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7KH�UHODWHG�UHVHDUFKHV�DERXW�GLVWULFW�FRROLQJ�V\VWHPV�
DUH� YHU\� OLPLWHG� LQ� &KLQD�� ZKLFK� OHDGV� WR� VHYHUDO�
PLVXQGHUVWDQGLQJV� DQG� LPSURSHU� DSSOLFDWLRQV� LQ�
HQJLQHHULQJ�SUDFWLFHV��8QGHU� WKLV�EDFNJURXQG�� D� UHDO�
SURMHFW� ZLWK� WKH� GLVWULFW� FRROLQJ� V\VWHP� LQ� D�
UHVLGHQWLDO�FRPPXQLW\� LV�DQDO\]HG� LQ� WKLV�SDSHU��DQG�
WKH� HTXLSPHQW� SHUIRUPDQFHV� DUH� GLVFXVVHG�� ,W� LV�
IRXQG�WKDW�WKH�RFFXSDQW�EHKDYLRU�KDV�D�NH\�LQIOXHQFH�
RQ� WKH� HIILFLHQF\� RI� � D� GLVWULFW� FRROLQJ� V\VWHP��
7KURXJK� WKH� VLPXODWLRQ� ZKLFK� DFFRXQWV� IRU� WKH�
GLIIHUHQW� XVH� PRGHV� RI� UHVLGHQWV�� WKH� DSSOLFDELOLW\�
DQDO\VLV� DERXW� WKH� DSSOLFDWLRQ� RI� GLVWULFW� FRROLQJ�
V\VWHPV� LQ� UHVLGHQWLDO� EXLOGLQJV� LV� FRQGXFWHG���
7KURXJK� WKH� UHVHDUFK�� LW� FDQ� EH� FRQFOXGHG� WKDW� WKH�
GLVWULFW� FRROLQJ� V\VWHP� FDQ� RQO\� EH� KLJK� HIILFLHQF\�
ZLWK�D�FRQFHQWUDWHG�WHUPLQDO�ORDG�SURILOH��$QG�IRU�WKH�
SRSXODU�RFFXSDQW�EHKDYLRU�LQ� UHVLGHQWLDO�EXLOGLQJV�LQ�
&KLQD�� LW
V�ZRUWK�H[DPLQLQJ�ZKHWKHU� WKH�DSSOLFDLWLRQ�
RI�GLVWULFW�FRROLQJ�V\VWHPV�LV�VXLWDEOH��
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(QHUJ\�VDYLQJ� WHFKQRORJLHV� IRU� UHJLRQDO� EXLOGLQJV�
KDYH� UDLVHG� ZLGHO\� FRQFHUQ� IRU� LWV� DGYDQWDJHV� LQ�
SURPRWLQJ� WKH� UHDVRQDEOH� DOORFDWLRQ� RI� UHJLRQDO�
HQHUJ\� UHVRXUFHV� DQG� WKH� ODUJH�VFDOH� LQWHJUDWHG�
DSSOLFDWLRQ�� $V� RQH� NLQG� RI� QHZ� HQHUJ\�VDYLQJ�
WHFKQRORJLHV�� WKH� DSSOLFDWLRQ� RI� GLVWLUFW� FRROLQJ�
V\VWHPV�LV�LQFUHDVLQJO\�SRSXODU�LQ�UHFHQW�\HDUV��<DQJ��
������� 'LVWULFW� FRROLQJ� V\VWHPV� FDQ� VDWLVI\� WKH�
FRROLQJ�UHTXLUHPHQWV�IRU�PXOWL�EXLOGLQJV�DW� WKH�VDPH�
WLPH�� 7KLV� NLQG� RI� FRROLQJ�VXSSO\� PRGH� KDYH� WKH�
DGYDQWDJH� RI� DSSO\LQJ� UHIULJHUDWLRQ� HTXLSPHQW� ZLWK�
ODUJH�FDSDFLW\�DQG�KLJK�HIILFHQF\��DQG�FRPSDUHG�ZLWK�
VSOLW� DLU� FRQGLWLRQLQJ� V\VWHP�� LQVWDOOHG� SRZHU� RI�
HTXLSPHQW� FDQ� EH� UHGXFHG� �-LDQJ� HW� DO�� �������
+RZHYHU�� VHYHUDO� SUREOHPV� H[SRVHG� GXUWLQJ� WKH�
DSSOLFDWLRQ�RI�GLVWULFW� FRROLQJ�V\VWHPV��2Q�RQH� VLGH��
IRU� WKH� LQIOXHQFH� RI� VKRUW� DSSOLFDWLRQ� WLPH�� WKHUH� LV�
ODFN�RI� WKH�PHDVXUHPHQW�GDWD�DERXW�DFWXDO�RSHUDWLQJ�
HIIHFW�RI�WKH�GLVWULFW�FRROLQJ�V\VWHP��VR�WKH�HVWLPDWLRQ�
DERXW�DFWXDO�DSSOLFDWLRQ�HIIHFW�UHPDLQV�WR�EH�SURYHQ��
RQ� WKH� RWKHU� VLGH�� KRZ� WR� PDNH� D� UHDVRQDEOH��
IRUHFDVWLQJ� DERXW� UHJLRQDO� EXLOGLQJV¶� ORDG� VLWXDWLRQ�
KDV� EHFRPH� D� NH\� HOHPHQW� HIIHFWLQJ� WKH� DSSOLFDWLRQ�
HIIHFW�RI�GLVWULFW�FRROLQJ�V\VWHP���

$V� WKH� IRXQGDWLRQ� IRU� WKH� DSSOLFDWLRQV� RI� GLVWULFW�
FRROLQJ� V\VWHP� LQ� UHDO� FDVHV�� ORDG� IRUHFDVWLQJ�
PHWKRGV� IRU� UHJLRQDO� EXLOGLQJV� KDYH� FDXVHG� PDQ\�
DWWHQWLRQV�� ,Q� WKH� UHDO� HQJLQHHULQJ� SUDFWLFH�� ORDG�
GHQVLW\� LQGH[HV� PHWKRG� LV� ZLGHO\� XVHG� LQ� &KLQD��
+RZHYHU�� WKLV� PHWKRG� ZRXOG� OHDG� WR� DQ�
RYHUHVWLPDWLRQ�RI�WKH�WRWDO�FRROLQJ�ORDG��/RQJ���������
2WKHU� ORDG� IRUFDVWLQJ� PHWKRG� DUH� DOVR� UDLVHG� � E\�
GLIIHUHQW� UHVHDUFKHV�� LQFOXGLQJ� QHXUDO� QHWZRUN�
PHWKRG��$UFKHW\SHV�PHWKRG��6DPSOHV�PHWKRG�DQG�VR�
RQ� �6ZDQ� DQG� 8JXUVDO�� ������� $PRQJ� DOO� WKH�
PHWKRGV�� QHXUDO� QHWZRUN�11�� LV� RQH�NLQG�RI�ZLGHO\�
XVHG� ORDG� SUHGLFWLRQ� PHWKRG� �,VVD� HW� DO��� ������
6DNDZD� HW� DO�������� 'RW]DXHU������� 0DULQ� HW� DO���
������� +RZHYHU�� SRVVLEO\� GXH� WR� WKH� FRPSXWDWLRQDO�
DQG� GDWD� UHTXLUHPHQWV� RU� WKH� ODFN� RI� SK\VLFDO�
VLJQLILFDQFH� RI� WKH� FRHIILFLHQWV� UHODWLQJ� EXLOGLQJ�
FKDUDFWHULVWLFV� WR� WRWDO� HQHUJ\� FRQVXPSWLRQ�� WKH� XVH�
RI�11�PHWKRGV�LQ�PRGHOLQJ�HQHUJ\�FRQVXPSWLRQ�KDV�
KLVWRULFDOO\� EHHQ� OLPLWHG� �6ZDQ� DQG�8JXUVDO�� �������
7KH� DSSOLFDWLRQ� RI� $FKHW\SHV� PHWKRG� LV� DOVR� TXLWH�
SRSXODU��0DYURJLDQQL�HW�DO���������1XULD�HW�DO���������
0DF*UHJRU� HW� DO��� ������� +RZHYHU�� FXUUHQWO\�� WKHUH�
KDV�QR�VWDQGDUG�PHWKRG�IRU�EXLOGLQJV¶�FODVVLILFDWLRQ��
DQG� EDVHG� RQ� H[LVWLQJ� PHDVXUHG� GDWD�� WKH�
FKDUDFWHULVWLFV� RI� FRROLQJ�KHDWLQJ� ORDG� IRU� WKH� VDPH�
EXLOGLQJ�FDWHJRU\�KDYH�ODUJH�GLVFUHSHQFLHV��)URP�WKH�
OLWHUDWXUH� UHYLHZ�� LW� FDQ�EH� IRXQG� WKDW� DPRQJ� DOO� WKH�
GLIIHUHQW�VLPXODWLRQ�PHWKRGV��WKH�NH\�HOHPHQWV�ZKLFK�
HIIHFW� WKH� UHJLRQDO� EXLOGLQJV¶� ORDG� SURILOH� DUH� VWLOO�
XQGHU�GLVFXVVLRQ��
%DVHG�RQ�WKH�DQDO\VLV�DERYH�� WKLV�SDSHU�IRFXVHV�RQ�D�
UHDO� SURMHFW� ZLWK� WKH� GLVWULFW� FRROLQJ� V\VWHP� LQ� D�
UHVLGHQWLDO�FRPPXQLW\��7KH�WHFKQLFDO�DSSURDFK�LQ�WKLV�
SDSHU� LV� VKRZQ� LQ� )LJXUH� ��� 0HDVXUG� GDWD� DUH�
DQDO\]HG� DQG� WDNHQ� DV� WKH� LQSXWV� IRU� WKH� EXLOGLQJ�
HQHUJ\� PRGHOOLQJ� SURJUDP� 'H67�� 7KH� VLPXODWLRQ�
UHVXOWV�DUH�FRPSDUHG�ZLWK�PHDVXUHG�GDWD�WR�FRPSOHWH�
WKH� FDOLEUDWLRQ�� %DVHG� RQ� WKH� PRGHO�� VHQVLWLYH�
DQDO\VLV� DUH� FRQGXFWHG�� 7KH� LQIOXHQFH� RI� RFFXSDQW�
EHKDYLRU� RQ� WKH� ORDG�SURILOH�RI� UHJLRQDO� EXLOGLQJV� LV�
DQDO\]HG��DQG�WKH�DSSOLFDELOLW\�RI�WKH�GLVWULFW�FRROLQJ�
V\VWHP� LQ� UHVLGHQWLDO� EXLOGLQJV� LV� GLVFXVVHG�� 7KH�
UHVHDUFK� UHVXOWV� FRXOG� KDYH� LPSOLFDWLRQV� IRU� ORDG�
IRUHFDVWLQJ� PHWKRGV� XVHG� LQ� UHJLRQDO� EXLOGLQJV� DQG�
WKH�UHVHDUFKHV�DERXW�DFWXDO�RSHUDWLQJ�HIIHFW�RI�GLVWULFW�
FRROLQJ�V\VWHP��
�
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)LJXUH���7HFKQLFDO�DSSURDFK�
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Basic information 
-<� UHVLGHQWLDO� FRPPXQLW\� LV� ORFDWHG� LQ� +HQDQ�
SURYLQFH�LQ�&KLQD��7KH�FRPPXQLW\�FRYHUV�DQ�DUHD�RI�
�����P��ZLWK�D�UHVLGHQWLDO�IORRU�DUHD�RI������P���$V�
)LJXUH� �� VKRZV�� WKH� UHVLGHQWLDO� FRPPXQLW\� LQFOXGHV�
���EXLOGLQJV�ZLWK�����KRXVHKROGV��DQG�HDFK�EXLOGLQJ�
KDV�ILYH�IORRUV��7KH�RFFXSDQF\�UDWH�LV������
�

