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$%675$&7�
7KH�SXUSRVH�RI� WKLV� SDSHU� LV� WR�GHYHORS� DQ� LQGH[� WR�
HYDOXDWH� WKH� IHQHVWUDWLRQ� HIILFLHQF\� UHJDUGLQJ� WKH�
GD\OLJKWLQJ�VFHQH��,Q�WKLV�VWXG\��WKUHH�GLIIHUHQW�W\SHV�
RI� IUDPHV� DQG� WZHOYH� GLIIHUHQW� W\SHV� RI� JODVV�ZKHUH�
HYDOXDWHG�� 7KH� PRGHOV� ZHUH� EDVHG� RQ� %UD]LOLDQ�
EXLOGLQJ�FKDUDFWHULVWLFV�DQG�ZHUH�VLPXODWHG�DFFRUGLQJ�
WR� WKUHH� %UD]LOLDQ� FOLPDWH� ]RQHV�� 7KH� SURJUDP�
DGRSWHG� IRU� WKH� GD\OLJKWLQJ� VLPXODWLRQ�ZDV�'D\VLP��
DQG� IRU� HQHUJ\� VLPXODWLRQV�(QHUJ\3OXV��$V� D� UHVXOW��
DQ� LQGH[� WKDW� FRPELQHV� WKH� SHUFHQWDJH� RI� WKH�
HQYLURQPHQW�DUHD�SUHVHQWLQJ�PRUH� WKDQ�����RI�8',�
ZLWK�JOD]LQJ�DQG�IORRU�DUHD�ZDV�REWDLQHG��7KLV�LQGH[�
DOORZHG� WKH� GHYHORSPHQW� RI� D� ODEHOLQJ� V\VWHP� WKDW�
FODVVLILHV� WKH�ZLQGRZV� IURP�$� WR�(��2QH� H[SHFWV� WR�
VKRZ�WKH�UHOHYDQFH�RI�FRQVLGHULQJ�GD\OLJKWLQJ�LQ�DQ\�
DWWHPSW� WR� HYDOXDWH� WKH� FRQWULEXWLRQ� RI� ZLQGRZV� WR�
EXLOGLQJ�HQHUJ\�HIILFLHQF\��
�

�,1752'8&7,21�
'D\OLJKWLQJ� SUHVHQWV� D� QXPEHU� RI� TXDOLWLHV� WKDW� KDV�
SURYHQ�LWV�YDOXH�LQ�WKH�DUFKLWHFWXUDO�GHVLJQ��,W�LV�ZHOO�
NQRZ� WKDW� WKH� FRQWULEXWLRQ� RI� GD\OLJKW� LQ� WKH� OLYLQJ�
HQYLURQPHQW� KDV� SRVLWLYH� HIIHFWV� LQ� KXPDQ� KHDOWK��
FRQVLGHULQJ� WKH� VOHHS�ZDNH� F\FOHV�� SURGXFWLYLW\�
�+(6&+21*���������DQG�TXDOLW\�FRORU�UHSURGXFWLRQ��
DPRQJ�RWKHU�DVSHFWV��,Q�DGGLWLRQ��LW�KDV�D�UHFRJQL]HG�
SRWHQWLDO� IRU� HQHUJ\� VDYLQJ� ZKHQ� UHSODFLQJ� RU�
VXSSOHPHQWLQJ�DUWLILFLDO�OLJKWLQJ��+RZHYHU��WKH�XVH�RI�
GD\OLJKWLQJ� PXVW� EH� UHJXODWHG� LQ� RUGHU� WR� DYRLG�
H[FHVV� LQ� WKH� LOOXPLQDQFH� OHYHOV�� ZKLFK� PD\� FDXVH�
YLVXDO� GLVFRPIRUW� DQG� JUHDWHU� VRODU� JDLQ�� LQFUHDVLQJ�
FRROLQJ� ORDGV� LQ� EXLOGLQJV� �0$5'$/-(9,&� HW� DO��
�������)HQHVWUDWLRQ�TXDOLW\�KDV�D�IXQGDPHQWDO�UROH�LQ�
LWV� SHUIRUPDQFH�� WHFKQRORJLFDO� DGYDQFHV� VXFK� DV�
VSHFWUDOO\� VHOHFWLYH� ORZ�HPLVVLYLW\� FRDWLQJV� KDYH�
VLJQLILFDQWO\� HQKDQFHG� WKH� HQHUJ\� HIILFLHQF\� RI�
ZLQGRZV� RYHU� WKH� ODVW� \HDUV�� /RZHU� WUDQVPLWWDQFHV�
DFURVV�WKH�YLVLEOH�VSHFWUXP�ZLOO�SURPRWH�D�UHGXFWLRQ�
LQ� WKH� VRODU� KHDW� JDLQ� DQG� SUREDEO\� PDNH� WKH� JODVV�
DSSHDU�GDUNHU��$37(�HW�DO����������6HYHUDO�FRXQWULHV�
DUH� LQ� WKH� SURFHVV� RI� GHYHORSLQJ� DQG� LPSOHPHQWLQJ�
:LQGRZ� (QHUJ\� 5DWLQJ� 6\VWHPV� �:(56��� WKDW�
LQGLFDWH� WKH� SRWHQWLDO� DPRXQW� RI� VDYLQJV� D� KLJK�
SHUIRUPDQFH�ZLQGRZ�FDQ�SURYLGH��ZKHQ�FRPSDUHG�WR�
D�VWDQGDUG�ZLQGRZ��.DUOVVRQ�DQG�5RRV��������6LQJK�

