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7KH� SDSHU� SURSRVHV� DQ� LQQRYDWLYH� HQHUJ\�
SHUIRUPDQFHV� HYDOXDWLRQ� DQG� GHVLJQ� DSSURDFK��
GHYHORSHG�GXULQJ�WKH�,,��3K�'��,($�7DVN����6XPPHU�
6FKRRO�� 7KH� DLP� RI� WKH� ZRUN� LV� WR� FKHFN� WKH�
LPSRUWDQFH� RI� D� µGHVLJQ� ZLWK� FOLPDWH¶� DSSURDFK� LQ�
XQGHUVWDQGLQJ� KRZ� PXFK� FOLPDWH� FRQGLWLRQV� FDQ�
LQIOXHQFH�WKH�GHVLJQ�FKRLFHV��7KH�LGHD�LV�WR�IRFXV�RQ�
WKH�WHFKQLFDO�DQG�DUFKLWHFWXUDO�VROXWLRQV�WKDW�KDYH�WKH�
KLJKHVW�LPSDFW�RQ�WKH�RYHUDOO�HQHUJ\�SHUIRUPDQFHV�RI�
WKH�EXLOGLQJ�LQ�LWV�RULJLQDO�FOLPDWH��WKHQ�WR�PRYH�LW�WR�
D� FRPSOHWHO\� GLIIHUHQW� ORFDWLRQ�� UH�HYDOXDWLQJ� WKH�
HQHUJ\�SHUIRUPDQFHV�RI�WKH�EXLOGLQJ��LQ�FRQQHFWLRQ�WR�
WKH� QHZ� VLWH� FKDOOHQJHV��7KH� ODVW� VWHS� LV� D� UH�GHVLJQ�
VWXG\�LQ�RUGHU�WR�DFKLHYH�WKH�EHVW�SHUIRUPDQFHV�LQ�WKH�
QHZ�ORFDWLRQ���

,1752'8&7,21�
,Q�WKH�FRQWH[W�RI�WKH�MRLQW�LPSOHPHQWLQJ�DJUHHPHQW�RI�
WKH�SURJUDPV�6RODU�+HDWLQJ�DQG�&RROLQJ� �6+&��DQG�
(QHUJ\� &RQVHUYDWLRQ� LQ� %XLOGLQJV� DQG� &RPPXQLW\�
6\VWHPV� �(&%&6��6+&�7DVN� ���(&%&6�$QQH[� ���
RI� WKH�,QWHUQDWLRQDO�(QHUJ\�$JHQF\��,($��³7RZDUGV�
1HW�=HUR�(QHUJ\�6RODU�%XLOGLQJV´��WKH�FRQFHSW�RI�1HW�
=HUR� (QHUJ\� %XLOGLQJV� �1HW� =(%V�� LV� EHLQJ�
H[WHQVLYHO\� DQDO\]HG� LQ� RUGHU� WR� HVWDEOLVK� D� VKDUHG�
SRLQW� RI� YLHZ� EHWZHHQ� H[SHUWV� LQ� WKH� ILHOG�
�1DSROLWDQR�HW�DO�����������
7DVN���GHDOV�ZLWK�WKH�UHYLHZ�DQG�DQDO\VLV�RI�H[LVWLQJ�
1HW�=(%�GHILQLWLRQV�DQG�GDWD�DOVR�ZLWK�UHJDUGV�WR�WKH��
JULG� LQWHUDFWLRQ� DQG� HQHUJ\� PLVPDWFK� DQDO\VLV�
�6DORP�HW�DO�����������
2WKHU�FRUH�REMHFWLYHV�RI�WKH�7DVN����DUH�OLQNHG�WR�WKH�
GHYHORSPHQW� DQG� WHVWLQJ� RI� LQQRYDWLYH�� ZKROH�
EXLOGLQJ� VROXWLRQ� VHWV� IRU� FROG�� PRGHUDWH� DQG� KRW�
FOLPDWHV� ZLWK� H[HPSODU\� DUFKLWHFWXUH� DQG�
WHFKQRORJLHV� WKDW� ZRXOG� EH� WKH� EDVLV� IRU�
GHPRQVWUDWLRQ� SURMHFWV� DQG� LQWHUQDWLRQDO�
FROODERUDWLRQ�� 7KHVH� REMHFWLYHV� DUH� OHDGLQJ� WRZDUGV�
GHYHORSPHQWV� DQG� DVVHVVPHQWV� RI� FDVH� VWXGLHV�
�'RLURQ�HW�DO��������&HOOXUD�HW�DO��������*DUGH�HW�DO��
������� DQG� LQYHVWLJDWLRQV� RI� DGYDQFHG� LQWHJUDWHG�
GHVLJQ� FRQFHSWV� �+DFKHP� HW� DO�� ������ DQG�
WHFKQRORJLHV�LQ�VXSSRUW�RI�WKH�FDVH�VWXGLHV��
7DVN� ��� DOVR� DLPV� WR� LGHQWLI\� DQG� UHILQH� EXLOGLQJ�
GHVLJQ� DSSURDFKHV� DQG� WRROV�� 7KLV� REMHFWLYH� LV�
DFKLHYHG� WKURXJK� WKH� GRFXPHQWDWLRQ� � RI� SURFHVVHV�

DQG�WRROV��&HOOXUD�0��HW�DO�������$������%��FXUUHQWO\�
EHLQJ� XVHG� WR� GHVLJQ� 1HW� =(%V� DQG� XQGHU�
GHYHORSPHQW� E\� SDUWLFLSDWLQJ� FRXQWULHV�� ZKLOH�
VWUHVVLQJ�JDSV��QHHGV�DQG�SUREOHPV�LQ�WKH�PRGHOLQJ���
7KH� WZR� OHYHOV� RI� FRPSOH[LW\� RI�1HW� =(%V�� QDPHO\�
LQWHUDFWLRQ� RI� WKH� EXLOGLQJ� DV� D� ZKROH� ZLWK� WKH�
VXUURXQGLQJV�DQG�WKH�GHILQLWLRQ�RI�WHFKQLFDO�VROXWLRQV�
DEOH� WR� HQKDQFH� WKH� SHUIRUPDQFHV� RI� WKH� EXLOGLQJ�
LQVLGH� WKH�V\VWHP�ERXQGDULHV��GHILQH� WKH�FRUH�HIIRUWV�
QHHGHG� LQ� WKH� GHVLJQ� SURFHVV� RI� 1HW� =(%V�� 7KLV�
GXDOLW\� LV� PLUURUHG� LQ� WKH� GHILQLWLRQ� RI� ³6ROXWLRQ�
VHWV´��GHYHORSHG�LQ�WKH�FRQWH[W�RI�7DVN�����
$� VROXWLRQ� VHW� FDQ� EH� LQWHUSUHWHG� DV� D� WHFKQLFDO��
DUFKLWHFWXUDO� HOHPHQW� WKDW� DOORZV� WKH� RYHUDOO� V\VWHP�
WR� IDFH� LWV� GHVLJQ� FKDOOHQJHV�� H�J�� ORZHULQJ� WKHUPDO�
ORDGV�SHDNV��IDFH�ULJLG�FOLPDWHV�HWF��$W�WKH�VDPH�WLPH�
LW� LV� FOHDU� WKDW� D� EXLOGLQJ�� DV� D� ZKROH�� FDQ� EH�
FRQVLGHUHG� D� VROXWLRQ� VHW�� FRQVLGHULQJ� LW� DV� D� XQLTXH�
V\VWHP��GHVLJQHG�LQ�RUGHU�WR�RYHUFRPH�WKH�FKDOOHQJHV�
WKDW� WKH� FOLPDWH�� RFFXSDQWV¶� EHKDYLRXU� DQG� WKH�
ORFDWLRQ�DOO�FRQWULEXWH�WR�GHILQH��
7KH�ZRUN�SUHVHQWHG�E\�WKH�DXWKRUV�LV�LQVFULEHG�LQ�WKH�
FRQWH[W�RI�WKH�7DVN����DQG��LQ�GHWDLO��KDV�EHHQ�ODUJHO\�
GHYHORSHG� GXULQJ� WKH� ,,QG� ,QWHUQDWLRQDO� (QHUJ\�
$JHQF\��,($��7DVN����6XPPHU�3K�'��ZRUNVKRS�WKDW�
ZDV� KHOG� LQ� &DUJqVH� �&RUVLFD�� LQ� 6HSWHPEHU� ������
7KH�VWXG\�IRFXVHV�RQ�WKH�WKHUPR�SK\VLFDO�DQDO\VLV�RI�
RQH�RI�WKH�VL[�UHVLGHQWLDO�FDVH�VWXGLHV�SURSRVHG�DW�WKH�
VXPPHU�VFKRRO� �(QHUJ\)OH[+RXVH��DQG� LWV� UHGHVLJQ��
7KH�SURSRVHG�GHVLJQ�VWUDWHJ\�� LQ� LWV� ILUVW�VWDJH��DLPV�
WR� DQDO\]H� WKH� LQFLGHQFH� RI� WKH� PRVW� LPSRUWDQW�
VROXWLRQV� RI� WKH� RULJLQDO� FDVH�VWXG\� RQ� WKH� HQHUJ\�
SHUIRUPDQFHV� RI� WKH� EXLOGLQJ�� 7KH� VHFRQG� OHYHO� RI�
DQDO\VLV�IRFXVHV�RQ�WKH�DGDSWDWLRQ�RI�WKH�ROG�EXLOGLQJ�
LQWR�D�QHZ�FOLPDWH��IURP�WKH�FROG�GRPLQDWHG�FOLPDWH�
RI� &RSHQKDJHQ� WR� WKH� WURSLFDO� RQH� RI� /D� 5pXQLRQ�
,VODQG��

0(7+2'�
7KH�FDVH�VWXG\�
7KH�(QHUJ\)OH[+RXVH�LV�ORFDWHG�LQ�'HQPDUN��DURXQG�
��� NP� IURP� &RSHQKDJHQ�� ,W� FRQVLVWV� RI� WZR� VLQJOH�
IDPLO\�KRXVHV�RI�DURXQG�����P��RI�KHDWHG�DUHD�HDFK�
DQG�LV�LQ�RSHUDWLRQ�VLQFH�IDOO�������7KH�EXLOGLQJV�DUH�
FRQVWUXFWHG� RQ� WZR� OHYHOV�� WKH� NLWFKHQ� DQG� D� ELJ�
OLYLQJ�URRP�DUH� ORFDWHG�RQ� WKH�XSSHU�IORRU�ZKLOH� WKH�
EHGURRPV��EDWKURRPV�DQG� WHFKQLFDO� ]RQHV� DUH� LQ� WKH�
JURXQG� OHYHO��7KH�EXLOGLQJV� DLP�DW� YHU\� ORZ�HQHUJ\�
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FRQVXPSWLRQV� WKURXJK� WKH� XVH� RI� HQHUJ\� HIILFLHQW�
HTXLSPHQW�DQG�DSSOLDQFHV� LQ�FRPELQDWLRQ� WR�SDVVLYH�
GHVLJQ�VROXWLRQV�DQG�KHDW�UHFRYHU\�V\VWHPV��
$OO� WKH� � ZDOOV� LQ� WKH� EXLOGLQJ� FRPSULVH� D� FRUH�
LQVXODWHG�ZRRGHQ�IUDPH�VWUXFWXUH���WKH�8�YDOXH�RI�WKH�
YHUWLFDO� FRQVWUXFWLRQ� HOHPHQWV� LV� DURXQG� �����:�P��
�&��WKH�URRI�KDV�D�8�YDOXH�HTXDO�WR������:�P���&�DQG�
WKH�JURXQG�IORRU�YDOXH�LV������:�P���&���7KH�DYHUDJH�
8�YDOXH� IRU�ZLQGRZV� �WULSOH� JOD]LQJ�� LV� DURXQG������
:��P���&�DQG�WKH�DYHUDJH�OHDNDJH�UDWH�LV�DURXQG������
O��VîP��� DW� ��� 3D�� 7KH� FRPSDFW� IRUP� �+LJK�
YROXPH�VXUIDFH� UDWLR��� VWUDWHJLFDOO\� SODFHG� ZLQGRZV�
LQ� RUGHU� WR� PLQLPL]H� HOHFWULFDO� FRQVXPSWLRQ� IRU�
OLJKWLQJ�� PRELOH� VRODU� VKDGLQJV� DQG� QDWXUDO�
YHQWLODWLRQ� VWUDWHJLHV� GXULQJ� VXPPHU� DUH� RWKHU�
SDVVLYH� WHFKQLTXHV� WKDW�KDYH�EHHQ� ODUJHO\�DSSOLHG� WR�
WKH�(QHUJ\)OH[+RXVH��
�

�
)LJXUH���7KH�(QHUJ\)OH[+RXVH�

�
7KH�1HW� ]HUR� HQHUJ\� WDUJHW� LV� DFKLHYHG� WKURXJK� WKH�
SKRWRYROWDLF��39��V\VWHP�PRXQWHG�RQ�WKH�URRI�VRXWK�
RULHQWHG��7KH�39�SDQHOV�� WLOWHG�DW������FRYHU�DQ�DUHD�
RI� ��� P�� DQG� \LHOG� PRUH� WKDQ� ���� N:K� RI� ILQDO�
HQHUJ\�SHU�\HDU�DQG�P��RI�KHDWHG�IORRU��DURXQG������
N:K�SHU�\HDU�DQG�P��RI�39����
7KH�GRPHVWLF�KRW�ZDWHU�QHHGV�DUH�FRYHUHG�E\�D�VRODU�
WKHUPDO� V\VWHP� ����� P�� RQ� WKH� VRXWK� RULHQWHG�� ����
WLOWHG� URRI�� DQG� D� KHDW� SXPS�� ERWK� V\VWHPV� DUH�
FRQQHFWHG�WR�D�����O�VWRUDJH�WDQN��+HDWLQJ�QHHGV�DUH�
KDQGOHG�E\�D�JURXQG�ZDWHU� VRXUFH�KHDW�SXPS�ZLWK�D�
QRPLQDO�����&23��DW�PD[LPXP�ORDG��FRQQHFWHG�WR�D�
UDGLDQW�IORRUV�DQG�UDGLDWRUV�KHDW�GHOLYHU\�V\VWHP��

7KH�6ROXWLRQ�VHWV�PHWKRG�
7KH� VWXG\� KDV� EHHQ� GHYHORSHG� WKURXJK� WKH� XVH� RI�
(QHUJ\� 3OXV� PRGHOV� WKDW� ZHUH� FUHDWHG� E\� WKH� ,($�
WDVN� ��� VXEWDVN� &� PHPEHUV�� 7KH� PDLQ� DLP� RI� WKH�
VXPPHU� VFKRRO� ZDV� QRW� WR� HQKDQFH� WKH� PRGHOOLQJ�

FDSDELOLWLHV�RI� WKH�SDUWLFLSDQWV�� LQVWHDG�� WKH� LGHD�ZDV�
WR� KDYH� WKH� SRVVLELOLW\� WR� EUDLQVWRUP� QHZ� FRQFHSWV�
DQG� LGHDV� ZLWKRXW� ZRUU\LQJ� DERXW� WHFKQLFDO�UHODWHG�
LVVXHV�� � 7KH� VWXG\� GRHV� QRW� DLP� WR� REWDLQ� DQ�
LQVWUXPHQW� DEOH� WR� PRGHO� ZLWK� WKH� EHVW� SRVVLEOH�
UHVROXWLRQ� WKH� FDVH� VWXG\� H[DPLQHG�� 7KH� DLP� RI� WKH�
DXWKRUV� ZDV� WR� DSSO\� D� QHZ� DQDO\VLV� DSSURDFK�� LQ�
RUGHU�WR�VKRZ�WKDW�WKH�GHVLJQ�RI�1HW�=(%V�FDQQRW�EH�
GHYHORSHG� LI� QRW� LQ� FRQMXQFWLRQ�ZLWK� D� VLWH� DQDO\VLV�
DQG� PXOWLGLVFLSOLQDU\� ELRFOLPDWLF� DSSURDFKHV�� 7KH�
VWXG\� ZLOO� EH� WKHUHIRUH� FRQGXFWHG�ZLWK� WKH� XVH� RI� D�
VLPSOLILHG�WRRO�DEOH�WR�IRUHVHH�WUHQGV�DW�DQ�HDUO\�VWDJH�
RI�GHVLJQ�PRGHOLQJ�UHVROXWLRQ���
7KH�ILUVW�VWHS�RI�WKH�VWXG\�IRFXVHV�RQ�WKH�DVVHVVPHQW�
RI�WKH�HQHUJ\�SHUIRUPDQFHV�RI�WKH�EXLOGLQJ��
7KH� HQHUJ\� ORDGV� DUH� HVWLPDWHG� IL[LQJ� KHDWLQJ� DQG�
FRROLQJ�VHW�SRLQWV��QDPHO\����&�DQG����&��D�*LYRQL�
�*LYRQL�� ������ FRPIRUW� DQDO\VLV� KDV� DOVR� EHHQ�
GHYHORSHG� E\� UXQQLQJ� WKH� EDVH� EXLOGLQJ� PRGHO� LQ�
IUHH�IORDWLQJ�PRGH��
&RQVLGHULQJ��DW� WKLV� VWDJH�� WKH� VROXWLRQ�VHW�GHILQLWLRQ�
FRQQHFWHG� WR� WKH� VLQJOH� DUFKLWHFWXUDO� DQG� WHFKQLFDO�
HOHPHQWV��DQG�QRW�WR�WKH�EXLOGLQJ�DV�D�ZKROH��WKH�LGHD�
LV�WR�³UHGXFH´�RU�³LQFUHDVH´��DFFRUGLQJO\��WKH�LPSDFW�
RI� WKH� DIRUHPHQWLRQHG� VROXWLRQV�� LQ� RUGHU� WR� DVVHVV�
WKHLU�LQFLGHQFH�RQ�WKH�RYHUDOO�HQHUJ\�UHTXLUHPHQWV�LQ�
WHUPV�RI�ILQDO�HQHUJ\�DQG�LGHDO�WKHUPDO�ORDGV��
,Q�RUGHU�WR�DVVHVV�WKH�LPSRUWDQFH�RI�YHQWLODWLRQ��DV�DQ�
H[DPSOH��WKH�QXPEHU�RI�DLU�FKDQJHV�SHU�KRXU� �$&+��
KDV�EHHQ�VHW�WR�QHDUO\�]HUR��7KH�UHVXOWV�RI�WKLV�NLQG�RI�
DQDO\VLV� KDYH� EHHQ� FRPSDUHG� WR� WKH� EDVHOLQH�
VFHQDULR�� LQ� WHUPV� RI� HQHUJ\� UHTXLUHPHQWV� ��P�� \HDU�
DQG�RI�SHUFHQWDJH�RI�FRPIRUW�KRXUV�RQ�WKH�WRWDO�IRU�D�
\HDU�� WR� FKHFN� WKH� LPSRUWDQFH� RI� HDFK� VROXWLRQ� LQ�
RYHUFRPLQJ� WKH� W\SLFDO� FKDOOHQJHV� RI� WKH� 'DQLVK�
FOLPDWH�� 2QFH� WKH� VROXWLRQV� KDYH� EHHQ� DQDO\VHG� LQ�
GHWDLO� LQ�WKH�FOLPDWH�RI�&RSHQKDJHQ��WKH�QH[W�VWHS�LV�
WKH� VLPXODWLRQ� RI� WKH� EDVH� EXLOGLQJ� LQ� WKH� WURSLFDO�
FOLPDWH� RI� /D� 5HXQLRQ�� LW� KDV� EHHQ� LPDJLQHG� WR�
SK\VLFDOO\� GHWDFK� WKH� (QHUJ\)OH[+RXVH� µDV� LW� LV¶�
IURP�'HQPDUN�DQG�SXW�LW�RQ�WKH�QHZ�ORFDWLRQ��
7KH�ILUVW�SDUW�RI� WKH�/D�5pXQLRQ�VHFWLRQ�RI�WKH�ZRUN�
LV� DJDLQ� WKH� DVVHVVPHQW� RI� WKH� FRPIRUW� OHYHO� DQG� RI�
WKH� HQHUJ\� SHUIRUPDQFHV� RI� WKH� EXLOGLQJ�� LQ� RWKHU�
ZRUGV� LW� LV� D� ZD\� WR� HVWLPDWH� WKH� LQFLGHQFH� RI� D�
FRPSOHWHO\� GLIIHUHQW� FOLPDWH� FKDOOHQJH� WR� D� VROXWLRQ�
VHW� �WKH� ZKROH� EXLOGLQJ�� VSHFLILFDOO\� GHVLJQHG� WR� EH�
HIIHFWLYH�LQ�DQRWKHU�FRQWH[W��
7KH�QH[W� VHFWLRQ�RI� WKH�ZRUN� LV� WKH�GHILQLWLRQ�RI� WKH�
PRVW�LPSRUWDQW�VROXWLRQV�WKDW�PD\�EH�HIIHFWLYH�LQ�WKH�
GLIIHUHQW�FOLPDWH�� ,Q�WKLV�ZD\��D�QHZ�VHW�RI�VROXWLRQV�
ZLOO�EH�HYDOXDWHG�IROORZLQJ�WKH�SUHYLRXVO\�GHVFULEHG�
VFKHPH��XS�WR�D�µEHVW�FDVH¶�WKDW�ZRXOG�LQYROYH�DOO�WKH�
PRVW� LPSDFWLQJ� VROXWLRQV� DQG� EH� WKH� ILQDO� WDUJHW� RI�
WKH�VWXG\��
�
�
�
�
�
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�
7DEOH���

$YHUDJH�PRQWKO\�WHPSHUDWXUHV�>&�@��7��DQG�
KRUL]RQWDO�UDGLDWRQ�>:�P�@��+5���IRU�WKH�WZR�VLWHV��

6RXUFH��(QHUJ\��ZHDWKHU�ILOHV�
�

�� Denmark� La Réunion�
� 7� +5� 7� +5�
-DQ� �� ��� ��� ����
)HE� �� ��� ��� ����
0DU� �� ��� ��� ����
$SU� �� ��� ��� ����
0D\� ��� ���� ��� ����
-XQ� ��� ���� ��� ����
-XO� ��� ���� ��� ����
$XJ� ��� ���� ��� ����
6HS� ��� ��� ��� ����
2FW� �� ��� ��� ����
1RY� �� ��� ��� ����
'HF� �� ��� ��� ����

7KH� ZRUN� KDV� EHHQ� GHYHORSHG� LQ� DFFRUGDQFH� WR� WKH�
IUDPHZRUN� DQDO\VHG� LQ� 7DVN� ���� 7KH� SURSRVHG�
PHWKRGRORJ\� KDV� DOORZHG� WR� MRLQWO\� GHYHORS�
WUDGLWLRQDO� DSSURDFKHV� �ELRFOLPDWLF�� GHVLJQ� ZLWK�
FOLPDWH��WR�WKH�PRVW�UHFHQW�1HW�=(%�RQHV��ZKHUH�WKH�
ELRFOLPDWLF� QHHGV� DUH� FRQQHFWHG� WR� WKH� QHHG� WR�
PD[LPL]H� HQHUJ\� JHQHUDWLRQ�� 7KH� LPSRUWDQFH� RI�
FOLPDWH� DQG� VLWH� FKRLFH� LQ� DFFRUGDQFH� WR� WKH� VDPH�
PHWKRGRORJLFDO�IUDPHZRUN�KDV�EHHQ�DVVHVVHG��

0RVW� OLNHO\�� WKH� EHVW� VROXWLRQ� VHWV� WKDW� ZLOO� EH�
LGHQWLILHG� IRU� /D� 5pXQLRQ�� ZLOO� EH� FRPSOHWHO\�
GLIIHUHQW� IURP� WKH� RQHV� WKDW� ZHUH� HIIHFWLYH� LQ�
'HQPDUN��EHFDXVH��DV�WDEOH���VKRZV��WKH�WZR�FOLPDWH�
DUH�GLIIHUHQW��H�J��DYHUDJH�WHPSHUDWXUH�LQ�/D�5HXQLRQ�
KLJKHU�DW�OHDVW������&�WKDQ�WKH�'HQPDUN�RQH���

0RGHOOLQJ�WKH�(QHUJ\)OH[+RXVH�
7KH� (QHUJ\)OH[+RXVH� KDV� EHHQ� VLPXODWHG� LQ� LWV�
RULJLQDO� 'DQLVK� FRQILJXUDWLRQ�� DQG� WKH� PDLQ� UHVXOWV�
ZLOO�EH�QRZ�SUHVHQWHG��
7KH� PDLQ� 1HW� =(%� EDODQFH� GHILQLWLRQ� WKDW� LV�
SUHVHQWHG�LQ��1DSROLWDQR��$��HW�DO��������LV�GHVFULEHG�
LQ�HTXDWLRQ����
�
|𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑𝑆𝑢𝑝𝑝𝑙𝑦| − |𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑𝐷𝑒𝑚𝑎𝑛𝑑| = 0(1)�
 �
:HLJKWLQJ� IDFWRUV� DUH� FRQVLGHUHG� WR� EH� HTXDO� WR� ���
ILQDO�HOHFWULF�HQHUJ\�EDODQFHV�KDYH�EHHQ�DVVHVVHG��
8QGHU�WKLV�K\SRWKHVLV��WKH�(QHUJ\)OH[+RXVH�LV�D�1HW�
=HUR� (QHUJ\� %XLOGLQJ� DV� FOHDUO\� VWDWHG� LQ� ILJXUH� ���
WKH� RYHUDOO� XVH� RI� HOHFWULF� HQHUJ\� DFFRXQWV� IRU� ���
N:K�P�� \HDU�� ZKLOH� WKH� JHQHUDWLRQ� LV� HTXDO� WR� ���
N:K�P��\HDU�

�
)LJXUH���1HW�=(%�EDODQFH�IRU�WKH�(QHUJ\)OH[+RXVH�
FDVH�VWXG\�
�
)LJXUH���VKRZV�WKH�RYHUDOO�ILQDO�HQHUJ\�FRQVXPSWLRQV�
IRU� WKH� RULJLQDO� FDVH� VWXG\�� 7KH� RYHUDOO� KHDWLQJ� DQG�
FRROLQJ� FRQVXPSWLRQV� DFFRXQW� IRU� �� DQG� �� N:K�P��
\HDU�UHVSHFWLYHO\��7KH�DVVHVVHG�WKHUPDO�ORDGV�IRU�WKH�
ZKROH�\HDU�DUH�DURXQG����N:K��P��\���
7KH� KLJKHVW� FRQWULEXWLRQ� WR� RYHUDOO� HQHUJ\�
FRQVXPSWLRQV� LV� GXH� WR� WKH� LQWHULRU� HTXLSPHQW� XVH��
7KH� ORZ� EXLOGLQJ� FRQVXPSWLRQV� FDQ� EH� HDVLO\�
H[SODLQHG� E\� D�*LYRQL� FRPIRUW� ]RQH� DQDO\VLV� RI� WKH�
IUHH�IORDWLQJ�EXLOGLQJ��

�
)LJXUH� �� 6SOLW� ILQDO� HQHUJ\� FRQVXPSWLRQ� IRU� WKH�
RULJLQDO�FDVH�VWXG\�
�
,Q�RUGHU�WR�DFKLHYH�EHWWHU�FODULW\�RQO\�D�IUDFWLRQ�RI�WKH�
SRLQWV�FRQWDLQHG� LQ�RQH�\HDU�KDYH�EHHQ�H[DPLQHG� LQ�
ILJXUH� ��� 7KH� GDUNHU� SRLQWV� DUH� FRQQHFWHG� WR� WKH�
RXWVLGH� FRQGLWLRQV�� ZKLOH� WKH� RWKHUV� UHSUHVHQW� WKH�
LQGRRU� FRQGLWLRQV�� 7KH� SRLQWV� LQVLGH� WKH� VPDOOHU�
SHQWDJRQ� WKDW� LV� GUDIWHG� EHWZHHQ� ��� DQG� ���GHJUHHV�
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UHSUHVHQW� WKH� FRPIRUW� ]RQH� IRU� VWLOO� LQWHUQDO� DLU��7KH�
ODUJHU�SHQWDJRQ��WKDW�GHYHORSV�IURP����WR����GHJUHHV�
�&��UHSUHVHQWV�WKH�FRPIRUW�]RQH�IRU���P�V�DLU��
�

�
)LJXUH� �� *LYRQL� FRPIRUW� ]RQH� DQDO\VLV� IRU� WKH�
RULJLQDO�EXLOGLQJ�LQ�'HQPDUN�
�
7KH� H[WHUQDO� HQYLURQPHQW� SRLQWV� DUH� PRVWO\�
FRPSULVHG� LQ� WKH� GLVFRPIRUW� ]RQH�� ZKLOH� WKH� LQQHU�
EXLOGLQJ� FRQGLWLRQV� DUH� GHVFULEHG� LQ� WKH� IROORZLQJ�
WDEOH��WDE�����
�

7DEOH���
&RPIRUW�DQDO\VLV¶�UHVXOWV�IRU�WKH�RULJLQDO�FDVH�VWXG\�

LQ�'HQPDUN�
&RPIRUW�KRXUV����P�V�� ����
&RPIRUW�KRXUV����P�V�� ����

�
)RU�VWLOO�DLU� WKH������RI�KRXUV�LQ�D�\HDU�GR�QRW�QHHG�
KHDWLQJ�RU� FRROLQJ��7KH� VLWXDWLRQ�GRHV�QRW� JHW�PXFK�
EHWWHU�LI�WKH�DLU�VSHHG�ULVHV�WR���P�V�������DV�D�ODUJH�
SDUW� RI� WKH� GLVFRPIRUW� KRXUV� LV� FDXVHG� E\� YHU\� ORZ�
WHPSHUDWXUH��
7KH� QH[W� VHFWLRQV� ZLOO� GHVFULEH� WKH� SURSRVHG�
PHWKRG¶V� UHVXOWV� IRU� ERWK� WKH�'HQPDUN� FDVH� DQG� WKH�
/D�5HXQLRQ�RQH��

5(68/76�$1'�',6&866,21�
$VVHVVLQJ� WKH� LPSRUWDQFH� RI� VROXWLRQ� VHWV� LQ� WKH�
RULJLQDO�EXLOGLQJ�
7KH�IROORZLQJ�VROXWLRQV�ZHUH�DQDO\VHG���

�� YHQWLODWLRQ�
�� LQVXODWLRQ�
�� WKHUPDO�PDVV�
�� VL]H�RI�WKH�VRXWK�RULHQWHG�ZLQGRZ��

(DFK� VWHS� ZDV� DVVHVVHG� ZLWK� D� VHSDUDWH� VLPXODWLRQ��
UHVXOWV�ZHUH�UHFRUGHG�DQG�FRPSDUHG��7KH�YHQWLODWLRQ�
����ZDV�VHW�WR�D�YDOXH�FORVH�WR�]HUR�RQ�DOO�WKH�KRXUV�RI�
WKH�GD\�GXULQJ�WKH�ZKROH�\HDU��WKH�LQVXODWLRQ�����ZDV�
UHGXFHG��8�YDOXH�RI�WKH�LQVXODWLRQ�OD\HUV�ZDV�UHGXFHG�

E\� D� KDOI��� 0RUHRYHU�� D� QHZ� FRPSRVLWLRQ� RI� WKH�
HQYHORSH� ����� PXFK� PRUH� PDVVLYH� DQG� ZLWK� ORZHU�
LQVXODWLRQ�� ZDV� WHVWHG� LQ� WKH� 'DQLVK� FOLPDWH�� 7KLV�
HQYHORSH� LV� W\SLFDO� RI� WKH� WURSLFDO� FOLPDWHV� DQG� LV�
FXUUHQWO\� XVHG� LQ� WKH� (1(5326� EXLOGLQJ� �*DUGH� HW�
DO�� ������� 7KH� ODVW� VFHQDULR� ���� VLPXODWHV� D� ODUJHU�
�������ZLQGRZ�LQ�WKH�VRXWK�IDoDGH��
)LJ���VKRZV�WKH�RYHUDOO�WKHUPDO�LGHDO�ORDGV�FDOFXODWHG�
IRU�WKH�EDVH�FDVH�DQG�IRU�WKH�IRXU�GLIIHUHQW�VFHQDULRV��
7KH� PRVW� LPSDFWLQJ� LV� WKH� LQVXODWLRQ��:KHWKHU� LW� LV�
UHGXFHG�RU�VXEVWLWXWHG�E\�PDVVLYH�OD\HUV��WKH�UHVXOW�LV�
D� YHU\� ODUJH� LQFUHDVH� LQ� KHDWLQJ� ORDGV�� $� W\SLFDO�
WURSLFDO�PDVVLYH�HQYHORSH�XVHG�LQ�WKH�'DQLVK�FOLPDWH��
LQ�IDFW��FDXVHV�D�ODUJHU�RYHUDOO�KHDWLQJ�FRQVXPSWLRQV�
LQFUHDVH�� :KLOH� LW� KDV� FHUWDLQO\� D� KLJK� LPSDFW� RQ�
EXLOGLQJV�ZLWK�H[WHQVLYHO\�DSSOLHG�QDWXUDO�YHQWLODWLRQ�
VWUDWHJLHV��IRU�WKH�VHOHFWHG�FDVH�VWXG\�YHQWLODWLRQ�ZDV�
QRW�WKH�PRVW�LPSRUWDQW�VROXWLRQ�FKRVHQ��DQG�WKHUHIRUH�
LWV� LQFLGHQFH� RQ� WKH� ORDGV� LV� ORZ�� ,W� PXVW� EH� QRWHG�
DQ\ZD\� WKDW� WKH� UHVXOWV� DUH� FRQVLVWHQW� ZLWK� WKH�
SK\VLFV� RI� WKH� SUREOHP�� D� EXLOGLQJ� QRW� YHQWLODWHG��
ZLWK� ODUJH� ZLQGRZV�� RFFXSDQWV� DQG� LQWHUQDO� ORDGV�
ZRXOG� GHILQLWHO\� WHQG� WR�PXFK� KLJKHU� FRROLQJ� ORDGV�
DQG�VPDOOHU�KHDWLQJ�RQHV��7KH�ODVW�VROXWLRQ�H[DPLQHG��
D�ODUJHU�ZLQGRZ�RQ�WKH�VRXWK�IDoDGH�KDV�D�ORZ�LPSDFW�
RQ� WKH� UHVXOWV�� VKRZLQJ� D� VPDOO� ULVH� LQ� FRROLQJ�
FRQVXPSWLRQV�DQG�D�ORZHULQJ�RI�WKH�KHDWLQJ�QHHGV���
)LJXUH���VKRZV��LQVWHDG��WKH�QXPEHU�RI�FRPIRUW�KRXUV�
IRU� WKH� VFHQDULRV� FDOFXODWHG� LQ� IUHH�IORDWLQJ� PRGH��
EHLQJ�FRQVLVWHQW�ZLWK�WKH�UHVXOWV�RI�ILJ����
�

�
)LJXUH� �� ,GHDO� ORDGV� IRU� WKH� H[DPLQHG� VROXWLRQV� LQ�
'HQPDUN�
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�
)LJXUH� �� *LYRQL� FRPIRUW� ]RQH� DQDO\VLV� ±� KRXUV� RI�
FRPIRUW�SHU�VFHQDULR�LQ�'HQPDUN�
�
6RPH� DSSDUHQWO\� FRQWUDGLFWRU\� UHVXOWV� EHWZHHQ� WKH�
WZR�VHOHFWHG�DLU�VSHHGV�FDQ�EH�HDVLO\�H[SODLQHG�ZLWK�
WKH� WHPSHUDWXUH� DQG� KXPLGLW\� FRPIRUW� ERXQGDU\�
YDOXHV� VHW� XS� LQ� WKH� DQDO\VLV� DQG�ZLWK� WKH� QDWXUH� RI�
WKH�VFHQDULRV��
6ZLWFKLQJ� WR���P�V�PHDQV� WKDW�VRPH�SRLQW� WKDW�ZHUH�
FRPIRUWDEOH� EHIRUH�� EHWZHHQ� ��� DQG� ��� �&� QRZ� DUH�
RXWVLGH�WKH�*LYRQL�FRPIRUW�]RQH��$W�WKH�VDPH�ZD\�LW�
PHDQV� WKDW� PDQ\� SRLQWV� WKDW� ZLWK� WKH� SUHYLRXV�
FRQILJXUDWLRQ� ZHUH� RXWVLGH� RI� WKH� FRPIRUW� ]RQH�
EHFDXVH� WKH� XSSHU� WHPSHUDWXUH� VHWXS� ZDV� ���� QRZ�
PD\� EH� LQFOXGHG�� 7KH� YHQWLODWLRQ� VFHQDULR� LV�
FKDUDFWHUL]HG�E\�VHYHUH�RYHUKHDWLQJ�LQ�D�ODUJH�SDUW�RI�
WKH�VLPXODWHG�\HDU��WKHUHIRUH�VZLWFKLQJ�WR�D�KLJKHU�DLU�
VSHHG�KDV�SRVLWLYH� UHVXOWV�RQ� WKH� QXPEHU�RI�FRPIRUW�
KRXUV�� 9LFH� YHUVD�� WKH� WKHUPDO� PDVV� DQG� LQVXODWLRQ�
VFHQDULRV�� FDXVLQJ� ODUJHO\� LQFUHDVHG� KHDWLQJ� LGHDO�
ORDGV��PRYH� WKH�KRXUO\�SRLQWV�SRSXODWLRQ�RQ� WKH� OHIW�
RI�WKH�*LYRQL�]RQH��DV�UHVXOW�RI�D�VHYHUH�RYHUFRROLQJ��
)RU� WKLV� UHDVRQ��ZKHQ�VZLWFKLQJ� WR�KLJKHU�DLU�VSHHGV�
WKH�SHUFHQWDJH�RI� WKH� FRPIRUW� KRXUV�PXVW� LQHYLWDEO\�
EH�ORZHU��
�

0RYLQJ�WR�/D�5pXQLRQ�
�
7KH�EXLOGLQJ�KDV�QRZ�EHHQ�PRYHG�WR�/D�5pXQLRQ��DV�
LW�ZDV�EXLOW�LQ�'HQPDUN��DQG�VLPXODWHG�DJDLQ��
)LJXUH� �� VKRZV� WKH� PDLQ� UHVXOWV� RI� WKH� RULJLQDO�
'DQLVK�FDVH�VWXG\��VLPXODWHG�LQ�/D�5HXQLRQ��
�

�
)LJXUH� �� (OHFWULFDO� HQHUJ\� FRQVXPSWLRQ� DQG�
SURGXFWLRQ�IRU�/D�5HXQLRQ��EDVH�FDVH�
�
7KH� EXLOGLQJV¶� RYHUDOO� FRQVXPSWLRQV� DUH� DURXQG� ���
N:K��P��\��DQG��DW�D�ILUVW�VLJKW��WKH�(QHUJ\)OH[+RXVH�
PLJKW� DFWXDOO\� VHHP� D� 1HW� =(%� LQ� WHUPV� RI� ILQDO�
HQHUJ\�DOVR�LQ�/D�5HXQLRQ��
$� PRUH� LQ�GHSWK� DQDO\VLV� OHDGV�� KRZHYHU�� WR�
XQGHUVWDQG�WKDW�WKHUPDO�ORDGV�HTXDO�WR����N:K��P��\��
FDQQRW� EH� DFFHSWDEOH� LQ� D� 1HW� =(%�� DQG� WKH� RQO\�
UHDVRQ� IRU� WKH� EXLOGLQJ� WR� DFWXDOO\� EH� DEOH� WR� UHDFK�
WKH�1HW� =(%�EDODQFH� LV� D�PXFK� RYHUVL]HG�39�SODQW�
�(OHFWULFLW\�SURGXFWLRQ�LV�DURXQG����N:K��P��\���IRU�
WKH� VHOHFWHG� ORFDWLRQ�� ,W� KDV� EHHQ� YHULILHG� WKDW� WKH�
EXLOGLQJ�ZLOO� UHDFK� WKH�1HW�=(%� WDUJHW� HDVLO\� LQ� WKH�
QHZ�FOLPDWH��EHFDXVH�WKH�JHQHUDWLRQ�V\VWHP�LV�ODUJHO\�
RYHUVL]HG��$V�WKH�DLP�RI�WKH�SDSHU�LV�QRW�WKH�RSWLPDO�
VL]LQJ� RI� WKH� 39� V\VWHP� EXW� WKH� DVVHVVPHQW� RI� WKH�
LQFLGHQFH�RI�FOLPDWH�LQ�RSWLPDO�GHVLJQ��IURP�QRZ�RQ�
WKH� SHUVSHFWLYH� ZLOO� EH� IRFXVHG� RQ� LGHDO� ORDGV� DQG�
FRPIRUW�DQDO\VLV��WR�RSWLPL]H�WKH�ORDG�VLGH���
7KH� FRPIRUW� DQDO\VLV� IRU� WKH� RULJLQDO� FDVH� VWXG\�
PRYHG� WR�/D�5pXQLRQ� VKRZV� D� YHU\� ORZ�SHUFHQWDJH�
RI� FRPIRUW� KRXUV� LQ� WKH� �� P�V� VLWXDWLRQ� DQG� DQ�
LQFUHDVH� ZKHQ� VZLWFKLQJ� WR� �� P�V�� 7KLV� LV� D�
UHDVRQDEOH� UHVXOW� DV� WKH� PDMRULW\� RI� GLVFRPIRUW�
FRQGLWLRQV� KRXUV� LV� FRQQHFWHG� WR� RYHUKHDWLQJ� LVVXHV��
DV�ILJXUH���VXJJHVWV��
�

7DEOH���
 &RPIRUW�DQDO\VLV¶�UHVXOWV�IRU�WKH�RULJLQDO�FDVH�VWXG\�

LQ�/D�5pXQLRQ�
 &RPIRUW�KRXUV����P�V�� ���

&RPIRUW�KRXUV����P�V�� ����
�
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,Q� ILJXUH� ��� WKH� PDLQ� VROXWLRQV¶� LPSDFW� ZLOO� EH�
DQDO\VHG� DQG� LQ� ILJXUH� �� WKH� FRPIRUW� DQDO\VLV� LV�
VKRZQ�� ,Q� D� ILUVW� VWHS� WKH� RULJLQDO� EXLOGLQJ� ZLOO� EH�
PRGLILHG��RQH�VROXWLRQ�DW�D�WLPH��,Q�D�VHFRQG�RQH��WKH�
EHVW�VROXWLRQV�ZLOO�EH�DVVHPEOHG�LQ�RUGHU�WR�REWDLQ�WKH�
ILQDO�UHGHVLJQHG�1HW�=(%��
6RPH� FRQWURYHUVLDO� UHVXOWV� DUH� VKRZQ� LQ� WKH� ILJXUHV�
EXW� D� UHDVRQDEOH� H[SODQDWLRQ� WR� WKHP� ZLOO� EH�
GHVFULEHG�LQ�WKH�IROORZLQJ���
�

�
)LJXUH���,GHDO�ORDGV�IRU�WKH�VROXWLRQV�H[DPLQHG�LQ�/D�
5pXQLRQ�
�
7KH�QHZ�VFHQDULRV�DQDO\VHG�IRU�/D�5pXQLRQ�DUH��

�� 1HZ�VKDSH��
�� 0DVV��
�� ,QVXODWLRQ�
�� 9HQWLODWLRQ��

7KH�µQHZ�VKDSH¶�����VLPXODWLRQ�LQFOXGHV�D�OHVV�WLOWHG�
URRI� �� DURXQG� ����� �� D� KLJKHU� SRURVLW\� RI� DOO� WKH�
IDoDGHV� �DURXQG� ������ WKH� VXEVWLWXWLRQ� RI� DOO� WKH�
WULSOH� JOD]LQJ� ZLWK� VLQJOH� RQHV� � DQG� D� ZLGH� XVH� RI�
IL[HG� VXQ� VKDGLQJV�� 0DVV� ���� DQG� LQVXODWLRQ� ����
VFHQDULRV�DUH� WKH� VDPH� WKDW�ZHUH�XVHG� LQ� WKH�'DQLVK�
FDVH�� ZKLOH� WKH� YHQWLODWLRQ� VFHQDULR� ���� XVHV� �$&+�
IRU�HYHU\�WKHUPDO�]RQH���
7KH� VLPXODWLRQV�ZHUH� UXQ�ZLWK�RSHUDWLQJ�SDUDPHWHUV�
�QDPHO\� WHPSHUDWXUH� VHW� SRLQWV�� WKDW� ZHUH� WKH�
VWDQGDUG�IRU�'HQPDUN��
,Q� /D� 5pXQLRQ�� EXLOGLQJV� DUH� FRPPRQO\� QDWXUDOO\�
YHQWLODWHG�� ZLWK� ODUJH� QXPEHUV� RI� DLU� FKDQJHV� SHU�
KRXU� �*DUGH�HW� DO���������XVLQJ�FHLOLQJ� IDQV� LQ�RUGHU�
WR� REWDLQ� KLJKHU� LQGRRU� DLU� VSHHGV�� EXW� ZLWK� KLJKHU�

FRROLQJ�VHW�SRLQWV��DURXQG����&��HYHQ����&�LQ�VRPH�
FDVHV���

�
)LJXUH� �� *LYRQL� FRPIRUW� ]RQH� DQDO\VLV� ±� KRXUV� RI�
FRPIRUW�SHU�VFHQDULR�LQ�/D�5HXQLRQ�
�
7KHVH�GHVLJQ�FKRLFHV�DUH�PDLQO\�GXH� WR�WKH�DGDSWLYH�
SHUFHSWLRQ�RI�FRPIRUW�RI� WKH�QDWLYH�FOLPDWH�DQG� WR�D�
VKLIWLQJ�RI�WKH�*LYRQL�FRPIRUW��]RQH�ERUGHUV�EHFDXVH�
RI� WKH� GHSHQGHQF\� RQ� WKH� LQGRRU� DLU� VSHHG�� 7KLV�
DOORZV� WHPSHUDWXUHV� WKDW� DUH� FRPPRQO\� KLJKHU� WKDQ�
���&�� WR� EH� SHUFHLYHG� DV� FRPIRUWDEOH� E\� WKH�
RFFXSDQWV�� 7KHUHIRUH�� ZKHQ� DVVHVVLQJ� LGHDO� ORDGV�
ZLWK� D� 'DQLVK� W\SLFDO� VHWXS�� WKHVH� FRQVLGHUDWLRQV�
UHVXOW�LQ��KLJK�FRROLQJ�ORDGV��
7KLV� SRLQW� FDQ� H[SODLQ� ZK\�� HYHQ� WKRXJK� QDWXUDO�
YHQWLODWLRQ� VWUDWHJLHV� DUH� VR� ZLGHO\� XVHG� LQ� WURSLFDO�
FOLPDWHV�� QDWXUDO� YHQWLODWLRQ� UHVXOWV� �ILJ���� DUH� QRW�
JRRG��UHVXOWLQJ�LQ�KLJK�FRROLQJ�ORDGV��7KH�LQVXODWLRQ�
VFHQDULR�VKRZV� WKDW� WKH�SHUFHQWDJH�RI�FRPIRUW� KRXUV�
LV� KLJKHU� WKDQ� WKH� EDVH� FDVH� EXW� WKH� RYHUDOO� FRROLQJ�
ORDG� LV� KLJKHU�� HYHQ� WKRXJK� WKH� PDJQLWXGH� RI� WKLV�
GLIIHUHQFH� LV� QRW� ODUJH�� LQVXODWLRQ� LV� QRW� D� FRUH�
VROXWLRQ�LQ�WURSLFDO�FOLPDWHV��
7KH� µPDVV¶� VFHQDULR� VKRZV� D� KLJKHU� SHUFHQWDJH� RI�
FRPIRUW�KRXUV�WKDQ�WKH�EDVH�FDVH�DQG�D�ORZHU�FRROLQJ�
FRQVXPSWLRQ��,Q�DGGLWLRQ��WKHVH�UHVXOWV�GR�QRW�VKRZ�D�
ODUJH� GLIIHUHQFH� IURP� WKH� EDVH� FDVH�� EXW� WKH\� DUH�
FHUWDLQO\� DIIHFWHG� E\� D� KLJKHU� XQFHUWDLQW\�� WKHUPDO�
VWRUDJHV� LQ� EXLOGLQJV� DUH� GHHSO\� DIIHFWHG� E\�
YHQWLODWLRQ�� DQG� WKHUHIRUH� XVLQJ� WKH� 'DQLVK� ORZ�
YHQWLODWLRQ� UDWHV� LV� D� IDFWRU� WKDW�PD\� LQIOXHQFH� WKHVH�
UHVXOWV��
$V� H[SHFWHG� WKH� QHZ� VKDSH� VFHQDULR� VKRZV� VRPH�
KLJKHU� LPSURYHPHQWV�� EXW� WKH� PRVW� LPSDFWLQJ� GDWD�
FRPH�IURP�WKH�YHQWLODWLRQ�VFHQDULR��D�ORZ�LQFUHDVH�RI�
DLU� FKDQJHV� FDXVHV� D� PDMRU� YDULDWLRQ� RI� WKH� UHVXOWV��
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&KRRVLQJ�WKH�XVH�RI�DLU�VSHHG�RI����P�V��&HLOLQJ�IDQV��
DQG� KLJKHU� WHPSHUDWXUH� VHW�SRLQWV� �PRYLQJ� WR� WKH�
KLJKHU� WHPSHUDWXUHV� �� P�V� *LYRQL� ]RQH��� WKH� LGHDO�
ORDGV� DUH� UHGXFHG� DQG� VR� LV� WKH� QHHG� WR� XVH�+9$&�
V\VWHPV��
7KH�ILQDO�UHGHVLJQHG�EXLOGLQJ�ZLOO�FRPSULVH�WKH�QHZ�
VKDSH��WKH�WKHUPDO�PDVV�DGGLWLRQ�DQG�WKH�HOLPLQDWLRQ�
RI�LQVXODWLRQ�LQ�WKH�ZDOOV�DQG�ZLOO�EH�HYDOXDWHG�XVLQJ�
D� W\SLFDO� /D� 5pXQLRQ� FRROLQJ� WHPSHUDWXUH� VHW�SRLQW�
����&���7KH�PRVW�LPSRUWDQW�VROXWLRQ�IRU�/D�5HXQLRQ�
SURYHV�WR�EH�WKH�QDWXUDO�YHQWLODWLRQ�WKDW�KDV�EHHQ�VHW�
WR����$&+���
7KH�ILQDO�UHGHVLJQHG�EXLOGLQJ�FRROLQJ�LGHDO�ORDGV�DUH�
HTXDO� WR�����N:K� ��P�� \���ZLWK� D� UHGXFWLRQ�RI�PRUH�
WKDQ� ��� N:K� ��P�� \��� 7DEOH� �� VKRZV� LQVWHDG� WKH�
UHVXOWV�RI�WKH�FRPIRUW�DQDO\VLV�IRU� WKH�ILQDO�EXLOGLQJ��
7KH� EXLOGLQJ� LV� SDVVLYHO\� FRQGLWLRQHG� GXULQJ� PRUH�
WKDQ� D� KDOI� RI� WKH� KRXUV�� :LWK� D� PDVVLYH� XVH� RI�
FHLOLQJ�IDQV��PRUH�WKDQ�����RI�FRPIRUW�KRXUV�GXULQJ�
WKH� ZKROH� \HDU� ZRXOG� EH� JXDUDQWHHG� DW� �� P�V� DLU�
VSHHG���
�

7DEOH���
&RPIRUW�DQDO\VLV¶�UHVXOWV�IRU�WKH�UHGHVLJQHG�FDVH�

VWXG\�LQ�/D�5pXQLRQ�
&RPIRUW�KRXUV����P�V�� ��� 
&RPIRUW�KRXUV����P�V�� ��� 

&21&/86,216�
7KH�VWXG\�KDV�GHVFULEHG�D�PHWKRGRORJ\� WKDW�DLPV� WR�
DVVHVV� WKH�PRVW� LPSRUWDQW� IHDWXUHV� DQG� VROXWLRQ� VHWV�
XVHIXO�LQ�RYHUFRPLQJ� WKH�FKDOOHQJHV�D�EXLOGLQJ�PXVW�
IDFH�LQ�LWV�VLWH��(DFK�VROXWLRQ�VHW�QHHGV�WR�EH�DQDO\VHG�
DQG� LWV� LPSRUWDQFH� RQ� WKH� WKHUPDO� SHUIRUPDQFHV� RI�
WKH�EXLOGLQJ�DVVHVVHG�E\�UXQQLQJ�SDUDPHWULF�DQDO\VLV�
DQG�FRPSDULQJ�UHVXOWV�ZLWK�WKH�EDVH�VLPXODWLRQ�FDVH��
7KH�SURSRVHG�PHWKRGRORJ\�PD\�EH�XVHG� LQ� WKH� ILUVW�
GHVLJQ� SKDVHV�� LQ� RUGHU� WR� JDLQ� D� SUHOLPLQDU\�
XQGHUVWDQGLQJ� RI� WKH� EXLOGLQJ� SHUIRUPDQFHV� LQ�
FRQQHFWLRQ�WR�WKH�FOLPDWH�DQG�WR�VNHWFK�WKH�GHVLJQ�DV�
FRQVHTXHQFH�� 7KH� ELRFOLPDWLF� DSSURDFK� KDV� EHHQ�
GHVFULEHG� LQ� FRQQHFWLRQ� WR� WKH�1HW�=(%� IUDPHZRUN��
DGGLQJ� WKHUHIRUH� WKH� QHHG� WR� PD[LPL]H� WKH� HQHUJ\�
JHQHUDWLRQ� DV� ZHOO� DV� RSWLPL]LQJ� WKH� GHVLJQ� LQ�
FRQQHFWLRQ� WR� WKH� FOLPDWH�� 7KH� (QHUJ\)OH[+RXVH�
FDVH� VWXG\�KDV�EHHQ�DQDO\VHG� LQ� LWV�RULJLQDO�FRQWH[W��
WKH�PDLQ� VROXWLRQ� VHWV� GHVFULEHG� DQG� WKHLU� LQFLGHQFH�
RQ�WKH�WKHUPDO�ORDGV�DVVHVVHG��7KH�VLPXODWLRQ�RI�WKH�
RULJLQDO�FDVH�VWXG\�KDV�EHHQ�UHSHDWHG�LQ�WKH�QHZ�VLWH��
ZKLOH� QHZ� SRVVLEOH� VROXWLRQV� ZHUH� LQYHVWLJDWHG�� LQ�
RUGHU� WR� DFKLHYH� KLJKHU� WKHUPR�SK\VLFDO�
SHUIRUPDQFHV� RI� WKH� UHGHVLJQHG� EXLOGLQJ�� XS� WR� D�
µEHVW� FDVH¶� LQFOXGLQJ� WKH� PRVW� LPSDFWLQJ� VROXWLRQV�
H[DPLQHG�LQ�/D�5pXQLRQ��
7KH�SURSRVHG��PHWKRGRORJ\�KDV�PDQ\�VWURQJ�SRLQWV��
VLPSOLFLW\�� FDSDELOLW\� RI� FRPELQLQJ� FRPIRUW� DQG�
WKHUPDO� ORDGV� DSSURDFK� DQG� D� GHVLJQ� PHWKRG�
FRQQHFWHG� WR� WKH� ELR�FOLPDWLF� FRQGLWLRQV� RI� WKH� VLWH��
7KH� PDLQ� ZHDNQHVV� LV� DJDLQ� LWV� VLPSOLFLW\�� VRPH�

SKHQRPHQD�FDQQRW�EH�LQYHVWLJDWHG�ZLWK�WKH�GXH�OHYHO�
RI� GHWDLO� EXW� MXVW�ZLWK� D� SUHOLPLQDU\� GHVLJQ� OHYHO� RI�
GHSWK��7KH�SURSRVHG�PHWKRGRORJ\�KDV�SURYHQ�DEOH�WR�
LGHQWLI\� WKH� IROORZLQJ� UHVXOWV�� ,Q� WKH� FROGHU� 'DQLVK�
FOLPDWH�� WKH� PRVW� LPSDFWLQJ� VROXWLRQ� VHWV� IRU� WKH�
EXLOGLQJ�DUH��

 YHU\�ORZ�8�YDOXH�LQVXODWLRQ��
 DV�ORZ�DV�SRVVLEOH�YHQWLODWLRQ�UDWHV�LQ�ZLQWHU�

ZKLOH� DQVZHULQJ� LQ� DQ\� FDVH� WKH� FRPIRUW�
QHHGV�IRU�WKH�RFFXSDQWV���

 ILQH� WXQLQJ� RI� WKH� QDWXUDO� YHQWLODWLRQ�
VWUDWHJLHV� LQ� VXPPHU�� LQ� RUGHU� WR� ORZHU� WKH�
FRROLQJ�ORDGV��

)RU� WKH�/D�5pXQLRQ� FDVH� VWXG\� WKH� EHVW� VROXWLRQ� VHW�
LQFOXGHV��

 OHVV� FRPSDFW� VKDSH� RI� WKH� EXLOGLQJ�� KLJKHU�
IDoDGH� SRURVLW\� WR� PD[LPL]H� QDWXUDO�
YHQWLODWLRQ�DQG�ZLGH�XVH�RI�VRODU�VKDGLQJV�WR�
PLQLPL]H�WKH�UHVXOWLQJ�VRODU�JDLQV��

 PDVVLYH� XVH� RI� � QDWXUDO� YHQWLODWLRQ�
VWUDWHJLHV��

 XVH�RI�FHLOLQJ�IDQV��
7KH�PDMRU�RXWOLQH�RI�WKH�ZRUN��KRZHYHU��LV�FRQQHFWHG�
WR�WKH�SURSRVHG�PHWKRGRORJ\��WKDW�KDV�SURYHQ�DEOH�WR�
DVVHVV� WKH� PRVW� HIIHFWLYH� VROXWLRQV� IRU� GLIIHUHQW�
FOLPDWHV�� D� 1HW� =(%� LV� QRW� D� VROXWLRQ� VHW� DEOH� WR�
SHUIRUP� DW� LWV� EHVW� LQ� HYHU\� FOLPDWH� FRQGLWLRQ�� $�
µGHVLJQ�ZLWK�FOLPDWH¶�DSSURDFK�LV�WKHUHIRUH�QHHGHG�LQ�
RUGHU� WR� GHYHORS� WKH� EHVW� VROXWLRQ� WR� LPSURYH� WKH�
SHUIRUPDQFHV�RI�WKH�EXLOGLQJ��
7KH�EHVW�DSSURDFK�LV�WR�PD[LPL]H�SDVVLYH�WHFKQLTXHV�
DQG� WKHUHIRUH� WR�PLQLPL]H� HQHUJ\� FRQVXPSWLRQV� DQG�
HQYLURQPHQWDO� LPSDFWV�GXULQJ� WKH�RSHUDWLRQDO�SKDVH��
DQG�RQ�D�OLIH�F\FOH�DSSURDFK��RI�WKH�RYHUDOO�HPERGLHG�
HQHUJ\� UHTXLUHG� �ZKHQ� +9$&� V\VWHPV� QHHG� WR� EH�
LQVWDOOHG���
$�1HW�=(%�GHVLJQHU�FDQQRW�GLVUHJDUG� WKHVH�DVSHFWV��
DV� D� 1HW� =(%� EDODQFH� LV� QRW� PHUHO\� DQ� DOJHEUDLF�
RSHUDWLRQ��DQG�PXVW�WDNH�LQ�FRQVLGHUDWLRQ�WKH�HQHUJ\�
HIILFLHQF\� RI� WKH� VLQJOH� FRPSRQHQWV� DQG� RI� WKH�
RYHUDOO�V\VWHP�LQYROYHG��

$&.12:/('*0(176�
7KH� ZRUN� SUHVHQWHG� LQ� WKLV� SDSHU� KDV� EHHQ� ODUJHO\�
GHYHORSHG� GXULQJ� WKH� ,,�� 3K�'�� 6XPPHU� 6FKRRO�
RUJDQL]HG�E\�WKH�MRLQW�LPSOHPHQWLQJ�DJUHHPHQW�RI�WKH�
SURJUDPV� 6RODU� +HDWLQJ� DQG� &RROLQJ� �6+&�� DQG�
(QHUJ\� &RQVHUYDWLRQ� LQ� %XLOGLQJV� DQG� &RPPXQLW\�
6\VWHPV� �(&%&6��6+&�7DVN� ���(&%&6�$QQH[� ���
RI�WKH�,QWHUQDWLRQDO�(QHUJ\�$JHQF\��,($��³�7RZDUGV��
1HW�=HUR�(QHUJ\�6RODU�%XLOGLQJV´��WKDW�ZDV�KHOG�LQ��
&DUJqVH���&RUVLFD��GXULQJ�6HSWHPEHU�������

5()(5(1&(6�
%HFFDOL��*���&HOOXUD��0���/R�%UDQR��9���2ULROL��$�������

����$��,V�WKH�WUDQVIHU�IXQFWLRQ�PHWKRG�UHOLDEOH�LQ�
D� (XURSHDQ� EXLOGLQJ� FRQWH[W"� $� WKHRUHWLFDO�
DQDO\VLV�DQG�D�FDVH�VWXG\�LQ�WKH�VRXWK�RI�,WDO\���

%HFFDOL��*���&HOOXUD��0����/R�%UDQR��9���2ULROL��$���
����%��6LQJOH�WKHUPDO�]RQH�EDODQFH�VROYHG�E\��

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

- 2781 -



WUDQVIHU� IXQFWLRQ� PHWKRG�� (QHUJ\� DQG� %XLOGLQJV�
�������������������

&HOOXUD�0���&DPSDQHOOD�/���&LXOOD�*���*XDULQR�)����
1DUGL�&HVDULQL�'���/R�%UDQR�9���2ULROL�$��������
$� 1HW� =HUR� (QHUJ\� %XLOGLQJ� LQ� ,WDO\�� GHVLJQ�
VWXGLHV� WR� UHDFK� WKH� QHW� ]HUR� HQHUJ\� WDUJHW��
%XLOGLQJ�6LPXODWLRQ�������DQ� ,%36$�±�$,5$+�
FRQIHUHQFH��6\GQH\��$XVWUDOLD��

&HOOXUD�0���&DPSDQHOOD�/���&LXOOD�*���*XDULQR�)����
1DUGL�&HVDULQL�'���/R�%UDQR�9���2ULROL�$��������
7KH�UHGHVLJQ�RI�DQ�,WDOLDQ�EXLOGLQJ� WR�UHDFK�1HW�
=HUR� (QHUJ\� SHUIRUPDQFHV�� D� FDVH� VWXG\� RI� WKH�
6+&� 7DVN� ��� ±� (&%&6� $QQH[� ���� $6+5$(�
WUDQVDFWLRQV�������

'RLURQ��0����2¶%ULHQ��:���$WKLHQLWLV��$�����������
(QHUJ\� 3HUIRUPDQFH�� &RPIRUW� DQG� OHVVRQV�
OHDUQHG� IURP� D� 1HDU� 1HW� =HUR� (QHUJ\� 6RODU�
+RXVH�� $6+5$(� 7UDQVDFWLRQV� ������ YRO�� ����
,VVXH�����

+DFKHP��&���$WKLHQLWLV��$���)D]LR��3���������
(YDOXDWLRQ�RI�HQHUJ\�VXSSO\�DQG�GHPDQG�LQ�VRODU��
QHLJKERUKRRG�� (QHUJ\� DQG� EXLOGLQJV� ��� �������
���������

*DUGH��)���'DYLG��0���/HQRLU��$���2WWHQZHOWHU��(����
������7RZDUGV�1HW�=HUR�(QHUJ\�%XLOGLQJV�LQ������
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+RW�&OLPDWHV��3DUW����1HW�7RROV�DQG�0HWKRGV��
$6+5$(�WUDQVDFWLRQV��YROXPH������SDUW���

*DUGH��)���2WWHQZHOWHU��(���%RUQDUHO��$���������
,QWHJUDWHG� %XLOGLQJ� 'HVLJQ� LQ� 7URSLFDO�
&OLPDWHV��/HVVRQV�/HDUQHG�IURP�WKH�(1(5326�
1HW� =HUR� (QHUJ\� %XLOGLQJ�� $6+5$(�
7UDQVDFWLRQV��������9RO������,VVXH��������

*LYRQL��%��������&RPIRUW��FOLPDWH�DQDO\VLV�DQG��
EXLOGLQJ� GHVLJQ� JXLGHOLQHV�� (QHUJ\� DQG��
EXLOGLQJV��YRO�������������

IEA SHC Task 40 / ECBCS Annex 52 2008,  
Towards Net Zero Energy Solar Buildings, IEA 
SHC Task 40 and ECBCS Annex 52, 
http://www.iea-shc.org/task40/index.html, 
accessed 28/11/2012; 

1DSROLWDQR�$���6DUWRUL�,���9RVV�.�������1HW�]HUR��
HQHUJ\� EXLOGLQJV�� $� FRQVLVWHQW� GHILQLWLRQ�
IUDPHZRUN��(QHUJ\� DQG�%XLOGLQJV��9RO�����0D\�
��������������

6DORP��-���:LGpQ��-���&DQGDQHGR��-���6DUWRUL��,��
9RVV�� �.�� DQG�0DUV]DO��$�� ������8QGHUVWDQGLQJ�
1HW� =HUR� (QHUJ\� %XLOGLQJV�� (YDOXDWLRQ� RI� ORDG�
PDWFKLQJ� DQG� JULG� LQWHUDFWLRQ� LQGLFDWRUV��
3URFHHGLQJV� RI� %XLOGLQJ� 6LPXODWLRQ� ������
6LGQH\��$XVWUDOLD��
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