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��
$%675$&7�
7KH� FXUUHQW� HQHUJ\� VLWXDWLRQ� FDXVHV� FRQFHUQ�
ZRUOGZLGH� RQ� WKH� QDWXUDO� UHVRXUFHV� FRQVHUYDWLRQ��
6HYHUDO�FRXQWULHV�KDYH�DOUHDG\� LPSOHPHQWHG�SROLFLHV�
IRU� HQHUJ\� FRQVHUYDWLRQ� WKDW�� EUHDNLQJ� SDUDGLJPV��
FKDQJH�WKH�ZD\�RI�KRZ�WR�GHVLJQ��7KLV�VWXG\�DLPV�WR�
LGHQWLI\�WKH�SDWWHUQ�RI�WKH�HQYHORSH�HQHUJ\�HIILFLHQF\�
RI� FRPPHUFLDO� EXLOGLQJV� �� VWRUHV�RI� WKH� FHQWUDO� ]RQH�
RI� 3HORWDV�� VRXWKHUQ� %UD]LO�� EDVHG� RQ� WKH� FRPSXWHU�
VLPXODWLRQ�UHVXOWV��7KLV�LV�DQ�RQJRLQJ�VWXG\�EXW�WKHVH�
���EXLOGLQJV�WKDW�ILW�WKHVH�FKDUDFWHULVWLFV�ZHUH�SLFNHG�
XS� WR� D� PRUH� GHWDLOHG� VXUYH\� WKDW� H[SODLQV� WKH�
EXLOGLQJV�IHDWXUHV� OLNH�� W\SH�RI�PDWHULDOV�XVHG� LQ� WKH�
EXLOGLQJ�HQYHORSH��JODVV�W\SH��SHUFHQWDJH�RI�RSHQLQJV�
RQ�WKH�IDoDGHV�RI�DOO�EXLOGLQJ�IDFHV��7KHQ�WKH�HQHUJ\�
FRQVXPSWLRQ�RI�WKHVH�EXLOGLQJV�ZLOO�EH�VLPXODWHG��EXW�
LW� LV� SRVVLEOH� WR� REVHUYH� WKDW� WKH� EXLOGLQJV� RI� XS� WR�
WZR�IORRUV��EXLOW�LQ�ORWV�RI�PLG�EORFN�XQWLO�WKH�����V��
ZKHUH� OLJKW� FRORUV� RQ� WKH� IDoDGHV� SUHYDLO�� DQG� WKH�
SHUFHQWDJH� RI� RSHQLQJV� LQ� WKH� IDoDGHV� FKDUDFWHUL]HV�
WKH�EXLOGLQJV�RI�WKH�FLW\�FHQWHU��

,1752'8&7,21�
(QHUJ\� KDV� EHFRPH� D� VHULRXV� LVVXH� ZRUOGZLGH�
EHFDXVH� RI� WKH� HQHUJ\� FULVLV� LQ� WKH� ����V� DQG� WKH�
LQFUHDVH� RI� WKH� SRSXODWLRQ� LQ� XUEDQ� FHQWHUV� LQ� WKH�
����V�� 7R� RYHUFRPH� WKH� FULVLV�� WKH� SURGXFWLRQ� RI�
HQHUJ\� KDG� WR� JURZ� VLJQLILFDQWO\� VLQFH� WKHQ���
7KHUHIRUH�� WKLV� DOWHUQDWLYH� EULQJV� GLVDGYDQWDJHV� RI�
HQYLURQPHQWDO� LPSDFW� FDXVHG� E\� QHZ� SODQWV� OLNH��
SRVVLEOH� IORRGV� DQG� SRSXODWLRQ� GLVORFDWLRQ�� DV� IRU�
K\GURHOHFWULF�� SROOXWLRQ� DQG� WKH� ULVNV� ZLWK� SXEOLF�
VDIHW\�� LQ� WKH� FDVH� RI� QXFOHDU� DQG� WKHUPR�HOHFWULFV��
)XUWKHUPRUH��WKH�GHPDQG�RI�JUHDW�LQYHVWPHQWV�E\�WKH�
JRYHUQPHQW� LPSOLHV� LQ� WKH� UHGXFWLRQ� RI� LQYHVWPHQWV�
LQ�RWKHU�DUHDV�VXFK�DV�KHDOWK��HGXFDWLRQ�DQG�KRXVLQJ��
DQWDJRQL]LQJ� WKH� LGHD� RI� SURJUHVV� LQFOXGHG� LQ� WKLV�
SROLF\��/DPEHUWV�HW�DO���������

7KH� DOWHUQDWLYH� ZKLFK� LV� WKRXJKW� WR� EH� WKH� PRVW�
DGHTXDWH� WR� WKLV� VFHQDULR� LV� WR� LQFUHDVH� WKH� HQHUJ\�
HIILFLHQF\� LQ� WKH� XVH� RI� HQHUJ\�� VLQFH� LW� LV� TXLWH�
IHDVLEOH� WR� VDYH� LW� WKDQ�VXSSO\� LW�� WKXV� LW� UHGXFHV� WKH�
H[SHQVHV� ZLWK� WKH� SXEOLF� VHFWRU�� WUDQVIHUULQJ� WR� WKH�
PDQXIDFWXUHUV� RI� HTXLSPHQWV� DQG� WR� FRQVXPHUV� WKH�
QHFHVVDU\� LQYHVWPHQWV�� ,W� LV� ZRUWK� HPSKDVL]LQJ� WKDW�
HOHFWULFLW\� SDVVHV� E\� WKUHH� GLIIHUHQW� VWDJHV� XQWLO� LW�
UHDFKHV� WKH� EXLOGLQJ�� JHQHUDWLRQ�� WUDQVPLVVLRQ��

GLVWULEXWLRQ�DQG��ILQDOO\��FRQVXPSWLRQ��7KH�KLJKHU�WKH�
SHUIRUPDQFH� RI� FRPSRQHQWV� RI� HDFK� RI� WKHVH� VWDJHV�
WKH�ORZHVW�WKH�HQHUJ\�ORVV�RI�WKH�SURFHVV�DV�D�ZKROH��
%XW� WKH� FRQFHSWLRQ� RI� SURMHFWV� WKDW� PDNH� WKH�
DFFRPSOLVKPHQW�RI�D�PRUH�HIILFLHQW�EXLOGLQJ�IHDVLEOH��
LV� WKH� DUFKLWHFW¶V� UHVSRQVLELOLW\�� WKLV� ZD\� SURYLGLQJ�
PRUH�FRPIRUW�WR�XVHUV�DQG�WKH�UDWLRQDO�XVH�RI�HQHUJ\�
�*HOOHU���������
,Q�%UD]LO�� WKH�PDLQ�PDUN�ZDV� WKH�HQHUJHWLF�EODFNRXW�
RI�������VLQFH�WKHQ��WKH�FRQFHUQ�DERXW�HQHUJ\�VDYLQJ�
KDV� LQFUHDVLQJO\� JDLQHG� VSDFH�ZRUOGZLGH�� $IWHU� WKLV�
IDFW�� /DZ� Q�������� RI� (QHUJ\� (IILFLHQF\� �%UD]LO��
����D�� ZDV� HQDFWHG�� ZKLFK� LV� DERXW� WKH� 1DWLRQDO�
3ROLF\�RI�&RQVHUYDWLRQ�DQG�5DWLRQDO�8VH�RI�(QHUJ\��
$IWHU� WKH� DSSURYDO� RI� 'HFUHH� Q������� RI� 'HFHPEHU�
��WK��������WKH�%XLOGLQJV�:RUN�*URXS�ZDV�FUHDWHG�WR�
SURSRVH� D� ZD\� WR� UHJXODWH� EXLOGLQJV� FRQVWUXFWHG� LQ�
%UD]LO�� DLPLQJ� DW� WKH� UDWLRQDO� XVH� RI� HOHFWULFLW\�
�%UD]LO�� ����E��� 7KHQ�� %UD]LO� FRPPHQFHG� LWV� SDWK�
WRZDUGV� WKH�FKDQJH�RI� WKH�SDUDGLJP�ZLWK� UHODWLRQ� WR�
JHQHUDWLRQ� YV�� HQHUJ\� VDYLQJ�� 8QWLO� WKH� HQHUJ\�
EODFNRXW� LQ� ������ WKH� JRYHUQPHQWDO� SURSRVDO�
FRQFHUQLQJ� WKH� HQHUJ\� PDWUL[� ZDV� FOHDUO\� EDVHG� RQ�
WKH� LQFUHDVH�RI� WKH�JHQHUDWLQJ�PDWUL[��QRW� JLYLQJ� WKH�
QHFHVVDU\�IRFXV�RQ�EXLOGLQJV�HQHUJ\�HIILFLHQF\��VLQFH�
WKH\� FRQVXPH� DURXQG� ���� RI� WKH� %UD]LOLDQ� HQHUJ\�
�/DPEHUWV�HW�DO���������

6HYHUDO�VWXGLHV�KDYH�DOUHDG\�EHHQ�DFFRPSOLVKHG�ZLWK�
UHODWLRQ� WR� HOHFWULFLW\� FRQVXPSWLRQ� WKURXJK� WKH� ILQDO�
XVH� LQ� FRPPHUFLDO� DQG� SXEOLF� EXLOGLQJV� �*HOOHU��
������� &RPPHUFLDO� DQG� SXEOLF� EXLOGLQJV� FRQVXPH�
���� RI� WKH� QDWLRQDO� HOHFWULFLW\� SURGXFWLRQ�� )URP�
WKHVH� ���� RI� HQHUJ\� FRQVXPSWLRQ�� DQ� DYHUDJH� RI�
���� LV� FRQVXPHG� ZLWK� OLJKWLQJ�� ���� ZLWK� DLU�
FRQGLWLRQLQJ� HTXLSPHQWV� DQG� ���� ZLWK� RWKHU�
HTXLSPHQWV��/DPEHUWV�HW�DO����������

