFDQWO\� FORVH� WR� HDFK� RWKHU�� 7KH� *3� HPXODWRU�
GHYHORSHG� LQ� WKLV� VWXG\� FDQ� EH� XVHG� DV� D� VXUURJDWH�
PRGHO�RI�(QHUJ\3OXV��
)LJXUH� �� VKRZV� WRWDO� HOHFWULFLW\� FRQVXPSWLRQ� XVLQJ�
&XPXODWLYH� 'LVWULEXWLRQ� )XQFWLRQ� �&')��� 7KH�
GHYHORSHG� *3� HPXODWRU� DFFXUDWHO\� PLPLFV� G\QDPLF�
VLPXODWLRQ��
�

7DEOH���
&RPSDULVRQ�RI�VWRFKDVWLF�SUHGLFWLRQ�UHVXOWV�EHWZHHQ�

(QHUJ\3OXV�DQG�*3�HPXODWRU�
�

STOCHASTIC 
RESULTS 

MEAN STANDARD 
DEVIATION 

3XPS�
�N:K�P���

(QHUJ\3OXV� ����� �������

*3�HPXODWRU� ����� �������

)DQ�
�N:K�P���

(QHUJ\3OXV� ����� �������

*3�HPXODWRU� ����� �������

&RROLQJ�
�N:K�P���

(QHUJ\3OXV� ����� �������

*3�HPXODWRU� ����� �������

7RWDO�
�N:K�P���

(QHUJ\3OXV� ����� �������

*3�HPXODWRU� ����� �������
�

�
)LJXUH���8QFHUWDLQW\�UHVXOWV�RI�WRWDO�HOHFWULFLW\�

FRQVXPSWLRQ�
�

5(68/76�
)RU� WKH� VHDUFK� RI� RSWLPDO� 7FKZV� DQG� 7FWZV�� D� 3DUHWR�
GRPLQDQFH�FULWHULRQ�ZDV�XVHG��7KH�3DUHWR�GRPLQDQFH�
FULWHULRQ�� ZKLFK� LV� RQH� RI� WKH� SULQFLSOHV� RI� PHDQ�
VWDQGDUG�GHYLDWLRQ��LGHQWLILHV�DOWHUQDWLYHV�KDYLQJ�ERWK�
ORZ� PHDQ� DQG� ORZ� VWDQGDUG� GHYLDWLRQ� YDOXHV�� 7KH�
UHPDLQLQJ� DOWHUQDWLYHV�� ZKLFK� DUH� QRW� GRPLQDWHG� E\�
DQ\�RWKHU�DOWHUQDWLYHV��DUH�FDOOHG�³3DUHWR�RSWLPDO�VHW´�
RU�³HIILFLHQW� IURQWLHU´� �&KDUQHV�HW�DO���������7KH�*3�
HPXODWRU� JHQHUDWHG� XQFHUWDLQW\� UHVXOWV� IRU� ������
FDVHV��,W�WRRN�DERXW����PLQXWHV��
7DEOH� �� VKRZV� QRQ�GRPLQDWHG� 3DUHWR� VROXWLRQV� LQ�
WHUPV�RI�HQHUJ\�FRQVXPSWLRQ���,Q�WHUPV�RI�SXPS�DQG�
IDQ� HOHFWULFLW\� FRQVXPSWLRQ�� WKH� QRQ�GRPLQDWHG�

3DUHWR� VROXWLRQV� DUH� 7FKZV� RI� ���°&� DQG� DUH�
LQGHSHQGHQW� RI� 7FWZV�� 6LQFH� SXPSV� LQ� WKH� FKLOOHG�
ZDWHU�V\VWHP�LV�D�YDULDEOH�VSHHG�� WKH�PDVV� IORZ�UDWH�
WKURXJK� WKH� SXPS� LV� UHGXFHG� ZKHQ� 7FKZV� KDV� ORZHU�
WHUPSDWXUH���
,Q�WHUPV�RI�FRROLQJ�HOHFWULFLW\�FRQVXPSWLRQ��WKH�QRQ�
GRPLQDWHG� 3DUHWR� VROXWLRQ� LV� 7FKZV� RI� ����°&�
�PD[LPXP� 7FKZV�� DQG� 7FWZV� RI� ����°&� �PLQLPXP�
7FWZV����
7KH� QRQ�GRPLQDWHG� 3DUHWR� VROXWLRQ� LQ� WHUPV� RI� WKH�
WRWDO� HOHFWULFLW\� FRQVXPSWLRQ� LV� HTXDO� WR� WKDW� RI�
FRROLQJ� HOHFWULFLW\� FRQVXPSWLRQ�� ,Q� RWKHU�ZRUGV�� WKH�
FRROLQJ� HOHFWULFLW\� FRQVXPSWLRQ� LV� GRPLQDQW� LQ� WRWDO�
HQHUJ\� FRQVXPSWLRQ�� 7KH� RSWLPDO� VROXWLRQ� RI� WKH�
SXPS� DQG� IDQ� HOHFWULFLW\� FRQVXPSWLRQV� KDYH� ORZHU�
YDULDQFH� WKDQ� WKDW� RI� WKH� FRROLQJ� HOHFWULFLW\�
FRQVXPSWLRQ���
�

7DEOH���
1RQ�GRPLQDWHG�3DUHWR�VROXWLRQV�

�

OPTI- 
MAL 

SOLU- 
TION 

CHILLED 
WATER SYSTEM 

ELETRICITY 
CONSUMPTION 

(kWh/m2) 

Tchws 
(°C)�

Tctws 
(°C)� MEAN STANDARD 

DEVIATION 

3XPS� ���� ����~����� ������� �������

)DQ� ���� ����~����� ������ �������

&RROLQJ� ����� ����� ������ �������

7RWDO� ����� ����� ������ �������

�
)LJXUH� �� VKRZV� D� QRQ�GRPLQDWHG� 3DUHWR� VROXWLRQ� LQ�
WHUPV� RI� WKH� WRWDO� HOHFWULFLW\� FRQVXPSWLRQ�� 7KH�
FKRVHQ� 3DUHWR� RSWLPDO� VROXWLRQ� KDV� WKH� OHDVW� PHDQ�
DQG�VWDQGDUG�GHYLDWLRQ���

�
)LJXUH���5HVXOWV�RI�3DUHWR�GRPLQDQFH��QRQ�

GRPLQDWHG�YV��GRPLQDWHG�VROXWLRQ���
�
7R� YDOLGDWH� WKH� QRQ�GRPLQDWHG� 3DUHWR� VROXWLRQ�� WKH�
DXWKRUV�FRPSDUHG�WKH�RSWLPDO�VROXWLRQ�LQ�WHUPV�RI�WKH�
WRWDO� HOHFWULFLW\� FRQVXPSWLRQ� ZLWK� UDQGRPO\� FKRVHQ�
HLJKW�GRPLQDWHG�3DUHWR�VROXWLRQV��7DEOH�����7KH�QRQ�
GRPLQDWHG� 3DUHWR� VROXWLRQ� LV� VXSHULRU� WR� WKH�
GRPLQDWHG�3DUHWR�VROXWLRQV��
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7DEOH���
9DOLGDWLRQ�RI�3DUHWR�RSWLPDO�VROXWLRQ�

�

DESIGN  

CHILLED WATER 
SYSTEM 

TOTAL 
ELETRICITY 

CONSUMPTION 
(kWh/m2) 

Tchws 
(°C) 