 

��
)LJXUH���7\SLFDO�FRQVWUXFWLRQ�DQG�IODW�JUDSK�IRU�

OD\RXW�RI�-<�UHVLGHQWLDO�FRPPXQLW\�
�

�
)LJXUH���6FKHPDWLF�GLDJUDP�RI�FRROLQJ�V\VWHP�

�
7KH� VFKHPDWLF� GLDJUDP� RI� WKH� FRROLQJ� V\VWHP� LV�
VKRZQ� LQ� )LJXUH� ��� 7ZR� VFUHZ� ZDWHU� VRXUFH� KHDW�
SXPS� XQLWV� DUH� WDNHQ� DV� FHQWUDO� DLU�FRQGLWLRQLQJ�
HTXLSPHQW�ZLWK�WKH�FRROLQJ�FDSDFLW\�RI�����N:�DQG�

���N:�VHSDUDWHO\��7KH�IDQ�FRLO�XQLWV��)&8��DUH�WDNHQ�
DV� DLU� WHUPLQDOV� ZLWK� QR� FRQWURO� LQ� ZDWHUVLGH�� � 7KH�
ZDWHU�SXPSV�LQ�WKH�ZDWHU�V\VWHP�DUH�FRQVWDQW�VSHHG��
DQG�WKH�SXPSV�LQFOXGH�WZR�FLUFXODWLQJ�SXPS�DQG�WZR�
VXEPHUVLEOH�SXPSV���
�

Measurement results  
7DEOH���VKRZV�WKH�VWDWLVWLFDO�UHVXOWV�RI�-<�FRPPXQLW\�
LQ�WKH�FRROLQJ�VHDVRQ�RI�������-XO\�WR�2FWREHU���7KH�
HOHFWULFLW\� FRQVXPSWLRQ� LQ� WKH� FRROLQJ� VHDVRQ� LV� ����
N:K�P��� ZKLFK� LV� FRPSRVHG� RI� WKH� FRQVXPSWLRQ� RI�
KHDW� SXPS� ����� N:K�P��� DQG� ZDWHU� SXPS� �����
N:K�P����7KH�FRPSDULVRQ�RI�HOHFWULFLW\�FRQVXPSWLRQ�
LQ� WKH� FRROLQJ� VHDVRQ� DPRQJ� GLIIHUHQW� DLU�
FRQGLWLRQLQJ� V\VWHP� LV� SUHVHQWHG� LQ� )LJXUH� ��� 7KH�
FRQVXPSWLRQ� RI� -<� FRPPXQLW\� LV� DOPRVW� ���� WLPHV�
ODUJHU� WKDQ� WKDW� RI� VSOLW� DLU�FRQGLWLRQLQJ� V\VWHP� DQG�
95)�V\VWHP���
)URP�WKH�PHDVXUHPHQW�GDWD��WKH�FRROLQJ�FRQVXPSWLRQ�
LV� ���� N:K�P��� 6R� WKH� V\VWHP� HIILFLHQF\� ZKLFK�
HTXDOV� WKH� WRWDO� FRROLQJ� FRQVXPSWLRQ� GLYLGHV� E\� WKH�
WRWDO� HOHFWULFLW\� FRQVXPSWLRQ� LV� RQO\� �� � ����������
ZKLFK� LV� PXFK� OHVV� WKDQ� WKH� HIILFLHQF\� RI� VSOLW� DLU�
FRQGLWLRQLQJ�V\VWHP��&23 ������7KHUHIRUH��IURP�WKH�
YLHZ�RI�V\VWHP�HIILFLHQF\�� WKH�RSHUDWLQJ�VLWXDWLRQ�RI�
WKH� GLVWULFW� FRROLQJ� V\VWHP� LQ� WKH� -<� FRPPXQLW\� LV�
QRW�JRRG��
�
7DEOH���(QHUJ\�FRQVXPSWLRQ�RI�-<�FRPPXQLW\�LQ�WKH�

FRROLQJ�VHDVRQ�RI������-XO\�WR�2FWREHU��
TOTAL ELECTRICITY 
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�
)LJXUH���&RPSDULVRQ�RI�HOHFWULFLW\�FRQVXPSWLRQ�
DPRQJ�GLIIHUHQW�DLU�FRQGLWLRQLQJ�V\VWHP（/L�DQG�

-LDQJ������）�
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)URP�WKH�PHDVXUHG�GDWD��WKH�V\VWHP�HIILFLHQF\�RI�WKH�
GLVWULFW�FRROLQJ�V\VWHP�LV�RQO\����,W�LV�PDLQO\�FDXVHG�
E\�WKUHH�DVSHFWV��
�� 2FFXSDQW�EHKDYLRU�DERXW�DLU�FRQGLWLRQLQJ�
7KH� WRWDO� FRROLQJ� FRQVXPSWLRQ� RI� -<� FRPPXQLW\� LQ��
WKH� FRROLQJ� VHDVRQ� LV� ����N:K�P���ZKLFK� LV� XQGHU� D�
ORZ� FRQVXPSWLRQ� OHYHO�� 7KURXJK� PHDVXUHPHQW� DQG�
VXUYH\��LW�LV�IRXQG�WKDW�WKH�PDLQ�UHDVRQ�IRU�WKLV�LV�WKH�
RFFXSDQW� EHKDYLRU� DERXW� DLU�FRQGLWLRQLQJ�� ,Q� -<�
FRPPXQLW\�� UHVLGHQWV� XVHG� WR� RSHQ� WKH� DLU�
FRQGLWLRQLQJ� SDUW�WLPH� DQG� SDUW�VSDFH�� 7KURXJK� WKH�
KRXVHKROG�FRROLQJ�PHWHULQJ�V\VWHP��WKH�VHUYLFH�WLPH�
RI�)&8�WHUPLQDO�XQGHU�GLIIHUHQW�IDQ�VSHHG�LV�FRXQWHG�
LQ� )LJXUH� ��� )URP� WKH� VWDWLVWLFDO� UHVXOWV�� WKH� DLU�
FRQGLWLRQLQJ�XVH�PRGH�RI�GLIIHUHQW�UHVLGHQWV�DUH�TXLWH�

GLIIHUHQW��7KH�DFWXDO�VHUYLFH�WLPH�RI�)&8�WHUPLDOV�DUH�
PXFK� VKRUWHU� WKDQ� WKH� GHVLJQ� VLWXDWLRQ� ���K��� DQG�
WKH\�KDYH�KXJH�GLVFUHSDQFLHV�DPRQJ�GLIIHUHQW�URRPV��
7KH� SURSRUWLRQ� RI� )&8� WHUPLQDO� VHUYLFH� WLPH� XQGHU�
GLIIHUHQW� IDQ� VSHHG� LQ� GLIIHUHQW� URRP� W\SH� LV�
FDOFXODWHG� LQ�)LJXUH����7KH�VHUYLFH� WLPH�SURSRUWLRQ�
RI�HDFK�URRP�W\SH� LV�FRPPRQO\�VPDOO��7KH�KLJKHVW�
RSHQ� SURSRUWLRQ� KDSSHQV� LQ� OLYLQJ� URRP�� EXW� WKH�
SURSRUWLRQ� LV� RQO\� ���� )LJXUH� �� SURYHV� WKDW� WKH�
UHVLGHQWLDO� DLU�FRQGLWLRQLQJ� XVH�PRGH� LQ� UHDOLW\�
GLIIHUV� IURP� WKDW� RI� GHVLJQ� VLWXDWLRQ��ZKLFK� OHDG� WR�
WKH� GLVFUHSDQFLHV� EHWZHHQ� WKH� DFWXDO� RSHUDWLQJ�
HIILFLHQF\� DQG� WKH� GHVLJQ� FRQGLWLRQ�� ,Q� RUGHU� WR�
SUHGLFW�WKH�RSHUDWLRQ�VLWXDWLRQ�RI�FRPPXQLW\�GLVWULFW�
FRROLQJ�V\VWHP�DFFXUDWHO\��LW�LV�QHFHVVDU\�WR�FRQGXFW�
UHDVRQDEOH�IRUHFDVWLQJ�DERXW�XVHU�ORDG�SURILOH��
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)LJXUH���6WDWLVWLFDO�UHVXOW�RI�)&8�WHUPLQDO¶V�VHUYLFH�WLPH�RI�IRXU�W\SLFDO�UHVLGHQWV�
�

�
)LJXUH���6HUYLFH�WLPH�SURSRUWLRQ�RI�)&8�WHUPLQDO�

��
�� &23�RI�WKH�KHDW�SXPS� %HFDXVH� RI� WKH� RFFXSDQW� EHKDYLRXU� DERXW� DLU�

FRQGLWLRQLQJ�� WKH� FRROLQJ� ORDG� UHTXLUHPHQW� LQ� WKH�
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FRPPXQLW\�LV�ORZ��DQG�WKLV�OHDGV�WR�WKH�ORZ�ORDG�UDWLR�
RI� KHDW� SXPSV�� )URP�PHDVXUHG� GDWD�� ZKHQ� WKH� ORDG�
UDWLR� LV� ����� WKH� &23� UHDFKHV� WKH� PD[LPXP� YDOXH�
������ DQG�ZKHQ� WKH� ORDG� UDWLR� GHFUHDVHV� WR� ����� WKH�
ORDG� UDWLR� LV� WKH� PLQLPXP� YDOXH� RI� ����� $OO� RI� WKH�
PHDVXUHG�&23�DUH�IDU�VPDOOHU�WKDQ�WKH�UDWHG�YDOXH�RI�
����� DQG� WKH� PDLQ� UHDVRQ� IRU� WKLV� LV� WKDW� WKH� V\VWHP�
XQGHU�ORZ�ORDG�UDWLR�GXULQJ�DOO�WKH�VHUYLFH�WLPH��
�� (OHFWULFLW\�FRQVXPSWLRQ�RI�ZDWHU�SXPS�
7KH� ZDWHU� SXPSV� LQ� WKH� GLVWULFW� FRROLQJ� V\VWHP� DUH�
FRQVWDQW�VSHHG�� 8QGHU� WKH� ORZ� ORDG� UDWLR�� WKH� ZDWHU�
V\VWHP� ZRXOG� ZRUN� XQGHU� WKH� VLWXDWLRQ� ZLWK� ODUJH�
ZDWHU�IORZ�UDWH�DQG�VPDOO�GLIIHUHQFHV�EHWZHHQ�VXSSO\�
DQG�UHWXUQ�ZDWHU�WHPSHUDWXUH��)URP�PHDVXUHPHQW��WKH�
HOHFWULFLW\� FRQVXPSWLRQ� RI� WKH� ZDWHU� SXPSV� FDQ�
DFFRXQW�IRU�����RI�WKH�WRWDO�HOHFWULFLW\�FRQVXPSWLRQ��
ZKLFK� LV�����RI� WKH�FRQVXPSWLRQ�RI� WKH�KHDW�SXPS��
7KH� HOHFWULFLW\� FRQVXPSWLRQ� RI� WKH� ZDWHU� SXPSV�
RFFXSLHV�D�ODUJH�SURSRUWLRQ��

6,08/$7,21�$1'�9(5,),&$7,21�
,Q� RUGHU� WR� FRQGXFW� WKH� VHQVLWLYH� DQDO\VLV�� WKH��
VLPXODWLRQ�PRGHO�RI�-<�FRPPXQLW\�LV�EXLOW，�DQG�WKH�
LQSXWV� DUH� EDVHG� RQ� WKH� PHDVXUHG� GDWD�� 7KH�
VLPXODWLRQ� UHVXOWV� DUH� FRPSDUHG� ZLWK� WKH� PHDVXHG�
FRROLQJ�FRQVXPSWLRQ�WR�FRPSOHWH�WKH�YHULILFDWLRQ��
)URP�WKH�PHWHULQJ�V\VWHP�LQ� -<�FRPPXQLW\�DQG� WKH�
PHDVXUHPHQW� LQ� WKH� W\SLFDO� KRXVHKORGV�� �� NLQGV� RI�
DLU�FRQGLWLRQLQJ�XVH�PRGHV�FDQ�EH�H[WUDFWHG��LQ�7DEOH�
��� DQG� WKH� SURSRUWLRQ� RI� HDFK� XVH�PRGH� FDQ� DOVR� EH�
FRQFOXGHG��DV�VKRZQ�LQ�7DEOH����7KH�DLU�FRQGLWLRQLQJ�
XVH�PRGHV�GLIIHU� IURP�WKH�DVSHFWV� OLNH�ZKHQ� WKH�DLU�
FRQGLWLRQLQJ� ZRXOG� EH� RSHQ�� ZKDW� LV� WKH� VHWWLQJ� DLU�
WHPSHUDWXUH�DQG�VR�RQ���
7KH�PHDVXUHPHQW� LV� IURP� -XO\���WK� WR� -XO\���WK�� DQG�
WKH� RXUGRRU� DLU� WHPSHUDWXUH� LV� VKRZQ� LQ� � )LJXUH� ���
'XULQJ� WKH� PHDVXUHPHQW�� WKH� ORZHVW� RXWGRRU� DLU�
WHPSHUDWXH�LV������R&��KLJHVW�YDOXH�LV������R&��DQG�WKH�
DYHUDJH�YDOXH�LV������R&��
�
7DEOH���)LYH�NLQGV�RI�DLU�FRQGLWLRQLQJ�XVH�PRGHV�

USE-
MODE 

DESCRIPTION OF USE-MODE FOR AIR-
CONDITIONING 

(T is short for temperature) 
�� /LYLQJ�URRP��2SHQ�7����℃��VHWWLQJ�7����℃��

%HGURRP��2SHQ�7����℃��VHWWLQJ�7����℃��$LU�
FRQGLWLRQLQJ�ZRXOG�RQO\�EH�RSHQHG�DW�QLJKW��

�� /LYLQJ�URRP��2SHQ�7����℃��VHWWLQJ�7����℃��
RSHQ�WLPH��DW�QRRQ�DQG�DW�QLJKW��%HGURRP��2SHQ�

7����℃��VHWWLQJ�7����℃��RSHQ�WLPH��DW�QLJKW��
�� /LYLQJ�URRP��6HWWLQJ�7����℃��%HGURRP��6HWWLQJ�

7����℃��$LU�FRQGLWLRQLQJ�ZRXOG�EH�RSHQHG�DOO�
GD\�ORQJ��

�� /LYLQJ�URRP��2SHQ�7����℃��VHWWLQJ�7����℃��
RSHQ�WLPH��RQO\�UHODWHG�WR�LQGRRU�7���%HGURRP��

6HWWLQJ�7����℃��RSHQ�WLPH��DOO�GD\�ORQJ��
�� $LU�FRQGLWLRQLQJ�ZRXOG�EH�RSHQHG�DOO�GD\�ORQJ��

DQG�WKH�VHWWLQJ�7�LV���℃�LQ�ERWK�OLYLQJ�URRP�DQG�
%HGURRP�

�
7DEOH���SURSRUWLRQ�RI�GLIIHUHQW�XVH�PRGH�

USE-MODE 1RQ�
XVH�

8VH�
PRGH���

8VH�
PRGH���

8VH�
PRGH�
�、�、��

PROPORTION ���� ���� ���� ����

�

�
)LJXUH���2XWGRRU�DLU�WHPSHUDWXUH�

�
%DVHG�RQ� WKH� LQIRUPDWLRQ� DERYH�� WKH�'H67� VRIWZDUH�
GHYHORSHG�E\�7VLQJKXD�8QLYHUVLW\��<DQ�HW�DO���������
=KDQJ�HW�DO���������LV�XVHG�WR�FRQGXFW�WKH�VLPXODWLRQ��
��� EXLOGLQJ� PRGHOV� LQ� WKH� -<� FRPPXQLW\� DUH� EXLOW�
DQG� RWKHU� VXUYH\� LQIRUPDWLRQ� OLNH� EXLOGLQJ�
LQIRUPDWLRQ� �LQGRRU� KHDW� JDLQ�� HQYHORSH� LQIRUPDWLRQ�
HW� DO���� RSHUDWLQJ� KRXUV� ������� DP� WR� ����DP� LQ� WKH�
QH[W� GD\��� IHDWXUHV� RI� ZDWHU� V\VWHP� �� QR� FRQWURO� LQ�
ZDWHU� IORZ� UDWH�� DQG� VR� RQ� DUH� WDNHQ� DV� LQSXW�
SDUDPHWHUV�� 7KH� FRROLQJ� ORDG� RI� -<� UHVLGHQWLDO�
FRPPXQLW\� DUH� FDOFXODWHG� DQG� FRPSDUHG� ZLWK�
PHDVXUHG�GDWD��DV�)LJXUH���VKRZV��7KH�GDWD�HGJHV�RI�
WKLV� TXDUWLOH� JUDSK� DUH� WKH� GDWD� SRLQWV� DW� WKH�
SUREDELOLWLHV�RI�����DQG�����)URP�WKH�FRPSDULVRQ��LW�
SURYHV� WKDW� WKLV� VLPXODWLRQ� PRGHO� KDV� WKH� DELOLW\� WR�
UHIOHFW�WKH�PDLQ�FKDUDFWHULVWLFV�RI�UHDO�VLWXDWLRQ��

�
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7/11
19:00

7/12
3:20

7/12
11:40

7/12
20:00

7/13
4:20
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21:00
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�
)LJXUH���&RPSDULVRQ�EHWZHHQ�VLPXODWLRQ�UHVXOW�DQG�PHDVXUHG�GDWD�

�

6(16,7,9(�$1$/<6,6�$1'�
',6&866,21�
:LWK� WKH� VLPXODWLRQ� PRGHO�� IXUWKHU� DQDO\VLV� LV�
FRQGXFWHG� WR� UHYHDO� WKH� DSSOLFDELOLW\� RI� GLVWULFW�
FRROLQJ�V\VWHPV��

Optimization of design scheme 
7R� H[FOXGH� WKH� SUREOHPV� LQYROYHG� GXULQJ� GHVLJQ�
VWDJH��WKH�RSWLPL]DWLRQ�RI�GHVLJQ�VFKHPH�LV�FRQGXFWHG��
7KH�WHUPLQDO� IORZ�UDWH�FDQ�EH�E\SDVVHG�DFFRUGLQJ�WR�
WKH�ORDG�UHTXLUHPHQW�LQ�WKH�QHZ�GHVLJQ��7KH�SHDNLQJ�
ORDG�LV�FDOFXODWHG�EDVHG�RQ�WKH�XVH�PRGH�RI�QXPEHU����
LQ�ZKLFK�WKH�DLU�WHUPLQDO�ZRXOG�EH�XVHG�DOO�GD\�ORQJ��
DQG� WKH� VHWWLQJ� WHPSHUDWXUH� LV���R&�� ,Q� WKLV�ZD\�� WKH�
FKRVHQ�FRROLQJ�FDSDFLW\�RI�WKH�FKLOOHU�LV����N:��7KH�
GHVLJQ� GLIIHUHQFH� EHWZHHQ� VXSSO\� DQG� UHWXUQ� ZDWHU�
WHPSHUDWXUH� LV��R&��ZLWK� WKH� DVVXUDQFH�FRHIILFLHQW�RI�
����� VR� WKH� UDWHG� IORZ� UDWH� RI� FLUFOLQJ� SXPS� LV�
���P��K��$FFRUGLQJ�WR�WKH�SODQH�JUDSK�RI�FRPPXQLW\�
DQG� UHODWHG� HQJLQHHULQJ� GHVLJQ� PDQXDO�� WKH� UDWHG�
SXPS� KHDG� LV� GHVLJQHG� WR� ��P�� 7KH� HIILFLHQF\� RI�

FLUFXODWLQJ� SXPS� LV� DVVXPHG� WR� ����� DQG� WKH� UDWHG�
HOHFWULFLW\�FRQVXPSWLRQ�RI�FLUFXODWLQJ�SXPS�LV���N:��
7KHUH� LV� ODFN� RI� WKH� LQIRUPDWLRQ� DERXW� VXEPHUVLEOH�
SXPS��VR�WKH�PHDVXUHG�HOHFWULFLW\�GDWD�LV�DSSOLHG�KHUH��
7KH�FKLOOHU�PRGHO�LQ�WKH�HTXLSPHQW�OLEUDU\�RI�'H67�LV�
XVHG��7KH� UDWHG�&23� LV� �����ZKLFK� LV� WKH� VDPH�ZLWK�
WKH� PHDVXUHG� VLWXDWLRQ�� 8QGHU� WKH� QHZ� GHVLJQ�� WKH�
UDWHG� GLVWULEXWLRQ� HIILFLHQF\� LV� ������� DQG� WKH� UDWHG�
HIILFLHQF\� RI� WKH� GLVWULFW� FRROLQJ� V\VWHP� FDQ� UHDFK�
��������

The influence of terminal occupant behaviour 
%XLOGLQJ� ORDG� VLWXDWLRQ� DQG� DYHUDJH� GDLO\� DLU�
FRQGLWLRQLQJ� RSHUDWLQJ� KRXUV� XQGHU� WKH� �� NLQGV� RI�
RFFXSDQW�EHKDYLRUV� �OLVWHG� LQ�7DEOH����DUH�FDOFXODWHG�
DQG� VKRZQ� LQ� )LJXUH� ��� 7KH� TXDUWLOH� JUDSK� UHIHUV� WR�
WKH� OHIW� FRRUGLQDWH�� DQG� WKH� WULDQJOHV� LQ� WKH� ILJXUH�
FRUUHVSRQGV�WR�WKH�ULJKW�FRRUGLQDWH��ZKLFK�UHSUHVHQWV�
WKH�DYHUDJH�GDLO\�FRROLQJ�KRXUV��)URP�WKH�VLPXODWLRQ�
UHVXOWV�� LW� FDQ� EH� IRXQG� WKDW� WKH� FRROLQJ� ORDGV� XQGHU�
GLIIHUHQW�XVH�PRGHV�KDYH�ODUJH�GLVFUHSDQFLHV��DV�ZHOO�
DV�WKH�DYHUDJH�GDLO\�FRROLQJ�KRXUV��

�

�
)LJXUH���%XLOGLQJ�ORDG�VLWXDWLRQ�DQG�DYHUDJH�GDLO\�FRROLQJ�KRXUV�XQGHU�GLIIHUHQW�XVH�PRGH�

1RWH��7KH�EOXH�ER[HV�VKRZ�WKH�ILUVW�DQG�WKLUG�TXDUWLOHV��WKH�YHUWLFDO�GDVKHG�EOXH�OLQHV�VKRZ�WKH�UDQJH�
�
8QGHU� WKH� QHZ� GHVLJQ�� WKH� LQIOXHQFH� RI� GLIIHUHQW�
WHUPLQDO� RFFXSDQW� EHKDYLRU� RQ� WKH� V\VWHP�
FRQVXPSWLRQ� DQG� HIILFLHQF\� FDQ� EH� FDOFXODWHG� DQG�
FRPSDUHG��ZKLFK�LV�VKRZQ�LQ�)LJXUH����DQG�)LJXUH�����
8QGHU� GLIIHUHQW� RFFXSDQW� EHKDYLRU�� WKH� HQHQUJ\�
HIILFLHQF\� KDV� ODUJH� GLIIHUQFHV�� 8QGHU� WKH� GLVWULFW�
FRROLQJ� V\VWHP�� DV� WKH� LQFUHDVH� LQ� ORDG� OHYHO� DQG�
FRQFHQWUDWLRQ� GHJUHH�� WKH�&23�YDOXH� DQG� GLWULEXWLRQ�
HIILFLHQF\� LV� LPSURYHG�� ,W� UHYHDOV� WKDW� RQO\� XQGHU�
FHUWDLQ� WHUPLQDO� ORDG� VLWXDWLRQ�� FDQ� WKH� V\VWHP� UHDFK�

KLJK� HIILFLHQF\�� ,QIOXHQFG� E\� WKH� KLJK� HOHFWULFLW\�
FRQVXPSWLR� RI� � ZDWHU� SXPSV�� HYHQ� XQGHU� WKH� XVH�
PRGH� �� ZKLFK� UHSUHVHQWV� WKH� KLJK� DLU�FRQGLWLRQLQJ�
XVH� IUHTXHQF\�� WKH� DYHUDJH� V\VWHP� FRPSUHKHQVLYH�
HIILFLHQF\� LV� ORZHU� WKDQ� ��� 2WKHUZLVH�� IURP� WKH�
HOHFWULFLW\�FRQVXPSWLRQ�VLPXODWLRQ�UHVXOW�LQ�)LJXUH�����
LW� FDQ� EH� IRXQG� WKDW�� XQGHU� WKH� GLVWULFW� FRROLQJ�� WKH�
KLJK� V\VWHP� HIILFLHQF\� FRUUHVSRQGV� WR� WKH� KLJK�
HOHFWULFLW\� FRQVXPSWLRQ�� QDPHO\� WKH� WRWDO� HQHUJ\�
FRQVXPSWLRQ�LQFUHDVHV�DV�WKH�V\VWHP�HIILFLHQF\��7KLV�
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ILQGLQJ� UHYHDOV� WKDW� WKH� GLVWULFW� FRROLQJ� V\VWHPV�
FDQQRW� GHFUHDVH� WKH� WRWDO� HQHUJ\� FRQVXPSWLRQ�
HIILFLHQWO\���DQG�WKHUH�H[LVWV�VXLWDEOH�FRQGLWLRQ�IRU�WKH�
KLJK� V\VWHP� HIILFLHQF\�� :KHQ� WKH� FRROLQJ� ORDG�

UHTXLUHPHQW� DPRXQW� LV� ODUJHU�� WKH� V\VWHP� ZRXOG� EH�
PRUH� HQHUJ\�VDYLQJ�� 8QGHU� WKH� ORZ� FRROLQJ� ORDG�
UHTXLUHPHQW�� WKH�GLVWULFW�FRROLQJ�V\VWHP�FDQQRW�H[HUW�
LWV�DGYDQWDJHV��HYHQ�OHDGLQJ�WR�WKH�ZDVWH�RI�UHVRXUFHV��

�

�
)LJXUH����(QHUJ\�HIILFLHQF\�XQGHU�GLIIHUHQW�XVH�PRGH�

�

�
)LJXUH����(OHFWULFLW\�FRQVXPSWLRQ�XQGHU�GLIIHUHQW�XVH�PRGH�

�

&21&/86,21�
%DVHG� RQ� WKH� DQDO\VLV� RI� WKH� PHDVXUHG� GDWD� IURP� D�
GLVWULFW� FRROLQJ� V\VWHP� LQ� D� UHVLGHQWLDO� FRPPXQLW\��
WKLV� SDSHU� GLVFXVVHV� WKH� V\VWHP� HIILFLHQF\� DQG�
HQHQUJ\� FRQVXPSWLRQ� RI� WKH� GLVWULFW� FRROLQJ� V\VWHP�
XQGHU� GLIIHUHQW� RFFXSDQW� EHKDYLRU�� 7KH� PDLQ�
FRQFOXVLRQV�LQFOXGH��
�� )URP�WKH�PHDVXUHPHQW�� WKH�V\VWHP�HIILFLHQF\�RI�

WKH� GLVWULFW� FRROLQJ� V\VWHP� LQ� WKH� UHVLGHQWLDO�
FRPPXQLW\�LV�RQO\����

�� 7KURXJK� SHUIRUPDQFH� DQDO\VLV�� LW� LV� IRXQG� WKDW�
WKH� RFFXSDQW� EHKDYLRU� KDV� D� ODUJH� LQIOXHQFH� RQ�
WKH� HIILFLHQF\� RI� WKH� GLVWULFW� FRROLQJ� V\VWHP��
8QGHU� WKH� ORZ� FRROLQJ� ORDG� UHTXLUHPHQW�� WKH�
GLVWULFW� FRROLQJ� V\VWHP� FDQQRW� H[HUW� LWV�
DGYDQWDJHV�LQ�V\VWHP�HIILFLHQF\��

�� 7KURXJK� VHQVLWLYH� DQDO\VLV�� LW� FDQ� EH� FRQFOXGHG�
WKDW� GLIIHUHQW� XVH�PRGHV� LQ� WKH� VDPH� EXLOGLQJ�
FDWHJRU\�ZRXOG�OHDG�WR�KXJH�GLVFUHSDQFLHV�LQ�WKH�
FRROLQJ�ORDG��,W�LV�QHFHVVDU\�WR�WDNH�WKH�RFFXSDQW�
EHKDYLRU� LQWR� FRQVLGHUDWLRQ� LQ� RUGHU� WR� FRQGXFW�

DQ� DFFXUDWH� ORDG� IRUHFDVWLQJ� DERXW� UHJLRQDO�
EXLOGLQJV��

�� )RU�WKH�KXJH�LQIOXHQFH�RI�WKH�RFFXSDQW�EHKDYLRU��
WKH�VXLWDEOH�WHFKQRORJ\�RU�V\VWHP�W\SH�VKRXOG�EH�
FKRVHQ�DFFRUGLQJ�WR�WKH�VHUYLFH�REMHFWV���

5()(5(1&(6�
'RW]DXHU�(��������6LPSOH�PRGHO�IRU�WKH�SUHGLFWLRQ�RI�

ORDGV� LQ� GLVWULFW�KHDWLQJ� V\VWHPV�� $SSO� (QHUJ��
������������í�����

,VVD�5��)ORRG�,�DQG�$VPXV�0��������'HYHORSPHQW�RI�
D� QHXUDO� QHWZRUN� WR� SUHGLFW� UHVLGHQWLDO� HQHUJ\�
FRQVXPSWLRQ�� ,Q�� 3URFHHGLQJV� RI� WKH� VL[WK�
LQWHUQDWLRQDO� FRQIHUHQFH� RQ� WKH� DSSOLFDWLRQ� RI�
DUWLILFLDO� LQWHOOLJHQFH� WR� FLYLO� 	� VWUXFWXUDO�
HQJLQHHULQJ�FRPSXWLQJ��S����±���

-LDQJ� ;�� /RQJ�:� DQG� /L� 0�� ������ +RXUO\� FRROLQJ�
ORDG�DQDO\VLV�DQG�SUHGLFWLRQ� LQ�D�GLVWULFW�FRROLQJ�
V\VWHP�� -RXUQDO� RI� &HQWUDO� 6RXWK� 8QLYHUVLW\��
6FLHQFH� DQG� 7HFKQRORJ\�������� �������� � �,Q�
&KLQHVH��

�

�

�

�

�

�

�

�

�

8VH�PRGH�� 8VH�PRGH�� 8VH�PRGH�� 8VH�PRGH�� 8VH�PRGH��
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((5�RI�SXPSV
((5�RI�WKH�V\VWHP
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/L� =� DQG� -LDQJ� <L�� ������ 6XUYH\� DQG� LQVSLUHG�
WKRXJKWV�RI�DLU�FRQGLWLRQLQJ�HQHUJ\�FRQVXPSWLRQ�
LQ�UHVLGHQWLDO�EXLOGLQJV��+9	$&�����������������
�,Q�&KLQHVH��

/RQJ� :�� ������ ,PSRUWDQW� VWDJH� RI� EXLOGLQJ� HQHUJ\�
HIILFLHQF\�� FRPPXQLW\� HQHUJ\� SODQQLQJ��
+9	$&���������������,Q�&KLQHVH��

0DF*UHJRU� :�� +DPGXOODKSXU� )� DQG� 8JXUVDO� 9,��
������ 6SDFH� KHDWLQJ� XVLQJ� VPDOO�VFDOH� IOXLGL]HG�
EHGV��D�WHFKQRHFRQRPLF�HYDOXDWLRQ��,QWHUQDWLRQDO�
-RXUQDO�RI�(QHUJ\�5HVHDUFK�����������±���

0DULQ�)��*DUFLD�/DJRV�)��-R\D��*��HW�DO��������*OREDO�
PRGHO� IRU� VKRUW�WHUP� ORDG� IRUHFDVWLQJ� XVLQJ�
DUWLILFLDO� QHXUDO� QHWZRUNV�� *HQHUDWLRQ��
7UDQVPLVVLRQ�DQG�'LVWULEXWLRQ�������������í�����

0DYURJLDQQL�$��'DYLHV�0��&KDODEL�=��:LONLQVRQ�3��
HW�DO��������6SDFH�KHDWLQJ�GHPDQG�DQG�KHDWZDYH�
YXOQHUDELOLW\�� /RQGRQ� GRPHVWLF� VWRFN�� %XLOGLQJ�
5HVHDUFK�	�,QIRUPDWLRQ�������������������

1XULD�*��0DUWt�5��$OHNVDQGHU�,�DQG�&DVWLOOR�0��������
3RWHQWLDO�HQHUJ\�VDYLQJV�DQG�HFRQRPLF�LPSDFW�RI�
UHVLGHQWLDO�EXLOGLQJV�XQGHU�QDWLRQDO�DQG�UHJLRQDO�
HIILFLHQF\� VFHQDULRV�� $� &DWDODQ� FDVH� VWXG\��
(QHUJ\�DQG�%XLOGLQJV��������������

6DNDZD�0��.DWR�.�DQG�8VKLUR�6��������&RROLQJ�ORDG�
SUHGLFWLRQ� LQ� D� GLVWULFW� KHDWLQJ� DQG� FRROLQJ�
V\VWHP� WKURXJK� VLPSOLILHG� UREXVW� ILOWHU� DQG�
PXOWLOD\HUHG� QHXUDO� QHWZRUN�� $SSOLHG� $UWLILFLDO�
,QWHOOLJHQFH�� $Q� ,QWHUQDWLRQDO� -RXUQDO�� �������
��������

6ZDQ� /� DQG�8JXUVDO�9�� ������0RGHOLQJ� RI� HQG�XVH�
HQHUJ\� FRQVXPSWLRQ� LQ� WKH� UHVLGHQWLDO� VHFWRU�� $�
UHYLHZ� RI� PRGHOLQJ� WHFKQLTXHV�� 5HQHZDEOH� DQG�
6XVWDLQDEOH�(QHUJ\�5HYLHZV������������±�����

<DQ�'��;LD�-��7DQJ�:��6RQJ�)�HW�DO��������'H67—
$Q�LQWHJUDWHG�EXLOGLQJ�VLPXODWLRQ�WRRONLW��3DUW�Ⅰ��
)XQGDPHQWDOV��%XLOGLQJ�6LPXODWLRQ������������

<DQJ� -�� ������ 3UHOLPLQDU\� VWXG\� RQ� WKH� PRGHO� RI�
FRPPXQLW\� HQHUJ\� SODQQLQJ� LQ� EXLOGLQJ� RI�
HFRORJLFDO� FLW\��0DVWHU� 7KHRU\�� +DUELQ� ,QVWLWXWH�
RI�7HFKQRORJ\���,Q�&KLQHVH��

=KDQJ�;��;LD�-��-LDQJ�=��+XDQJ�-�HW�DO��������'H67
—$Q�LQWHJUDWHG�EXLOGLQJ�VLPXODWLRQ�WRRONLW��3DUW�
Ⅱ�� $SSOLFDWLRQV�� %XLOGLQJ� 6LPXODWLRQ�� ��� ����
����

�
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