DQG� *DUJ�� ������� 0RVW� FXUUHQW� :(56� GR� QRW�
FRQVLGHU� DQ� LQGH[� WR� PHDVXUH� WKH� IHQHVWUDWLRQ�
FDSDELOLW\� RI� WUDQVPLWWLQJ� DQG� FRQWUROOLQJ� GD\OLJKW�
DQG�LWV�LQIOXHQFH�LQ�WKH�EXLOW�HQYLURQPHQW��$FFRUGLQJ�
WR�0DUGDOMHYLF� HW� DO�� �������� WKH� IRUPXODWLRQ� RI� WKH�
GD\OLJKWLQJ� PHWULFV� LV� LQ� FRQWLQXRXV� GHYHORSPHQW��
DQG� LW� LV� QRW� \HW�HYLGHQW� LI� D� VLQJOH�PHWULF�ZRXOG�EH�
DSSOLFDEOH� WR� ERWK� QRQ�GRPHVWLF� DQG� UHVLGHQWLDO�
EXLOGLQJV�� VLQFH� WKH\� SUHVHQW� YHU\� GLIIHUHQW�
FKDUDFWHULVWLFV�� 7KH� GD\OLJKWLQJ� PHWULF� DGRSWHG� IRU�
WKLV� SDSHU� ZDV� 8VHIXO� 'D\OLJKWLQJ� ,OOXPLQDQFH�
�8',���ZLWK�D�EDQG�UDQJLQJ�IURP����OX[�WR�����OX[��
WR� HYDOXDWH� WKH� VSHFWUDOO\� VHOHFWLYH� JOD]LQJ� DQG�
DWWHPSW� D� EDODQFH� DPRQJ� WKH� ZLQGRZ� IHDWXUHV� WKDW�
DOORZ� GD\OLJKW� DGPLVVLRQ�� DYRLGLQJ� H[FHVVLYH�
LOOXPLQDQFH� OHYHOV�� 8',� LV� GHILQHG� DV� WKH� DQQXDO�
RFFXUUHQFH� DFURVV� WKH� ZRUN� SODQH� RI� LOXPLQDQFHV�
ZLWKLQ� D� XVHIXO� UDQJH� IRU� WKH� RFFXSDQWV�� EHLQJ�
VXEGLYLGHG� LQWR� WZR� UDQJHV�� GD\OLJKW� LOOXPLQDQFHV�
IURP� ���� WR� ���� OX[� DUH� FRQVLGHUHG� DV� 8',�
VXSSOHPHQWDU\��SUHVXPHG�VXIILFLHQW�LQGHSHQGHQWO\�RU�
FRPELQHG� ZLWK� DUWLILFLDO� OLJKWLQJ�� DQG� GD\OLJKW�
LOOXPLQDQFHV� IURP� ���� WR� ����� OX[�� FDOOHG� 8',�
DXWRQRPRXV�� ZKHUH� DGGLWLRQDO� DUWLILFLDO� OLJKWLQJ�
SUREDEO\�ZLOO�QRW�EH�UHTXLUHG��0$5'$/-(9,&�HW�DO��
������� 7KH� DVVHVVPHQW� RI� WKH� HQHUJ\� HIILFLHQF\�
FRQVLGHULQJ� WKH� XVH� RI� GD\OLJKW� LQ� EXLOGLQJV� ZDV�
FDUULHG� RXW� WKURXJK� WKHUPRG\QDPLF� VLPXODWLRQ�
VRIWZDUH��ZKLFK�FRPELQHV�ORFDO�ZHDWKHU�GDWD�DQG�WKH�
'D\OLJKW� &RHIILFLHQWV� FRQFHSW� LQ� WKH� VLPXODWLRQ�
SURFHVV�� 7KH� VRIWZDUH� FKRVHQ� IRU� WKLV� VWXG\� ZDV�
(QHUJ\3OXV�� ZKLFK� DOVR� FDOFXODWHV� WKH� LQWHULRU�
LOOXPLQDQFH� EDVHG� RQ� WKH� VSOLW�IOX[� DQG� UDGLRVLW\�
PHWKRG��6LQFH� WKH�(QHUJ\3OXV�SURJUDP�KDV�VKRZQ�D�
WHQGHQF\� WR� RYHUHVWLPDWH� GD\OLJKWLQJ� LQ� WKH�
EXLOGLQJ¶V�LQWHULRU��WKH�VRIWZDUH�'D\VLP�LV�HPSOR\HG��
FDOFXODWLQJ�WKH�LQWHULRU�LOOXPLQDQFH�EDVHG�RQ�WKH�UD\�
WUDFLQJ� PHWKRG� �<81� DQG� .,0�� ������� 7KLV�
LQWHJUDWHG� VLPXODWLRQ� PHWKRG� FRPSHQVDWHV� WKH�
OLPLWDWLRQ�RI�WKH�SURJUDP�(QHUJ\3OXV�E\�FRQVLGHULQJ�
LQ� WKH� FDOFXODWLRQV� D� UHSRUW� RI� WKH� DUWLILFLDO� OLJKWLQJ�
FRQWURO� SURGXFHG� E\� 'D\VLP�� HVWLPDWLQJ� WKH� WRWDO�
HQHUJ\� FRQVXPSWLRQ� RI� WKH� VWXGLHG� HQYLURQPHQW��
�3(5(,5$�DQG�','21e��������9(56$*(� HW�� DO� ��
���������
,Q� D� VWXG\� WR� HYDOXDWH� WKH� SUHGLFWLYH� DFFXUDF\� RI�
OLJKWLQJ� HQHUJ\� FRQVXPSWLRQ� E\� WKH� (QHUJ\3OXV�
SURJUDP� DQG� E\� WKH� LQWHJUDWHG� VLPXODWLRQ� PHWKRG��
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<XQ� DQG�.LP� �������REWDLQHG� WKH� OLJKWLQJ� VFKHGXOH�
IURP�'D\VLP� WR�FRPSOHWH�DQ� DFFXUDWH�FDOFXODWLRQ�RI�
OLJKWLQJ� HQHUJ\� FRQVXPSWLRQ� ZLWK� (QHUJ\3OXV�� 7KH�
UHVXOWV�RI�WKHLU�VWXG\�VKRZHG�WKDW�WKH�,60��LQWHJUDWHG�
VLPXODWLRQ� PHWKRG�� LV� PRUH� DFFXUDWH� WKDQ� WKH�
(QHUJ\3OXV� VLPXODWLRQ�� VLQFH� WKH� PRGLILHG� OLJKWLQJ�
VFKHGXOH�LV�VLPLODU�WR�WKH�DFWXDO�VLWXDWLRQ��
7KH� SURSRVDO� RI� WKLV� SDSHU� FRQVLVWV� LQ� XVLQJ� WKH�

GD\OLJKWLQJ�LQGH[�DV�D�FRPSOHPHQWDWLRQ�RI�D�WKHUPDO�
ODEHOLQJ�V\VWHP��HQDEOLQJ�D�EURDGHU�DVVHVVPHQW�RI�WKH�
ZLQGRZ¶V�SHUIRUPDQFH��7KH�PDLQ�FRQWULEXWLRQ�RI�WKLV�
VWXG\� LV� WR� HPSKDVL]H� WKH� LPSRUWDQFH� RI� GD\OLJKW� LQ�
IHQHVWUDWLRQ�HYDOXDWLRQ��)RU�WKLV��WKH�PHWKRG�DGRSWHG�
ZDV�VWUXFWXUHG�LQ�WKUHH�SDUWV��7KH�ILUVW�SDUW�FRQVLVWV�LQ�
FRPSDULQJ� WZR� HQHUJ\� FRQVXPSWLRQ� VLPXODWLRQ�
PRGHOV�� RQH� ZLWK� WKH� HQWLUH� OLJKWLQJ� SRWHQWLDO�
DFWLYDWHG� DQG� RQH� WKDW� SRVVHVVHV� OLJKWLQJ� V\VWHPV�
ZLWK� GLPPLQJ� FRQWUROV�� IRU� KDUQHVVLQJ� WKH� SRWHQWLDO�
RI� GD\OLJKWLQJ�� � 7KLV� FRPSDULVRQ� ZDV� SRVVLEOH� ZLWK�
WKH� LQWHJUDWLRQ� RI� WKH� SURJUDPV�'D\VLP� DQG�(QHUJ\�
3OXV��7KH�VHFRQG�SDUW�GHDOV�ZLWK�WKH�DSSOLFDWLRQ�RI�D�
VHOHFWLYLW\� LQGH[� WKDW� FRQVLGHUV� WKH� EDODQFH� EHWZHHQ�
WKH� YLVLEOH� WUDQVPLWWDQFH� �97�� DQG� WKH� 6RODU� +HDW�
*DLQ� &RHIILFLHQW� �6+*&��� 7KH� WKLUG� SDUW� KDV� WR� GR�
ZLWK�WKH�HYDOXDWLRQ�RI�WKH�DUHD�FRQVLGHUHG�DV�GD\OLW��,W�
LV� H[SHFWHG� WKDW� WKH� ZLQGRZ� HYDOXDWLRQ� V\VWHP�
SURYLGHV�WKHVH�WKUHH�SLHFHV�RI�LQIRUPDWLRQ��DOORZLQJ�D�
EHWWHU�DVVHVVPHQW�RI�WKH�IHQHVWUDWLRQ�V\VWHP��
,W� LV� LPSRUWDQW� WR�KLJKOLJKW� WKDW�D� UHIHUHQFH�PRGHO�

ZDV�FUHDWHG� LQ�RUGHU� WR� FRPSDUH� WKH�SHUIRUPDQFH�RI�
WKH�ZLQGRZV� W\SHV��:LWK� WKH� LQWHQWLRQ�RI�FRPSDULQJ�
WKH� IHQHVWUDWLRQ� FRPELQDWLRQ�� LW� ZDV� GHFLGHG� WR�
PDLQWDLQ� WKH� DUFKLWHFWXUDO� JHRPHWU\� XQFKDQJHG�
WKURXJKRXW� WKH� VLPXODWLRQV�� DOORZLQJ� WKH�REVHUYDQFH�
RI�GLIIHUHQW�ZLQGRZV�ZKHQ�VXEMHFWHG�WR�WKH�VDPH�WHVW�
HQYLURQPHQW�����
5HVLGHQWLDO� EXLOGLQJV� ZHUH� FKRVHQ� IRU� WKLV� VWXG\�

EHFDXVH� WKH�ZLQGRZ�HQHUJ\� UDWLQJ� V\VWHPV� �:(56��
SURSRVHG� IRU� %UD]LOLDQ� FDVH� IRU� UHVLGHQWLDO�
HGLILFDWLRQV� GRHV� QRW� FRQVLGHU� GD\OLJKWLQJ� LQ� WKH�
ZLQGRZ� HYDOXDWLRQ�� 7KLV� SDSHU� LQWHQGV� WR�
GHPRQVWUDWH�WKDW�GD\OLJKWLQJ�FDQ�EH�D�UHOHYDQW�SDUW�RI�
ZLQGRZ� ODEHOLQJ� V\VWHPV�� 7KH� VDPH� PHWKRGRORJ\�
FDQ�EH�DSSOLHG�IRU�FRPPHUFLDO�HGLILFDWLRQV��DV�ORQJ�DV�
WKH�UHIHUHQFH�PRGHO�KDV�EHHQ�UHSODFHG�E\�D�QHZ�RQH�
EDVHG�RQ�FRPPHUFLDO�EXLOGLQJV�DUFKLWHFWXUDO�IHDWXUHV���

