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$%675$&7�
7KH�SDSHU�SUHVHQWV� WKUHH�FDVH� VWXGLHV�RI� VLPXODWLRQV�
XQGHUWDNHQ�IRU�H[LVWLQJ�EXLOGLQJV���7KH�EXLOGLQJV�DUH�
ORFDWHG�LQ�WKUHH�PDMRU�$XVWUDOLDQ�FDSLWDO�FLWLHV���7KH\�
KDYH�DOO�EHHQ�DVVHVVHG�XQGHU�WKH�$XVWUDOLDQ�1$%(56�
VFKHPH� DQG� DUH� RI� H[HPSODU\� SHUIRUPDQFH�� � ,Q� DOO�
FDVHV�D�PDMRU�UHIXUELVKPHQW�KDV�WDNHQ�SODFH�ZLWK�WKH�
DLP� RI� DFKLHYLQJ� D� WDUJHWHG� 1$%(56� UDWLQJ�� � 7KH�
VLPXODWLRQV�ZHUH�XQGHUWDNHQ�IRU�D�YDULHW\�RI�UHDVRQV�
DQG� WKH� DEVROXWH� HQHUJ\� SUHGLFWLRQV� WDNHQ� IURP� WKH�
VLPXODWLRQ� DUH� VKRZQ� WR� DOLJQ� YHU\� FORVHO\�ZLWK� WKH�
PHDVXUHG� FRQVXPSWLRQ�� LQ� VSLWH� RI� QR� FDOLEUDWLRQ�
EHLQJ� XQGHUWDNHQ� LQ� WZR�RI� WKH�PRGHOV�� �7KH�XVH�RI�
VLPXODWLRQ� LQ� ERWK� GHVLJQ� DQG� SUREOHP� UHVROXWLRQ� LV�
LOOXVWUDWHG��

,1752'8&7,21�
7KLV� SDSHU� KDV� EHHQ� ZULWWHQ� WR� LOOXVWUDWH� KRZ�
VLPXODWLRQ� LV� DEOH� WR� DFFXUDWHO\� SUHGLFW� WKH� DEVROXWH�
HQHUJ\�FRQVXPSWLRQ�RIILFH�EXLOGLQJV���,W�LV�QRWHG�WKDW�
VLPXODWLRQ� RIWHQ� XQGHU� SUHGLFWV� HQHUJ\� XVH� IRU�
VLPXODWHG� V\VWHPV� DV� WKH� � PRGHO� DVVXPHV� WKDW� DOO�
V\VWHPV�DUH�RSHUDWLQJ�FRUUHFWO\��ZKLFK�UDUHO\�KDSSHQV�
LQ�UHDO�OLIH���+RZHYHU��WKH�EXLOGLQJV�H[DPLQHG�EHORZ�
KDYH�DOO�EHHQ�LQGHSHQGHQWO\�VKRZQ�WR�KDYH�YHU\�ORZ�
HQHUJ\�FRQVXPSWLRQ�FORVHO\�PDWFKLQJ�WKH�VLPXODWLRQ�
SUHGLFWLRQV�� � )XUWKHUPRUH�� HDFK� RI� WKH� VLPXODWLRQV�
ZDV� FRPPLVVLRQHG� IRU� D� GLIIHUHQW� UHDVRQ� DQG� KDG� D�
GLIIHUHQW� SUDFWLFDO� RXWFRPH�� � 7KH�PHWKRGRORJ\� XVHG�
LQ�HDFK�FDVH�DOVR�YDULHG��
�
7KH� EXLOGLQJV� DUH� DOO� LQ� $XVWUDOLD� EXW� LQ� GLIIHUHQW�
FDSLWDO� FLWLHV�� � 7KH\� FRPSULVH� WKH� %ULVEDQH� 7UDQVLW�
&HQWUH� LQ� %ULVEDQH�� 4XHHQVODQG�� WKH� -HVVLH� 6WUHHW�
&HQWUH� LQ� 3DUUDPDWWD� LQ�:HVWHUQ� 6\GQH\��16:� DQG�
$1=$&� 3DUN� :HVW� LQ� &DQEHUUD�� $&7�� � 7KHVH�
EXLOGLQJ�KDYH�DOO�EHHQ�DVVHVVHG�XQGHU�WKH�$XVWUDOLDQ�
1DWLRQDO� %XLOW� (QYLURQPHQW� 5DWLQJ� 6FKHPH�
�1$%(56� ������� ZKLFK� JLYHV� DQ� LQGHSHQGHQW�
DVVHVVPHQW� RI� WKHLU� SHUIRUPDQFH�� � $� 1$%(56�
DVVHVVPHQW� SURYLGHV� D� FRQVLVWHQW� PHWKRG� RI�
PHDVXUHPHQW� IRU� HQHUJ\� FRQVXPSWLRQ� EDVHG� RQ�
XWLOLW\� ELOOV� DV� ZHOO� DV� SURYLGLQJ� FRPSDUDWLYH�
SHUIRUPDQFH� EDVHG� RQ� EHQFKPDUNHG� SDUDPHWHUV�� � $�
1$%(56�DVVHVVPHQW�LV�JLYHQ�DV�D�VWDU�UDWLQJ�IURP���
WR� �� VWDUV�� � 7KH� ILQDO� VWDU� UDWLQJ� LV� EDVHG� RQ�
QRUPDOLVHG� JUHHQKRXVH� JDV� HPLVVLRQV� DQG� WKHUHIRUH�

