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$%675$&7�
6FKRRO�EXLOGLQJV�LQ�,WDO\�DUH�DIIHFWHG�E\�ODUJH�HQHUJ\�
ORVVHV�� 0RUHRYHU�� WKH� HQHUJ\� HIILFLHQF\� PDUNHW� LV�
JURZLQJ��EXW�LW�LV�QRW�FRQVLGHULQJ�WKH�HQWLUH�SRWHQWLDO�
RI� WKH� EXLOGLQJ� DXWRPDWLRQ� WHFKQRORJLHV� \HW� �',*��
������� ,Q� RUGHU� WR� WHVW� WKH� UHOHYDQFH� RI� WKHVH�
PHDVXUHV�� D� UHIHUHQFH� EXLOGLQJ� ZDV� GHVLJQHG�
DFFRUGLQJ�WR�GLIIHUHQW�UHIHUHQFHV��DV�UHSUHVHQWDWLYH�RI�
WKH� QDWLRQDO� VWRFN� RI� VFKRRO� EXLOGLQJV�� ,W� ZDV�
VLPXODWHG�LQ�RUGHU�WR�REWDLQ�WKH�HQHUJ\�UHTXLUHPHQWV�
EUHDNGRZQ� DQG� VHOHFW� GLIIHUHQW� WHFKQLFDO� XSJUDGHV�
ZLWK�UHIHUHQFH�WR�WKH�(1�������VWDQGDUG��7KH�UHVXOWV��
DQDO\VHG� IRU� VLQJOH� PHDVXUHV� DQG� SDFNDJHV� IRU� WZR�
GLIIHUHQW� +9$&� V\VWHP� W\SHV� �UDGLDWRUV� DQG� IDQ�
FRLOV��� VKRZHG� UHGXFWLRQV� LQ� WKH� SULPDU\� HQHUJ\�
UHTXLUHPHQWV�XS�WR������������

,1752'8&7,21�
%XLOGLQJV� DFFRXQW� IRU� DURXQG� ���� RI� WRWDO� HQHUJ\�
FRQVXPSWLRQ� DQG� ���� &2�� HPLVVLRQV� LQ� (XURSH��
6LQFH� ����� WKH� (XURSHDQ� &RPPLVVLRQ� KDV� EHHQ�
LQWURGXFLQJ� HQHUJ\� HIILFLHQF\� JRDOV�� NQRZQ� DV� ³���
������ VHW´� �&RPPLVVLRQ� RI� WKH� (XURSHDQ�
&RPPXQLWLHV�� ������� LQ� ����� WKH� UHFDVW� RI� (QHUJ\�
3HUIRUPDQFH� RI� %XLOGLQJV� 'LUHFWLYH� ±� (3%'� �7KH�
(XURSHDQ� 3DUOLDPHQW� DQG� WKH� &RXQFLO� RI� WKH�
(XURSHDQ� 8QLRQ�� ������ GHILQHV� WKH� QHDUO\� ]HUR�
HQHUJ\�EXLOGLQJ� �Q=(%�� DV� WKH� FRPSXOVRU\� VWDQGDUG�
IRU�QHZ�FRQVWUXFWLRQV�DIWHU��������
6LQJOH�SDVVLYH�PHDVXUHV��VXFK�DV�LQVXODWLRQ�LQFUHDVH��
DUH� RIWHQ� QRW� SHUIRUPLQJ� HQRXJK� WR� UHDFK� WKHVH�
HIILFLHQF\� REMHFWLYHV� �%D\UDNWDU� HW� DO��� �������
,PSURSHU� VFKHGXOLQJ� DQG� WHPSHUDWXUH� VHWSRLQWV�PD\�
LQFUHDVH� HQHUJ\� ORVVHV� DQG� RFFXSDQW� GLVVDWLVIDFWLRQ��
DIIHFWLQJ� WKH� JOREDO� HIILFLHQF\� RI� WKH� EXLOGLQJ�
�+LJJLQV�� 5REHUWVRQ�� ������� &RQVLGHULQJ� WKH�
LQVWDOODWLRQ� FRVW� DQG� WKH� ODUJHU� QHHG� RI�PDLQWHQDQFH�
GXH� WR� D� KLJKHU� FRPSOH[LW\� RI� WKH�+9$&� V\VWHP�� D�
SUHFLVH�FDOLEUDWLRQ�RI�WKH�HOHFWURQLF�FRQWURO�EDVHG�RQ�
WKH� UHDO� XVH� RI� WKH� EXLOGLQJ� LV� VWULFWO\� QHHGHG� WR�
HQVXUH� WKHLU� HIIHFWLYHQHVV��%XLOGLQJ�$XWRPDWLRQ� DQG�
&RQWURO� 6\VWHPV� VROXWLRQV� �%$&6��� LQWHUDFWLQJ�ZLWK�
EXLOGLQJ�DQG�WHFKQLFDO�V\VWHP�OHYHO��SURYLGH�WKH�H[DFW�
HQHUJ\�QHHG�WKURXJK� WKH�DFFXUDWH�PHDVXUH�RI�HQHUJ\�
GHPDQG�� LQ� RUGHU� WR� SUHYHQW� HQHUJ\� ORVVHV� DQG�
ZDVWHV�� &RPSDUHG� WR� D� VPDOO� HOHFWULF� GHPDQG�� WKH\�
FRQWULEXWH�WR�UHILQH�RSHUDWLRQDO�FRQWUROV��ERWK�LQ�QHZ�

FRQVWUXFWLRQ� DQG� LQ� WKH� UHWURILWWLQJ� RI� H[LVWLQJ�
EXLOGLQJV���
7KH�FKDOOHQJH� LV� LPSRUWDQW�ZKHQ�FRQVLGHULQJ� WKDW� LQ�
WKH�(XURSHDQ�8QLRQ�PRUH� WKDQ�����RI� WKH� JURZLQJ�
HQHUJ\�UHTXLUHPHQWV�LQ�WKH�WHUWLDU\�VHFWRU�LV�GULYHQ�E\�
WKH� HYROXWLRQ�RI� QRQ� UHVLGHQWLDO� EXLOGLQJV� �*DJOLD� HW�
DO��� ������� EXW� LW� LV� HYHQ� PRUH� VLJQLILFDQW� ZKHQ�
GHDOLQJ� ZLWK� SXEOLF� SURSHUWLHV�� ZKLFK� RFFXS\� DERXW�
���� E\� DUHD� RI� WKH� (8� UHJLRQ¶V� EXLOGLQJ� VWRFN�
�%3,(�� ������� 7KH� (XURSHDQ� &RPPLVVLRQ� FDOOV� IRU�
WKH� SXEOLF� VHFWRU� WR� OHDG� E\� H[DPSOH� DQG� KHOSV� WR�
VWLPXODWH� WKH� PDUNHW� IRU� HQHUJ\�HIILFLHQW� SURGXFWV��
SUDFWLFHV�� VHUYLFHV� DQG� EXVLQHVV� PRGHOV�� $Q�
LQWHUHVWLQJ� VXUYH\� RQ� SXEOLF� EXLOGLQJV�� LQFOXGLQJ� D�
ODUJH�SHUFHQWDJH�RI�VFKRROV��%XOO�HW�DO����������FDQ�EH�
IRXQG� LQ� WKH� SURMHFW� &\EHU� 'LVSOD\� �� �'LVSOD\�
FDPSDLJQ�� ������� FDUULHG� RXW� LQ� WKH� ����������
SHULRG�� 7KH� HIILFLHQF\� FDPSDLJQ� WKDW� LQYROYHG� WKH�
EXLOGLQJV� DWWHQGLQJ� WKH� SURMHFW� KDV� VKRZQ� D� JHQHUDO�
LQWHUHVW� LQ� LPSURYLQJ� WKH� HQHUJ\� SHUIRUPDQFH� DOO�
DURXQG�(XURSH��H[FHSW�IRU�,WDOLDQ�UHJLVWHUHG�EXLOGLQJV�
�6KXNOD��%XOO���������
,Q�,WDO\��HGXFDWLRQDO�EXLOGLQJV�DUH�PRUH�WKDQ���������
JHQHUDOO\� DIIHFWHG�E\� ODUJH� HQHUJ\� ORVVHV�� HVSHFLDOO\�
WKRVH� EXLOW� EHIRUH� ����� �5ROOLQR�� ������� 7KLV� LV�
SDUWLDOO\� GXH� WR� WKH� UHODWHG� ,WDOLDQ� ODZ�� ZKLFK� GDWHV�
����� EXW� VWLOO� UHIHUV� WR� D� 0LQLVWHULDO� 'HFUHH� RI�
����������� �0LQLVWHUR� GHL� /DYRUL� 3XEEOLFL�� �������
7KHUHIRUH��D�GHHS�DFWLRQ�LQ�WKLV�VHFWRU�VHHPV�XUJHQW��
,Q�DGGLWLRQ�D�YLHZ�RI�WKH�,WDOLDQ�VFKRRO�EXLOGLQJ�VWRFN�
FDQ�EH� IRXQG� LQ�D� UHSRUW�SURGXFHG�E\�3ROLWHFQLFR�GL�
7RULQR� FRQFHUQLQJ� D� VDPSOH� RI� ���� VFKRROV� LQ� WKH�
7XULQ�GLVWULFW��&RUJQDWL�HW�DO����������)URP�WKH�UHSRUW��
WKH�PHDQ�SULPDU\�HQHUJ\�FRQVXPSWLRQ�RI�WKH�VFKRROV�
DQDO\]HG� LV�DSSUR[LPDWHO\�����N:K�P�\HDU��GLYLGHG�
LQWR�����N:K�P�\HDU�������IRU�VSDFH�KHDWLQJ�DQG����
N:K�P�\HDU� ������ IRU� OLJKWLQJ� DQG� HOHFWULF�
HTXLSPHQW�� ,Q� PRVW� FDVHV�� QDWXUDO� JDV� ERLOHUV� ZLWK�
���������� HIILFLHQF\� DUH� XVHG� WR� VXSSO\� WKH� KHDWLQJ�
HQHUJ\��WKURXJK�D�KRW�ZDWHU�ORRS�ZLWK�UDGLDWRUV��IRU�D�
WRWDO�PHDQ�FDSDFLW\�RI�������������N:��0RVW�VFKRROV�
������ DUH� KHDWHG� FRQWLQXRXVO\� ZLWKRXW� D� VSHFLILF�
FRQWURO� LQ� WKH� GLIIHUHQW� URRPV� GXULQJ� LQFRPSOHWH�
RFFXSDWLRQ�RI�WKH�VWUXFWXUH��7KLV�PHDQV�WKDW�WKHUH�LV�D�
JUHDW� FKDQFH� WR� LPSURYH� WKH�PDQDJHPHQW� HIILFLHQF\�
WKURXJK� D� EHWWHU� RSHUDWLRQ� RI� WKH� V\VWHP�� HYHQ�ZLWK�
%$&�FRPSRQHQWV��
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$OO� WKH� VFKRROV� FRQVLGHUHG� GR� QRW� LQFOXGH� HLWKHU� D�
FRROLQJ�SODQW�RU�PHFKDQLFDO�YHQWLODWLRQ�V\VWHP���
7KH�DLP�RI�WKLV�VWXG\�LV�WR�GHPRQVWUDWH�WKH�UHOHYDQFH�
RI�%$&6�IRU�WKH�HQHUJ\�UHWURILWWLQJ�LQ�VFKRROV��GXH�WR�
WKHLU� ILQH� VHQVLELOLW\� WR� HQYLURQPHQWDO� YDULDEOHV�� D�
G\QDPLF� VLPXODWLRQ� LV� QHHGHG� LQ� RUGHU� WR� REWDLQ�
DFFHSWDEOH� DQG� GHWDLOHG� UHVXOWV�� 7KH� LQWHUDFWLRQ�
EHWZHHQ� FOLPDWH�� EXLOGLQJ� HQYHORSH� DQG� +9$&�
V\VWHP� LV� WDNHQ� LQWR� DFFRXQW�� XSGDWLQJ� WKHUPDO�
YDULDEOHV�HYHU\����PLQXWHV��

7+(�5()(5(1&(�%8,/',1*�
)RU�WKH�DLPV�RI�WKLV�ZRUN��D�VFKRRO�UHIHUHQFH�EXLOGLQJ�
ZDV� VHOHFWHG� DV� D� QDWLRQDO� VDPSOH� FRQFHUQLQJ�
GLPHQVLRQV�� XVHV�� V\VWHPV�� DV� ZHOO� DV� FRQVWUXFWLRQ�
DJH�DQG� WHFKQLTXHV�� ,W� UHSUHVHQWV�D�KLJK� VFKRRO�ZLWK�
VFLHQWLILF� GLSORPD�� EXLOW� IURP����� WR� ������ UHOHYDQW�
IRU� LWV� IUHTXHQF\� DQG� DYHUDJH� FRQGLWLRQV� RYHU�
QDWLRQDO�VFHQH��
7KH� UHIHUHQFH� EXLOGLQJ� ZDV� FKRVHQ� DPRQJ� VWDWLVWLF�
VDPSOHV� RI� UHDO� H[LVWLQJ� VFKRROV�� DFFRUGLQJ� WR� WKH�
QDWLRQDO� UHSRUW� RI� WKH� SURMHFW� ³7\SRORJ\� $SSURDFK�
IRU�%XLOGLQJ�6WRFN�(QHUJ\�$VVHVVPHQW�±�7$%8/$´�
�&RUUDGR�HW�DO����������7KLV�UHSRUW�GHILQHV�PDQ\�W\SHV�
RI� UHIHUHQFH� EXLOGLQJV� UHODWHG� ZLWK� WKH�
PHWKRGRORJLFDO� DSSURDFK� WR� WKH� EXLOGLQJ� IHDWXUHV�
GHILQLWLRQ��&RUJQDWL�HW�DO����������

 ([DPSOH�EXLOGLQJ�� UHDO�EXLOGLQJ� VHOHFWHG�E\�
SURIHVVLRQDO� H[SHULHQFH� UHSUHVHQWLQJ� D�
FRQVWUXFWLRQ�FDWHJRU\��

 5HDO� EXLOGLQJ�� UHDO� EXLOGLQJ� VHOHFWHG� E\�
VWDWLVWLFDO�DQDO\VLV��

 7KHRUHWLFDO� EXLOGLQJ�� YLUWXDO� EXLOGLQJ�
FRPSRVHG� ZLWK� VWDWLVWLFDOO\� GHWHUPLQHG�
VDPSOH�IHDWXUHV���

,Q� WKLV� FDVH�� DQ� H[DPSOH� EXLOGLQJ� SURYLGHG� E\�
3ROLWHFQLFR� GL�0LODQR� �3DJOLDQR� HW� DO��� ������ LV� WKH�
PDLQ� UHIHUHQFH�� PLVVLQJ� GDWD� KDYH� EHHQ� UHWULHYHG�
IURP�PDQXDOV� �6ROH�������DQG�6WHIDQXWWL��������DQG�
QDWLRQDO� VWDQGDUGV� �81,� ������� ������7KH� UHVXOWLQJ�
EXLOGLQJ�UHVSRQGV�WKHQ�WR�D�WKHRUHWLFDO�UHIHUHQFH�W\SH��
LWV� IHDWXUHV� DUH� GLYLGHG� LQWR� IRXU� PDLQ� FDWHJRULHV��
UHIHUULQJ�HDFK�WR�D�SDUWLFXODU�GDWD�VRXUFH��DV�VKRZQ�LQ�
)LJXUH�����
,W� LV� DVVXPHG� WKDW� ���� VWXGHQWV� DUH� GLYLGHG� LQ� ���
FODVVURRPV�IRU����SHRSOH��(YHU\�URRP�KDV�EHHQ�VL]HG�
DFFRUGLQJ�WR�WKH�FXUUHQW�ODZ��'0������������
7KH� WRWDO�VXUIDFH�RI� WKH�UHIHUHQFH�VFKRRO�DPRXQWV�DW�
�����P���IRU�D�������P��JURVV�YROXPH�ZLWK�DQ�DVSHFW�
UDWLR�LV������P����7KH�JOD]LQJ�VXUIDFH��VHWWOHG�HTXDOO\�
RQ� WKH� GLIIHUHQW� VLGHV� RI� WKH� EXLOGLQJ�� UHDFKHV� WKH�
YDOXH� RI� ���� P�� ZKLOH� WKH� JOD]LQJ�RSDTXH� UDWLR�
DURXQG� WKH�ZKROH� VWUXFWXUH� LV� ������:LQGRZV� RI� WKH�
H[DPSOH�EXLOGLQJ�KDYH�EHHQ�UHVL]HG�LQ�RUGHU�WR�PHHW�
GD\� OLJKWLQJ� UHTXLUHPHQWV� �FRPSRVHG� DFFRUGLQJ� WR�
5ROOLQR����������

�

�
Figure 2 Exploded school model 

$V�VKRZQ� LQ�)LJXUH��� WKH�EXLOGLQJ� LV�GLYLGHG� LQWR���
IXQFWLRQDO� DUHDV� DFFRUGLQJ� WR� WKHLU� PDLQ� XVH�
�FODVVURRPV�� ODERUDWRULHV�� OLEUDU\�� J\P��
DGPLQLVWUDWLRQ��DXGLWRULXP��KDOO���

7UDGLWLRQDO� WHFKQLFDO� VROXWLRQV� DUH� DGRSWHG� IRU� WKH�
GHILQLWLRQ�RI� WKH� VFKRRO� FRQVWUXFWLRQV��7KH� HQYHORSH�
LV�FRPSRVHG�E\����FP�����FP�SODVWHUHG�QRQ�LQVXODWHG�
KROORZ� ZDOOV� DQG� ��� FP� �� �� FP� SODVWHUHG� QRQ�
LQVXODWHG� FHPHQW� EULFN� VODEV�� 2QO\� WKH� EDVHPHQW�
VWUXFWXUHV�DUH�IXOO�FRQFUHWH�ZDOOV�DQG�IORRUV��8�YDOXHV�
RI� WKH� PDLQ� HQYHORSH� FRPSRQHQWV� �3DJOLDQR� HW� DO���
������DUH�OLVWHG�LQ�7DEOH����

Figure 1 Main references divided in categories 
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�
Table 1 

Construction elements U-values 

6HYHUDO� PRGXOHV� ����� [� ���� FP� HDFK�� FRPSRVH�
GLIIHUHQW� ZLQGRZ� OD\RXWV�� XQWLO� �� P� ORQJ�� D� VLQJOH�
SDQH�FOHDU�JODVV��8J� �����:�P�.��LV�FRPELQHG�ZLWK�
DOXPLQLXP�XQWUHDWHG�IUDPH��8I�� ���:�P�.���LQWHUQDO�
KRUL]RQWDO�EOLQGV�DUH�HPSOR\HG�DV�PDQXDOO\�DFWLYDWHG�
VKDGLQJ� GHYLFHV�� ,Q� PRVW� FDVHV� ,WDOLDQ� VFKRROV� KDYH�
QR�PHFKDQLFDO�YHQWLODWLRQ�V\VWHP��5ROOLQR��������DQG�
DLU� FKDQJH� LV� SURYLGHG� E\� QDWXUDO� YHQWLODWLRQ�� $�
PDQXDO�RSHUDWLQJ�ZLQGRZ�RSHQLQJ�LV�WKHQ�DVVXPHG�LQ�
WKH�UHIHUHQFH�EXLOGLQJ��7ZR�W\SHV�RI�+9$&�V\VWHPV�
ZHUH�VLPXODWHG��7KH�ILUVW��EDVHG�RQ�UDGLDWRUV�LQVWDOOHG�
RQ� WKH� LQWHUQDO� IDFH� RI� H[WHULRU� ZDOOV�� UHIOHFWV� WKH�
FXUUHQW� SUHYDLOLQJ� FRQGLWLRQ� LQ� WKH� ,WDOLDQ� VFKRRO�
EXLOGLQJ�VWRFN��7KH�VHFRQG��EDVHG�RQ�IRXU�SLSHV�IDQ�
FRLOV�� ZDV� DQDO\VHG� LQ� FRKHUHQFH� ZLWK� ODZ�
UHTXLUHPHQWV� RI� '0� ������������ ZKLFK� DOUHDG\�
H[SUHVV�WKH�QHHG�RI�WKH�PHFKDQLFDO�YHQWLODWLRQ�DQG�D�
FRROLQJ� V\VWHP� LQ� HGXFDWLRQDO� EXLOGLQJV��
8QIRUWXQDWHO\� WKLV� DVSHFW� LV� VWLOO� XQDWWHQGHG� LQ�PRVW�
RI�FDVHV��5ROOLQR���������$Q\ZD\���LQ�WKLV�VXUYH\���LW�
ZDV�FRQVLGHUHG�LQ�D�ORQJ�WHUP�SHUVSHFWLYH��'RPHVWLF�
KRW� ZDWHU� �'+:�� SURGXFWLRQ� LV� QRW� FRQVLGHUHG� DV�
UHOHYDQW�RQ�WKH�WRWDO�HQHUJ\�GHPDQG�VR�LW�ZDV�RPLWWHG�
IRU�WKH�SUHVHQW�VWXG\���

02'(/,1*�$668037,216�
7KH�VLPXODWLRQ�RI�WKH�VFKRRO�HQHUJ\�SHUIRUPDQFH�ZDV�
FDUULHG� RXW� E\� PHDQ� RI� � WKH� HQHUJ\� VLPXODWLRQ�
SURJUDP�(QHUJ\3OXV�YHUVLRQ������8�6��'HSDUWPHQW�RI�
(QHUJ\� ±� '2(�� (QHUJ\3OXV� (QHUJ\� 6LPXODWLRQ�
6RIWZDUH����������
(YHU\� VLQJOH� URRP�ZDV�PRGHOOHG� DV� D� WKHUPDO� ]RQH�
ZLWK� LWV� VSHFLILF� HQYLURQPHQWDO� SURSHUWLHV�� IRU� WKH�
HYDOXDWLRQ� RI� D� FXVWRPL]HG� DXWRPDWLF� FRQWURO�� $�
GLIIHUHQW� ZHHNO\� WLPHWDEOH� IRU� HDFK� URRP� ZDV�
FUHDWHG�� LQFOXGLQJ� VRPH� DFWLYLWLHV� GXULQJ� WKH�
DIWHUQRRQ��

,QWHUQDO�JDLQV�DQG�YHQWLODWLRQ�
7KH� FODVVURRPV� DUH� IXOO\� RFFXSLHG� RQO\� LQ� WKH�
PRUQLQJ�� DFFRUGLQJ� WR� WKHLU� FXVWRPL]HG� ZHHNO\�

WLPHWDEOH� ��(DFK� DUHD� LV� DOVR�GHILQHG�E\� D� SDUWLFXODU�
RFFXSDQF\� SURILOH� GHILQHG� DV� D� SHUFHQWDJH� RI� WKH�
PD[LPXP�SUHVHQFH�OHYHO��)LJXUH�����+ROLGD\V�SHULRG�
FRPSO\� ZLWK� WKH� W\SLFDO� ,WDOLDQ� VFKRRO� FDOHQGDU�
�VXPPHU�KROLGD\V�LQ�-XO\�DQG�$XJXVW���

 021 78( :(' 7+8 )5, 6$7 
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Figure 3 Weekly schedule of a typical classroom; 0 
and 1 are the possible presence factors�

(PSOR\HHV� RFFXS\� WKH� DGPLQLVWUDWLRQ� RIILFHV� DQG�
VRPH� FODVVHV� DWWHQG� WKHLU� OHVVRQV� LQ� WKH� ODERUDWRULHV�
XQWLO� ODWH� DIWHUQRRQ�� H[WHUQDO� XVHUV� �FROOHJH� WHDPV��
DPDWHXU� SUDFWLVHUV�� WUDLQ� LQ� WKH� J\P� GXULQJ� WKH�
HYHQLQJ�RQ�ZHHNGD\V���
6SHFLILF� WKHUPDO� JDLQV� DUH� DVVRFLDWHG� ZLWK� GLIIHUHQW�
XVHV� DFURVV� WKH� EXLOGLQJ� URRPV�� 'LIIHUHQW� VHQVLEOH�
JDLQ�YDOXHV�DUH�FRQVLGHUHG�ZLWK�UHJDUGV�WR�RFFXSDQF\�
�7DEOH����FROXPQ����DFFRUGLQJ�WR�WKH�PDLQ�RFFXSDQWV�
DFWLYLW\��2FFXSDQF\� IDFWRUV� �7DEOH� ��� FROXPQ���� DUH�
FDOFXODWHG� DFFRUGLQJ� WR� WKH� SURMHFW�� DV� D� PHDQ� RI�
GLIIHUHQW� YDOXHV� SURSRVHG� E\� GLIIHUHQW� GDWD� VRXUFHV�
�81,� ������� ������ 3DJOLDQR� HW� DO��� ������ '2(��
�������
$UWLILFLDO�OLJKWLQJ�LV�FRQWUROOHG�LQ�DOO�URRPV�DFFRUGLQJ�
WR� WKH� �� PDFUR�]RQHV� DFWLYDWLRQ� SURILOHV�� ODPSV� LQ�
EDWKURRPV� DQG� FLUFXODWLRQ� DUHDV� IROORZ� WLPH�
VFKHGXOHV�� 7KH� VWDQGDUG� IOXRUHVFHQW� ODPS� LV�
FRPSRVHG� RI� �� PRGXOHV� ���� :�HDFK��� IRU� D� PHDQ�
HOHFWULF� SRZHU� RI� ����� :�P�� RI� OLW� VXUIDFH�
�0DUWLQHQJR��������� ,QWHUQDO� EOLQGV�DUH�DFWLYDWHG� IRU�
D�VRODU�UDGLDQFH�RQ�ZLQGRZ�VXUIDFH�JUHDWHU�WKDQ�����
:�P���:LQGRZV�DUH�VXSSRVHG�WR�EH�RSHQHG�E\�XVHUV�
IRU� ��� PLQXWHV� HYHU\� �� KRXUV� RI� RFFXSDWLRQ� LQ� DOO�
URRPV�� ,QFRPLQJ� DLU� YROXPHV� IRU� QDWXUDO� YHQWLODWLRQ�
DUH� FDOFXODWHG� DFFRUGLQJ� WR� ³$6+5$(� +DQGERRN�
����´�� DV� D� � FRPELQDWLRQ� RI� ZLQG� IRUFH� DQG� VWDFN�
HIIHFW� �$PHULFDQ� 6RFLHW\� RI� +HDWLQJ�� 5HIULJHUDWLQJ�
DQG�$LU�FRQGLWLRQLQJ�(QJLQHHUV�±�$6+5$(����������
$Q� H[DPSOH� RI� QDWXUDO� YHQWLODWLRQ� DLU� FKDQJHV� UDWH�
FDQ�EH�REVHUYHG�LQ�)LJXUH���� �,QILOWUDWLRQV�DFURVV�WKH�
KDOO� �����$&+��DQG� WKH�YHQWLODWHG�FUDZO� VSDFH� ������
$&+��DUH�FRQWHPSODWHG��

���
 

&216758&7,21�(/(0(17 8�9$/8(�
:�P��. 

([WHULRU�ZDOOV� �����
6ODEV�DQG�ZDOOV�IDFLQJ�WKH�EDVHPHQW� �����
5RRI� �����
6ODE�IDFLQJ�RXWZDUG� �����
,QWHUQDO�SDUWLWLRQV��WKLFNQHVV����FP�� �����
,QWHUQDO�SDUWLWLRQV��WKLFNQHVV����FP�� �����
,QWHUQDO�VODE� �����
,QWHUQDO�GRRU� �����
:,1'2:�(/(0(17  
*ODVV� ����
)UDPH� �����
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Table 2 

Internal gains 

7KH�KHDWLQJ�V\VWHP�
7KH�UDGLDWLYH�FRPSRQHQW�RI�UDGLDWRUV�KHDW�WUDQVIHU�LV�
GLVWULEXWHG� LQ� GLIIHUHQW� SURSRUWLRQV� WR� WKH� IDFLQJ�
FRQVWUXFWLRQ�HOHPHQWV��DFFRUGLQJ�WR�WKHLU�YLHZ�IDFWRU��
7KH� WKHUPRVWDW� LV� D� GXDO� VHW� SRLQW� ZLWK� GHDG� EDQG�
IL[HG� DW� ��� �&� �GXULQJ� RFFXSDWLRQ�� DQG� ��� �&� �LQ�
DEVHQFH� RI� RFFXSDQWV��� GXULQJ� WKH� ZKROH� \HDU��
&LUFXODWLRQ�SXPSV�LQVWDOOHG�RQ�WKH�KHDWLQJ�ORRS�ZRUN�
DW� FRQVWDQW� VSHHG� LQ� SUHVHQFH� RI� KHDWLQJ� ORDG�� +RW�
ZDWHU� VHW� SRLQW� RI� WKH� KHDWLQJ� ORRS� LV� ��� �&� �IRU�
UDGLDWRUV�� DQG� ��� �&� �IRU� IDQ� FRLOV�� ZLWK� QR�
FRPSHQVDWLRQ� EDVHG� RQ� H[WHUQDO� WHPSHUDWXUH�� %RLOHU�
HIILFLHQF\��DV�DVVHUWHG�E\�3ROLWHFQLFR�GL�7RULQR�UHSRUW�
�&RUJQDWL� HW� DO��� ������� LV� ������ ZLWK� D� SDUWLDO� ORDG�
UDWLR��3/5��EHWZHHQ���DQG����

7KH�FRROLQJ�V\VWHP�
7KH�FRROLQJ�V\VWHP�LV�VHW�RQO\�IRU�WKH�IDQ�FRLO�V\VWHP�
FDVH��7KH� WKHUPRVWDW��GXULQJ� WKH�ZKROH�\HDU�DV�ZHOO��
LV� D� GXDO� VHW� SRLQW� ZLWK� GHDG� EDQG� IL[HG� DW� ��� �&�
�GXULQJ�RFFXSDWLRQ�������&��LQ�DEVHQFH�RI�RFFXSDQWV���
WR� DOORZ� WKH� IUHH� WHPSHUDWXUH� IORDWLQJ�� &LUFXODWLRQ�
SXPSV� LQ� FKLOOHG� ZDWHU� ORRS� KDYH� WKH� VDPH�
FKDUDFWHULVWLFV� RI� KHDWLQJ� V\VWHP�� 7KH� FKLOOHG� ZDWHU�
VHW�SRLQW�LV����&��7KH�FRQGHQVHG�ZDWHU�VHW�SRLQW�LV����
�&�� $� VLQJOH� VSHHG� FRROLQJ� WRZHU� LV� LQVWDOOHG� IRU�
FRQGHQVLQJ� SXUSRVHV�� 7KH� FKLOOHU� FRHIILFLHQW� RI�
SHUIRUPDQFH��&23��LV������ZLWK�D�3/5�EHWZHHQ���DQG�
���

:HDWKHU�FRQGLWLRQV�
7KH�UHIHUHQFH�EXLOGLQJ�LV�VLPXODWHG�LQ�7XULQ��������¶�
1�� ��� ��¶� (�� ����P� DERYH� VHD� OHYHO�� ZLWK� D� W\SLFDO�
PHWHRURORJLFDO� \HDU� �70<�� GDWD� �:RUOG�
0HWHRURORJLFDO�2UJDQL]DWLRQ���������
�

�
Figure 4 air changes rate per hour in a typical 

classroom 

%$&6�
%$&6�DUH�UHODWHG�ERWK�ZLWK�WKH�RSHUDWLRQDO�OHYHO�DQG�
WKH�V\VWHPV��KHDWLQJ��FRROLQJ��JHQHUDWLRQ��PHFKDQLFDO�
YHQWLODWLRQ�DQG�'+:�SURGXFWLRQ��DV�ZHOO�DV�ZLWK�WKH�
HOHFWULFDO� GHYLFHV� �IRU� OLJKWLQJ� DQG� HTXLSPHQW��� ,Q�
(XURSH� WKHUH� LV� D� VWDQGDUG�� (1������������ WKDW�
GHILQHV�DQG�GHVFULEHV� WKH�%$&6�VROXWLRQV��'LIIHUHQW�
WHFKQLFDO� LQVWDOODWLRQV� DUH� OLVWHG� IRU� HDFK� RI� WKH�
SRVVLEOH� XVHV� RI� HOHFWURQLF� FRQWURO� LQ� WKH� EXLOGLQJ�
V\VWHP� �7KH�VWDQGDUG�RXWOLQHV�DOVR�D�FODVVLILFDWLRQ�RI�
DXWRPDWLF�FRQWURO�HIILFLHQF\��IRU�UHVLGHQWLDO�DQG�QRQ�
UHVLGHQWLDO�EXLOGLQJV��)RXU�FODVVHV�DUH�VWDWHG�IURP�³'�
±� QRQ�HQHUJ\� HIILFLHQW´� WR� ³$� ±� KLJK� HQHUJ\�
SHUIRUPDQFH´�� (DFK� VROXWLRQ� GHVFULEHG� LQ� WKH�
VWDQGDUG� LV� LGHQWLILHG� E\� RQH� RI� WKHVH� FODVVHV�� 7KH�
LPSOHPHQWDWLRQ� RI� HYHU\� VROXWLRQ� PDUNHG� ZLWK� D�
FHUWDLQ� FODVV� LV� QHHGHG� WR� GHWHUPLQH� WKH� JOREDO�
SHUIRUPDQFH� FODVV� RI� WKH� EXLOGLQJ�� ,Q� 7DEOH� ��� DQ�
H[DPSOH� RI� WKH� FRQWURO� IXQFWLRQ� VWHSV� IRU� D�
WKHUPRVWDWLF�YDOYH�LV�UHSRUWHG��
�
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Table 3 

Control function analysis of a BAC solution 
(thermostatic valve) 

�
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6(1625� ��7KHUPLVWRU� ��,QGRRU�����
WHPSHUDWXUH��7��

&21752//(5� ��''&�
��2Q�RII�

��7������&�ĺ�RQ�
��7�!����&�ĺ�RII�
�

&21752//('�
'(9,&(�

����SRVLWLRQV�
��9DOYH�

��5DGLDWRU�RQ�RII�

�

3/$1�2)�7+(�6,08/$7,216�
,Q� DEVHQFH� RI� DQ\� DXWRPDWLF� FRQWURO� WKH� UHIHUHQFH�
EXLOGLQJ� FDQ� EH� PDWFKHG� ZLWK� D� ³'´� FODVV�� 2Q� WKLV�
³EDVH� FDVH´� GLIIHUHQW� %$&6� XSJUDGHV� ZHUH�
LPSOHPHQWHG�� 7KHVH� ZHUH� FKRVHQ� EHWZHHQ� WKH�
GLIIHUHQW� DSSOLFDWLRQV� LQ� WKH� EXLOGLQJ� V\VWHPV�
�H[FOXGLQJ�PHFKDQLFDO�YHQWLODWLRQ�WKDW�LV�DEVHQW���
7KH� W\SHV�RI�FRPSRQHQWV� LPSOHPHQWHG� LQ� WKH�PRGHO�
ZHUH�VHOHFWHG�IURP�WKH�OLVW�RI�WKH�VWDQGDUG�(1�������
������DIWHU�EHLQJ�DQDO\VHG�DV� LQ�7DEOH�����DFFRUGLQJ�
WR� FULWHULD� RI� UHVSRQVLYHQHVV� WR� WKH� IXQFWLRQDO� QHHGV�
RI�WKH�VFKRRO��,Q�SDUWLFXODU��VHYHQ�GLIIHUHQW�VROXWLRQV�
ZHUH� VLPXODWHG� RQH� E\� RQH� DQG� VXEVHTXHQWO\� MRLQW�
WRJHWKHU�LQ�DSSOLFDWLRQ�SDFNDJHV��

$X[LOLDU\�V\VWHP�
7KH� DX[LOLDU\� V\VWHP� LQFOXGHV� ERWK� WKH� FLUFXODWLRQ�
SXPSV�LQVWDOOHG�RQ�WKH�KHDWLQJ���FRROLQJ���FRQGHQVLQJ�
ORRS� DQG� WKH� IDQV� DV� FRPSRQHQWV� RI� WKH� IDQ� FRLO�
JURXS��7KHVH�IDQV�GR�QRW�VXSSO\�SULPDU\�DLU�FKDQJHV�
EXW� MXVW� WULJJHU� WKH� FRQYHFWLYH� UHFLUFXODWLRQ� RI�
LQWHUQDO�DLU��

�� ,QWHUPLWWHQW�SXPSV�DQG�IDQV�DFFRUGLQJ�WR��
KHDWLQJ�FRROLQJ� ORDG� �,17� $8;��� WKH�
DX[LOLDU\�V\VWHP�LV�DFWLYDWHG�MXVW�LQ�SUHVHQFH�
RI� KHDWLQJ�FRROLQJ� ORDG� PHDVXUHG� IRU� HDFK�
WLPH�VWHS��ZKLOH�LQ�WKH�³EDVH�FDVH´�LW�ZRUNV�
FRQWLQXRXVO\�DOO�GD\�ORQJ���������������7KLV�
VROXWLRQ�FDQ�EH�UHDOLVHG�E\�OLQNLQJ�WKH�SXPS�
HQJLQH�ZLWK�D�WKHUPRVWDW�VHW�SRLQW����

�� 9DULDEOH�IORZ�SXPSV�DQG�YDULDEOH�VSHHG�
IDQV� �9$5�$8;��� D� YDULDEOH� VSHHG� HQJLQH�
FDQ�EH�LPSOHPHQWHG�WR�LPSURYH�WKH�DX[LOLDU\�
V\VWHP� UHVSRQVH�� ,W� DGMXVWV� WKH� SXPS�IDQ�
IORZ�DFFRUGLQJ� WR� WKH�KHDWLQJ� �FRROLQJ� ORDG�
E\�NHHSLQJ�FRQVWDQW�WKH�GLIIHUHQWLDO�SUHVVXUH�
DW�WKH�SXPS�IDQ�KHDGV��7KLV�FDQ�EH�DFKLHYHG�
WKURXJK�WKH�LQVWDOODWLRQ�RI�DQ� LQYHUWHU�DQG�D�
KHDWLQJ�FRROLQJ�ORDG�GHWHFWRU��

+9$&�V\VWHP�
�� &OLPDWLF�FRPSHQVDWLRQ�RI�VXSSO\�ZDWHU�

WHPSHUDWXUH� EDVHG� RQ� H[WHUQDO� WHPSHUDWXUH�
�&/,0���WKLV�VROXWLRQ�FXWV�GRZQ�WKH�WKHUPDO�

GLVVLSDWLRQ�DFURVV�WKH�ZDWHU�ORRS��PLQLPL]HV�
WKH� DLU� VSHHG� DQG� DOORZV� D� ORZHU� DQG�PRUH�
VWDEOH�WHPSHUDWXUH�LQ�RUGHU�WR�UHDFK�FRPIRUW��

�
Figure 5 Heating compensation function�

,W� LV� FRPSRVHG�E\�RQH�RU�PRUH� H[WHUQDO� DLU�
WKHUPRPHWHUV� OLQNHG� ZLWK� WKH� VXSSO\� ZDWHU�
WHPSHUDWXUH� VHQVRU� WKURXJK� DQ� HOHFWURQLF�
FRQWUROOHU�� 7KLV� FRQWUROOHU� GULYHV� D�
PRGXODWLQJ�WKUHH���ZD\�YDOYH�WKDW�PL[HV�WKH�
VXSSO\�ZDWHU�ZLWK� WKH� UHWXUQ�ZDWHU� WR� UHDFK�
WKH� FRUUHFW� WHPSHUDWXUH� VHW� SRLQW� RI� WKH�
ZDWHU� JRLQJ� WR� WKH� ZDWHU� ORRS�� 7KH� VXSSO\�
ZDWHU� WHPSHUDWXUH� LV� WKHQ� D� IXQFWLRQ� RI� WKH�
H[WHUQDO� DLU� WHPSHUDWXUH�� $V� UHVXOW�� WKH�
ERLOHU��FKLOOHU�LV�UHOHDVHG�E\�D�FHUWDLQ�SDUW�RI�
WKH� ORDG��ZKHQ� WKH� H[WHUQDO� DLU� WHPSHUDWXUH�
LV� UHDVRQDEO\� PLOG�� 7KH� FRPSHQVDWLRQ� LV�
DFWLYDWHG� IRU� ��� KRXUV� D� GD\�� IROORZLQJ� D�
OLQHDU�DOJRULWKP��7KH�RQH� IRU� WKH�KHDWLQJ� LV�
VKRZQ�LQ�)LJXUH����

�� +HDWLQJ���FRROLQJ�LQWHUORFN��,/2&.���D�
FRQWURO� IXQFWLRQ�� UHODWHG� ZLWK� D� FDOHQGDU��
SUHYHQWV� WKH�VLPXOWDQHRXV�JHQHUDWLRQ�RI�KRW�
DQG� FROG� ZDWHU�� 7KH� V\VWHP� EDVHG� RQ� IDQ�
FRLOV�LV�FKDUDFWHUL]HG�ERWK�E\�D�KHDWLQJ�DQG�D�
FRROLQJ�VHDVRQ��ZKLFK�DUH�LQGHSHQGHQW��7KH�
V\VWHP�EDVHG�RQ�UDGLDWRUV�LV�GHILQHG�MXVW�E\�
WKH�KHDWLQJ�VHDVRQ��7KH�3UHVLGHQWLDO�'HFUHH�
��������� �3UHVLGHQ]D� GHOOD� 5HSXEEOLFD��
������GHVFULEHV�WKH�KHDWLQJ�VHDVRQ��UHGXFHG�
LQ� FRPSDULVRQ� ZLWK� WKH� ³EDVH� FDVH´�� WKDW�
DGPLWV� WKH�KHDWLQJ�V\VWHP�DFWLYDWLRQ�GXULQJ�
WKH� ZKROH� \HDU�� 7KLV� VROXWLRQ� PRGLILHV�
GLUHFWO\� WKH� HQHUJ\� QHHG� SURILOHV� ZLWK� D�
UHOHYDQW�LPSDFW�RQ�HQHUJ\�UHTXLUHPHQWV��

�� 1LJKW�FRROLQJ�ZLWK�PHFKDQL]HG�RSHQLQJ�RI�
ZLQGRZV� �1&22/��� IUHH� FRROLQJ� PHDVXUHV�
DUH� XVXDOO\� DSSOLHG� LQ� SUHVHQFH� RI�
PHFKDQLFDO� YHQWLODWLRQ�� $� PHFKDQLFDO�
RSHQLQJ� RI� WKH� ZLQGRZV�� EDVHG� RQ� WKH�
GHWHFWLRQV� RI� DQ� RXWGRRU� DQG� RI� DQ� LQGRRU�
WKHUPRPHWHU�� KDV� EHHQ� LQVWDOOHG� DQ\ZD\��
7KH� DFWLYDWLRQ� RI� WKH� QLJKW� FRROLQJ� LV�
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SRVVLEOH� LI� WKHVH� FRQGLWLRQV� DUH� YHULILHG�
VLPXOWDQHRXVO\���
 2SHUDWLQJ� WLPH� LV� EHWZHHQ� ������ DQG�

�������
 7KH�LQGRRU�WHPSHUDWXUH�LV�KLJKHU�WKDQ����

�&��
 7KH� RXWGRRU� WHPSHUDWXUH� LV� KLJKHU� WKDQ�

����&��
 7KH� GLIIHUHQFH� EHWZHHQ� LQGRRU� DQG�

RXWGRRU�WHPSHUDWXUH�LV�KLJKHU�WKDQ����&��
$V� D� UHVXOW�� WKH� FKLOOHU� LV� UHOHDVHG� E\� D�
FHUWDLQ� SDUW� RI� WKH� ORDG�� 7KLV� PHDVXUH� KDV�
EHHQ�DSSOLHG�DV�ZHOO�WR�WKH�V\VWHP�EDVHG�RQ�
UDGLDWRUV�� HYHQ� LI� WKHUH� LV� QR� FRROLQJ�
JHQHUDWLRQ�� LQ�RUGHU� WR� LPSURYH� WKH� LQWHUQDO�
FRPIRUW��

/LJKWLQJ�V\VWHP�
7KH� IROORZLQJ� VROXWLRQV� DUH� DOUHDG\� VSUHDG� RQ� WKH�
QDWLRQZLGH�PDUNHW� GXH� WR� WKHLU� HDV\� LQVWDOODWLRQ� DQG�
ORZ�FRVWV����

�� $XWRPDWLF�SUHVHQFH�VZLWFK��35(6���DQ�
LQIUDUHG�RU�XOWUDVRXQG�VHQVRU� LV� OLQNHG�ZLWK�
D�VZLWFK� WR� WXUQ�RII� WKH�DUWLILFLDO� OLJKWLQJ� LQ�
DEVHQFH� RI� RFFXSDQWV�� 7KH� �� PDFUR�]RQHV�
DFWLYDWLRQ� SURILOHV� DUH� WKHQ� UHGXFHG�
DFFRUGLQJ�WR�HIIHFWLYH�RFFXSDWLRQ��

�� �/DPSV�GLPPHU�DQG�EOLQG�FRQWURO�FRPSDUHG�
ZLWK� GD\� OLJKWLQJ� OHYHOV� �'$</��� D�
SKRWRHOHFWULF�VHQVRU�GHWHFWV�WKH�GD\�OLJKWLQJ�
OHYHO� DW� D� FHUWDLQ� SRLQW� DQG� UHGXFHV� WKH�
DUWLILFLDO� OLJKWLQJ� WKURXJK� D� GLPPHU�� 7KHVH�
LQVWUXFWLRQV� DUH� XVHG� DV� ZHOO� WR� FRQWURO� WKH�
LQWHUQDO�EOLQGV��

,QWHUYHQWLRQ�SDFNDJHV�
$� 7KHUPDO� SDFNDJH� �7+� 3$&.��� LW� LQFOXGHV�

WKH� YDULDEOH� DX[LOLDULHV� ����� WKH� FOLPDWLF�
FRPSHQVDWLRQ� ����� WKH� LQWHUORFN� ���� DQG� WKH�
QLJKW�FRROLQJ�������

%� /LJKWLQJ�SDFNDJH��/�3$&.���LW�LQFOXGHV�WKH�
SUHVHQFH� VZLWFK� ���� DQG� WKH� GD\� OLJKWLQJ�
FRQWURO������

&� &RPELQHG� SDFNDJH� �&20%� 3$&.��� LW�
LQFOXGHV�WKH�WZR�SUHYLRXV�SDFNDJHV���

)RU� HYHU\� VLPXODWLRQ� WKH� V\VWHP� KDV�EHHQ� VL]HG�
GXULQJ�WKH�GHVLJQ�GD\V��LQ�RUGHU�WR�PHHW�LQWHUQDO�
FRPIRUW� LQ� WKH� PRVW� FULWLFDO� FRQGLWLRQV�� $�
VLPXODWLRQ�WHVW�DUH�ODXQFKHG�ILUVW�LQ���URRPV�IRU�D�
�� GD\V� EHQFKPDUN� SHULRG� LQ� HYHU\� VHDVRQ�
�-DQXDU\��$SULO��-XQH��2FWREHU���7R�HYDOXDWH�DQ\�
FRQGLWLRQ� RI� +9$&� SODQWV� WKH� FKRVHQ� SHULRG�
JRHV� IURP� 6XQGD\� �DOO� V\VWHPV� GRZQ�� WR�
7XHVGD\� �PLG�ZHHN� UXQ��� (QYLURQPHQWDO�
YDULDEOHV��VXFK�DV�WHPSHUDWXUH���V\VWHP�YDULDEOHV�
�3/5��� ,$4� YDULDEOHV� �DLU� FKDQJH� UDWH�� DUH�
DVVHVVHG�� FKHFNHG� LQ� RUGHU� WR� PHHW� FRPIRUW�
UHTXLUHPHQWV�� 2QFH� FRPSOHWHG� WKH� FRKHUHQFH�
UHYLHZ��WKH�VLPXODWLRQ�UXQ�SHULRG�LV�H[WHQGHG�WR�

D�FRPSOHWH�\HDU�� �IURP�-DQXDU\��VW� WR�'HFHPEHU�
��VW����

 
Figure 6 Indoor temperature in a room�

5(68/76�
7KH�³EDVH�FDVH´�±�UDGLDWRUV�
,Q� WKH� ³EDVH� FDVH´�ZLWK� UDGLDWRUV� DV� KHDWLQJ� V\VWHP��
WKH� PD[LPXP� KHDWLQJ� ORDG� PHDVXUHG� GXULQJ� WKH�
VLPXODWHG� VL]LQJ� SHULRG� LV� ����� N:�� JHQHUDWLQJ� D�
QRPLQDO� ERLOHU� FDSDFLW\� RI� ����� N:� �ZLWK� D� �����
ERLOHU�HIILFLHQF\���7KH�HQHUJ\�VRXUFHV�FRQVLGHUHG�DUH�
QDWXUDO� JDV� �IRU� WKH� KHDWLQJ� V\VWHP�� DQG� HOHFWULFLW\�
�IRU� WKH� FRROLQJ� DQG� OLJKWLQJ� V\VWHP��� UHVSHFWLYHO\�
ZLWK� D� SULPDU\� HQHUJ\� FRQYHUVLRQ� IDFWRU� RI� �� DQG�
����� IRU� WKH� HOHFWULFLW\�� 7KH� KHDWLQJ� V\VWHP� LV�
DFWLYDWHG�IRU�WKH�ZKROH�VFKRRO�\HDU����WK�6HSWHPEHU�±�
��WK� -XQH��� 7KH� JOREDO� SULPDU\� HQHUJ\� SHUIRUPDQFH�
UDWH�LV�����N:K�P��\HDU��GLYLGHG�LQ�WKH�GLIIHUHQW�HQG�
XVHV�DV�UHSUHVHQWHG�LQ�)LJXUH����7KLV�EDVH�FDVH�PRGHO�
GRHV� QRW� UHIHU� IRU� WKH� FDOLEUDWLQJ� SURFHVV�� WR� WKH�
3ROLWHFQLFR� UHSRUW� SUHYLRXVO\� FLWHG�� DERYH� D� VDPSOH�
RI�����VFKRROV��&RUJQDWL�HW�DO����������

7KH�³EDVH�FDVH´�±�IDQ�FRLOV�
$V� D� UHVXOW� RI� WKH� VL]LQJ� SHULRG�� LQ� WKLV� FDVH� WKH�
QRPLQDO� ERLOHU� FDSDFLW\� LV� ����� N:�� ZKLOH�
FRQFHUQLQJ� WKH� FRROLQJ� V\VWHP� WKH� QRPLQDO� FDSDFLW\�
LV�����N:�IRU�WKH�FKLOOHU�DQG�����N:�IRU�WKH�FRROLQJ�
WRZHUV��7KH�JOREDO�SULPDU\�HQHUJ\�SHUIRUPDQFH� UDWH�
LV� ���� N:K�P�� \HDU�� 7KH� LQFUHDVH� RI� HQHUJ\�
UHTXLUHPHQWV� FDQ�EH� H[SODLQHG�ZLWK� WKH� LQWURGXFWLRQ�
RI�FRROLQJ�DQG�RI�DX[LOLDU\�IDQV�DV�SDUW�RI�WKH�IDQ�FRLO�
XQLWV��2Q� WKH�RWKHU�KDQG� WKH� LQGRRU� WKHUPDO�FRPIRUW�
LV�PRUH� VWDEOH�DQG� UHDFKHG� IDVWHU�� DV�YHULILHG�GXULQJ�
WKH�VXPPHU�WHVW�SHULRG���
([FOXGLQJ� WKH� QLJKW� FRROLQJ� PHDVXUH�� WKDW� RQO\�
LQWURGXFHV� FRPIRUW� EHQHILWV� DQG� QR� HQHUJ\� VDYLQJ�
EHFDXVH�FRROLQJ�LV�DEVHQW��WKH�ILUVW�UHVXOW�LQ�D�JURZLQJ�
SHUIRUPDQFH� VFDOH� LV� UHODWHG� ZLWK� WKH� DX[LOLDULHV��
ZKLFK� DFFRXQW� IRU� ����� RI� WRWDO� SULPDU\� HQHUJ\�
UHTXLUHPHQWV��3ULPDU\�HQHUJ\�YDULDWLRQV�E\�HQG�XVHV�
DUH� OLVWHG� LQ� 7DEOH� ��� ,Q� SDUWLFXODU� WKH� YDULDEOH�
DX[LOLDULHV� FXW� WKH� HOHFWULFLW\� QHHGV� IRU� ZDWHU�
FLUFXODWLRQ�XS�WR������2Q�WKH�RWKHU�VLGH�WKH\�LQFUHDVH�
WKH�KHDWLQJ�GHPDQG�IRU�������GHGXFWLQJ�WKHLU�LQWHUQDO�
JDLQ�� 7KH� OLJKWLQJ� PHDVXUHV� LQWURGXFH� D� SULPDU\�
HQHUJ\�VDYLQJ�EHWZHHQ����DQG������ZLWK�D�JURZLQJ�
KHDWLQJ�GHPDQG�EHWZHHQ����DQG�����,Q�WKLV�FDVH�WKH�
EHVW�SHUIRUPLQJ�VROXWLRQ�LV�WKH�GD\�OLJKWLQJ�FRQWURO��
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7KH�V\VWHP�XSJUDGHV�±�UDGLDWRUV�

�
Figure 7 Primary energy requirements of the 

radiators base case and system upgrades 
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SDUWLFXODU� WKH� LQWHUORFN��ZLWK� WKH�PRGLILFDWLRQ�RI� WKH�
HQHUJ\� QHHG� SURILOHV�� FRPELQHV� D� UHOHYDQW� SULPDU\�
HQHUJ\�UHGXFWLRQ�IRU�KHDWLQJ�������ZLWK�DQ�DX[LOLDU\�
V\VWHP� FXW�RII� ������� &RPELQLQJ� WKH� HIIHFW� RI�
GLIIHUHQW� PHDVXUHV� WKH� OLJKWLQJ� SDFNDJH� LV� WKH� OHDVW�
HIIHFWLYH� ����� UHGXFWLRQ�� GXH� WR� WKH� ORZHU� LQWHUQDO�
JDLQV�� 7KH� PL[� ZLWK� WKH� WKHUPDO� SDFNDJH� FXWV� WKH�
HQHUJ\� UHTXLUHPHQWV� XS� WR� ����� WKDQNV� WR� D� EHWWHU�
LQWHJUDWLRQ�EHWZHHQ�+9$&�DQG�OLJKWLQJ�V\VWHPV���
�

Table 4  
Primary energy variations by end uses for radiators 

system and fan coils system 

 

7KH�V\VWHP�XSJUDGHV�±�IDQ�FRLOV��

'XH� WR� WKH� SUHVHQFH� RI� FRROLQJ� V\VWHP� DQG� IDQV� WKH�
UHVXOWV� FKDQJH�� 7RWDO� SULPDU\� HQHUJ\� VDYLQJV� DUH�
SLFWXUHG�LQ�)LJXUH����ZKLOH�SULPDU\�HQHUJ\�YDULDWLRQV�
RQ�HDFK�HQG�XVH�DUH�OLVWHG�LQ�7DEOH����7KH�ILUVW�UHVXOW�
LQ� D� JURZLQJ� SHUIRUPDQFH� VFDOH� LV� WKH� SUHVHQFH�

VZLWFK� IROORZHG� E\� WKH� FOLPDWLF� FRPSHQVDWLRQ� ����
DQG� ��� UHGXFWLRQ� RI� SULPDU\� HQHUJ\� UHTXLUHPHQWV���
7KH�UHODWLYH�LQHIIHFWLYHQHVV�RI�FOLPDWLF�FRPSHQVDWLRQ�
FDQ� EH� LPSURYHG� E\� D� PRUH� DFFXUDWH� FRPSHQVDWLRQ�
IXQFWLRQ��7KH�PD[LPXP�SULPDU\�HQHUJ\�VDYHG�TXRWD��
WKDW� DFFRXQWV� IRU� ����� FDQ� EH� DFKLHYHG� ZLWK� WKH�
FRPELQHG�SDFNDJH�RI�PHDVXUHV��DV�GUDZQ�LQ�)LJXUH����

 

 

 
 

 

 

Figure 8 Spider graph of the end uses. Fan coils base 
case compared with fan coils combined package 

7KH�QLJKW�FRROLQJ�FXWV�ERWK�WKH�FRROLQJ�ORDG�DQG�WKH�
HOHFWULFLW\� QHHG� IRU� ZDWHU� FLUFXODWLRQ� IRU� D� WRWDO�
SULPDU\� HQHUJ\� VDYLQJ� RI� ����7KH� DX[LOLDU\� V\VWHP�
PHDVXUHV� FDQ� VDYH� XS� WR� ���� RI� WKH� ILQDO� GHPDQG��
ZLWK� D� FRPELQHG� DFWLRQ� RQ� WKH� ZDWHU� FLUFXODWLRQ�
HOHFWULFLW\�QHHG�DQG�RQ�WKH�FRROLQJ�ORDG��GXH�WR�IHZHU�
WKHUPDO�ORVVHV��7KH�GD\�OLJKWLQJ�VROXWLRQ�LQWURGXFHV�D�
���� WRWDO� VDYLQJ�� 7KH� LQWHUORFN� RSHUDWHV� RQ� DOO� WKH�
HQG� XVHV� RI� HQHUJ\� IRU� D� ���� UHGXFWLRQ�� $V� VHHQ�
EHIRUH�WKH�OLJKWLQJ�SDFNDJH�RI�LQWHUYHQWLRQV�LV�QRW�VR�
FRQYHQLHQW� LQ�FRPSDULVRQ�ZLWK� WKH� WKHUPDO�SDFNDJH��
ZKLFK� DOORZV� D� ���� FXW�RII�� $VVXPLQJ� D� VWDQGDUG�
XQLWDU\�HQHUJ\�FRVW�DV�OLVWHG�LQ�7DEOH����$XWRULWj�SHU�
O¶HQHUJLD�HOHWWULFD�H�LO�JDV���������D�URXJK�HYDOXDWLRQ�
RI� WKH� H[SHQGLWXUH� LQ� WKH� GLIIHUHQW�PHDVXUH� VHWV� FDQ�
EH�GRQH���$V�D�UHVXOW��DOPRVW��������¼�FDQ�EH�VDYHG�LQ�
WKH� UDGLDWRUV� FDVH� DQG� PRUH� WKDQ� ������� ¼� DUH�
SUHVHUYHG�LQ�WKH�IDQ�FRLO�FDVH��

�

Figure 9 Primary energy requirements of the fan 
coils base case and system upgrades 
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Table 5  

Energy expenditure. 
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(XURSHDQ�8QLRQ��������'LUHFWLYH���������(8�RI�
(XURSHDQ� 3DUOLDPHQW� DQG� RI� WKH� &RXQFLO� RI� ���
0D\� ����� RQ� WKH� HQHUJ\� SHUIRUPDQFH� RI�
EXLOGLQJV� �UHFDVW��� 2IILFLDO� -RXUQDO� RI� WKH�
(XURSHDQ�8QLRQ�����-XQH��������

81,� ������� ������ ,PSLDQWL� DHUDXOLFL� D� ILQL� GL�
EHQHVVHUH�±�*HQHUDOLWj�FODVVLILFD]LRQH�H�UHTXLVLWL��
5HJROH� SHU� OD� ULFKLHVWD� G¶RIIHUWD�� O¶RIIHUWD��
O¶RUGLQH�H�OD�IRUQLWXUD��0LODQR��,WDO\��-XQH�������

81,� ������� ������ 5LVFDOGDPHQWR� H� UDIIUHVFDPHQWR�
GHJOL� HGLILFL�� 'DWL� FOLPDWLFL�� �� +HDWLQJ� DQG�
FRROLQJ� RI� EXLOGLQJV�� :HDWKHU� GDWD�� 0LODQR��
,WDO\��$SULO�������

8�6�� 'HSDUWPHQW� RI� (QHUJ\� ±� '2(�� (QHUJ\3OXV�
HQHUJ\�VLPXODWLRQ�VRIWZDUH��������

� KWWS���DSSV��HHUH�HQHUJ\�JRY�EXLOGLQJV�HQHUJ\SOX
V��

8�6�� 'HSDUWPHQW� RI� (QHUJ\� ±� '2(�� 6HFRQGDU\�
VFKRRO�UHIHUHQFH�EXLOGLQJ�QHZ��������

� KWWS���ZZZ��HHUH�HQHUJ\�JRY�EXLOGLQJV�FRPPHUF
LDOBLQLWLDWLYH�GRZQORDGV��
UHIEOGJBVHFRQGDU\VFKRROBQHZ����BY���B����]LS�

:RUOG�0HWHRURORJLFDO�2UJDQL]DWLRQ��������
� KWWS���ZZZ�ZPR�LQW�SDJHV�LQGH[BHQ�KWPO�
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