6,08/$7,21�
7R� HQVXUH� D� EDODQFHG� ZHOO�OLW� HQYLURQPHQW�� WKH�
ZLQGRZ�VKRXOG�DOORZ�WKH�WUDQVPLVVLRQ�RI�OLJKW�ZKLOH�
FRQWUROOLQJ� H[FHVVHV�� WKHUHIRUH� DYRLGLQJ� JODUH� WKDW�
IUHTXHQWO\� LQGXFHV� WKH� XVH� RI� GHYLFHV� VXFK� DV�
FXUWDLQV��ZKLFK�PD\�VLJQLILFDQWO\�UHGXFH�WKH�HQWUDQFH�
RI�OLJKW���
,Q� WKLV� FRQWH[W�� LW� LV� SURSRVHG� WR� FRPSOHPHQW� WKH�
ZLQGRZ¶V� WKHUPDO� SHUIRUPDQFH� ZLWK� OXPLQRXV�
SHUIRUPDQFH� GDWD�� SURYLGLQJ� PRUH� LQIRUPDWLRQ�
UHJDUGLQJ�HQHUJ\��
�

Reference models 
Climate data 
$V� FOLPDWH� GDWD�� (3:� ILOHV� IRU� 3RUWR� $OHJUH�� 6mR�
3DXOR� DQG� 6DOYDGRU� ZHUH� XVHG�� 7KH� WHUULWRU\� ZDV�
GLYLGHG� LQWR� WKUHH� FOLPDWH� ]RQHV�� UHSUHVHQWHG� E\� WKH�
VHOHFWHG�FLWLHV��DV�LOOXVWUDWHG�LQ�)LJXUH����

�

�
)LJXUH����'LYLVLRQ�RI�WKH�WHUULWRU\�LQWR�WKUHH�]RQHV����

Thermo-energetic simulation parameters 
7KH� PRGHO� XVHG� IRU� WKH� WKHUPDO� HQHUJ\� VLPXODWLRQ�
FRQVLVWV� RI� D� RQH�VWRU\� VLQJOH� IDPLO\� GZHOOLQJ�� ZLWK�
IRXU� WKHUPDO� ]RQHV�� ,W� FRQVLVWV� LQ� D� JHQHULF� KRPH� WR�
VHUYH� DV� D� EDVHOLQH� IRU� WKH� IHQHVWUDWLRQ� FRPSDULVRQ��
7KH� UHIHUHQFH� PRGHO� LQFRUSRUDWHV� DUFKLWHFWXUDO�
IHDWXUHV�FRPPRQ�LQ�%UD]LOLDQ�GZHOOLQJV��,Q�%UD]LO� LV�
QRW�FRPPRQ�XVH�DQ\�W\SH�RI�LQVXODWLRQ��

Envelope 
7KH� EXLOGLQJ� KDV� IHQHVWUDWLRQV� RI� ���P� [� ���P��
GLVWULEXWHG�RQ�WKH�IRXU�IDoDGHV��,W�KDV�WZR�ZLQGRZV�LQ�
HDFK�IDoDGH�IRU�WKH�RULHQWDWLRQV�6RXWK��(DVW�DQG�:HVW�
DQG�IRXU�ZLQGRZV� LQ� WKH�1RUWK� IDoDGH��DV� LOOXVWUDWHG�
LQ�)LJXUH����
�

� )LJXUH����=RQLQJ�RI�WKH�PRGHO��
�
7KH� ZDOOV� DUH� PDGH� RI� EULFNZRUN�� ZLWK� D�
WUDQVPLWWDQFH�RI�����:�Pð��.��7KH� IORRU�DQG�FHLOLQJ�
DUH� FRPSRVHG� E\� ��FP� VODEV� DQG� FRQVLGHUHG� DV�
DGLDEDWLF���

Internal loads 
7KH� EXLOGLQJ� KDV� D� VLPSOLILHG� RFFXSDWLRQ��
PDLQWDLQLQJ�D�KHDW�ORDG�RI�����:DWWV�SHU�]RQH��ZKLFK�
LV�HTXLYDOHQW�WR�WKH�KHDW�HPLWWHG�E\�D�SHUVRQ�LQ�OLJKW�
DFWLYLW\���
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7KH� HTXLSPHQW� ORDG� LV� ��� :DWWV� SHU� ]RQH�� 7KH�
OLJKWLQJ� LV� DOVR� FRQVLGHUHG� LQYDULDEOH� LQ� WKH�
VLPXODWLRQ��7KH�LQVWDOOHG�SRZHU�GHQVLW\�LV������:�Pð�
LQ�DOO�]RQHV�DQG�UHPDLQV�DFWLYDWHG�IURP��DP�WR���SP��
RQ�D�GDLO\�EDVLV��

�

 

Frames 
)RXU� GLIIHUHQW� PDWHULDOV� ZHUH� VLPXODWHG�� 6WHHO��
$OXPLQXP��:RRG� DQG� 39&�� 7KH�8�IDFWRUV� DGRSWHG�
ZHUH� DV� IROORZV�� 6WHHO� �� :�Pð.�� $OXPLQXP� ��
:�Pð.��:RRG�����:�Pð.�DQG�39&���:�Pð.���
'HSHQGLQJ� RQ� WKH� PDWHULDO�� WKH� ZLQGRZV� SUHVHQW�
GLIIHUHQW� SURSRUWLRQV� RI� JODVV� DQG� IUDPH�� 7KH�
VWUXFWXUH�RI�ZLQGRZ�IUDPHV�PDGH�RI�ZRRG�RU�39&�LV�
WKLFNHU�WKDQ�WKH�RQHV�PDGH�RI�VWHHO�RU�DOXPLQXP��)RU�
WKLV�UHDVRQ��D�����JODVV�IUDPH�UDWLR�ZDV�DGRSWHG�IRU�
WKH� VLPXODWLRQV�ZLWK�ZRRG�DQG�39&� IUDPHV� DQG� IRU�
VWHHO�DQG�DOXPLQXP�IUDPHV�D�SURSRUWLRQ�RI�����ZDV�
DGRSWHG���

Glazing 
7KH� JOD]LQJV� XVHG� LQ� WKH� VLPXODWLRQV� ZHUH� VHOHFWHG�
SULPDULO\�E\�SDUDPHWHUV� VXFK� DV� 6+*&��97�DQG�8�
)DFWRU�� ZKLFK� FRYHUHG� WKHRUHWLF� PLQLPXP� DQG�
PD[LPXP�YDOXHV�WKDW�FDQ�EH�IRXQG�LQ�WKH�PDUNHW��
:LWK� WKH� :,1'2:� ���� SURJUDP� DQG� WKH� ,*'%�
�,QWHUQDWLRQDO� *OD]LQJ� 'DWDEDVH� DSSURYHG� E\� WKH�
1)5&��� WKDW� SURYLGHV� GDWD� RI� VSHFLILF� JOD]LQJ�
SURGXFHUV� DQG� DOVR� RI� JHQHULF� SURGXFWV�� WKH� JODVVHV�
ZHUH� VHOHFWHG� ZLWK� SDUDPHWHUV� VLPLODU� WR� WKRVH�
SUHYLRXVO\� GHILQHG�� 7KH� YDOXHV� RI� WKH� JHQHULF�
JOD]LQJV� DUH� DQ� DYHUDJH� RI� DW� OHDVW� WZR� VDPSOHV�� LQ�
DFFRUGDQFH� ZLWK� WKH� 1)5&�
7+(50����:,1'2:���� 6LPXODWLRQ� 0DQXDO�
��������
)RU�WKH�VLPSOH�JOD]LQJ�YDOXHV�ZHUH�VHOHFWHG�VDPSOHV�
RI� SURGXFHUV� OLVWHG� E\� ,*'%� WKDW� DUH� SUHVHQW� LQ� WKH�
%UD]LOLDQ�PDUNHW��ZLWK�YDOXHV�FORVH�WR�WKRVH�SURSRVHG�
LQ� 7DEOH� ����� 7KH� SURJUDP�:,1'2:� ���� SURYLGHV�
WKH� 8�IDFWRU�� ZKLFK� LV� GHWHUPLQHG� E\� ,*'%�� DQG�
DXWRPDWLFDOO\�FDOFXODWHV�WKH�97�DQG�WKH�6+*&�RI�WKH�
JOD]LQJ��DFFRUGLQJ�WR�1)5&�VWDQGDUGV��

7KH�GRXEOH�JOD]LQJ�ZHUH�FDOFXODWHG�ZLWK�:,1'2:�
�����EDVHG�RQ�WKH�VHOHFWHG�VLQJOH�JOD]LQJV�DQG�DGGLQJ�
DQ� DLU� ILOOHG� OD\HU� RI� ��PP� LQ� DGGLWLRQ� WR� D� FOHDU�
JHQHULF�JODVV�RI��PP��7KH�UHVXOWV�DUH�IRXQG�LQ�WDEOH�
���

Daylighting simulation parameter 
8QOLNH� WKH� WKHUPDO� VLPXODWLRQ�� ZKHUH� LW� ZDV�
FRQVWUXFWHG� D� PRGHO� ZLWK� IRXU� GLIIHUHQW� WKHUPDO�
]RQHV��WKH�GD\OLJKW�PRGHOLQJ�LV�SHUIRUPHG�VHSDUDWHO\��
HDFK� ]RQH� FRUUHVSRQGLQJ� WR� RQH� QDWXUDO� OLJKWLQJ�
PRGHO��
7KH� FKDUDFWHULVWLFV� ZHUH� HTXLYDOHQW� WR� WKH� RQHV�
DSSOLHG�LQ�WKH�WKHUPDO�PRGHO��
)RU� WKH� VXUIDFHV� DYHUDJH� UHIOHFWDQFH� WKH� DGRSWHG�
YDOXHV�ZHUH��FHLOLQJ������ZDOO�����DQG�IORRU������
7KH�'D\VLP�SURJUDP�HVWDEOLVKHV�DV�JOD]LQJ�SURSHUW\�
LQSXW� WKH� WUDQVPLVVLYLW\� �5DGLDQFH�� ������� ZKLFK� LV�
REWDLQHG� WKURXJK� LWV� OLJKW� WUDQVPLWWDQFH� E\� WKH�
IROORZLQJ�HTXDWLRQ��

WQ�  � �VTUW��������������������������7Q7Q��
��������������������������7Q ����������������������������

Internal Loads  
7KH� SRZHU� GHQVLW\� DGRSWHG� ZDV� ����:�Pð� DQG� WKH�
FRQWURO�V\VWHP�LV�GLPPDEOH��7KH�FRQVXPSWLRQ�RI�WKH�
DXWRPDWLF� VKXWGRZQ� SUHVHQFH� VHQVRU� DQG� WKH�
GLPPHUV� XVHG� LQ� WKH� 'D\VLP� VLPXODWLRQV� LV� RI�
���:�Pð��
7KH�RFFXSDWLRQ�SHULRG�FRQVLGHUHG�ZDV�IURP���DP�WR�
���SP��

Useful Daylighting Index 
,Q� RUGHU� WR� HPSKDVL]H� WKH� DELOLW\� RI� WKH�

ZLQGRZ� WR� WUDQVPLW� OLJKW� DQG� IROORZLQJ� UHFHQW�
UHFRPPHQGDWLRQV�� WKH� XVXDO� PLQLPXP� 8',� ZDV�
LQFUHDVHG� IURP� ���OX[� WR� ���OX[�� 7KXV�� WKH�
ERXQGDULHV�RI�8',�IRU�WKLV�VWXG\�DUH�WKH�LOOXPLQDQFHV�
ORFDWHG� EHWZHHQ� ���OX[� DQG� ����OX[�� GXULQJ� WKH�
RFFXSDWLRQ�SHULRG�RI�WKH�EXLOGLQJ��

Labeling evaluation system 
,Q�RUGHU� WR�FRPSOHPHQW� WKH�ZLQGRZ¶V� WKHUPDO� ODEHO��
WKH�DVVHVVPHQW�RI�WKH�OLJKW�SHUIRUPDQFH�LV�FRPSRVHG�
RI�WKUHH�SDUWV��LQWHJUDWHG�VLPXODWLRQ��VHOHFWLYLW\�LQGH[�
DQG� GD\OLJKWLQJ� DUHD�� 7KHVH� WKUHH� SDUWV� DUH�
LQGHSHQGHQW� IURP� HDFK� RWKHU� DQG� DLP� WR� SURYLGH�
PRUH�GD\OLJKW�LQIRUPDWLRQ�LQ�WKH�ODEHOLQJ�V\VWHP��

Integrated simulation  
7KH� LQWHJUDWHG� VLPXODWLRQ� DLPHG� WR� KLJKOLJKW� WKH�
JODVV�IUDPH� VHWV� WKDW� SUHVHQWHG� EHWWHU� WKHUPDO� DQG�
OXPLQRXV�SHUIRUPDQFH��7R� WKLV� HQG�� WKH�GDWD� ILOH� ���
,QWJDLQ�FVY�� JHQHUDWHG� E\� WKH� SURJUDP� 'D\VLP� ZDV�
LPSRUWHG� DV� OLJKWLQJ� VFKHGXOH� IRU� (QHUJ\3OXV��
LQIRUPLQJ�ZKHQ� WKH� DUWLILFLDO� OLJKWLQJ� V\VWHP� VKRXOG�
EH� DFWLYDWHG� DQG� LQ� ZKDW� SURSRUWLRQ�� $� GLPPLQJ�
VHQVRU�ZDV�ORFDWHG�LQ�WKH�FHQWHU�RI�HDFK�]RQH��)RU�WKH�
LQWHJUDWHG�VLPXODWLRQ�WKH�JOD]LQJV�IURP���WR����ZHUH�
VLPXODWHG�ZLWK�DOXPLQXP��39&�DQG�ZRRG�IUDPHV��

7DEOH����*OD]LQJ�SURSHUWLHV��

NOMEN-
CLATURE SHGC 

VT 
 (Tn) 

U-
Factor 

Tdaysim 
 (tn) 

����VLQJOH�� ������ ������ ������ �����
����VLQJOH�� ������ ������ ������ �����
����GRXEOH�� ������ ������ ������ �����
����VLQJOH�� ����� ������ ������ �����
����VLQJOH�� ������ ������ ������ �����
����VLQJOH�� ������ ������ ������ �����
����GRXEOH�� ������ ������ ������ �����
����GRXEOH�� ������ ����� ������ �����
����GRXEOH�� ������ ������ ������ �����
�����GRXEOH�� ������ ������ ������ �����
�����GRXEOH�� ������ ������ ������ �����
�����GRXEOH�� ������ ������ ����� �����
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Selectivity index 

%DVHG�RQ� WKH� �&RROQHVV�� ,QGH[�RI� $UDVWHK�� -RKQVRQ�
DQG� 6HONRZLW]� �������� WKLV� LQGH[� VHHNV� WR� UHODWH� WKH�
JOD]LQJ� VRODU� IDFWRU� ZLWK� LWV� OLJKW� WUDQVPLWWDQFH��
EHQHILWLQJ� WKH� JODVV� WKDW� WUDQVPLWV� PRUH� OLJKW� ZLWK�
OHVV�KHDW��
7KH� VRODU� UDGLDWLRQ� �HOHFWURPDJQHWLF� UDGLDWLRQ�
HPLWWHG� E\� WKH� VXQ�� WKDW� SDVVHV� WKURXJK� WKH�
DWPRVSKHUH�DQG�UHDFKHV�WKH�HDUWK
V�VXUIDFH�FRPSULVHV�
D� VSHFWUXP� ZLWK� DSSUR[LPDWHO\� WKH� IROORZLQJ�
FRPSRVLWLRQ��

D� ���WR����RI�XOWUDYLROHW��89��
E� �����WR�����RI�YLVLEOH�OLJKW��9/��
F� ����WR�����RI�LQIUDUHG��,5��

,W� ZDV� DGRSWHG� D� YLVLEOH� OLJKW� SHUFHQWDJH� RI� �����
7KHQ�� LI� WKH� JODVV� WUDQVPLWWHG� RQO\� YLVLEOH� OLJKW�� WKH�
FDOFXODWLRQ� RI� WKH� PD[LPXP� VHOHFWLYLW\� LQGH[� �N��
YDOXH�IRU�WKH�WKHRUHWLF�JODVV�ZLWK�97� ����7VRODU� ���
DQG� VRODU� DEVRUSWDQFH�  � ������ UHVXOWLQJ� LQ� 6+*&�  �
������ZRXOG�UHVXOW�LQ�������DV�VKRZQ�LQ�(T�����
�

k = = . = 2.44���������������������������������������������������������������������������
�
7KH�N�YDOXHV�ZHUH�QRUPDOL]HG� LQ� WKLV�VWXG\�� VR� WKHLU�
YDOXHV�OLH�EHWZHHQ���DQG���N¶���7KHUHIRUH��WKH�KLJKHU�
WKH� YDOXH� RI� N¶�� WKH� PRVW� VXLWDEOH� LV� WKH� JOD]LQJ�
EDODQFH�EHWZHHQ�KHDW�JDLQ�DQG�OLJKW�WUDQVPLVVLRQ���

Daylighting area 
7R�HYDOXDWH�WKH�JODVV�IUDPH�VHW�WKDW�SURYLGHV�D�EHWWHU�
GD\OLJKWLQJ�FRQGLWLRQ�LW�ZDV�DGRSWHG�D�PHWKRG�EDVHG�
RQ� 8VHIXO� 'D\OLJKW� ,OOXPLQDQFH� �8',��� 7KH�
VLPXODWLRQV� RI� WKH� SURJUDP� 'D\VLP� ZHUH� XVHG� WR�
REWDLQ� WKH� 8',� YDOXHV�� $� WRWDO� RI� ���� VLPXODWLRQV�
ZHUH� SHUIRUPHG�� RQH� IRU� HDFK� EXLOGLQJ� ]RQH��
FRQVLGHULQJ����W\SHV�RI�JODVV�� WZR�JODVV�IUDPH�UDWLRV�
DQG� �� FLWLHV�� (DFK� LOOXPLQDWLRQ� ]RQH� ZDV� VLPXODWHG�
ZLWK�D�JULG�RI����SRLQWV�VSDFHG�DW������P���
7KUHH� VWHSV� ZHUH� IROORZHG� WR� DFKLHYH� WKH� ZLQGRZ�
UDWLQJ��
�VW� VWHS�� )RU� HDFK� SRLQW� LW� ZDV� REWDLQHG� D� YDOXH� RI�
8',��EHLQJ�WKH�SHUFHQWDJH�RI�SHULRGV�RI�WKH�\HDU�WKDW��
IRU� GHWHUPLQHG� SRLQW�� WKH� LOOXPLQDQFH� ZDV� EHWZHHQ�
����DQG�����OX[���
�QG� VWHS�� 7KH� HQYLURQPHQW� DUHD� ZKHUH� WKH� GD\OLJKW�
ZDV� ZLWKLQ� WKH� XVHIXO� LOOXPLQDWLRQ� UDQJH� ZDV�
REWDLQHG��
�WK�VWHS��7KH�ZLQGRZV�ZHUH�FODVVLILHG�LQ�D�UDQJH�IURP�
$�WR�(��ZKHUH�$�LV�WKH�PRVW�HIILFLHQW�DQG�(�WKH�OHDVW�
HIILFLHQW�� )RU� WKH� GHWHUPLQDWLRQ� RI� WKH� LQWHUYDOV�� WKH�
ORZHVW�YDOXH�REWDLQHG�E\�WKH��QG�VWHS�ZDV�VXEWUDFWHG�
IURP� WKH� KLJKHU� YDOXH� REWDLQHG� IURP� �QG� VWHS�� 7KDQ�
WKLV�UHVXOW�ZDV�GLYLGHG�E\����REWDLQLQJ�D�FRQVWDQW�[��
�HTXDWLRQ�����7KH�FRQVWDQW�REWDLQHG�ZDV�DGGHG�WR�WKH�
ORZHVW�YDOXH�IRXQG�LQ��QG�VWHS��DQG�WKH�YDOXHV�EHORZ�
WKLV� UHVXOW� ZHUH� FODVVLILHG� DV� OHYHO� (�� 7KH� YDOXHV�
DERYH� OHYHO� (� OLPLW� DQG� EHOORZ� WKH� ORZHVW� YDOXH�
IRXQG� LQ� �QG� VWHS� DGGHG� ��[��� ZHUH� FODVVLILHG� DV�
OHYHO�'���DQG�VR�RQ��DV�VHHQ�RQ�WKH�7DEOH����

𝑥1
= (𝐻𝑖𝑔ℎ𝑒𝑟  𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡  %    𝑈𝐷𝐼 −   𝐿𝑜𝑤𝑒𝑟  𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡  %    𝑈𝐷𝐼)

5 �

�����������������
)RU� HDFK� FLW\� DQDO\VLV�� LW�ZDV�XVHG� D� GLIIHUHQW� UDQJH�
GXH� WR� WKH� UHVSHFWLYH� ZHDWKHU� ILOHV� XVHG� LQ� WKH�
VLPXODWLRQV� 7KLV� GLIIHUHQFH� ZDV� SUHVHUYHG� LQ� RUGHU�
WR� UHYHDO� WKH� EHQHILWV� RI� HDFK� ZLQGRZ� LQ� GLVWLQFW�
FOLPDWHV��
,Q� RUGHU� WR� SURYLGH� D� VLPSOLILHG� PHWKRG� IRU�
FODVVLILFDWLRQ� RI� ZLQGRZV� LQ� UHJDUG� RI� WKH�
GD\OLJKWLQJ�� GLVWLQFW� HTXDWLRQV� ZHUH� GHYHORSHG� IRU�
HDFK� FLW\�� 7R� JHQHUDWH� WKH� HTXDWLRQV� LW� ZDV� DGRSWHG�
WZR�PHWKRGV�RI�PXOWLYDULDWH� UHJUHVVLRQ��D� OLQHDU�DQG�
DQ�H[SRQHQWLDO��7KH�([FHO�VSUHDGVKHHW�ZDV�XVHG�DV�D�
WRRO��

�

7DEOH����5DQJHV�LQGLFDWLQJ�WKH�SHUFHQWDJH�RI�WKH�
DUHD�WKDW�LV�ZLWKLQ�WKH�8',�LQWHUYDO���

�� �� $� !�
��RI�8',�DUHD�
PLQ��[��

��RI�8',�DUHD�
PLQ��[�� �� %� !�

��RI�8',�DUHD�
PLQ��[��

��RI�8',�DUHD�
PLQ��[�� �� &� !�

��GH�8',�DUHD�
PLQ��[��

��RI�8',�DUHD�
PLQ��[�� �� '� !� ��8',�DUHD�PLQ�[��

�� �� (� �� ��R8',�DUHD�PLQ�[��
�

',6&866,21�$1'�5(68/76�
$1$/<6,6�
7KHVH� WKUHH� SURFHGXUHV� ZHUH� SHUIRUPHG� IRU� DOO�
FRPELQDWLRQV� RI� ZLQGRZV� DQG� IUDPHV� LQ� RUGHU� WR�
SURYLGH�D�FRPSOHWH�ODEHO��ZLWK�OXPLQRXV�DQG�WKHUPDO�
LQIRUPDWLRQ���

Integrated Simulation 
7KH�UHVXOWV�SUHVHQWHG�LQ�WKLV�DUWLFOH�FRUUHVSRQG�WR�WKH�
VLPXODWLRQV� RI� WKH� JOD]LQJ� IURP� �� WR� ��� ZLWK�
DOXPLQXP��39&�DQG�ZRRG�IUDPHV��LQ�WKH�FLW\�RI�6mR�
3DXOR��2EVHUYLQJ� WKH� ILJXUHV� �� DQG� �� RQH� FDQ� VHH� D�
GHFUHDVH�RI�����LQ� ILQDO�FRQVXPSWLRQ��$�VLJQLILFDQW�
UHGXFWLRQ�UHODWHG�WR�OLJKWLQJ�FDQ�EH�QRWLFHG��IROORZHG�
E\� WKH� FRROLQJ� ORDGV��2Q� WKH� RWKHU�KDQG� WKH� KHDWLQJ�
ORDGV�DULVH��WKRXJK�WKLV�FRQVXPSWLRQ�GRHV�QRW�H[FHHG�
���N:K�\HDU�P�ð��'HVSLWH�WKH�IDFW�WKDW�WKH�GLPPHU�LV�
DQ� XQXVXDO� GHYLFH� LQ�%UD]LOLDQ� UHVLGHQWLDO� EXLOGLQJV��
LW� LV� LPSRUWDQW� WR� HPSKDVL]H� WKH� SRWHQWLDO� RI� HQHUJ\�
VDYLQJV� IRU� HQYLURQPHQWV� WKDW� DUH� ZHOO� GD\OLW�� 7KH�
PRGHOV� SUHVHQWHG� LQ� ILJXUH� �� VKRZ� WKH� DUWLILFLDO�
OLJKWLQJ� DFWLYDWHG� WKURXJKRXW� WKH� RFFXSDWLRQ� SHULRG��
)LJXUH����VKRZV�WKH�HQHUJ\�FRQVXPSWLRQ�FRQVLGHULQJ�
WKH� GD\OLJKWLQJ� KDUQHVVLQJ�� VLQFH� WKHVH� DUH�
HQYLURQPHQWV�ZLWK�VPDOO�GLPHQVLRQV�WKH�QDWXUDO�OLJKW�
LV�HQRXJK�WR�LOOXPLQDWH�WKH�VSDFHV�GXULQJ�PRVW�RI�WKH�
GD\��
5HJDUGLQJ� WKH�JOD]LQJ�SHUIRUPDQFH�� JODVV���SUHVHQWV�
RQH� RI� WKH� EHVW� SHUIRUPDQFH�� VLQFH� LW� KDV� UHGXFHG�
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FRQVXPSWLRQ�FRPSDUHG�WR�RWKHU�JOD]LQJV�DQG�SUHVHQWV�
WKH�EHVW� OLJKW�KHDW� EDODQFH�� EHLQJ� VLQJOH�JOD]HG��7KH�
GRXEOH� JOD]LQJV� �� DQG� �� DOVR� VKRZ� UHGXFHG�
FRQVXPSWLRQ� HYHQ� ZLWK� ORZ� 97�� 5HGXFWLRQ� LQ�
FRROLQJ� ORDGV� RXWZHLJKV� WKH� LQFUHDVHG� OLJKWLQJ�
FRQVXPSWLRQ��0HDQZKLOH��JODVV����WZR�SDQHV�RI�JODVV�
��� KDG� WKH� ORZHVW� FRQVXPSWLRQ�� WKRXJK� LW� LV� PRUH�
HODERUDWH��EHLQJ�GRXEOH�JOD]HG��
0RGHOV� ZLWK� DOXPLQXP� IUDPH� VKRZHG� VXSHULRU�
FRQVXPSWLRQ� GXH� WR� KLJKHU� KHDW� ORDGV� FRPLQJ� IURP�
WKH�JODVV�DUHD��

Selectivity index 
7KH�VHOHFWLYLW\�LQGH[�ZDV�FDOFXODWHG�IRU�WKH����NLQGV�
RI�JOD]LQJV��DV�VKRZQ�LQ�7DEOH����7KURXJK�WKLV�LQGH[�
LW�FDQ�EH�QRWLFHG�D�EHWWHU�SHUIRUPDQFH�RI� WKH�GRXEOH�
JOD]LQJV��7KLV�GLIIHUHQFH�LV�GXH�WR�D�JUHDWHU�UHGXFWLRQ�
RI� WKH� VRODU� KHDW� JDLQ� FRHIILFLHQW� �6+*&�� FRPSDUHG�
WR�WKH�YLVLEOH�WUDQVPLVVLRQ��97���

�

7DEOH����6HOHFWLYLW\�LQGH[��N’��IRU�WKH����W\SHV�RI�
JOD]LQJV��

Nomenclaure SF VT (Tn) K' 
����VLQJOH�� ������ ������ ������
����VLQJOH�� ������ ������ ������
����VLQJOH�� ������ ������ ������
����VLQJOH�� ����� ������ ������
����VLQJOH�� ������ ������ ������
����VLQJOH�� ������ ������ ������
����GRXEOH�� ������ ������ ������
����GRXEOH�� ������ ����� ������
����GRXEOH�� ������ ������ ������
�����GRXEOH�� ������ ������ ������
�����GRXEOH�� ������ ������ ������
�����GRXEOH�� ������ ������ ������
�

Daylighting area 
$FFRUGLQJ� WR� WKH� GHVFULEHG� PHWKRG�� WKH� IROORZLQJ�
OLPLWV�KDYH�EHHQ�REWDLQHG�IRU�WKH�WKUHH�FLWLHV�VWXGLHG�
�7DEOH������DQG�����
�

7DEOH����/LPLWV�WR�WKH�FLW\�RI�6DOYDGRU��

SALVADOR� �� �� �� ��
�� � $� !� ������
������ �� %� !� ������
������ �� &� !� ������
������ �� '� !� ������
�� � (� �� ������

�
�

7KH�GLIIHUHQFHV�DPRQJ�WKH�FLWLHV�DUH�GXH� WR�GD\OLJKW�
DYDLODELOLW\�LQ�HYHU\�UHJLRQ��
7DEOH� �� VKRZV� WKH� FODVVLILFDWLRQ� UHVXOWV� RI� WKH�
UHVSHFWLYH� ZLQGRZV� IRU� GLIIHUHQW� FRPELQDWLRQV� RI�
JODVV�IUDPH� IRU� HYHU\� FLW\�� 7KHUH� ZDV� DQ�
LPSURYHPHQW�RI�RQH�OHYHO�ZKHQ�XVLQJ�WKLQQHU�IUDPHV��
VXFK�DV�VWHHO�DQG�DOXPLQXP���
)LJXUH� �� LOOXVWUDWHV� WKH� FRPSDULVRQ� RI� WKH� WZR�
JODVV�IUDPH� UDWLR� SHUIRUPDQFHV� DQG� WKH� YLVLEOH�

WUDQVPLVVLRQ� PXOWLSOLHG� E\� ����� ,Q� JHQHUDO�� WKH�
DOXPLQXP� DQG� VWHHO� IUDPHV� LQGLFDWH� D� KLJKHU�
SHUIRUPDQFH��H[FHSW�IRU�WKH�JODVV����ZKLFK�SRVVHVVHV�
D�YLVLEOH�WUDQVPLWWDQFH�RI�������
�)RU� JODVV� ��� WKH� WKLFNHU� IUDPH� �ORZHU� JODVV� DUHD��
SURYLGHV� D� KLJKHU�8',� DUHD��7KLV�RFFXUV�EHFDXVH�RI�
DQ� LOOXPLQDQFH� H[FHVV�� GXH� WR� D� KLJK� YLVLEOH�
WUDQVPLWWDQFH� DQG� RSHQLQJ� DUHD�� 7KLV� SHUIRUPDQFH�
ZDV�UHSHDWHG�IRU�WKH�WKUHH�FLWLHV���

7DEOH����/LPLWV�WR�WKH�FLW\�RI�6mR�3DXOR��

SÃO PAULO� �� �� �� ��
�� � $� !� ������
������ �� %� !� ������
������ �� &� !� ������
������ �� '� !� ������
�� � (� �� ������

�
�

7DEOH����/LPLWV�WR�WKH�FLW\�RI�3RUWR�$OHJUH��

PORTO ALEGRE 
�� � $� !� ������
������ �� %� !� ������
������ �� &� !� ������
������ �� '� !� ������
�� � (� �� ������
��
%DVHG�RQ�WKH�VLPXODWLRQV�UHVXOWV�WZR�HTXDWLRQV�ZHUH�
SURGXFHG�IRU�HDFK�FLW\�XVLQJ�PXOWLYDULDWH�UHJUHVVLRQ��
2QH� RI� WKH� HTXDWLRQV� LV� OLQHDU� ZKLOH� WKH� RWKHU� LV�
H[SRQHQWLDO��7KH�SXUSRVH�RI�WHVWLQJ�WKH�WZR�HTXDWLRQV�
ZDV� WR�YHULI\� LI� D�QRQ� OLQHDU�DSSURDFK�FRXOG�SUHVHQW�
EHWWHU�UHVXOWV�WKDQ�WKH�OLQHDU�DSSURDFK���
(TXDWLRQV� ��� �� DQG� �� DUH� WKH� OLQHDU� HTXDWLRQV� WR�
6DOYDGRU��6DR�3DXOR�DQG�3RUWR�$OHJUH�DQG�HTXDWLRQV�
�����DQG���DUH�WKH�H[SRQHQWLDO�HTXDWLRQV� WR�WKH�VDPH�
FLWLHV��
Salvador: 
/LQHDU�
𝐴 = 55,329 × 𝑇 + 15,6381 × %𝑔𝑙𝑎𝑠𝑠������������������������������������������
�
([SRQHQWLDO�

𝐴 = EXP  (ln  (4,9857) × 𝑇 + ln  (41,9039) ×
%𝑔𝑙𝑎𝑠𝑠)��������������������������������������������������������������������

�
São Paulo: 
/LQHDU�
𝐴 = 54,8494 × 𝑇 + 11,7487 ×%𝑔𝑙𝑎𝑠𝑠�������������������������������������������������
�
([SRQHQWLDO�

𝐴 = EXP  (ln  (5,3453) × 𝑇 + ln  (35,8117) ×
%𝑔𝑙𝑎𝑠𝑠)�����

 
Porto Alegre: 
/LQHDU�
𝐴 = 51,0684 × 𝑇 + 19,6117 ×%𝑔𝑙𝑎𝑠𝑠�������������������������������������������������
�
([SRQHQWLDO�

𝐴 = EXP  (ln  (4,2746) × 𝑇 + ln  (48,7216) ×
%𝑔𝑙𝑎𝑠𝑠)��������������������������������������������������������������������

�
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7KH� FRHIILFLHQW� RI� GHWHUPLQDWLRQ� �Uð�� DQG� UHVLGXDO�
VXP� RI� VTXDUHG� �66UHVLG�� IRU� HYHU\� HTXDWLRQ� DUH�
VKRZQ�RQ�7DEOH����LQ�RUGHU�WR�HQDEOH�WKH�FRPSDULVRQ��
�

7DEOH����9DOXHV�RI�Uð�H�66UHVLG�IRU�WKH�
HTXDWLRQV�IRU�HDFK�FLW\��

�� Uð� 66UHVLG�

6$/�
OLQHDU� HTXDWLRQ��� ������� ���������
H[SRQHQWLDO� HTXDWLRQ��� ������� ���������

63�
OLQHDU� HTXDWLRQ��� ������� ���������
H[SRQHQWLDO� HTXDWLRQ��� ������� ���������

32$�
OLQHDU� HTXDWLRQ��� ������� ���������
H[SRQHQWLDO� HTXDWLRQ��� ������� ���������

�
7KH�VL[�HTXDWLRQV�ZHUH�DSSOLHG�WR����FRPELQDWLRQV�RI�
ZLQGRZV�� )LJXUH� �� VKRZV� WKH� UHVXOWV� RI� FRPSXWHU�
VLPXODWLRQ� FRPSDUHG� ZLWK� WKH� HTXDWLRQV� UHVXOWV.�
6LPLODU� UHVXOWV� ZHUH� IRXQG�� ZKHQ� FRPSDULQJ� WKH�
UHVXOWV� RI� OLQHDU� DQG� H[SRQHQWLDO� HTXDWLRQV� IRU�
6DOYDGRU��6DR�3DXOR�DQG�3RUWR�$OHJUH��7KH�ILUVW�SDUW�
RI� WKH� JUDSK� SUHVHQWV� WKH� ZLQGRZV� WKDW� SRVVHVV�
JOD]HG� DUHD� RI� ����� ZKLOH� WKH� VHFRQG� SDUW� SUHVHQWV�
WKH� ZLQGRZV� ZLWK� ���� RI� JODVV� DUHD�� 7KLV� JUDSKLF�
DQDO\VLV� LQGLFDWHV� D� OLPLWDWLRQ� RI� WKH� HTXDWLRQV�
RYHUHVWLPDWLQJ�WKH�8',�DUHD�IRU�PRGHOV�������DQG�����
7KH� PDLQ� IHDWXUH� RI� WKLV� ZLQGRZ� LV� WKDW� LW� LV�
FRPSRVHG� E\� D� JODVV� ZLWK� KLJK� 7Q� DQG� SUHVHQWV� D�

UHGXFHG�8',�DUHD��GXH�WR�WKH�H[FHVVLYH�LOOXPLQDWLRQ��
7KH� HTXDWLRQV� FDQQRW� UHSUHVHQW� SURSHUO\� WKLV�
H[FHVVLYH�LOOXPLQDWLRQ�OLPLWDWLRQ��
+RZHYHU�WKH�HTXDWHG�UHVXOWV�IRU�PRGHOV����������DQG�

��� VKRZHG� UHVXOWV� EHORZ� WKH� VLPXODWHG� RQHV�� $SDUW�
IURP�WKLV��WKH�VWXG\�VKRZV�WKDW�IURP�7Q�����WKH�8',�
DUHD�LV�DOPRVW�FRQVWDQW��

�

&21&/86,21�
7KLV� VWXG\�EULQJV�D�GLVFXVVLRQ�DERXW� WKH� LPSRUWDQFH�
RI� FRQVLGHULQJ� GD\OLJKWLQJ� LQ� ZLQGRZV� HYDOXDWLRQ��
.QRZLQJ� WKH� EHQHILWV� RI� XVLQJ� GD\OLJKWLQJ� HLWKHU�
UHODWHG�WR�FRPIRUW�RU�WR�HQHUJ\�HIILFLHQF\��VWUHVVHV�WKH�
LPSRUWDQFH� RI� FRQVLGHULQJ� WKLV� SDUDPHWHU� RQ� D� ODEHO�
WKDW�DVVHVVHV�ZLQGRZV�SHUIRUPDQFH��
,W� LV� UHFRPPHQGHG� WKDW� WKH� ZLQGRZV� WKHUPDO�
SHUIRUPDQFH� ODEHOLQJ� V\VWHP� VKRXOG� EH� EDVHG� RQ�
LQWHJUDWHG� VLPXODWLRQV� LQ� RUGHU� WR� SURYLGH� PRUH�
HQHUJHWLFDOO\� HIILFLHQW� IHQHVWUDWLRQV� LQ� WHUPV� RI�
GD\OLJKWLQJ� )XUWKHUPRUH�� LW� LV� VKRZQ� WKDW� WKH�
VHOHFWLYLW\�LQGH[�DQG�WKH�FODVVLILFDWLRQ�RI�GD\OLJKWLQJ�
HYDOXDWLRQ� XVLQJ� WKH� SDUDPHWHU� 

SHUFHQWDJH� RI� WKH�
DUHD�O\LQJ�ZLWKLQ�WKH�8',�UDQJH��FDQ�EH�DQ�LPSRUWDQW�
FRPSOHPHQW� LQ� RUGHU� WR� EHWWHU� LQIRUP� FRQVXPHUV�
DERXW�WKH�ZLQGRZ�TXDOLW\���
$V� D� UHFRPPHQGDWLRQ� RQ� WKH� FODVVLILFDWLRQ� E\�
³SHUFHQWDJH�RI� WKH�DUHD� O\LQJ�ZLWKLQ� WKH�8',�UDQJH´�
LW� ZDV� REVHUYHG� EHWWHU� UHVXOWV� WKURXJK� FRPSXWHU�

7DEOH����FODVVLILFDWLRQ�RI�:LQGRZV�IRU�WKH�WKUHH�FLWLHV��
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GLASS SALVADOR CLASSIF. SÃO PAULO CLASSIF. 
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���VLPSOH������ ��������� &� ������������ &� ������������ &�
����VLPSOH������ ��������� $� ��� %� ������������ $�
����VLPSOH������ ��������� &� ������������ &� ������������ &�
����VLPSOH������ ��������� $� ����������� $� ������������ $�
���VLPSOH������ ��������� %� ������������ %� ������������ $�
����GRXEOH������� ��������� (� ������������ (� ������������ '�
�����GRXEOH������� ��������� '� ������������ '� ������������ &�
�����GRXEOH������� ��������� $� ������������ $� ������������ $�
������GRXEOH������� ��������� '� ������������ '� ����������� &�
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VLPXODWLRQ�� VLQFH� WKH� HTXDWLRQV� GR� QRW� VXFFHHG� LQ�
UHSURGXFLQJ�WKH�SKHQRPHQRQ�WKDW�8',�OLPLWV�ORZ�DQG�
H[FHVVLYH� LOOXPLQDQFHV� 7KHVH� HTXDWLRQ� W\SHV� PXVW�
UHSUHVHQW� PRUH� DSSURSULDWHO\� LQGH[HV� EDVHG� RQ�
PHDVXUHV� OLNH� 'D\OLJKW� $XWRQRP\�� ZKLFK� GR� QRW�
KDYH�DQ�XSSHU�OLPLW�IRU�LOOXPLQDQFH���
5HJDUGLQJ� WKH� PDWKHPDWLFDO� H[SUHVVLRQV�� WKH�
H[SRQHQWLDO� HTXDWLRQV� SUHVHQWHG� D� VPDOOHU� UHVLGXDO�
VXP�RI�VTXDUHG��ZKLOH�OLQHDU�HTXDWLRQV�DOVR�SUHVHQWHG�
JRRG�UHVXOWV�DQG�WKH�LPSOHPHQWDWLRQ�LV�OHVV�FRPSOH[���
7KH�SXUSRVH�RI�WKH�HTXDWLRQV� LV� WR�HYDOXDWH�DQ\�W\SH�
RI�JODVV�ZLWKRXW�KDYLQJ�WR�UXQ�VLPXODWLRQV��6LQFH�WKH�
UHIHUHQFH� PRGHO� ZDV� EXLOG� EDVHG� RQ� FRPPRQ�
%UD]LOLDQ� DUFKLWHFWXUDO� W\SRORJ\�� WKLV� PHWKRG� FRXOG�
EH� UHSOLFDWHG� IRU� WKH� ZKROH� FRXQWU\�� WURXJK� WKH�
FUHDWLRQ�RI�RQH�HTXDWLRQ�IRU�HDFK�ELRFOLPDWLF�]RQH��,Q�
WKLV� VWXG\�� WKH� HTXDWLRQV� ZHUH� JHQHUDWHG� IRU� HDFK�
ELRFOLPDWLF� ]RQH�� DOWKRXJK� IXUWKHU� UHVHDUFK� FRXOG�
DWWHPSW� WR� MRLQ�FOLPDWH� IHDWXUHV� LQ�D�VLQJOH�HTXDWLRQ��
DSSURSULDWH�IRU�WKH�HQWLUH�FRXQWU\��
7KH� DGYDQWDJH� RI� WKH� XVH� RI� WKLV� FRPELQHG� LQGH[�
LQVWHDG� RI� 97� DQG� 6+*&� LV� WKDW� WKH� LQIRUPDWLRQ�
SURYLGHG� IRU� WKH� FRQVXPHU� LV� PRUH� FRPSUHKHQVLYH�
ZKHQ�XVLQJ�GDWD�VXFK�DV�GD\OLJKW�DXWRQRP\��$OVR�WKH�
LQWHJUDWHG� VLPXODWLRQV� HPSKDVL]H� WKH� SRWHQWLDO� RI�
KDUQHVVLQJ� GD\OLJKW� LQ� WKH� EXLOW� HQYLURQPHQW� DQG� LWV�
EHQHILWV�LQ�HQHUJ\�VDYLQJV��
�

120(1&/$785(�
WQ���� ��WUDQVPLVVLYLW\�
7Q����� ��WUDQVPLWWDQFH�
$8',� ��SHUFHQWDJHRI�WKH�DUHD�O\LQJ�ZLWKLQ�WKH�8',�
UDQJH����OX[�����OX[�
�JODVV�  � SHUFHQWDJH� RG� WKH� DSHUWXUH� DUHD� WKDW� � LV�
JOD]HG���

5()(5(1&(6�
$SWH�� -��� $UDVWHK�� '�� .��� +XDQJ� -�� <��������)XWXUH�

$GYDQFHG� :LQGRZV� IRU� =HUR�(QHUJ\� +RPHV��
$6+5$(�7UDQVDFWLRQV�������SW�������������

(1(5*<3/86�� ������ *HWWLQJ� VWDUWHG� ZLWK�
(QHUJ\3OXV�� /DZUHQFH� %HUNHOH\� 1DWLRQDO�
/DERUDWRU\��

+HVFKRQJ�� /�� �����'D\OLJKWLQJ� DQG� KXPDQ�
SHUIRUPDQFH��$6+5$(�-RXUQDO�����������������

.DUOVVRQ�� -��� 5RRV�� ������ $�� (YDOXDWLRQ� RI� ZLQGRZ�
HQHUJ\� UDWLQJ� PRGHOV� IRU� GLIIHUHQW� KRXVHV� DQG�
(XURSHDQ� FOLPDWHV�� 6RODU� (QHUJ\�� 9ROXPH� ����
,VVXHV��±���S����������

0DUGDOMHYLF�� -��� $QGHUVHQ�� 0��� 5R\�� 1���
&KULVWRIIHUVHQ�� -�� ������'D\OLJKWLQJ�0HWULFV� IRU�
5HVLGHQWLDO� %XLOGLQJV�� 3URFHHGLQJV� RI� WKH� ��WK�
6HVVLRQ�RI�WKH�&,(��6XQ�&LW\��6RXWK�$IULFD��-XO\�
�������

0DUGDOMHYLF�� -�� ������ &OLPDWH�%DVHG� 'D\OLJKW�
$QDO\VLV� IRU� 5HVLGHQWLDO� %XLOGLQJV�� ,QVWLWXWH� RI�
(QHUJ\� DQG� 6XVWDLQDEOH� 'HYHORSPHQW�� 'H�
0RQWIRUW� 8QLYHUVLW\�� WKH� *DWHZD\�� /HLFHVWHU��
8.��S�������

3HUHLUD�� )�� 2�� 5��� 'LGRQp�� (�� /�� ������ 6LPXODomR�
FRPSXWDFLRQDO� LQWHJUDGD�SDUD�D�FRQVLGHUDomR�GD�
OX]� QDWXUDO� QD� DYDOLDomR� GR� GHVHPSHQKR�
HQHUJpWLFR� GH� HGLILFDo}HV�� $PELHQW�� FRQVWU��
�2QOLQH����3RUWR�$OHJUH���Y�������Q������

5$',$1&(�� ������ 7KH� 5DGLDQFH� ���� 6\QWKHWLF�
,PDJLQJ� 6\VWHP�� /DZUHQFH� %HUNHOH\� 1DWLRQDO�
/DERUDWRU\��

5HLQKDUW�� &�)�� ������7XWRULDO� RQ� WKH� XVH� RI�'D\VLP�
VLPXODWLRQV� IRU� VXVWDLQDEOH� GHVLJQ�� +DUYDUG�
8QLYHUVLW\�*UDGXDWH�6FKRRO�RI�'HVLJQ�

6LQJK�� 0�&��� *DUJ�� 6�1�� ������ (QHUJ\� UDWLQJ� RI�
GLIIHUHQW� JOD]LQJV� IRU� ,QGLDQ� FOLPDWHV�� (QHUJ\��
9ROXPH�����,VVXH�����3DJHV�������������

9HUVDJH�� 5���0HOR�� $�� 3�� H� /DPEHUWV�� 5�� ,PSDFW� RI�
GLIIHUHQW� GD\OLJKWLQJ� VLPXODWLRQ� UHVXOWV� RQ� WKH�
SUHGLFWLRQ�RI�WRWDO�HQHUJ\�FRQVXSWLRQ��6LP%XLOG�
����� �� )RXUWK�1DWLRQDO� &RQIHUHQFH� RI� ,%36$�
86$��1HZ�<RUN��,%36$�������

7+(50����:,1'2:���� 1)5&� ������ 6LPXODWLRQ�
0DQXDO�� -XO\� ����� 85/��
KWWS���ZLQGRZV�OEO�JRY�VRIWZDUH� �$FHVVHG� LQ�
2FWREHU��WK���������

<XQ�*���.LP��.��6��������$Q�HPSLULFDO�YDOLGDWLRQ�RI�
OLJKWLQJ�HQHUJ\�FRQVXPSWLRQ�XVLQJ�WKH�LQWHJUDWHG�
VLPXODWLRQ�PHWKRG��(QHUJ\�DQG�%XLOGLQJV��
9ROXPH�����S�����������
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� �
)LJXUH����(OHFWULF�HQHUJ\�FRQVXPSWLRQ�ZLWKRXW�FRQVLGHULQJ�GD\OLJKWLQJ�IRU�6mR�3DXOR��

� �
)LJXUH����(OHFWULF�HQHUJ\�FRQVXPSWLRQ�FRQVLGHULQJ�GD\OLJKWLQJ�IRU�6mR�3DXOR��
�

�
)LJXUH���3HUIRUPDQFH�RI�GLIIHUHQW�W\SHV�RI�JODVV�DQG�GLIIHUHQW�W\SHV�RI�IUDPH�IRU�WKH�FLW\�RI�6DOYDGRU��
�

�
)LJXUH���5HVXOWV�REWDLQHG�E\�FRPSXWHU�VLPXODWLRQ��OLQHDU�DQG�H[SRQHQWLDO�HTXDWLRQV�IRU�WKH�FLW\�RI�6DOYDGRU�
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