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7KH�(XURSHDQ�'LUHFWLYH���������FODLPV�WKDW�E\������
RQO\� �QHDUO\��=HUR�(QHUJ\�%XLOGLQJV� PD\� EH� EXLOW��
7R�UHDFK� WKLV�JRDO�� LW� LV�SHUWLQHQW� IRU�EXLOGLQJV� WR�EH�
HQHUJHWLFDOO\� RSWLPLVHG� ILUVW�� 7KH� UHPDLQLQJ� HQHUJ\�
GHPDQG�PXVW� WKHQ� EH� FRYHUHG� E\� RQ�VLWH� UHQHZDEOH�
HQHUJLHV��39��JHRWKHUPDO�HWF����
:LWK�WKH�DUHD�RI�XVH��HQHUJ\�GHPDQG��DQG�WKH�VL]H�RI�
WKH� EXLOGLQJ� HQYHORSH� �� HVWDWH� �UHQHZDEOH� HQHUJ\�
VXSSO\��LQ�FRPSHWLWLRQ�ZLWK�HDFK�RWKHU��WKH�PD[LPXP�
QXPEHU� RI� EXLOGLQJ� VWRUH\V� ZLOO� EH� PRVW� OLNHO\�
OLPLWHG��
)RU� ��� GLIIHUHQW� FOLPDWLF� ORFDWLRQV� ZRUOGZLGH�� WKH�
HQHUJ\� GHPDQG� RI� RSWLPLVHG� RIILFH� URRPV� ZDV�
VLPXODWHG�DQG�FRPSDUHG�ZLWK�WKH�SRVVLEOH�UHQHZDEOH�
HQHUJ\�SURGXFWLRQ�RQ�VLWH��
)RU� HYHU\� ORFDWLRQ�� D� JRRG� FRUUHODWLRQ� ZDV� IRXQG�
EHWZHHQ� WKH� VLPXODWHG� HQHUJ\�GHPDQG� DQG�GDWD� OLNH�
KHDWLQJ� DQG� FRROLQJ� GHJUHH� KRXUV�� &RUUHVSRQGHQW�
OLQHDU�HTXDWLRQV�DUH�JLYHQ�KHUH��$V�DQRWKHU�UHVXOW��WKH�
PD[LPXP� QXPEHU� RI� SRVVLEOH� VWRUH\V� IRU� =HUR�
(QHUJ\�%XLOGLQJV�ZDV�GHULYHG�DV�WR�EH�EHWZHHQ���DQG�
���GHSHQGLQJ�RQ�WKH�ORFDWLRQ��

,1752'8&7,21�
,Q� WKH� (XURSHDQ� 8QLRQ�� WKH� EXLOGLQJ� VHFWRU� LV�
UHVSRQVLEOH� IRU� ����RI� WKH�SULPDU\� HQHUJ\�GHPDQG��
7KXV�� D� QRWDEOH� UHGXFWLRQ� FRXOG� EH� DFKLHYHG� E\� WKH�
HQHUJHWLFDOO\� RSWLPLVLQJ� RI� WKH� EXLOGLQJ� VWRFN��
HVSHFLDOO\� LQ� WKH� FRQWH[W� RI� ]HUR�HQHUJ\� VWDQGDUG�
EHLQJ�SXUVXHG��$FFRUGLQJ�WR�WKH�(QHUJ\�3HUIRUPDQFH�
RI�%XLOGLQJV�'LUHFWLYH��(3%'����������(8�QHZ�DQG�
UHWURILWWHG� QHDUO\�=HUR�(QHUJ\�%XLOGLQJV� VKRXOG� EH�
UHDFKHG�E\�������WKXV�VHWWLQJ�PLQLPXP�UHTXLUHPHQWV�
IRU� ERWK� WKH� HQYHORSH� DQG� WKH� WHFKQLFDO� V\VWHPV´�
�(3%'���������
,Q� D� =HUR�(QHUJ\�%XLOGLQJ� �=(%�� ����� RI� WKH�
SXUFKDVHG�SULPDU\�HQHUJ\�LV�WR�FRPH�IURP�UHQHZDEOH�
HQHUJ\� VRXUFHV�� $V� FODLPHG� E\� WKH� GLUHFWLYH�� WKHVH�
UHQHZDEOH� HQHUJLHV� PXVW� EH� JDLQHG� RQ� VLWH�� H�J�� RQ�
WKH� EXLOGLQJ¶V� IDFDGHV� �� URRI� DQG�RU� LQ� WKH� HVWDWH¶V�
JURXQG��:HDNHU�=(%�GHILQLWLRQV�DOORZ�FRPSHQVDWLQJ�
PHDVXUHV� WR� EDODQFH� HQHUJLHV�� WUDQVIHU� RI� UHQHZDEOH�
HQHUJLHV�SURGXFHG�RII�VLWH�RU�FR�JHQHUDWLRQ�HWF��
8S� WR� QRZ�� WZR� GLIIHUHQW� FRQFHSWV� RI� HQHUJHWLFDOO\�
RSWLPLVHG� EXLOGLQJV� H[LVW�� $� SDVVLYH� PHWKRG� ZKHUH�

WKH� EXLOGLQJ¶V� HQHUJ\� GHPDQG� LV� PLQLPLVHG� E\�
SDVVLYH� PHDVXUHV� �³3DVVLYH� +RXVH´�� DQG� DQ� DFWLYH�
DSSURDFK� ZKHUH� VRODU� SDQHOV� DQG� VLPLODU� DFWLYH�
PHDVXUHV� DUH� XVHG� WR� FRYHU� WKH� HQHUJ\� GHPDQG�
�³6RODU�+RXVH´���%RWK�SULQFLSOHV�RQ�WKHLU�RZQ�DUH�QRW�
VXIILFLHQW� WR� UHDFK�D�=(%��D�ZHOO�GHVLJQHG�V\QWKHVLV�
RI�ERWK�LV�QHFHVVDU\��7KH�VHTXHQFH�RI�SULRULWLHV�LV��
�� 5HGXFH�WKH�EXLOGLQJ¶V�SULPDU\�HQHUJ\�GHPDQG�WR�

LWV�PLQLPXP�
�� &RYHU� WKH� UHPDLQLQJ� SULPDU\� HQHUJ\� GHPDQG�

ZLWK�UHQHZDEOH�HQHUJ\�JDLQHG�RQ�VLWH�
�� 8VH�FRPSHQVDWLQJ�PHDVXUHV�WR�EULQJ�WKH�EDODQFH�

WR� ]HUR�� LI� WKLV� LV� QRW� FRPSOHWHO\� SRVVLEOH� �IRU�
VRPH�ORFDWLRQV�LQ�WKH�ZRUOG�LW�ZLOO�EH��IRU�RWKHUV�
QRW��

7KH�ILUVW�WZR�SRLQWV�FUHDWH�QHZ�FRPSHWLWLRQ�EHWZHHQ�
WKH� IDoDGH¶V� WUDQVSDUHQW� DUHDV� �IRU� RSWLPDO� GD\OLJKW�
VXSSO\� DQG� PLQLPDO� SRZHU� GHPDQG� IRU� DUWLILFLDO�
OLJKW�� DQG� RSDTXH� DUHDV� �IRU� VRODU� SDQHOV� WR� JDLQ�
UHQHZDEOH� HQHUJ\��� )XUWKHUPRUH�� WKH�ZKROH�EXLOGLQJ�
VKDSH�ZLOO� EHFRPH� DQ� LPSRUWDQW� SDVVLYH�PHDVXUH� WR�
RSWLPLVH� HQHUJ\� GHPDQG� DQG� SURGXFWLRQ�� 7KH�
DUFKLWHFW�FDQ�DSSO\�WKHVH�RSWLPLVHG�VKDSHV�DW�DQ�HDUO\�
GHVLJQ�VWDJH���
%HFDXVH�RI�WKH�DFFHVV�RI�VRODU�UDGLDWLRQ�WR�WKH�IDoDGHV�
DQG�URRIV�VL]H��GLVWDQFH�DQG�SODFHPHQW�RI�EXLOGLQJV�LQ�
DQ� XUEDQ� VLWXDWLRQ� ZLOO� EHFRPH� D� FHQWUDO� DVSHFW��
7KHUHIRUH�� DQ� LQWHJUDWHG� HQHUJ\� FRQFHSW� VWDUWV� ZLWK�
XUEDQ�SODQQLQJ�DQG�QRW�MXVW�RQ�WKH�EXLOGLQJ�OHYHO���
'LIIHUHQW� ORFDWLRQV� KDYH� GLYHUVH� QHHGV� DQG�
SUHFRQGLWLRQV�� OHDGLQJ� WR� GLIIHUHQW� GHVLJQ� UXOHV� DQG�
DUFKLWHFWXUDO�VROXWLRQV�IRU�]HUR�HQHUJ\�XUEDQ�TXDUWHUV�
DQG� EXLOGLQJV� LQ� GLIIHUHQW� FOLPDWHV�� $� GHVLJQ�
DSSURDFK�VXFK�DV� WKLV� LV� FOLPDWH� UHVSRQVLYH� DQG�ZLOO�
EH� EDVHG� RQ� D� QHZ� FXOWXUH� RI� FOLPDWH�UHVSRQVLYH�
DUFKLWHFWXUH��

0(7+2'2/2*<�
7KH�0�6F��'HJUHH�3URJUDPPH�³5HVRXUFH�(IILFLHQF\�
LQ� $UFKLWHFWXUH� DQG� 3ODQQLQJ´� �5($3�� ������ DW� WKH�
+DIHQ&LW\� 8QLYHUVLW\� +DPEXUJ� HPSKDVLVHV� WKH� XVH�
RI�KROLVWLF�GHVLJQ� IRU�VXVWDLQDEOH�XUEDQ�GHYHORSPHQW�
SURMHFWV��ZKLOH�WDNLQJ�LQFOXGLQJ�VFLHQWLILF�DSSURDFKHV�
WR� ZDWHU�� PDWHULDOV� DQG� HQHUJ\� FRQFHSWV� LQWR�
FRQVLGHUDWLRQ�� %DVHG� RQ� WKLV� LQWHUGLVFLSOLQDU\�
DSSURDFK�� VWXGHQWV� LQYHVWLJDWH� RQ� UHVRXUFHV��
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WHFKQRORJ\�� DUFKLWHFWXUH�� XUEDQ� SODQQLQJ�� OHJDO�
LQVWUXPHQWV�DQG�VRFLR�HFRQRPLFV��,Q�WKLV�FRQWH[W��WKH�
FRXUVH� ³&OLPDWH�UHVSRQVLYH� $UFKLWHFWXUH� DQG� 8UEDQ�
3ODQQLQJ´� HQFRXUDJHV� WKH� VWXGHQWV� WR� DSSO\�
NQRZOHGJH� RI� EXLOGLQJ� SK\VLFV� WR� UHDO� EXLOGLQJV�
DURXQG� WKH� ZRUOG� XVLQJ� D� VSHFLILF� WHDFKLQJ� PHWKRG��
:LWK�WKH�WDVN�RI�DGDSWLQJ�EXLOGLQJV�WR�ORFDO�FOLPDWHV�
DQG�RSWLPLVLQJ�LQGRRU�FRPIRUW��VWXGHQWV�DUH�UHTXLUHG�
WR�LQYHVWLJDWH�WKHLU�RZQ�FDVH�VWXG\�DQG�DSSO\�SDVVLYH�
DQG� DFWLYH� PHDVXUHV� DV� IDU� DV� SRVVLEOH�� 7KH� RYHUDOO�
DLP� RI� WKH� FRXUVH� LV� WR� ILQG� RXW� LI� DQG� KRZ� IDU� LW� LV�
SRVVLEOH�WR�UHDOLVH�=(%V�LQ�DOO�SDUWV�RI�WKH�ZRUOG��
(DFK�JURXS�RI�WZR�RU�WKUHH�VWXGHQWV�FKRVH�RQH�RI�WKH�
ORFDWLRQV� SURYLGHG� WR� WKHP� DQG� ZRUNHG� ZLWK� LW� DV�
³WKHLU´�ORFDWLRQ�IRU�WKH�ZKROH�VHPHVWHU��,Q�WKUHH�VKRUW�
VHPHVWHU�SUHVHQWDWLRQV�� WKH� UHVXOWV�ZHUH�SUHVHQWHG� LQ�
YLVXDO�IRUP�WR�WKH�RWKHU�VWXGHQW�JURXSV�ZLWK�GLIIHUHQW�
ORFDWLRQV��7KH�PDLQ�WDUJHW�RI�WKHVH�SUHVHQWDWLRQV�ZDV�
WR� FRPSDUH� WKH� UHVXOWV� RI� WKH� RWKHU� JURXSV�ORFDWLRQV�
ZLWK�WKH�RZQ�RQHV�DQG�WR�GLVFXVV�WKH�GLIIHUHQFHV���
7R� VLPSOLI\� WKH� WDVN� DQG� WR� EH� FRPSDUDEOH� EHWZHHQ�
DOO�WKH�JURXSV���ORFDWLRQV�LW�ZDV�SUHGHWHUPLQHG�WR�GHDO�
ZLWK� D� VWDQGDUG� RIILFH� URRP� IRU� ��� XVHUV� �DUHD� RI�
XVDJH�����Pð��� ,W�ZDV�DVVXPHG� WKDW� WKLV� URRP�FRXOG�
EH�RQH�RI�D�VHULHV�RI�URRPV��VLWXDWHG�LQ�WKH�PLGGOH�RI�
DQ� RIILFH� EXLOGLQJ� VR� WKDW� WKH� EXLOGLQJ� FRQWLQXHV�
KRUL]RQWDOO\�DQG�YHUWLFDOO\���
$V� D� VWDUWLQJ� SRLQW� ³EHIRUH� RSWLPLVDWLRQ´�� DQ�
³LQWHUQDWLRQDO�VW\OH´�VWDQGDUG�URRP�ZDV�GHILQHG��
�

�
)LJXUH�����,QWHUQDWLRQDO�VW\OH�RIILFH�URRP�

�

7KLV� URRP� KDV� IXOO\� JOD]HG� DQG� VHDOHG� IDFDGHV�� DQ�
LQWHUQDO� VKDGLQJ� V\VWHP�� DLU� FRQGLWLRQLQJ� DQG�
DUWLILFLDO� OLJKW�� ZKLFK� DUH� DOO� RSHUDWLQJ� GXULQJ� WKH�
ZKROH�WLPH�RI�XVH���
7KH�LQWHUQDWLRQDO�VW\OH�RIILFH� URRP¶V�HQHUJ\�GHPDQG�
ZDV�VLPXODWHG�LQ�DGYDQFH�IRU�DOO�WKH�ORFDWLRQV��GDWD�RI�
WKH� HQHUJ\� GHPDQG� IRU� KHDWLQJ�� FRROLQJ�� DUWLILFLDO�
OLJKW�DQG�YHQWLODWLRQ�ZHUH�VXSSOLHG�WR�VWXGHQWV���
7KH�VXEMHFWV�RI�WKH�ILUVW�VKRUW�SUHVHQWDWLRQ�LQFOXGHG��
�� /RFDO� FRQGLWLRQV�� (QHUJ\� VXSSO\�� ZDWHU�

DYDLODELOLW\� �IRU� HYDSRUDWLYH� FRROLQJ��� PDWHULDOV��
VWDQGDUGV�DQG�ODZV�

�� &DOFXODWLRQ�RI� IDFDGHV� �� URRI� DUHDV� DQG�RU� HVWDWH�
DUHD� UHTXLUHG� WR� FRYHU� WKH� LQWHUQDWLRQDO� VW\OH�
RIILFH� URRP¶V� HQHUJ\� GHPDQG� ZLWK� UHQHZDEOH�
HQHUJLHV�

�� (VWLPDWLRQ� RI� WKH� PD[LPXP� QXPEHU� RI� VWRUH\V�
DQG�WKH�PLQLPXP�GLVWDQFH�RI�EXLOGLQJV�WR�UHDFK�D�
=(%�ZLWK�LQWHUQDWLRQDO�VW\OH�URRPV�

�� &RPPHQW��LI�WKHVH�UHVXOWV�DUH�VDWLVI\LQJ�
�� )LUVW�SURSRVDOV�RQ�KRZ�WR�LPSURYH�WKH�URRP�
7KH� VXEMHFWV� RI� WKH� VHFRQG� VKRUW� SUHVHQWDWLRQ�
LQFOXGHG��
�� &OLPDWH� DQDO\VLV� DQG� GHULYDWLRQ� RI� GHVLJQ� UXOHV�

DQG�VWUDWHJLHV�
�� 6WXG\� RI� H[DPSOHV� IRU� YHUQDFXODU� DQG� EHVW�

SUDFWLFH�DUFKLWHFWXUH�
�� 6HFRQG�SURSRVDOV�RQ�KRZ�WR�LPSURYH�WKH�
7KH� VXEMHFWV� FRYHUHG� LQ� WKH� WKLUG� VKRUW� SUHVHQWDWLRQ�
ZHUH��
�� &DOFXODWLRQ� RI� IDFDGHV� �� URRI� DUHDV� DQG�RU� WKH�

HVWDWH�DUHD�UHTXLUHG�WR�FRYHU�WKH�RSWLPLVHG�RIILFH�
URRP¶V�HQHUJ\�GHPDQG�ZLWK�UHQHZDEOH�HQHUJLHV�

�� (VWLPDWLRQ� RI� WKH� PD[LPXP� QXPEHU� RI� VWRUH\V�
DQG�WKH�PLQLPXP�GLVWDQFH�RI�EXLOGLQJV�WR�UHDFK�D�
=(%�ZLWK�RSWLPLVHG�URRPV�

�� &RPPHQW��LI�WKHVH�UHVXOWV�DUH�VDWLVI\LQJ�
�� 'HWHUPLQDWLRQ� RI� ILUVW� UXOHV� IRU� UHJXODWLRQV� LQ�

FOLPDWH�UHVSRQVLYH�XUEDQ�SODQQLQJ�
�� &RPPHQWV� LI� FRPSHQVDWLQJ� PHDVXUHV� DUH�

QHFHVVDU\� RU� QRW� �,I� \HV�� LQFOXVLRQ� RI� GHWDLOHG�
SURSRVDOV�ZKDW�DQG�ZKHUH�WKLV�FRXOG�EH���

,Q�WKH�ODVW�VKRUW�SUHVHQWDWLRQ��LQ�RUGHU�IRU�VWXGHQWV�WR�
VKRZ�WKH�FOLPDWH�DGDSWLYH�EXLOGLQJV�ILQDO�GHVLJQ�DQG�
XUEDQ� VLWXDWLRQ� LW� ZDV� QHFHVVDU\� IRU� WKHP� WR� KDYH�
LQIRUPDWLRQ� DERXW� WKH� HQHUJ\� GHPDQG� RI� WKLV�
RSWLPLVHG� URRP� DV� D� VWDUWLQJ� SRLQW�� 2QH� SRVVLELOLW\�
IRU� WKHP� ZDV� WR� VLPXODWH� WKH� SURSRVHG� RSWLPLVHG�
URRP� GXULQJ� WKH� FRXUVH�� $OWKRXJK� WKLV� LV� SRVVLEOH��
RXU� H[SHULHQFH� VKRZV� WKDW� WKHVH� VLPXODWLRQV� DUH� VR�
FRPSOH[� WKDW� WKH\� FRQVXPH� PRVW� RI� VWXGHQWV¶� WLPH�
DQG�GLVWUDFWV�IURP�WKH�PDLQ�WDUJHW�RI�WKH�FRXUVH���
)RU� WKLV� UHDVRQ�� ZH� GHYHORSHG� DQRWKHU� PHWKRG�
DYRLGLQJ� WKHVH� VLPXODWLRQV��7KH�SURGXFWV�RI� WKH� ILUVW�
F\FOH� RI� RXU� FRXUVH�ZHUH� D� URZ�RI� RSWLPLVHG� URRPV�
IRU� GLIIHUHQW� ORFDWLRQV�� :H� VLPXODWHG� WKHVH� URRPV��
FRPSDUHG�WKH�HQHUJ\�GHPDQG�ZLWK�RWKHU�W\SLFDO�GDWD�
IRU� WKH� VDPH� ORFDWLRQ� OLNH�KHDWLQJ�RU� FRROLQJ�GHJUHH�
KRXUV� DQG� IRXQG� D� YHU\� JRRG� FRUUHODWLRQ� EHWZHHQ�
WKHP��
%DVHG� RQ� WKHVH� FRUUHODWLRQV�� ZH� FRXOG� WKHQ� RIIHU�
VWXGHQW� JURXSV� DQ� HVWLPDWHG� HQHUJ\� GHPDQG� IRU�
RSWLPLVHG� URRPV� LQ� WKHLU� ORFDWLRQ�� 7KH� UHVXOWV� DUH�
DFFXUDWH�HQRXJK�IRU�WKH�PDLQ�WDUJHW�RI�WKH�FRXUVH�DQG�
KHOS�DYRLG�WKH�H[HFXWLRQ�RI�IXUWKHU�VLPXODWLRQV���

&+2,&(�2)�&/,0$7(6�$1'�
/2&$7,216�
$QQXDO�DQG�PRQWKO\�DYHUDJH�WHPSHUDWXUHV�DV�ZHOO�DV�
WKH� DPRXQW� RI� SUHFLSLWDWLRQ� DQG� LWV� GLVWULEXWLRQ�
SDWWHUQ�DUH� LPSRUWDQW�SDUDPHWHUV� WR� LQGLFDWH�FOLPDWH��

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

- 1390 -



3XEOLVKHG� LQ� ����� DQG� ODWHU� PRGLILHG�� WKH� PRVW�
ZLGHO\� XVHG� FOLPDWH� FODVVLILFDWLRQ� V\VWHP� LQ� WKH�
ZRUOG� ZDV� FUHDWHG� E\�:�� 3��.|SSHQ� DQG�5��*HLJHU�
�.|SSHQ�� *HLJHU� ������� ,W� FRQVLVWV� RI� WKUHH�
FODVVLILFDWLRQ� W\SHV��ZKLFK� UHIHU� WR� WKH�PDLQ� FOLPDWH�
]RQHV��$��%��&��'��(���WKH�SUHFLSLWDWLRQ��W\SH��DQG�WKH�
WHPSHUDWXUH��VXEW\SH���6RPH�H[DPSOHV�IRU�WKH�FKRVHQ�
ORFDWLRQV�LQFOXGH��

 $I��7URSLFDO�UDLQIRUHVW�FOLPDWH��
 $P��7URSLFDO�PRQVRRQ�FOLPDWH��
 $Z��7URSLFDO�VDYDQQDK�FOLPDWH�
 %:K��+RW�GHVHUW�FOLPDWHV�
 &VD���&VE��'U\�VXPPHU�VXEWURSLFDO�FOLPDWHV�

RU�0HGLWHUUDQHDQ�FOLPDWHV��
 &IE��0DULWLPH�WHPSHUDWH�FOLPDWHV�RU�RFHDQLF�

FOLPDWHV��
 &ZE��7HPSHUDWH�FOLPDWH�ZLWK�GU\�ZLQWHUV��
 &IF��0DULWLPH�VXEDUFWLF�FOLPDWHV�RU�VXE�SRODU�

RFHDQLF�FOLPDWHV�
 'ID��'ZD��+RW�VXPPHU�FRQWLQHQWDO�FOLPDWH�
 'IE�� 'ZE�� :DUP� VXPPHU� FRQWLQHQWDO�

FOLPDWH�
,Q�RUGHU� WR� ILQG�RXW� WKH� LQIOXHQFHV�RI� WKH�FOLPDWH�RQ�
DUFKLWHFWXUDO�GHVLJQ��UHSUHVHQWDWLYH�FOLPDWHV�IURP�WKH�
SROHV� WR� WKH� HTXDWRU� ZHUH� UHJDUGHG�� &LWLHV� IURP� DOO�
FRQWLQHQWV� DQG� ZLWK� GLIIHUHQW� FXOWXUDO� EDFNJURXQGV�
ZHUH�IDFWRUHG�LQ��7KH�ILQDO�FKRLFH�RI�FLWLHV�FRPSULVHV�
WKH�IROORZLQJ�ORFDWLRQV��

 5H\NMDYLN��,FHODQG��(XURSH����1��&IF�
 2VOR��1RUZD\��(XURSH����1��'IE�
 +DPEXUJ��*HUPDQ\��(XURSH����1��&IE�
 &KLFDJR��86$��$PHULFD����1��'ID�
 %HLMLQJ��&KLQD��$VLD����1��'ZD�
 &DLUR��(J\SW��$IULFD����1��%:K�
 'HOKL��,QGLD��$VLD����1��%6K�
 0H[LFR�&LW\��0H[LFR��$PHULFD����1��&ZE�
 6��'RPLQJR��'RP��5HS��$PHULFD����1��$P�
 $GGLV�$EDED��(WKLRSLD��$IULFD���1��&ZE�
 6LQJDSRUH��$VLD���1��$I�
 'DU�HV�6DODDP��7DQ]DQLD��$IULFD���6��$Z�
 -DNDUWD��,QGRQHVLD��3DFLILF���6��$Z�
 6\GQH\��$XVWUDOLD��3DFLILF����6��&IE�
 6DQWLDJR�GH�&KLOH��&KLOH��$PHULFD����6��&VE�

7KH� ORFDO� FOLPDWH� GDWD� IRU� WKHVH� ORFDWLRQV� ZDV�
JHQHUDWHG�ZLWK�0HWHRQRUP������0HWHRQRUP���������

$1$/<6,6�2)�&/,0$7(6�
7KH�FOLPDWHV�ZHUH�DQDO\VHG�ZLWK�&OLPDWH�&RQVXOWDQW�
���� �&OLPDWH� &RQVXOWDQW� ������� 6LQJOH� SDUDPHWHUV�
FRUUHVSRQG�WR�SDVVLYH�DQG�DFWLYH�PHDVXUHV�RI�FOLPDWH�
UHVSRQVLYH�DUFKLWHFWXUH��

 6RODU�UDGLDWLRQ�IRU�WKH�39�KDUYHVW��

 6XQ� SRVLWLRQ� IRU� WKH� SODFHPHQW� RI� 39�
PRGXOHV� DQG� WKH� GHVLJQ� RI� VKDGLQJ� V\VWHPV�
OLNH�RYHUKDQJV�DQG�ZLQJ�ZDOOV�

 6N\�FRYHU� UDQJH� IRU� HVWLPDWLQJ� WKH�PLQLPDO�
SDUW� RI� ZLQGRZV� IRU� JRRG� GD\OLJKW� VXSSO\��
$V�D�UXOH�RI�WKXPE��WKH�VN\�W\SH�LV�GHILQHG�DV�
³FORXG\´�LI�WKH�VN\�FRYHU�UDQJH�H[FHHGV�����
GXULQJ�PRUH�WKDQ���PRQWK�DQG�D�PLQLPXP�RI�
���� RI� WKH� IDoDGH� DUHD� VKRXOG� EH� UHVHUYHG�
IRU�ZLQGRZV��,Q�WKH�RWKHU�FDVH�WKH�VN\�W\SH�LV�
³FOHDU´� DQG� ZLQGRZV� VKRXOG� DFFRXQW� IRU� DW�
OHDVW� ���� RI� WKH� IDoDGH�� 7KHVH� HVWLPDWLRQV�
DUH� LQ� DFFRUGDQFH� ZLWK� YHUQDFXODU�
DUFKLWHFWXUH�DQG�EHVW�SUDFWLFH�H[DPSOHV�

 0RQWKO\� YDOXHV� RI� DLU� WHPSHUDWXUH� WR�
HVWLPDWH�LI�DQG�LQ�ZKLFK�VHDVRQV�KHDWLQJ�DQG�
FRROLQJ� DUH� UHTXLUHG�� )RU� PRQWKO\�
WHPSHUDWXUHV� EHORZ� ���&� �� DERYH� ���&�
KHDWLQJ���FRROLQJ�GHPDQG�ZDV�DVVXPHG�

 'DLO\�FKDQJHV�LQ�WHPSHUDWXUH�DQG�HVSHFLDOO\�
QLJKW�WLPH� WHPSHUDWXUH� IRU� HVWDEOLVKLQJ� LI�
QLJKW� YHQWLODWLRQ� FRXOG� KHOS� WR� OLPLW�
WHPSHUDWXUHV� GXULQJ� WKH� GD\�� $� KHDY\�
FRQVWUXFWLRQ� VKRXOG� EH� LQWHJUDWHG� LQ� WKH�
GHVLJQ�

 *URXQG�WHPSHUDWXUH�WR�HVWLPDWH�WKH�SRWHQWLDO�
RI�JHRWKHUPDO�V\VWHPV�

 5HODWLYH� KXPLGLW\� IRU� HVWLPDWLQJ� WKH�
SRWHQWLDO�RI�HYDSRUDWLYH�FRROLQJ�

 :LQG� YHORFLW\� DQG� GLUHFWLRQ� IRU� HVWLPDWLQJ�
WKH� SRWHQWLDO� IRU� QDWXUDO� YHQWLODWLRQ� DQG� IRU�
HVWDEOLVKLQJ� UXOHV� IRU� WKH� SODFHPHQW� RI�
YHQWLODWLRQ�RSHQLQJV�

$668037,216�$1'�/,0,7$7,216�
,QWHUQDWLRQDO�VW\OH�VWDQGDUG�RIILFH�URRP�
(YHU\ZKHUH� LQ� WKH� ZRUOG�� WKHUH� DUH� ³LQWHUQDWLRQDO�
VW\OH´� RIILFH� EXLOGLQJV� WKDW� KDYH� IXOO\� JOD]HG� DQG�
VHDOHG� IDFDGHV� DQG� SD\� DEVROXWHO\� QR� DWWHQWLRQ� WR�
ORFDO�FOLPDWHV�DQG�QHHGV��7R�HQVXUH�FRPIRUW�LQVLGH��D�
ORW�RI�HQHUJ\�LV�QHHGHG�IRU�KHDWLQJ��FRROLQJ��OLJKWLQJ�
DQG�YHQWLODWLRQ���
7KH� VLPXODWHG� VWDQGDUG� URRP� KDV� WKH� GLPHQVLRQV�
�ZLGWK�[�KHLJKW�[�GHSWK�����[�����[����P��6HH�)LJXUH�
����7KXV��LW�KDV�WZR�H[WHUQDO�IDFDGHV�DQG�WZR�LQWHUQDO�
ERXQGDU\�ZDOOV���
���P�EXLOGLQJ�GHSWK�LV�D�YHU\�FRPPRQ�DVVXPSWLRQ�DV�
LW�IROORZV�WKH�SULQFLSOH�IRU�SURYLGLQJ�D�JRRG�GD\OLJKW�
VXSSO\�RQWR�WKH�GHVNV�� ,Q�VRPH�RWKHU�ORFDWLRQV�� LI�DQ�
RSWLPLVHG� URRP� LV� WR� EH� DFKLHYHG�� RWKHU� GRPLQDWLQJ�
SULQFLSOHV�PD\�UHTXLUH�D�GLIIHUHQW�EXLOGLQJ�GHSWK��)RU�
H[DPSOH�� LW� ZDV� IRXQG� RXW� IURP� YHUQDFXODU�
DUFKLWHFWXUH� WKDW� D�EXLOGLQJ�GHSWK�RI� RQO\��� WR����P�
IRU� QDWXUDO� FURVV� YHQWLODWLRQ� LQ� KRW� DQG� KXPLG�
ORFDWLRQV� ZRUNV� ZHOO�� D� GHSWK� RI� ��� P� ZRXOG� EH� D�
UHPDUNDEOH�UHGXFWLRQ���
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7KH�RWKHU�VLPXODWLRQ�SDUDPHWHUV�IRU�WKH�LQWHUQDWLRQDO�
VW\OH�VWDQGDUG�RIILFH�URRP�DUH�DV�IROORZV��

 IDFDGH�RULHQWDWLRQ�WR�VRXWK�QRUWK�
 IXOO\�JOD]HG�IDFDGHV��GRXEOH�SDQH�ZLQGRZ�
 LQWHUQDO�VKDGLQJ�V\VWHP��)F� ������
 DOO�LQWHUQDO�FRQVWUXFWLRQV�DUH�OLJKW��VNHOHWRQ��
 WLPH�RI�XVH����KRXUV�IURP���DP�WR���SP��
 DUWLILFLDO�OLJKW�GXULQJ�WLPH�RI�XVH��
 PHFKDQLFDO� YHQWLODWLRQ� GXULQJ� WLPH� RI� XVH��

DLU� FKDQJH� �� K��� �VXPPHU�� DQG� �� K��� WR�
FRQVLGHU�KHDW�UHFRYHU\��ZLQWHU��

 ���HPSOR\HHV�ZLWK�WKHLU�HTXLSPHQW��LQWHUQDO�
JDLQV��

 &RROLQJ�WHPSHUDWXUH�VHW�WR����&�

6\VWHPV�IRU�WKH�SURGXFWLRQ�RI�UHQHZDEOH�HQHUJLHV�
RQ�VLWH�
7KH�(QHUJ\�FRQFHSW�WKDW�VKRXOG�EH�DSSOLHG�LQ�DOO�FDVH�
VWXGLHV� LV� EDVHG� RQ� D� FRPELQDWLRQ� RI� JHRWKHUPDO�
KHDWLQJ� DQG� FRROLQJ� DQG� VRODU� HQHUJ\� �39�PRGXOHV��
IRU�WKH�JHQHUDWLRQ�RI�HOHFWULFLW\���
7KH� JHRWKHUPDO� V\VWHP� FRQVLVWV� RI� ERUHKROH� KHDW�
H[FKDQJHUV�LQ�WKH�JURXQG�FRXSOHG�ZLWK�DQ�HOHFWULFDOO\�
GULYHQ�KHDW�SXPS��7KH�ERUHKROHV�DUH�DVVXPHG�ZLWK�D�
GHSWK�RI�����PHWHUV�XVLQJ�WKH�JURXQG�DV�D�KHDW�VRXUFH�
LQ� ZLQWHU� DQG� DV� D� KHDW� VLQN� LQ� VXPPHU�� (DFK�
ERUHKROH�QHHGV�WR�EH�SODFHG�D�VSHFLILF�GLVWDQFH�DZD\�
IURP�WKH�QH[W�RQH�������RI� WKHLU� OHQJWK�ZDV�XWLOL]HG�
KHUH� OHDGLQJ� WR� WKH� UXOH� RI� WKXPE� WKDW� RQH�PHWHU� RI�
ERUHKROH�QHHGV���Pð�RI�HVWDWH��2QH�PHWHU�RI�ERUHKROH�
LV�DEOH�WR�GHOLYHU�����:K�RI� WKHUPDO�HQHUJ\�SHU�GD\�
�=LPPHUPDQQ����������
)RU� WKH� KHDW� SXPS�� D� FRHIILFLHQW� RI� SHUIRUPDQFH�
�&23�� RI� ���� ZDV� DVVXPHG� IRU� FRROLQJ� DQG� ���� IRU�
KHDWLQJ��7KHVH�YDOXHV�UHSUHVHQW�DQ�DYHUDJH��EHFDXVH�D�
VHSDUDWH� LQYHVWLJDWLRQ� UHYHDOHG� WKDW� WKH� LQIOXHQFH� RI�
WKH� JURXQG� WHPSHUDWXUH� �ZKLFK� LV� QHDU� WR� WKH� \HDUO\�
PHDQ� YDOXH� RI� WKH� DLU� WHPSHUDWXUH�� GRHV� QRW� KDYH� D�
VWURQJ� LQIOXHQFH� RQ� WKH�&23��7KXV�� WKH� DFFXUDF\� RI�
WKHVH�YDOXHV�LV�DFFHSWDEOH�IRU�DOO�ORFDWLRQV���
*HRWKHUPDO� V\VWHPV� DUH� EHLQJ� XVHG� PRUH� DQG� PRUH�
DURXQG� WKH� ZRUOG�� HVSHFLDOO\� LQ� FRPELQDWLRQ� ZLWK�
RSWLPLVHG�EXLOGLQJV��7KH\�VHHP�WR�KDYH�D�ELJ�IXWXUH���
)RU�SRZHU�D�SULPDU\�HQHUJ\�IDFWRU�RI���ZDV�XVHG�IRU�
DOO�WKH�FDOFXODWLRQV��

/LPLWDWLRQV�LQ�WKH�XVH�RI�DFWLYH�V\VWHPV�RQ�VLWH�
7KH�SRZHU�GHPDQG�RI� WKH�KHDW�SXPS��DUWLILFLDO� OLJKW�
DQG�PHFKDQLFDO�YHQWLODWLRQ�KDV� WR�EH�FRYHUHG�E\�39�
PRGXOHV�� ZKLFK� FDQ� EH� LQVWDOOHG� RQ� HLWKHU� WKH�
EXLOGLQJ¶V�URRI�RU�IDFDGHV���
%DVHG�RQ�WKH�SRVLWLRQ�RI�WKH�VXQ�D�SODFHPHQW�GLUHFWO\�
RQ�D�KRUL]RQWDO�IODW�URRI�RQO\�ZRUNV�ZHOO�LQ�ORFDWLRQV�
QHDU� WKH� HTXDWRU�� )RU� RWKHU� ORFDWLRQV�� WKH� PRGXOHV�
QHHG� D� VORSH��0RGXOHV� FDQ� EH� HOHYDWHG� RQ� WKH� URRI��
EXW�WKHQ�LQWHU�URZ�VSDFLQJ�LV�QHHGHG�WR�SUHYHQW�VRODU�
SDQHOV�IURP�VKDGLQJ�RQH�DQRWKHU��$V�D�UHVXOW��RQO\�D�

SDUW�RI�WKH�URRI�DUHD�FDQ�EH�HIIHFWLYHO\�FRYHUHG�ZLWK�
39V��$�SLWFKHG�URRI�FDQ�SURYLGH�DQ�RSWLPDO�DUHD�IRU�
VRODU�UHFHSWLRQ��RQH�WKDW�LV�ELJJHU�WKDQ�WKH�EXLOGLQJ¶V�
IRRWSULQW�� +RZHYHU�� HVSHFLDOO\� LQ� VRPH� ORFDWLRQV��
EXLOGLQJV� ZLWK� SLWFKHG� URRIV� DUH� UHPDUNDEO\� KLJKHU�
WKDQ�EXLOGLQJV�ZLWK�IODW�URRIV�±�WR�DYRLG�RQH�EXLOGLQJ�
IURP�VKDGLQJ�WKH�QH[W��WKH�GLVWDQFH�EHWZHHQ�WKHP�KDV�
WR�EH�H[SDQGHG��$GGLWLRQDOO\�SLWFKHG�URRIV�LQIOXHQFH�
WKH� EXLOGLQJ¶V� DUFKLWHFWXUDO� GHVLJQ�� PHDQLQJ� WKHLU�
VXLWDELOLW\�KDV�WR�EH�GLVFXVVHG��
:LWK�UHGXFWLRQV�LQ�WKH�VRODU�KDUYHVW��39�PRGXOHV�FDQ�
EH�SODFHG�RQ�WKH�IDFDGHV��WRR��+HUH�WKH�VDPH�SUREOHP�
RI� VKDGRZLQJ� DQG� H[SDQGHG� EXLOGLQJ� GLVWDQFHV� DOVR�
H[LVWV���
7KH� WKHUPDO�HQHUJ\�GHPDQG� IRU�KHDWLQJ�DQG�FRROLQJ�
KDV� WR� EH� FRYHUHG� ZLWK� WKH� SUHYLRXVO\� GHVFULEHG�
JHRWKHUPDO� V\VWHP�� ,WV� VL]H� LV� GHWHUPLQHG� E\� WKH�
PD[LPXP�GDLO\� KHDWLQJ� RU� FRROLQJ� HQHUJ\� UHVS�� )RU�
H[DPSOH��D�GDLO\�FRROLQJ�GHPDQG�RI�����:K�Pð�G�����
KRXUV� ZLWK� ��� :�Pð�� QHHGV� ���� �� ����  � ���� P�
ERUHKROH�LQ�WKH�JURXQG�DQG�ZLWK�WKLV�����Pð�RI�HVWDWH��
,Q� JHQHUDO�� WKH� DUHD� RI� XVH� SURGXFLQJ� GHPDQG� RI�
WKHUPDO�HQHUJ\�DQG�SRZHU�FRPSHWHV�ZLWK� WKH�VL]H�RI�
WKH�HVWDWH��IRU�WKH�JHRWKHUPDO�V\VWHP��DQG�WKH�VL]H�RI�
WKH�URRI�DQG�WKH�IDFDGHV��IRU�39�PRGXOHV���,Q�FDVH�RI�
QRQ�RSWLPLVHG�� ³LQWHUQDWLRQDO� VW\OH´� EXLOGLQJV� WKH�
UHTXLUHG� HVWDWH� DQG� 39� DUHD� PLJKW� EH� VR� GRPLQDQW�
WKDW� XUEDQ� ]HUR�HQHUJ\� TXDUWHUV� DUH� RQO\� SRVVLEOH�
ZLWK� EXLOGLQJV�ZLWK� D� ORZ� QXPEHU� RI� VWRUH\V� DQG�RU�
EXLOGLQJV� ZLWK� GLVWDQFHV� IDU� IURP� D� QRUPDO� VWUHHW�
ZLGWK��
,I�LW�LV�QRW�SRVVLEOH�WR�PHHW�WKH�WDUJHW�XVH�RQO\�RQ�VLWH�
UHQHZDEOH� HQHUJLHV� LQ� DQ� XUEDQ� VFHQDULR�� PHDQLQJ�
FRPSHQVDWLQJ�PHDVXUHV�PXVW�DOVR�EH�XWLOLVHG��
)RU� WKH� PRVW� UHOHYDQW� FOLPDWHV�� WKLV� ZLOO� EH�
LQYHVWLJDWHG�LQ�GHWDLO�LQ�WKLV�GRFXPHQW¶V�³&DVH�VWXG\�
UHVXOWV´�FKDSWHU��

$'$37,9(��+<%5,'�25�$,5�
&21',7,21('"�
$Q�DGDSWLYH�EXLOGLQJ�LV�XQGHUVWRRG�DV�D�EXLOGLQJ�
ZKHUH�WKH�XVHUV�FDQ�DGDSW�WKHLU�VXUURXQGLQJ�
DFFRUGLQJ�WR�WKHLU�SUHIHUHQFHV��2SHUDEOH�ZLQGRZV��
SHUVRQDO�VZLWFKHV�IRU�DUWLILFLDO�OLJKW��PHFKDQLFDO�
YHQWLODWLRQ��WKHUPRVWDWV�HWF��,I�XVHUV�DUH�DOORZHG�WR�
DGDSW�WKHPVHOYHV�WR��KLJKHU��LQGRRU�WHPSHUDWXUHV�
GXULQJ�KRW�SHULRGV�E\�FKDQJLQJ�WKHLU�FORWKHV��QR�RU�
ZHDNHQHG�GUHVV�FRGH���WKHQ�LQYHVWLJDWLRQV�VKRZ�WKDW�
XVHUV�IHHO�ZHOO�LQ�UHPDUNDEO\�KLJKHU�WHPSHUDWXUHV�
WKDQ�LQ�QRQ�DGDSWLYH�VXUURXQGLQJV��DLU�FRQGLWLRQHG�
EXLOGLQJV����
$GDSWLYH�FRPIRUW�PRGHOV� VXFK�DV� �(1��������������
GLIIHU�EHWZHHQ�QDWXUDOO\�YHQWLODWHG��DGDSWLYH��DQG�DLU�
FRQGLWLRQHG� �QRQ�DGDSWLYH�� EXLOGLQJV�� )RU� ERWK�
EXLOGLQJ� FODVVHV� (1� ������ GHILQHV� WKUHH� GLIIHUHQW�
FRPIRUW�FODVVHV��
�� +LJKHVW�VWDQGDUG��IRU�VSHFLDO�XVH�OLNH�LQ�KRVSLWDOV�
�� *RRG�VWDQGDUG��IRU�DOO�QHZ�EXLOGLQJV�
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�� /RZ� VWDQGDUG�� DFFHSWDEOH� IRU� UHIXUELVKHG�
EXLOGLQJV�

7KH�UHOHYDQW�FRPIRUW�EHOW�PD\�EH�H[FHHGHG�GXULQJ�D�
OLPLWHG�SDUW����RU�����RI�WKH�KRXUV�RI�XVH��)RU�DQ�
RIILFH�URRP�ZKLFK�LV�RFFXSLHG����KRXUV�D�GD\����DP�
WR���SP��DQG���GD\V�D�ZHHN������PHDQV����DOORZHG�
KRXUV�RI�H[FHHGLQJ�SHU�\HDU��
,Q�DLU�FRQGLWLRQHG�EXLOGLQJV��WKH�XVHU�H[SHFWV�D�
FRQVWDQW�WHPSHUDWXUH��PRVWO\����&��LQGHSHQGHQW�RI�
WKH�RXWGRRU�VLWXDWLRQ��,Q�DGDSWLYH�EXLOGLQJV��WKH�
H[SHFWHG�WHPSHUDWXUH�YDULHV�VOLJKWO\�ZLWK�WKH�PHDQ�
YDOXH�RI�RXWGRRU�WHPSHUDWXUH���
�

�
)LJXUH�����&RPIRUW�GLDJUDP�DFFRUGLQJ�WR�WKH�VFKHPH�
RI�(1��������DVVHVVPHQW�RI�RXWGRRU�WHPSHUDWXUH�

'HOKL��
�

)LJXUH� �� LOOXVWUDWHV� WKLV� VLWXDWLRQ�� 7KH� FRPIRUW� EHOWV�
IRU�WKH�WKUHH�FRPIRUW�FODVVHV�DUH�PDUNHG�LQ�WKH�JUDSK��
7KH� LQGRRU� WHPSHUDWXUHV� DUH� QRUPDOO\� GLVSOD\HG� DV�
SRLQWV� LQ� WKLV� (1� ������ VFKHPH� WR� DVVHVV� LQGRRU�
FOLPDWH��,Q�WKLV�GLDJUDP�KRZHYHU��WKH�SRLQWV�UHSUHVHQW�
RXWGRRU�WHPSHUDWXUHV���
2EYLRXVO\�� LQ� DQ� DGDSWLYH� EXLOGLQJ� ZLWK� ³RQO\´�
QDWXUDO�YHQWLODWLRQ� �YHU\�KLJK�DLU�FKDQJH�� WKH� LQGRRU�
WHPSHUDWXUH� PXVW� EH� HTXDO� WR� RXWGRRU� WHPSHUDWXUH��
*LYHQ� WKH� IDFW� WKDW� IRU� UHDO� DLU� FKDQJHV� LQGRRU�
WHPSHUDWXUHV� UHPDLQ� D� IHZ� GHJUHHV� EHORZ� RXWGRRU�
WHPSHUDWXUHV� IRU� KHDY\� FRQVWUXFWLRQ� ±� RU� DUH� DOPRVW�
HTXDO� WR�RXWGRRU� WHPSHUDWXUHV� IRU� OLJKW�FRQVWUXFWLRQ��
DQ� DGDSWLYH� FRPIRUW� PRGHO� VXFK� DV� (1� ������
SURYLGHV� D� JRRG� WRRO� IRU� SUH�DVVHVVLQJ�� LI� WKHUH� LV� D�
FKDQFH� WKDW� FRPIRUW� FDQ� EH� UHDFKHG� GXULQJ� KRW�
SHULRGV�ZLWK�SDVVLYH�PHDVXUHV��QDWXUDO�YHQWLODWLRQ����
)LJXUH���VKRZV�D�ORW�RI�SRLQWV�ERWK�EHORZ�DQG�DERYH�
WKH� XSSHU� FRPIRUW� OLPLW� ±� WKH� QXPEHU� RI� SRLQWV�
H[FHHGLQJ� WKH�FRPIRUW� OHYHO� LV�PXFK�PRUH� WKDQ�����
7R�FRQFOXGH�KRZHYHU�� WKDW�FRPIRUW�FDQ¶W�EH�UHDFKHG�
LQ�DQ�DGDSWLYH�EXLOGLQJ�EXW�RQO\�LQ�DQ�DLU�FRQGLWLRQHG�
RQH�ZRXOG�EH�SUHPDWXUH�� ,I�ZH�FKDQJH� WKH�[�D[LV�RI�
WKH� (1� ������ VFKHPH� LQWR� WKH� UHDO�WLPH� D[LV�� ZH�
DWWDLQ�D�GLIIHUHQW�SLFWXUH��6HH�)LJXUH�����
1RZ�LW�FDQ�EH�VHHQ��WKDW�WKH�XSSHU�OLQH�RI�WKH�FRPIRUW�
EHOW�LV�QRW�H[FHHGHG�GXULQJ�D�QXPEHU�RI�PRQWK��WKXV��
DQ� DGDSWLYH� EXLOGLQJ� LV� SRVVLEOH� KHUH�� $Q� DGDSWLYH�
EXLOGLQJ� LV� RQO\� QRW� SRVVLEOH�RQO\�GXULQJ� WKH�KRWWHVW�
PRQWKV� DQG� DLU� FRQGLWLRQLQJ� VKRXOG� EH� XVHG�� ,Q�
VXPPDU\�� ZH� UHFRPPHQG� D� K\EULG� EXLOGLQJ� ZLWK� ��

PRQWK�RI�DGDSWLYH�RSHUDWLRQ��VDYHV�D�ORW�RI�HQHUJ\�IRU�
WKH�PHFKDQLFDO�YHQWLODWLRQ�DQG�FRROLQJ�V\VWHP��DQG���
PRQWK�ZLWK�DLU�FRQGLWLRQLQJ���
�

�
)LJXUH�����'LDJUDP�ZLWK�FRPIRUW�EHOWV�DFFRUGLQJ�WR�

(1�������DQG�RXWGRRU�WHPSHUDWXUH��'HOKL��
�

)XUWKHUPRUH�� LW� LV� XVXDOO\� WKH� FDVH� WKDW� LQ� KRWWHU�
FRXQWULHV� SHRSOH� DUH� PRUH� DFFXVWRP� WR� KLJKHU�
WHPSHUDWXUHV�� 7KHLU� H[SHFWHG� FRPIRUW� WHPSHUDWXUH�
ZDV� IRXQG� WR� EH� DV� XS� WR� �� GHJUHHV� KLJKHU� WKDQ� WKH�
SURSRVDOV� PDGH� LQ� (1� ������ �.HRQLO��
6DKDFKDLVDHUHH���������7KLV�IDFW�FDQ�EH�LQWURGXFHG�LQ�
WKH�DVVHVVPHQW�RI�RXWGRRU�FOLPDWH�ZLWK�(1�������EXW�
VKRXOG�EH�GLVFXVVHG�LQ�GHWDLO�ZLWK�ORFDO�SHRSOH��
&RPIRUW�FODVV���FDQ�EH�UHDFKHG�WKH�ZKROH�\HDU�URXQG�
LQ� WKH� IROORZLQJ� ORFDWLRQV�� ZKLFK� ZHUH� H[DPLQHG��
5H\NMDYLN�� 2VOR�� +DPEXUJ�� 0H[LFR�&LW\�� $GGLV�
$EDED�DQG�6\GQH\�±�KHUH�DGDSWLYH�EXLOGLQJ�FRQFHSWV�
DUH�SRVVLEOH�ZLWKRXW�DQ\�UHVWULFWLRQ��
,I� WKH� XSSHU� OLQH� RI� WKH� FRPIRUW� EHOW� LV� VKLIWHG�
XSZDUGV�� FRPIRUW� FODVV� �� FDQ� EH� UHDFKHG� LQ�
6LQJDSRUH�� 6DQWLDJR� GH� &KLOH� ��� GHJUHH��� %HLMLQJ��
6DQWR� 'RPLQJR�� 'DU� HV� 6DODDP� ��� GHJUHHV��� &DLUR�
DQG� -DNDUWD� ��� GHJUHHV��� ,I� XVHUV� DFFHSW� WKLV� XSZDUG�
VKLIW��DGDSWLYH�EXLOGLQJV�DUH�SRVVLEOH��,I�QRW��K\EULG�RU�
DLU�FRQGLWLRQHG�VROXWLRQV�KDYH�WR�EH�GHYHORSHG��
&RPIRUW� FODVV� �� ZLOO� QHYHU� EH� UHDFKHG� LQ� 'HOKL��
PHDQLQJ� D� IXOO\� DGDSWLYH� EXLOGLQJ� LV� QRW� SRVVLEOH�� D�
K\EULG�RQH�OLNH�GHVFULEHG�ZRXOG�EH�WKH�EHVW�RSWLRQ��

&$6(�678'<�5(68/76�
³,QWHUQDWLRQDO�VW\OH´�VWDQGDUG�RIILFH�URRP�
)LJXUH���VKRZV�WKH�SULPDU\�HQHUJ\�GHPDQG�IRU�DOO����
ORFDWLRQV�� :LWK� KLJK� VRODU� WUDQVPLVVLRQ� RFFXUULQJ�
WKURXJK� WKH� IDFDGHV�� FRROLQJ� GHPDQG� LV� D� GRPLQDQW�
IDFWRU�� 7KH� KLJKHVW� GHPDQG� RFFXUV� LQ� WKH� KRWWHVW�
ORFDWLRQV� �'HOKL�� &DLUR�� DQG� -DNDUWD��� (YHQ� LQ�
ORFDWLRQV�ZLWK�PRGHUDWH�WHPSHUDWXUHV�GXULQJ�VXPPHU�
VXFK�DV�2VOR�DQG�+DPEXUJ�FRROLQJ�GHPDQG�H[LVWV���
,Q� JHQHUDO�� WKH� OHYHO� RI� SULPDU\� HQHUJ\� GHPDQG� LV�
YHU\� KLJK� �� D� FOHDU� VLJQ� RI� WKH� SRWHQWLDO� WR� RSWLPLVH�
³LQWHUQDWLRQDO�VW\OH´�RIILFH�EXLOGLQJV��
,Q�RUGHU� WR� FRYHU� WKH�SRZHU� GHPDQG� IRU�KHDW� SXPS��
DUWLILFLDO� OLJKW� DQG� PHFKDQLFDO� YHQWLODWLRQ� ZLWK� 39�
PRGXOHV� �LQVWDOOHG� RQ� WKH� EXLOGLQJ¶V� HQYHORSH�� D�
OLPLWHG� QXPEHU� RI� VWRUH\V� LV� RQO\� SRVVLEOH�� ,Q� WKH�
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ZRUVW�FDVH��OHVV�WKDQ��RQH��2VOR��5H\NMDYLN��XS�WR���
VWRUH\V��0H[LFR�&LW\��$GGLV�$EDED����
'XH� WR� KLJK� GHPDQG� RI� WKHUPDO� HQHUJ\� IRU� KHDWLQJ�
DQG�HVSHFLDOO\�IRU�FRROLQJ�D�ODUJH�HVWDWH�LV�UHTXLUHG�WR�
LPSOHPHQW� WKH�JHRWKHUPDO�V\VWHP��7R�VXSSO\�D� ILYH�
VWRUH\� EXLOGLQJ� WKH� UHTXLUHG� GLVWDQFHV� EHWZHHQ�
EXLOGLQJV�VWDUWV�DW����P��0H[LFR�&LW\��$GGLV�$EDED��
6DQWLDJR� GH� &KLOH�� DQG� FRQWLQXHV� DOO� WKH� ZD\� XS� WR�
PRUH�WKDQ�����P��'HOKL��2VOR���
�

�
)LJXUH�����3ULPDU\�HQHUJ\�GHPDQG�RI�³LQWHUQDWLRQDO�

VW\OH´�VWDQGDUG�RIILFH�URRP�IRU����ORFDWLRQV�
�

,Q� JHQHUDO�� WKH� DWWHPSW� WR� GHYHORS� D� ]HUR�HQHUJ\�
XUEDQ� VLWXDWLRQ� XVLQJ� ³LQWHUQDWLRQDO� VW\OH´� EXLOGLQJV�
GHOLYHUV� XQVDWLVI\LQJ� UHVXOWV�� 7KH� HQHUJ\� GHPDQG� LV�
WRR�KLJK��,W�LV�QHFHVVDU\�WR�UHGXFH�WKLV�GHPDQG�ILUVWO\�
WR�UHDFK�D�VDWLVI\LQJ�VLWXDWLRQ��
)LQDOO\� LW� VKRXOG� EH� QRWHG� WKDW� WKH� SULPDU\� HQHUJ\�
GHPDQG� IRU� H[LVWLQJ� ³LQWHUQDWLRQDO� VW\OH´� EXLOGLQJV�
PD\�EH�PXFK�KLJKHU� �XS� WR� D� IDFWRU�RI� WZR�RU� WKUHH�
PRUH�� WKDQ� FDOFXODWHG� KHUH�� 7R� FRPSDUH� LW� ZLWK� WKH�
RSWLPLVHG� URRP�� ZH� DVVXPHG� WKH� VDPH� JHRWKHUPDO�
V\VWHP� ZLWK� KLJK� HIILFLHQF\�� 0RVW� RI� WKH� UHDO�
EXLOGLQJV�KDYH�GLIIHUHQW�V\VWHPV�ZLWK�KLJKHU�SULPDU\�
HQHUJ\� GHPDQG� �H�J��� D� VWDQGDUG� DEVRUSWLRQ� FKLOOHU�
KDV� D� &23� RI� DERXW� ����� PHDQLQJ� WKDW� WKH� SULPDU\�
HQHUJ\�LV�QHDUO\�GRXEOHG�IRU�FRROLQJ���

2SWLPLVHG�VWDQGDUG�RIILFH�URRP�
%HIRUH�VWDUWLQJ�ZLWK�WKH�RSWLPLVDWLRQ�RI�WKH�URRP�LW�LV�
QHFHVVDU\� WR� GHFLGH� LI� XVHUV� DUH� DOORZHG� WR� EHKDYH�
DGDSWLYH� QRW� �H�J�� GUHVV� FRGH�� FRPSDQ\� SKLORVRSK\��
QXPEHU� RI� XVHUV� SHU� RSHUDEOH� ZLQGRZ�WKHUPRVWDW�
HWF�����
,I� VR�� DQ� DGDSWLYH� EXLOGLQJ� FDQ� EH� SURSRVHG� DQG�
GHVLJQHG�� ,I� QHFHVVDU\� EHFDXVH� RI� YHU\� KRW� SHULRGV��
VZLWFKLQJ� WR� DQ� DLU�FRQGLWLRQHG� EXLOGLQJ� FDQ� EH�
FRQVLGHUHG��UHVXOWLQJ�LQ�D�K\EULG�EXLOGLQJ���
,I�QRW��DQ�DLU�FRQGLWLRQHG�EXLOGLQJ�KDV�WR�EH�GHVLJQHG��
,W� ZRXOG� EH� D� ZLVH� LGHD� WR� ZRUN� WRJHWKHU� ZLWK�
EXLOGLQJ� XVHUV� WR� LQYHVWLJDWH� ERWK� RSWLRQV� DQG� WR�
FRPH�WR�D�PXWXDO�GHFLVLRQ��
7KH� FDVHV� H[DPLQHG� LQ� WKH� IROORZLQJ� DUH� IRU� DLU�
FRQGLWLRQHG�EXLOGLQJV��7KLV�LV�QRW�PHDQW�WR�UHGXFH�WKH�
UHOHYDQFH� RI� DGDSWLYH� EXLOGLQJ� VROXWLRQV� EXW� RQO\� WR�
GHPRQVWUDWH�WKH�SRWHQWLDO�IRU�HQHUJHWLFDOO\�RSWLPLVLQJ�

EXLOGLQJV��:LWK�DGDSWLYH�VROXWLRQV�LW�FDQ�EH�VHHQ�WKDW�
WKH� HQHUJ\� GHPDQG� ZRXOG� EH� UHPDUNDEO\� IXUWKHU�
UHGXFHG��
,Q�HYHU\�FDVH�� LW� LV�DVVXPHG�WKDW�QR�DUWLILFLDO� OLJKW� LV�
XVHG�DV�VRRQ�DV�HQRXJK�GD\OLJKW�LV�DYDLODEOH��
)LJXUH� �� VKRZV� WKH� SULPDU\� HQHUJ\� RI� DQ� �DLU�
FRQGLWLRQHG��RSWLPLVHG�URRP�LQ�FRPSDULVRQ�ZLWK�WKH�
³LQWHUQDWLRQDO�VW\OH´�RIILFH�URRP���
�

�
)LJXUH�����3ULPDU\�HQHUJ\�GHPDQG�RI�RSWLPLVHG�DQG�
³LQWHUQDWLRQDO�VW\OH´�VWDQGDUG�RIILFH�URRP�IRU����

ORFDWLRQV�
�

7KH�UHGXFWLRQ�SRWHQWLDO�LV�UHPDUNDEOH�IRU�DOO�ORFDWLRQV�
EXW� GLIIHUV� IRU� HDFK� RQH�� )RU� ORFDWLRQV� ZLWK� FROG�
ZLQWHUV��WKH�RSWLPLVHG�URRP�KDV�RSDTXH�IDFDGHV�ZLWK�
KLJK� WKHUPDO� LQVXODWLRQ�� OHDGLQJ� WR�D�VPDOO� UHGXFWLRQ�
RI�KHDWLQJ�GHPDQG��7KH�SRZHU�GHPDQG� IRU� DUWLILFLDO�
OLJKW� KDV� WKH� JUHDWHVW� UHGXFWLRQ� LQ� ORFDWLRQV� ZLWK� D�
FOHDU� VN\� DQG� UHFHLYLQJ� ��� KRXUV� RI� GD\OLJKW� \HDU�
URXQG��H�J��QHDU�WKH�HTXDWRU��VHH�&DLUR��'HOKL��$GGLV�
$EDED���
&RROLQJ� GHPDQG� FDQ� DULVH� IURP� KLJK� VRODU�
WUDQVPLVVLRQ� WKURXJK� IDFDGHV� DQG�RU� D� KLJK� RXWGRRU�
WHPSHUDWXUH�� 7R� FRXQWHUDFW� VRODU� WUDQVPLVVLRQ�
EXLOGLQJV� FDQ� EH� RSWLPLVHG� ZLWK� DGHTXDWHO\� VL]HG�
ZLQGRZ� DUHDV� DQG� HIILFLHQW� VKDGLQJ� V\VWHPV��
,PSRUWDQW� KHUH� KRZHYHU� LV� WKDW� YHU\� KLJK� �RU� HYHQ�
YHU\�ORZ��WHPSHUDWXUHV�DUH�QRW�EORFNHG�RXW��7KXV��WKH�
KLJKHVW� KHDWLQJ�GHPDQG�RFFXUV� LQ� ORFDWLRQV�ZLWK� WKH�
ORZHVW� WHPSHUDWXUHV� DQG� WKH� VPDOOHVW� RSSRUWXQLW\� WR�
KDYH� VRODU� JDLQV� GXULQJ� ZLQWHU� �5H\NMDYLN�� 2VOR���
7KH�KLJKHVW�FRROLQJ�GHPDQG�RFFXUV�LQ�ORFDWLRQV�ZLWK�
WKH�KLJKHVW�WHPSHUDWXUHV��'HOKL��-DNDUWD���
7KH� KLJKHVW� UHGXFWLRQ� LQ� HQHUJ\� GHPDQG� LV� IRXQG� Q�
ORFDWLRQV� ZKHUH� WKH� FRROLQJ� GHPDQG� IRU� DQ�
³LQWHUQDWLRQDO� VW\OH´� URRP� DULVHV� IURP� VRODU�
WUDQVPLVVLRQ� �6DQWR� 'RPLQJR�� 6LQJDSRUH�� 'DU� HV�
6DODDP�� 6\GQH\��� ,QYHUVHO\� D� KLJK� FRROLQJ� GHPDQG�
UHPDLQV�IRU� ORFDWLRQV�ZLWK�KLJK� WHPSHUDWXUHV��'HOKL��
-DNDUWD�� �� KHUH� WKH� SRWHQWLDO� IRU� RSWLPLVDWLRQ� LV�
OLPLWHG���
7R� FRYHU� WKH� SRZHU� GHPDQG� ZLWK� 39� PRGXOHV�
LQVWDOOHG� RQ� EXLOGLQJ¶V� HQYHORSH� ZH� VHH� RQFH� DJDLQ�
WKDW�RQO\�D� OLPLWHG�QXPEHU�RI� VWRUH\V� LV�SRVVLEOH�� ,Q�
WKH� ZRUVW� FDVH� DJDLQ� RQO\� �OHVV� WKDQ�� RQH� VWRUH\�
�2VOR�� 5H\NMDYLN��� �� VWRUH\V� DQG� PRUH� �&DLUR��
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6LQJDSRUH�� 6\GQH\�� 6DQWLDJR� GH� &KLOH�� 'DU� HV�
6DODDP�� DQG� XS� WR� �� VWRUH\V� �0H[LFR�&LW\�� $GGLV�
$EDED��� 7KXV�� ZLWK� WKH� UHGXFHG� SULPDU\� HQHUJ\�
GHPDQG�IRU�WKH�RSWLPLVHG�RIILFH�URRP�� W\SLFDO�XUEDQ�
GLPHQVLRQV�FDQ�EH�UHDFKHG�IRU�VRPH�ORFDWLRQV���
7KH� RSWLPLVDWLRQ� RI� KHDWLQJ� DQG� FRROLQJ� GHPDQG�
OHDGV� WR� D� UHPDUNDEOH� UHGXFWLRQ� RI� WKH� JHRWKHUPDO�
V\VWHP�DQG�WKXV�WR�D�VPDOOHU�UHTXLUHG�HVWDWH�VL]H��7R�
VXSSO\�D�ILYH�VWRUH\�EXLOGLQJ�ZLWK�WKHUPDO�HQHUJ\�WKH�
UHVXOWLQJ�GLVWDQFHV�EHWZHHQ�EXLOGLQJV�DUH�QRZ�ZLWKLQ�
DFFHSWDEOH� XUEDQ� UDQJH� �VWUHHW�ZLGWK�RI� DERXW����P��
0H[LFR�&LW\�� (O� 6DOYDGRU�� 6\GQH\�� 6DQWLDJR� GH�
&KLOH�� $GGLV� $EDED�� RU� QRW� IDU� IURP� LW� �6DQWR�
'RPLQJR��6LQJDSRUH��&DSH�7RZQ��EXW�UHDFK�XS�DJDLQ�
WR�����P�LQ�WKH�PRVW�H[WUHPH�FDVH��'HOKL���
,Q� JHQHUDO�� WKH� DWWHPSW� WR� GHYHORS� D� ]HUR�HQHUJ\�
XUEDQ�VLWXDWLRQ�ZLWK�RSWLPLVHG�EXLOGLQJV�OHDGV�WR�YHU\�
VDWLVI\LQJ� UHVXOWV� LQ� VRPH� ORFDWLRQV�� )RU� RWKHU�
ORFDWLRQV�� D� ELJ� SDUW� RI� WKH� SULPDU\� HQHUJ\� FDQ� EH�
FRYHUHG� RQ� VLWH�� RQO\� LQ� H[WUHPH� ORFDWLRQV� GRHV� LW�
UHPDLQ�YHU\�GLIILFXOW�WR�UHDFK�WKH�WDUJHW��,Q�WKLV�FDVH��
FRPSHQVDWLQJ�PHDVXUHV�DUH�QHFHVVDU\��

*HQHUDO�FRQFOXVLRQV�IURP�FDVH�VWXG\�UHVXOWV�
7KH� VL]H� RI� WKH�JHRWKHUPDO� V\VWHP� LV� GHWHUPLQHG�E\�
WKH�SHDN� YDOXHV�RI� KHDWLQJ� DQG� FRROLQJ�GHPDQG�� L�H��
WKH�VWUHQJWK�RI�KHDW�DQG�FROG�ZDYHV�EXW�QRW�WKH�\HDUO\�
GHPDQG�� 7KH� ELJJHVW� JHRWKHUPDO� V\VWHP� LV� UHTXLUHG�
LQ�'HOKL� �KRW�DQG�GU\�� IRU�FRROLQJ�DQG� LQ�&KLFDJR����
IRU� KHDWLQJ�� /RFDWLRQV� ZLWK� KLJK� EXW� QRW� H[WUHPH�
WHPSHUDWXUHV� �WKH� KRW� DQG� KXPLG� RQHV�� 6DQWR�
'RPLQJR�� 6DQ� 6DOYDGRU�� 6LQJDSRUH�� -DNDUWD�� KDYH� D�
KLJK� \HDUO\� FRROLQJ� GHPDQG� EXW� WKH\� QHHG� D�
UHODWLYHO\� VPDOO� JHRWKHUPDO� V\VWHP� WR� FRYHU� LW��
0RUHRYHU�� YLFH� YHUVD�� ORFDWLRQV� ZLWK� VKRUWHU� EXW�
H[WUHPH� KHDW� ZDYHV� KDYH� D� VPDOOHU� \HDUO\� FRROLQJ�
GHPDQG�EXW�WKH\�QHHG�D�KXJH�V\VWHP�WR�FRYHU�LW��
7KH�JOREDO�VRODU�UDGLDWLRQ�LV�WKH�PDLQ�VRXUFH�WR�FRYHU�
WKH�HQHUJ\�GHPDQG��:H�ILQG�WKH�EHVW�RIIHU�LQ�WKH�KRW�
DQG�GU\� ORFDWLRQV��&DLUR��'HOKL���+HUH�� WKHUH�KLJKHVW�
VXSSO\�PHHWV�WKH�KLJKHVW�GHPDQG��,W�VHHPV�WKDW�ERWK�
FDQ�EH�EURXJKW� LQWR�EDODQFH�EXW� RQO\�ZLWK�EXLOGLQJV�
ZLWK�D�OLPLWHG�QXPEHU�RI���WR���VWRUH\V���
/RFDWLRQV� QHDU� WKH� (DUWK¶V� SROHV� �5H\NMDYLN�� 2VOR��
KDYH� D� YHU\� ORZ� VRODU� VXSSO\�� HVSHFLDOO\� GXULQJ� WKH�
KHDWLQJ� SHULRG�� $V� D� UHVXOW�� WKH\� DOVR� KDYH� D� KLJK�
GHPDQG� RI� DUWLILFLDO� OLJKW� �GDUNQHVV� GXULQJ� WLPH� RI�
XVH���$OVR�EHFDXVH�RI� WKH� ORZ�SRVLWLRQ�RI� WKH� VXQ� LQ�
WKH�VN\��WKH�XVH�RI�39�WR�FRYHU�WKH�GHPDQG�VHHPV�QRW�
WR� EH� D� YDOLG� VROXWLRQ�� &RQVHTXHQWO\�� RWKHU�
SRVVLELOLWLHV� IRU� WKH� VXSSO\� RI� UHQHZDEOH� SRZHU� RU�
FRPSHQVDWLQJ� PHDVXUHV� VKRXOG� EH� UHJDUGHG�
�)RUWXQDWHO\�� ERWK�5H\NMDYLN� DQG�2VOR� DUH� ORFDWLRQV�
ZKHUH�SRZHU�LV�DOPRVW������UHQHZDEOH����
:H� IRXQG� WKDW� WKH� EHVW� VLWXDWLRQ� H[LVWV� LQ� ORFDWLRQV�
ZLWK�PRGHUDWH�WHPSHUDWXUHV��QHDU�WR�WKH�VHD�RU�ZLWK�D�
KLJK� HOHYDWLRQ�� DQG� KLJK� OHYHO� RI� VRODU� UDGLDWLRQ�
�0H[LFR�&LW\�� 6\GQH\�� 6DQWLDJR� GH� &KLOH��� +HUH�
]HUR�HQHUJ\� XUEDQ� VROXWLRQV� DUH� SRVVLEOH�� )LJXUH� ��

VKRZV� DQ� XUEDQ� DUUDQJHPHQW� IRU� 6DQWLDJR� GH� &KLOH�
ZLWK� VL[� VWRUH\� EXLOGLQJV� ZLWK� SLWFKHG� URRIV� ��� SOXV�
RQH�LQ�WKH�URRI��DQG�D�GLVWDQFH�RI����P��
�

�
)LJXUH�����([DPSOH�IRU�DQ�XUEDQ�DUUDQJHPHQW�RI�
=(%V��ORFDWLRQ�6DQWLDJR�GH�&KLOH��$UEROHGDV��-DHQ��

������
�

=HUR�HQHUJ\�EXLOGLQJV�DV�ZHOO�DV�XUEDQ�DUUDQJHPHQWV�
DUH� SRVVLEOH� IRU�PDQ\� ORFDWLRQV�EXW� QRW� IRU� DOO��7KLV�
KROGV�WUXH�IRU�(XURSHDQ�FRXQWULHV�ZKHUH�WKH�'LUHFWLYH�
PXVW�EH�IXOILOOHG��&RPSHQVDWLQJ�PHDVXUHV��KRZHYHU��
DUH�WKHQ�QHFHVVDU\��

&255(/$7,216�%(7:((1�
$5&+,7(&785$/�$1'�&/,0$7,&�
3$5$0(7(56��352*126,6�0(7+2'��
7KH� DUFKLWHFWXUDO� SDUDPHWHUV� KHDWLQJ� DQG� FRROLQJ�
GHPDQG� LQ� RSWLPLVHG� EXLOGLQJV� DUH� DVVXPHG� WR� EH�
GHWHUPLQHG� HVVHQWLDOO\� E\� WKH� RXWGRRU� WHPSHUDWXUH��
7KHUHIRUH�� D� FRUUHODWLRQ� EHWZHHQ� WKHP� DQG� FOLPDWLF�
SDUDPHWHUV�VXFK�DV�KHDWLQJ�DQG�FRROLQJ�GHJUHH�KRXUV�
LV�OLNHO\���

+'+\� ������±�7H����LI�7H������&� ����

&'+\� ���7H���������LI�7H�!����&�
������������������VXP�RQO\�RYHU�KRXUV�RI�XVH�

����

*5+\� ����������LI�,JO�KRU�!����:�Pð�
������������������VXP�RQO\�RYHU�KRXUV�RI�XVH�

����

(TXDWLRQV� ���� WR� ���� JLYH� WKH�GHILQLWLRQV�RI� WKH� XVHG�
FOLPDWLF�SDUDPHWHUV�KHDWLQJ�DQG�FRROLQJ�GHJUHH�KRXUV�
DQG� WKH� JOREDO� UDGLDWLRQ� KRXUV�� )RU� FRROLQJ� DQG�
DUWLILFLDO� OLJKW�� LW� LV� DVVXPHG� WKDW� ERWK� DUH� UXQQLQJ�
RQO\�GXULQJ�WKH�WLPH�RI�XVH��$V�D�UHVXOW�� WKH�VXPV�LQ�
(TXDWLRQV�����DQG�����FRQVLGHUV�RQO\�WKH�WLPH�RI�XVH��
)RU� DUWLILFLDO� OLJKW� LW� LV� DVVXPHG� WKDW� LW� FRXOG� EH�
VZLWFKHG�RII�LI�WKH�JOREDO�KRUL]RQWDO�UDGLDWLRQ�UHDFKHV�
����:�Pð��
7KH� SDUDPHWHUV� +'+G� >.K�G@� DQG� &'+G� >.K�G@�
UHVS�� DUH� WKH� GDLO\� PD[LPXP� YDOXHV� RI� KHDWLQJ� DQG�
FRROLQJ�GHJUHH�KRXUV��7KH\�DUH�UHSUHVHQWDWLYH�IRU�WKH�
WHPSHUDWXUH� SHDNV� LQ� WKH� FOLPDWH�� D� FRUUHODWLRQ�ZLWK�
WKH�VL]H�RI�WKH�JHRWKHUPDO�V\VWHP�FRXOG�EH�H[SHFWHG��
7KH� HQHUJ\� GHPDQG� DQG� WKH� VL]H� RI� WKH� JHRWKHUPDO�
V\VWHP� ZHUH� VLPXODWHG� IRU� WKH� RSWLPLVHG� �EXW� DLU�
FRQGLWLRQHG��� RIILFH� URRP�� %HWZHHQ� WKHVH�

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

- 1395 -



DUFKLWHFWXUDO� SDUDPHWHUV� DQG� WKH� ILYH� FOLPDWLF�
SDUDPHWHUV�� D� JRRG� FRUUHODWLRQ� ZDV� IRXQG� E\� XVLQJ�
WKHVH�UHJUHVVLRQ�HTXDWLRQV��<� �$��;���%��
�

7DEOH���
9DULDEOHV�RI�UHJUHVVLRQ�HTXDWLRQV�EHWZHHQ�
DUFKLWHFWXUDO�DQG�FOLPDWLF�SDUDPHWHUV�

�

<� $� ;� %�
<HDUO\�FRROLQJ�HQHUJ\�
GHPDQG�>N:K�Pð�D@�

������� &'+\� ��������

<HDUO\�KHDWLQJ�HQHUJ\�
GHPDQG�>N:K�Pð�D@�

������� +'+\� ��������

0D[LPXP�GDLO\�FRROLQJ�
HQHUJ\�GHPDQG�>:K�Pð�G@�

������� &'+G� ��������

0D[LPXP�GDLO\�KHDWLQJ�
HQHUJ\�GHPDQG�>:K�Pð�G@�

������� +'+G� ��������

3RZHU�GHPDQG�DUWLILFLDO�
OLJKW�>N:K�Pð�D@�

������� *5+\� ��������

�

7KH� ILW� �5ð� YDOXH�� RI� WKHVH� UHJUHVVLRQV� OLHV� EHWZHHQ�
�����DQG�������)LJXUH���VKRZV�D�W\SLFDO�H[DPSOH��
�

�
)LJXUH�����&RUUHODWLRQ�EHWZHHQ�\HDUO\�FRROLQJ�

HQHUJ\�GHPDQG�DQG�FRROLQJ�GHJUHH�KRXUV�&'+\�DQG�
UHJUHVVLRQ�OLQH��

�

,Q�)LJXUH���LW�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�DOO�WKH�KRW�DQG�
KXPLG� ORFDWLRQV� DUH� DERYH� WKH� UHJUHVVLRQ� OLQH�
�FRROLQJ� GHPDQG� LV� KLJKHU� WKDQ� IRUHFDVWHG�� DQG� DOO�
WKH� KRW� DQG� GU\� RQHV� DUH� EHORZ� �VPDOOHU� FRROLQJ�
GHPDQG���7KH�UHDVRQ�IRU�WKLV�PD\�EH�WKDW� LQ�KRW�DQG�
GU\� FOLPDWHV� WKH� FRPELQDWLRQ� RI� KHDY\� FRQVWUXFWLRQ�
DQG� QLJKW� YHQWLODWLRQ� ZLWK� FRRO� QLJKW� DLU� KHOSV� WR�
UHGXFH�FRROLQJ�GHPDQG�� ,Q�KRW�DQG�KXPLG� ORFDWLRQV��
WKLV� LV� YHU\� OLPLWHG�� OHDGLQJ� WR� KLJKHU� FRROLQJ�
GHPDQG�� 7KXV�� D� GHWDLOHG� ORRN� LQWR� WKH� FRUUHODWLRQV�
EHWZHHQ� WKHVH� WZR� FOLPDWH� W\SHV� VKRXOG� KHOS� WR�
GHWHUPLQH�PRUH�DFFXUDWH�UHJUHVVLRQ�HTXDWLRQV��
,Q�JHQHUDO��EDVHG�RQ�WKH�UHJUHVVLRQ�HTXDWLRQV�JLYHQ�LQ�
7DEOH����WKH�HQHUJ\�GHPDQG�IRU�DQ�RSWLPLVHG��EXW�DLU�
FRQGLWLRQHG�� EXLOGLQJ� IRU� DQ\� ORFDWLRQ� LQ� WKH� ZRUOG�
FDQ� EH� IRUHFDVWHG� EDVHG� RQ� LWV� FOLPDWLF� SDUDPHWHUV�
DORQH��

&21&/86,21�$1'�287/22.�
7KH�HTXDWLRQV�LQ�7DEOH���SURYLGH�D�VLPSOH�PHWKRG�IRU�
SUHGLFWLQJ� KRZ� IDU� HQHUJ\� GHPDQG� FDQ� EH� UHGXFHG�

ZKHQ� RSWLPLVLQJ� WKH� EXLOGLQJ� DFFRUGLQJ� WR� ORFDO�
FOLPDWHV��
7KH� SURSRVHG� FRUUHODWLRQV� VHHP� WR� EH� D� JRRG�
DSSURDFK�� 2I� FRXUVH�� ZLWK� RQO\� ��� ORFDWLRQV�� WKH�
GDWDEDVH�LV�ZHDN�DQG�UHTXLUHV�H[SDQVLRQ��7KH�URRPV�
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