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$%675$&7�
7KLV� SDSHU� GHVFULEHV� WKH� HYDOXDWLRQ� RI� GLIIHUHQW�
LPSURYHPHQW�SRVVLELOLWLHV�RI�D�VLQJOH�IDPLO\�KRXVH�RQ�
WKH� +XQJDULDQ� FOLPDWH�� &RVW� RI� &RQVHUYHG� (QHUJ\�
DQG� &RVW� RI� &RPIRUWDEOH� +RXUV� RI� WKH� DFWLYH� DQG�
SDVVLYH� HQHUJ\� VDYLQJ� PHDVXUHV� DUH� FRPSDUHG� E\�
PHDQV�RI�D�EXLOGLQJ�HQHUJ\�PRGHOOLQJ��%(0���XVLQJ�
,'$� ,&(�� DQG� LQYHVWPHQW� FRVW� HVWLPDWLRQV�� 7KH�
PHWKRGRORJ\�DSSOLHG�LQFOXGHV�WKH�IROORZLQJ�VWHSV�����
VHOHFWLRQ�RI� D� W\SLFDO�� VLQJOH� IDPLO\�KRXVH�� GHVLJQHG�
LQ� DFFRUGDQFH� ZLWK� WKH� +XQJDULDQ� UHJXODWLRQV�� ���
%(0� ��� FKDQJLQJ� DQG� DGMXVWLQJ� SDUDPHWHUV� RI� WKH�
EXLOGLQJ� RQH� E\� RQH� LQ� DFFRUGDQFH�ZLWK� WKH� GHILQHG�
LPSURYHPHQW�PHDVXUHV�����HYDOXDWLRQ�RI�WKH�UHVXOWV�LQ�
RUGHU�WR�GHWHUPLQH�WKH�H[DFW�SHUFHQWDJH�RI�LQYHVWPHQW�
FRVW� LQFUHDVH�� LQGRRU� FRPIRUW� LPSURYHPHQW� DQG�
HQHUJ\� VDYLQJV� LQ� FDVH� RI� HDFK� SDUDPHWHU�� ���
GHWHUPLQDWLRQ� RI� WKH� PRVW� HIIHFWLYH� PHDVXUHV�� 7KH�
PDLQ�JRDO�RI�WKLV�UHVHDUFK�SDSHU�LV�WR�DVVHVV�WKH�HIIHFW�
RI� WKH� UHOHYDQW� EXLOGLQJ� LPSURYHPHQW� PHDVXUHV� DQG�
WR� GHWHUPLQH� WKH� PRVW� HIIHFWLYH� RQHV� WKDW� PD\� KHOS�
DUFKLWHFWV� GXULQJ� WKH� GHVLJQ� SURFHVV� LQ� RUGHU� WR�
GHVLJQ� VLQJOH� IDPLO\� KRXVHV� LQ� D� PRUH� HQHUJ\� DQG�
FRVW�HIILFLHQW��HQYLURQPHQWDOO\�IULHQGO\�ZD\��

,1752'8&7,21�
7KH� (8¶V� (QHUJ\� 3HUIRUPDQFH� RI� %XLOGLQJV�
'LUHFWLYH� �(3%'��� LQWURGXFHG� LQ� ����� DQG� UHFDVW� LQ�
������ LV� WKH� PDLQ� OHJLVODWLYH� LQVWUXPHQW� IRU�
LPSURYLQJ� WKH� HQHUJ\� SHUIRUPDQFH� RI� WKH� EXLOGLQJ�
VWRFN� LQ� WKH� (XURSHDQ� 8QLRQ�� %\� ������ DOO� QHZ�
EXLOGLQJV� FRQVWUXFWHG� LQ� (XURSH�� QRW� WR� PHQWLRQ� DQ�
LQFUHDVHG� QXPEHU� RI� H[LVWLQJ� EXLOGLQJV�� PXVW� EH�
QHDUO\�]HUR�HQHUJ\�EXLOGLQJV��7KH�H[DFW�GHILQLWLRQ�RI�
WKLV�QRWLRQ�LV�QRW�FOHDU�\HW��+RZHYHU�� LW� LV�H[WUHPHO\�
LPSRUWDQW� WR� LQYHVWLJDWH� WKH� PDLQ� DVSHFWV� RQ� WLPH��
ZKLFK�DOORZV�XV�WR�UHGXFH�WKH�HQHUJ\�FRQVXPSWLRQ�RI�
EXLOGLQJV�� 7KH� UHVLGHQWLDO� IORRU� DUHD� LV� ���� RI� WKH�
WRWDO� IORRU� VSDFH�RI�EXLOGLQJV� LQ�(XURSH�DQG�����RI�
WKHVH� LV� DVVRFLDWHG� ZLWK� VLQJOH� IDPLO\� KRXVHV�
�(FRQRPLGRX�� ������� ���� RI� WKH� WRWDO� SULPDU\�
HQHUJ\� FRQVXPSWLRQ� RI� +XQJDU\� LV� XVHG� E\�
UHVLGHQWLDO� EXLOGLQJV� IRU� KHDWLQJ� DQG� '+:�
SURGXFWLRQ� �)XORS�� ������� 7KHUHIRUH�� LW� LV� PRVW�
LPSRUWDQW� WR�FRQVLGHU� WKH�FKDUDFWHULVWLFV�RI� WKH�PDLQ�
HQHUJ\� FRQVXPHUV� LQ� FDVH� RI� VLQJOH� IDPLO\� KRXVHV��
%H\RQG� WKH� DVSHFWV� RI� HQHUJ\� FRQVXPSWLRQ�� LW� LV�
JHWWLQJ� PRUH� LPSRUWDQW� WR� FRQVLGHU� FRVW� UHODWHG�

LVVXHV�� DV� ZHOO�� ,Q� +XQJDU\�� WKH� RSHUDWLRQ� DQG�
PDLQWHQDQFH� FRVW� RI� EXLOGLQJV� LV� DSSUR[LPDWHO\� IRXU�
WLPHV� PRUH� WKDQ� WKH� LQLWLDO� LQYHVWPHQW� FRVW� RI� WKH�
FRQVWUXFWLRQ� DFFRUGLQJ� WR� ORFDO� HQHUJ\� FHUWLILFDWLRQ�
VWDWLVWLFV��$IWHU�D�GHWDLOHG�H[DPLQDWLRQ�RI� WKHVH�KLJK�
H[SHQVHV��LW�FDQ�EH�VWDWHG�WKDW�����RI�WKHP�LV�GXH�WR�
WKH�XWLOLW\�ELOOV�LQ�FRQQHFWLRQ�ZLWK�KHDWLQJ��%HODIL�HW��
DO�� ������� %HVLGHV� KHDWLQJ� FRVWV�� FRROLQJ� LV� JHWWLQJ�
PRUH� DQG� PRUH� ZLGHVSUHDG� LQ� +XQJDU\�� DV� ZHOO��
EHFDXVH� RI� KLJK� VXPPHU� KHDW� ORDGV� DQG� XQSURSHU�
GHVLJQ�RI�EXLOGLQJV��+RZHYHU��FRROLQJ� LV�XVXDOO\�QRW�
LQVWDOOHG� \HW� LQ� FDVH� RI� DQ� DYHUDJH� KHDY\�ZHLJKW�
VLQJOH� IDPLO\� QHZ� FRQVWUXFWLRQ� KRXVH� EHFDXVH� WKH�
LQYHVWPHQW� FRVW� RI� D� FRROLQJ� GHYLFH� LV� KLJK� DQG� WKH�
XVXDO� PD[LPXP� LQGRRU� VXPPHU� WHPSHUDWXUH� LV� ���
���˚&� �DVVXPLQJ� WKDW� EXLOGLQJ� XVHUV� FRRO� WKH�
FRQVLGHUDEOH� WKHUPDO� PDVV� RI� WKHLU� EXLOGLQJ� GXULQJ�
WKH�QLJKW����
7KHUHIRUH��WKH�LPSDFW�RI�GLIIHUHQW�PHDVXUHV�KDV�EHHQ�
LQYHVWLJDWHG�� ZLWK� ZKLFK� WKH� KHDWLQJ� HQHUJ\�
FRQVXPSWLRQ�DQG�WKH�SHULRGV�RI�KLJK�VXPPHU�LQGRRU�
WHPSHUDWXUHV� FDQ� EH� UHGXFHG�� 7KH� LQYHVWLJDWLRQ� KDV�
EHHQ� FDUULHG� RXW� E\� PHDQV� RI� ,'$� ,QGRRU� &OLPDWH�
DQG�(QHUJ\��,'$�,&(������VRIWZDUH���

0(7+2'2/2*<�
$V� D� ILUVW� VWHS� RI� WKH� UHVHDUFK�� SDUDPHWHUV� RI� WKH�
EDVHOLQH�� D� W\SLFDO�� +XQJDULDQ� VLQJOH�IDPLO\� KRXVH�
ZHUH� GHILQHG�� $IWHU� GHILQLWLRQ�� D� GHWDLOHG� EXLOGLQJ�
HQHUJ\�PRGHO�ZDV�EXLOW�DQG�VLPXODWHG�ZLWK�,'$�,&(��
5HVXOWV� RI� WKH� VLPXODWLRQ� VXFK� DV� FDOFXODWHG� HQHUJ\�
FRQVXPSWLRQ� DQG� FRPIRUW� GDWD� ZHUH� FDUHIXOO\�
DQDO\VHG�� 7KH� LPSURYHPHQW� SRVVLELOLWLHV� ZHUH�
GHILQHG� LQ� D� SDUDPHWHU� PDWUL[� ZLWK� WKH� DGMXVWDEOH�
SDUDPHWHUV�RI�WKH�EXLOGLQJ�WKDW�FDXVH�HQHUJ\�VDYLQJV�
RU� HQKDQFHG� VXPPHU� LQGRRU� FRPIRUW� LQ� D� FRVW�
HIILFLHQW�ZD\��7KHVH�SDUDPHWHUV�DV�EXLOGLQJ�VROXWLRQV�
ZHUH� FDUHIXOO\� VHOHFWHG� FRQVLGHULQJ� WHFKQLFDO�
IHDVLELOLW\� DQG� LQYHVWPHQW� FRVW� DVSHFWV�� $IWHUZDUGV��
WKH� SDUDPHWHUV� ZHUH� DGMXVWHG� LQ� WKH� EDVHOLQH� PRGHO�
RQH�E\�RQH��DOZD\V�FKDQJLQJ�RQO\�RQH�SDUDPHWHU�RI�
WKH� EDVHOLQH� EXLOGLQJ� DW� WKH� VDPH� WLPH��
6LPXOWDQHRXVO\�� LQYHVWPHQW� FRVW� HVWLPDWHV� ZHUH�
FDUULHG� RXW� LQ� FDVH� RI� HYHU\� DGMXVWHG� SDUDPHWHU��
5HVXOWV� ZHUH� DQDO\VHG� E\� PHDQV� RI� WZR� LQGLFDWRUV��
&RVW�RI�&RQVHUYHG�(QHUJ\��&&(���0HLHU��������DQG�
&RVW� RI� &RPIRUWDEOH� +RXUV� �&&+��� %DVHG� RQ� WKH�
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DQDO\VLV�� WKH�PRVW�HIILFLHQW�SDUDPHWHUV�ZHUH�VHOHFWHG�
LQ�WHUPV�RI�HQHUJ\�DQG�FRPIRUW��

Indicators Used for Evaluation 
,PSURYHPHQW� SRVVLELOLWLHV� ZHUH� HYDOXDWHG� E\� PHDQV�
RI� WZR� LQGLFDWRUV��&RVW�RI�&RQVHUYHG�(QHUJ\� �&&(��
�0HLHU�� ������ DQG� D� QHZ� YDULDEOH�� &RVW� RI�
&RPIRUWDEOH�+RXUV��&&+���
&&(� LV� D� VWDWLVWLFDO� LQYHVWPHQW� YDOXH� LQGLFDWRU�
VKRZLQJ�KRZ�PXFK�LW�FRVWV�WR�VDYH�RQH�N:K�HQHUJ\�
DQQXDOO\�IRU�D�JLYHQ�OLIHVSDQ��DV�D�OLIHVSDQ�����\HDUV�
ZDV� XVHG� DV� WKH� (XURSHDQ� &RPPLVVLRQ� GHWHUPLQHG�
WKDW� 0HPEHU� 6WDWHV� VKDOO� XVH� D� FDOFXODWLRQ� RI� WKLV�
SHULRG� IRU� UHVLGHQWLDO� EXLOGLQJV� �(8� UHJXODWLRQ��
��������&&(�LV�GHILQHG�DV��

CCE = (ci-c0)/(t*A(E0-Ei))� ����
ZKHUH ci LV�WKH QHW�LQYHVWPHQW�FRVW�RI�WKH�³L´�FDVH�RI�
WKH�SDUDPHWHU�PDWUL[��(85���c0 LV�WKH QHW�LQYHVWPHQW�
FRVW�RI�WKH�EDVHOLQH�EXLOGLQJ��(85��� t LV� WKH OLIHVSDQ�
RI�WKH�EXLOGLQJ��\HDUV���A LV� WKH QHW� IORRU�DUHD�RI� WKH�
EDVHOLQH�EXLOGLQJ��P����Ei LV�HQG�HQHUJ\�XVH�RI�WKH�³L´�
FDVH� RI� WKH� SDUDPHWHU� PDWUL[� �N:K�D�� DQG�E0 LV� WKH�
HQG�HQHUJ\�XVH�RI�WKH�EDVHOLQH�EXLOGLQJ��N:K�D���7KH�
ORZHU�WKH�&&(�YDOXH�RI�DQ�LQYHVWPHQW�LV��WKH�ORZHU�LV�
WKH�SD\EDFN�SHULRG��
&&+� LV� DQ� LQGLFDWRU� WKDW� VKRZV� KRZ� PXFK�
LQYHVWPHQW� FRVW� ZDV� UHTXLUHG� WR� REWDLQ� RQH�
FRPIRUWDEOH� KRXU� DQQXDOO\�� &RPIRUWDEOH� KRXU� LV�
GHILQHG� DV� WKH� WLPH� ZKHQ� WKH� LQGRRU� WHPSHUDWXUH� LV�
EHORZ���˚&�LQ�DYHUDJH�]RQH��7KLV�LQGLFDWRU�LV�GHILQHG�
DV��

CCH = (ci-c0)/(t*8760*0,01*(NC0-NCi))� ����

ZKHUH�NCi LV WKH�SHUFHQWDJH�RI�KRXUV�ZKHQ�RSHUDWLYH�
WHPSHUDWXUH�LV�DERYH����&�LQ�DYHUDJH�]RQH�LQ�WKH�³L´�
FDVH� RI� WKH� SDUDPHWHU� PDWUL[� DQG� NC0 LV� WKH� VDPH�
SHUFHQWDJH� DV LQ� WKH� EDVHOLQH� EXLOGLQJ�� ,Q� FDVH� WKH�
&&+� LV� ORZ�� WKH� LQYHVWPHQW� DIIHFWV� WKH� VXPPHU�
FRPIRUW�SRVLWLYHO\� 

'(7(50,1$7,21�2)�7+(�%$6(/,1(�
%8,/',1*�
1HJD-RXOH����� UHVHDUFK� VWXG\� FDUULHG� RXW� E\�
(QHUJLDNOXE� &OLPDWH� 3ROLF\� ,QVWLWXWH� $SSOLHG�
&RPPXQLFDWLRQV� �)XORS�� ������� VWDWLVWLFDO� GDWD�
�.6+��� (XURSHDQ� VWDQGDUG� DQG� D� +XQJDULDQ�
0LQLVWHULDO� GHFUHH� �710�� ������ KDYH� EHHQ� XVHG� WR�
GHWHUPLQH� WKH� SDUDPHWHUV� RI� DQ� DYHUDJH�� +XQJDULDQ�
VLQJOH�IDPLO\�KRXVH��
7KH� WRWDO� QXPEHU� RI� GZHOOLQJV� ZDV� ���������� LQ�
+XQJDU\� LQ� ����� �VRXUFH�� +XQJDULDQ� &HQWUDO�
6WDWLVWLFDO� 2IILFH� �.6+�� ������ GDWD��� ���� RI�
+XQJDULDQ� UHVLGHQWLDO� EXLOGLQJV� DUH� VLQJOH� IDPLO\�
KRXVHV�ZKLFK� LV����KLJKHU� WKDQ�(8�DYHUDJH��)XORS��
�������$FFRUGLQJ� WR� LVVXHG�EXLOGLQJ�SHUPLW� VWDWLVWLFV�
IURP������WR�������WKH�DYHUDJH�IORRU�DUHD�RI�D�VLQJOH�
IDPLO\�KRXVH�LQ�+XQJDU\�LV�����P���.6+���������7KH�
1HJD-RXOH����� VWXG\� DVVXPHV� WKDW� LQ� FDVH� RI� QHZ�
EXLOW� VLQJOH� IDPLO\� KRXVHV� WKH� WZR�VWRUH\� EXLOGLQJV�
DUH�PRUH�FRPPRQ��)XORS���������7KH�DYHUDJH�LQGRRU�

FOHDUDQFH� RI� WKH� +XQJDULDQ� GZHOOLQJV� LV� ����FP�
�)XORS���������
(8� KDUPRQLVHG� VWDQGDUG� �06=� (1� ����������
LGHQWLILHV� WKUHH� DLU� WLJKWQHVV� FDWHJRULHV� FKDUDFWHULVHG�
ZLWK�DLU�FKDQJH�UDWH�DW����3DVFDOV�SUHVVXUH�GLIIHUHQFH��
ORZ��!�����K���PHGLXP���������K��DQG�KLJK�������K���
+LJK�TXDOLW\����������K�LQ�+XQJDU\���
,Q�FRQQHFWLRQ�ZLWK� WKH� W\SLFDO�+9$&�V\VWHP�� LW�FDQ�
EH� VWDWHG� WKDW� ���� RI� WKH� +XQJDULDQ� GZHOOLQJV� XVH�
QDWXUDO�JDV�IRU�KHDWLQJ�LQ�PRVW�RI�WKH�FDVHV�E\�PHDQV�
RI� D� JDV� ERLOHU�� ZKLFK� KDV� DQ� DYHUDJH� RI� ���N:�
SHUIRUPDQFH� �)XORS�� ������� ,Q� FDVH� RI� D� QHZ�
FRQVWUXFWHG� VLQJOH� IDPLO\� KRXVH�� WKH� FRQGHQVHU� JDV�
ERLOHUV�DUH� WKH�PRVW�FRPPRQ�RQHV�DV� LW� LV�VXJJHVWHG�
LQ� WKH� +XQJDULDQ� (3%'� LPSOHPHQWDWLRQ�� FRYHULQJ�
DUWLFOHV������710���������
*HQHUDOO\�� QR� DFWLYH� FRROLQJ� LV� XVHG� �)XORS�� �������
+RZHYHU��QRFWXUQDO�YHQWLODWLRQ�LV�FRPPRQO\�XVHG�LQ�
EHGURRPV�DV�D�SDVVLYH�FRROLQJ�PHDVXUH��
$FFRUGLQJ� WR� WKH� DXWKRUV¶� H[SHUWLVH�� LW� FDQ�EH� VWDWHG�
WKDW�WKH�VHFRQGDU\�KHDW�HPLWWHUV�DUH�XVXDOO\�UDGLDWRUV�
����:�P��� PHFKDQLFDO� YHQWLODWLRQ� LV� RQO\� VHOGRP�
XVHG� DQG� QRFWXUQDO� YHQWLODWLRQ� LV� DSSOLHG� WKURXJK�
EHGURRP�ZLQGRZV��
,QVXODWLRQ�OHYHOV�ZHUH�GHWHUPLQHG�LQ�DFFRUGDQFH�ZLWK�
WKH� +XQJDULDQ� 710� �710�� ������ GHFUHH�� 7KH� 8�
YDOXH� RI� WKH� LQFUHDVHG� LQVXODWLRQ� LQ� FDVH� �$� �VHH�
7DEOH� ��� ZDV� GHWHUPLQHG� LQ� DFFRUGDQFH� ZLWK� WKH�
3DVVLYH�+RXVH�3ODQQLQJ�3DFNDJH��3+33���

%(0�3$5$0(7(56�2)�%$6(/,1(�
%8,/',1*�
7DNLQJ� LQWR� DFFRXQW� GDWD� IURP� WKH� UHVHDUFK� RQ� WKH�
SDUDPHWHUV� RI� DYHUDJH� +XQJDULDQ� VLQJOH� IDPLO\�
KRXVH�� WKH� EDVHOLQH� EXLOGLQJ� XVHG� IRU� WKLV� FXUUHQW�
UHVHDUFK�KDG�WKH�IROORZLQJ�FKDUDFWHULVWLFV��
7KH� DUFKLWHFWXUDO� GUDZLQJV� RI� D� +XQJDULDQ� SLORW�
SURMHFW��(UWVH\��$��������VHUYHG�DV�D�EDVLV�IRU�SUHVHQW�
UHVHDUFK�EXLOGLQJ��7KH�SLORW�SURMHFW�ZDV�LQWURGXFHG�LQ�
�����DW� D�+XQJDULDQ� FRQIHUHQFH� �(FR�ORJLFDO�� ������
DQG�WKH�PDLQ�JRDO�RI�LW�ZDV�WR�GHVLJQ�D�W\SLFDO�VLQJOH�
IDPLO\�KRXVH�IRU�WKH�+XQJDULDQ�FOLPDWH�ZKLFK�ZLOO�EH�
DEOH�WR�PHHW�WKH�JRDOV�RI�WKH�(8������REMHFWLYHV��7KH�
EDVHOLQH� EXLOGLQJ� LV� D� WZR�VWRUH\�� GHWDFKHG� VLQJOH�
IDPLO\� KRXVH� ZLWK� D� OLYLQJ� URRP�� D� NLWFKHQ�� D�
EHGURRP� DQG� D� EDWKURRP� RQ� WKH� JURXQG� IORRU� DQG�
ZLWK�WZR�EHGURRPV��D�EDWKURRP�DQG�DQ�+9$&�URRP�
RQ�WKH�VHFRQG�IORRU��
$IWHU�FRQVLGHULQJ�WKH�DYHUDJH�GZHOOLQJ�GDWD�FROOHFWHG�
DQG�SDUDPHWHUV�RI�WKH�+XQJDULDQ�+RXVH��WKH�EDVHOLQH�
EXLOGLQJ� ZDV� GHILQHG� DQG� PRGHOOHG� LQ� ,'$� ,&(�
VRIWZDUH���6HH�)LJXUH���DQG����
1RFWXUQDO� YHQWLODWLRQ� ZDV� PRGHOOHG� ZLWK� RSHQLQJ�
EHGURRP�ZLQGRZV��FRQWUROOHG�E\�DQ�RSHQLQJ�FRQWURO�
PDFUR� ZKLFK� DFWLYDWHV� WKH� ZLQGRZ� EHWZHHQ� ��SP�
DQG� �DP� LQ� FDVH� WKH� RXWGRRU� WHPSHUDWXUH� LV� DERYH�
��˚&��
7KH� UHVXOWV� RI� WKH�EDVHOLQH�%(0�VLPXODWLRQ� DQG� WKH�
FRVW�HVWLPDWLRQ�DUH�VKRZQ�LQ�7DEOH����
�  
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Figure 1 Floorplan, of baseline building, ground floor, zoning in IDA ICE 
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�

Figure 2 Floorplan of baseline building, first floor, zoning in IDA ICE 
 

Table 1 
Results of the baseline building 

 