Tctws 
(°C) MEAN STANDARD 

DEVIATION 
1RQ�

GRPLQDWHG� 13.0 28.0 6.217 0.1548 
'RPLQDWHG�

��� ���� ����� ������ �������
'RPLQDWHG�

��� ���� ����� ������ �������
'RPLQDWHG�

��� ���� ����� ������ �������
'RPLQDWHG�

��� ����� ����� ������ �������
'RPLQDWHG�

��� ����� ����� ������ �������
'RPLQDWHG�

��� ����� ����� ������ �������
'RPLQDWHG�

��� ����� ����� ������ �������
'RPLQDWHG�

��� ����� ����� ������ �������
�

&21&/86,216�$1'�)8785(�:25.�
,Q� WKLV� VWXG\�� WKH� *3� HPXODWRU� ZDV� GHYHORSHG� WR�
UHSODFH� WKH� (QHUJ\3OXV� VLPXODWLRQ� PRGHO� IRU� UHDO�
WLPH� RSWLPDO� GHFLVLRQ� PDNLQJ� LQ� EXLOGLQJ� HQHUJ\�
PDQDJHPHQW�� 7KH� *3� HPXODWRU� GHYHRSHG� LQ� WKLV�
VWXG\� LV� DFFXUDWH� HQRXJK� FRPSDUHG� WR� WKH� ZKROH�
EXLOGLQJ�VLPXODWLRQ�WRRO��H�J��(QHUJ\3OXV��DQG�LV�YHU\�
IDVW�IRU�HQHUJ\�SUHGLFWLRQ����
7KH�*3�HPXODWRU�ZDV�XVHG�IRU�VWRFKDVWLF�VLPXODWLRQ�
WR�GHWHUPLQH�RSWLPDO�FKLOOHG�ZDWHU�WHPSHUDWXUHV�IURP�
WKH� FKLOOHUV� DQG� FRROLQJ� WRZHU�� 7KH� *3� HPXODWRU�
FRXOG�VXFFHVVIXOO\�ILQG�D�3DUHWR�RSWLPDO�VROXWLRQ�VHW��
7KH�*3� HPXODWRU�PD\� UHSODFH� WKH� XVH� RI� WKH�ZKROH�
EXLOGLQJ� VLPXODWLRQ� WRROV� IRU� UHDO� WLPH� HQHUJ\�
PDQDJHPHQW� DQG� RSWLPDO� GHFLVLRQ� PDNLQJ�� )XWXUH�
VWXG\� PD\� LQFOXGH� HPEHGGLQJ� WKH� *3� HPXODWRU� WR�
UHDO� %XLOGLQJ� (QHUJ\� 0DQDJHPHQW� 6\VWHP� ZLWK�
VHQVRU� QHWZRUN�� � 7KH� RQOLQH� VHOI�FDOLEUDWLRQ� RI� WKH�
PRGHO�PD\� EH� RI� QHHG� LQ� QHDU� IXWXUH� IRU� SUHGLFWLRQ�
DFFXUDF\�DQG�HDV\�DSSOLFDWLRQ���

$&.12:/('*(0(17�
7KLV� ZRUN� LV� ILQDQFLDOO\� VXSSRUWHG� E\� WKH� .RUHD�
0LQLVWHU� RI� 0LQLVWU\� RI� /DQG�� 7UDQVSRUW� DQG�
0DULWLPH� $IIDLUV� �0/70�� DV� ³8�&LW\� 0DVWHU� DQG�
'RFWRU�&RXUVH�*UDQW�3URJUDP´��

5()(5(1&(6��
%URZQ�� 0��� %DUULQJWRQ�/HLJK�� &�� DQG� %URZQ�� =��

������ .HUQHO� UHJUHVVLRQ� IRU� UHDO�WLPH� EXLOGLQJ�
HQHUJ\� DQDO\VLV�� -RXUQDO� RI� %XLOGLQJ�
3HUIRUPDQFH� 6LPXODWLRQ� $YDLODEOH� 2QOLQH�� ,Q�
3UHVV��

%XVE\��'�� ������ +LHUDUFKLFDO� DGDSWLYH� H[SHULPHQWDO�
GHVLJQ� IRU� *DXVVLDQ� SURFHVV� HPXODWRUV��
5HOLDELOLW\�(QJLQHHULQJ�DQG�6\VWHP�6DIHW\��9RO��
����SS�������������

&KDUQHV��$���&RRSHU��:�:���*RODQ\��%��DQG�6HLIRUG��
/�� ������ )RXQGDWLRQV� RI� GDWD� HQYHORSPHQW�
DQD\OVLV� IRU� 3DUHWR�NRRSPDQV� HIILFLHQW� HPSULFDO�
SURGXFWLRQ� IXQFWLRQV�� -RXUQDO� RI�(FRQRPHWULFHV��
9RO������SS����������

(LVHQKRZHU�� %��� 2¶1HLO�� =��� 1DUD\DQDQ�� 6���
)RQREHURY�� 9�$�� DQG� 0H]LF�� ,�� ������ $�
PHWKRGRORJ\�IRU�PHWD�PRGHO�EDVHG�RSWLPL]DWLRQ�
LQ�EXLOGLQJ�HQHUJ\�PRGHOV��(QHUJ\�DQG�%XLOGLQJV��
9RO������SS�����������

)ULFNHU��7�(���2DNOH\��-�(���6LPV��1�'��DQG�:RUGHQ��
.��������3UREDELOLVWLF�XQFHUWDLQW\�DQDO\VLV�RI�DQ�
)5)� RI� D� VWUXFWXUH� XVLQJ� D� *DXVVLDQ� SURFHVV�
HPXODWRU�� 0HFKDQLFDO� 6\VWHP� DQG� 6LJQDO�
3URFHVVLQJ��9RO������SS��������������

*ROGVWHLQ��0�� DQG� 5RXJLHU�� -�&�� ������ %D\HV� OLQHDU�
FDOLEUDWHG� SUHGLFWLRQ� IRU� FRPSOH[� V\VWHPV��
-RXUQDO� RI� WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��
�����SS�������������

+HR��<�6��DQG�=DYDOD��9�0��������*DXVVLDQ�SURFHVV�
PRGHOLQJ� IRU� PHDVXUHPHQW� DQG� YHULfiFDWLRQ� RI�
EXLOGLQJ� HQHUJ\� VDYLQJV�� (QHUJ\� DQG�%XLOGLQJV��
9RO������SS��������

.HQQHG\�� 0�&�� DQG� 2 ’+DJDQ�� $�� ������ %D\HVLDQ�
FDOLEUDWLRQ� RI� FRPSXWHU� PRGHOV�� -RXUQDO� RI� WKH�
5R\DO�6WDWLVWLFDO�6RFLHW\��6HULHV�%������3DUW����SS��
���������

/HH�� .�3�� DQG� &KHQJ�� 7�$�� ������ $� VLPXODWLRQ�
RSWLPL]DWLRQ� DSSURDFK� IRU� HQHUJ\� HIILFLHQF\� RI�
FKLOOHG� ZDWHU� V\VWHP�� (QHUJ\� DQG� %XLOGLQJV��
9RO�����SS�����������

/LX�� )�� DQG�:HVW�� 0�� ������ $� '\QDPLF�0RGHOOLQJ�
6WUDWHJ\� IRU� %D\HVLDQ� &RPSXWHU� 0RGHO�
(PXODWLRQ��%D\HVLDQ�$QDO\VLV��SS�����������

0DQDJLQJ� 8QFHUWDLQW\� LQ� &RPSOH[� 0RGHOV�� ������
KWWS���PXFP�DVWRQ�DF�XN�08&0�08&07RRONLW
�LQGH[�SKS"SDJH 0HWD+RPH3DJH�KWPO�� ODVW�
DFFHVVHG�RQ����-DQ�������

0RQIHW�� '�� DQG� =PHXUHDQX�� 5�� ������ ,GHQWLILFDWLRQ�
RI� WKH� HOHFWULF� FKLOOHU�PRGHO� IRU� WKH�(QHUJ\3OXV�
SURJUDP� XVLQJ� PRQLWRUHG� GDWD� LQ� DQ� H[LVWLQJ�
FRROLQJ� SODQW�� 3URFHHGLQJV� RI� %XLOGLQJ�
6LPXODWLRQ�������6\\GQH\��������1RYHPEHU��

2DNOH\�� -�� DQG� 2 ’ +DJDQ�� $�� ������ 3UREDELOLVWLF�
VHQVLWLYLW\� DQDO\VLV� RI� FRPSOH[� PRGHOV�� D�
ED\HVLDQ�DSSURDFK��-��5��6WDWLVW��6RF��6HU��%�����
SS�����±�����

2¶+DJDQ��$��������&XUYH�ILWWLQJ�DQG�RSWLPDO�GHVLJQ�
IRU� SUHGLFWLRQ�� -RXUQDO� RI� WKH� 5R\DO� 6WDWLVWLFDO�
6RFLHW\��6HULHV�%��0HWKRGRORJLFDO���9RO������1R��
���SS��������

5DVPXVVHQ�� &�(�� DQG� :LOOLDPV�� &�.�,�� ������
*DXVVLDQ� 3URFHVVHV� IRU� 0DFKLQH� /HDUQLQJ�� WKH�
0,7�3UHVV��������,6%1����������;��
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6DOWHOOL��$���7DUDQWROD��6���&DPSRORQJR��)��DQG�5DWWR��
0��������6HQVLWLYLW\�$QDO\VLV�LQ�3UDFWLFH��:LOH\�
	� 6RQV� /WG�� 7KH� $WULXP�� 6RXWKHUQ� *DWH��
&KLFKHVWHU��:HVW�6XVVH[�32����64��(QJODQG��

6LPODE��������KWWS���VLPODE�MUF�HF�HXURSD�HX���YHUVLRQ�
�����ODVW�DFFHVVHG�RQ����-DQ������

9DQKDWDOR�� -��� 5LLKLPDNL�� -��� +DUWLNDLQHQ�� -�� DQG�
9HKWDUL�� $�� ������ %D\HVLDQ� PRGHOLQJ� ZLWK�
*DXVVLDQ�SURFHVVHV�XVLQJ�WKH�0$7/$%�WRROER[�
*3VWXff��VXEPLWWHG��
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