PHJDMRXOHV� RI� JDV� LV� DVVHVVHG� GLIIHUHQWO\� WR�
PHJDMRXOHV�RI�HOHFWULFLW\���)RU�VLPSOLFLW\�LQ�WKLV�SDSHU�
ZH�RQO\�UHIHU�WR�HQHUJ\�FRQVXPSWLRQ����
�
1$%(56� VHSDUDWHO\� DVVHVVHV� WKH� EDVH� EXLOGLQJ�
ZKLFK� XQGHU� WKH� FRQWURO� RI� WKH� ODQGORUG�� RU� WKH�
WHQDQF\�� RU� WKH� ZKROH� EXLOGLQJ�� � 8QOHVV� RWKHUZLVH�
VWDWHG� ZH� ZLOO� EH� FRQVLGHULQJ� WKH� EDVH� EXLOGLQJ�
RSHUDWLRQ���7KH�EDVH�EXLOGLQJ�SURYLGHV�DOO�WKH�+9$&�
VHUYLFHV�� DSDUW� IURP� VXSSOHPHQWDU\� XQLWV� DOWKRXJK�
WKHVH� DUH� VXSSOLHG� E\� D� EDVH� EXLOGLQJ� WHQDQW�
FRQGHQVHU�ORRS���7KH�OLIWV��FRPPRQ�DUHD�OLJKWLQJ�DQG�
H[KDXVW� IDQV� DOVR� PDNH� XS� EDVH� EXLOGLQJ� ORDG��
&RQYHQLHQWO\�� WKH� EDVH� EXLOGLQJ� FRQVXPSWLRQ� LV�
GRPLQDWHG�E\�ORDGV�WKDW�DUH�DFWLYHO\�VLPXODWHG�UDWKHU�
WKDQ�EHLQJ�DVVXPHG��
�
'HWDLOV� RI� WKH� EXLOGLQJV� DUH� JLYHQ� EHORZ� WRJHWKHU�
ZLWK�WKH�UHDVRQV�ZK\�ZH�ZHUH�HPSOR\HG�WR�FDUU\�RXW�
WKH� PRGHOOLQJ�� � :H� WKHQ� ORRN� DW� VRPH� RI� WKH�
WHFKQLTXHV� XVHG� WR� HQVXUH� WKDW� WKH� PRGHOOLQJ� ZDV�
DFFXUDWH�DQG� WKHQ�H[DPLQH� WKH�EUHDNGRZQ�RI�HQHUJ\�
XVHG� ZLWKLQ� WKH� EXLOGLQJV�� � 7KH� DFWLRQV� RI� WKH�
EXLOGLQJ� RZQHUV� DQG� PDQDJHUV� SRVW� PRGHOOLQJ� DUH�
DOVR�SUHVHQWHG��
�

7+(�%8,/',1*6�
%ULVEDQH�7UDQVLW�&HQWUH�
7KLV� ��� \HDU� ROG� FRPSOH[� FRPSULVHV� WZR� WRZHUV� LQ�
WKH� PLGGOH� RI� %ULVEDQH�� � 7KLV� UHSRUW� RQO\� FRQFHUQV�
WKH�ZHVWHUQ�WRZHU���,W�KDV�DQ�DUHD�RI��������P��RYHU���
RIILFH�IORRUV��
�
7KH�&HQWUH�KDG�QHYHU�KDG�D�1$%(56�DVVHVVPHQW�VR�
LWV� SHUIRUPDQFH� ZDV� XQNQRZQ�� � 7KH� PRGHOOLQJ� ZDV�
XQGHUWDNHQ� WR� WHVW� D� QXPEHU� RI� XSJUDGH�RSWLRQV� DQG�
DVFHUWDLQ�WKH�PRVW�HIIHFWLYH�WR�LPSOHPHQW���+RZHYHU��
LW� KDG� EHHQ� GHFLGHG� WKDW� WKH� FKLOOHUV� ZHUH� WR� EH�
UHSODFHG� DQG� WKHUHIRUH� DOO� PRGHOOLQJ� LQFOXGHG�
HIILFLHQW�FKLOOHUV��

7KH�-HVVLH�6WUHHW�&HQWUH�
7KH�-HVVLH�6WUHHW�&HQWUH�QDPHG�DIWHU�-HVVLH�6WUHHW��DQ�
DERULJLQDO�DFWLYLVW��LV�ORFDWHG�LQ�3DUUDPDWWD�LQ�ZHVWHUQ�
6\GQH\���,W�ZDV�EXLOW�LQ������DQG�FRPSULVHV����IORRUV�
RI�DUHD��������P���
�
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7KH� EXLOGLQJ� KDG� MXVW� KDG� H[WHQVLYH� UHQRYDWLRQV�
ZKHQ�ZH�ZHUH�HQJDJHG�WR�FDUU\�RXW�PRGHOOLQJ�� �7KH�
EXLOGLQJ� ZDV� WDUJHWLQJ� �� VWDUV� XQGHU� WKH� *UHHQ�
%XLOGLQJ�&RXQFLO� RI�$XVWUDOLD¶V� �*%&$�� UDWLQJ� WRRO�
IRU�RIILFHV���(YHQ�IRU�DQ�$V�%XLOW�UDWLQJ� ��FRPSOHWHG�
SRVW� FRQVWUXFWLRQ� �� D� WKHUPDO� PRGHO� LV� UHTXLUHG� IRU�
WKH�VXEPLVVLRQ��SDUWO\�EHFDXVH� WKH�*%&$�UHTXLUHV�D�
QXPEHU�RI�GHIDXOWV�WR�EH�XVHG�LQ�WKH�VLPXODWLRQ���7KH�
EXLOGLQJ�KDG�EHHQ�JLYHQ�D�1$%(56�UDWLQJ�RI���VWDUV�
EXW�WKLV�ZDV�GHHPHG�XQDFFHSWDEOH��DQG�WKH�PRGHOOLQJ�
FDUULHG� RXW� XS� WKDW� WLPH� RQO\� VKRZHG� WKH� EXLOGLQJ�
SHUIRUPLQJ� DW� ���� VWDUV�� � :H� WKHUHIRUH� KDG� WKH�
LQWHUHVWLQJ� WDVN� RI� PRGHOOLQJ� D� EXLOGLQJ� WKDW� ZDV�
NQRZQ�WR�EH�ZRUNLQJ�YHU\�ZHOO�DQG�PDWFK�WKLV�ZLWK�D�
VLPXODWLRQ��

$1=$&�3DUN�:HVW�
$1=$&� 3DUN� :HVW� LV� D� SURPLQHQW� EXLOGLQJ� LQ�
&DQEHUUD�� � ,W� LV�/�VKDSHG�ZLWK�DQ�DUHD�RI��������P��
RYHU� �� IORRUV� DQG� ZDV� EXLOW� LQ� WKH� PLG�����V���
$1=$&� 3DUN�:HVW� ZDV� UHIXUELVKHG� LQ� ����� DQG� D�
QHZ� WHQDQW� IRXQG� DIWHU� �� \HDUV� RI� YDFDQF\�� � $V� WKH�
VROH� WHQDQW� LV� D� � JRYHUQPHQW� RUJDQLVDWLRQ��
*RYHUQPHQW� SROLF\� UHTXLUHV� WKH� ZKROH� EXLOGLQJ�
SHUIRUPDQFH� WR�EH�DW� OHDVW����� VWDUV� XQGHU�1$%(56�
�(QHUJ\�(IILFLHQF\�LQ�*RYHUQPHQW�2SHUDWLRQV�����������
$� 1$%(56� UDWLQJ� IRU� WKLV� EXLOGLQJ� KDG� QRW� EHHQ�
FDUULHG� RXW� DQG� WKHUH� ZDV� FRQFHUQ� WKDW� WKH� EXLOGLQJ�
ZRXOG�QRW�PHHW� LWV� WDUJHW�� �6LQFH� WKH�ZKROH�EXLOGLQJ�
FRPELQHV� WKH� WHQDQF\� DQG� WKH� EDVH� EXLOGLQJ� WKH�
ODQGORUG� ZDV� LQWHUHVWHG� WR� XQGHUVWDQG� WKH� VSOLW�
EHWZHHQ� SHUIRUPDQFH� RI� V\VWHPV� ZLWKLQ� WKHLU�
MXULVGLFWLRQ��FRQVHTXHQWO\�UDWLQJV�RI�WKH�EDVH�EXLOGLQJ�
DQG�WHQDQF\�ZHUH�DOVR�FDUULHG�RXW���7KH�EDVH�EXLOGLQJ�
UDWLQJ�LV�UHSRUWHG�KHUH��
�

5DWLRQDOH�6XPPDU\�
7KHVH� WKUHH� EXLOGLQJV� ZHUH� PRGHOOHG� IRU� TXLWH�
GLIIHUHQW�UHDVRQV�� �7KH�ILUVW�ZDV�WR�HVWDEOLVK�WKH�EHVW�
GHVLJQ� IRU� DQ�XSJUDGH�� WKH� VHFRQG�ZDV� WR�SURGXFH� D�
UHSRUW� IRU� WKH� SXUSRVHV� RI� REWDLQLQJ� D� µJUHHQ¶�
FHUWLILFDWLRQ�HYHQ� WKRXJK� WKH�EXLOGLQJ�ZDV�NQRZQ�WR�
ZRUNLQJ� ZHOO�� DQG� WKH� ODVW� RQH� ZDV� WR� LQYHVWLJDWH� D�
SRVVLEOH�XQNQRZQ�SUREOHP��
�

6,08/$7,21�$3352$&+�
2XU� PRGHOOLQJ� H[SHULHQFH� LV� WKDW� LW� LV� RIWHQ� PXFK�
KDUGHU� WR� VLPXODWH� DQ� ROG� EXLOGLQJ� WKDQ� RQH� QRW� \HW�
EXLOW�EXW�LQ�WKH�GHVLJQ�VWDJH��GXH�WR�WKH�OLNHO\�DEVHQFH�
RI� PXFK� RI� WKH� UHTXLUHG� GRFXPHQWDWLRQ� DYDLODEOH���
9LVLWLQJ�WKH�EXLOGLQJ�FDQ�HOXFLGDWH�WKH�PRWRU�VL]HV�RQ�
SXPSV�DQG�IDQV��DQG�FDUHIXO�DQDO\VLV�RI�WKH�EXLOGLQJ�
0DQDJHPHQW� 6\VWHP� FDQ� WKURZ� OLJKW� RQ� RSHUDWLRQ���
+RZHYHU�� WKH� FRQVWUXFWLRQ� RI� WKH� ZDOOV�� DQG� WKH�
JOD]LQJ� XVHG�� LV� RIWHQ� KDUG� WR� LGHQWLI\�� � .H\�
SDUDPHWHUV�VXFK�DV�SXPS�DQG�IDQ�RSHUDWLQJ�SUHVVXUHV�
DUH�RIWHQ�QRW� UHDGLO\�DYDLODEOH�� �$V� IDQ�SUHVVXUH�DQG�
WXUQGRZQ� FXUYHV� DUH� YHU\� LPSRUWDQW� WR� KDYH� FRUUHFW�
LQ� D� PRGHO� ZH� DVVLGXRXVO\� WUDFN� GRZQ� WKLV�

LQIRUPDWLRQ�� � � ,I� SRVVLEOH� WKH� FRPPLVVLRQLQJ� UHVXOWV�
DUH�XVHG�ZKHQ�DYDLODEOH��
�
2Q� WKH� SRVLWLYH� VLGH� RFFXSDQF\� SDWWHUQV� DQG�
HTXLSPHQW� ORDGV� FDQ� EH� DVFHUWDLQHG� WKURXJK�
LQVSHFWLRQ�� � :H� KDYH� DOVR� EHHQ� DEOH� WR� XVH�
VXEPHWHULQJ� GDWD� WR� KHOS� FDOLEUDWH� RXU� PRGHO� DQG�
HVWDEOLVK� QRQ�+9$&� ORDGV� DOWKRXJK� HYHQ� KHUH�
VHULRXV�GLIILFXOWLHV�DUH�OLNHO\���7KH�SUREOHPV�LQKHUHQW�
LQ�FDOLEUDWLRQ�KDYH�EHHQ�H[SORUHG�LQ�D�SUHYLRXV�SDSHU�
E\�WKH�DXWKRUV��7D\ORU�HW�DO���������
�

6,08/$7,21� ),1',1*6� $1'�
2%6(59$7,216�
%ULVEDQH�7UDQVLW�&HQWUH�
7KH� %ULVEDQH� 7UDQVLW� &HQWUH� +9$&� V\VWHP�
FRPSULVHV�WZR�$+8V�SHU�IORRU�VHUYLQJ�HDVW�DQG�ZHVW�
]RQHV� UHVSHFWLYHO\�� � $� 9$9� V\VWHP� ZDV� VHUYHG� E\�
WKH�$+8V���'DPSHU�FRQWURO�ZDV�XVHG�WR�PRGXODWH�DLU�
VXSSO\� WR� WKH� ]RQH�9$9V�� �+HDWLQJ� LV� IURP� HOHFWULF�
WHUPLQDO� UHKHDW�� � '2(���H� ZDV� XVHG� IRU� WKH�
VLPXODWLRQ��
�
,Q� DGGLWLRQ� WR� WKH� SURSRVHG� FKLOOHU� XSJUDGH�� WKH�
IROORZLQJ�PHDVXUHV�ZHUH�DVVHVVHG��
�

 7KH� LQQHU� SDQH� RI� IDoDGH� JODVV� LV� RSHQDEOH�
WR� DOORZ� DFFHVV� WR� WKH� LQWHUVWLWLDO� EOLQG� DQG�
VR� UHWURILWWLQJ� D� WKLQ� VSHFWUDOO\� VHOHFWLYH�
�ORZ�H��ILOP�RQ�WKH�LQVLGH�RI� WKH�RXWHU�SDQH�
ZDV�SRVVLEOH����

 ,PSURYHG� $+8� DLU� IORZ� WKURXJK� YDULDEOH�
VSHHG�GULYH�ZDV�DOVR�DYDLODEOH�DV�DQ�HQHUJ\�
VDYLQJV�PHDVXUH����

 $OWHUQDWLYH� FRQWURO� FRQILJXUDWLRQV�� ZHUH�
DOVR�FRQVLGHUHG��

7KHVH� RSWLRQV� DQG� RWKHUV�ZHUH� H[DPLQHG� �)LJXUH� ���
DQG� WKH� HQHUJ\� UHVXOWV� FRQYHUWHG� WR� IUDFWLRQV� RI� D�
1$%(56�VWDU�IRU�WKH�EXLOGLQJ��)LJXUH������7KH�VRODU�
ILOP� KDV� DOPRVW� D� KDOI� VWDU� EHQHILW�� ZKLFK� LV�
FRPSDUDEOH� WR� KDYLQJ� D� YHU\� ZLGH� GHDGEDQG� DQG�
SURSRUWLRQDO� FRQWURO� EDQGV� IRU� WKH� ]RQHV�� � 9$9�
WXUQGRZQ� DELOLW\� ZDV� DOVR� FOHDUO\� D� YHU\� LPSRUWDQW�
IDFWRU��
�
)LQDO�PRGHOOLQJ�ZDV�XQGHUWDNHQ� WR� WHVW� WKH�H[SHFWHG�
SHUIRUPDQFH� ZLWK� WKH� QHZ� FKLOOHUV� DV� LQVWDOOHG�� WKH�
ZLQGRZ�ILOP��$+8V�ZLWK�YDULDEOH�VSHHG�GULYH�DQG�D�
QHZ�%06�IRU�JRRG�FRQWURO��
�
$� EUHDNGRZQ� RI� WKH� UHVXOWV� LV� VKRZQ� LQ� )LJXUH� ����
7KH� WRWDO� HOHFWULFDO� XVH� ZDV� SUHGLFWHG� WR� EH� ����
0-�P��� �7KH�PRGHOOLQJ�UHVXOWV�DSSHDUHG� WRR�JRRG� WR�
EH� WUXH�� VXJJHVWLQJ� WKDW� WKH�EXLOGLQJ�ZDV� FDSDEOH�RI�
DFKLHYLQJ�D���VWDUV�1$%(56�UDWLQJ���+RZHYHU��ZKHQ�
D�UDWLQJ�ZDV�FDUULHG�RXW�WKH�UHVXOW�ZDV�LQGHHG���VWDUV�
�����������������������������������������������������������
��7KH�HIIHFW�RI�FRQWURO�RQ�VLPXODWLRQV�LV�UHSRUWHG�
HOVHZKHUH�LQ�WKLV�FRQIHUHQFH��=KDQJ�������
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ZLWK� DQ� HQHUJ\� XVH� EDVHG� RQ� WKH� XWLOLW\� ELOOV� RI� ����
0-�P��� RQO\� ���� KLJKHU� WKDQ� WKH� XQFDOLEUDWHG�
VLPXODWLRQ�UHVXOW�� � � �7KLV�ZDV�HYHQ�PRUH�UHPDUNDEOH�
DV�WKH�UDWLQJ�ZDV�DFKLHYHG�LQ�WKH�ILUVW�\HDU�RI�WKH�QHZ�
RFFXSDQF\���%DVHG�RQ�WKH�PRGHOOLQJ�LW�LV�KRSHG�WKDW�D�
PRQLWRULQJ� DQG� YHULILFDWLRQ� SURJUDP� ZLOO� EH� SXW� LQ�
SODFH� IRU� WKH� EXLOGLQJ� LQ� WKH� QHDU� IXWXUH� DQG� IXUWKHU�
EXLOGLQJ�WXQLQJ�ZLOO�EH�SRVVLEOH��

-HVVLH�6WUHHW�&HQWUH�
7KH� -HVVLH� 6WUHHW� &HQWUH� LV� DQRWKHU� 9$9� EXLOGLQJ���
+RZHYHU�� XQOLNH� WKH� %ULVEDQH� 7UDQVLW� &HQWUH� LW� KDV�
FHQWUDO� $+8V� ORFDWHG� RQ� SODQW� URRP� OHYHOV� WKDW�
VHUYLFH�FHQWUH�DQG�SHULPHWHU�]RQHV���(IILFLHQW�FKLOOHUV�
DQG� QHZ� FRROLQJ� FRLOV� ZHUH� DEOH� WR� SURYLGH� ORZ�
WHPSHUDWXUH����R&��VXSSO\�DLU���([WUD�GXFW�LQVXODWLRQ�
ZDV�DGGHG���0DQ\�RI�WKH�PRGHOOLQJ�SDUDPHWHUV�ZHUH�
WDNHQ�IURP�FRPPLVVLRQLQJ�UHVXOWV�DOWKRXJK�VLQFH�WKH�
VLPXODWLRQ�ZDV�IRU�*UHHQ�6WDU�WKH�*UHHQ�6WDU�GHIDXOWV�
IRU� RFFXSDQF\� DQG� ORDGV� ZHUH� XVHG�� � 7KH� VRIWZDUH�
HPSOR\HG�ZDV�7DV������
�
1R� DOWHUQDWLYH� VFHQDULRV� ZHUH� UHTXLUHG� DQG� D�
EUHDNGRZQ�RI�WKH�HQHUJ\�XVH�LQ�JLYHQ�LQ�)LJXUH���DQG�
)LJXUH� ��� �7KH� FRPELQHG� DQQXDO� HQHUJ\� LQWHQVLW\�RI�
WKH� JDV� DQG� WKH� HOHFWULFLW\� LV� ���� 0-�P��� � 7KLV�
VLPXODWLRQ�LV�ZHOO�LQWR�WKH�1$%(56���VWDU�EDQG���7KH�
DFWXDO� 1$%(56� DVVHVVPHQW� ZDV� ���� 0-�P��� DJDLQ�
RQO\� ���� KLJKHU� WKDQ� WKH� XQFDOLEUDWHG� VLPXODWLRQ�
HVWLPDWH�� � $Q� HVWLPDWH� RI� WKH� HQHUJ\� XVH� EHIRUH�
UHIXUELVKPHQW� ZDV� ����0-�P�� �9HLWFK� ������ VR� WKH�
XSJUDGH�KDV�UHGXFHG�HQHUJ\�FRQVXPSWLRQ�E\������
�

$1=$&�3DUN�:HVW�
7KH� $1=$&� 3DUN� :HVW� EXLOGLQJ� LQ� &DQEHUUD� LV�
VLPLODU� LQ�+9$&� GHVLJQ� WR� WKH� -HVVLH� 6WUHHW� &HQWUH�
ZLWK� FHQWUDOLVHG� $+8V� DQG� D� 9$9� V\VWHP���
+RZHYHU�� DLU� FRROHG� FKLOOHUV� DUH� XVHG� DQG� D� OHVV�
HIILFLHQW� WHQDQW� FRQGHQVHU� ZDWHU� ORRS� LV� XVHG� DV�
FORVHG�FLUFXLW�FRROLQJ�WRZHUV�DUH�HPSOR\HG����
�
6XE�PHWHULQJ� GDWD� ZDV� DYDLODEOH� WR� FRQILUP� WKH�
DFFXUDF\� RI� WKH� PRGHOOLQJ� DOWKRXJK� FDUH� KDG� WR� EH�
XVHG� ZKHQ� FDOLEUDWLQJ� DV� WKH� PRGHOOLQJ� VRIWZDUH�
ZHDWKHU�ILOH�GLG�QRW�PDWFK�WKH�DFWXDO�ZHDWKHU��7D\ORU�
HW� DO� ������� � ([WHQVLYH� REVHUYDWLRQV� ZHUH� PDGH� RQ�
WKLV� EXLOGLQJ� DV� D� 1$%(56� WHQDQF\� UDWLQJ� ZDV�
FDUULHG�RXW�DQG�WKHUHIRUH�D�VXUYH\�RI�HTXLSPHQW�ZDV�
XQGHUWDNHQ� DQG� D� SURILOH� RI� DFWXDO� RFFXSDQF\�
HVWDEOLVKHG���7KH�VRIWZDUH�XVHG�ZDV�,(6��9(!��
�
7KH� UHVXOWV� DUH� VKRZQ� IRU� HOHFWULFDO� FRQVXPSWLRQ� LQ�
)LJXUH� �� DQG� WKHUH� LV� D� IXUWKHU� ������0-�P�� IRU� JDV�
FRQVXPSWLRQ� JLYLQJ� D� WRWDO� RI� ������ 0-�P��� � 7KH�
1$%(56� EDVH� EXLOGLQJ� UDWLQJ� DW� JDYH� D� YDOXH� RI�
���0-�P�����
�
7KH�VXE�PHWHUV�DOORZHG�FRPSDULVRQ�EHWZHHQ�+9$&�
FRQVXPSWLRQ� DV� PHDVXUHG� DQG� DV� VLPXODWHG�� � 7KH�
PHWHUHG� HQHUJ\� LQ� ����� IRU� WKH� FKLOOHUV� DQG� SXPSV�

ZDV� ���0-�P�� DQG� VLPXODWHG� ���0-�P��� �+RZHYHU��
WKH� UHFRUGHG� $+8� IDQ� XVDJH� ZDV� EHORZ� WKDW�
VLPXODWHG�� � 7KLV� LVVXH� ZDV� UHVROYHG� ZKHQ� VLWH�
H[DPLQDWLRQ� VKRZHG� D� FRQVLVWHQW� XQGHU�UHDGLQJ� LQ�
RQH�RI�WKH�PHWHUV���
�
%HVLGHV�WKH�IDXOW\�PHWHU�WKH�DQDO\VLV�DOVR�VKRZHG�XS�
D� ODUJHU� WKDQ� H[SHFWHG� FRQVXPSWLRQ� RQ� WKH� KRXVH�
ULVHUV�� � 7KLV� LV� DSSDUHQW� LQ� )LJXUH� ��� � ,QVSHFWLRQ� RI�
PHWHU� UHDGLQJV� VKRZHG� WKDW� WKLV� ZDV� PRVW� OLNHO\�
FDXVHG�E\�HTXLSPHQW�UXQQLQJ�RXW�RI�KRXUV�DQG�LV�RQH�
RI� WKH�PDLQ� ILQGLQJV�RI�D�VWXG\� WKDW�ZDV� LQWHQGHG� WR�
GHWHFW� IDXOW\� RSHUDWLRQ�� � &RUUHFWLRQ� RI� WKLV� IDXOW�
ZRXOG� PRVW� OLNHO\� UHVXOW� LQ� D� �� VWDU� UDWLQJ� IRU� WKH�
EXLOGLQJ��
�
$� IXUWKHU� NQRZQ� IDXOW� LV� DQ� XQGHU�KHDWLQJ� SUREOHP�
IRU� WKH� JURXQG� IORRUV� GXULQJ� WKH� ZLQWHUWLPH�� � 1R�
UHKHDW� LV� LQVWDOOHG� LQ� WKH�EXLOGLQJ�� �:LQWHU�PRUQLQJV�
LQ� &DQEHUUD� FDQ� EH� DV� FRRO� DV� ��R&�� � 2Q�VLWH�
PHDVXUHPHQWV� ZHUH� WDNHQ� RI� $+8� VXSSO\� DLU�
WHPSHUDWXUHV�ZKLFK�ZHUH� IRXQG� WR� EH� RQO\� UHDFKLQJ�
��R&�� � ,W� VKRXOG� EH� QRWHG� WKDW� WKH� JURXQG� IORRU� LV�
DERYH�DQ�XQDLUFRQGLWLRQHG�EDVHPHQW�DUHD�RU�VXE�IORRU�
DUHD�DQG�WKHUH�LV�SRRU�VXE�IORRU�LQVXODWLRQ�LI�DQ\��
�
([DPLQDWLRQ�RI�PRGHOOLQJ�RXWSXW�FRQFXUUHG�ZLWK�WKH�
RQ�VLWH�ILQGLQJV���)LJXUH���VKRZV�WKH�$+8�VXSSO\�DLU�
WHPSHUDWXUH�� ]RQH� WHPSHUDWXUH� DQG� RXWVLGH� DLU�
WHPSHUDWXUH�IRU�D�FROG�ZLQWHU¶V�GD\���)LJXUH���VKRZV�
WKH� WHPSHUDWXUH� RI� WKH� ]RQHV� VWDFNHG� YHUWLFDOO\�
WKURXJK� WKH� EXLOGLQJ� VXSSOLHG� E\� WKH� VDPH� $+8���
7KH� VXSSO\� DLU� WHPSHUDWXUH� LV� EHLQJ� GULYHQ� LQ� WKH�
PRGHO� E\� WKH� KLJK� VHOHFW� WHPSHUDWXUH� RI� WKH� ]RQHV�
DQG�DOO�IORRUV�DERYH�WKH�JURXQG�DUH�FRPIRUWDEOH���7KH�
VXSSO\� DLU� WHPSHUDWXUH� LV� VDWLVIDFWRU\� IRU� WKH� XSSHU�
OHYHOV�EXW�FOHDUO\�WRR�ORZ�IRU�WKH�JURXQG�OHYHO��
�
$� VROXWLRQ� IRU� WKH� JURXQG� IORRU� ZRXOG� EH� WR� LQVWDOO�
UHKHDW���+RZHYHU��WKH�HIIHFW�RI�WKH�SDVVLYH�VROXWLRQ�RI�
DGGLQJ�LQVXODWLRQ�WR�5���P�.�:�ZDV�LQYHVWLJDWHG�DQG�
UHVXOWV� LQ� D� ����&� ULVH� LQ� JURXQG� IORRU� WHPSHUDWXUH�
�)LJXUH�������
�

$1$/<6,6�
7KH�FRQVXPSWLRQ�RI�WKH�$+8V�YDULHG�IURP����0-�P��
IRU�WKH�ORZ�WHPSHUDWXUH�9$9�VXSSO\�IRU�WKH�-HVVLH�
6WUHHW�&HQWUH��WR�DSSUR[LPDWHO\����0-�P��IRU�WKH�
RWKHU�WZR�EXLOGLQJV���:H�QRWH�WKDW�LQ�WKH�-HVVLH�6WUHHW�
&HQWUH�WKH�SUHYLRXV�*UHHQ�6WDU�PRGHOOLQJ�WKDW�ZDV�
GHHPHG�XQDFFHSWDEOH�WKH�IDQ�HQHUJ\�ZDV�UHSRUWHG�DW�
����0-�P����7KH�WXUQGRZQ�IRU�WKH�IDQV�ZDV�QRW�
GHVFULEHG���7KH�UHVXOW�LV�DOPRVW�IRXU�WLPHV�ODUJHU�WKDQ�
RXU�UHVXOW���7KLV�FRPSDULVRQ�XQGHUVFRUHV�WKH�
QHFHVVLW\�RI�HQVXULQJ�WKDW�WKH�$+8�IDQV�DUH�
VLPXODWHG�DW�WKH�FRUUHFW�SUHVVXUHV�DQG�ZLWK�WKH�
FRUUHFW�IDQ�FXUYH��
�
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,Q�$XVWUDOLD�FRROLQJ�LV�D�VLJQLILFDQW�SDUW�RI�HQHUJ\�
FRQVXPSWLRQ��W\SLFDOO\�RI�VLPLODU�PDJQLWXGH�WR�WKH�
IDQ�HQHUJ\���7KH�FOLPDWH�LQ�%ULVEDQH�ZRXOG�EH�
H[SHFWHG�WR�UHTXLUH�PRUH�FRROLQJ�HQHUJ\�WKDQ�6\GQH\�
RU�&DQEHUUD�DQG�WKLV�LV�ERUQH�RXW�E\�WKH�FKLOOHU�
HQHUJ\�UHSRUWHG���7KH�FRPELQHG�FKLOOHUV��FRROLQJ�
WRZHUV�DQG�SXPSV�IRU�WKH�%ULVEDQH�7UDQVLW�&HQWUH�
JDYH�D�FRQVXPSWLRQ�RI�����0-�P����IRU�WKH�6\GQH\�
EXLOGLQJ�FRQVXPSWLRQ�ZDV����0-�P���DQG�IRU�
&DQEHUUD��ZKLFK�KDG�DLU�FRROHG�FKLOOHUV��RQO\����
0-�P��ZDV�VLPXODWHG���7KH�FRROLQJ�VHDVRQ�LQ�
&DQEHUUD�LV�UHODWLYHO\�VKRUW�DQG�HFRQRP\�F\FOH�LV�
RIWHQ�DYDLODEOH���,W�PLJKW�EH�H[SHFWHG�WKDW�WKH�7UDQVLW�
&HQWUH�FRXOG�UHGXFH�LWV�FRQVXPSWLRQ�SURYLGHG�LI�OHVV�
UHKHDW�ZDV�DEOH�WR�EH�XVHG��
�
,Q� DQ� DEVROXWH� DQDO\VLV� QRQ� +9$&� SODQW� UHTXLUHV�
FDUHIXO�FRQVLGHUDWLRQ���,Q�WKH�ILUVW�WZR�VLPXODWLRQV�WKH�
OLIW� HQHUJ\� XVHG�ZDV� EDVHG� RQ� WKH�1$%(56�GHIDXOW�
RI� ����� 0-�P�� SHU� DQQXP�� � +RZHYHU�� ZH� KDYH�
GHYHORSHG�D�IRUPXOD�EDVHG�RQ�HPSLULFDO�REVHUYDWLRQV�
WKDW�DOORZV� OLIW�HQHUJ\� WR�EH�HVWDEOLVKHG�ZLWK�JUHDWHU�
SUHFLVLRQ� �%DQQLVWHU� HW� DO� ������� � 6RPH� RI� WKH�
SDUDPHWHUV� FRQVLGHUHG� DUH� OLIW� GULYH� W\SH� DQG� WKH�
QXPEHU� RI� IORRUV� VHUYLFHG�� � 7KH� OLIW� HQHUJ\� LQ�
$1=$&� 3DUN� :HVW� ZDV� HVWDEOLVKHG� IURP� WKH�
PHWHULQJ�DQG�ZDV�����0-�P��ZKLFK�LV�PXFK�OHVV�WKDQ�
WKH�1$%(56�GHIDXOW���*LYHQ�WKH�PRYH�WRZDUGV�KLJK�
SHUIRUPLQJ� EXLOGLQJV� HVWLPDWLQJ� WKH� HQHUJ\� XVHG�
DFFXUDWHO\�E\� WKH� OLIWV� EHFRPHV� D� FUXFLDO� VWHS� LQ� WKH�
PRGHOOLQJ��
�
7KH� WHQDQW�FRQGHQVHU�ZDWHU� ORRS� LV�QRZ�FRQVLGHUHG���
,Q� $1=$&� 3DUN� :HVW� WKH� HQHUJ\� WR� SURGXFH� WKH�
VXSSOHPHQWDU\� FLUFXODWLQJ� ZDWHU� ZDV� PHWHUHG� DW� ���
0-�P��� �&ORVHG� FLUFXLW� WRZHUV� DUH� XVHG�� � 7KH� -HVVLH�
6WUHHW�&HQWUH�LV�PXFK�OHVV�DQG�ZDV�FDOFXODWHG�WR�EH���
0-�P��� �7KH�FDOFXODWLRQ�ZDV�EDVHG�RQ�WKH�1$%(56�
GHIDXOW� ZKLFK� LV� WKDW� WKH� ORRS� UXQV� DW� ���� FDSDFLW\�
GXULQJ�EXVLQHVV�KRXUV�DQG�����RWKHUZLVH�� �7KH�NH\�
DVVXPSWLRQ�LQ�WKH�FDOFXODWLRQ� LV�WKH�WXUQGRZQ�RQ�WKH�
SXPSV�� � ,Q� WKLV�FDVH�DQ�[�� WXUQGRZQ�ZDV�XVHG�� �7KH�
VLPLODU�UHVXOW� IRU�WKH�%ULVEDQH�7UDQVLW�&HQWUH�JDYH���
0-�P�� DJDLQ�EDVHG�RQ� WKH� VL]H� DQG�RSHUDWLRQ�RI� WKH�
LQVWDOOHG�SXPSV��
�
:KLOVW�RWKHU�QRQ�+$9&�HTXLSPHQW�VXFK�DV�FRPPRQ�
DUHD� OLJKWV�� FDUSDUN� OLJKWV� DQG� H[KDXVW� IDQV� DUH�
UHDVRQDEO\� VWUDLJKW� IRUZDUG� WR�PRGHO�DQG�KDYH�EHHQ�
LQFOXGHG�LQ�WKH�DQDO\VLV�ILJXUHV��LW�LV�ZRUWK�QRWLQJ�WKH�
JHQHUDWRU� KHDWLQJ� IRU� $1=$&� 3DUN� :HVW�� � 7KH�
FRQVXPSWLRQ� ZDV� PHWHUHG� DW� ����� 0-�P�� DQG� LV�
FDXVHG�E\�VXPS�KHDWHUV� UXQQLQJ�FRQWLQXRXVO\� LQ� WKH�
ODUJH�GLHVHO�JHQHUDWRUV����

&21&/86,216�
:LWK� DWWHQWLRQ� WR� LQSXW� SDUDPHWHUV� DQG� FRQWURO� LW� LV�
SRVVLEOH� WR� DFFXUDWHO\� VLPXODWH� WKH� DEVROXWH� HQHUJ\�
FRQVXPSWLRQ� RI� D� KLJK� SHUIRUPDQFH� EXLOGLQJ�� � 7KH�
UHVXOWV� LQGLFDWH� WKDW� WKH� VLPXODWHG� SHUIRUPDQFH��

ZKLFK� LV� W\SLFDOO\� WDNHQ� WR�EH�DERYH� WKDW�SRVVLEOH� LQ�
UHDO�OLIH��FDQ�LQGHHG�EH�DFKLHYHG�DV�ZH�KDYH�VKRZQ�WR�
DQ�DFFXUDF\�RI�����RU�EHWWHU��
�
$V�LV�RIWHQ�WKH�FDVH�VLPXODWLRQ�LV�D�YHU\�XVHIXO�GHVLJQ�
WRRO�� EXW� VLPXODWLRQ� RI� DFWXDO� EXLOGLQJV� FDQ� SURYLGH�
XVHIXO� LQVLJKWV� LQWR� SUREOHPV� DQG� RIIHU� TXDQWLILHG�
VROXWLRQV�DV�ZHOO�����
�

$&.12:/('*(0(17�

5()(5(1&(6�
3DXO� %DQQLVWHU�� &KULV� %ORRPILHOG� DQG� +DLER� &KHQ�

������ �%6����� � (PSLULFDO� SUHGLFWLRQ� RI� RIILFH�
EXLOGLQJ�OLIW�HQHUJ\�FRQVXPSWLRQ��

(QHUJ\� (IILFLHQF\� LQ� *RYHUQPHQW� 2SHUDWLRQV� �������
KWWS���ZZZ�FOLPDWHFKDQJH�JRY�DX�JRYHUQPHQW�L
QLWLDWLYHV�HHJR�DERXW�HHJR�SROLF\�
VXPPDU\�DVS[�

3HWHU�7D\ORU��+RQJVHQ�=KDQJ�DQG�'U�3DXO�%DQQLVWHU�
������ %6������ &DOLEUDWHG� 6LPXODWLRQ� 0RGHO�
&DVH�6WXGLHV�LQ�$XVWUDOLD��

1$%(56� � 1DWLRQDO� %XLOW� (QYLURQPHQWDO� 5DWLQJ�
6FKHPH������
KWWS���ZZZ�QDEHUV�JRY�DX�SXEOLF�:HE3DJHV�+R
PH�DVS[�

'DOWRQ� 9HLWFK� ������ (FROLEULXP� �2FWREHU��� $,5$+�
$XVWUDOLD�

+RQJVHQ� =KDQJ� DQG� 'U� 3DXO� %DQQLVWHU�� 3DSHU�
VXEPLWWHG�WR�%6������+9$&�&RQWURO�6LPXODWLRQ�
6WXG\�IRU�$XVWUDOLDQ�2IILFH�%XLOGLQJV���

�
�
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�
)LJXUH�����%ULVEDQH�7UDQVLW�&HQWUH�&RQWURO�YDULDWLRQV�WHVWHG�

�

�
)LJXUH�����%ULVEDQH�7UDQVLW�&HQWUHV�6XPPDU\�RI�PRGHOOLQJ�UHVXOWV�

�
�

�
�
)LJXUH�����%ULVEDQH�7UDQVLW�&HQWUH�)LQDO�PRGHOOLQJ�UHVXOWV�

� �

-1.5 -1.0 -0.5 0.0 0.5 1.0

Off-axis failure mode

Contracted Control CV2

Contracted Control CV1

Increased tenant equipment

Increase pressure on AHU fans

VAV turn down to 80%

Roof insulation

Base case

Economy cycle (temperature)

Economy cycle (enthalpy)

VSD on AHU fans

Expanded Control CV3

Solar Film

Expanded Control CV4

VAV turn down to 40%

VAV turn down to 30%

Fraction NABERS star change from the Base Case
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�
)LJXUH�����-HVVLH�6WUHHW�&HQWUH�PRGHOOLQJ�UHVXOWV���HOHFWULFLW\�

�

�
)LJXUH�����-HVVLH�6WUHHW�&HQWUH�PRGHOOLQJ�UHVXOWV���JDV�

�
�

�
�
)LJXUH�����$1=$&�3DUN�:HVW�PRGHOOLQJ�UHVXOWV�HOHFWULFLW\��

� �
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�
)LJXUH�����$1=$&�3DUN�:HVW�JURXQG�IORRU�WHPSHUDWXUH��VXSSO\�DLU�WHPSHUDWXUH�DQG�RXWVLGH�DLU�WHPSHUDWXUH�IRU�D�
GD\�LQ�ZLQWHU����WK�-XO\���WDNHQ�IURP�WKH�,(6�ZHDWKHU�ILOH��

�

�
)LJXUH�����$1=$&�3DUN�:HVW�]RQH�WHPSHUDWXUHV�IRU�DOO�OHYHOV�LQ�WKH�EXLOGLQJ�VHUYHG�E\�D�VLQJOH�$+8�IRU���WK�-XO\�
WDNHQ�IURP�WKH�,(6�ZHDWKHU�ILOH��

�

�
)LJXUH�����7KH�VDPH�JUDSK�DV�DERYH�EXW�ZLWK�5��P�.�:�LQVXODWLRQ�DGGHG�EHORZ�WKH�JURXQG�IORRU�VODE�
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