7KH� PDLQ� VWHSV� IXOILOOHG� ZLWK� UHODWLRQ� WR� WKHUPDO�
SHUIRUPDQFH� RI� EXLOGLQJV� EHFDPH� UHDO� EHFDXVH� RI�
1%5� ������ �$%17�� ������� ZKLFK� GHILQHV� WKH�
PLQLPXP� DFFHSWDEOH� UHTXLUHPHQWV� RI� WKHUPDO�
SHUIRUPDQFH� IRU� KRXVLQJ� RI� VRFLDO� LQWHUHVW�� DOVR� WKH�
%UD]LOLDQ� WHUULWRU\� LV� GLYLGHG� LQWR� HLJKW� ELRFOLPDWLF�
]RQHV�� LQGLFDWLQJ� VWUDWHJLHV� WR� LPSURYH� WKHUPDO�
FRPIRUW� RI� EXLOGLQJV� SDVVLYHO\�� ODWHU�� 1%5� ������
�$%17��������GHWHUPLQHG�WKDW�EXLOGLQJV�RI�XS�WR�ILYH�
IORRUV� ZHUH� UHJXODWHG� LQ� RUGHU� WR� HYDOXDWH� WKHLU�
SHUIRUPDQFH���
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,PSRUWDQW� VWHSV� FRQFHUQLQJ� WKH� DSSURYDO� RI� WKH�
7HFKQLFDO� 5HJXODWLRQ� RQ� WKH� 4XDOLW\� RI� WKH� (QHUJ\�
(IILFLHQF\�/HYHO�RI�&RPPHUFLDO��6HUYLFHV�DQG�3XEOLF�
%XLOGLQJV����574�&�DQG�WKH�7HFKQLFDO�5HJXODWLRQ�RQ�
WKH� 4XDOLW\� RI� WKH� (QHUJ\� (IILFLHQF\� /HYHO� LQ�
5HVLGHQWLDO� %XLOGLQJV� �� 574�5� E\� WKH� 0LQLVWU\� RI�
0LQHV�DQG�(QHUJ\�ZHUH�WDNHQ�LQWR�DFFRXQW�LQ�RUGHU�WR�
FKDQJH� WKH� SDUDGLJP� WRZDUGV� WKH� %UD]LOLDQ�
FRQVWUXFWLRQ�LQGXVWU\�DV�IRU�WKH�(QHUJ\�(IILFLHQF\�LQ�
%XLOGLQJV���

9ROXQWDU\� WDJJLQJ� UHJXODWLRQ� GHILQHV� WKDW� DOO�
FRPPHUFLDO�� SXEOLF� DQG� VHUYLFH� EXLOGLQJV� PXVW� EH�
WDJJHG� DFFRUGLQJ� WR� WKHLU� HQHUJ\� HIILFLHQF\�
FKDUDFWHUL]DWLRQ�� 7KH� OHYHOV� RI� HIILFLHQF\� YDU\� IURP�
³$´�WR�³(´��ZKHUH�³$´�LV�WKH�KLJKHVW�LQGH[�DQG�³(´�
FKDUDFWHUL]LQJ�WKH�ORZHVW�HIILFLHQF\��,W�ZDV�GHILQHG�LQ�
WKH� UHJXODWLRQ� WKDW� HDFK� EXLOGLQJ� VKDOO� KDYH� IRXU�
HIILFLHQF\� HYDOXDWLRQV�� ZKHUH� WKH� LWHPV� HYDOXDWHG�
ZHUH� WKH� OLJKWLQJ� V\VWHP�� DLU� FRQGLWLRQLQJ�� HQYHORSH�
DQG�EXLOGLQJ�DV�D�ZKROH��,10(752���������

7KH� 574�&� SUHVHQWV� WKH� FULWHULD� IRU� WKH� FRPSOHWH�
FODVVLILFDWLRQ�RI�WKH�OHYHO�RI�HQHUJ\�HIILFLHQF\�RI�WKH�
EXLOGLQJ� WKURXJK� SDUWLDO� FODVVLILFDWLRQV� RI� WKH�
HQYHORSH�� OLJKWLQJ� DQG� FRQGLWLRQLQJ� V\VWHP�� $Q�
HTXDWLRQ� FRQVLGHUV� WKLV� V\VWHP� WKURXJK� ZHLJKWV�
HVWDEOLVKHG� LQ� WKH� UHJXODWLRQ� DQG� DOORZV� WR� DGG�
ERQXVHV� WR� ILQDO� VFRUH� WKDW� PD\� EH� DFTXLUHG� ZLWK�
WHFKQRORJLFDO�LQQRYDWLRQV��XVH�RI�UHQHZDEOH�HQHUJLHV��
FRJHQHUDWLRQ� RU� ZLWK� UDWLRQDOL]DWLRQ� LQ� ZDWHU�
FRQVXPSWLRQ��,10(752����������

7KLV� VWXG\� DLPV� WR� LGHQWLI\� WKH� SDWWHUQ� RI� WKH�
HQYHORSH�HQHUJ\�HIILFLHQF\�RI�FRPPHUFLDO�EXLOGLQJV���
VWRUHV�RI�WKH�FHQWUDO�]RQH�RI�3HORWDV��VRXWKHUQ�%UD]LO��
DQG�YHULI\� WKH�HIILFLHQF\�RI�SRVVLEOH�GHSOR\PHQWV�RI�
HQHUJ\� FRQVHUYDWLRQ� PHDVXUHV�� EDVHG� RQ� WKH�
FRPSXWHU� VLPXODWLRQ� UHVXOWV�� )RU� WKLV�� WKH� PHWKRG�
XVHG� ZDV� GLYLGHG� LQWR� ILYH� SDUWV�� $QDO\VLV� DQG�
GHILQLWLRQ� RI� WKH� W\SHV� RI� UHDO� PRGHOV�� 6SHFLILF�
VXUYH\��(QYHORSH�(QHUJ\�HIILFLHQF\� OHYHO� VLPXODWLRQ�
IRU� HDFK� FKRVHQ� EXLOGLQJ�� &RPSLODWLRQ�� 5HVXOWV�
DQDO\VLV� DQG� 3URSRVLWLRQ� IRU� HQHUJ\� FRQVHUYDWLRQ�
PHDVXUHV�� 7KLV� DSSURDFK� PHHWV� WKH� WRSLFV� WR� EH�
GLVFXVVHG� DW� WKH� FRQIHUHQFH�� DGGLQJ� FRQWHQW� DQG�
FRQWULEXWLQJ� WR� WKH� DSSOLHG�PHWKRG� DQG� FDVH� VWXGLHV�
UHVXOWV� DFFRPSOLVKHG� LQ� WKH� FRPPHUFLDO� FHQWHU� RI�
3HORWDV��

3HORWDV� KDV� D� VXEWURSLFDO� KXPLG� FOLPDWH� ZLWK� ZHOO�
GHILQHG� VHDVRQV� DQG� ULJRURXV� ZLQWHU� DQG� VXPPHU��
VKRZLQJ�JUHDW�FOLPDWH�FKDQJHV�WKURXJKRXW�WKH�\HDU��,W�
LV� ORFDWHG� LQ� WKH� VRXWK� UHJLRQ� RI� %UD]LO�� DW�
�����¶��¶¶6�� �����¶��¶¶:� DQG� LW� LV� ��PHWHUV� KHLJKW�
DERYH�VHD�OHYHO��,WV�DQQXDO�PHDQ�WHPSHUDWXUH�LV������
�&� DQG� LWV� DQQXDO� PHDQ� UHODWLYH� KXPLGLW\� LV� ������
�(PEUDSD�� ������� � ,Q� WKH� FRQWH[W� RI� LPSOHPHQWLQJ� D�
QHZ� UHJXODWLRQ�� LW� LV� LPSRUWDQW� WR� SXEOLVK� D� QHZ�
SDUDGLJP�FKDQJH�DV�IRU�QHZ�SUHVFULSWLRQV��DQG�LQ�WKLV�
VHQVH�� PDSSLQJ� DQG� DQDO\VLV� RI� FRPPHUFLDO�
W\SRORJLHV�ZLWK� UHODWLRQ� WR� OHYHOV�RI� HIILFLHQF\� LV� DQ�

LPSRUWDQW� DVSHFW� WR� FRQVROLGDWH� D� QHZ� PRGHO� RI�
HIILFLHQF\��

0(7+2'�
7KLV� VWXG\� DLPV� WR� LGHQWLI\� WKH� SDWWHUQ� RI� WKH�
HQYHORSH�HQHUJ\�HIILFLHQF\�RI�FRPPHUFLDO�EXLOGLQJV���
VWRUHV�RI�WKH�FHQWUDO�]RQH�RI�3HORWDV��VRXWKHUQ�%UD]LO��
DQG�YHULI\� WKH�HIILFLHQF\�RI�SRVVLEOH�GHSOR\PHQWV�RI�
HQHUJ\� FRQVHUYDWLRQ� PHDVXUHV�� EDVHG� RQ� WKH�
FRPSXWHU� VLPXODWLRQ� UHVXOWV�� )RU� WKLV�� WKH� PHWKRG�
XVHG� WR� UHDFK� WKH� REMHFWLYH� RI� WKLV� UHVHDUFK� ZLOO� EH�
GLYLGHG� LQWR� ILYH� SDUWV�� ZKLFK� ZLOO� EH� GHWDLOHG� DV�
IROORZV���

Analysis and definition of the types of Edificio 
assessed models 
$� VXUYH\� ZDV� KHOG� WR� XQGHUVWDQG� ZKDW� W\SHV� RI�
EXLOGLQJV� DUH� WKH�PRVW� UHFXUUHQW� LQ� WKH� FHQWHU� RI� WKH�
FLW\�RI�3HORWDV�DQG�WR�GHILQH�WKH�REMHFW�RI�VWXG\��
,Q� RUGHU� WR� REWDLQ� D� FKDUDFWHUL]DWLRQ� RI� W\SRORJLHV�
ORFDWHG� GRZQWRZQ� 3HORWDV�� D� SURILOH� ZKLFK� LQFOXGHV�
���VWUHHWV�ZKLFK�UHSUHVHQW�WKH�FRPPHUFLDO�DUHD�RI�WKH�
FLW\� ZDV� GHILQHG�� ,Q� WKLV� SURILOH�� GDWD� IURP� DOO�
EXLOGLQJV� GRZQWRZQ� ZHUH� VXUYH\HG�� FODVVLILHG�
DFFRUGLQJ�WR�IXQFWLRQ��DJH��ORFDWLRQ�LQ�WKH�ORW��FRORUV�
RI� WKH� IDoDGHV�� QXPEHU� RI� IORRUV�� SHUFHQWDJH� RI�
RSDTXH�DQG� WUDQVSDUHQW�HQYHORSH��HWF�� ,Q�RUGHU� WR�GR�
WKDW�� FDWDORJUDSKLF� FDUGV� RI� WKH� EXLOGLQJV��
SKRWRJUDSKLF� VXUYH\� DQG� UHVHDUFK� LQ� WKH� ILOHV� RI� WKH�
0XQLFLSDO�&LW\�+DOO�RI�3HORWDV�DUH�XVHG���
)RU� WKH� VHOHFWLRQ� RI� WKH� EXLOGLQJV�� WKH\� ZHUH�
FODVVLILHG� DFFRUGLQJ� WR� VL]H�� DJH�� SRVLWLRQ� RQ� WKH�
FRXUW��GHFKDUDFWHUL]DWLRQ�RU�FRQVHUYDWLRQ�OHYHO�LQ�WKH�
FDVH�RI�ROG�EXLOGLQJV��DQG�LQ�FDVH�RI�QHZ�EXLOGLQJV��LI�
WKH\� KDYH� H[SRVXUH� RI� FRYHUDJH� RU� QRW�� $OO� WKH�
FKRVHQ�EXLOGLQJV�KDYH�IDoDGHV�IDFLQJ�WKH�QRUWK��
7KH� EXLOGLQJV� ZHUH� GLYLGHG� LQWR� WZR� JURXSV�
UHJDUGLQJ� WKHLU� VL]H�� VPDOO� DQG� ODUJH� VWRUHV�� 6PDOO�
VWRUHV�KDYH�D�WRWDO�DUHD�RI�PRUH�WKDQ����P�ð�DQG�ODUJH�
VWRUHV�DUH�WKRVH�ZLWK�WRWDO�DUHD�RI�PRUH�WKDQ����P�ð��
7KH�PRVW�UHFXUUHQW�EXLOGLQJV�LQ�WKH�FHQWHU�RI�WKH�FLW\�
DUH� WKH� EXLOGLQJV� GDWHG� EHIRUH� ������ KRZHYHU�� LW� LV�
LPSRUWDQW� WR� HYDOXDWH� WKH� GLIIHUHQW� FRQVWUXFWLRQ�
WHFKQLTXHV�� QHZ� DQG� ROG�� IRU� WKLV� UHDVRQ� EXLOGLQJV�
FRQVWUXFWHG� XQWLO� ����� DQG� DIWHU� ����� ZLOO� EH�
DQDO\]HG��
3ODFHPHQW� RQ� EDWFK� LQWHUIHUH� LQ� WKH� DPRXQW� RI� VRODU�
UDGLDWLRQ� UHFHLYHG� E\� WKH� EXLOGLQJ� DQG� WKH� WKHUPDO�
H[FKDQJHV� ZLWK� WKH� RXWVLGH�� VR� WZR� W\SHV� RI�
SRVLWLRQLQJ� RQ� WKH� FRXUW� ZHUH� FRQVLGHUHG�� WKH�
EXLOGLQJV� EHWZHHQ� EXLOGLQJV�� FRQVWUXFWHG� LQ� EDWFKHV�
RI� PLG�EORFN� RU� WKRVH� RI� FRUQHU�� ZLWK� RU� ZLWKRXW�
ODWHUDO�LQGHQWDWLRQV��7KH�EXLOGLQJV�FRQVWUXFWHG�EHIRUH�
����� ZHUH� FODVVLILHG� LQWR� WZR� JURXSV�� WKRVH�
FRQVLGHUHG� SUHVHUYHG� DQG� WKRVH� FRQVLGHUHG�
XQFKDUDFWHUL]HG�� $� EXLOGLQJ� LV� FRQVLGHUHG� SUHVHUYHG�
LI� WKH� SHUFHQWDJH� RI� IDoDGHV� RSHQLQJV� �3$)7�� LV�
SUHVHUYHG� DV� WKH� RULJLQDO�� WKH� HQYHORSH� PDLQWDLQHG�
WKH�VDPH�WKLFNQHVV�DQG�WKH�VDPH�RULJLQDO�FRPSRQHQWV�
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RU�FKDUDFWHULVWLFV�� VXFK� DV� WKHUPDO� WUDQVPLWWDQFH�DQG�
WKHUPDO� FDSDFLW\��2QFH� WKH� EXLOGLQJV� DUH� FRQVLGHUHG�
XQFKDUDFWHUL]HG�� WKHLU� FKDQJHV� DUH� 3$)7� DOWHUDWLRQV�
DQG�RU� FRPSRQHQWV� RI� WKH� HQYHORSH�� 7KH�
FRQVWUXFWLRQV�EXLOW�DIWHU������DUH�FODVVLILHG�DV�KDYLQJ�
H[SRVXUH�RI�FRYHUDJH�RU�QRW��RU�VWRUHV�WKDW�KDYH�XS�WR�
WZR� IORRUV� DQG� URRILQJ� H[SRVHG� WR� WKH� H[WHUQDO�
HQYLURQPHQW� DQG� VWRUHV� ZKLFK� DUH� ORFDWHG� LQ� WKH�
JURXQG� IORRU� RI� EXLOGLQJV� DQG� ZKLFK� LQ� WXUQ� KDYH�
FRYHUDJH� QRW� H[SRVHG� WR� WKH� H[WHUQDO� HQYLURQPHQW�
ZLOO�EH�HYDOXDWHG��
7DNLQJ� LQWR� DFFRXQW� WKH� YDULDEOHV� LQYROYHG�� ���
GLIIHUHQW� EXLOGLQJV� ZHUH� VHW� XS� WKDW� UHSUHVHQW� WKH�
YDULDEOHV�VKRZQ�LQ�7DEOH���� LQ�WKH�IRUP�RI�VXPPDU\�
RI�LWV�IHDWXUHV�DQG�RUJDQL]DWLRQ�RI�WKH�VWRUHV�WKDW�ZLOO�
EH�VWXGLHG��

7DEOH���

9DULDEOHV�DQDO\]HG�LQ�FRPPHUFLDO�EXLOGLQJV 
�

VARIABLES MODE ANALYSIS 
6WRUHV�6L]H� 6PDOO�XS�WR����Pð� ODUJHU�WKDQ����P�ð�
$JH� $QWLTXH��%XLOW�

EHIRUH�������
1HZ��%XLOW�DIWHU�
������

3RVLWLRQLQJ�LQ�
4XDGUD�

6WUHHW�FRUQHU� 0LG�EORFN�

'HJUHH�RI�
&KDQJH�

&RQVHUYHG��
�RULJLQDO�3$)7�
PDLQWDLQHG��

8QFKDUDFWHUL]HG��
�3$)7�FKDQJHG��

&RYHUDJH�
([SRVXUH�

&RYHUDJH�
([SRVHG�
�EXLOGLQJV�XS�WR���
IORRUV��

&RYHUDJH�
8QH[SRVHG�
�EXLOGLQJV�ZLWK�
JURXQG�IORRU�IRU�
WKH�VKRSV��

�

Specific survey 
3UHOLPLQDULO\��ZH�FKRVH����EXLOGLQJV� WKDW� IDOO�ZLWKLQ�
WKH� SUHYLRXVO\� GHWHUPLQHG� FKDUDFWHULVWLFV�� ODWHU�� LW�
ZLOO� EH�QHFHVVDU\� WR� DFKLHYH� D�PRUH�GHWDLOHG� VXUYH\�
ZKLFK� H[SODLQV� FRQVWUXFWLYH� IHDWXUHV� OLNH�� W\SH� RI�
PDWHULDOV� XVHG� LQ� WKH� EXLOGLQJ� HQYHORSH�� WKHLU��
WUDQVPLWWDQFHV�� FRORUV� RI� H[WHUQDO� FRDWLQJV�� FHLOLQJ�
KHLJKW� RI� WKH� DPELHQW�� W\SH� RI� LQWHUQDO� FRDWLQJV��
IUDPHV� SRVLWLRQLQJ�� W\SH� RI� IUDPHV�� WKHLU� PDWHULDOV��
W\SH�RI�JODVV��VRODU� IDFWRU��SHUFHQWDJH�RI� WKH� IDoDGHV�
RSHQLQJV���3$)7��RI�DOO�EXLOGLQJV�IDFHV��OLJKWLQJ�DQG�
DLU� FRQGLWLRQLQJ� V\VWHP�� ZKHQ� WKHVH� GDWD� DUH�
DYDLODEOH�LQ�WKH�SURMHFWV�ILOOHG�LQ�WKH�FLW\�ZRUN�RIILFH��
VRXUFH�RI�UHVHDUFK�RI�WKH�VSHFLILF�VXUYH\��

Envelope Energy efficiency level simulation for 
each chosen building 
7KH�WKLUG�VWDJH�RI�WKH�UHVHDUFK�FRQVLVWV�RI�VLPXODWLQJ�
WKH�EXLOGLQJV�DQDO\]HG�LQ�RUGHU�WR�FKHFN�WKH�OHYHO�RI�
HQHUJ\� HIILFLHQF\�� FRQVLGHULQJ� DV� FRPSDUDWLYH�
UHIHUHQFH�HIILFLHQF\� OHYHOV� ³$��%��&�DQG�'´�� WKDW� LV��
UHDO�PRGHOV�ZLOO� EH� FRPSDUHG�� IROORZLQJ� WKH�SURMHFW�
ZLWK� WKH� RQHV� RI� UHIHUHQFH�� 7R� VLPXODWH� ERWK�
EXLOGLQJV�� FULWHULD�ZKLFK� WDNH� LQWR� DFFRXQW� WKH� VDPH�
FKDUDFWHULVWLFV� RI� WKH� UHDO� PRGHO� DQG� WKH� UHIHUHQFH�

PRGHO� ZLOO� EH� DGRSWHG�� DV�� VDPH� SURJUDP� RI�
VLPXODWLRQ�� FOLPDWLF� ILOH�� JHRPHWU\�� GLUHFWLRQ� ZLWK�
UHODWLRQ� WR� WKH� JHRJUDSKLF� QRUWK�� YDOXH� RI� ,/'� LQ�
HTXLSPHQWV�� XVH� SDWWHUQ� RI� SHRSOH�� ZLWK� WKH� VDPH�
YDOXH�RI�KHDW�GLVVLSDWHG��DLU�FRQGLWLRQLQJ�V\VWHP�ZLOO�
EH�XVHG��WKHUHIRUH��WKH�&23�HVWDEOLVKHG�LQ�WKH�PRGHO�
RI� UHIHUHQFH� DFFRUGLQJ� WR� WKH� OHYHO� RI� HIILFLHQF\�
LQWHQGHG�� VDPH� XVH� SDWWHUQ� DQG� V\VWHPV� RSHUDWLRQ� ��
WKH� SDWWHUQ� RI� XVH� ZLOO� EH� DFFRUGLQJ� WR� WKH� XVH� DQG�
UHDO�RFFXSDWLRQ�RI�WKH�EXLOGLQJ��
(QJOLVK�6RIWZDUH�'HVLJQ%XLOGHU�ZLOO�EH�WKH�FRPSXWHU�
SURJUDP� RI� WKHUPR�HQHUJHWLF� VLPXODWLRQ�� ZKLFK�
DOJRULWKPV� DUH� FRPSDWLEOH� ZLWK� WKH� UHTXLUHPHQWV�
YDOLGDWHG� E\� $6+5$(� �������� YHULI\LQJ� WKH� \HDUO\�
PRGHOLQJ� RI� ����� KRXUV� ZLWK� RFFXSDWLRQ� KRXUO\�
YDULDWLRQV��SRZHU�RI�OLJKWLQJ�DQG�HTXLSPHQWV�DQG�DLU�
FRQGLWLRQLQJ�V\VWHPV��DV�ZHOO�DV�REVHUYLQJ�PRGHOLQJ�
RI� WKHUPDO�PXOWL�]RQHV�� LW�PRGHOV� HIIHFWV� RI� WKHUPDO�
LQHUWLD�� ,Q� WKH� HQG�� WKH� UHVXOWV� ZLOO� EH� FRPSLOHG��
DLPLQJ� DW� WKH� YHULILFDWLRQ� DQG� FRPSDULVRQ� ZLWK� WKH�
SURFHVV�RI�WDJJLQJ�DFKLHYHG�ZLWK�UHDO�PRGHOV���

 Model building assessed  

7KH�PRGHO�WKDW�UHSUHVHQWV�WKH�UHDO�EXLOGLQJ�PXVW�KDYH�
DOO� FKDUDFWHULVWLFV� RI� EXLOGLQJV� DFFRUGLQJ� WR� WKH�
SURMHFW� SURSRVHG� �WUDQVPLWWDQFH� RI� ZDOO� DQG�
FRYHULQJV��W\SH�RI�JODVV��3$)7��DEVRUSWDQFH�RI�ZDOOV�
DQG� FRYHULQJV�� 96$�� +$6�� LQ� WKH� FDVH� RI� WKH� UHDO�
EXLOGLQJ� WR� KDYH� GLIIHUHQW� DLU� FRQGLWLRQLQJ� V\VWHPV��
DOO� GLIIHUHQW� V\VWHPV� LQ� HDFK� WKHUPDO� ]RQH� PXVW� EH�
UHSUHVHQWHG��XWLOL]LQJ� WKH�'HQVLW\�RI�/LJKWLQJ�3RZHU�
RI� WKH� � SURMHFW� SURSRVHG�� FRQVLGHULQJ� WKH� GHYLFHV� RI�
VKDGLQJ� ZKHQ� WKH\� ZHUH� FRXSOHG� LQ� WKH� EXLOGLQJ�
SURSRVHG��VKDGLQJ�IURP�WKH�HQYHORSH�PD\�EH�SDUW�RI�
WKH�PHWKRG�RI�VLPXODWLRQ��RSWLRQDO�XVH��DQG��ZKHQ�LW�
LV�XVHG��LW�PXVW�EH�LQFOXGHG�LQ�WKH�UHDO�EXLOGLQJ�PRGHO�
RQO\��

Models of Reference 
7KH� PRGHOV� RI� UHIHUHQFH� ZLOO� EH� VLPXODWHG��
FRQVLGHULQJ�WKDW��WKH�HQYHORSH�PXVW�UHDFK�WKH�OHYHO�RI�
FODVVLILFDWLRQ�LQWHQGHG��WKDW�LV��OHYHO�$��7KH�HTXDWLRQ��
ZKLFK�YROXPHWU\�LQGLFDWHG�LV�VLPLODU�WR�WKH�RQH�RI�WKH�
SURMHFW�� ZLOO� EH� XVHG�� DQG� YDOXH� RI� WKH� (QYHORSH�
&RQVXPSWLRQ� ,QGLFDWRU� �,&HQY�� RI� WKH� PD[LPXP�
OLPLW� RI� WKH� FODVVLILFDWLRQ� OHYHO� LQWHUYDO� GHVLUHG� ZLOO�
EH�DGRSWHG��,I�)DFWRU�)RUP��5DWH�EHWZHHQ�WKH�DUHD�RI�
WKH� HQYHORSH� DQG� YROXPH� RI� WKH� EXLOGLQJ�� RI� WKH�
EXLOGLQJ�SURMHFWHG�LV�RYHU�RU�ORZHU�)DFWRU�)RUP�OLPLW�
RI� WKH� HTXDWLRQ�� OLPLW� YDOXH� ZLOO� EH� XVHG�� LQ� WKH�
JHQHUDO� FODVVLILFDWLRQ�� WKH� PRGHO� RI� UHIHUHQFH� PXVW�
UHDFK� WKH� OHYHO� RI� HIILFLHQF\� LQWHQGHG� DFFRUGLQJ� WR�
WKH�ZHLJKWV�GLVWULEXWLRQ�LQ�WKH�HTXDWLRQ�RI�WKH�JHQHUDO�
FODVVLILFDWLRQ��(TXDWLRQ������
�0D[LPXP�YDOXHV�RI�WKHUPDO�WUDQVPLWWDQFH�DQG�VRODU�
DEVRUSWDQFH� WR� WKH� OHYHO� RI� HIILFLHQF\� LQWHQGHG� DQG�
VSHFLILF� SUH�UHTXLUHPHQWV� RI� WKH� HQYHORSH� ZLOO� EH�
XVHG��D�3$)7��SHUFHQWDJH�RI� WKH� IDoDGHV�RSHQLQJV� ��
FDOFXODWHG�DFFRUGLQJ�WR��WKH�IRUPXOD�RI�,&HQY�UHODWHG�
WR�WKH�HQYHORSH�RI�WKH�EXLOGLQJ�SURSRVHG�DFFRUGLQJ�WR�
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WKH�%LRFOLPDWLF�=RQH�RI�WKH�EXLOGLQJ�ORFDWLRQ�ZLOO�EH�
DGRSWHG��$GRSW�96$ ��DQG�+$6 ���$GRSW�D�VLPSOH�
JODVV�RI���PP��ZLWK�D�VRODU�IDFWRU�RI�������
�7KH�YDOXH�RI�3$)7�PXVW�EH�WKH�JUHDWHVW�DV�SRVVLEOH�
WR� WKH� OHYHO� RI� HIILFLHQF\� LQWHQGHG�� ,Q� WKH� FDVH� RI�
H[LVWLQJ� ]HQLWDO� OLJKWLQJ� ZLWK� 32=� �3HUFHQWDJH� RI�
2SHQLQJ� =HQLWK�� JUHDWHU� WKDQ� ��� LQ� WKH� UHDO�PRGHO��
WKH�PRGHOV�RI� UHIHUHQFH� WR� WKH� OHYHOV�$�DQG�%�PXVW�
KDYH�32=�RI����ZLWK� OLJKW�JODVV�DQG�VRODU� IDFWRU�RI�
������ WKH� GHQVLW\� RI� WKH� /LJKWLQJ� 3RZHU� PXVW� EH�
PRGHOHG� LQ� WKH�PD[LPXP� OLPLWV� WDEOHG� DFFRUGLQJ� WR�
WKH� IXQFWLRQ� DQG� :�Pð�� GHSHQGLQJ� RQ� WKH�
HQYLURQPHQWDO� LQGH[��DFWLYLW\�DQG� OHYHO�RI�HIILFLHQF\�
LQWHQGHG�� DGRSW� WKH� VDPH� $LU� &RQGLWLRQLQJ� 6\VWHP�
SURSRVHG�LQ�WKH�5HDO�0RGHO��
 
