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$%675$&7�
%HLQJ�DZDUH�WKDW�HQHUJ\�UHIXUELVKPHQW�LV�DQ�DFWLYLW\�
WKDW�QRW�RQO\�KDV�D�SRVLWLYH�HQYLURQPHQWDO�LPSDFW�EXW�
DOVR�DFWLYDWLQJ� WKH� ORFDO� HFRQRP\�� WKH�&LW\�RI�6DQWD�
&RORPD� GH�*UDPHQHW� �%DUFHORQD�� 6SDLQ�� GHFLGHG� WR�
SURPRWH� LW� IRU� KRPHV� YLD� LQWURGXFLQJ� WKH� (QHUJ\�
6HUYLFHV� &RPSDQLHV� PRGHO�� 7KHUHIRUH�� LW� KDV� EHHQ�
FRPPLVVLRQHG� DQ� HQHUJ\� DXGLW� IRU� PXOWL�IDPLO\�
KRXVLQJ���
7KH� DLP�RI� WKH�SDSHU� LV� WR�SURYLGH� DQ� HVWLPDWLRQ�RI�
HQHUJ\� DQG� HFRQRPLF� VDYLQJV� HQWDLOHG� LQ� D� JOREDO�
EORFN� VFDOH� LQWHUYHQWLRQ�� RSHQLQJ� WKH� ZD\� WR� QHZ�
PRGHOV� RI� HQHUJ\� PDQDJHPHQW�� IRFXVHG� RQ� WKH�
0HGLWHUUDQHDQ� UHJLRQ�� 7KH� UHVXOWV� DUH� EDVHG� RQ�
GHWDLOHG�VLPXODWLRQ��RI�VHOHFWHG�EXLOGLQJ�W\SRORJLHV�LQ�
WKH� EORFN� DQG� HVWLPDWLRQ� RI� LQWHJUDWHG� UHQHZDEOH�
HQHUJ\�DQG�HIILFLHQW�V\VWHPV��

,1752'8&7,21�
(QHUJ\� PDQDJHPHQW� RI� EXLOGLQJV� WKURXJK� (QHUJ\�
6HUYLFH� &RPSDQLHV� �(6&2�� KDV� SURYHQ� WR� EH� D�
SRZHUIXO� ZD\� WR� UHGXFH� HQHUJ\� FRQVXPSWLRQ� LQ�
EXLOGLQJV�� (QHUJ\� DXGLWV� DUH� EHLQJ� DQ� HVVHQWLDO� WRRO�
SULRU�WR�WKHVH�HQHUJ\�VDYLQJ�PHDVXUHV��
&XUUHQWO\�WKH�(6&2�PDQDJHPHQW�PRGHO�LV�VSUHDGLQJ�
WR� LQGXVWU\� DQG� FRPPHUFLDO� EXLOGLQJV�� EXW� QHHGV� WR�
ILQG� WKH� ULJKW� FLUFXPVWDQFHV� WR� LQWHUYHQH� DOVR� LQ� WKH�
UHVLGHQWLDO� VHFWRU��ZKLFK� LV� DQ� LPSRUWDQW� SDUW� RI� WKH�
EXLOGLQJ� VWRFN�� 7KHUH� LV� VSHFLDOO\� D� JUHDW� SRWHQWLDO�
UHJDUGLQJ� PXOWL�IDPLO\� KRXVLQJ� LQ� 0HGLWHUUDQHDQ�
UHJLRQ�� DOWKRXJK� WKH�HQHUJ\�XVH� LQWHQVLW\� LV� ORZ�DQG�
VHYHUDO� WHFKQLFDO� �� FXOWXUDO� DQG� ILQDQFLDO�EDUULHUV� DUH�
SUHVHQW��2UWL]���6DORP��	�&XEt����������
2QH� RI� WKH� EDUULHUV� WR� WKH� (6&2� PRGHO� LV� WKH�
GLIILFXOW\� WR� SUHGLFW� WKH� DFWXDO� HIIHFWLYHQHVV� RI� WKH�
PHDVXUHV�WDNHQ�RYHU�WKH�EXLOGLQJ�GXH�WR�WKH�GLVSDULW\�
RI� HTXLSPHQW� W\SHV� DQG� RFFXSDQWV¶� EHKDYLRXU�� 7R�
VROYH� WKLV�� WKH� DXGLW� DFWV� DW� RQFH� RQ� D� ODUJH� HQRXJK�
QXPEHU�RI� XVHUV�� VR� WKDW� WKH� FRQVXPSWLRQ�SURILOH� RI�
WKH�JURXS� LV�DV�FORVH�DV�SRVVLEOH� WR� WKH�DYHUDJH��DQG�
FRQVHTXHQWO\� DV� PXFK� SUHGLFWDEOH� DV� SRVVLEOH�� $�
ZKROH� H[LVWLQJ� PXOWL�IDPLO\� EORFN� ZLWK� ����
GZHOOLQJV�KDV�EHHQ�FKRVHQ�DV�WKH�REMHFW�RI�WKH�DXGLW��
7KH� EORFN� LV� UHSUHVHQWDWLYH� RI�PRVW� RI� WKH� EXLOGLQJ�
VWRFN� LQ� WKH� DUHD�� DV� WKH� ORQJ�WHUP� REMHFWLYH� LV� WR�
DSSO\�WKH�UHVXOWV�WR�WKH�UHVW�RI�WKH�FLW\��

7KH� ILUVW� SDUW� RI� WKH� ZRUN� ZDV� WR� GHWHUPLQH� WKH�
HQHUJ\� SURILOHV� RI� XVHUV�� E\� FRUURERUDWLQJ� VWDWLVWLFV�
ZLWK�EORFN¶V�XVHU�GDWD��REWDLQHG�YLD�GLUHFW�VXUYH\�DQG�
HQHUJ\� ELOOV� FRQVXOWDWLRQ�� &RQVXPSWLRQ� ZDV�
GHWHUPLQHG�DFFRUGLQJ�WR�WKH�GLIIHUHQW�HQHUJ\�VRXUFHV�
DQG�WKH�GHJUHH�RI�LPSOHPHQWDWLRQ�RI�HTXLSPHQW��W\SH�
RI� HTXLSPHQW� DQG� WKH� UHODWLRQVKLS� EHWZHHQ�
FRQVXPSWLRQ�DQG�WKH�W\SH�RI�EXLOGLQJ��
2Q�WKH�RWKHU�KDQG��EXLOGLQJ¶V�HQYHORSH�IHDWXUHV�KDYH�
EHHQ� FROOHFWHG� DQG� DQDO\VHG��:LWK� WKDW� LQIRUPDWLRQ��
VRPH� UHSUHVHQWDWLYH� PRGHOV� KDYH� EHHQ� EXLOW� DQG�
VLPXODWHG�XVLQJ�7516<6��6(/����������
7KH� REMHFWLYH� RI� VLPXODWLRQV� ZDV� WR� SUHGLFW� WKH�
KHDWLQJ� DQG� FRROLQJ� GHPDQGV� RI� UHSUHVHQWDWLYH�
KRXVLQJ� W\SHV��/DWHU��PRGHOV�ZHUH� VLPXODWHG�DGGLQJ�
GLIIHUHQW� HQYHORSH� UHQRYDWLRQ� K\SRWKHVLV� WR�
GHWHUPLQH�WKH�LPSDFW�RQ�WKH�GHPDQG�IRU�KHDWLQJ�DQG�
FRROLQJ�LQ�HDFK�FDVH��
(QYHORSH� UHQRYDWLRQ� SURSRVDOV� KDYH� EHHQ� FRPELQHG�
ZLWK� DFWLRQV� RQ� H[LVWLQJ� IDFLOLWLHV� DQG� LQWHJUDWLRQ� RI�
UHQHZDEOH� HQHUJ\�SURSRVDOV��7KH� ODUJH�VFDOH� DFWLRQV�
SURYLGH�EHWWHU�FRVW�HIIHFWLYH�VROXWLRQV�WKDQ�DFWLRQ�IRU�
D�VLQJOH�EXLOGLQJ��

0(7+2'2/2*<�
7KH�PHWKRGRORJ\�XVHG� LQ� WKLV�VWXG\�UHILQHV�DW�EORFN�
OHYHO�WKH�XUEDQ�VFDOH�HQHUJ\�PRGHOOLQJ�PHWKRGRORJ\�
GHVFULEHG� E\� �,YDQFLF�� /DR� �� 6DORP� �� 	� 3DVFXDO��
������DQG�DSSOLHG�RULJLQDOO\�WR�WKH�FLW\�RI�%DUFHORQD��
7KLV� PHWKRGRORJ\� KDV� EHHQ� DSSOLHG� WR� WKH� FLW\� RI�
6DQWD� &RORPD� GH� *UDPHQHW� WR� VWXG\� WKH� EXLOGLQJ�
W\SRORJLHV� DQG� HQHUJ\� FRQVXPSWLRQ� RQ� D� FLW\� OHYHO�
�%DUFHORQD�5HJLRQDO����������%DVHG�RQ�WKH�UHVXOWV�RI�
WKH� VWXG\�� RQH� UHSUHVHQWDWLYH� UHVLGHQWLDO� EORFN�
FRPSRVHG� E\� ��� EXLOGLQJV� DQG� ���� GZHOOLQJV� KDV�
EHHQ�VHOHFWHG��
'ZHOOLQJ� W\SRORJLHV� LGHQWLILFDWLRQ� DQG� EXLOGLQJ�
FKDUDFWHULVWLFV� KDYH� EHHQ� GRQH� WKURXJK� GHWDLOHG�
DQDO\VLV� RI� EOXH�SULQWV� IURP� DOO� WKH� EXLOGLQJV� DQG�
LQVSHFWLRQV�RQ�WKH�ILHOG��7KHUPRJUDSK\�SLFWXUHV�ZHUH�
WDNHQ� LQ� RUGHU� WR� FRPSOHPHQW� EXLOGLQJ� FRQVWUXFWLYH�
GDWD��REWDLQLQJ�FRKHUHQW�UHVXOWV��
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1LQH�SHU�FHQW�RI�WKH�GZHOOLQJV�KDYH�EHHQ�VXUYH\HG�LQ�
RUGHU�WR�REWDLQ�LQIRUPDWLRQ�RQ�WKH�QH[W�DVSHFWV��

 RFFXSDWLRQ�DQG�XVH�SURILOHV��
 HQHUJ\�FRQVXPHU�DSSOLDQFHV�FKDUDFWHUL]DWLRQ�

DQG�SHQHWUDWLRQ�OHYHO��
 WKHUPDO�� OLJKWLQJ� DQG� DFRXVWLF� FRPIRUW�

OHYHOV��
 XVH�RI�SDVVLYH�VWUDWHJLHV��
 GZHOOLQJV¶�FRQVHUYDWLRQ�OHYHO��

$OO� WKH� VXUYH\HG� GZHOOLQJV� ZHUH� DVNHG� WR� SURYLGH�
DQQXDO� HQHUJ\� FRQVXPSWLRQ� GDWD�� 7KLV� KDV� EHHQ�
FRPSOHPHQWHG�ZLWK�GHWDLOHG�HQHUJ\�ELOOV�LQIRUPDWLRQ�
�ERWK� HOHFWULFLW\� DQG� QDWXUDO� JDV�� IURP� WKLUWHHQ�
GZHOOLQJV��8VHUV¶�KDELWV� LQ� VXPPHU� WRZDUGV� WKHUPDO�
FRPIRUW� DQG� XVH� RI� YHQWLODWLRQ� VWUDWHJLHV� ZHUH�
FKHFNHG� E\� PRQLWRULQJ� WZR� GZHOOLQJV� GXULQJ� RQH�
ZHHN���
$Q� DYHUDJH� RFFXSDWLRQ� DQG� HQHUJ\� XVH� SURILOH� KDV�
EHHQ� H[WUDFWHG� IURP� WKH� VXUYH\� UHVXOWV�� ,W� KDV� EHHQ�
YDOLGDWHG� E\� FKHFNLQJ� LWV� FRKHUHQFH� ZLWK� RWKHU�
VWXGLHV� GHYHORSHG� DW� ORFDO� DQG� QDWLRQDO� � �,'$(��
��������&LSULDQR��0DUWt��&DUERQHOO��	�3pUH]����������
7KURXJK� FROOHFWHG� GDWD� GLIIHUHQW� EORFN¶V�
UHSUHVHQWDWLYH�GZHOOLQJ�PRGHOV�KDYH�EHHQ�HODERUDWHG�
DQG� LWV� WKHUPDO� EHKDYLRXU� KDV� EHHQ� VLPXODWHG�� ZLWK�
WKH� DLP� WR� TXDQWLI\� WKHRUHWLFDO� HQHUJ\� ORDGV� IRU�
KHDWLQJ�DQG�FRROLQJ��&OLPDWLF�GDWD�ZHUH�FROOHFWHG�DQG�
DQDO\VHG�IURP�WKH�QHDUHVW�PHWHRURORJLFDO�VWDWLRQ��
7516<6� ��� KDV� EHHQ� WKH� SURJUDP� XVHG� IRU�
VLPXODWLRQ�� 7UQ%XLOG� DQG� 7516<6� �'� SOXJ�LQ� IRU�
*RRJOH� 6NHWFKXS� KDYH� EHHQ� XVHG� IRU� EXLOGLQJ� DQG�
VXUURXQGLQJV�JHRPHWULFDO�GHILQLWLRQ����
7KUHH� SDVVLYH� UHWURILWWLQJ� VFHQDULRV� KDYH� EHHQ�
SURSRVHG� UHJDUGLQJ� HQYHORSH¶V� UHIXUELVKPHQW�� VRODU�
VKDGLQJ� DQG� YHQWLODWLRQ� VWUDWHJLHV�� 6LPXODWLRQ� KDV�
EHHQ�UXQ�RQ�LPSURYHG�PRGHOV�LQ�RUGHU�WR�FKDUDFWHUL]H�
HDFK� PHDVXUH¶V� HIILFDF\� DQG� WR� GHWHUPLQH� WR� WKH�
UHGXFWLRQ�RI�KHDWLQJ�DQG�FRROLQJ�ORDGV��
2Q� WKH� RWKHU� KDQG�� GLIIHUHQW� VFHQDULRV� KDYH� EHHQ�
GHYHORSHG� EDVHG� RQ� HQHUJ\� JHQHUDWLRQ� V\VWHPV� DQG�
UHQHZDEOH� HQHUJ\� VRXUFHV�� WR� EH� LPSOHPHQWHG� RYHU�
WKH�SDVVLYH�UHIXUELVKHG�VFHQDULR��(QHUJ\�VDYLQJV�DQG�
HFRQRPLFDO� EDODQFH� KDYH� EHHQ� FDOFXODWHG� RQ� WKHVH�
LQWHJUDWHG� VFHQDULRV�� ZKLFK� LQFOXGH� GHPDQG�
UHGXFWLRQ�� KLJK� HIILFLHQW� V\VWHPV� DQG� XVH� RI�
UHQHZDEOH�HQHUJ\�VRXUFHV��
7KH� DLP�RI� WKH� VWXG\� LV� WR� KDYH� VROLG� TXDQWLILFDWLRQ�
UHSUHVHQWLQJ� WKH� HQHUJ\� FRQVXPSWLRQ� DQG� GLIIHUHQW�
DOWHUQDWLYHV� RI� HQHUJ\� UHIXUELVKPHQW� DW� EORFN� OHYHO��
7KHVH�GDWD�VKRXOG�DVVLVW�WKH�FLW\�FRXQFLO��(6&2V�DQG�
RZQHUV� DV� D� VROLG� EDVLV� WR� GHVLJQ� DQG� GHYHORS�
VWUDWHJLHV� DQG� SURMHFWV� IRU� WKH� UHWURILWWLQJ� DW� EORFN�
OHYHO�DQG�WR�UHSOLFDWH�WKHP�WR�WKH�UHVW�RI�WKH�FLW\��

'(6&5,37,21�2)�7+(�+,327+(6,6��
02'(/6�$1'�6,08/$7,21�
Multi-family block features 
7KLV�VWXG\�UHDFKHV����RXW�RI�WKH����EORFN¶V�EXLOGLQJV��
$OO�RI�WKHP�DUH�DWWDFKHG��PXOWL�IDPLO\�EXLOGLQJV��ZLWK�
�� WR��� IORRUV� �LQFOXGLQJ�JURXQG�IORRU�������RI� WKHVH�
ZHUH� EXLOW� EHWZHHQ� ����� DQG� ������ PDWFKLQJ� WKH�
KLJKHVW� SRSXODWLRQ� JURZLQJ� DQG� XUEDQ� H[SDQVLRQ� RI�
WKH�UHJLRQ��DQG�VR�WKH\�KDYH�YHU\�VLPLODU�FRQVWUXFWLYH�
W\SRORJLHV�� FRQFUHWH� VWUXFWXUH� ZLWK� FHUDPLF� QRQ�
LQVXODWHG� ZDOOV�� WHUUDFHG� IODW� URRIV� FRPSRVHG� E\� D�
FRQFUHWH� IORRU� DQG� FHUDPLF� WLOHV� ILQLVKLQJ�� QRQ�
LQVXODWHG��DQG�VLQJOH�JODVV�ZLQGRZV��,W�LV�LPSRUWDQW�WR�
VWDWH�WKDW�PRVW�RI�WKH�GZHOOLQJV�ZHUH�EXLOW�EHIRUH�WKH�
H[LVWHQFH� RI� DQ\� EXLOGLQJ� WKHUPDO� UHJXODWLRQ� �ILUVW�
6SDQLVK�RQH�ZDV�HVWDEOLVKHG�LQ��������
0RVW� RI� IDoDGHV� DUH� RULHQWHG� 6RXWK�ZHVW� �IDFLQJ�
6DO]HUHGD� DYHQXH� DQG� %HVzV� ULYHU�� ZKLFK� LV� DQ�
H[SRVHG� RULHQWDWLRQ��� DQG� 1RUWKHDVW� �IDFLQJ� 6W��
-RDTXLP�VWUHHW��RQ�D�VKDGLHU�VLWXDWLRQ���7KHUH�DUH�DOVR�
VHFRQGDU\�IDoDGHV�IDFLQJ�EORFN¶V�FRXUW\DUG��ZLWK�WKH�
VDPH� RULHQWDWLRQV�� DQG� VPDOO� VL]H� LQQHU� YHQWLODWLRQ�
DWULXPV� LQ� HDFK� EXLOGLQJ�� +HDWHG� DUHD� IRU� HDFK�
GZHOOLQJ�YDULHV�IURP����WR����P���
7\SRORJ\� GHWHUPLQDWLRQ� LV� RI� D� VSHFLDO� UHOHYDQFH��
VKDSH� DQG� FRPSDFLW\� RI� WKH� EXLOGLQJ�� H[WHUQDO�
HQYHORSH¶V� DUHD� UHJDUGV� GZHOOLQJ� VXUIDFH�� DWULXPV�
ORFDWLRQ� DV� FURVV�YHQWLODWLRQ� HOHPHQWV� RQ� VXPPHU��
GHWHUPLQH�EXLOGLQJ¶V�WKHUPDO�EHKDYLRXU�WRJHWKHU�ZLWK�
HQYHORSH¶V� FRQVWUXFWLYH� FKDUDFWHULVWLFV�� 7ZR� PDLQ�
IRUPDO� W\SRORJLHV� KDYH� EHHQ� LGHQWLILHG�� ZLWK� WZR�
GZHOOLQJV�SHU�IORRU�DQG�ZLWK�IRXU�GZHOOLQJV�SHU�IORRU��
,Q� DGGLWLRQ�� WZR� GLIIHUHQW� IDoDGH� FRPSRVLWLRQ� W\SHV�
FDQ� EH� GLVWLQJXLVKHG�� GHSHQGLQJ� RQ� EDOFRQLHV�
H[LVWHQFH� DQG� JODVV� VXUIDFH� SURSRUWLRQ�� 2Q� D�
FRQVWUXFWLYH� OHYHO�� WZR� GLIIHUHQW� IDoDGHV� DUH� PDLQO\�
GHWHFWHG� ���FP� WKLFN� FHUDPLF�ZDOO�� DQG� ��FP� WKLFN�
FDYLW\�ZDOO���
6LPXODWLRQ�PRGHOV�KDYH�EHHQ�EXLOW�EDVHG�RQ�VSHFLILF�
EXLOGLQJ�IURP�WKH�EORFN�ZKLFK�DUH�UHSUHVHQWDWLYHV�RI�
WKH�PDLQ�W\SRORJLHV��0RGHOV�WR�EH�VLPXODWHG�LQFOXGH�
RQH�EXLOGLQJ¶V�IORRU��EDVHG�RQ�UHDO�EXLOGLQJV�QXPEHU�
��� ��� GZHOOLQJV� SHU� IORRU�� ORZ� JODVV� VXUIDFH�
SURSRUWLRQ� DQG� ��FP� ZDOO�� DQG� QXPEHU� ��� ���
GZHOOLQJV�SHU�IORRU����FP�IDoDGH�ZLWK�EDOFRQLHV����
7KHVH� PRGHOV� KDYH� EHHQ� SODFHG� RQ� WKH� WZR� PDLQ�
RULHQWDWLRQV�� $� WKLUG�PRGHO� LV� GHYHORSHG� IRU� 1RUWK�
6RXWK�IDoDGH��EDVHG�RQ�QXPEHU����W\SRORJ\��
,Q� DGGLWLRQ�� WZR� YDULDQWV� RI� HDFK� PRGHO� KDYH� EHHQ�
GHYHORSHG��ZKHWKHU�WKH�PRGHO�LV�SODFHG�RQ�D�VWDQGDUG�
IORRU�RU�LW�UHIHUV�WR�DQ�XQGHU�URRI�IORRU��
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�
Figure 1.Location of models on block plan 

Heating and cooling demand in Base Scenario  
�'�EXLOGLQJ�GHWDLOHG�PRGHOV� ����� WKHUPDO� ]RQHV� SHU�
IODW�� KDYH� EHHQ� GHYHORSHG� ZLWK� PXOWL]RQH� EXLOGLQJ�
WRROV�LQ�7516<6��IHDWXULQJ�SDUDPHWHUV�DV�IROORZV��

 (QYHORSH¶V� FRQVWUXFWLYH� FKDUDFWHULVWLFV�
GHSHQGLQJ�RQ�WKH�WZR�W\SRORJLHV�GHWHFWHG��

 6XUURXQGLQJV� DQG� RZQ� EXLOGLQJ¶V� VKDGHV�
DFFRUGLQJ�WR��'�ORFDWLRQ�PRGHO��

 2FFXSDWLRQ� SURILOHV�� XVH� RI� OLJKW� DQG�
HTXLSPHQW� DFFRUGLQJ� WR� VWDWLVWLFDO� UHVXOWV�
EDVHG�RQ�GHYHORSHG�VXUYH\V��

 9HQWLODWLRQ�UDWHV�DFFRUGLQJ�WR�VWDWLVWLFDO�GDWD��
 &RPIRUW� SDUDPHWHUV� DFFRUGLQJ� WR� QDWLRQDO�

UHJXODWLRQ�UHTXLUHPHQWV��

Figure 2.Yearly heating and cooling demands for 
model 39  

 
$IWHU�WKLV�ILUVW�VLPXODWLRQ��ZKLFK�UHVXOWV�DUH�GHSLFWHG�
LQ�)LJXUH���VRPH�WUHQGV�RI�WKHUPDO�EHKDYLRXU�FDQ�EH�
GHGXFHG��

 +HDWLQJ� GHPDQG� LV� DOZD\V� KLJKHU� WKDQ�
FRROLQJ�GHPDQG�LQ�DOO�WKH�DQDO\VHG�VLWXDWLRQV�

 2ULHQWDWLRQ� DQG� VXUURXQGLQJ� VKDGLQJ�
HOHPHQWV��FRPSDULQJ�WKH�VDPH�PRGHO�SODFHG�
LQ� ERWK�PDLQ� RULHQWDWLRQV�� GLIIHUHQW� GHPDQG�
RVFLOODWLRQV� FDQ� EH� REVHUYHG�� +LJKHU� YDOXHV�
DUH� ORFDWHG� LQ� KLJKHU� JODVV� VXUIDFHG� IDoDGH�
GZHOOLQJV��

 5RRI� H[SRVLWLRQ�� ZKHQ� VSHDNLQJ� RI� SRRU�
LQVXODWHG� URRIV� DV� WKH� RQHV� LQ� WKLV� VWXG\��
GHPDQG�GLIIHUHQFH�EHWZHHQ�D� VWDQGDUG� IORRU�
DQG�DQ�XQGHU�URRI�IORRU�YDU\�VLJQLILFDQWO\��

,Q� RUGHU� WR� HVWLPDWH� D� JOREDO� KHDWLQJ� DQG� FRROLQJ�
GHPDQG�IRU�WKH�ZKROH�EORFN��VLPXODWLRQ�UHVXOWV�KDYH�
EHHQ� H[WUDSRODWHG� WR� DOO� WKH� H[LVWHQW� EXLOGLQJV��
DFFRUGLQJ� WR� FKDUDFWHULVWLFV� GHWHFWHG� LQ� H[KDXVWLYH�
GDWD�FROOHFWLRQ�
7DEOH� �� VXPPDUL]HV� WKH� UHVXOWV� IRU� HQHUJ\� GHPDQG��
ERWK�IRU�WKH�HQWLUH�EORFN�DQG�IRU�DQ�DYHUDJH�GZHOOLQJ���

Table 1.Global yearly energy loads 
 N:K�\� $YHUDJH�

N:K�GZ�\�
$YHUDJH�
N:K�P��\�

+HDWLQJ�� ���������� ������ ������
&RROLQJ� �������� ���� ������

 
Domestic hot water demand in Base Scenario 
$FFRUGLQJ� WR� WKH� UHIHUHQFHV� �*RELHUQR� GH� (VSDxD��
������ DQG� �&HUULOOR�� ������ WKH� GRPHVWLF� KRW� ZDWHU�
FRQVXPSWLRQ� LV� HVWLPDWHG� LQ� ��� OLWUHV�SHUVRQ�GD\��
7KLV� YDOXH� UHVXOWV� RQ� ���� N:K�GZ�\� DQG� WRWDO�
GHPDQG� RI� ���� ���� N:K�\�� 7KH� VXUYH\� SURYLGHV�
LQIRUPDWLRQ�DERXW�WKH�SHQHWUDWLRQ�RI�WKLV�XVH�LQ������
RI� WKH� GZHOOLQJV�� $OO� RI� WKHP� KDYH� D� ERLOHU�� ������
ZKLFK�DUH�IXHOOHG�E\�QDWXUDO�JDV��DQG�������ZKLFK�DUH�
IXHOOHG�E\�EXWDQH��
Lighting and domestic appliances consumption in 
Base Scenario 
7KH�OLJKWLQJ�DQG�GRPHVWLF�DSSOLDQFHV�FRQVXPSWLRQ�LV�
EDVHG� PDLQO\� RQ� WKH� VXUYH\� GDWD�� GDWD� RI� UHJLRQDO�
VWXGLHV�DERXW�SHUIRUPDQFH�RI�HQHUJ\�LQ�GRPHVWLF�XVH�
�%DUFHORQD� 5HJLRQDO�� ������� �&LSULDQR�� 0DUWt��
&DUERQHOO��	� 3pUH]�� ������� DQG� WKH� QDWLRQDO� SURMHFW�
6(+&�63$+286(&� �,'$(�� ������� 6(+&�
63$+286(&�DLPV�WR�JLYH�D�GHWDLOHG�RYHUYLHZ�DERXW�
WKH�HQHUJ\�FRQVXPSWLRQ� LQ�6SDQLVK�KRXVHV�EDVHG�RQ�
PRQLWRULQJ��VXUYH\�DQG�WRWDO�HQHUJ\�EDODQFH��
,Q� FDVH� RI� DSSOLDQFHV�� PDLQ� SDUDPHWHUV� DUH� WKH�
penetration ratio RI� HTXLSPHQW�SHU�GZHOOLQJ� DV�ZHOO�
DV� WKH� multi-equipment ratio �DYHUDJH� QXPEHU� RI�
DSSOLDQFHV� SHU� GZHOOLQJ��� %RWK� YDOXHV� DUH� EDVHG� RQ�
VXUYH\� GDWD.� 0RVW� RI� WKH� DSSOLDQFHV� DUH� GULYHQ� E\�
HOHFWULFLW\�EXW�FRRNHU�DQG�RU�RYHQ�FDQ�EH�DOVR�IXHOOHG�
E\�QDWXUDO�JDV�RU�EXWDQH��
7KH�7DEOH���VXPPDUL]HV�WKH�XVHG�K\SRWKHVHV��
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Table 2.Consumption per appliance penetration ratio 
and multi-equipment ratio of lighting and domestic 

appliance 
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OLJKWLQJ� ���� ������ ��
QDWXUDO�JDV�FRRNHU� ����� ����� �����
EXWDQH�FRRNHU� ����� ����� �����
FHUDPLF�FRRNHU� ����� ����� �����
LQGXFWLRQ�FRRNHU� ����� ���� �����
IULGJH� ����� ������ �����
IUHH]HU� ����� ���� �����
ZDVKLQJ�PDFKLQH� ���� ����� �����
GLVKZDVKHU� ���� ����� �����
GU\HU� ���� ����� �����
HOHFWULF�RYHQ� ���� ����� �����
JDV�RYHQ� ���� ����� �����
WHOHYLVLRQ� ���� ����� �����
FRPSXWHU� ��� ����� �����
RWKHU� ��� ������ �����
VWDQG�E\� ���� ������ �����

�
Consumption of electricity and fuels in Base 
Scenario  
8VLQJ�GDWD�RI�GHPDQG�SHU�GZHOOLQJ�DFFRUGLQJ�WR�WKH�
SUHYLRXV� K\SRWKHVLV� DQG� VLPXODWLRQV� DQG� GDWD� RI�
FRQVXPSWLRQ� SHU� GZHOOLQJ� DFFRUGLQJ� WR� WKH�
LQIRUPDWLRQ� IURP� WKH� HQHUJ\� ELOOV�� D� JOREDO� HQHUJ\�
EDODQFH�LV�DGMXVWHG�ZLWK�WKH�IROORZLQJ�HTXDWLRQV��

𝐶 = 𝐷 ∙ 𝑝 ∙ 𝑚 · 𝑙
𝜂 �

����

𝑙 = 𝑠 ∙ 𝑒𝑝 ∙ 𝑡� ����

:KHUH�C�LV� WKH�HQHUJ\�FRQVXPSWLRQ��D� LV�WKH�HQHUJ\�
GHPDQG��p�LV���RI�SHQHWUDWLRQ�RI�DQ�HQHUJ\�XVH��m�LV�
PXOWL�HTXLSPHQW� UDWLR�� l� LV� �� RI� HQHUJ\� GHPDQG�
VXSSOLHG�� LV�WKH HIILFLHQF\�RI�HTXLSPHQW��s� LV���RI�
WRWDO� VSDFHV� VLPXODWHG� WKDW� DUH� KHDWHG�FRROHG� LQ� UHDO�
FDVHV�� t� LV� �� RI� WRWDO� WLPH� VLPXODWHG� WKDW�
KHDWLQJ�FRROLQJ� LV� XVHG� LQ� UHDO� FDVHV� DQG� ep� LV� WKH�
HQHUJ\�SRYHUW\�LQGH[��
7KH�PDLQ�SDUDPHWHUV�WKDW�LQIOXHQFH�RQ�WKH�DGMXVWPHQW�
EHWZHHQ�FRQVXPSWLRQ�DQG�GHPDQG�DUH��
 6LPXODWLRQ�UHVXOWV� UHSRUWHG�KLJKHU�FRQVXPSWLRQV�

WKDQ� WKH� RQHV� VKRZQ� LQ� WKH� ELOOV�� 7KH� UHDVRQ� LV�
WKH� KLJK� SHQHWUDWLRQ� RI� HOHFWULF� KHDWHUV�� XVHG� LQ�
RQO\�RQH�URRP�RI�GZHOOLQJ��DV�ZHOO�DV�D�VLWXDWLRQ�
RI�ORZ�XVH�RI�KHDWLQJ��7KH�HQHUJ\�SRYHUW\�FDQ�EH�
DVVHVVHG�DV�D�����RI�KRXVHV�LQ�6SDLQ�DFFRUGLQJ�WR�
UHIHUHQFHV� �7LUDGR�� /ySH]�� 	� 0DUWtQ�� �������
9DOXHV�XVHG� IRU� s� YDU\� IURP������ WR������DQG�
IRU�t��YDU\�IURP������WR��������

 (TXLSPHQW¶V�HIILFLHQF\��

$FFRUGLQJ� WR� WKH� VXUYH\� DQDO\VLV�� WKH�SHQHWUDWLRQ�RI�
WKH� GLIIHUHQW� NLQG� RI� HTXLSPHQW� RI� KHDWLQJ� DQG�
FRROLQJ� LV� VKRZQ� LQ� )LJXUH� �� DQG� )LJXUH� ��� %RWK�
ILJXUHV� UHSUHVHQW� WKH� GLVWULEXWLRQ� RI� GLIIHUHQW�
FRPELQDWLRQ� RI� KHDWLQJ�FRROLQJ� HTXLSPHQW� WKDW� LV�
SUHVHQW�LQ�WKH�ZKROH�UHVLGHQWLDO�EORFN��

�
Figure 3. Type of heating equipment 

Figure 4. Type of air-conditioning equipment 
�
7KH�WRWDO�UHVXOWV�RI�HQHUJ\�FRQVXPSWLRQ�SHU�GZHOOLQJ�
DUH�VXPPDUL]HG�LQ�7DEOH����
Table 3. Total consumption in the multi-family block 

per dwelling (kWh/dw/y) 
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'RPHVWLF�DSS�� ������ ��� �� ������
&RRNLQJ� ��� ���� ��� ����
+HDWLQJ� ���� ���� ���� ������
$LU�FRQGLWLRQLQJ� ��� �� �� ���
'+:� �� ������ ���� ������
TOTAL 2 915 2 518 375 5 808 
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Improvement of building envelope. Simulation 
results of heating and cooling demand 
7KUHH� GLIIHUHQW� UHWURILWWLQJ� VFHQDULRV� KDYH� EHHQ�
FRQVLGHUHG�� E\� IROORZLQJ� HQHUJ\� HIILFLHQF\� FULWHULD��
HFRQRPLF�EDODQFH�DQG�VROXWLRQV�IHDVLELOLW\��
6FHQDULR� �� FRQVLVWV� RQ� D� VHW� RI� DFWLRQV� RQ� WKH�
HQYHORSH�DV�XVXDOO\�GRQH�LQ�UHVLGHQWLDO�UHWURILWWLQJ�LQ�
&DWDORQLD��7KH� REMHFWLYHV� DUH� WR� LQFUHDVH� WKH� GHJUHH�
RI�LQVXODWLRQ�RI�WKH�PDLQ�IDFDGHV��URRIV�DQG�ZLQGRZV��
DV� WKH�FXUUHQW�YDOXHV�DUH�FOHDUO\� LQVXIILFLHQW��DQG�IDU�
IURP�WKH�ODWHVW�6SDQLVK�%XLOGLQJ�&RGH�UHTXLUHPHQWV��
7KH�DFWLRQV�LQWURGXFHG�DUH�DV�IROORZV���

 ([WHUQDO� WKHUPDO� LQVXODWLRQ� FRPSRVLWH�
V\VWHP� �(7,&6��� JLYLQJ� WKH� ZDOO� D� WKHUPDO�
WUDQVPLWWDQFH� RI� DERXW� �����:�P�.� �YDOXHV�
YDU\� GHSHQGLQJ� RQ� H[LVWHQW� ZDOO�
SHUIRUPDQFH��ZKLFK�ZHUH� DOZD\V�PRUH� WKDQ�
����:�P�.���$Q�H[WHUQDO�LQVXODWLRQ�VROXWLRQ�
DOORZV� PLQLPL]LQJ� WKHUPDO� EULGJHV�� DQG� WR�
NHHS� ZDOOV¶� WKHUPDO� PDVV� LQVLGH� WKH� KRXVH��
ZKLFK� LV� DQ� LPSRUWDQW� SDVVLYH� FRROLQJ�
VWUDWHJ\� IRU� 0HGLWHUUDQHDQ� FOLPDWHV�� $V� LW�
KDV�WR�EH�LQVWDOOHG�IURP�RXWVLGH�WKH�EXLOGLQJ��
LW� DOVR� SHUPLWV� WR� SHUIRUP� D� OHVV� LQYDVLYH�
LQWHUYHQWLRQ�IRU�LQKDELWDQWV��

 1HZ� ZLQGRZV� ZLWK� ORZHU� WKHUPDO�
WUDQVPLWWDQFH� �IURP� DQ� H[LVWHQW� 8�YDOXH� RI�
DERXW�����:�P�.�WR�����:�P�.����

 ([WHUQDO�LQVXODWLRQ�OD\HU�ZLWK�D�JUDYHO�ILQLVK�
RQ� URRIV�� 7KLV� JLYHV� WKH� URRI� D� 8�YDOXH� RI�
�����:�P�.�� ZKLOH� WKH� JUDYHO� ILQLVK� NHHSV�
WKH� URRI� SURWHFWHG� IURP� VRODU� LQFLGHQFH� RQ�
VXPPHU��

,Q�VFHQDULR���WKH�VDPH�VROXWLRQV�IURP�VFHQDULR���DUH�
DSSOLHG�� DQG� DQ� LQWHUYHQWLRQ� RQ� VRODU� SURWHFWLRQV� LV�
FRQVLGHUHG�� ([WHUQDO� VRODU� VKDGLQJV� DUH� VSHFLILHG�
IXOILOOLQJ�WKHVH�FULWHULD��

 &RPSOHWH� SUDFWLFDELOLW\�� DQ� DSSURSULDWH� XVH�
SHUPLWV�WR�PDLQWDLQ�ZLQWHU�VRODU�JDLQV��

 $LU� SHUPHDELOLW\�� ZKLOH� VKDGLQJ� LV� XVHG�� D�
FRUUHFW�URRPV¶�YHQWLODWLRQ�LV�VWLOO�SRVVLEOH���

 ���� REVWUXFWLRQ�� WKH\� SHUPLW� VXIILFLHQW�
QDWXUDO�OLJKW�OHYHOV�ZKLOH�XVHG��

7KH�DFWLRQV�WDNHQ�LQ�VFHQDULR���DUH�DV�IROORZV��
 $SSOLFDWLRQ�RI�D���FP�WKLFN�LQVXODWLQJ�PRUWDU�

RQ� WKH� H[WHUQDO� VLGH� RI� ZDOOV�� 7KLV� VROXWLRQ�
JLYHV�WKH�ZDOO�D�KLJKHU�WKHUPDO�WUDQVPLWWDQFH�
�8 ����� :�P�.�� WKDQ� (7,&6� V\VWHP�� EXW�
WKH�VROXWLRQ��LV��FKHDSHU���

 1HZ�ZLQGRZV�DV�LQ�VFHQDULR����
 5RRI�H[WHUQDO�LQVXODWLRQ�DV�LQ�VFHQDULR����
 ([WHUQDO�VKDGLQJ�GHYLFHV�DV�LQ�VFHQDULR����

7KH�UHVXOWV�REVHUYHG�LQ�)LJXUH���DQG�)LJXUH���DUH�WKH�
IROORZLQJ��

 $� KLJKHU� LQVXODWLRQ� OHYHO� UHSUHVHQWV� D� JUHDW�
LPSURYHPHQW� RQ� KHDWLQJ� GHPDQG� �IURP� D�
���� WR� D� ������ GXH� WR� WKH� SRRU� LQLWLDO�
FRQGLWLRQV�� ,W�DOVR�JLYHV�DQ� LPSURYHPHQW�RQ�
FRROLQJ�GHPDQG��

 'ZHOOLQJV� XQGHU� URRI� SUHVHQW� KLJKHU�
LPSURYHPHQWV�� DV� WKH\� KDYH� KLJKHU� H[WHUQDO�
VXUIDFHV�SURSRUWLRQ��

 6LJQLILFDQW� LPSURYHPHQW� LQ�FRROLQJ�GHPDQG�
LV� DOZD\V� GXH� WR� H[WHUQDO� VKDGLQJV�� WKRXJK�
HIIHFWLYHQHVV� FDQ� YDU\� IURP� RQH� FDVH� WR�
DQRWKHU�� GHSHQGLQJ� RQ� JODVV� SURSRUWLRQ� RQ�
ZDOOV��

 6FHQDULR���SHUIRUPV�KHDWLQJ�GHPDQGV� MXVW�D�
OLWWOH� KLJKHU� WKDQ� LQ� RWKHU� VFHQDULRV�� ,W� DOVR�
UHSUHVHQWV� D� FRROLQJ�GHPDQG� VOLJKWO\� KLJKHU�
WKDQ� LQ� VFHQDULR� ��� +RZHYHU� DV� LQVXODWLQJ�
PRUWDU� LV� D� VLJQLILFDQWO\� FKHDSHU� VROXWLRQ��
VFHQDULR� �� LV� WKH� RQH� FKRVHQ� DV� WKH� PRVW�
DSSURSULDWH��

Figure 5. Yearly heating demands 

Figure 6. Yearly cooling demands 
 

Table 4.Global yearly demands of Scenario 3 
 N:K�\� $YHUDJH�

N:K�GZ�\�
$YHUDJH�
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Energy efficient systems and renewables 
$IWHU� DSSOLFDWLRQ� RI� PHDVXUHV� LQ� WKH� EXLOGLQJV�
HQYHORSH� WR�PLQLPL]H� WKH�GHPDQG�� VRPH�DFWLRQV� DUH�
SURSRVHG� RQ� WKH� LQVWDOODWLRQV� WR� LPSURYH� HIILFLHQF\�
DQG�WR�LQWURGXFH�WKH�UHQHZDEOH�HQHUJLHV��$OO�WKH�FDVHV�
DUH� EDVHG�RQ� WKH� VHOHFWHG�6FHQDULR� �E��7KH� VHOHFWHG�
V\VWHPV�DUH�GHWDLOHG�EHORZ��
 6FHQDULR� ��)9�� ,W� FRQVLVWV� RQ� SODFH� 39� SDQHOV�

�����:�P��� D]LPXWK� ���� LQFOLQDWLRQ� ����� RQ� WKH�
DUHD�RI� WKH� URRI�ZLWKRXW�VKDGLQJV��7KH�DYDLODEOH�
VXUIDFH� LV�RI�������P�� �����N:S�FDSDFLW\���7KH�
DQQXDO� SURGXFWLRQ� LV� FDOFXODWHG� ZLWK� �(XURSHDQ�
&RPPLVVLRQ�� ,(7�-RLQW� 5HVHDUFK� &HQWUH��� ,W�
UHVXOWV� RI� �������� N:K�\� DQG� FRYHUDJH� RI� ����
RI� WRWDO� HOHFWULFLW\� FRQVXPSWLRQ� RI� %DVHOLQH�
6FHQDULR��

 6FHQDULR���&$/�,��7KH�SURSRVDO�VWDWHV�WR�UHSODFH�
WKH� H[LVWLQJ� ERLOHUV� IRU� FRQGHQVDWLRQ� ERLOHUV� RI�
KLJK� HIILFLHQF\�� 7KH� VHDVRQDO� SHUIRUPDQFH�
LPSURYHPHQW�LV�IURP�����WR������7KH�PHDVXUH�
LV� FRQVLGHUHG� WR� EH� LPSOHPHQWHG� LQ� ���� RI�
GZHOOLQJV��

 6FHQDULR���&$/�67�,��7KLV�PHDVXUH�DGGV�WR�WKH�
SUHYLRXV� RQH� WKH� LQWURGXFWLRQ� RI� VRODU� WKHUPDO�
FROOHFWRUV� WR� VXSSO\� ���� RI� WKH� GHPDQG� RI�
'+:��(DFK� V\VWHP� LV� SODFHG� SHU� EXLOGLQJ�� 7KH�
DQQXDO� SURGXFWLRQ� RI� VRODU� '+:� LV� RI� ��������
N:K�\�� 7KLV� ZDV� FDOFXODWHG� ZLWK� 75$162/�
VRIWZDUH� �&67%�$,*8$62/�� ������ XVLQJ�
W\SLFDO� '+:� ORDG� SURILOHV� IRU� 6SDLQ�� � 7KLV�
VROXWLRQ� ZLOO� UHTXLUH� FRQVWUXFWLQJ� D� WHFKQLFDO�
URRP� RQ� WKH� URRI� RI� HDFK� VXLWDEOH� EXLOGLQJ� RI�
DURXQG����P���

 6FHQDULR� ��&$/�67�&�� 7KLV� PHDVXUH� LV� EDVHG�
RQ� �� FHQWUDOLVHG� V\VWHPV� RI� VRODU� WKHUPDO�
FROOHFWRUV� WR� VXSSO\� ���� RI� WKH� GHPDQG� RI�
'+:��:LWK���V\VWHPV�RI�����P��HDFK�RQH��WRWDO�
���� P��� D� SURGXFWLRQ� RI� �������� N:K�\� LV�
REWDLQHG�� 0RUHRYHU�� WKHUH� DUH� �� FHQWUDOL]HG�
ERLOHUV����[�����N:��WR�VXSSO\�WKH�'+:�VXSSRUW�
DQG�WKH�KHDWLQJ�VHUYLFH�RI������RI�WKH�EXLOGLQJV��
7KHUH� DUH��� WHFKQLFDO� URRP�RQ� WKH�JURXQG� VWDJH�
RI�DERXW����P��HDFK�RQH��

 6FHQDULR���&2*�&��,W�FRQVLVW�RI���FHQWUDOV�RQ�WKH�
JURXQG�VWDJH�RI����P���DV�LQ�SUHYLRXV�FDVH��ZLWK�
FHQWUDOL]HG� ERLOHUV� ��[� ���� N:�� DQG� �� PLFUR�
FRJHQHUDWLRQ� V\VWHPV�RI� ���N:W� HDFK� RQH� �WRWDO�
����N:W�DQG�����N:H���7KH�DQQXDO�SURGXFWLRQ�RI�
KHDW� LV� HVWLPDWHG� WR� EH� �������� N:K�\� DQG� RI�
HOHFWULFLW\� LV� �������� N:K�\�� FRQVLGHULQJ� IODW�
RSHUDWLRQ�EDVHG�RQ�GHPDQG�RI�'+:�DQG�KHDWLQJ��

 6FHQDULR� ��%&�&�� ,W� FRQVLVWV� RI� �� FHQWUDOV� DV� LQ�
SUHYLRXV�FDVH�EXW�ZLWK�KHDW�SXPSV����[�����N:��
DV�V\VWHP�WR�JHQHUDWH�KHDWLQJ�DQG�FRROLQJ�WR�WKH�
EXLOGLQJV��

7KH� PHDVXUH� WKDW� DIIHFWV� WKH� KHDWLQJ� DQG� FRROLQJ�
GHPDQG� UHTXLUHV� DOVR� WKH� UHIXUELVKLQJ� RU� QHZ�
LPSOHPHQWDWLRQ� RI� GLVVLSDWLRQ� V\VWHP� LQVLGH�
GZHOOLQJV� �ZDWHU� UDGLDWRUV� IRU� KHDWLQJ� RU� DLU�
GLVWULEXWLRQ� V\VWHP� IRU� FRROLQJ��� %HVLGHV� WKDW�� WKH�
FHQWUDOL]HG�V\VWHPV�FRQVLGHU� WKDW�KRW�DQG�FROG�ZDWHU�
ZLOO� EH� GLVWULEXWHG� E\� SLSHV� DURXQG� WKH� EORFN� DV� LQ�
XVXDO�SUDFWLFH�RI�GLVWULFW�KHDWLQJ��DQG�FRROLQJ���
7KH� UHVXOWV�RI�HQG�XVH�HQHUJ\�FRQVXPSWLRQ��SULPDU\�
HQHUJ\� DQG� JUHHQ�KRXVH� JDVHV� HPLVVLRQV� IRU� HDFK�
6FHQDULR� DUH� VKRZQ� LQ�� 7DEOH� ��� 7DEOH� ��� 7DEOH� ���
UHVSHFWLYHO\�� 3HUFHQWDJH� RI� VDYLQJV� UHJDUGLQJ� EDVH�
FDVH�DUH�DOVR�VKRZQ��
Table 5.End-use Energy Consumption per dwelling 
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Table 6. Primary Energy Consumption per dwelling 
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Table 7. CO2 emissions per dwelling 
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Economic analysis 
7KH�LQYHVWPHQW�RI�WKH�6FHQDULRV�LV�FDOFXODWHG�LQ�EDVH�
RI� PDUNHW� SULFHV� LQ� &DWDORQLD�� PDLQO\� DFFRUGLQJ� WR�
WKH�GDWDEDVH��,7(&���������DV�LW�LV�VKRZQ�LQ�WKH�ILUVW�
FROXPQ�RI�7DEOH�����

7R� FDOFXODWH� WKH� HFRQRPLF� IHDVLELOLW\� RI� GLIIHUHQW�
FDVHV� LW� KDV� EHHQ� FRQVLGHUHG� WKH� DGGLWLRQDO� FRVW�
DVVRFLDWHG�WR�HQHUJ\�HIILFLHQF\�LPSURYHPHQW��EHVLGHV�
WKH� WUDGLWLRQDO�UHIXUELVKPHQW��7DNLQJ�LW� LQWR�DFFRXQW��
WKH� FRVWV� GHFUHDVH� VLJQLILFDQWO\� DV� FDQ� EH� VHHQ� LQ�
7DEOH� �� LQ� VHFRQG� FROXPQ�� &RQVLGHULQJ� WKLV�
K\SRWKHVLV� LW� LV� FDOFXODWHG� WKH� GLVFRXQWHG� SD\�EDFN�
�6KRUW��3DFNH\��	�+ROW���������2WKHU�YDOXHV��UHTXLUHG�
LQ� WKH� DQDO\VLV� DUH�� WKH� GLVFRXQW� UDWH�� ��� �� WKH�
HOHFWULFLW\� DQG� EXWDQH� SULFH� LQIODWLRQ� UDWH�� ���� WKH�
QDWXUDO� JDV� LQIODWLRQ� UDWH�� ��� DQG� WKH� OLIHWLPH�
DQDO\VLV�RI����\HDUV��
Table 8. Investment and additional cost related with 

energy refurbishment. 
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7KH�EXVLQHVV�PRGHOV�RI�(6&2�ZLOO�SHUPLW�WR�WUHDW�WKH�
SURSRVHG� SURMHFW� LQ� D� KROLVWLF� ZD\�� 7KH� UHVXOWV�
SURYLGHG� DUH� D� ILUVW� VWHS� WR� FDUU\� RXW� D� GHWDLOHG�
ILQDQFLDO� SODQ�� FRQWDLQLQJ� WKH� DGGHG� YDOXH� RI� D�
GHWDLOHG� HQHUJ\� EDODQFH� RI� WKH� SUHVHQW� VLWXDWLRQ� DQG�
WKH�VLPXODWHG�HQHUJ\�SHUIRUPDQFH�LQ�IXWXUH�VFHQDULRV��
7KH�VFDOH�HFRQRP\�RI�UHIXUELVKLQJ�SURMHFW�LQ�D�PXOWL�

IDPLO\� EORFN� RI� ���� GZHOOLQJ� ZLOO� SHUPLW� WR� REWDLQ�
DWWUDFWLYH�GLVFRXQWV�LQ�WKH�HQHUJ\�SULFHV�DV�ZHOO�DV�LQ�
WKH�LQYHVWPHQW� WKDW�ZLOO�HQKDQFH�WKH�GHYHORSPHQW�RI�
WKH�SURMHFW�ZLWK�D�EHWWHU�HFRQRPLF�IHDVLELOLW\�WKDQ�WKH�
REWDLQHG�ZLWK�WKH�SUHVHQW�HFRQRPLF�DVVHVVPHQW��

',6&866,21�$1'�5(68/7�$1$/<6,6�
7KH�FRQFOXVLRQ�RI� WKH� UHVXOWV� VKRZQ� LQ� WKH�SUHYLRXV�
WDEOHV� LV� WKDW� WKH� RSWLRQ� WKDW� SURYLGHV� WKH� KLJKHVW�
UHGXFWLRQ� RI� JUHHQ�KRXVH� JDVHV� HPLVVLRQV�� ZLWK� D�
UDWLR� FORVH� WR� WKH� ����� LV� WKH� FRJHQHUDWLRQ� V\VWHP��
ZLWK�WKH�HQYHORSH�LPSURYHPHQW�RI�6FHQDULR��E��7KLV�
LV� IROORZHG� E\� WKH� SKRWRYROWDLF� SURSRVDO� DQG� LQ� WKH�
WKLUG� FDVH� WKH� FHQWUDOL]HG� V\VWHP� ZLWK� KHDW� SXPSV��
+RZHYHU��WKLV�WKLUG�FDVH�SUHVHQWV�WKH�ZRUVW�HFRQRPLF�
SHUIRUPDQFH�� ,W� LV� GXH� WR� WKH� UHTXLUHPHQW� RI� GRXEOH�
WKH�SLSH�QHWZRUN�DQG�WKH�VKDUH�RI�DLU�FRQGLWLRQLQJ�LQ�
WRWDO� HQHUJ\� GHPDQG� RI� RQO\� ���� LQVWHDG� RI� WKH�
SHQHWUDWLRQ�RI�WKH�HTXLSPHQW�LQ�����RI�GZHOOLQJV��
)LQDOO\�� ORRNLQJ� DW� WKH� ORZHVW� SD\EDFN� WKH� VHOHFWLRQ�
VKRXOG�EH�WKH�SKRWRYROWDLF�VFHQDULR��IROORZHG�E\�WKH�
FRJHQHUDWLRQ��DV�ZHOO�DV�WKH�UHIXUELVKPHQW�RQO\�RI�WKH�
HQYHORSH�� 7KHUHIRUH�� DGGLQJ� WKH� HQHUJ\�� HFRQRPLF�
DQG� HQYLURQPHQWDO� UHVXOWV� WKH� EHVW� RSWLRQ� LV� D�
UHIXUELVKPHQW�EDVHG�RQ����FP�WKLFN�LQVXODWLQJ�PRUWDU�
H[WHUQDOO\� RQ� WKH� ZDOOV�� ZLWK� URRI� LQVXODWLRQ��
ZLQGRZV� UHIXUELVKLQJ� DQG� H[WHUQDO� VKDGLQJV�
�VFHQDULR� ��� DQG� �� FHQWUDOL]HG� V\VWHPV� RI� PLFUR�
FRJHQHUDWLRQ� DQG� FHQWUDO� ERLOHUV� WR� SURYLGH� WKH�
KHDWLQJ�DQG�'+:�VHUYLFHV��RU�D�SKRWRYROWDLF�V\VWHP�
FRYHULQJ�WKH�QRQ�VKDGLQJ�SODFHV�RQ�WKH�URRI��

&21&/86,21�
7KHUH� DUH� VHYHUDO� LGHQWLILHG� EDUULHUV� IRU� (QHUJ\�
6HUYLFH� &RPSDQLHV� WR� WDFNOH� UHIXUELVKPHQW� SURMHFWV�
LQ� WKH� UHVLGHQWLDO� VHFWRU� DQG� WKH�0HGLWHUUDQHDQ�DUHD��
2QH� RI� WKHP� LV� UHODWHG� WR� WKH� ORZ�HQHUJ\�
FRQVXPSWLRQ� OHYHO� ZKLFK� PDNHV� WKH� HFRQRPLF�
QXPEHUV� QRW� YHU\� DWWUDFWLYH� IRU� WKDW� W\SH� RI�
FRPSDQLHV��2WKHU�LPSRUWDQW�EDUULHU�LV�WKH�XQFHUWDLQW\�
DVVRFLDWHG� WR� WKH� HQHUJ\� GHPDQG� �� HQG�XVH� HQHUJ\�
FRQVXPSWLRQ� LQ� WKH� UHVLGHQWLDO� VHFWRU� GXH� WR� WKH�
YDULDELOLW\� LQ� RFFXSDQWV� KDELWV�� RZQHUVKLS�RI� HQHUJ\�
HTXLSPHQW� DQG� W\SH� DQG� OHYHO� FRQVHUYDWLRQ� RI�
GZHOOLQJV�� )HZ� QXPEHUV� DQG� VWXGLHV� DUH� DYDLODEOH�
WKDW� JLYH� VROLG� QXPEHUV� WR� GHILQH� FRPPRQ� SXEOLF�
SULYDWH� SDUWQHUVKLS� VWUDWHJLHV� WR� RYHUFRPH� WKLV�
EDUULHUV�LQ�WKH�0HGLWHUUDQHDQ�DUHD��
7KH� SUHVHQW� VWXG\� VWDUWV� IURP� WKH� LGHD� WKDW�
LQYHVWPHQWV�DW�EORFN�OHYHO�LQ�KLJK�GHQVH�DUHDV�FDQ�EH�
D� VROXWLRQ� WR� RYHUFRPH� WKH� LGHQWLILHG� EDUULHUV�� 7KH�
PHWKRGRORJ\�WKDW�KDV�EHHQ�DSSOLHG�LV�D�UHILQHPHQW�RI�
VRPH� SDVW� PHWKRGRORJ\� DSSOLHG� DW� FLW\� OHYHO� LQ�
%DUFHORQD�� ZKLFK� KDYH� EHHQ� H[WHQGHG�ZLWK� GHWDLOHG�
VXUYH\V� LQ� WKH� ILHOG� DQG� PRUH� GHWDLOHG� EXLOGLQJ�
VLPXODWLRQ��7KLV�KDV�EHHQ�SURYHG�WR�EH�YHU\�XVHIXO�WR�
FKDUDFWHUL]H�WKH�HQHUJ\�FRQVXPSWLRQ�DQG�WKH�OHYHO�RI�
HTXLSPHQW� JLYLQJ� D� VROLG� EDVLV� WR� DQDO\VH� GLIIHUHQW�
UHWURILWWLQJ�SDVVLYH� VROXWLRQV�DQG�XVH�RI�KLJK�HQHUJ\�
HIILFLHQW�V\VWHPV�DQG�LQWHJUDWLRQ�RI�UHQHZDEOH�HQHUJ\�
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VRXUFHV�� 7KLV� VWXG\� SUHVHQW� GHWDLOHG� QXPEHUV� WR�
HVWLPDWH�WKH�HQG�XVH�HQHUJ\�FRQVXPSWLRQ�DQG�UHVXOWV�
RI�VHYHUDO�SRWHQWLDO�LQWHJUDO�UHWURILWWLQJ�DFWLRQV��
$OWKRXJK�SD\�EDFN�UHVXOWV�FRXOG�EH� ULJKW� IRU�SULYDWH�
RZQHUV�� LW� FRXOG� EH� KDUGO\� DIIRUGDEOH� IRU� (6&2�
FRPSDQLHV�� 7KHQ�� PRUH� UHVHDUFK� LV� QHHGHG� WR� ILQG�
VXLWDEOH� VWUDWHJLHV� WKDQ�PDNH� UHIXUELVKPHQW� SURMHFWV�
LQ�UHVLGHQWLDO�VHFWRU�DWWUDFWLYH�IRU�(6&2V��/LPLWDWLRQV�
RI�WKH�VWXG\�GR�QRW�KDYH�EHHQ�DOORZHG�WR�PDNH�D�GHHS�
DQDO\VLV� RI� FRVW� UHGXFWLRQ� RI� LQYHVWPHQWV� GHULYHG�
IURP� LQWHUYHQWLRQ� DW� EORFN� OHYHO�� )LUVW� HVWLPDWLRQV�
JLYH�D�SRWHQWLDO�UHGXFWLRQ�RI�LQYHVWPHQW�FRVWV�RI�����
RYHU� WKH� QXPEHUV� SUHVHQWHG� LQ� WKLV� SDSHU�� DOWKRXJK�
WKLV�ILJXUH�QHHG�WR�EH�FKHFNHG�ZLWK�ORFDO�FRPSDQLHV��
�

120(1&/$785(�
C� � HQHUJ\� FRQVXPSWLRQ� RI� HOHFWULFLW\� DQG�

IXHOV�� FRUUHVSRQGV� WR� WKH� HQHUJ\� SURYLGHG�
WR� WKH� GZHOOLQJ� E\� WKH� XWLOLWLHV� RU� IURP�
UHQHZDEOH� VRXUFHV�� DOVR� QDPHG� ³ILQDO�
HQHUJ\´�

D � HQHUJ\� GHPDQG� DW� WKH� ILQDO� XVH�� DOVR�
QDPHG�³XVHIXO�HQHUJ\´��

ep� � HQHUJ\� SRYHUW\� LV� WKH� OHYHO� RI� GZHOOLQJV�
WKDW� GR� QRW� UHDFK� PLQLPXP� FRQIRUW�
FRQGLWLRQV�

l � SHUFHQWDWJH� RI� HQHUJ\� GHPDQG� WKDW� LV�
FRYHUHG�ZLWK�D�FHUWDLQ�HQHUJ\�V\VWHP�

m � PXOWL�HTXLSPHQW� UDWLR� RU� DYHUDJH� QXPEHU�
RI�DSSOLDQFHV�SHU�GZHOOLQJ�

 � HIILFLHQF\�RI�HQHUJ\�HTXLSPHQW�
p� � SHUFHQWDJH�RI�SHQHWUDWLRQ�RI�DQ�HQHUJ\�XVH�

RU�W\SH�RI�HTXLSPHQW�RU�DSSOLDQFH�RYHU�WKH�
WRWDO�GZHOOLQJV�

'+:� � GRPHVWLF�KRW�ZDWHU�
GZ� � GZHOOLQJ�
N:K� � NLORZDWW�SHU�KRXU�
N:W� � WKHUPDO�NLORZDWW�
N:H� � HOHFWULF�NLORZDWW�
39� � SKRWRYROWDLF�VRODU�HQHUJ\�
s� � SHUFHQWDWJH�RI� WKH� WRWDO� VSDFHV� FRQVLGHUHG�

LQ�KHDWLQJ�DQG�FRROLQJ�VLPXODWLRQ� WKDW�DUH�
VXSSOLHG�ZLWK�HQHUJ\�V\VWHP�LQ�UHDO�FDVH��

t� � SHUFHQWDWJH�RI�WKH�WRWDO�WLPH�RI�KHDWLQJ�DQG�
FRROLQJ� RSHUDWLRQ� FRQVLGHUHG� RQ�
VLPXODWLRQV�WKDW�UHDO�V\VWHPV�DUH�RSHUDWLQJ��

\� � \HDU�
8� � WKHUPDO�WUDQVPLWWDQFH�RI�D�ZDOO�
�

$&.12:/('*(0(17�
7KLV�SURMHFW�KDV�EHHQ�GHYHORSHG�LQ�FROODERUDWLRQ�ZLWK�
8QLYHUVLWDW�3ROLWqFQLFD�GH�&DWDOXQ\D��(VFROD�7qFQLFD�
6XSHULRU� G¶$UTXLWHFWXUD� GH� %DUFHORQD�� 'HSDUWDPHQW�
GH� &RQVWUXFFLRQV� $UTXLWHFWzQLTXHV�� ,W� KDV� EHHQ�
IXQGHG�E\�6DQWD�&RORPD�GH�*UDPHQHW�0XQLFLSDOLW\��

5()(5(1&(6�

�
%DUFHORQD�5HJLRQDO�����������Tipologies de vivendes 

de Santa Coloma de Gramenet.�%DUFHORQD��
%DUFHORQD�5HJLRQDO����������)LQDO�3URJUHVV�5HSRUW�

&(3(&��$/7(1(5�=��������������
&HUULOOR��$������GH����GH��������&DH�HO�FRQVXPR�GH�

DJXD�HQ�%DUFHORQD��La Vanguardia��
&LSULDQR��;���0DUWt��-���&DUERQHOO��-���	�3pUH]��'��

��������Is there any room for action? The 
effect of energy efficiency improvements in a 
working-class urban district.�,QWHUQDWLRQDO�
&HQWHU�RI�1XPHULFDO�0HWKRGV�LQ�
(QJLQHHULQJ��

&67%�$,*8$62/����������TRANSOL 3.1.��
(XURSHDQ�&RPPLVVLRQ��,(7�-RLQW�5HVHDUFK�&HQWUH��

�V�I����Photovoltaic Geographical 
Information System��5HFXSHUDGR�HO�$EULO�GH�
������GH�KWWS���UH�MUF�HF�HXURSD�HX�SYJLV��

*RELHUQR�GH�(VSDxD��0��G����������Código técnico de 
la Edificación. Documento Básico DB-HE4. 
Contribución solar mínima de agua caliente 
sanitària.��

,'$(����������Proyecto SECH-SPAHOUSEC. 
Análisis del consumo energético del sector 
residencial en España; Instituto para la 
Diversificación y el Ahorro de la Energia.��

,7(&����������Institut de Tecnologia de la 
Construcció. Preus de referència. Banc 
BEDEC.��

,YDQFLF��$���/DR���-���6DORP���-���	�3DVFXDO��-����������
Local Energy Plans: A Way to Improve the 
Energy Balance and the Environmental 
Impact of the Cities: Case Study of 
Barcelona.�$6+5$(�7UDQVDFWLRQV��9RO��
����,VVXH���S�����

2UWL]���-���6DORP��-���	�&XEt��(����������Potential 
Impact Evaluation of the MEDBEES First 
Draft (available on-line at: 
http://www.marie- 
medstrategic.eu/documents.html).��

6(/����������TRNSYS 17.1.�0DGLVRQ��6RODU�(QHUJ\�
/DERUDWRU\��8QLYHUVLW\�RI�:LVFRQVLQ��

6KRUW��:���3DFNH\��'���	�+ROW��7����������A manual 
for the economic evaluation of energy 
efficiency and renewable energy 
technologies.�*ROGHQ��&RORUDGR��8�6�$���
15(/��1DWLRQDO�5HQHZDEOH�(QHUJ\�
/DERUDWRU\��

7LUDGR��6���/ySH]��6���	�0DUWtQ��3����������Pobreza 
energética en España, Potencial de 
generación de empleo directo de la pobreza 
derivado de la rehabilitación energètica de 
viviendas.�$VRFLDFLyQ�GH�&LHQFLDV�
$PELHQWDOHV��0DGULG��
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