BASELINE BUILDING 

(QG�HQHUJ\�������N:K�P��D��������

,QYHVWPHQW�FRVW���������(85��������

��RI�KRXUV�7RS!���Û&��������������

&RVW�RI�&RQVHUYHG�(QHUJ\����

&RVW�RI�&RPIRUW�+RXU����
�
7KH�UHVXOWV�RI�WKH�EDVHOLQH�EXLOGLQJ�VHUYH�DV�EDVLV�IRU�
FRPSDULVRQ� LQ� FDVH� RI� WKH� SDUDPHWHU� UDQJH�
LQYHVWLJDWHG�� �6HH�$QQH[� ,��� 7KH� HQG� HQHUJ\� XVH� RI�
WKH� KHDWLQJ� DQG� WKH� +9$&� DX[LOLDU\� HQHUJ\� LV�
�����N:K�P��D��7KH�LQYHVWPHQW�FRVW�LV���������(85��
FDOFXODWHG� ZLWK� WKH� H[FKDQJH� UDWH� RI� ��(85�  �
����+8)�� 7KLV� DPRXQW� FRQWDLQV� WKH� PDWHULDO� DQG�
ODERXU� FRVWV� RI� WKH� FRQVWUXFWLRQ�ZRUNV� DQG�GRHV�QRW�
LQFOXGH� 9$7�� 7KH� SHUFHQWDJH� RI� KRXUV� WKURXJKRXW�
WKH� \HDU� ZKHQ� WKH� RSHUDWLYH� WHPSHUDWXUH� RI� DYHUDJH�
]RQH�LV�DERYH����Û&�������RI�DOO�DQQXDO�KRXUV�ZKLFK�
LQ�WKLV�FDVH�HTXDOV�WR������KRXUV�\HDU���

'(),1,7,21�2)�7+(�$'-867('�
3$5$0(7(56��,1',&$7256�
7KH� LPSURYHPHQW� SRVVLELOLWLHV� RI� WKH� EDVHOLQH�
EXLOGLQJ� ZHUH� GHILQHG� LQ� RUGHU� WR� DFKLHYH� HQHUJ\�
VDYLQJV�RU�HQKDQFHG�VXPPHU�LQGRRU�FRPIRUW�LQ�D�FRVW�
HIIHFWLYH�ZD\��7KHVH�SDUDPHWHUV�ZHUH�VHOHFWHG�EDVHG�
RQ� OLWHUDWXUH� UHYLHZ� LQ� FRQQHFWLRQ� ZLWK� HQHUJ\�
HIILFLHQF\�PHDVXUHV� �3DFKHFR� HW� DO��� ������� �6KDUPD�
HW� DO��� ������� �)ORULGHV� HW� DO��� ������� �&RPDNO� HW� DO���
������� �&KDQ�HW� DO���������DQG� WKH�DXWKRUV¶�SUHYLRXV�
H[SHUWLVH��$IWHU� WKH�SDUDPHWHU�VHOHFWLRQ��D�SDUDPHWHU�
UDQJH� ZDV� GHWHUPLQHG� DQG� D� SDUDPHWHU� PDWUL[� ZDV�
SUHSDUHG� �7DEOH� ���� ,Q� HDFK� URZ� RI� WKH� WDEOH�� WKH�
QXPEHU� DQG�QDPH�RI� WKH�SDUDPHWHU� FDQ�EH� IRXQG� LQ�
WKH�ILUVW�WZR�FHOOV��,Q�WKH�WKLUG�FHOO��WKH�TXDOLW\�RI�WKH�
EDVHOLQH�EXLOGLQJ�LV�VKRZQ�UHJDUGLQJ�WKH�SDUDPHWHU�LQ�
TXHVWLRQ� DQG� LQ� WKH� ODVW� FROXPQ�V��� WKH� SDUDPHWHU�
UDQJH�LQYHVWLJDWHG�FDQ�EH�VHHQ��
$IWHU� WKH�GHILQLWLRQ�RI� WKH�SDUDPHWHUV� WR�EH�DGMXVWHG�
RQ�WKH�EDVHOLQH�EXLOGLQJ��HQHUJ\�FRQVXPSWLRQ��LQGRRU�
FRPIRUW� DQG� DGGLWLRQDO� LQYHVWPHQW� FRVW� ZHUH�
GHWHUPLQHG�LQ�HYHU\�FDVH�RI�WKH�SDUDPHWHU�PDWUL[���
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Table 2 
Parameter matrix 

 
 