37� ������^�(T1XP(QY��$&�$�� �� �$� � �$�� ��
�$ � &�$�� (� � � P�� �� ������
(� �� P'� �� �� ������ (� �� P&$��$&�$�� ��
�$� � �$�� ��$ �& �$�� (� �� P�� �� E�����������������������
����
�
37���)LQDO�6FRUH��
(T1XP(QY����QXPHULFDO�HTXLYDOHQW�RI�WKH�HQYHORSH��
(T1XP'3,� �� QXPHULFDO� HTXLYDOHQW� RI� WKH� OLJKWLQJ�
V\VWHP�� LGHQWLILHG� E\� DFURQ\P� '3,�� RI� /LJKWLQJ�
3RZHU�'HQVLW\��
(T1XP&$� �� QXPHULFDO� HTXLYDOHQW� RI� WKH� DLU�
FRQGLWLRQLQJ�V\VWHP��
(T1XP9� ��QXPHULFDO�HTXLYDOHQW�RI� QRQ�FRQGLWLRQHG�
DQG�RU�QDWXUDOO\�YHQWLODWHG�HQYLURQPHQWV��
$37� �� XVHIXO� DUHD� RI� DPELHQW� RI� WHPSRUDU\�
SHUPDQHQFH��VLQFH�WKH\�DUH�QRW�FRQGLWLRQHG��Pð���
$1&� �� XVHIXO� DUHD� RI� QRQ�FRQGLWLRQHG� DPELHQW� RI�
SURORQJHG� SHUPDQHQFH�� ZKHUH� WKH� SHUFHQWDJH� RI�
RFFXSDQF\� KRXUV� RI� FRPIRUW� E\� QDWXUDO� YHQWLODWLRQ�
�32&�� WKURXJK� PHWKRG� RI� VLPXODWLRQ� �Pð�� ZDV�
HYLGHQW��
$&���XVHIXO�DUHD�RI�FRQGLWLRQHG�DPELHQW��Pð���
$8���XVHIXO�DUHD��Pð���
%� �� SXQFWXDWLRQ� REWDLQHG� E\� ERQXVHV�� ZKLFK� YDU\�

IURP�]HUR�WR����
�
7KH� JHQHUDO� FODVVLILFDWLRQ� LQFOXGHV� DOO� V\VWHPV� SOXV�
ERQXVHV�DQG�WKH\�UHIHU�WR�WKH�ZKROH�EXLOGLQJ�RU�D�SDUW�
RI� LW�� 7KH� SDUWLDO� WDJV� UHIHU� WR� WKH� HIILFLHQF\� RI� WKH�
V\VWHPV� VHSDUDWHO\�� WKH� JHQHUDO� WDJ� LV� GHILQHG� E\�
(TXDWLRQ� ���� WKDW� FRQWDLQV� ZHLJKWV� WR� EDODQFH� WKH�
UHODWLRQVKLS� DPRQJ� WKH� V\VWHPV�� WKHVH� ZHLJKWV� DUH�
VKRZQ�LQ�7DEOH����

7DEOH���
�

VARIABLE WEIGHT 
/LJKWLQJ�6\VWHP��'3,�� ����
$LU�&RQGLWLRQLQJ�6\VWHP��$&6�� ����
(QYHORSH��(QY� ����
�

Compilation and results analysis and proposition 
for energy conservation measures 
%DVHG� RQ� WKH� DQDO\VLV� RI� WKH� VLPXODWLRQ� SURFHVV� RI�
FRPPHUFLDO� W\SRORJLHV�FKRVHQ�DV� VDPSOH�RI�DQDO\VLV�
LQ� WKH� FLW\� RI� 3HORWDV�56�� WKH� UHVXOWV� ZLOO� EH�
FRQWH[WXDOL]HG�DQG�WKH�FRPSUHKHQVLRQ�RI�WKH�DVSHFWV�
DV� D� ZKROH� LQYROYHG� LQ� WKH� DQDO\VLV� RI� WKH� HQHUJ\�
HIILFLHQF\�RI�EXLOGLQJV�ZLOO�EH�SRVVLEOH��,Q�WKLV�VWDJH��
SRVVLEOH� VWUDWHJLHV� RI� HQHUJ\� SHUIRUPDQFH�
LPSURYHPHQW� RI� W\SRORJLHV� ZLOO� EH� DQDO\]HG�� LQ� WKH�
HQYHORSH�RI�WKH�EXLOGLQJV�LQ�TXHVWLRQ��FRQVLGHULQJ�WKH�
YDULDEOHV� RI� WKHVH� EXLOGLQJV� HQYHORSH�� $VSHFWV� VXFK�
DV� WKH� QHHG� IRU� VRODU� SURWHFWLRQ�� YDULDWLRQ� RI�
WUDQVPLWWDQFH�� WKHUPDO� FDSDFLW\�� DQG� FKDQJH� LQ�
DEVRUSWDQFH�IDFWRU�FORVLQJ�WUDQVSDUHQW�VRODU�HQYHORSH�
VKRXOG� EH� DQDO\]HG� �7DEOH� ���� XVLQJ� DJDLQ� WKH�
FRPSXWDWLRQDO� VLPXODWLRQ� WRRO� WR� FKHFN� WKHVH�
LPSURYHPHQWV��

7DEOH���

�3RVVLEOH�0HDVXUHV�DQG�(QHUJ\�&RQVHUYDWLRQ�

POSSIBLE MEASURES AND ENERGY 
CONSERVATION TO BE TESTED 

+RUL]RQWDO�
3ODQH�

8���&KDQJLQJ�FRYHUDJH�WUDQVPLWWDQFHV�
Į�±�$EVRUSWDQFH�RI�&RYHUDJH�

9HUWLFDO�3ODQH�

8�±�&KDQJLQJ�ZDOO�WUDQVPLWWDQFHV�
&7�±�&KDQJH�LQ�WKHUPDO�&DSDFLW\�RI�
:DOOV�
Į�±�$EVRUSWDQFH�RI�:DOOV�

3$)7�±�&KDQJH�LQ�SHUFHQWDJH�RI�WKH�

IDoDGHV�RSHQLQJV�

)6�±�&KDQJLQJ��RI�6RODU�*OD]LQJ�)DFWRU�
96$�±��8WLOL]DWLRQ�9HUWLFDO�6KDGLQJ�
$QJOH�
+$6����8WLOL]DWLRQ�+RUL]RQWDO�$QJOH�RI�
6KDGLQJ�

�

Economic analysis of the corrective measures 
7KLV�VWHS�WKH�VXUYH\�ZDV�QRW�FRQGXFWHG�\HW��ZRUN�LV�
LQ�SURJUHVV��
7KH�HFRQRPLF�DQDO\VLV�RI�WKH�LQYHVWPHQW�H[SHQGHG�WR�
LPSOHPHQW�D�SDUWLFXODU�PHDVXUH�LV�ZKDW�ZLOO�JXLGH�XV�
LI�0HDVXUHV� DQG� (QHUJ\� &RQVHUYDWLRQ� LV� IHDVLEOH� RU�
QRW�LQ�WKH�FDVHV�VWXGLHG��
7KLV� VWHS� ZLOO� EH� DQ� DQDO\VLV� RI� WKH� FRVWV� DQG�
HIIHFWLYHQHVV� RI� VWUDWHJLHV� WR� DQDO\]H� WKH� WLPH� RI�
UHWXUQ�RI�FRUUHFWLYH�PHDVXUHV��
7KH� ZRUN� ZLOO� WDNH� LQWR� DFFRXQW� HFRQRPLF�
HYDOXDWLRQV� RI� 0HDVXUHV� DQG� (QHUJ\� &RQVHUYDWLRQ�
SD\EDFN�� FRPSOHPHQWHG� E\� WKH� ,QWHUQDO� 5DWH� RI�
5HWXUQ�DQG�&RVW�RI�&RQVHUYHG�(QHUJ\��
�
�
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',6&866,21�$1'�$1$/<6,6�2)�7+(�
5(68/76��
�

7KH� UHVXOWV� RI� WKH�ZRUN�ZLOO� EH�REWDLQHG� DORQJ�ZLWK�
WKH�SRVW�JUDGXDWLRQ�FRXUVH�DQG�WKH\�ZLOO�EH�SUHVHQWHG�
DQG�GHILQHG�LQ�IRUPDW�RI�0DVWHU�7KHVLV�VXEPLWWHG�WR�
HYDOXDWLRQ� RI� WKH� 3RVW�*UDGXDWLRQ� 3URJUDP� LQ� WKH�
$UFKLWHFWXUH� DQG� 8UEDQLVP� &RXUVHV� RI� 8)3HO�� 8S�
XQWLO�QRZ�������RI� WKH�EXLOGLQJV�GRZQWRZQ�3HORWDV�
ZDV� VXUYH\HG�� ZKHUH� WKH� UHVHDUFK� LV� LQ� WKH��
VLPXODWLRQ�SKDVH�RI�DUFKLWHFWXUDO�W\SRORJLHV��
8S� XQWLO� QRZ�� LW� LV� SRVVLEOH� WR� REVHUYH� WKDW� WKH�
SHUFHQWDJH� RI� ���� RI� W\SRORJLHV� GRZQWRZQ� DUH�
GLUHFWHG� WR� FRPPHUFLDO� DQG�PL[HG�XVH�� DFFRUGLQJ� WR�
)LJXUH� ��� IURP� WKHVH�� ���� ZHUH� FRQVWUXFWHG� EHIRUH�
WKH�����V��DFFRUGLQJ�WR�)LJXUH����
7KH� EXLOGLQJV� GRZQWRZQ� DUH� FKDUDFWHUL]HG� E\� WZR�
IORRUV� LQ� WKHLU� JUHDW� PDMRULW\�� ZLWK� D� SHUFHQWDJH� RI�
�����DFFRUGLQJ� WR�)LJXUH����%XW�ZLWK�UHODWLRQ� WR� WKH�
FKDUDFWHULVWLFV� RI� DEVRUSWDQFH� RI� WKH� IDoDGHV� LW� LV�
REVHUYHG� WKH� SUHGRPLQDQFH� RI� OLJKW� FRORUV�� ZKHUH�
����RI�WKH�IDoDGHV�KDYH�DEVRUSWDQFH�ORZHU�HTXDO������
DFFRUGLQJ�WR�)LJXUH����
,W� ZDV� REVHUYHG� WKDW� ���� RI� WKH� IDoDGHV� VKRZV� D�
SHUFHQWDJH� RI� WUDQVSDUHQW� HQYHORSHV� IURP� ����ZLWK�
UHODWLRQ� WR� WKH�RSDTXH�HQYHORSH��DFFRUGLQJ� WR�)LJXUH�
���DQG�����RI�WKH�EXLOGLQJV�HYDOXDWHG�DUH�ORFDWHG�LQ�
WKH� PLGGOH� RI� EORFNV� DQG� DPRQJ� EXLOGLQJV� ZLWK�
UHODWLRQ�WR�WKHLU�HQYHORSH��DFFRUGLQJ�WR�)LJXUH����
�
�

�
)LJXUH���)XQFWLRQV�RI�FHQWUDO�W\SRORJLHV��

�

 

)LJXUH���$JH�RI�FRQVWUXFWLRQV�

 
)LJXUH���+HLJKW�RI�FHQWUDO�W\SRORJLHV�

�

��
�

)LJXUH���3HUFHQWDJH�RI�WKH�IDoDGHV�DEVRUSWDQFH�
�

��
)LJXUH���3HUFHQWDJH�RI�WUDQVSDUHQW�HQYHORSH�RI�WKH�

IDoDGHV�

�
)LJXUH���3RVLWLRQ�LQ�WKH�ORW�

�
7KH�VLPXODWLRQ�PHWKRG�LV�LQGLFDWHG�WR�DOORZ�IUHHGRP�
WR� WKH� IXOILOOPHQW� RI� SURMHFWV�� LQ� WKH� IRUP� RI� WKH�
EXLOGLQJ�� LQ� WKH� QDWXUH� RI� WKHLU� RSHQLQJV�� VRODU�
SURWHFWLRQ� DV� ZHOO� DV� LQ� WKH� V\VWHPV� XVHG�� WKH�
LQFRUSRUDWLRQ� RI� WHFKQRORJLFDO� LQQRYDWLRQV�� SURYLQJ�
KLJK�OHYHOV�RI�HIILFLHQF\��XVH�RI�FRQGLWLRQLQJ�SDVVLYH�
VWUDWHJLHV�� PDNLQJ� IHDVLEOH� QRQ� FRQGLWLRQLQJ� RU�
SDUWLDOO\� FRQGLWLRQLQJ� EXLOGLQJV�� LQFRUSRUDWLRQ� RI�
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VROXWLRQ� ZKLFK� DUH� QRW� IRUHVHHQ� DW� 574�&�
�,10(752���������
)URP� WKHVH� SUHOLPLQDU\� UHVXOWV�� WZR� UHSUHVHQWDWLYH�
W\SHV� IURP� WKH� FHQWHU� RI� 3HORWDV� ZHUH� VHOHFWHG��
LQVHUWHG� LQ� WKH� FRPPHUFLDO� VHFWRU�� ZLWK� XS� WR� WZR�
IORRUV�� RQH� EXLOW� EHIRUH� WKH� ��
V� DQG� WKH� RWKHU� RQH�
DIWHU�WKDW��ERWK�ORFDWHG�EHWZHHQ�EXLOGLQJV�DQG�ZLWK�D�
SHUFHQWDJH�RI� RSHQLQJV� LQ� WKH� IDFDGHV�EHWZHHQ�����
WR� ����� WKH� VRODU� DEVRUSWDQFH� RI� WKHVH� IDFDGHV� OHVV�
WKDQ� RU� HTXDO� WR� ���� FKDUDFWHUL]LQJ� OLJKW� FRORUV�� ,Q�
RUGHU� WR� VLPXODWH� WKH� FRPPHUFLDO� EXLOGLQJV� FKRVHQ��
WKH� VRIWZDUH� 'HVLJQ%XLOGHU� YHUVLRQ� ������ ZDV� XVHG��
7KH� FLW\�RI�3HORWDV� LV� ORFDWHG� LQ�ELRFOLPDWLF� ]RQH����
EXW�DV�LW�GRHV�QRW�KDYH�FOLPDWH�ILOH�\HW��ILOH�70<�RI�
6DQWD� 0DULD�56� ZDV� XVHG�� ZKLFK� ZDV� DYDLODEOH� IRU�
WKH�]RQH��
7KH� PRGHOV� KDYH� EHHQ� FRQILJXUHG� DFFRUGLQJ� WR� WKH�
IROORZLQJ� GHVFULSWLRQV�� 6RLO� WHPSHUDWXUH� ZDV�
FRQILJXUHG� EDVHG� RQ� WKH� LQVWUXFWLRQV� RI� WKH� 574�5�
�,10(752�� ������� 7R� GHILQH� WKH� VRLO� WHPSHUDWXUH�
YDOXHV��VRIWZDUH�6ODE�ZDV�XVHG��VLQFH�LW�LV�DQ�DVVLVWDQW�
VRIWZDUH� RI� (QHUJ\3OXV� WR� FDOFXODWH� WKH� VRLO� PHDQ�
WHPSHUDWXUH�IRU�HDFK�PRQWK�RI�WKH�\HDU��EDVHG�RQ�WKH�
PHDQ� YDOXHV� RI� LQWHUQDO� DQG� H[WHUQDO� WHPSHUDWXUH� RI�
WKH� EXLOGLQJ� IRU� WKH� FOLPDWH� WKDW� ZLOO� EH� VLPXODWHG���
7KH�PDLQ�IDoDGH�LV�WXUQHG�WR�QRUWK��7KH�ZRUNLQJ�KRXU�
LV� IURP� �� DP� WR� �� SP� IURP�0RQGD\� WR� )ULGD\� DQG�
6DWXUGD\V�IURP���DP�WR���SP��FORVHG�RQ�6XQGD\V�DQG�
KROLGD\V�� 2FFXSDQF\� GHQVLW\� LV� ����� SHRSOH�Pð��
IROORZLQJ�YDOXHV�VHW�E\�1%5���������$%17���������
7KH� PHWDEROLF� UDWH� XVHG� IRU� SHRSOH� VWDQGLQJ�� ZLWK�
PRGHUDWH�ZRUN�DQG�ZDONLQJ��ZDV���Z�Pð��DFFRUGLQJ�
WR� ,62� ������ 7KH� ZHDULQJ� DGRSWHG� HVWDEOLVKHG� D�
UHVLVWDQFH� RI� ���� FOR� IRU� VXPPHU� DQG� ���� FOR� IRU�
ZLQWHU��FRQVLGHULQJ�,62�������
7KH� EXLOGLQJV� KDG� EHHQ� VLPXODWHG� DV� DUWLILFLDOO\�
FRQGLWLRQHG��ZLWK�D�GHYLFH�W\SH�6SOLW�$LU�&RQGLWLRQHU�
&23������:���:��/HYHO�$���7KH�OLJKWLQJ�OHYHO�IRU�WKH�
HQYLURQPHQW� ZDV� GHILQHG� LQ� ���OX[� ZLWK� KHDW�
GLVVLSDWLRQ�RI���Z���Pð�1%5���������$%17���������
7KH�FKDUJH�GHQVLW\�RI�HTXLSPHQW�ZDV�VHW� WR�����:���
Pð� DV� 1%5�������� �$%17�� ������� 7KH� PRGHOOLQJ�
DQG�FRQILJXUDWLRQ�HQYHORSH� W\SRORJ\�ZDV�SHUIRUPHG�
IROORZLQJ� WKH� VSHFLILF� IHDWXUHV� RI� WKH� EXLOGLQJ�� 7KH�
KHDWLQJ� VHW� SRLQW� ZDV� VHW� DW� ��� ��&� DQG� FRROLQJ� VHW�
SRLQW� DW� ��� �� &�� DFFRUGLQJ� WR� 1%5� ������ �$%17��
�������
7KH� ILUVW� VWRUH� XQGHU� VWXG\� LV� DQ� H[HPSODU� RI� VPDOO�
VKRS��ORFDWHG�LQ�WKH�PLGGOH�RI�WKH�FRXUW��QHZ��EHFDXVH�
LW� ZDV� EXLOW� LQ� ����� DQG� RZQHG� FRYHUDJH� H[SRVHG��
7KH� EXLOGLQJ� KDV� FRQVWUXFWLRQ� IHDWXUHV� RI� WKH� ILUVW�
GHFDGH�RI� WKLV� FHQWXU\�� EHFDXVH� LW�ZDV�EXLOW� LQ������
IRU�FRPPHUFLDO�XVH��7R� LQVHUW�GDWD� LQ�'HVLJQ%XLOGHU�
VRIWZDUH�LV�QHFHVVDU\�WR�WUDQVIRUP�WKH�KHWHURJHQHRXV�
HOHPHQWV� LQWR� KRPRJHQHRXV� HTXLYDOHQW� WKLFNQHVVHV�
DQG�GHQVLWLHV�HTXLYDOHQW��DV�VKRZQ�LQ�7DEOH����
�

�

7DEOH���
)HDWXUHV�RI�WKH�HQYHORSH�EXLOGLQJ�FRQVWUXFWLRQ�;;,�

FHQWXU\�
ELEMENT  e  

�FP��
 

�.J�Pñ��
λ 

�:�P�N��
c 

�-�.J�.��
:DOOV� ����� ����� ����� �������

:DOOV�
SODVWHULQJ��

����� ����� ����� �����

�&RQFUHWH�
EORFNV�

����� ����� ����� �����

)LEHU�FHPHQW�
WLOH�

������ ����� ����� �������

&HUDPLF�IORRU� ������ ����� ����� ����
&RQFUHWH�
VXEIORRULQJ�

����� ����� ����� �����

�
7KH�JODVV�XVHG� LQ� WKH� WUDQVSDUHQW� ORFNV�ZHUH� VLPSOH�
�PP� JODVV�� SURWHFWHG� ZLWK� DOXPLQXP� EOLQGV�� 7KH�
PDLQ�HQWUDQFH�RI�WKH�VWRUH�LV�SURWHFWHG�E\�DQ�DZQLQJ�
SURMHFWLRQ�RI������P��7KH�LQQHU�SDUW�RI�WKH�PRGHO�ZDV�
GLYLGHG�LQWR�]RQHV�DFFRUGLQJ�WR�WKH�SURMHFW��)LJXUH���
VKRZV�WKH��'�PRGHO�RI�WKH�EXLOGLQJ��

�
)LJXUH�����%XLOGLQJ�&RPPHUFLDO�FHQWXU\�;;,�

VLPXODWHG�
�

)RU� WKH� VLPXODWLRQ� PHWKRG� WKH� EXLOGLQJ� SUHVHQWHG�
OHYHO�(�HQHUJ\�HIILFLHQF\��WKHUHE\�GHPRQVWUDWLQJ�WKDW�
WKH� SRVVLELOLW\� RI� LPSURYLQJ� WKH� OHYHO� RI� HQHUJ\�
HIILFLHQF\�RI�WKLV�EXLOGLQJ��DFFRUGLQJ�WR�WDEOH����

�
7DEOH���

�&RPSDULVRQ�RI�WKH�DFWXDO�EXLOGLQJ�FRQVXPSWLRQ��;;,�
FHQWXU\� FRQVWUXFWLRQ��ZLWK� FRQVXPSWLRQ�RI� ODQGPDUN�
EXLOGLQJV���7KH�OHYHOV�RI�HIILFLHQF\�YDU\�IURP�³$´�WR�
³(´�� ZKHUH� ³$´� LV� WKH� KLJKHVW� LQGH[� DQG� ³(´�
FKDUDFWHUL]LQJ�WKH�ORZHVW�HIILFLHQF\��

KWh/year 
Edificio 
assessed A B C D 

(TXLSPHQWV� ������� ������� ������� ������� �������
/LJKWLQJ�� ������� ������� ������� ������� �������
+HDWLQJ� ������� ������� ������ ������ ������
&RROLQJ� �������� �������� �������� �������� �������
Total  126.570 82.590  93.380 103.860  122.900 
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7KH� VHFRQG� VKRS� LV� DQ� H[HPSODU\� VWXG\� RI� VPDOO�
VKRS�� ORFDWHG� LQ� PLG�EORFN�� ROG�� ZDV� FRQVLGHUHG� DV�
FRQVHUYHG� E\� NHHSLQJ� WKH� SHUFHQWDJH� RI� WKH� IDoDGHV�
RSHQLQJV� FORVH� WR� WKH� RULJLQDO�� 7KH� IHDWXUHV� RI� WKH�
EXLOGLQJ�HQYHORSH�DUH�SUHVHQWHG�LQ�WDEOH������

�
7DEOH���

)HDWXUHV�RI�WKH�HQYHORSH�EXLOGLQJ�FRQVWUXFWLRQ�
FHQWXU\�;;�

ELEMENT  e  
�FP��

 
�.J�Pñ��

Λ 
�:�P�N��

C 
�-�.J�.��

([WHUQDO�:DOOV� ����� ����� ����� �������
,QWHUQDO�:DOOV� ����� ����� ����� �������
:DOOV�
SODVWHULQJ� ����� ����� ����� �����

&RQFUHWH�EORFNV� ����� ����� ����� �����
3RO\YLQ\O�
FKORULGH�&HLOLQJ�

������ ����� ����� ��

)LEHU�FHPHQW�
WLOH� ������ ����� ����� �������

&HUDPLF�IORRU� ������ ����� ����� ����
&RQFUHWH�
VXEIORRULQJ� ����� ����� ����� �����

�
7KH�JODVV�XVHG�LQ�WKH�WUDQVSDUHQW��RSHQLQJV�LV�VLPSOH�
�PP��ZLWK�WKH�H[FHSWLRQ�RI�WKH�WZR�YLWULQHV�WKDW�KDYH�
WHPSHUHG� JODVV� ��PP�� 3URWHFWHG� ZLWK� DOXPLQXP�
VKXWWHUV�DQG�ZRRGHQ�ZLQGRZV��7KH� LQQHU�SDUW�RI� WKH�
PRGHO� ZDV� GLYLGHG� LQWR� ]RQHV� DFFRUGLQJ� WR� WKH�
SURMHFW��)LJXUH���VKRZV�WKH��'�PRGHO�RI�WKH�EXLOGLQJ��
�
�
�

 
)LJXUH�����%XLOGLQJ�&RPPHUFLDO�FHQWXU\�;;�

VLPXODWHG�
�

/LNH�WKH�SUHYLRXV�FRQVWUXFWLRQ��LW�DOVR�VKRZHG�OHYHO�(�
HQHUJ\�HIILFLHQF\��WKHUHE\�DOVR�GHPRQVWUDWLQJ�WKDW�WKH�
SRVVLELOLW\� RI� LPSURYLQJ� WKH� OHYHO� RI� HQHUJ\�
HIILFLHQF\�RI�WKLV�EXLOGLQJ��DFFRUGLQJ�WR�WDEOH����
 

�
�

7DEOH���
�&RPSDULVRQ�RI�WKH�DFWXDO�EXLOGLQJ�FRQVXPSWLRQ��;;�
FHQWXU\� FRQVWUXFWLRQ��ZLWK� FRQVXPSWLRQ�RI� ODQGPDUN�
EXLOGLQJV���7KH�OHYHOV�RI�HIILFLHQF\�YDU\�IURP�³$´�WR�
³(´�� ZKHUH� ³$´� LV� WKH� KLJKHVW� LQGH[� DQG� ³(´�
FKDUDFWHUL]LQJ�WKH�ORZHVW�HIILFLHQF\��

KWh/year 
Edificio 
assessed A B C D 

(TXLSPHQWV� ������� ������� ������� ������� �������
/LJKWLQJ�� ������� ������� ������� ������� �������
+HDWLQJ� ������ �������� ������� ������� �������
&RROLQJ� ������� ������� �������� ������� �������
Total  136.350 88.050 99.280 115.160 126.460 
�

7KH� IHDWXUHV� RI� WKH� EXLOGLQJ� HQYHORSH� WR� UHDFK� �$��
OHYHO�RI�HIILFLHQF\�DUH�SUHVHQWHG�LQ�WDEOH����7KH�ZDOOV�
DQG� FRYHULQJ� VKRZ� ORZ� WKHUPDO� WUDQVPLWWDQFH�
8ZDOO ����� :��Pð�.��� WKHUPDO� &DSDFLW\� RI� :DOOV�
���� N-��Pð�.�� DQG� 8FRYHULQJ�  � ����� :��Pð�.���
WKHUPDO� &DSDFLW\� RI� � FRYHULQJ� ���� N-��Pð�.��� 7KH�
VRODU� DEVRUSWDQFH� RI� DGRSWHG� IDFDGHV� OHVV� WKDQ� RU�
HTXDO�WR���������

7DEOH���
)HDWXUHV�RI�WKH�HQYHORSH�EXLOGLQJ�FRQVWUXFWLRQ�WR�

UHDFK��$��OHYHO�RI�HQHUJ\�HIILFLHQF\��
ELEMENT  e  

�FP��
 

�.J�Pñ��
Λ 

�:�P�N��
C 

�-�.J�.��
([WHUQDO�:DOOV�

3ODVWHULQJ� ����� ����� ����� �����
3RO\VW\UHQH� ������ ��� ����� �����
FHUDPLF�EULFN� ����� ����� ����� �����
3ODVWHULQJ� ����� ����� ����� �����

&RYHULQJ 
3ODVWHULQJ� ����� ����� ����� �����
3RO\VW\UHQH� ����� ��� ����� �����
&RQFUHWH�
VXEIORRULQJ�

����� ����� ����� ����

3ODVWHULQJ� ����� ����� ����� �����
�

&21&/86,21�
�
:KHQ� REVHUYLQJ� WKH� GDWD� VXUYH\HG� VR� IDU�� LW� LV�
SRVVLEOH� WR� UHDOL]H� WKDW� VLJQLILFDQW� SDUWV� RI� WKH�
EXLOGLQJV� GRZQWRZQ� 3HORWDV� DUH� GLUHFWHG� WR� WKH�
FRPPHUFLDO�DUHD��ZKLFK� LV� WKH�IRFXV�RI� VWXG\� LQ� WKLV�
SDSHU��7KH\�IROORZ�D�SDWWHUQ�� LQ�WKHLU�JUHDW�PDMRULW\��
RI� WZR� IORRUV� DQG� WKH\� DUH� LPSODQWHG� LQ� ORWV� LQ� WKH�
PLGGOH�RI�WKH�EORFNV��EHFRPLQJ�OLPLWHG�ZLWK�UHODWLRQ�
WR� VXQOLJKW�� GHSHQGLQJ� RQ� WKH� VRODU� SRVLWLRQ�� 7KH\�
ZHUH� EXLOW� LQ� WKH� ����V�� KDYH� IDoDGHV� SDLQWHG� ZLWK�
OLJKW� FRORUV� DQG� D� PHDQ� SHUFHQWDJH� RI� WUDQVSDUHQW�
HQYHORSH��6XFK�GDWD�RI�WKH�ILUVW�VWDJH�RI�WKH�UHVHDUFK�
ZLOO�KHOS� WR� LGHQWLI\� WKH�SDWWHUQ�RI�HQHUJ\�HIILFLHQF\�
RI�FRPPHUFLDO�W\SRORJLHV�RI�3HORWDV��
:LWK� WKH� UHVXOWV� REWDLQHG� IURP� WKH� FRPSXWLQJ�
VLPXODWLRQ�� LW� FDQ� EH� REVHUYHG� WKDW� WKH� EXLOGLQJV�
DQDO\]HG� SUHVHQWHG� HQHUJ\� HIILFLHQF\� OHYHO� ³(´�
FKDUDFWHUL]LQJ�WKH�ORZHVW�HIILFLHQF\��

Proceedings of BS2013: 
13th Conference of International Building Performance Simulation Association, Chambéry, France, August 26-28

- 716 -



5HJDUGOHVV� RI� WKH� FRQVWUXFWLRQ� WHFKQLTXHV� DQG�
PDWHULDOV� DSSOLHG� LQ� ERWK� EXLOGLQJV�� WKH\� KDG� ORZ�
OHYHOV� RI� HQHUJ\� HIILFLHQF\�� GHPRQVWUDWLQJ� WKDW� WKH�
SURSRVHG�UHVHDUFK�LV�WR�LGHQWLI\�WKH�SDWWHUQ�RI�HQHUJ\�
HIILFLHQF\� DQG� SURSRVH� PHDVXUHV� IRU� HQHUJ\�
FRQVHUYDWLRQ�� DLPLQJ� WR� LPSURYH� WKHVH� OHYHOV� VKRZQ�
WR�EH�IHDVLEOH�DQG�QHFHVVDU\��

120(1&/$785(�
PAFT� SHUFHQWDJH�RI�WKH�IDoDGHV�RSHQLQJV����� 
ILD� ,QWHUQDO�/RDG�'HQVLW\��:�Pð���
COP� &RHIILFLHQW�RI�3HUIRUPDQFH��
VSA� YHUWLFDO�VKDGLQJ�DQJOH��
HAS � +RUL]RQWDO�DQJOH�RI�VKDGLQJ���
8� �WKHUPDO�WUDQVPLWWDQFH��:��Pð�.����
8ZDOO��� �ZDOOV�WKHUPDO�WUDQVPLWWDQFH��:��Pð�.����
8FRYHULQJ�����FRYHULQJ�WKHUPDO�WUDQVPLWWDQFH�

�:��Pð�.����

$.12:/('*(0(176�
7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�WR�&13T�DQG�&$3(6�
IRU� WKH� VXSSRUW� WR� WKH� DFFRPSOLVKPHQW� RI� WKLV�
UHVHDUFK� 
5()(5(1&(6�
$%17�±�$VVRFLDomR�%UDVLOHLUD�GH�1RUPDV�7pFQLFDV��

1%5� ��������� 'HVHPSHQKR� WpUPLFR� GH�
HGLILFDo}HV� ±� 3DUWH� ���=RQHDPHQWR� ELRFOLPiWLFR�
EUDVLOHLUR� H� HVWUDWpJLDV� GH� FRQGLFLRQDPHQWR�
WpUPLFR� SDVVLYR� SDUD� KDELWDo}HV� GH� LQWHUHVVH�
VRFLDO��5LR�GH�-DQHLUR������E��

BBBBBB�1%5��������'HVHPSHQKR�GH�HGLItFLRV�GH�DWp�
FLQFR�SDYLPHQWRV��SDUWH����UHTXLVLWRV�JHUDLV��5LR�
GH�-DQHLUR��$%17�������

BBBBBB� 1%5� ��������� ,QVWDODo}HV� GH� DU�
FRQGLFLRQDGR��6LVWHPDV�FHQWUDLV�H�XQLWiULRV�3DUWH�
���3URMHWRV�GDV��5LR�GH�-DQHLUR��$%17��������

BBBBBB� 1%5� ��������� ,QVWDODo}HV� GH� DU�
FRQGLFLRQDGR� ²� 6LVWHPDV� FHQWUDLV� H� XQLWiULRV�
3DUWH����4XDOLGDGH�GR�DU�LQWHULRU��5LR�GH�-DQHLUR��
$%17��������

$6+5$(� ±� $PHULFDQ� 6RFLHW\� RI� +HDWLQJ��
5HIULJHUDWLQJ� DQG� $LU�&RQGLWLRQLQJ� (QJLQHHUV��
$6+5$(� +DQGERRN� ±� )XQGDPHQWDOV�� $WODQWD��
������

BBBBB�� $6+5$(� 6WDQGDUG� ���� 7KHUPDO�
(QYLURQPHQWDO� &RQGLWLRQV� IRU� +XPDQ�
2FFXSDQF\�$WODQWD��������

%UDVLO�� /HL� Q�� ������� GH� ��� GH� RXWXEUR� GH� ������
'LVS}H�VREUH�D�3ROtWLFD�1DFLRQDO�GH�&RQVHUYDomR�
H�8VR�5DFLRQDO� GH�(QHUJLD�� /H[��'LiULR�2ILFLDO�
GD� 8QLmR�� %UDVtOLD�� ����D�� $YDLODEOH� IURP��
�ZZZ�LQPHWUR�JRY�EU�TXDOLGDGH�OHL������SGI!��
$FFHVVHG�RQ�����GH�PDLR�GH������

BBBBBB� 'HFUHWR� Q�� ������� GH� ��� GH� GH]HPEUR� GH�
������ 5HJXODPHQWD� D� /HL� QR� �������� GH� ��� GH�
RXWXEUR� GH� ������ TXH� GLVS}H� VREUH� D� 3ROtWLFD�
1DFLRQDO� GH� &RQVHUYDomR� H� 8VR� 5DFLRQDO� GH�

(QHUJLD�� H� Gi� RXWUDV� SURYLGrQFLDV�� /H[�� 'LiULR�
2ILFLDO�GD�8QLmR��%UDVtOLD������E���

$YDLODEOH� IURP�
�ZZZ�PPH�JRY�EU�PLQLVWHULR�OHJLVODFDR�GHFUHWR
V�'HFUHWR���Q���������������KWPO!��
$FFHVVHG�RQ�����GH�PDLR�GH������

(0%5$3$��(VWDomR�$JURFOLPDWROyJLFD�GH�3HORWDV��
1RUPDLV�&OLPDWROyJLFDV�0HQVDO�$QXDO��
'LVSRQtYHO�HP��
�KWWS���ZZZ�FSDFW�HPEUDSD�EU�DJURPHW�HVWDFDR�
�PHQVDO�KWPO�!�DFHVVDGR�HP����GH�PDLR�GH�
������
*(//(5��+���2�XVR�HILFLHQWH�GD�HOHWULFLGDGH�±�XPD�

HVWUDWpJLD� GH� GHVHQYROYLPHQWR� SDUD� R� %UDVLO��
,1((��$&(((��5LR�GH�-DQHLUR�5-��������

,10(752� ±� ,QVWLWXWR� 1DFLRQDO� GH� 0HWURORJLD��
1RUPDOL]DomR� H� 4XDOLGDGH� ,QGXVWULDO��
5HJXODPHQWR�7pFQLFR�GD�4XDOLGDGH�GR�1tYHO�GH�
(ILFLrQFLD� (QHUJpWLFD� GH� (GLItFLRV� &RPHUFLDLV��
GH�6HUYLoRV�H�3~EOLFRV�������

,10(752� �� ,QVWLWXWR� 1DFLRQDO� GH� 0HWURORJLD��
1RUPDOL]DomR� H� 4XDOLGDGH� ,QGXVWULDO��
5HJXODPHQWR�7pFQLFR�GD�4XDOLGDGH�SDUD�R�1tYHO�
GH� (ILFLrQFLD� (QHUJpWLFD� GH� (GLILFDo}HV�
5HVLGHQFLDLV��574�5��(OHWUREUiV��������

,17(51$7,21$/� 25*$1,=$7,21� )25�
67$1'$5',=$7,21�� ,62� ������ (UJRQRPLFV�
RI� WKH� WKHUPDO� HQYLURQPHQW�� $QDO\WLFDO�
GHWHUPLQDWLRQ� DQG� LQWHUSUHWDWLRQ� RI� WKHUPDO�
FRPIRUW� XVLQJ� FDOFXODWLRQ� RI� 309� DQG� 33'�
LQGLFHV� DQG� ORFDO� WKHUPDO� FRPIRUW� FULWHULD��
*HQHYD�������

/$0%(576�� 5��� '875$�� /��� 3(5(,5$�� )�� 2�� 5��
(ILFLrQFLD�(QHUJpWLFD�QD�$UTXLWHWXUD�� �D�HGLomR��
6mR�3DXOR��3UR/LYURV��������

�
�
�
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