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$%675$&7�
7KLV�SDSHU�H[SORUHV� WKH�XVH�RI�EXLOGLQJ�SHUIRUPDQFH�
VLPXODWLRQ� VRIWZDUH� LQ� DVVHVVLQJ� WKH� EXLOGLQJ�
SHUIRUPDQFH� RI� WZR� H[LVWLQJ� FRPPHUFLDO� EXLOGLQJV�
ZLWK�KHULWDJH�YDOXHV�LQ�$XVWUDOLD��
7KH� UHVHDUFK� IRXQG� WKDW� WKH� GLIIHUHQFHV�EHWZHHQ� WKH�
VLPXODWLRQ� UHVXOWV� DQG� WKH� 1$%(56� DVVHVVPHQW� �D�
QDWLRQDO� UDWLQJ� V\VWHP� WKDW� PHDVXUHV� WKH�
HQYLURQPHQWDO� SHUIRUPDQFH� RI� $XVWUDOLDQ� EXLOGLQJV��
UDQJHG� IURP� ���� WR� ���� IRU� HOHFWULFLW\� XVDJH�� DQG�
DERXW� ����� IRU� QDWXUDO� JDV� XVDJH�� 7KH� RXWFRPH�
VXJJHVWV� WKDW� VRPH� XQFHUWDLQW\� H[LVWV� LQ� WKH�
DVVHVVPHQWV� DQG� WKDW� WKHVH� FRXOG� EH� GXH� WR�
DVVXPSWLRQV� XVHG� LQ� WKH� RSHUDWLRQDO� HQHUJ\�
PRGHOOLQJ� RI� WKH� FDVH� VWXG\� EXLOGLQJV� ZKHQ� RQ�VLWH�
LQIRUPDWLRQ�ZDV�QRW�DYDLODEOH��

,1752'8&7,21�
,Q�������WKH�'HSDUWPHQW�RI�3ODQQLQJ�DQG�&RPPXQLW\�
'HYHORSPHQW�RI�WKH�6WDWH�RI�9LFWRULD�IRU�WKH�+HULWDJH�
&KDLUV� DQG� 2IILFLDOV� RI� $XVWUDOLD� DQG� 1HZ� =HDODQG�
�+&2$1=��VRXJKW�WR�EHWWHU�XQGHUVWDQG�WKH�OLIH�F\FOH�
HQYLURQPHQWDO�LPSDFWV�RI�FRPPHUFLDO�EXLOGLQJV�ZLWK�
KHULWDJH� YDOXHV�� ,Q� UHVSRQVH�� 50,7� 8QLYHUVLW\�
HPSOR\HG� WKH� OLIH� F\FOH� DVVHVVPHQW� �/&$��
PHWKRGRORJ\� WR� TXDQWLI\� DQG� FRPSDUH� WKH� SRWHQWLDO�
OLIH�F\FOH� HQYLURQPHQWDO� LPSDFWV� RI� D� VDPSOH� RI�
FRPPHUFLDO� EXLOGLQJV� ZLWK� KHULWDJH� YDOXHV� LQ� WKHLU�
H[LVWLQJ� VWDWH� DQG� DIWHU� HQHUJ\� HIILFLHQF\�
LQWHUYHQWLRQV�� 7KH� ILQGLQJV� RI� WKH� OLIH�F\FOH�
DVVHVVPHQW� VWXG\�DUH� UHSRUWHG�HOVHZKHUH��7KLV�SDSHU�
IRFXVVHV� RQ� WKH� RXWFRPHV� RI� WKH� EXLOGLQJV¶�
RSHUDWLRQDO� HQHUJ\� PRGHOOLQJ� XQGHUWDNHQ� DV� SDUW� RI�
WKH�RYHUDOO� SURMHFW� VFRSH��7KH� ILQGLQJV�PD\�SURYLGH�
XVHIXO� UHIHUHQFHV� IRU� WKH� HQHUJ\� HIILFLHQF\�
DVVHVVPHQW� RI� ROGHU� FRPPHUFLDO� EXLOGLQJV� DV� FDVH�
VWXGLHV� RI� WKH� HQHUJ\� HIILFLHQF\� RI� KHULWDJH�
FRPPHUFLDO�EXLOGLQJV�ZHUH�IRXQG�WR�EH�UDUH��
7KH�EXLOGLQJ�VHFWRU�DFFRXQWV�IRU�����RI��$XVWUDOLD¶V�
HQHUJ\� FRQVXPSWLRQ� DQG� DURXQG� ���� RI� WKH�
JUHHQKRXVH�JDV�HPLVVLRQV� �'&&((��������� ,Q�������
FRPPHUFLDO� EXLOGLQJV� LQ� $XVWUDOLD� ZHUH� UHVSRQVLEOH�
IRU� ���� RU� ��� PHJDWRQQHV� �0W�� RI� WKH� QDWLRQ¶V�
JUHHQKRXVH� JDV� HPXLVVLRQV�� 7KH� &HQWUH� IRU�
,QWHUQDWLRQDO� (FRQRPLFV� KDV� QRWHG� WKDW� HQHUJ\� HQG�
XVH�IRU�WKH�FRPPHUFLDO�VHFWRU�KDV�QHDUO\�WULSOHG�VLQFH�

WKH� ����V� �&HQWUH� IRU� ,QWHUQDWLRQDO� (FRQRPLFV��
�������
$�QXPEHU�RI�SXEOLFDWLRQV�KLJKOLJKW�WKH�QHHG�IRU�PRUH�
FRPSUHKHQVLYH� LQIRUPDWLRQ� ZLWK� UHVSHFW� WR� H[LVWLQJ�
QRQ�GRPHVWLF� EXLOGLQJ� VWRFN� W\SRORJ\�� GLVWULEXWLRQ�
DQG� HQHUJ\� XVH� LQ� RUGHU� WR� LQIRUP� IXWXUH� SROLF\�
IRUPXODWLRQ� �%UXKQV�� ������ /DP�� ������� 5HVHDUFK�
KDV� VKRZQ� WKDW� HQHUJ\� FRQVXPSWLRQ� LQ� FRPPHUFLDO�
EXLOGLQJV� LV� FRPSOH[� GXH� WR� WKH� ZLGH� UDQJH� RI�
EXLOGLQJ� IDEULFV� DQG� PHFKDQLFDO� V\VWHPV� HPSOR\HG�
�'&&((�� ������ '(:+$�� ������ .RIRZRUROD� DQG�
*KHHZDOD��������+DDVH�HW�DO�����������
,Q�RUGHU�WR��EHWWHU�XQGHUVWDQG�WKH�RSHUDWLRQDO�LPSDFWV�
RI�KHULWDJH�EXLOGLQJV�ZLWKLQ�WKH�ZLGHU�FRQWH[W�RI�WKH�
+&2$1=� VWXG\�� WKH�PDLQ�RSHUDWLRQDO� HQHUJ\� ORDGV��
WKDW� LV� KHDWLQJ�� FRROLQJ�� OLJKWLQJ�� DSSOLDQFHV� DQG� OLIW�
XVH��ZHUH�LQYHVWLJDWHG��(QHUJ\�PRGHOOLQJ�ZDV�XVHG�WR�
H[SORUH� WKH�RSHUDWLRQDO� HQHUJ\�XVH�RI� WKH�FDVH� VWXG\�
EXLOGLQJV� LQ� WKHLU� H[LVWLQJ� VWDWH� �EDVH� FDVH�� DQG� LQ�
FDVH� ZKHQ� HQHUJ\� HIILFLHQF\� PHDVXUHV� ZHUH�
LPSOHPHQWHG�� 2FFXSDQF\� EHKDYLRXU� DQG� WKHLU�
LPSDFWV� GLG� QRW� IRUP� SDUW� RI� WKLV� UHVHDUFK�� 7KH�
ILQGLQJV�RI�WKLV�VWXG\�PD\�WKHUHIRUH�LQIRUP�D� �EHWWHU�
XQGHUVWDQGLQJ� RI� WKH� FKDOOHQJHV� LQYROYHG� LQ�
DQDO\VLQJ� WKH� HQHUJ\� GHPDQG� RI� FRPPHUFLDO�
EXLOGLQJV�ZLWK�KHULWDJH�YDOXH��
$� NH\� RXWFRPH� RI� WKH� RSHUDWLRQDO� HQHUJ\� DQDO\VLV�
ZDV� WKH� VLJQLILFDQW� GLVFUHSDQF\� EHWZHHQ� WKH�
RXWFRPHV� RI� WKH� VLPXODWHG� EDVH� FDVH� VFHQDULR� DQG�
WKRVH� GHULYHG� IURP� XWLOLW\� ELOOLQJ� GDWD�� 7KLV� SDSHU�
LQYHVWLJDWHV� WKHVH� GLVFUHSDQFLHV� IRU� WZR� RI� WKH� IRXU�
FDVH� VWXG\� EXLOGLQJV� FRQVLGHUHG� LQ� WKH� +2&$1=�
SURMHFW�� 7KH� SDSHU� DOVR� LGHQWLILHV� OHVVRQV� OHDUQW� DQG�
VWUDWHJLHV�WKDW�FRXOG�EH�XVHG�WR�LPSURYH�WKH�EXLOGLQJ�
VLPXODWLRQ�UHVXOWV�LQ�IXWXUH��
0(7+2'6�
7ZR� FDVH� VWXG\� EXLOGLQJV� ZHUH� VHOHFWHG� IURP�
EXLOGLQJV� FRQVWUXFWHG� EHWZHHQ� WKH� ����V� DQG� WKH�
����V��
7KH� ILUVW� FDVH� VWXG\� LV� WKH� /DQGV� 'HSDUWPHQW�
%XLOGLQJ� LQ� 6\GQH\�� 7KH� EXLOGLQJ� LV� DQ� H[DPSOH� RI�
WKH� )UHH�9LFWRULD�&ODVVLFDO� 6W\OH� RI� WKH� ����¶V��7KH�
EXLOGLQJ�IRRWSULQW�FRYHUV�D�ZKROH�FLW\�EORFN�RI�DERXW�
����P��� 7KH� RIILFH� VSDFHV� DUH� JURXSHG� DORQJ� WKH�
SHULPHWHU� ZLWK� WKH� FRUULGRUV� DUUDQJHG� DURXQG� WZR�
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FHQWUDO� FRXUW\DUGV�� $� GRPH� DQG� D� FORFN� WRZHU�
GRPLQDWH� WKH� IRXU�VWRUH\HG� EXLOGLQJ� IRUP�� 7KH�
EXLOGLQJ¶V�PDLQ�FRQVWUXFWLRQ�PDWHULDOV� DUH�VWRQH�DQG�
EULFN�� 7KH� ORDG� EHDULQJ� IDoDGH� LV� SXQFWXDWHG� E\�
VLQJOH� JOD]HG� WLPEHU� ZLQGRZV�� 7KH� VHFRQG� FDVH�
VWXG\�� WKH�7UHDVXU\�%XLOGLQJ� LQ�0HOERXUQH�� LV� D� ���
VWRUH\� KLJK�ULVH� WRZHU�� EXLOW� LQ� WKH� ����¶V�� ,Q� WKH�

W\SLFDO�IDVKLRQ�RI�WKH�,QWHUQDWLRQDO�6W\OH�PRYHPHQW�LW�
FRQVLVWV� RI� D� FRQFUHWH� IUDPH� DQG� JODVV� IDoDGH�� 7KH�
VTXDUH� IORRU� DUHD� ���P� [� ��P�� SURYLGHV� ODUJH� RSHQ�
SODQ� RIILFHV� DURXQG� D� FHQWUDO� VHUYLFH� FRUH�� 7DEOH� ��
EHORZ� VXPPDULVHV� WKH� FKDUDFWHUVLWLFV� RI� WKH� FDVH�
VWXG\�EXLOGLQJV��

�
7DEOH���&DVH�VWXG\�EXLOGLQJ¶V�FKDUDFWHULVWLFV�
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�
1RQH�

�
7KH� EXLOGLQJ� VLPXODWLRQ� VRIWZDUH� 9(�3UR� E\�
,QWHJUDWHG� (QYLURQPHQWDO� 6ROXWLRQV� �,(6�� ZDV� XVHG�
WR� SUHGLFW� WKH� DQQXDO� RSHUDWLRQDO� HQHUJ\�GHPDQG� IRU�
WKH� FDVH� VWXG\� EXLOGLQJV�� 7KH� VRIWZDUH� WDNHV� LQWR�
DFFRXQW� D� EXLOGLQJ¶V� JHRJUDSKLFDO� ORFDWLRQ�� LWV�
JHRPHWU\� DQG� RULHQWDWLRQ� RI� LWV� WKUHH�GLPHQVLRQDO�
IRUP��WKH�WKHUPDO�TXDOLWLHV�RI�WKH�EXLOGLQJ�PDWHULDOV��
WKH� W\SH�DQG�HIILFLHQFLHV�RI� WKH�KHDWLQJ��FRROLQJ��KRW�
ZDWHU� V\VWHPV� DQG� OLJKWLQJ� HOHPHQWV� DV� ZHOO� DV�
LQWHUQDO� KHDW� JDLQV� IURP� DSSOLDQFHV�� VXFK� DV�
FRPSXWHUV�� DQG� WKH� EXLOGLQJ¶V� RFFXSDQWV�� 7KH�
VRIWZDUH� PDLQ� PRGXOH� $SDFKH6LP� ZDV� XVHG� WR�
SHUIRUP�QXPHURXV�G\QDPLF�WKHUPDO�VLPXODWLRQV��7KH�
EXLOGLQJ� PRGHOOLQJ� SURFHVV� LQFOXGHG� WKH� IROORZLQJ�
WDVNV���
��

�� &RQVWUXFWLQJ� WKH� WKUHH�GLPHQVLRQDO� PRGHO�
RI�WKH�EXLOGLQJ�XVLQJ�WKH�0RGHO,7�PRGXOH��

�� 0RGHOOLQJ�RI�VXUURXQGLQJ�HQYLURQPHQW��
�� $VVLJQPHQW� RI� PDWHULDOV� DQG� WKHUPDO�

SURSHUWLHV�WR�FRQVWUXFWLRQ�HOHPHQWV��
�� $VVLJQPHQW�RI�WKHUPDO�FRQGLWLRQV�SURSHUWLHV�

WR�YDULRXV�URRPV�VSDFHV��
�� $VVLJQPHQW�RI�RSHUDWLQJ�V\VWHPV��
�� $VVLJQPHQW� RI� VLWH� DQG� QDWXUDO� YHQWLODWLRQ�

SDUDPHWHUV��
�
,Q� DGGLWLRQ�� WKH� RSHUDWLRQDO� HQHUJ\� XVH� RI� WKH� FDVH�
VWXG\� EXLOGLQJV� ZDV� UDWHG� XVLQJ� WKH� 1DWLRQDO�
$XVWUDOLDQ� %XLOW� (QYLURQPHQW� 5DWLQJ� 6\VWHP�
�1$%(56��� 1$%(56� LV� D� QDWLRQDO� UDWLQJ� V\VWHP�
EDVHG� RQ� WKH� DFWXDO� RSHUDWLRQDO� HQHUJ\� SHUIRUPDQFH�
RI� DQ� H[LVWLQJ� EXLOGLQJ��7KH� UDWLQJ� �IURP�RQH� WR� VL[�
VWDUV�� LV� GHULYHG� E\� FRQYHUWLQJ� WKH�PHDVXUHG� HQHUJ\�
GDWD� REWDLQHG� IURP� XWLOLW\� ELOOV�� � $� VL[� VWDU� UDWLQJ�
GHPRQVWUDWHV� PDUNHW�OHDGLQJ� SHUIRUPDQFH� ZKLOH� D�
RQH� VWDU� UDWLQJ� PHDQV� WKH� EXLOGLQJ� KDV� FRQVLGHUDEOH�
VFRSH�IRU�HQHUJ\�LPSURYHPHQW��
�

$�� 'DWD�FROOHFWLRQ�
7KH�DFFXUDF\�RI�EXLOGLQJ�HQHUJ\�VLPXODWLRQ�UHVXOWV�LV�
ODUJHO\�GHSHQGHQW�RQ�WKH�DFFXUDF\�RI�WKH�LQIRUPDWLRQ�
LQSXW��+HQFH�� WKH� EXLOGLQJ� RZQHUV�ZHUH� VXUYH\HG� WR�
SURYLGH� NH\� LQIRUPDWLRQ� RQ� WKH� EXLOGLQJV¶�
GLPHQVLRQV��JHRPHWU\��OD\RXW��FRQVWUXFWLRQ�PDWHULDOV��
RSHUDWLRQDO� V\VWHPV�DQG� IXHO� FKRLFH��$�FRPSOHWH� VHW�
RI� SODQV� RI� WKH� EXLOGLQJV� ZDV� UHTXHVWHG� DQG� D�
FRPSUHKHQVLYH� TXHVWLRQQDLUH� RQ� WKH� XVH� RI� WKH�
EXLOGLQJ��LWV�IL[HG�DSSOLDQFHV�DQG�KHDWLQJ�DQG�FRROLQJ�
V\VWHPV�ZDV�GLVWULEXWHG�� ,Q�JHQHUDO��EXLOGLQJ�RZQHUV�
ZHUH� DEOH� WR� SURYLGH� WKH� EXLOGLQJV¶� IORRU� SODQV��
KRZHYHU�VHFWLRQV�DQG�HOHYDWLRQV�ZHUH�RIWHQ�PLVVLQJ��
:KHUH�LQVXIILFLHQW�LQIRUPDWLRQ�RQ�EXLOGLQJ�VL]HV�ZDV�
DYDLODEOH�� WKH� UHVHDUFKHUV� GHWHUPLQHG� WKH� PDLQ�
PHDVXUHPHQWV�RQ�VLWH�RU�PDGH�LQIRUPHG�DVVXPSWLRQV��
$� TXDQWLW\� VXUYH\RU� FRQVXOWDQW� ZDV� HQJDJHG� WR�
GHWHUPLQH�WKH�FRQVWUXFWLRQ�W\SHV�DQG�WKH�QDWXUH�RI�WKH�
PDWHULDOV�� ,Q� JHQHUDO�� WKH� EXLOGLQJ� RZQHUV� SURYLGHG�
YHU\� OLPLWHG� LQIRUPDWLRQ� RQ� WKH� EXLOGLQJV¶�
RSHUDWLRQDO�V\VWHPV���
$V�WKH�RYHUVKDGRZLQJ�RI�ZLQGRZV�E\�YHJHWDWLRQ�DQG�
QHLJKERXULQJ�EXLOGLQJV� LQIOXHQFHV� VRODU� KHDW� JDLQ�� LW�
ZDV�QHFHVVDU\�WR�FRQVLGHU�WKH�EXLOGLQJV¶�VXUURXQGLQJ�
FRQWH[W�� 7KH� VL]H� DQG� KHLJKW� RI� DGMDFHQW� VWUXFWXUHV�
ZHUH� HVWLPDWHG� E\� WDNLQJ� UHFRXUVH� WR� LPDJHV� RI� WKH�
EXLOGLQJV�DQG�WKHLU�HQYLURQPHQW�IURP�WKH�,QWHUQHW���
:KLOH�FRPSUHKHQVLYH�XWLOLW\�ELOOV�DUH�QHHGHG� IRU� WKH�
1$%(56� UDWLQJ�� WKH\� ZHUH� QRW� HDVLO\� REWDLQHG�� ,Q�
WKH�FDVH�RI�WKH�7UHDVXU\�%XLOGLQJ�LQ�0HOERXUQH��RQO\�
FRPELQHG� HQHUJ\� ELOOV� RI� WKH� FDVH� VWXG\� DQG� DQ�
DGMDFHQW� EXLOGLQJ� ZHUH� DYDLODEOH�� 7KH� DGMDFHQW�
EXLOGLQJ�� ZKLFK� ZDV� EXLOW� DW� WKH� VDPH� WLPH�� LQ� WKH�
VDPH�VW\OH�DQG�IURP�WKH�VDPH�FRQVWUXFWLRQ�PDWHULDOV��
ZDV� IRXQG� WR� KDYH� VLPLODU� XVDJH� L�H�� RIILFH� EXLOGLQJ�
ZLWK� VROH� RFFXSDQF\�� DV� WKH� FDVH� VWXG\� EXLOGLQJ��
+HQFH��DFFRUGLQJ�WR�WKH�1$%(56�DXGLW�SURWRFRO��WKH�
HQHUJ\� FRQVXPSWLRQ� IRU� WKH� WZR� EXLOGLQJV� ZDV�
SURSRUWLRQHG� DFFRUGLQJ� WR� WKHLU� QHW� OHWWDEOH� DUHD�� ,W�
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ZDV� QRW� SRVVLEOH� WR� YHULI\� WKH� DFWXDO� HQHUJ\�
FRQVXPSWLRQ�RI�WKH�FDVH�VWXG\�EXLOGLQJ�DV�WKHUH�LV�QR�
VXE�PHWHULQJ�IRU�DQ\�RI�WKH�WZR�EXLOGLQJV��
�
�

%�� ��'�PRGHOOLQJ�
0RGHO,7�� ZKLFK� LV� D� PRGXOH� RI� WKH� ,(6� 9(�3UR�
SDFNDJH�� DOORZV� WKH� RSHUDWRU� WR� FRQVWUXFW� WKUHH�
GLPHQVLRQDO� PRGHOV� RI� WKH� EXLOGLQJV�� %XLOGLQJV� DUH�
XVXDOO\� FRQVWUXFWHG� IORRU�E\�IORRU�XVLQJ� WKH�PRGXOH��
$V� WKH�PDQXDO� FR�RUGLQDWH� LQSXW� TXLFNO\�SURYHG� WRR�
WHGLRXV�DQG�WLPH�FRQVXPLQJ��WKH�XVH�RI�DWWDFKLQJ��G[I�
GUDZLQJ�ILOHV�ZDV�H[SORUHG�DQG�IRXQG�WR�EH�KHOSIXO�LQ�
WLPH�VDYLQJ�LQ�WKH���'�PRGHOOLQJ��7KH�EXLOGLQJ�SDSHU�
GUDZLQJV�� DV� VXSSOLHG� E\� WKH� EXLOGLQJ� RZQHUV�� ZHUH�
VFDOHG� DQG� GLPHQVLRQ� OLQHV� IRU� WKH� URRPV� DQG�
SRVLWLRQV� DQG� VL]HV� RI� RSHQLQJV� ZHUH� DGGHG�� 7KH�
ZLGWK� DQG� EUHDGWK� RI� URRPV� ZHUH� PHDVXUHG� WR� WKH�
PLGGOH� RI� MRLQW� ZDOOV�� 7KHVH� VNHWFKHV� ZHUH�
WUDQVIHUUHG� LQWR�$XWR&DG� GUDZLQJV�� )LJXUHV� �� DQG� ��
VKRZV� WKH� FDVH� VWXG\� EXLOGLQJV� DV� PRGHOOHG� LQ� ,(6�
9(�3UR�VRIWZDUH��

�
)LJXUH���0RGHO�LPDJH�RI�WKH�/DQGV�'HSDUWPHQW�

%XLOGLQJ�LQ�6\GQH\�

�
)LJXUH���0RGHO�LPDJH�RI�WKH�7UHDVXU\�%XLOGLQJ�LQ�

0HOERXUQH�
�

&�� $VVLJQPHQW� RI� EXLOGLQJ� PDWHULDOV�� WKHUPDO�
SURSHUWLHV� DQG� FRQGLWLRQV� WR� FRQVWUXFWLRQ�
HOHPHQWV�DQG�URRPV�

,Q� WKH� $SDFKH6LP� PRGXOH�� EXLOGLQJ� VSHFLILF�
FRQVWUXFWLRQ� HOHPHQWV� ZHUH� EXLOW� IURP� WKH� SUH�
GHVLJQHG�V\VWHP�PDWHULDOV�GDWDEDVH�DFFRUGLQJ� WR� WKH�
VSHFLILFDWLRQV�VXSSOLHG�E\�WKH�TXDQWLW\�VXUYH\RU��
$GMXVWPHQWV� ZHUH� PDGH� WR� WKH� VSHFLILFDWLRQV� IRU�
JOD]LQJ�� 7KH� VRIWZDUH� GHIDXOW� YDOXH� IRU� WKH� 7RWDO�
6KDGLQJ�&RHIILFLHQW��6&��RI�����ZDV�GHHPHG�WRR�KLJK�
IRU� WKH� WLPEHU� IUDPH� VLQJOH�JOD]HG�ZLQGRZV� XVHG� LQ�
WKH� 6\GQH\� EXLOGLQJ�� ,Q� $XVWUDOLD�� VRODU� KHDW� JDLQ�
FRHIILFLHQW� �6+*&�� LV� XVHG� LQ� WKH� JOD]LQJ� LQGXVWU\�
UDWKHU� WKDQ� 6&�� 6&� PD\� EH� FRQYHUWHG� WR� 6+*&� E\�
PXOWLSO\LQJ�WKH�YDOXH�E\�������$6+5$(���������7KH�
VLQJOH�JOD]HG�� WLPEHU� IUDPH�ZLQGRZV��DV�XVHG� LQ� WKH�
/DQGV�'HSDUWPHQW�%XLOGLQJ��ZDV�FDOFXODWHG�WR�KDYH�D�
8�YDOXH�RI������:�P�.���$�VHDUFK�RQ�WKH�$XVWUDOLDQ�
:LQGRZV� (QHUJ\� 5DWLQJ� 6FKHPH� ZHEVLWH�
�ZZZZ�:(56�QHW�� IRU� FRPPHUFLDO� ZLQGRZV� ZLWK�
WKLV� 8�YDOXH� UHYHDOHG� WKH� KLJKHVW� 6+*&� RI� ������
8VLQJ�WKH�FRQYHUVLRQ�IRUPXOD�6+*&� �6&�
�������D�
YDOXH�RI������IRU�WKH�7RWDO�6KDGLQJ�&RHIILFLHQW��6&��
ZDV� FDOFXODWHG� WR� EH� XVHG� LQ� WKH� EXLOGLQJ� PRGHO��
7KHUHIRUH�� LQ� WKH� µJOD]LQJ� SDUDPHWHU� LQSXW� IRUP¶� RI�
WKH� VRIWZDUH�� WKH� WUDQVPLWWDQFH� RI� WKH� ZLQGRZ� ZDV�
PDQXDOO\� FKDQJHG� WR� ������ 7KH� VRIWZDUH�
DXWRPDWLFDOO\�DGMXVWHG�WKH�6&�WR�������
7KH� ODEHOOLQJ� RI� WKH� URRPV� DFFRUGLQJ� WR� IXQFWLRQ�
IDFLOLWDWHG�WKH�DOORFDWLRQ�RI�VSHFLILF�WKHUPDO�FRQGLWLRQ�
WHPSODWHV�� )RU� H[DPSOH�� DOO� URRI� VSDFHV� DQG� JDUDJHV�
ZHUH� DVVLJQHG� WR� DQ� µXQKHDWHG� VSDFH¶� WKHUPDO�
WHPSODWH�LQ�ZKLFK�WKH�KHDWLQJ�DQG�FRROLQJ�SURILOH�ZDV�
VHW�WR�EH�FRQWLQXRXVO\�RII���
7KH� VRIWZDUH� DOVR� DOORZHG� WKH� FXVWRPLVDWLRQ� RI� WKH�
OLJKWLQJ�� HTXLSPHQW� DQG� RFFXSDQF\� SURILOHV�� $V�
EXLOGLQJ� VSHFLILF� LQIRUPDWLRQ� ZDV� QRW� DYDLODEOH�� WKH�
SURILOHV� IRU� RFFXSDQF\�� OLJKWLQJ� DQG� HTXLSPHQW� XVH�
ZHUH�EDVHG�RQ�WKH�VFKHGXOHV�RI�WKH�1$%(56�(QHUJ\�
±� *XLGH� WR� (QHUJ\� (VWLPDWLRQ� IRU� &RPSXWHU�
6LPXODWLRQV� �'HSDUWPHQW� RI� (QYLURQPHQW� &OLPDWH�
&KDQJH�	�:DWHU�� ������� )LJXUH� �� EHORZ� VKRZV� WKH�
DSSOLDQFHV� DQG� HTXLSPHQW� SURILOH� XVHG� LQ� WKH�
PRGHOOLQJ��
7KH�YDOXHV� IRU� WKH� LQWHUQDO�KHDW�JDLQ� WKURXJK�KXPDQ�
RFFXSDQF\� ZHUH� DGMXVWHG� LQ� WKH� VRIWZDUH� LQSXW�
SDUDPHWHUV� VLQFH� WKH� QXPEHU� RI� RFFXSDQWV� SHU�
EXLOGLQJ�ZDV�NQRZQ��7KH�GHIDXOW�RFFXSDQW�GHQVLW\�LV�
�� RFFXSDQW� SHU� ��P��RI� RIILFH� VSDFH� DQG� D� VHQVLEOH�
KHDW�JDLQ�RI���:�SHUVRQ��$GMXVWPHQW�ZDV�UHTXLUHG�LQ�
RUGHU� WR� UHIOHFW� WKH� DFWXDO� RFFXSDQF\� LQ� D� EXLOGLQJ��
)RU� H[DPSOH�� LQ� WKH� FDVH� RI� WKH� /DQGV� 'HSDUWPHQW�
%XLOGLQJ�� WKH� VRIWZDUH� FDOFXODWHG� WKDW� WKH� EXLOGLQJ�
ZDV� DFFRPPRGDWLQJ� ������� RFFXSDQWV�� 6LQFH� WKH�
1$%(56�DXGLW�KDG�UHYHDOHG�DQ�RFFXSDQW�SRSXODWLRQ�
RI� RQO\� ���� SHRSOH�� WKH� YDOXH� IRU� WKH� RFFXSDQF\�
VHQVLEOH�KHDW� JDLQ�ZDV� DGMXVWHG� WR���:�SHUVRQ��7KH�
VRIWZDUH�DXWRPDWLFDOO\�DGMXVWHG�WKH�RFFXSDQF\�ODWHQW�
KHDW�JDLQ�DFFRUGLQJO\��
�
�

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

- 2178 -



�
)LJXUH���$SSOLDQFHV�DQG�HTXLSPHQW�XVH�SURILOH�DFFRUGLQJ�WR�WKH�VFKHGXOH�RI�1$%(56�(QHUJ\�±�*XLGH�WR�(QHUJ\�

(VWLPDWLRQ�IRU�FRPSXWHU�VLPXODWLRQV�
�

'�� $VVLJQPHQW�RI�RSHUDWLQJ�V\VWHPV�
'XH� WR� ODFN� RI� GHWDLOHG� NQRZOHGJH� DERXW� WKH�
EXLOGLQJV¶� RSHUDWLRQDO� V\VWHPV�� HGXFDWHG� JXHVVHV�
DERXW�WKH�QDWXUH�DQG�HIILFLHQF\�RI�WKH�+9$&�V\VWHPV�
ZHUH� PDGH�� ,Q� JHQHUDO�� LW� ZDV� DVVXPHG� WKDW� DOO�
EXLOGLQJV� ZHUH� FRQGLWLRQHG� E\� DQ� LQHIILFLHQW� FHQWUDO�
+9$&� IDQ� FRLO� V\VWHP�� ,W�ZDV� DVVXPHG� WKDW� QDWXUDO�
JDV�ZDV� XVHG� IRU� VSDFH� KHDWLQJ�ZLWK� WKH� KHDWLQJ� VHW�
SRLQW� DW� ���&�� ,W� ZDV� DVVXPHG� WKDW� HOHFWULFLW\� ZDV�
SRZHULQJ� WKH� FHQWUDO� DLU�FRQGLWLRQLQJ� SODQW� ZLWK� D�
FKLOOHU� VHW� SRLQW� DW� ���&��7KH� WHPSHUDWXUH� VHWWLQJ� RI�
��&� IRU� KHDWLQJ� DQG� ��&� IRU� FRROLQJ� ZHUH�
FRQVLGHUHG� D� UHDVRQDEOH� DVVXPSWLRQ� DV� WKH\� IDOO�
ZLWKLQ� WKH� WHPSHUDWXUH� UDQJH� RI� ��&� WR� ��&�� D�
VWDQGDUG� SDUDPHWHU� XVHG� WR� PRGHO� DLU�FRQGLWLRQHG�
UHIHUHQFH� EXLOGLQJV� DFFRUGLQJ� WR� WKH� %XLOGLQJ� &RGH�
RI� $XVWUDOLD� 6HFWLRQ� -9�� �$%&%�� ������� 7KH�
VRIWZDUH� ORFDWHV� WKH� WHPSHUDWXUH� VHQVRUV� IRU� LWV�
+9$&�V\VWHPV�VLPXODWLRQ�DW�WKH�FHQWUH�RI�WKH�URRP��
7KH� +9$&� V\VWHPV� ZHUH� DVVXPHG� WR� SRVVHVV�
XQOLPLWHG�SRZHU��&RQVWDQW�HIILFLHQFLHV�ZHUH�DVVXPHG�
IRU� ERWK� WKH� KHDWLQJ� DQG� FRROLQJ� V\VWHPV�� ([WHUQDO�
FOLPDWLF� GDWD�ZDV� SURYLGHG� XVLQJ� UHDO� GDWD� IURP� WKH�
QHDUHVW�ZHDWKHU�VWDWLRQ��
�

(�� $VVLJQPHQW� RI� VLWH� DQG� QDWXUDO� YHQWLODWLRQ�
SDUDPHWHUV�

6XQ&DVW�DQG�0DFUR)OR�DUH�DGGLWLRQDO�PRGXOHV�RI�WKH�
,(6� VRIWZDUH��ZKLFK� DUH� DEOH� WR� WDNH� DFFRXQW� RI� WKH�
HIIHFWV�RI� VRODU� VKDGLQJ�DQG�RI�QDWXUDO�YHQWLODWLRQ� LQ�
WKH�G\QDPLF�VLPXODWLRQ���
7KH� 6XQ&DVW� PRGXOH� PDQDJHV� WKH� LPSDFW� RI� WKH�
VKDGLQJ� SURYLGHG� E\� QHLJKERXULQJ� EXLOGLQJV� DQG�
EXLOGLQJ�LQWHJUDWHG�VKDGLQJ�RQ�WKH�HQHUJ\�GHPDQG�RI�
WKH� EXLOGLQJ�� 6XQ&DVW� FRQVLGHUV� WKH� GDWH�� WLPH��
RULHQWDWLRQ��DV�ZHOO�DV� WKH�VLWH� ODWLWXGH�DQG� ORQJLWXGH�
�)LJXUH� ���� 'D\OLJKWLQJ� HIIHFWV� RQ� OLJKWLQJ� XVH� DQG�
VXEVHTXHQW� LPSDFWV� ZHUH� QRW� LQFOXGHG� LQ� WKH�
VLPXODWLRQV�� 7KH� HIIHFWV� RI� WUHHV� DQG� WKHLU� VKDGRZV�
ZHUH�QRW�FRQVLGHUHG��
�

�
7KH� HIIHFW� RI� QDWXUDO� YHQWLODWLRQ�ZDV�PRGHOOHG�ZLWK�
WKH� KHOS� RI� 0DFUR)OR� PRGXOH�� 7KH� ZLQGRZV� LQ� DOO�
EXLOGLQJV� ZHUH� PRGHOOHG� WR� UHPDLQ� SHUPDQHQWO\�
FORVHG�� 7KLV� ZDV� EHFDXVH� WKH� EXLOGLQJ� RZQHUV�
UHSRUWHG�WKDW�HLWKHU�WKH�ZLQGRZV�ZHUH�QRW�GHVLJQHG�WR�
EH�RSHQDEOHG�RU�WKDW�WKH�RFFXSDQWV�NHSW�WKH�ZLQGRZV�
FORVHG� WKURXJKRXW� WKH� \HDU�� +ROHV� LQ� WKH� H[WHUQDO�
HQYHORSH�� DV� HQFRXQWHUHG� LQ� WKH� /DQGV� 'HSDUWPHQW�
%XLOGLQJ� LQ� 6\GQH\�� ZHUH� PRGHOOHG� DV� GRRUV� DQG�
DVVLJQHG�WR�EH�DOZD\V�RSHQ�ZKHQ�XVLQJ�WKH�0DFUR)OR�
PRGXOH��

�
)LJXUH���6XQ&DVW�LPDJH�VKRZLQJ�WKH�VKDGRZV�RI�WKH�
/DQGV�'HSDUWPHQW�%XLOGLQJ�DQG�LWV�QHLJKERXULQJ�

EXLOGLQJV�LQ�WKH�DIWHUQRRQ���WK�-XQH�
�

)�� 5XQQLQJ�RI�WKH�WKHUPDO�VLPXODWLRQV�
$IWHU� DOO� SDUDPHWHUV� KDG� EHHQ� DVVLJQHG� WR� WKH�
EXLOGLQJ�PRGHO��WKH�G\QDPLF�WKHUPDO�VLPXODWLRQ�ZDV�
UXQ�� $� VLPXODWLRQ� SHULRG� RI� RQH� \HDU� ZDV� VHOHFWHG�
ZLWK� D� VLPXODWLRQ� WLPH� VWHS� RI� ��� PLQXWHV� DQG� D�
SUHFRQGLWLRQLQJ� SHULRG� RI� ��� GD\V�� :KLOH� GHIDXOW�
YDOXHV�RI�WLPH�VWHSV�YDU\�EHWZHHQ�VRIWZDUH�SDFNDJHV��
D� VLPXODWLRQ� WLPH� LQWHUYDO� RI� ��� PLQXWHV� LV�
UHFRPPHQGHG�E\�WKH�,(6�JXLGHOLQHV��,(6���������
�
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7DEOH���3DUDPHWHUV�XVHG�LQ�WKH�EXLOGLQJ�HQHUJ\�
PRGHOOLQJ�

%XLOGLQJV��,QSXW�
SDUDPHWHUV

/DQGV�'HSDUWPHQW�%XLOGLQJ��6\GQH\ 7UHDVXU\�%XLOGLQJ��0HOERXUQH

1/$��P�� ���� ����
$LU�OHDNDJHV�
WKURXJK�HQYHORSH

�����DLU�FKDQJHV�SHU�KRXU��ELJ�RSHQLQJV�LQ�
JURXQG�IORRU�WRZDUGV�LQWHUQDO�FRXUW\DUG

�����DLU�FKDQJHV�SHU�KRXU

5RRIV 6ODWH�FRSSHU�DQG�PHWDO�URRIV������PP�
LQVXODWLRQ�8� ���������������:�P�.
)ODW��PHWDO��URRI������PP�LQVXODWLRQ�8� ��������
:�P�.

)ODW�URRI��LQVXODWHG��8� �������:�P�.

*OD]LQJ 6LQJOH�FOHDU�IORDW�JOD]LQJ��WLPEHU�IUDPHV��
8�YDOXHV������:�P�.��6+*&�����

6LQJOH�FOHDU�IORDW�JOD]LQJ��PHWDO�IUDPHV��
8�YDOXHV������:�P�.��6+*&�����

)DoDGH��ZDOOV *URXQG�)ORRU�WR�)RXUWK�)ORRU��6WRQH�EULFN�ZDOO
8 ��������:�Pð.�

)LIWK�)ORRU��6LQJOH�EULFN��SODVWHUERDUG�ZDOO
8 ��������:�Pð.�

6L[WK�)ORRU��6LQJOH�EULFN�ZDOO
8 ��������:�Pð.�

&ORFN�7RZHU��6WRQH�ZDOO
8 ��������:�Pð.�

&RQFUHWH��XQLQVXODWHG��8 �����:�P�.

6N\OLJKWV 6LQJOH�JOD]HG��PHWDO�IUDPH�
8�LQFO��IUDPH� ��������:�P�.�
6+*&�����

1RQH

)ORRUV 8QLQVXODWHG�FRQFUHWH�JURXQG�IORRU��WLPEHU�MRLVW�
IORRUV

8QLQVXODWHG�FRQFUHWH�IORRU��
8�YDOXH������:�P�.

