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$%675$&7�
,QGLD� � KDV�H[SHULHQFHG�DQ�DYHUDJH�HFRQRPLF�JURZWK�
RI� ���� VLQFH� ����� OHDGLQJ� WR� WKH� HVWDEOLVKPHQW� RI�
QHZ�FRPPHUFLDO�EXLOGLQJV��$PRQJVW�RWKHU�LQLWLDWLYHV��
,QGLDQ�JRYHUQPHQW�HQDFWHG� WKH�(QHUJ\�&RQVHUYDWLRQ�
$FW� LQ� ����� �(&� $FW� ������� SUHGRPLQDQWO\� IRU��
FRPPHUFLDO� EXLOGLQJV�� *RYHUQPHQW� RI� ,QGLD� LV�
UHO\LQJ� RQ� PDQGDWRU\� EXLOGLQJ� HQHUJ\� FRGH� DQG�
YROXQWDU\� VWDQGDUGV� DQG� ODEHOLQJ� �6	/�� SURJUDP� WR�
IRVWHU� HQHUJ\� HIILFLHQF\� LQ� FRPPHUFLDO� EXLOGLQJV���
/HDUQLQJ� IURP� 6	/� KRPH� DSSOLDQFHV� SURJUDP� WKH�
JRYHUQPHQW� KDV� LQLWLDWHG� WKH� IRUPDWLRQ� RI� EXLOGLQJ�
FRPSRQHQW� ODEHOOLQJ� SURJUDPV� IRU� ZLQGRZV�� ZDOOV�
DQG�URRI��7KLV�SDSHU�LV�SDUW�RI�D�UHVHDUFK�WKDW�DLPV�WR�
PDS�WKH�VWDWH�RI�FXUUHQW�DIIDLUV�LQ�,QGLDQ�IHQHVWUDWLRQ�
LQGXVWU\� DQG� IHQHVWUDWLRQ� ODEHOOLQJ� SURJUDPV� IURP�
DFURVV�WKH�ZRUOG��7KH�UHVHDUFK�LQYROYHV�HYDOXDWLRQ�RI�
WKHUPDO� DQG� RSWLFDO� SHUIRUPDQFH� RI� ZLQGRZV�
DYDLODEOH� LQ� ,QGLDQ� PDUNHW� DQG� FRPSDUHV� WKHP�
DJDLQVW�WKRVH�SUHVFULEHG�LQ�WKH�HQHUJ\�FRGH��)XUWKHU�LW�
VXJJHVWV� PHFKDQLVPV� IRU� WKH� IRUPDWLRQ��
LPSOHPHQWDWLRQ� DQG� DGPLQLVWUDWLRQ� RI� ZLQGRZ�
ODEHOOLQJ� SURJUDP� LQ� ,QGLD�� 7KLV� SDSHU� DOVR� IRFXVHV�
RQ� HVWLPDWLRQ� RI� HQHUJ\� VDYLQJ� SRWHQWLDO� RI� KLJK�
SHUIRUPDQFH� ZLQGRZ� V\VWHPV�� WKHLU� SD\EDFN� SHULRG�
E\� XVLQJ� D� FRPELQDWLRQ� RI� ZLQGRZ� VLPXODWLRQ�
SURJUDPV� VXFK� DV� :,1'2:�� 7+(50� DQG� 2SWLFV�
DQG�ZKROH�EXLOGLQJ�HQHUJ\� VLPXODWLRQ�SURJUDP�VXFK�
DV�(QHUJ\3OXV��

,1752'8&7,21�
$V�D� UHVXOW�RI� VXVWDLQHG�HFRQRPLF�JURZWK�� ,QGLD�KDV�
H[SHULHQFHG�D�VXUJH�LQ�QHZ�FRQVWUXFWLRQ�RI�EXLOGLQJV�
DFURVV� WKH� FRXQWU\�� +LJK� VNLOO� VHUYLFHV� VHFWRU�
HPSOR\LQJ� HGXFDWHG� ,QGLDQ� \RXWK� KDV� IXHOOHG�
FRQVWUXFWLRQ� RI� QHZ� FRPPHUFLDO� RIILFHV�� ,W� LV�
HVWLPDWHG� WKDW� DSSUR[LPDWHO\� ���� RI� WRWDO� EXLOGLQJ�
VWRFN�RI������ZLOO�EH�DGGHG�RYHU�WKH�QH[W����\HDUV����
(QHUJ\� &RQVHUYDWLRQ� %XLOGLQJ� &RGH� �(&%&��
SUHSDUHG�E\� WKH�%XUHDX�RI�(QHUJ\�(IILFLHQF\� �%((��
±�D�FHQWUDO�DJHQF\�UHVSRQVLEOH�IRU�LPSOHPHQWDWLRQ�RI�
(&� $FW� ����� �� SUHVFULEHV� PLQLPXP� SHUIRUPDQFH�
UHTXLUHPHQWV� IRU� EXLOGLQJ� HQYHORSH� FRPSRQHQWV��
+9$&�� OLJKWLQJ�� PRWRUV� DQG� SXPSV�� 7KH� VRFLR�
FXOWXUDO�HFRQRPLF�FRQGLWLRQV�LQ�,QGLD�DUH�GHWHUPLQHG�
E\�DJHQF\�FDOOHG�3ODQQLQJ�&RPPLVVLRQ�RI�,QGLD��ZKR�
LV� DOVR� UHVSRQVLEOH� IRU� H[HFXWLRQ� DQG� PRQLWRULQJ� RI�

,QGLDQ�HFRQRP\��,PSOHPHQWDWLRQ�DQG�HQIRUFHPHQW�RI�
(&%&� LV� RQH� RI� WKH� NH\� IRFXV� DUHDV� XQGHU� WKH� ��WK�
)LYH� <HDU� 3ODQ� ����������� PDQGDWRU\�
LPSOHPHQWDWLRQ�DQG�HQIRUFHPHQW�RI�(&%&�ZLOO�EH�D�
NH\� DFWLYLW\�� %((� ZLOO� ZRUN� ZLWK� VWDWH� GHVLJQDWHG�
DJHQFLHV�DQG�XUEDQ�ORFDO�ERGLHV�WR�GR�WKLV���
6WDWH� JRYHUQPHQWV� ZLOO� EH� UHVSRQVLEOH� IRU� (&%&�
HQIRUFHPHQW�WKURXJK�ORFDO�XUEDQ�DXWKRULWLHV��ZKR�DUH�
UHVSRQVLEOH� IRU� HQIRUFHPHQW� RI� EXLOGLQJ� UHJXODWLRQV��
,QFOXVLRQ�RI�(&%&�LQ�H[LVWLQJ�UHJXODWLRQV�DQG�ZLWKLQ�
1DWLRQDO�%XLOGLQJ�&RGH�ZLOO� EH� FUXFLDO� LQ� DFKLHYLQJ�
HQHUJ\�HIILFLHQF\�LQ�EXLOGLQJV�DFURVV�WKH�FRXQWU\���
/HDUQLQJ� IURP� WKH� VXFFHVV� RI� 6	/�SURJUDP� DV�ZHOO�
DV� WR� LQFUHDVH� FRGH� FRPSOLDQFH� DW� ORFDO� OHYHO�� %((�
KDV� LQLWLDWHG� D� ODEHOLQJ� SURJUDP� IRU� ZLQGRZV��
)HQHVWUDWLRQ� LV� � RQH� RI� WKH� PRVW� FULWLFDO� GHVLJQ�
FRPSRQHQWV� DIIHFWLQJ� HQHUJ\� XVDJH� LQ� EXLOGLQJV��
:LWK�,QGLD�UHFHLYLQJ�DQ�DYHUDJH�VRODU�UDGLDWLRQ�LQ�WKH�
UDQJH�RI���WR���N:K�P��GD\��LW�EHFRPHV�LPSRUWDQW�WR�
IRFXV� RQ� WKH� SHUIRUPDQFH� RI� IHQHVWUDWLRQ�� HVSHFLDOO\�
ZLQGRZV�� � WR� UHGXFH� VRODU� KHDW� JDLQ� DQG� RSWLPL]H�
GD\OLJKW�ZLWKRXW�LQYLWLQJ�JODUH�LQVLGH�WKH�EXLOGLQJ��������
$GYDQFHPHQWV� LQ� IUDPH� GHVLJQ� DQG� JODVV�
PDQXIDFWXULQJ� KDYH� OHG� WR� WKH� IORRGLQJ� RI� ,QGLDQ�
PDUNHWV� ZLWK� KLJK� SHUIRUPDQFH� JOD]LQJ� SURGXFWV� WR�
UHVSRQG� WR� WKH� HYHU� JURZLQJ� GHPDQG�� 7KHVH�
LPSURYHPHQWV� KDYH� IRVWHUHG� WKH� SRWHQWLDO� RI� ,QGLD¶V�
ZLQGRZV�PDUNHW�WR�PHHW�WKH�(&%&�UHTXLUHPHQWV�DQG�
HQHUJ\� HIILFLHQF\� GHPDQGV� RI� EXLOGLQJ� VHFWRU��
3UHVHQWO\�� (&%&� SUHVFULEHV� IRXU� SDUDPHWHUV� WR�
HYDOXDWH� ZLQGRZ� SHUIRUPDQFH� �� 8� YDOXH�� VRODU� KHDW�
JDLQ� FRHIILFLHQW� �6+*&��� YLVXDO� OLJKW� WUDQVPLWWDQFH�
�9/7�� DQG� DLU� OHDNDJH�� (&%&� SUHVFULEHV� GLIIHUHQW�
SHUIRUPDQFH�VWDQGDUGV�IRU�GLIIHUHQW�FOLPDWH�]RQHV� LQ�
,QGLD��QDPHO\�KRW�	�GU\��ZDUP�	�KXPLG��FRPSRVLWH��
PRGHUDWH� DQG� FROG�� ,W� DOVR� UHFRJQL]HV� WKH� LPSDFW� RI�
H[WHUQDO� VKDGLQJ� RQ� ZLQGRZV� DQG� DOORZV� IRU� WKH��
PRGLILFDWLRQ�RI�PLQLPXP�6+*&�IRU�FRPSOLDQFH�����
7KH� QXPHURXV� KLJK� SHUIRUPDQFH� RSWLRQV� DYDLODEOH�
IRU� ZLQGRZ� V\VWHPV� KDYH� FRPSOLFDWHG� WKH� WDVN� RI�
GHWHUPLQLQJ� KRZ� D� ZLQGRZ� VKRXOG� EH� ODEHOHG� DQG�
YHULILHG� RQ� WKH� EDVLV� RI� SHUIRUPDQFH� IRU� GLIIHUHQW�
HQYLURQPHQWDO�FRQGLWLRQV�DQG�YDULRXV�EXLOGLQJV�W\SHV�
WR� PHHW� (&%&� FRPSOLDQFH� UHTXLUHPHQWV�� 7KH�
SURSRVHG� � ODEHOLQJ� SURJUDP� UHOLHV� RQ� WKH� PLQLPXP�
SHUIRUPDQFH� YDOXHV� SUHVFULEHG� E\� WKH� FRGH� IRU�
ODEHOLQJ� RI� ZLQGRZV� DQG� DLPV� WR� DGGUHVV� WKH�

3URFHHGLQJV�RI�%6������
��WK�&RQIHUHQFH�RI�,QWHUQDWLRQDO�%XLOGLQJ�3HUIRUPDQFH�6LPXODWLRQ�$VVRFLDWLRQ��&KDPEpU\��)UDQFH��$XJXVW������

��������



DIRUHPHQWLRQHG� YDULDELOLW\� WR� SURYLGH� UHOLDEOH�
LQIRUPDWLRQ� WR�FRQVXPHUV�DQG��VLPXOWDQHRXVO\��GULYH�
WKH�PDUNHW�WRZDUGV�KLJK�SHUIRUPDQFH�ZLQGRZV��

,03257$1&(�2)�:,1'2:�
/$%(//,1*�352*5$0�,1�,1',$�
7UDGLWLRQDOO\� ZLQGRZ� DQG� GRRU� PDQXIDFWXULQJ� LQ�
,QGLD� KDV� UHPDLQHG� DQ� ¶RQ�VLWH¶� DFWLYLW\�� ZKHUH�
ZLQGRZ� VKXWWHU� DQG� IUDPH� PDWHULDOV�� SUHGRPLQDQWO\�
ZRRG��ZHUH�EURXJKW�DQG�IDEULFDWHG�RQ�VLWH��ZLWK�VL]HG�
JODVV�RU�SDQHO�PDWHULDO�WR�EH�ILWWHG�LQVLGH��:LWK�UDSLG�
XUEDQL]DWLRQ� DQG� VSHHG\� FRQVWUXFWLRQ� SUDFWLFHV��
DOXPLQXP� KDV� PDGH� LQURDGV� DV� RQH� RI� WKH� PRVW�
ZLGHO\�XVHG�IUDPLQJ�PDWHULDOV��7KDW�VDLG��PRVW�RI�WKH�
VPDOO� DQG� PHGLXP� VFDOH� SURMHFWV� VWLOO� JHW� ORFDO�
FRQWUDFWRUV� WR� GR� PRVW� RI� WKH� ZRN� RQ� VLWH� ZKHUH�
H[WUXGHG� DOXPLQXP� VHFWLRQV� DUH� EURXJKW� RQ� VLWH� IRU�
IDEULFDWLRQ�� $� PXOWLWXGH� RI� ODUJH� SURMHFWV�� WKDW� IDOO�
XQGHU�WKH�(&%&�VFRSH�DQG�ZLOO�EH�UHTXLUHG�E\�ODZ�WR�
VKRZ� FRPSOLDQFH� DOVR� UHO\� RQ� ORFDO� FRQWUDFWRUV� WR�
VXSSO\� DQG� LQVWDOO�ZLQGRZV��:LQGRZ�PDQXIDFWXULQJ�
LQGXVWU\� LQ� ,QGLD�� KHQFH�� KDV� EHHQ� D� ODUJH�
XQRUJDQL]HG� VHFWRU� LQ� EXLOGLQJ� FRQVWUXFWLRQ�� ,Q� WKH�
ODVW�FRXSOH�RI�\HDUV��KRZHYHU�� LWV�ZRUNLQJV�FKDQJHG��
,W� KDV� EHFRPH� DQ� LPSRUWDQW� HQWHUSULVH� DQG� WKH�
PDQXIDFWXUHUV�DUH�QRZ�EHWWHU�RUJDQL]HG���
,Q� ODVW� WKUHH�\HDUV�� IHZ�LQGXVWULDO�RUJDQL]DWLRQV�KDYH�
EHHQ� VHW� XS� WR� EULQJ� FRQJUXLW\� WR� WKH� LQGXVWU\�
SURGXFWLRQ� SUDFWLFHV�� DFKLHYH� IDLU� WUDGH� SUDFWLFHV��
IRUPXODWH� SROLF\� DQG� ZRUN� ZLWK� JRYHUQPHQW� LQ� D�
FRKHUHQW� PDQQHU�� � 6XFK� LQLWLDWLYHV� ZLOO� KHOS� WR�
DFKLHYH� WKH� SHUIRUPDQFH� VWDQGDUGV� EHLQJ� WDUJHWHG�
XQGHU� WKH� ODEHOLQJ� SURJUDP�� 7R� GHYHORS� WKH� HQHUJ\�
HIILFLHQF\� EXLOGLQJ� UHJLPH�� WKH� LQGXVWU\� ZLOO� QHHG�
ZLQGRZ� PDQXIDFWXULQJ� XQLWV�� VXSSOLHUV� DQG�
FRQVXPHUV� ZKR� UHFRJQL]H� WKH� LPSRUWDQFH� RI� HQHUJ\�
HIILFLHQW�IHQHVWUDWLRQ���
7KH� *OD]LQJ� 6RFLHW\� RI� ,QGLD�� WKH� )HQHVWUDWLRQ�
&RXQFLO� RI� ,QGLD� DQG� WKH� 839&� 0DWHULDO�
0DQXIDFWXULQJ� $VVRFLDWLRQ� DUH� VRPH� RI� WKH�
RUJDQL]DWLRQV�WKDW�KDYH�DWWHPSWHG�WR�EULQJ�DZDUHQHVV�
LQ�WKH�PDUNHW��7KHVH�HIIRUWV�DUH��KRZHYHU��VSRUDGLF�LQ�
QDWXUH� DQG� WKHUHIRUH�� LW� LV� YLWDO� WR� EULQJ� DOO�
VWDNHKROGHUV� WR� D� SODWIRUP�� 7KH� ZLQGRZ� ODEHOLQJ�
SURJUDP� ZLOO� FUHDWH� PDUNHW� GHPDQG� IRU� WKHVH�
SURGXFWV� DQG�ZLOO� DOVR�KHOS� HQIRUFHPHQW� DJHQFLHV� DW�
WKH� XUEDQ� ORFDO� ERG\� �8/%�� OHYHO� WR� FKHFN� FRGH�
FRPSOLDQFH� LQ�FDVH�RI� WKH�XVH�RI�%((�HQGRUVHG� DQG�
ODEHOHG�SURGXFWV��

0(7+2'2/2*<�
7KH� H[HUFLVH�ZDV�GLYLGHG� LQWR� WKUHH�SDUWV�� )LUVW�ZDV�
WR� XQGHUVWDQG� LQWHUQDWLRQDO� ZLQGRZ� UDWLQJ� DQG�
ODEHOLQJ� SURJUDPV�� 7KLV� SDUW� KHOSHG� LQ� LVRODWLQJ� WKH�
HQHUJ\�SHUIRUPDQFH�HYDOXDWLRQ�FULWHULD� IRU�ZLQGRZV��
SHUIRUPDQFH� VWDQGDUGV� DQG� WHVWLQJ� SURWRFROV� XVHG� LQ�
WKH�SURFHVV��DV�ZHOO�DV�WKH�DGPLQLVWUDWLYH�V\VWHPV�DQG�
WRROV� XVHG� WR� LPSOHPHQW� VXFK� SURJUDPV� LQ� YDULRXV�
SDUWV�RI�WKH�ZRUOG���

7KH� VHFRQG� SDUW� ZDV� DLPHG� DW� XQGHUVWDQGLQJ� WKH�
FXUUHQW� VWDWXV� RI� WKH� ,QGLDQ� IHQHVWUDWLRQ� PDUNHW� LQ�
WHUPV�RI�D�FRPSDUDWLYH�DVVHVVPHQW�RI�WKH�RI�H[LVWLQJ�
ZLQGRZV�ZLWK�WKH�PLQLPXP�UHTXLUHPHQWV�SUHVFULEHG�
E\� (&%&�� � � 7KH� ODVW� SDUW� ZDV� � WR�PDNH� D� EXVLQHVV�
FDVH� IRU� (&%&� FRPSOLDQW� ZLQGRZV� WKURXJK�
FRPSRQHQW�DQG�ZKROH�EXLOGLQJ�VLPXODWLRQ�DQG�VLPSOH�
SD\EDFN�DQDO\VLV�IRU�LQYHVWPHQWV��

Overview of Window rating and labelling 
program in various countries 
8QLWHG� 6WDWHV� RI� $PHULFD�� 1DWLRQDO� )HQHVWUDWLRQ�
5DWLQJ� &RXQFLO� �1)5&�� GHYHORSHG� WKH� UDWLQJ�
VWDQGDUGV�IROORZHG�LQ�WKH�86$��7KH�WKUHH�FRPPLWWHHV�
IRUPHG� XQGHU� 1)5&� DUH� &HUWLILFDWLRQ� 3ROLF\�
&RPPLWWHH�� 7HFKQLFDO� ,QWHUSUHWDWLRQV� 3ROLF\�
&RPPLWWHH�� DQG� $FFUHGLWDWLRQ� 3ROLF\� &RPPLWWHH��
7KH� SDUDPHWHUV� DQG� VWDQGDUGV� XVHG� DW�1)5&� DUH� DV�
OLVWHG�LQ�7DEOH����
�

Table 1: Parameters and Standards for USA 
�

PARAMETERS  STANDARDS  
8���IDFWRU�� $670�&���������
6+*&�� ,62�������LQ�1)5&������1)5&������
9/7�� ,62�±��������
$LU�/HDNDJH�� $670�(�����>�@��
&5�� $670�&������$670�(������

�

Australia�� $XVWUDOLDQ� )HQHVWUDWLRQ� 5DWLQJ� &RXQFLO�
�$)5&�� GHYHORSHG� WKH� UDWLQJ� V\VWHP� IRU� $XVWUDOLD��
7KH�$)5&� ERDUG� LV� UHVSRQVLEOH� IRU� HQIRUFHPHQW� RI�
$)5&� SURWRFROV�� DFFUHGLWDWLRQ� IRU� VLPXODWRUV�� WHVW�
ODEV�DQG�DXGLWRUV��FHUWLILFDWLRQ��GLVSXWH�UHVROXWLRQ�DQG�
1)5&� OLDLVRQ�� 7KH� SDUDPHWHUV� DQG� VWDQGDUGV�
IROORZHG�DUH�DV�WDEXODWHG�LQ�7DEOH����
�

Table 2: Parameters and Standards for Australia 
�

PARAMETERS  STANDARDS  
8���YDOXH�� $670�&���������
6+*&� ,62�������LQ�1)5&������1)5&������
9/7� ,62�±��������
$LU�LQILOWUDWLRQ�� $6�������
)DEULF�IDGLQJ�
WUDQVPLWWDQFH��

$6������±������	�$6������±�������

�

United Kingdom�� %ULWLVK� )HQHVWUDWLRQ� 5DWLQJ�
&RXQFLO� �%)5&�� LV� WKH� RUJDQL]DWLRQ� UHVSRQVLEOH� IRU�
ZLQGRZ� ODEHOLQJ� LQ� WKH� 8.�� 7KH� SDUDPHWHUV� DQG�
VWDQGDUGV�XVHG�DUH�DV�OLVWHG�LQ�7DEOH����
�

Table 3: Parameters and Standards for UK 
�

PARAMETERS STANDARDS 
8���9DOXH� %6�(1�,62���������
6RODU�KHDW�JDLQ�µ*¶�YDOXH� (1�±�����
$LU�OHDNDJH�µO¶� %6�������3DUW����(1�����

�

China��:LQGRZ�ODEHOLQJ�WDVN�LQ�&KLQD�LV�SHUIRUPHG�
XQGHU� WKH� JXLGDQFH� RI� &KLQD� )HQHVWUDWLRQ� (QHUJ\�
(IILFLHQF\� 3HUIRUPDQFH� ODEHOLQJ�� 7KH� SDUDPHWHUV�

3URFHHGLQJV�RI�%6������
��WK�&RQIHUHQFH�RI�,QWHUQDWLRQDO�%XLOGLQJ�3HUIRUPDQFH�6LPXODWLRQ�$VVRFLDWLRQ��&KDPEpU\��)UDQFH��$XJXVW������
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XVHG�DUH�KHDW�WUDQVIHU�FRHIILFLHQW��VKDGLQJ�FRHIILFLHQW��
DLU� SHUPHDELOLW\�� YLVLEOH� WUDQVPLWWDQFH�� DQG� HQHUJ\�
VDYLQJ�SHUIRUPDQFH�REMHFWLRQ�GHVFULSWLRQ��
South Africa��6RXWK�$IULFDQ�)HQHVWUDWLRQ�,QVXODWLRQ�
(QHUJ\� 5DWLQJ� $VVRFLDWLRQ� �6$),(5$�� LV� WKH�
UHJXODWRU\� DXWKRULW\� IRU� ODEHOLQJ� ZLQGRZV� LQ� 6RXWK�
$IULFD�� ,W� KDV� DGRSWHG� DOO� WKH�1)5&�SDUDPHWHUV� DQG�
VWDQGDUGV��
Ireland�� 1DWLRQDO� 6WDQGDUGV� $XWKRULW\� RI� ,UHODQG�
�16$,��LV�WKH�UHJXODWRU\�ERG\�IRU�IHQHVWUDWLRQ�UDWLQJ�
LQ�,UHODQG��7KH�SDUDPHWHUV�DQG�VWDQGDUGV�XVHG�DUH�DV�
OLVWHG�LQ�7DEOH����
�

Table 4: Parameters and Standards for Ireland 
�

PARAMETERS  STANDARDS  
8�IDFWRU�� ,�6��(1�,62�������±���������
6RODU�IDFWRU�� ,�6��(1�����
$LU�OHDNDJH�� ,�6��(1��������������

�

Performance evaluation of windows available in 
India 
0DUNHW�VXUYH\�DQG�VLPXODWLRQ��7KLV�SDUW�RI�WKH�VWXG\�
ZDV� DLPHG� DW� GRFXPHQWLQJ� WKH� ZLQGRZ� IUDPH�
PDWHULDOV�DQG�JOD]LQJ�RSWLRQV�DYDLODEOH�WR�FRQVXPHUV��
FRPPRQO\� XVHG� ZLQGRZ� RSHUDWLRQ� PHWKRGV� DQG�
ZLQGRZ� VL]HV� XVHG� LQ� FRPPHUFLDO� EXLOGLQJV�� $�
VXUYH\�ZDV�FRQGXFWHG�E\�WKH�SRVW�JUDGXDWLRQ�VWXGHQWV�
IRU� D� WLPH� VSDQ� RI� DERXW� WZR�PRQWKV� FRYHULQJV� WKH�
QRUWKHUQ� DQG� ZHVWHUQ� SDUWV� RI� ,QGLD� ZKLFK� DOPRVW�
LQFOXGHG� DOO� WKH� QDWLRQDO� OHYHO� PDQXIDFWXUHUV� DQG�
VHUYLFH�SURYLGHUV��$�OLVW�RI�PDQXIDFWXUHUV� IRU�839&�
DQG�$OXPLQLXP�IUDPHV�ZDV�FUHDWHG�DQG�WKHLU�SURGXFW�
OLQH�ZDV�VWXGLHG��6LPLODUO\�� WKH�&3:'�WHQGHUV�ZHUH�
H[DPLQHG� IRU� ZRRGHQ� IUDPH� XVDJH�� $UFKLWHFWV� DQG�
(QJLQHHUV� ZHUH� DOVR� DSSURDFKHG� WR� JHW� DQ�
XQGHUVWDQGLQJ� RI� WKH� SUHVHQW� JOD]LQJ� SUDFWLFHV�� 7KLV�
IDLUO\�JDYH�WKH�LGHD�RI�WKH�PRVW�IUHTXHQWO\�XVHG�IUDPH�
PDWHULDOV�� WKHLU� W\SHV�� VHFWLRQV� DQG� RSHUDWLRQV�� 7KH�
VXUYH\� UHYHDOHG� WKH� IROORZLQJ� FRQFOXVLRQV� �UHIHU�
)LJXUH�����
D� :RRG�� DOXPLQXP� DQG� 839&� DUH� WKH� PRVW�

FRPPRQO\�XVHG�IUDPLQJ�PDWHULDOV��
E� &DVHPHQW�� VOLGLQJ� DQG� IL[HG� DUH� WKH� PRVW�

SUHYDOHQW�ZLQGRZ�RSHUDWLRQ�RSWLRQV�DYDLODEOH�LQ�
WKH�PDUNHW��

F� 0RVW� VLQJOH�SDQH�ZLQGRZV�DUH� ILWWHG�ZLWK�FOHDU��
WLQWHG� RU� UHIOHFWLYH� JODVV� ZKHUHDV� PRVW� GRXEOH�
JOD]HG�XQLWV� XVH�FOHDU� JODVV�ZLWK� ORZ�HPLVVLYLW\�
�/RZ�H��RU�VRODU�UHIOHFWLYH�JODVV��

)URP� WKH� VXUYH\�� ���� IUDPH� DQG� JOD]LQJ�
FRPELQDWLRQV�ZHUH�VHOHFWHG�IRU�WKH�VWXG\��7ZR�W\SHV�
RI� ZLQGRZ� IUDPH� VHFWLRQV� ZHUH� FKRVHQ� LQ� WKUHH�
PDWHULDOV� �DOXPLQXP�� ZRRG� DQG� 839&�� IRU� WKUHH�
RSHUDWLRQV��IL[HG��VOLGLQJ�DQG�FDVHPHQW���7KHVH�ZHUH�
IXUWKHU� H[WHQGHG� WR� LQFOXGH� WHQ� VLQJOH� DQG� GRXEOH�
SDQH�RSWLRQV��FOHDU��WLQWHG�EOXH��WLQWHG�JUHHQ��FRDWHG�

EOXH�FRDWHG��FRDWHG�JUHHQ��FOHDU���FOHDU��FOHDU���ORZ�
H��ORZ�H���FOHDU��FRDWHG���ORZ�H��ORZ�H���ORZ�H��

�
�

Figure 1 Run chart for one type of window, showing 
three window frame materials with three kinds of 

operation for ten type of glazing panes.  
�

(DFK�JODVV�ZDV�WHVWHG�XVLQJ�,62������PHWKRG�PHDQW�
WR� GHWHUPLQH� WKH� YLVXDO� OLJKW� WUDQVPLWWDQFH�� VRODU�
GLUHFW�WUDQVPLWWDQFH��WRWDO�VRODU�HQHUJ\�WUDQVPLWWDQFH��
XOWUDYLROHW� WUDQVPLWWDQFH� DQG� UHODWHG� JOD]LQJ� IDFWRUV��
(DFK� IUDPH� PDWHULDO� ZDV� WHVWHG� IRU� LWV� HPLVVLYLW\��
WKHUPDO� FRQGXFWLYLW\�� VSHFLILF� KHDW� DQG� GHQVLW\��
(QHUJ\� SHUIRUPDQFH� SURSHUWLHV� RI� ZLQGRZ�
FRPSRQHQWV� LQ� WHUPV� RI� �8�IDFWRU�� 6+*&� DQG�9/7�
ZHUH� GHWHUPLQHG� XVLQJ� FRPSRQHQW� VLPXODWLRQ�
SURJUDPV� �:,1'2:� YHUVLRQ� ��� 7+(50�YHUVLRQ� ��
DQG�237,&6� YHUVLRQ� ������ 7KH� ERXQGDU\� FRQGLWLRQV�
FRQVLGHUHG� IRU� VLPXODWLRQ� DV� SHU� ,62������ DUH�
PHQWLRQHG�LQ�7DEOH����
�

 Table 5: Boundary Conditions as per ISO15099 
�

FOR U-FACTOR CALCULATION 
,QWHULRU�7HPSHUDWXUH� ����&��������)��
([WHULRU�7HPSHUDWXUH� ����&��������)��
([WHULRU�:LQG�9HORFLW\� ����P�V������PSK��
5DGLDQW�PHDQ�WHPSHUDWXUH�H[WHULRU� 7�H[WHULRU�
5DGLDQW�PHDQ�WHPSHUDWXUH�LQWHULRU� 7�LQWHULRU�

FOR SHGC CALCULATION 
,QWHULRU�7HPSHUDWXUH� ����&��������)��
([WHULRU�7HPSHUDWXUH� ����&��������)��
([WHULRU�:LQG�9HORFLW\� ����P�V������PSK��
5DGLDQW�PHDQ�WHPSHUDWXUH�H[WHULRU� 7�H[WHULRU�
5DGLDQW�PHDQ�WHPSHUDWXUH�LQWHULRU� 7�LQWHULRU�
,QFLGHQW�VRODU�IOX[� ����:�P��
6RODU�6SHFWUXP� ,62������������

�

7KH� SHUIRUPDQFH� RI� DOO� ���� FRPELQDWLRQV� ZDV�
FRPSDUHG� DJDLQVW�(&%&�SUHVFULEHG� QXPEHUV� IRU�8�
DFWRU��6+*&�DQG�9/7�LQ�RUGHU�WR�DVVHVV�WKH�QXPEHU�
RI�H[LVWLQJ�ZLQGRZ�DVVHPEOLHV�LQ�WKH�PDUNHW�WKDW�DUH�
FRPSOLDQW� ZLWK� (&%&�� (&%&� SUHVFULEHG� YDOXHV� IRU�
8�9DOXH�� 6+*&� DQG� 9/7� KDYH� EHHQ� WDEXODWHG� LQ�
7DEOH���DQG����
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Table 6: ECBC Prescribed U-Value and SHGC 
�

CLIMATE 
ZONE 

MAX 
U-

VALUE 

MAX SHGC 

WWR < 
40% 

40% < 
WWR < 

60% 
&RPSRVLWH� ����� ����� �����

+RW�	�'U\� ����� ����� �����
:DUP�	�+XPLG� ����� ����� �����

0RGHUDWH� ����� ����� �����

&ROG� ����� ����� �����
�

Table 7: ECBC Prescribed VLT 
�

WINDOW WALL RATIO MINIMUM VLT 
�����±����� �����
�����±����� �����
�����±����� �����
�����±����� �����
�

'XULQJ�WKH�FRXUVH�RI�WKLV�VWXG\��FHQWHU�RI�JODVV�YDOXHV�
�ZLWKRXW� IUDPH�� ZHUH� DOVR� SORWWHG� WR� XQGHUVWDQG� WKH�
LPSDFW� RI� ZLQGRZ� IUDPH� DQG� RSHUDWLRQ� RQ� WKH�
SHUIRUPDQFH�RI�ZLQGRZV��

Results 
�

�
�

Figure 2 U-Value, SHGC and VLT at centre of the 
glass (without frame) for10 glazing panels.   

 

�
�

Figure 3: 30 cases of fixed frame using three window 
frame material and 10 types of glazing panes.   

�

�
 

�

Figure 4: 30 cases of casement operation using three 
window frame material and 10 types of glazing 

panes.    
�

3URFHHGLQJV�RI�%6������
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�
 

�

Figure 5: 30 cases of sliding operation using three 
frame materials and 10 types of glazing panes. 

  ��
)ROORZLQJ�LQIHUHQFHV�ZHUH�PDGH�IURP�WKLV�SDUW�RI�WKH�
VWXG\��
D� 6LQJOH� SDQH� ZLQGRZ� RSWLRQV� GR� QRW� PHHW� WKH�

(&%&� 8�IDFWRU� DQG� 6+*&� UHTXLUHPHQW� IRU��
LUUHVSHFWLYH�RI�RSHUDWLRQ�W\SH�RU�IUDPH�PDWHULDO���

E� $OO� GRXEOH� SDQH� RSWLRQV� PHHW� WKH� 8�IDFWRU�
UHTXLUHPHQWV� EXW� IDLO� WR� PHHW� 6+*&� DQG� 9/7�
UHTXLUHPHQWV�VLPXOWDQHRXVO\��

F� 7R� PHHW� DOO� WKUHH� SDUDPHWHUV� RI� (&%&�� WKH�
ZLQGRZ� QHHGV� WR� KDYH� GRXEOH� SDQH� DQG� RQH� RI�
WKH�JODVVHV�VKRXOG�EH�FRDWHG���

G� )UDPH� DQG� RSHUDWLRQ� KDV� D� FRQVLGHUDEOH� LPSDFW�
RQ�ZLQGRZ�SHUIRUPDQFH�EXW� SROLF\� LQWHUYHQWLRQ�
RU� ODEHOLQJ� SURJUDP� PD\� QRW� GLIIHUHQWLDWH�
EHWZHHQ�RSHUDWLRQ�DQG�IUDPH�PDWHULDOV��

H� :LQGRZ� ODEHO� PD\� UHPDLQ� WKH� VDPH� IRU� DOO�
FOLPDWH�]RQHV�H[FHSW�PRGHUDWH���

Evaluation of energy saving potential of code 
compliant windows  
7R� HQVXUH� PDUNHW� DFFHSWDELOLW\� WRZDUGV� ODEHOHG�
ZLQGRZV�� LW� LV� HVVHQWLDO� WR� GHPRQVWUDWH� WKH� HQHUJ\�
VDYLQJ� SRWHQWLDO� RI� WKHVH� ZLQGRZV�� DORQJ� ZLWK� WKH�
ORQJ� WHUP� HFRQRPLF� EHQHILWV�� �� �7KH� ODVW� SDUW� RI� WKH�
VWXG\� GHPRQVWUDWHV� WKH� H[WHQW� RI� HQHUJ\� VDYLQJ�
SRWHQWLDO� LQ� YDULRXV� FOLPDWH� ]RQHV� ZLWK� YDULHG�
ZLQGRZ� WR� ZDOO� UDWLR� �::5��� ,Q� RUGHU� WR� GR� WKLV��
EXLOGLQJV�RI�WKUHH�VL]HV��WZR�RSHUDWLRQ�VFKHGXOHV�DQG�
WKUHH�::5V�����������������ZHUH�VLPXODWHG�XVLQJ�

(QHUJ\3OXV� LQ� ILYH� FOLPDWH� ]RQHV� RI� ,QGLD�� 7KH� UXQ�
FKDUW� VKRZQ� LQ� )LJXUH� �� GHSLFWV� YDULRXV� EXLOGLQJ�
FRQILJXUDWLRQV�DQDO\]HG�IRU�WKH�VWXG\��
�

Table 8: Combination of cases 
�

�

�

�
��

Figure 6 Run Chart 
�

6LPXODWLRQ��
7KH� EDVLF� PRGHO� LV� D� ILYH�]RQH�� ILYH�VWRUH\� VTXDUH�
EXLOGLQJ� ZLWK� IORRU� KHLJKW� RI� �P�� 7DEOH� �� VKRZV�
VRPH�RI�WKH�LQSXW�SDUDPHWHUV�XVHG�LQ�WKH�VLPXODWLRQ��
3HULPHWHU�]RQH�GHSWK�ZDV�WDNHQ�DV��P�IURP�EXLOGLQJ�
IDoDGH��
�

Table 9: Model Inputs 
�

INPUT PARAMETERS ECBC BAU 

/3'��:�P���
(3'��:�P���
2'��VT�P�SHUVRQ��
&RROLQJ�&R3�
,QILOWUDWLRQ��DFK��
&RROLQJ�6HW�SRLQW���&��
+HDWLQJ�6HW�SRLQW���&��
'D\OLJKW�&RQWURO 

������
������
�����
�����
�����
������
������
<HV�

������
�����
����
�����
�����
������
������
1R�

�

7KH�EXLOGLQJ�HQYHORSH�DQG�V\VWHP�FKDUDFWHULVWLFV�IRU�
VLPXODWLRQ�ZHUH�EXQGOHG�DV�IROORZV���
D� %$8� &DVH�� %XVLQHVV�DV�XVXDO� �%$8�� EXLOGLQJ�

HQYHORSH� �ZDOO�� ZLQGRZ� DQG� URRI� FRQVWUXFWLRQ��
DQG�%$8�+9$&�DQG�OLJKWLQJ�V\VWHPV 

E� %$8�� &DVH�� %$8� ZDOO� DQG� ZLQGRZ�
FRQVWUXFWLRQ��%$8�+9$&�DQG�OLJKWLQJ�V\VWHPV��
ZLWK�(&%&�FRPSOLDQW�ZLQGRZV� 

F� (&%&� &DVH�� (&%&� FRPSOLDQW� HQYHORSH� DQG�
V\VWHPV� 

CASE %$8� %$8�� (&%&�

WINDOW 
TYPE %$8� (&%&�

&RPSOLDQW�
(&%&�
&RPSOLDQW�

BUILDING %$8� %$8� (&%&�
&RPSOLDQW�

3URFHHGLQJV�RI�%6������
��WK�&RQIHUHQFH�RI�,QWHUQDWLRQDO�%XLOGLQJ�3HUIRUPDQFH�6LPXODWLRQ�$VVRFLDWLRQ��&KDPEpU\��)UDQFH��$XJXVW������
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7KH� SURSHUWLHV� RI� %$8� DQG� (&%&� FRPSOLDQW�
HQYHORSH� IRU� GLIIHUHQW� FOLPDWH� ]RQHV� DQG� RSHUDWLRQ�
DUH�OLVWHG�LQ�7DEOH����DQG�7DEOH����UHVSHFWLYHO\��
�

Table 10: Window Properties 
�

TYPE WWR 
U-

FACTOR SHGC VLT 

%$8� ���� ���� ����� ����
%$8� ���� ���� ����� ����
%$8� ���� ���� ����� ����
(&%&��&3��+'��:+������ ���� ����� �����
(&%&��&3��+'��:+������ ���� ����� ����
(&%&��&3��+'��:+������ ���� ���� �����
(&%&��0RGHUDWH�� ���� ���� ���� �����
(&%&��0RGHUDWH�� ���� ���� ���� ����
(&%&��0RGHUDWH�� ���� ���� ���� �����
(&%&��&ROG�� ���� ���� ����� �����
(&%&��&ROG�� ���� ���� ����� ����
(&%&��&ROG�� ���� ���� ����� �����
�

Table 11: Envelope Properties 
�

TYPE DAYTIME 
SCHEDULE 

24 HR SCHEDULE 

MAX 
WALL 

U-
VALUE 

MAX 
ROOF U-
VALUE 

MAX 
WALL U-
VALUE 

MAX 
ROOF 

U-
VALUE 

%$8� ����� ����� ����� �����

(&%&�
�+'�:+�&3��

����� ������ ����� ������

(&%&�
�0RGHUDWH��

����� ������ ����� ������

(&%&�
�&ROG��

������ ������ ������ ������

�

5HVXOWV��
*UDSKV� SORWWHG� LOOXVWUDWH� WKH� HQHUJ\� VDYLQJV�
DFKLHYDEOH� E\� XVH� RI�(&%&� FRPSOLDQW�ZLQGRZV� IRU�
GLIIHUHQW� EXLOGLQJ� W\SH� DQG� IORRU� VL]HV� LQ� DOO� ILYH�
FOLPDWH�]RQHV�RI�,QGLD��
�

�
Figure 7: Annual Energy Performance Index (EPI) 

for three types of 4500 m2 Daytime use building with 
40% WWR in all five climates. 

�
�

Figure 8: Incremental EPI for deviation from ECBC 
compliance for 4500 m2 daytime use building with 

three WWR in all five climates. 
�

�
�

Figure 9: EPI savings due to windows and other 
ECBC measures for 4500 m2 daytime use building 

with 40% WWR in all five climates.  
�

�
�

Figure 10: EPI savings due to windows and other 
ECBC measures for three building sizes and 2 

schedules in Hot & Dry climate with 40 % WWR. 
�

�
�

Figure 11: Range of EPI savings due to Window 
ECBC compliance for 4500 m2 daytime and 24 hr 
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use building in all five climates with varying WWR 
from 20% to 60%. 

�

Payback and life cycle cost analysis 
6LPSOH� SD\EDFN� FDOFXODWLRQ� LV� D� ZLGHO\� DGRSWHG�
PHWKRG� IRU� PDNLQJ� GHFLVLRQV� UHJDUGLQJ� FDSLWDO�
LQYHVWPHQWV��/LIH�&\FOH�&RVW�$QDO\VLV��/&&$��LV�DQ�
HFRQRPLF� H[DPLQDWLRQ� RI� DOWHUQDWLYH� DOORFDWLRQ� RI�
&DSLWDO� UHVRXUFHV� WKDW� FRQVLGHUV� DOO� VLJQLILFDQW� FRVWV�
RI� RZQHUVKLS� RYHU� WKH� HFRQRPLF� OLIH� RI� WKH�
DOWHUQDWLYHV�� 7KLV� WDNHV� LQWR� DFFRXQW� WKH� FRVWV� RI�
DFTXLULQJ�� RSHUDWLQJ�� PDLQWDLQLQJ� DQG� XOWLPDWHO\�
GLVSRVLQJ� RII� WKH� DOWHUQDWLYH�� 7KH� IRUPXODH� XVHG� IRU�
FDOFXODWLRQ�DUH��
6LPSOH�3D\EDFN�3HULRG� �\HDUV�� � ,QLWLDO� ,QFUHPHQWDO�
,QYHVWPHQW��$QQXDO�(QHUJ\�&RVW�6DYLQJV��
/LIH�&\FOH�&RVW��5V�� �,���5HSO���5HV���(���20	5�

�)XOOHU�������
:KHUH��
,��  �3UHVHQW�9DOXH�,QYHVWPHQW�&RVW�
5HSO��  �3UHVHQW�9DOXH�5HSODFHPHQW�&RVW�
5HV��  �3UHVHQW�9DOXH�5HVLGXDO�&RVW�
(��  �3UHVHQW�9DOXH�(QHUJ\�&RVW�
20	5�� �3UHVHQW�YDOXH�2SHUDWLRQ��0DLQWHQDQFH�DQG�

5HSDLU�&RVW�
/LIH�F\FOH�FRVW�DQG�SD\EDFN�DQDO\VLV�LV�FRQGXFWHG�IRU�
WKH� FDVHV� DQDO\]HG� WR� XQGHUVWDQG� WKH� WUDGH�RIIV�
EHWZHHQ�LQLWLDO�LQYHVWPHQW�DQG�HQHUJ\�VDYLQJV�GXULQJ�
RSHUDWLRQ� RI� EXLOGLQJV� DV� ZHOO� DV� WKH� µUHWXUQ� RQ�
LQYHVWPHQW¶�VFHQDULRV���
6LPSOH� SD\EDFN� DQDO\VLV� ZDV� XVHG� WR� FDOFXODWH� WKH�
WLPH� SHULRG� LQ� ZKLFK� WKH� (&%&� FRPSOLDQW� ZLQGRZ�
ZRXOG� SD\EDFN� WKHLU� LQFUHPHQWDO� LQYHVWPHQW� E\�
VDYLQJ�WKH�RSHUDWLRQDO�FRVW�RI�WKH�EXLOGLQJ�LQ�WHUPV�RI�
HOHFWULFLW\�� 'RZQVL]LQJ� RI� +9$&� HTXLSPHQW� LV� QRW�
FRQVLGHUHG�IRU�VLPSOH�SD\EDFN�FDOFXODWLRQV�DV�LW�PD\�
QRW�EH�SRVVLEOH�WR�UHSODFH�WKH�HTXLSPHQW�LQ�OLQH�ZLWK�
WKH� JOD]LQJ� UHWURILWV� LQ� H[LVWLQJ� EXLOGLQJV�� ,Q� QHZ�
FRQVWUXFWLRQV��WKHVH�PD\�DGG�XS�IRU�DGGHG�UHWXUQV��

Inputs 
/&&�FDOFXODWLRQ�UHTXLUHV�3UHVHQW�9DOXH��39��IDFWRUV�
WKDW� WDNH� LQWR� DFFRXQW� WKH� UDWH� RI� HVFDODWLRQ�� UDWH� RI�
LQWHUHVW��7KH�VWXG\�IROORZHG�WKH�1,67�+DQGERRN��IRU�
FDOFXODWLRQ� RI� /&&� DQG� VDYLQJV� RI� WKH� UDQJH� ��� WR�
���� ZHUH� REVHUYHG� IRU� GLIIHUHQW� W\SHV� DQG� VL]H� RI�
EXLOGLQJV�LQ�YDULRXV�FOLPDWHV�GXH�WR�(&%&�FRPSOLDQW�
ZLQGRZV�� 6WXG\� RI� /&&� WDNLQJ� LQWR� DFFRXQW� WKH�
DFWXDO�GLVFRXQW� UDWHV�DQG�HVFDODWLRQ� LQ�HQHUJ\�SULFHV�
IRU� ,QGLDQ� FRQWH[W� KDV�EHHQ� LQFRUSRUDWHG� DV� D� IXWXUH�
VFRSH�RI�WKH�VWXG\��
7KH� HOHFWULFLW\� FRVW� FRQVLGHUHG� LV� 5V� ����� SHU� N:K�
DQG�WKH�ZLQGRZ�FRVWV�KDYH�EHHQ�OLVWHG�LQ�7DEOH�����
�

 
 
 
 
 

Table 12: Window Costs 
�

FRAM
E GLASS 

U-
FAC
TOR 

SHG
C VLT 

COS
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Figure 12: Payback period (years) of ECBC 
compliant windows for 4500 m2 daytime use building 

with three WWR and in five climates 
�

�
�

Figure 13: Payback period (years) of ECBC windows 
for three building sizes and two operation schedules 

with 40% WWR in Hot and Dry climate 
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ODEHOOLQJ� SURJUDPV� DV� ZHOO� DV� DFFHSWDEOH� ZLQGRZ�
WHVWLQJ� VWDQGDUGV�� )RU� WKH� VXUYH\�� 7KH� VWXG\� IRXQG�
WKUHH� NH\� SDUDPHWHUV� XVHG� LQ� ZLQGRZ� ODEHOOLQJ�
SURJUDPV��ZHUH���8�YDOXH��6+*&��DQG�9/7��
7KH� VWXG\� WKHQ� FRQGXFWHG� H[WHQVLYH� VXUYH\� RI�
H[LVWLQJ� ZLQGRZ� LQVWDOODWLRQ� SUDFWLFHV� LQ� ,QGLD� DQG�
LGHQWLILHG� ���� JODVV� DQG� IUDPH� FRPELQDWLRQ� IRU� WKH�
DQDO\VLV��7KHUPDO�DQG�YLVXDO�SHUIRUPDQFH�RI�YDULRXV�
JODVV� FRPELQDWLRQV� ZHUH� WHVWHG� XVLQJ� ,62� �����
VWDQGDUG�� 7KLV� H[WHQVLYH� DQDO\VLV� LQGLFDWHG� WKDW�
YDULRXV�GRXEOH�SDQH�ZLQGRZ� FRPELQDWLRQV�PHHW� WKH�
8�IDFWRU� UHTXLUHPHQWV� EXW� IDLO� WR� PHHW� 6+*&� DQG�
9/7� UHTXLUHPHQWV� VLPXOWDQHRXVO\�� )XUWKHU� DQDO\VLV�
DOVR� \LHOGHG� WKDW� WR� PHHW� DOO� WKUHH� SDUDPHWHUV� RI�
(&%&�� WKH� ZLQGRZ� QHHGV� WR� KDYH� GRXEOH� SDQH� DQG�
RQH� RI� WKH� JODVVHV� VKRXOG� EH� FRDWHG�� $OVR� D�
VXEVWDQWLDO� GLIIHUHQFH� LQ� SHUIRUPDQFH� FRXOG� EH�
REVHUYHG� LQ� 8�YDOXH� IRU� ZLQGRZV� ZLWK� DQG� ZLWKRXW�
IUDPHV�� 7KH� DERYH� UHVXOWV� FOHDUO\� LQGLFDWH� WKH�
QHFHVVLW\� IRU� FRQVLGHULQJ� ZLQGRZ� DV� D� ZKROH� IRU�
FRPSOLDQFH� ZLWK� D� VSHFLILF� VWDQGDUG�� UDWKHU� WKDQ�
ORRNLQJ�DW�WKH�JOD]LQJ�LQ�DQ�LVRODWHG�PDQQHU��
)URP� WKH� DERYH� DQDO\VLV�� VWXG\� IRXQG� WKDW� ZLQGRZ�
IUDPH� W\SH� DQG� RSHUDWLRQ� W\SH� KDYH� VLJQLILFDQW�
LPSRUWDQW� RQ� RI� RYHUDOO� ZLQGRZ� SHUIRUPDQFH�� 7KH�
DQDO\VLV� DOVR� VXJJHVWV� WKDW� ZLQGRZ� ODEHOOLQJ�
SHUIRUPDQFH�FULWHULD�FRXOG�EH�XQLIRUP�IRU�DOO�FOLPDWH�
]RQHV� H[FHSW� IRU� PRGHUDWH� ]RQH�� +RZHYHU�� IRU� HDVH�
RI� LPSOHPHQWDWLRQ�� LW� LV� UHFRPPHQGHG� WR� KDYH�
XQLIRUP�ZLQGRZ�VWDQGDUG�DSSOLFDEOH�IRU�DOO�ZLQGRZV�
DQG�DOO�FOLPDWH�]RQHV��
7KH� HQHUJ\� VDYLQJ� SRWHQWLDO� RI� (&%&� FRPSOLDQW�
ZLQGRZV� YDU\� GHSHQGLQJ� RQ� WKH� FOLPDWH�� EXLOGLQJ�
VL]H� DQG� W\SH�� VFKHGXOH�� )RURU� D� EXLOGLQJ� ZLWK�
RFFXSLHG�DUHD�RI������P���WKH�HQHUJ\�VDYLQJV�IDOO�LQ�
WKH�UDQJH�RI����WR�����ZKHQ�GD\WLPH�VFKHGXOH�ZDV�
IROORZHG�DQG���� WR����� LQ� FDVH�RI� ���+U� VFKHGXOH�
ZLWK� ::5� YDU\LQJ� IURP� ���� WR� ���� LQ� ERWK� WKH�
FDVHV�� 7KH� SD\EDFN� SHULRG� IRU� (&%&� FRPSOLDQW�
ZLQGRZV�IRU�DOO�WKH�FDVHV�FDPH�RXW�WR�EH�OHVV�WKDQ���
\HDUVZKLFK�SURYLGHV�D�VWURQJ�UHDVRQ�WR�WKH�FXVWRPHUV�
WR�PRYH�WRZDUGV�HQHUJ\�HIILFLHQW�ZLQGRZV��
7KLV� VWXG\� SURYLGHV� WKRURXJK� DQDO\VLV� RQ� H[LVWLQJ�
ZLQGRZ� SUDFWLFHV� RI� ,QGLD� DQG� WKHLU� SHUIRUPDQFH�
DJDLQVW�(&%&�UHTXLUHPHQWV��7KH�VWXG\�DOVR�LQGLFDWHV�
WKDW�KXJH�HQHUJ\�SRWHQWLDO�FRXOG�EH�DFKLHYHG�WKURXJK�
LQVWDOODWLRQ� RI� HQHUJ\�HIILFLHQW� ZLQGRZV� LQ� WKH�
EXLOGLQJV�� 7KHUH� LV� D� VWURQJ� QHHG� IRU� D� ZLQGRZ�
ODEHOOLQJ�SURJUDP�LQ�WKH�FRXQWU\�WKDW�FRXOG�HQFRXUDJH�
SURJUHVVLYH� PDQXIDFWXUHUV� GHYHORS� HQHUJ\�HIILFLHQW�
SURGXFWV� DQG� FUHDWH� PDUNHW� GLIIHUHQWLDWLRQ� IRU� WKHLU�
SURMGFW� ZKLOH� SURYLGLQJ� FRQVXPHUV� RSSRUWXQLW\� WR�
VDYH� HQHUJ\� FRVWV� E\� LQYHVWLQJ� LQ� HQHUJ\�HIILFLHQW�
ZLQGRZ�SURGXFWV��

5()(5(1&(6�
%((�� ������ (QHUJ\� &RQVHUYDWLRQ� %XLOGLQJ� &RGH�

������ 5HYLVHG� 9HUVLRQ� 0D\� ������ %XUHDX� RI�
(QHUJ\�(IILFLHQF\��1HZ�'HOKL���

%&$3��������&RPPHUFLDO�%XLOGLQJ�(QHUJ\�&RGHV� ��
8VDELOLW\� DQG� &RPSOLDQFH�0HWKRGV�� 'HYHORSHG�
E\�%XLOGLQJ�&RGHV�$VVLVWDQFH�3URMHFW���

&%5(�$0&+$0� ������ (QHUJ\� (IILFLHQF\�
,PSURYHPHQWV� LQ� %XLOGLQJV� SURMHFW� GRFXPHQW��
,QGLDQ�5HDO�(VWDWH�2YHUYLHZ��81'3�*()��%((��
*RYHUQPHQW�RI�,QGLD��������

&HQWUDO�(OHFWULFLW\�$XWKRULW\��&($���������$OO�,QGLD�
(OHFWULFLW\� 6WDWLVWLFV�� 0LQLVWU\� RI� 3RZHU��
*RYHUQPHQW�RI�,QGLD��1HZ�'HOKL��,QGLD���

'HUULQJHU�� -�� ,\HU�� 0�� DQG� +XDQJ�� <�� -�� ������
7UDQVIHUUHG� MXVW� RQ� SDSHU"� :K\� 'RHVQ¶W� WKH�
5HDOLW\� RI� 7UDQVIHUULQJ� �$GDSWLQJ� (QHUJ\�
HIILFLHQF\� FRGHV� DQG� 6WDQGDUGV� &RPH� &ORVH� WR�
WKH� 3RWHQWLDO"� 3URFHHGLQJV� RI� $&((� 6XPPHU�
VWXG\�RQ�(QHUJ\�(IILFLHQF\�LQ�%XLOGLQJV��3DFLILF�
*URYH��&$��$XJXVW��������

81'3� ������ 3URSRVHG� 3URMHFW� 'RFXPHQW� IRU� &(2�
(QGRUVHPHQW�� ,QGLD�� ,1'� (QHUJ\� (IILFLHQF\�
,PSURYHPHQWV� LQ�&RPPHUFLDO�%XLOGLQJV� ��XQGHU�
WKH� 3URJUDPPDWLF� )UDPHZRUN� IRU� (QHUJ\�
(IILFLHQF\�LQ�,QGLD��-DQXDU\��������

.XPDU� 6�� .DSRRU� 5�� 5DZDO� 5�� 6HWK� 6�� :DOLD� $��
������'HYHORSLQJ�(QHUJ\�FRQVHUYDWLRQ�%XLOGLQJ�
&RGH� ,PSOHPHQWDWLRQ� 6WUDWHJ\� LQ� ,QGLD��
3URFHHGLQJV�RI�$&((�6XPPHU�6WXG\�RQ�(QHUJ\�
(IILFLHQF\� LQ� %XLOGLQJV�� 3DFLILF� *URYH�� &$��
$XJXVW��������

0F.LQVH\�*OREDO�,QVWLWXWH��,QGLD¶V�XUEDQ�DZDNHQLQJ��
%XLOGLQJ� LQFOXVLYH� FLWLHV�� VXVWDLQLQJ� HFRQRPLF�
JURZWK����$SULO�������

66()� ������ :RUNVKRS� IRU� 3HHU� 5HYLHZ� RI� 7LHU�
$SSURDFK� $QDO\VLV�� +RVWHG� E\� 6KDNWL�
6XVWDLQDEOH� (QHUJ\� )RXQGDWLRQ�� 1HZ� 'HOKL��
)HEUXDU\��������

7KH� :HLGW� *URXS� ������ %XLOGLQJV� 'DWD� 5HSRUW� IRU�
&1&� '60� 3URJUDPV� IRU� 6KDNWL� 6XVWDLQDEOH�
(QHUJ\�)RXQGDWLRQ��-DQXDU\��������

7KH� :HLGW� *URXS� ����D� �� 6WHSSHG� %XQGOH�
'HYHORSPHQW� IRU� (&%&� 0HDVXUHV� ±� 3KDVH� ���
5HSRUW� IRU� 6KDNWL� 6XVWDLQDEOH� (QHUJ\�
)RXQGDWLRQ��$SULO��������

7KH� :HLGW� *URXS� ����E�� (QHUJ\� $QDO\VLV� 5HSRUW�
)RU� 7LHU� 'HYHORSPHQW� IRU� 3DUWLDO� &RPSOLDQFH�
ZLWK� (&%&� ±� 3KDVH� ��� 5HSRUW� IRU� 6KDNWL�
6XVWDLQDEOH�(QHUJ\�)RXQGDWLRQ��)HEUXDU\��������

9DLG\D� 3�� %KDUYLUNDU� 5�� :DUG� $�� 9DVXGHYDQ� 5��
&KHUDLO� .�� ������ 7UDQVIRUPLQJ� WKH� %XLOGLQJ�
(QHUJ\�(IILFLHQF\�0DUNHW� LQ� ,QGLD��3URFHHGLQJV�
RI�$&((�6XPPHU�VWXG\�RQ�(QHUJ\�(IILFLHQF\�LQ�
%XLOGLQJV��3DFLILF�*URYH��&$��$XJXVW�������

)XOOHU�� 6�.��� 3HWHUVHQ�� 6�5��� /,)(�&<&/(�
&267,1*� 0$18$/�� 1,67� +DQGERRN� �����
�����(GLWLRQ��
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