+9$&�V\VWHP *URXQG�WR�VHFRQG�IORRU��)DQ�FRLO�V\VWHP
7KLUG�IORRU�DQG�DERYH��0XOWL�VSOLW�V\VWHP

)DQ�FRLO�V\VWHP

&KLOOHU &RROLQJ�V\VWHP���DLUFRQGLWLRQLQJ
)XHO��HOHFWULFLW\
*HQHUDWRU�QRPLQDO�((5������
*HQHUDWRU�VHDVRQDO�((5����
66((5�����

&RROLQJ�V\VWHP���DLUFRQGLWLRQLQJ
)XHO��HOHFWULFLW\
*HQHUDWRU�QRPLQDO�((5������
*HQHUDWRU�VHDVRQDO�((5����
66((5�����

&KLOOHU�VHWSRLQW� �����& 23 ° C
%RLOHU� *URXQG�WR�VHFRQG�IORRU�KHDWLQJ�

)XHO��1DWXUDO�*DV
*HQHUDWRU�VHDVRQDO�HIILFLHQF\����
6&R3����

7KLUG�IORRU�DQG�DERYH�KHDWLQJ�
)XHO��(OHFWULFLW\
+HDW�SXPS
*HQHUDWRU�VHDVRQDO�HIILFLHQF\����
6&R3�������

)XHO��1DWXUDO�*DV
*HQHUDWRU�VHDVRQDO�HIILFLHQF\����
6&R3����

+RW�ZDWHU�
FRQVXPSWLRQ

����OLWUHV�SHU�SHUVRQ�SHU�KRXU 0.5 litres per person per hour

+RW�ZDWHU�VXSSO\ (OHFWULF�'+:�
+HDW�SXPS
6HDVRQDO�HIIFLFLHQF\����
6&R3����
'+:�GHOLYHU\�HIILFLHQF\����
����OLWUHV�VWRUDJH�V\VWHP

&HQWUDO�ERLOHU

/LJKWLQJ 7��SRZHU�FRQVXPSWLRQ����:�P��1/$0D[��
6HQVLEOH�JDLQ����:�P�
9DULDULRQ�SURILOH�DFFRUGLQJ�WR�1$%(56�$UWLILFLDO�
/LJKWLQJ��OLPLWHG�FRQWURO

7��SRZHU�FRQVXPSWLRQ����:�P��1/$0D[��
6HQVLEOH�KHDW�JDLQ����:�P�
9DULDULRQ�SURILOH�DFFRUGLQJ�WR�1$%(56�$UWLILFLDO�
/LJKWLQJ��OLPLWHG�FRQWURO

$SSOLDQFHV�DQG�
HTXLSPHQW

3RZHU�FRQVXPSWLRQ����:�P��1/$�DFFRUGLQJ�WR�
1$%(56�JXLGH��
0D[��VHQVLEOH�KHDW�JDLQ����:�P�
9DULDWLRQ�SURILOH�DFFRUGLQJ�WR�1$%(56�JXLGH

3RZHU�FRQVXPSWLRQ����:�P��1/$�DFFRUGLQJ�WR�
1$%(56�JXLGH��
0D[��VHQVLEOH�KHDW�JDLQ����:�P�
9DULDWLRQ�SURILOH�DFFRUGLQJ�WR�1$%(56�JXLGH

1DWXUDO�YHQWLODWLRQ�
WKURXJK�ZLQGRZV

:LQGRZV�DOZD\V�FORVHG Windows always closed

/LIWV (QHUJ\�XVH���:�P��1/$�DFFRUGLQJ�WR�1$%(56�
JXLGH

Energy use 8 W/m2 NLA according to 
NABERS guide �

�
$� VKRUWHU���PLQXWHV� WLPH� VWHS� LV�FRQVLGHUHG�VXLWDEOH�
WR� VLPXODWH� VKRUW�WHUP� RFFXSDQF\� �%RXUJHRLV��
5HLQKDUW� 	� 0DFGRQDOG�� ������� )RU� WKH� SXUSRVH� RI�
WKLV� VWXG\�� D� ��� PLQXWHV� WLPH� VWHS� ZDV� FRQVLGHUHG�
EHVW�VXLWHG�WR�WKH�RIILFH�RFFXSDQF\�SDWWHUQ��GD�*UDFD��
/LQGHQ� 	� +DYHV�� ������ /RXW]HQKLVHU� HW� DO��� ������
DQG� WR� EH� PDQDJHDEOH� LQ� WHUPV� RI� VLPXODWLRQ� WLPH�
ZLWKLQ� WKH� WLPH� FRQVWUDLQWV� RI� WKH� SURMHFW�� 7DEOH� ��
VXPPDULVHV� WKH� SDUDPHWHUV� XVHG� WR� PRGHO� WKH� FDVH�
VWXG\�EXLOGLQJV��
7KH�UHVXOWV� IRU� WKH�VLPXODWLRQV�ZHUH� WDEXODWHG� LQ� WKH�
VRIWZDUH¶V�9LVWD� DSSOLFDWLRQ�� )RU� D� FRPSDULVRQ�ZLWK�
WKH�ELOOLQJ�GDWD�DV�REWDLQHG�IURP�WKH�1$%(56�DXGLW��
WKH� PRVW� LPSRUWDQW� YDOXHV� ZHUH� WKH� EXLOGLQJV¶�
GHPDQGV�IRU�WRWDO�QDWXUDO�JDV�DQG�WKH�WRWDO�HOHFWULFLW\��
$V� WKH� VRIWZDUH� GRHV� QRW� WDNH� LQWR� FRQVLGHUDWLRQ��
KLJK�HQHUJ\� XVH� DSSOLDQFHV�� WKH� HQHUJ\� GHPDQG� IRU�
OLIWV�ZDV�HVWLPDWHG�E\�XVLQJ� WKH�GHIDXOW�YDOXH� LQ� WKH�
1$%(56�(QHUJ\�±�*XLGH�WR�(QHUJ\�(VWLPDWLRQ�DQG�
DGGHG�PDQXDOO\�WR�WKH�VLPXODWLRQ�UHVXOWV��

*�� 1$%(56�DVVHVVPHQW�
$OO� FDVH� VWXG\� EXLOGLQJV� XQGHUZHQW� D� 1$%(56�
(QHUJ\� DVVHVVPHQW�� 1$%(56� FXUUHQWO\� DGGUHVVHV�
HQHUJ\� DQG� ZDWHU� FRQVXPSWLRQ� DV� ZHOO� DV� ZDVWH�
PDQDJHPHQW� DQG� LQGRRU� HQYLURQPHQW� TXDOLW\�� 7KH�
EXLOGLQJ� UDWLQJV� IRU� HDFK� FULWHULRQ� DUH� H[SUHVVHG� DV�
VWDUV�� UDQJLQJ� IURP� �� WR� �� VWDUV� ZLWK� KDOI� VWDU�
LQFUHPHQWV�� $�1$%(56� ���� VWDUV� UDWLQJ� GHQRWHV� DQ�
DYHUDJH�SHUIRUPDQFH��)RU� WKLV� UHVHDUFK�SURMHFW��RQO\�
WKH� EXLOGLQJV¶� HQHUJ\� DQG� ZDWHU� FRQVXPSWLRQ� ZHUH�
DVVHVVHG�DFFRUGLQJ�WR�WKH�1$%(56�UDWLQJ�WRRO��2QO\�
WKH�HQHUJ\��KHDWLQJ�DQG�FRROLQJ��UHVXOWV�DUH�GLVFXVVHG�
LQ�WKLV�SDSHU��

5(68/76�$1'�',6&866,21�
$�� %XLOGLQJ�HQHUJ\�VLPXODWLRQ�UHVXOWV�

7KH�/DQGV�'HSDUWPHQW�%XLOGLQJ�LQ�6\GQH\�KDV�EHHQ�
EXLOW� RXW� RI� VWRQH� DQG� EULFN� ZLWK� LQVXODWHG� PHWDO�
URRIV�� 7KH� SXQFWXDWHG� IDoDGH� KDV� VLQJOH� JOD]HG�
WLPEHU�ZLQGRZV��7KH�JURXQG�IORRU�FRUULGRU�KDV�ODUJH��
XQJOD]HG� RSHQLQJV� LQWR� WKH� FRXUW\DUGV�� ZKLFK� DUH�
RSHQ�WR�WKH�HOHPHQWV��
7KH� EXLOGLQJ� LV� HTXLSSHG�ZLWK� WZR� GLIIHUHQW� +9$&�
V\VWHPV��7KH�*URXQG�WR�)RXUWK�IORRUV�DUH�FRQGLWLRQHG�
E\� D� FHQWUDO� +9$&� IDQ� FRLO� V\VWHP�� &RROLQJ� LV�
DVVXPHG�WR�EH�SURYLGHG�E\�D�FHQWUDO�DLU�FRQGLWLRQLQJ�
SODQW� IXHOOHG� E\� HOHFWULFLW\�� )URP� WKH� )LIWK� IORRU�
XSZDUGV�� WKH� URRPV�DUH� FRQGLWLRQHG�E\� D�PXOWL�VSOLW�
V\VWHP�� )LJXUH� �� EHORZ� VKRZV� WKH� ,(6� RSHUDWLRQDO�
HQHUJ\� VLPXODWLRQ� UHVXOWV� IRU� WKH� EXLOGLQJ�� &RROLQJ��
ZDV� IRXQG� WR� DFFRXQW� IRU� DERXW� D� WKLUG� RI� WKH�
EXLOGLQJ¶V� HQHUJ\� FRQVXPSWLRQ�� IROORZHG� E\� RIILFH�
HTXLSPHQW�DQG�OLJKWLQJ�ZKLFK�ZHUH�IRXQG�WR�EH�HDFK�
UHVSRQVLEOH�IRU�DERXW�D�TXDUWHU�RI�WKH�HQHUJ\�GHPDQG��
�

�
)LJXUH���2SHUDWLRQDO�HQHUJ\�VLPXODWLRQ�UHVXOWV�IRU�

/DQGV�'HSDUWPHQW�%XLOGLQJ�
�
7KH� 7UHDVXU\� %XLOGLQJ� LQ�0HOERXUQH� LV� D� ���VWRUH\�
KLJK�ULVH� EXLOGLQJ� ZLWK� D� FRQFUHWH� IUDPH�� D� IODW�
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FRQFUHWH� URRI� ZLWK� VRPH� DVVXPHG� LQVXODWLRQ� DQG� D�
SUHGRPLQDQWO\�JOD]HG�IDFDGH���
7KH� EXLOGLQJ� ZDV� DVVXPHG� WR� EH� FRQGLWLRQHG� E\� D�
FHQWUDO�+9$&�IDQ�FRLO�V\VWHP��6SDFH�KHDWLQJ�DQG�KRW�
ZDWHU�ZDV�DVVXPHG�WR�EH�SURYLGHG�E\�D�FHQWUDO�ERLOHU�
IXHOOHG� E\� QDWXUDO� JDV�� &RROLQJ� ZDV� DVVXPHG� WR� EH�
SURYLGHG� E\� D� FHQWUDO� DLU�FRQGLWLRQLQJ� SODQW� IXHOOHG�
E\�HOHFWULFLW\��)LJXUH���EHORZ�VKRZV�WKH�,(6�9(�3UR�
RSHUDWLRQDO�HQHUJ\�VLPXODWLRQ�UHVXOWV�IRU�WKH�EXLOGLQJ��
&RROLQJ� DQG� RIILFH� HTXLSPHQW� ZHUH� IRXQG� WR� HDFK�
DFFRXQW� IRU� DERXW� D� WKLUG� RI� WKH� EXLOGLQJ¶V� HQHUJ\�
FRQVXPSWLRQ�� /LJKWLQJ� ZDV� IRXQG� WR� EH� UHVSRQVLEOH�
IRU�D�TXDUWHU�RI�WKH�HQHUJ\�GHPDQG��
�

�
)LJXUH���2SHUDWLRQDO�HQHUJ\�VLPXODWLRQ�UHVXOWV�IRU�

/DQGV�'HSDUWPHQW�%XLOGLQJ�
�

%�� &RUUHODWLRQ�LVVXHV�EHWZHHQ�EXLOGLQJ�WKHUPDO�
PRGHOOLQJ�DQG�1$%(56�UDWLQJV�

%XLOGLQJ� WKHUPDO� PRGHOOLQJ� VRIWZDUH� LV� XVHG� WR�
SURYLGH�DQ�HVWLPDWLRQ�RI�WKH�H[SHFWHG�HQHUJ\�XVH�RI�D�
EXLOGLQJ�XQGHU�SUHGHWHUPLQHG�FRQGLWLRQV��%\�YDU\LQJ�
FHUWDLQ�SDUDPHWHUV��D�UDQJH�RI�VLPXODWLRQV�FDQ�EH�UXQ��
UHVXOWV� PD\� EH� FRPSDUHG� DQG� FKDQJHV� WR� YDULDEOHV�
UHDSSOLHG�� ,Q� DQ� HQHUJ\� HIILFLHQF\� UHWURILW� GHVLJQ�
SURMHFW��WKLV�LWHUDWLYH�FDOLEUDWLRQ�SURFHVV�FDQ�UHVXOW�LQ�
DQ�RSWLPLVDWLRQ�RI� WKH�EXLOGLQJ�IHDWXUHV�DQG�V\VWHPV�
IRU� PD[LPXP� HQHUJ\� HIILFLHQF\�� ,Q� WKLV� SURMHFW� WKH�
SK\VLFDO�IHDWXUHV�DQG�SURSHUWLHV�RI�WKH�EXLOGLQJ�FRXOG�
EH�PRGHOOHG�IDLUO\�DFFXUDWHO\��\HW�LQIRUPDWLRQ�RQ�WKH�
RSHUDWLRQDO�FKDUDFWHULVWLFV�ZDV�VFDUFH��
,Q� WKH� FDVH�RI� H[LVWLQJ�EXLOGLQJV�� D� FORVH� FRUUHODWLRQ�
RI�UHVXOWV�RI�WKH�EDVH�FDVH�EXLOGLQJ�HQHUJ\�VLPXODWLRQ�
ZLWK�WKH�DFWXDO�HQHUJ\�ELOOV�DV�GHULYHG�IURP�WKH�XWLOLW\�
ELOOV� ZRXOG� EH� LGHDO�� ,Q� WKH� SUHVHQW� VWXG\�� KRZHYHU��
WKH�VLPXODWHG�HQHUJ\�GHPDQG�YDOXHV�DV�FDOFXODWHG�E\�
WKH� ,(6� VRIWZDUH� GLG� QRW� FRUUHODWH� ZHOO� ZLWK� WKH�
DFWXDO� HQHUJ\� FRQVXPSWLRQ� DV� GHWHUPLQHG� E\� WKH�
1$%(56� DVVHVVPHQW�� 7KH� GHYLDWLRQV� YDULHG� JUHDWO\�
LQ� H[WHQW� DQG� ZHUH� IRXQG� WR� EH� SRVLWLYH� DV� ZHOO� DV�
QHJDWLYH�� 7KH� GHYLDWLRQV� UDQJHG� IURP�
XQGHUHVWLPDWLRQV� RI� ���� WR� RYHUHVWLPDWHV� RI� �����
�7DEOHV���DQG�����

&DXVHV� IRU� WKH� GLVFUHSDQFLHV� PD\� EH� PDQLIROG��
UDQJLQJ� IURP� LQDFFXUDWH� DVVXPSWLRQV� FRQFHUQLQJ�
WKHUPDO�TXDOLW\�RI�WKH�EXLOGLQJ�PDWHULDOV��HIILFLHQFLHV�
RI� RSHUDWLRQDO� V\VWHPV�� WKHUPRVWDW� VHWWLQJV��
LQILOWUDWLRQ� UDWHV�� HTXLSPHQW� XVH� RU� RFFXSDQW�
EHKDYLRXU� WR� VWUXFWXUDO� FKDUDFWHULVWLFV� RI� WKH� HQHUJ\�
VLPXODWLRQ�VRIWZDUH��
,Q� WKH� FDVH� RI� WKH� 7UHDVXU\� %XLOGLQJ�� WKH� PRGHOOHG�
HQHUJ\�GHPDQG�IRU�ERWK�JDV��KHDWLQJ��DQG�HOHFWULFLW\�
�FRROLQJ�� OLJKWLQJ� DQG� HTXLSPHQW�� ZHUH� IRXQG� WR� EH�
OHVV� WKDQ� WKH� DFWXDO� FRQVXPSWLRQ�� 2QH� SRVVLEOH�
H[SODQDWLRQ� PD\� EH� WKH� LQDFFXUDF\� GXH� WR� WKH�
DSSRUWLRQLQJ�RI� WKH�HQHUJ\�FRQVXPSWLRQ�RI� WKLV� FDVH�
VWXG\�EXLOGLQJ�DQG�LWV�QHLJKERXU�EXLOGLQJ�RQ�WKH�EDVLV�
RI�IORRU�DUHD��7KH�GLVFUHSDQF\�PD\�DOVR�EH�GXH�WR�WKH�
FRPELQDWLRQ�RI�PRGHOOLQJ�WKH�RSHQ�SODQ�RIILFH�VSDFHV�
DORQJ� WKH� JODVV� IDoDGH� DV� RQH� VLQJOH� URRP� DQG� WKH�
LQKHUHQW� LQHUWQHVV� RI� WKH� ,(6� 9(�3UR� VRIWZDUH�
FDOFXODWLRQ� PHWKRG�� ,Q� WKH� VRIWZDUH�� WKH� URRP�
WHPSHUDWXUH� WKDW� GHWHUPLQHV� WKH� KHDWLQJ� DQG� FRROLQJ�
DFWLRQV� LV� PHDVXUHG� DW� D� FHQWUDO� SRLQW� ZLWKLQ� WKH�
PRGHOOHG� URRP�� ,Q� D� ODUJH� URRP� WKH� WHPSHUDWXUH� DW�
WKLV� FHQWUDO� SRLQW� PD\� GLIIHU� VXEVWDQWLDOO\� IURP� WKH�
WHPSHUDWXUH� DW� LWV� SHULPHWHU�� HVSHFLDOO\� QHDU�
ZLQGRZV�� 7KH� 7UHDVXU\� %XLOGLQJ� LV� ORFDWHG� LQ�
0HOERXUQH�� ZKLFK� KDV� D� WHPSHUDWH� FOLPDWH�� ,W� KDV�
SUHGRPLQDQWO\� RSHQ� SODQ� RIILFHV� RI� XS� WR� ��P� LQ�
GHSWK�� 7KH� JODVV� ZDV� PRGHOOHG� WR� EH� VLQJOH� SDQH�
JODVV�ZLWKRXW�VRODU�JDLQ�SURWHFWLRQ��7KHUHIRUH��LW�PD\�
EH� DVVXPHG� WKDW� WKH� LQGRRU� WHPSHUDWXUH� DORQJ� WKH�
JODVV�IDoDGH�ZLOO�IOXFWXDWH�ZLWK�WKH�VHDVRQ��WKDW�LV�EH�
VLJQLILFDQWO\� KLJKHU� LQ� VXPPHU� DQG� VLJQLILFDQWO\�
FROGHU� LQ�ZLQWHU�� WKDQ� DW� D� SRLQW� LQ� WKH� FHQWUH� RI� WKH�
URRP�� ,I� WKH� H[LVWLQJ� +9$&� V\VWHP� ZDV� GHVLJQHG�
ZLWK�VKDOORZ�]RQHV�DORQJ�WKH�ZLQGRZV��LW�ZRXOG�WKXV�
KHDW� DQG� FRRO� WKH� VSDFH� IRU� ORQJHU� SHULRGV� WKDQ� WKH�
PRGHOOHG� +9$&� V\VWHP�� ZKLFK� LV� JRYHUQHG� E\� WKH�
PRUH� HYHQ� WHPSHUDWXUHV� LQ� WKH� PLGGOH� RI� WKH� URRP���
7KLV�PD\�EH� D� SRVVLEOH� H[SODQDWLRQ� IRU� WKH� IDFW� WKDW�
WKH� DFWXDO� KHDWLQJ� DQG� FRROLQJ� HQHUJ\� FRQVXPSWLRQ�
ZDV� IRXQG� WR� EH� KLJKHU� WKDQ� WKH� VLPXODWHG� GHPDQG��
6XSSRUW� IRU� WKLV� K\SRWKHLV� RI� WKH� LQHUWQHVV� RI�
WHPSHUDWXUH� FKDQJHV�ZDV� IRXQG�ZKHQ� VLPXODWLQJ� DQ�
LQWHUYHQWLRQ�LQ�ZKLFK�WKH�ZLQGRZV�ZRXOG�EH�RSHQHQG�
LQ� FDVH� RI� KLJK� LQGRRU� WHPSHUDWXUHV��:KLOH� FRROLQJ�
GHPDQG� ZDV� UHGXFHG�� WKH� DQQXDO� KHDWLQJ� HQHUJ\�
GHPDQG�LQFUHDVHG��
7KH� FRPSDULVRQ� RI� WKH� UHVXOWV� RI� WKH� /DQGV�
'HSDUWPHQW�%XLOGLQJ�LQ�6\GQH\�UHYHDOHG�WKDW�WKH�,(6�
9(�3UR�VLPXODWHG�HQHUJ\�GHPDQG�YDOXHV�ZHUH�KLJKHU�
WKDQ� WKH� DFWXDO� HQHUJ\� FRQVXPSWLRQ� GDWD� DV� GHULYHG�
IURP�WKH�XWLOLW\�ELOOV��3DUWLFXODUO\�VWULNLQJ�LV�WKH�ODUJH�
GLVFUHSDQF\� LQ� WKH� XVDJH� RI� QDWXUDO� JDV� IRU� KHDWLQJ�
WKH�EXLOGLQJ��$�SRVVLEOH�H[SODQDWLRQ�PD\�EH�IRXQG�LQ�
VRPH� RI� WKH� KHULWDJH� EDVHG� DUFKLWHFWXUDO� IHDWXUHV� RI�
WKLV� EXLOGLQJ�� 7KH� GDWD� FROOHFWLRQ� RI� WKH� EXLOGLQJ�
UHYHDOHG� WKH� H[LVWHQFH� RI� ODUJH� RSHQLQJV� LQ� WKH�
WKHUPDO� HQYHORSH�� WKH� FRUULGRUV� RQ� WKH� JURXQG� IORRU�
DUH�FRQQHFWHG�WR�WKH�FRXUW\DUGV�E\�ODUJH�DUFKZD\V��
�
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�
7DEOH���%XLOGLQJ�VLPXODWLRQ�DQG�1$%(56�UHVXOWV�

 
Energy demands 

Lands Department Building, Sydney 
MJ/m2 NLA 

Treasury Building, Melbourne 
MJ/m2 NLA 

*DV�XVDJH��6LPXODWLRQ� ���� ���
*DV�XVDJH��1$%(56� ��� ����
(OHFWULFLW\�XVDJH��6LPXODWLRQ� ����� ����
(OHFWULFLW\�XVDJH��1$%(56� ���� �����
�
�

7DEOH���'LIIHUHQFHV�EHWZHHQ�EXLOGLQJ�VLPXODWLRQ�UHVXOWV�DQG�1$%(56�UDWLQJV�
 
Energy demands Lands Department 

Building, Sydney Treasury Building, Melbourne 
*DV�XVDJH��VLPXODWHG�GHPDQG�LQ�UHODWLRQ�WR�
DFWXDO�XVH��ELOO�� ����� �����
(OHFWULFLW\�XVDJH��VLPXODWHG�GHPDQG�LQ�
UHODWLRQ�WR�DFWXDO�XVH��ELOO�� ���� �����
�
'XULQJ� WKH�FRROHU�PRQWKV� WKHVH�SHUPDQHQW� µKROHV� LQ�
WKH� HQYHORSH¶� DUH� ERXQG� WR� OHDG� WR� VLJQLILFDQW� KHDW�
ORVV��ZKLFK�WKH�KHDWLQJ�V\VWHP�QHHGV�WR�FRPSHQVDWH��
,Q�DGGLWLRQ��WKH�ODUJH�YROXPHV�EHORZ�WKH�FORFN�WRZHU�
DQG�WKH�GRPH�ZHUH�IRXQG�WR�EH�WKHUPDOO\�FRQGLWLRQHG�
WRR��:KHQ�PRGHOOHG�LQ�WKH�,(6�9(�3UR�VRIWZDUH���WKH�
VSDFH� KHDWLQJ� V\VWHP� ZDV� VHW� XS� ZLWK� DQ� XQOLPLWHG�
ERLOHU� FDSDFLW\�� 7KH� H[LVWLQJ� KHDWLQJ� V\VWHP��
KRZHYHU�� ZRXOG� EH� OLPLWHG� E\� WKH� FDSDFLW\� RI� WKH�
LQVWDOOHG� ERLOHU�� 7KH� PXFK� ODUJHU� YDOXH� IRU� WKH�
VLPXODWHG� JDV� GHPDQG� FRPSDUHG� WR� WKH� DFWXDO� JDV�
FRQVXPSWLRQ� LQGLFDWHV� WKDW� WKH� H[LVWLQJ� ERLOHU� PD\�
QRW� EH� DEOH� WR�KHDW� XS� WKHVH� KDOI�RSHQ� VSDFHV� WR� WKH�
VHW�SRLQW�WHPSHUDWXUH�RI���&��6LPLODUO\�� WKH�KHDWLQJ�
RI� WKH� ODUJH� YROXPHV�EHORZ� WKH� FORFN� WRZHU� DQG� WKH�
GRPH�PD\�QRW�DFKLHYH�WKH�GHVLUHG�WHPSHUDWXUH�HLWKHU���
6XSSRUW� IRU� WKLV� K\SRWKHVLV�ZDV� IRXQG�E\�PRGHOOLQJ�
DQ� LQWHUYHQWLRQ� WKDW� DVVXPHG� WKH� VHDOLQJ� RI� WKH�
EXLOGLQJ¶V� HQYHORSH�� 7KLV� LQFOXGHG� WKH� UHGXFWLRQ� RI�
WKH�QDWXUDO�DLU� LQILOWUDWLRQ�WKURXJK�WKH�ZLQGRZV�IURP�
����� WR������DLU�FKDQJHV�SHU�KRXU�� WKH�FORVLQJ�RI� WKH�
JURXQG� IORRU� RSHQLQJV� DQG� WKH� VHDOLQJ� RII� RI� XSSHU�
YROXPHV� RI� WKH� GRPH� DQG� FORFN� WRZHU�� 7KH�
VLPXODWLRQ�\LHOGHG�D�UHGXFWLRQ�RI�QDWXUDO�JDV�GHPDQG�
IRU� VSDFH� KHDWLQJ� RI� ����� 7KLV� ZDV� D� VLJQLILFDQWO\�
KLJKHU�UHGXFWLRQ�LQ�JDV�GHPDQG�GXH�WR�VHDOLQJ�RI�WKH�
HQYHORSH� WKDQ� LQ� WKH� 7UHDVXU\� EXLOGLQJ�� %\�
FRPSDULVRQ�� WKH� VHDOLQJ� RI� WKH� ZLQGRZV� LQ� WKH�
7UHDVXU\�%XLOGLQJ� LQ�0HOERXUQH�RQO\� OHG� WR� VDYLQJV�
LQ�JDV�GHPDQG�RI�����

&21&/86,21�
%XLOGLQJ� VLPXODWLRQ� WRROV� SURYLGH� DQ� DSSUR[LPDWH�
PRGHO� RI� FRPSOH[� UHODWLRQVKLSV� LQ� WKH� UHDO� ZRUOG��
%XLOGLQJ� SHUIRUPDQFH� PRGHOOLQJ� WRROV� RIWHQ� XVH�
VLPSOLVWLF� DQG� LGHDOLVWLF� GDWD� LQSXWV� WKDW� DUH�
XQUHSUHVHQWDWLYH�RI�DFWXDO�EXLOGLQJ�V\VWHPV��UHVXOWLQJ�
LQ�GLVFUHSDQFLHV�EHWZHHQ�SUHGLFWHG�DQG�DFWXDO�HQHUJ\�
SHUIRUPDQFH��7KHVH�GLVFUHSDQFLHV�DUH�W\SLFDOO\��

�
DYHUDJLQJ� DURXQG� ����� DQG� DUH� LQ� SDUW� GXH� WR�
WHFKQLFDO� UHDVRQV� VXFK� DV� ZHDWKHU� YDULDWLRQV� RU�
EXLOGLQJ� GHVLJQ� LQDFFXUDWH� DVVXPSWLRQV� �<XGHOVRQ��
������� 7KH� SURYLVLRQ� RI� DFFXUDWH� DQG� GHWDLOHG�
LQIRUPDWLRQ� RQ� WKH� H[LVWLQJ� EXLOGLQJ� DQG� LWV�
RSHUDWLRQV�EHIRUH�VWDUW�RI�WKH�PRGHOOLQJ�SURFHVV�LV�RI�
SDUDPRXQW� LPSRUWDQFH�� $IWHU� VLPXODWLRQV� KDYH� EHHQ�
UXQ�� VHQVLWLYLW\� VWXGLHV� FDQ� LGHQWLI\� SRVVLEOH� UHDVRQV�
IRU�LQFRQJUXLWLHV��
&OHYHQJHU� DQG� +D\PDNHU� ������� GLVFXVVHG�
H[WHQVLYHO\� WKH� XQFHUWDLQW\� LQ� RFFXSDQF\� PRGHOOLQJ�
PDLQO\� GXH� WR� VFKHGXOHV� XVHG� WR� PRGHO� RFFXSDQW�
EHKDYLRXU� OLNH�RFFXSDQW� VFKHGXOH�� OLJKWLQJ� VFKHGXOH��
HTXLSPHQW�VFKHGXOH�DQG�GRPHVWLF�KRW�ZDWHU�VFKHGXOH��
(QHUJ\� ORDGV� LQIOXHQFHG� E\� RFFXSDQWV¶� DFWLRQV� RU�
SUHVHQFH� LQFOXGH� KHDWLQJ� DQG� FRROLQJ� WHPSHUDWXUH�
VHWSRLQWV�� LQILOWUDWLRQ� UDWH�� RFFXSDQW� OHYHO�� RFFXSDQW�
VHQVLEOH� KHDW� JDLQ�� RFFXSDQW� ODWHQW� KHDW� JDLQ� DQG�
YHQWLODWLRQ� UDWH�� 2FFXSDQW� EHKDYLRXU� LV� D� VRXUFH� RI�
VLJQLILFDQW� XQFHUWDLQW\� LQ� HQHUJ\� PRGHOOLQJ� ZLWK�
SUHGLFWHG�HQHUJ\�XVDJH��$]DU�DQG�0HQDVVD���������
7KH�VWXG\�ILQGLQJV�RI�JUHDW�GLVFUHSHQFLHV�EHWZHHQ�WKH�
VLPXODWHG� DQG�1$%(56� UHVXOWV� FRXOG� EH� GXH� WR� WKH�
LQVXIILFLHQW� LQIRUPDWLRQ� REWDLQHG� IRU� WKH� FDVH� VWXG\�
EXLOGLQJV�� WKH� DVVXPSWLRQV� PDGH� WR� WKH� KHDWLQJ� DQG�
FRROLQJ� V\VWHPV�� DQG� WKH� VFKHGXOHV� XVHG� LQ� WKH�
VLPXODWLRQV�� ,PSURYHPHQW� WR� WKH� VLPXODWLRQ� UHVXOWV�
IRU� ERWK� RI� WKH� FDVH� VWXG\� EXLOGLQJV� FRXOG� EH�
DFKLHYHG� WKURXJK� GHWDLOHG� PRGHOOLQJ� RI� WKH� +9$&�
V\VWHPV� XVLQJ� DQ� ,(6� DGYDQFHG� PRGXOH� FDOOHG�
$SDFKH+9$&� ZKLFK� FRQVWUXFW� KHDWLQJ� DQG� FRROLQJ�
V\VWHPV� FRPSRQHQHWV�Q\�FRPSRQHQWV� IURP� VFUDWFK��
7KHVH� ZLOO� DOORZ� FORVH� WR� UHDOLW\� PRGHOOLQJ� RI� WKH�
+9$&�V\VWHPV�WKDW�DUH�XVHG�LQ�WKH�DFWXDO�EXLOGLQJV��
0RUH�DFFXUDWH�PRGHOOLQJ�RI�WKH�OLJKWLQJ�V\VWHPV�DQG�
HIIHFW�RI�GD\OLJKLQJ�XVLQJ�,(6�5DGLDQFH�PRGXOH�DQG�
GHWDLOHG� FDSWXULQJ� RI� KHDW� JDLQ� DQG� ORVW� WKURXJK�
FUDFNV� DQG� RSHQLQJV� XVLQJ� ,(6� 0DFUR)OR� PRGXOH�
ZRXOG�KHOS� WR� LPSURYH� WKH� VLPXODWLRQ� UHVXOWV��7KHVH�
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VXJJHVWHG� LPSURYHPHQWV� ZRXOG� WDUJHW� DURXQG� ����
�V\VWHP� QDWXUDO� JDV�� V\VWHP� HOHFWULFLW\�� OLJKWV� DQG�
HTXLSPHQW��RI�WKH�RSHUDWLRQDO�HQHUJ\�IRU�ERWK�RI�WKH�
FDVH� VWXG\�EXLOGLQJV�DQG�ZRXOG�KHOS� WR�FORVH�XS� WKH�
GLIIHUHQFHV�EHWZHHQ� WKH� VLPXODWHG� UHVXOWV� DQG� DFWXDO�
SHUIRUPDQFH�RI�WKH�HQHUJ\�GHPDQGV�VXEVWDQWLDOO\��

$&.12:/('*(0(176�
7KH� DXWKRUV� ZRXOG� OLNH� WR� WKDQN� WKH� 'HSDUWPHQW� RI�
3ODQQLQJ� DQG�&RPPXQLW\�'HYHORSPHQW� RI� WKH� 6WDWH�
RI� 9LFWRULD�� WKH� +HULWDJH� &KDLUV� DQG� 2IILFLDOV� RI�
$XVWUDOLD�DQG�1HZ�=HDODQG��+&2$1=��DQG�WKH�WHDP�
DW� WKH� &HQWUH� IRU� 'HVLJQ� DW� 50,7� 8QLYHUVLW\� IRU�
DVVLVWLQJ� DQG� VXSSRUWLQJ� WKLV� UHVHDUFK� SURMHFW� DQG�
VXEVHTXHQW�SXEOLFDWLRQ�RI�WKH�ILQGLQJV��
7KH� DXWKRUV� DOVR� OLNH� WR� WKDQN� 'DYLV� /DQJGRQ�
0HOERXUQH� 2IILFH�� ,QWHJUDWHG� (QYLURQPHQWDO�
6ROXWLRQV� /LPLWHG� 0HOERXUQH� 2IILFH� DQG� %XLOGLQJ�
(QYLURQPHQW�$VVHVVPHQW�&RPSDQ\�3W\�/WG�IRU�WKHLU�
DVVLVWDQFH� LQ� JHQHUDWLQJ� EXLOGLQJ� TXDQWLW\�
HVWLPDWLRQV�� VRIWZDUH� WHFKQLFDO� VXSSRUW�� EXLOGLQJ�
HQHUJ\� PRGHOLQJ� UHYLHZ� DQG� EXLOGLQJ� HQHUJ\� UDWLQJ�
WKURXJKRXW�WKLV�UHVHDUFK�SURMHFW��

5()(5(1&(6�
$%$5(� ������ (OHFWULFLW\� *HQHUDWLRQ�� 0DMRU�

'HYHORSPHQW� 3URMHFWV� �� 2FWREHU� ����� /LVWLQJ��
&DQEHUUD��$XVWUDOLDQ�%XUHDX�RI�$JULFXOWXUDO�DQG�
5HVRXUFH�(FRQRPLFV���%XUHDX�RI�5XUDO�6FLHQFHV��

$%&%� ������ %&$� 6HFWLRQ� -� �� $VVHVVPHQW� DQG�
9HULILFDWLRQ� RI� DQ� $OWHUQDWLYH� 6ROXWLRQ�
,QIRUPDWLRQ� +DQGERRN�� $XVWUDOLDQ� %XLOGLQJ�
&RGHV�%RDUG��

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

$=$5�� (�� 	� 0(1$66$�� &�� ������ 6HQVLWLYLW\� RI�
(QHUJ\� 6LPXODWLRQ� 0RGHOV� WR� 2FFXSDQF\�
5HODWHG� 3DUDPHWHUV� LQ� &RPPHUFLDO� %XLOGLQJV��
3URFHHGLQJV� IRU� WKH� &RQVWUXFWLRQ� 5HVHDUFK�
&RQJUHVV������������������

%RXUJHRLV�� '�� 5HLQKDUW�� &� 	� 0DFGRQDOG�� ,�� ������
$GGLQJ�DGYDQFHG�EHKDYLRXUDO�PRGHOV� LQ�ZKROH�
EXLOGLQJ�HQHUJ\�VLPXODWLRQ��$�VWXG\�RQ�WKH�WRWDO�
HQHUJ\� LPSDFW� RI� PDQXDO� DQG� DXWRPDWHG�
OLJKWLQJ�FRQWURO��(QHUJ\�DQG�%XLOGLQJV��YRO������
QR�����SS����������

%58+16�� +�� ������ ,GHQWLI\LQJ� GHWHUPLQDQWV� RI�
HQHUJ\� XVH� LQ� WKH� 8.� QRQGRPHVWLF� VWRFN�� ,Q��
3$2/2� %(572/',�� %�� $��� HG�� �WK�
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� ,PSURYLQJ� (QHUJ\�
(IILFLHQF\� LQ� &RPPHUFLDO� %XLOGLQJV�� ,((&%�
)RFXV� ������ ����� )UDQNIXUW�� *HUPDQ\�� -RLQW�
5HVHDUFK�&HQWUH�� ,QVWLWXWH� IRU�(QHUJ\��(XURSHDQ�
&RPPLVVLRQ�����������

&(175(� )25� ,17(51$7,21$/� (&2120,&6�
������ &DSLWDOLVLQJ� RQ� WKH� EXLOGLQJ� VHFWRU
V�
SRWHQWLDO� WR� OHVVHQ� WKH� FRVWV� RI� D� EURDG� EDVHG�

*+*� HPLVVLRQV� FXW�� &DQEHUUD�� &HQWUH� IRU�
,QWHUQDWLRQDO�(FRQRPLFV��

&/(9(1*(5��&�0��	�+$<0$.(5� -�� ������7KH�
LPSDFW� RI� WKH� EXLOGLQJ� RFFXSDQW� RQ� HQHUJ\�
PRGHOOLQJ� VLPXODWLRQV�� 6WDQIRUG� 8QLYHUVLW\��
&DOLIRUQLD��

GD�*UDoD��*&��/LQGHQ��3)�	�+DYHV��3��������'HVLJQ�
DQG� WHVWLQJ� RI� D� FRQWURO� VWUDWHJ\� IRU� D� ODUJH��
QDWXUDOO\� YHQWLODWHG� RIILFH� EXLOGLQJ�� %XLOGLQJ�
6HUYLFHV�(QJLQHHULQJ�5HVHDUFK�DQG�7HFKQRORJ\��
YRO������QR�����SS����������

'&&((�������7KH�3DWKZD\�WR������IRU�/RZ�(QHUJ\��
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/RXW]HQKLVHU��3��0DQ]��+��6WUDFKDQ��3��)HOVPDQQ��&��
)UDQN��7��0D[ZHOO��*�	�2HOKDIHQ��3��������$Q�
(PSLULFDO� 9DOLGDWLRQ� RI�0RGHOLQJ� 6RODU� *DLQV�
7KURXJK�D�*OD]LQJ�8QLW�8VLQJ�%XLOGLQJ�(QHUJ\�
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