PARAMETERS BASELINE 
BUILDING PARAMETER RANGE 

H
at

in
g 

En
er

gy
 

1 7KHUPDO�LQVXODWLRQ��8�
YDOXHV�:�P��.��

�
�
+8�5HJXODWLRQ��
([WHUQDO�ZDOO�������
3LWFKHG�URRI�������
)ORRU�VODE�������
:LQGRZ��SODVWLF�
IUDPH�������

�$�

3+33��
([WHUQDO�ZDOO�������
3LWFKHG�URRI�������
)ORRU�VODE�������

:LQGRZ��SODVWLF�IUDPH������

2 9HQWLODWLRQ� �
1DWXUDO�

�$�

0HFKDQLFDO��$&+ ���������KHDW�H[FKDQJH�HIILFLHQF\��

3 +HDWLQJ�VHWSRLQW� �
���˚&�

�$� �%� �&�

���˚&�����˚&� ���˚&� ���˚&�����˚&�

4 :LQGRZ�IUDPH�
LQVXODWLRQ�OHYHO��

�
8I ����:�P��.�
��FKDPEHU�

�$�
8I ����:�P��.�
��FKDPEHU�

5 *OD]LQJ�W\SH� 'RXEOH��ORZ�H�
8Z ����:�P��.�

�$�
7ULSOH��ORZ�H�

8Z ����:�P��.�

6 )LOWUDWLRQ��$&+��Q����
�
����

�$� �%�

�� ����

Su
m

m
er

 In
do

or
 C

om
fo

rt
 

7 &RROLQJ�VHWSRLQW�� 1RQH�

�$� �%� �&� �'� �(�

���˚&� ���˚&�
����˚&� ���˚&�

���˚&��1R�
QRFWXUQDO�
YHQWLODWLRQ��

���˚&�
����˚&�

8 6HFRQGDU\�FRRO�
HPLWWHUV����˚&�� 1RQH�

�$� �%�

)DQ�FRLO������:�P��� 5DGLDQW�FHLOLQJ�����:�P���

9 6KDGLQJ��J�� ,QWHUQDO�GUDSH�
�������

�$� �%�

*OD]LQJ��VRODU�SURWHFWLRQ�������� 5ROOHU�VKXWWHU��������

10 1RFWXUQDO�YHQWLODWLRQ� ,Q�EHGURRPV�
��$�

&URVV�YHQWLODWLRQ�

11 5RRI�VWUXFWXUH� /LJKWZHLJKW��ZLWK�
DLU�JDS�

��$�

+HDY\�ZHLJKW��ZLWK�DLU�JDS�

12 :LQGRZ�WR�IORRU�DUHD�
UDWLR� +8�$YHUDJH�������

��$� ��%�

+8�UHJXODWLRQ������� +LJK�������

13 5RRI�UHIOHFWDQFH�
�����FRRO�FRORXUHG��
EULJKW�UHG�FRQFUHWH�
WLOH���

��$� ��%�

������GDUN�UHG�FRQFUHWH�WLOH�� ������ZKLWH�URRI�FRDWLQJ��

Si
te

 L
ay

ou
t 

14 6KDGLQJ�FDVW�E\�WUHHV�
RQ�WKH�VLWH�ERXQGDU\� ([SRVHG�

��$�

6KDGHG�

15 6LWH�OD\RXW�W\SH� 'HWDFKHG�
��$� ��%�

6HPL�GHWDFKHG� $WWDFKHG�

16 2ULHQWDWLRQ�RI�OLYLQJ�
VSDFHV� 6�

��$� ��%� ��&�

:� (� 1�
�
�:KHQ�WKH�EXLOGLQJ�LV�XQRFFXSLHG��ZHHNGD\V�IURP��DP�WR��SP��DQG�GXULQJ�WKH�QLJKWV��IURP���SP�WR��DP���
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Figure 3 Results 

',6&866,21�$1'�5(68/7�$1$/<6,6�
7KH�ILQDO�HQHUJ\�RI�HDFK�PRGHOOHG�FDVH�LV�WKH�VXP�RI�
KHDWLQJ�� +9$&� DX[LOLDU\� HQHUJ\� DQG� FRROLQJ� �LI�
DSSOLFDEOH��HQHUJ\�FDOFXODWHG�E\�WKH�EXLOGLQJ�HQHUJ\�
VLPXODWLRQ�VRIWZDUH��
7KH� LQYHVWPHQW� FRVW� HVWLPDWHV� RI� HDFK� FDVH� ZHUH�
FDUULHG� RXW� LQ� OLQH� ZLWK� WKH� +XQJDULDQ� &RVW�
$VVHVVPHQW� *XLGH� �%XLOGLQJ� ,QIRUPDWLRQ� &HQWUH��
������ ZLWK� FRVW� HVWLPDWLRQ� VRIWZDUH� FDOOHG� 7(5&�
�7(5&����������
7KH� SHUFHQWDJH� RI� KRXUV� ZKHQ� WKH� XVHU� FRPIRUW� LV�
XQDFFHSWDEOH� �FDW�� ,9�� RU� DFFHSWDEOH� �FDW�� ,,,��
DFFRUGLQJ� WR� (8� KDUPRQLVHG� VWDQGDUG� 06=� (1�
������ �RQ� WKH� LQGRRU� HQYLURQPHQWDO� LQSXW�
SDUDPHWHUV�� �06=� (1� ������������ GXULQJ� WKH�
VXPPHU�ZDV�GHILQHG�E\�,'$�,&(���
5HVXOWV�DUH�VKRZQ�RQ�ILJXUH����

Measures Affecting the Heating Energy 
Consumption  
,QFUHDVLQJ�WKHUPDO�LQVXODWLRQ�OHYHOV���$���PHFKDQLFDO�
YHQWLODWLRQ� ZLWK� KHDW� UHFRYHU\� ��$��� LPSURYHG�
ZLQGRZ� IUDPHV� ��$�� DQG� JOD]LQJ� ZLWK� KLJKHU�
SHUIRUPDQFH� ��$�� DUH� HIIHFWLYH� PHDVXUHV� WR� UHGXFH�
KHDWLQJ�HQHUJ\�FRQVXPSWLRQ��
$FFRUGLQJ� WR� WKH� &&(� YDOXHV�� WKH� PRVW� HIIHFWLYH�
PHDVXUH� LV� WKH� DSSOLFDWLRQ� RI� JOD]LQJ� ZLWK� KLJKHU�
WKHUPDO�SHUIRUPDQFH��WULSOH�3LONLQJWRQ�2SWLWKHUP�6��
JOD]LQJ��8J ����:�P�.����$���%\�PHDQV�RI�HIILFLHQW�
PHFKDQLFDO�YHQWLODWLRQ�����RI�WKH�KHDWLQJ�HQHUJ\�FDQ�
EH� VDYHG�ZLWK� D�&&(�RI������(85�N:K� ��$���:LWK�
LPSURYHG�ZLQGRZ�IUDPHV�RQO\����RI�KHDWLQJ�HQHUJ\�
FDQ� EH� VDYHG� ��$��� +RZHYHU�� WKLV� VROXWLRQ� LV�
UHODWLYHO\�FKHDS�������(85�LQYHVWPHQW�FRVW��WKXV�WKH�
&&(� LV� ORZ�� 7KH� DSSOLFDWLRQ� RI� LQFUHDVHG� WKHUPDO�
LQVXODWLRQ� FDXVHG� ���� GHFUHDVH� LQ� WKH� ILQDO� HQHUJ\�
XVH� ��$��� +RZHYHU�� WKLV� PHDVXUH� KDV� D� KLJK� &&(��
QDPHO\� �����(85�N:K� EHFDXVH� WKH� DGGLWLRQDO�
LQYHVWPHQW�FRVWV�DUH�KLJK���������
,QYHVWLJDWLRQ� RQ� WKH� HIIHFW� RI� KHDWLQJ� VHWSRLQW�
DGMXVWPHQW� ��$�&�� KDV� VKRZQ� WKDW� WKLV� SDVVLYH�
KHDWLQJ� HQHUJ\� VDYLQJ� PHDVXUH� FRXOG� UHVXOW� LQ� ����
VDYLQJ� ZLWKRXW� DGGLWLRQDO� FRVWV�� ,Q� FDVH� RI� FDVH� �$�
DQG��&��WKH�KHDWLQJ�VHWSRLQW�LV�VHW�EDFN�WR����Û&�DQG�
���Û&� ZKHQ� WKH� EXLOGLQJ� LV� FRQVLGHUHG� WR� EH�
XQRFFXSLHG��ZHHNGD\V�IURP��DP�WR��SP��DQG�GXULQJ�
WKH�QLJKWV��IURP���SP�WR��DP��
%\�PHDQV�RI� LQFUHDVLQJ�DLU� WLJKWQHVV�RI� WKH�EXLOGLQJ�
VKHOO� ��%��� D� FRQVLGHUDEOH� DPRXQW�RI� KHDWLQJ� HQHUJ\�
FDQ� EH� VDYHG�� ������ +RZHYHU�� WKH� HVWLPDWLRQ� RI�
DGGLWLRQDO� LQYHVWPHQW� FRVWV� RI� WKH� VSHFLDO� EXLOGLQJ�
VWUXFWXUHV� DQG� FRQVWUXFWLRQ� HQVXULQJ� SURSHU� DLU�
WLJKWQHVV� LV� KDUG�� 7KH� DLU� WLJKWQHVV� RI� D� EXLOGLQJ�
JUHDWO\� GHSHQGV� RQ� WKH� TXDOLW\� RI� WKH� EXLOGLQJ�
FRQVWUXFWLRQ� WKDW� VKRZV� FRQVLGHUDEOH� YDULHW\� LQ�
+XQJDU\��
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Measures Affecting Summer Indoor Comfort 
Levels 
,Q� FDVH� RI� SDUDPHWHU� ��� D� FRROLQJ� V\VWHP� ZDV�
PRGHOOHG�LQ�WKH�EDVHOLQH�PRGHO���$�(���7KH�HIIHFW�RI�
FRROLQJ�VHWSRLQWV�RQ�WKH�HQHUJ\�FRQVXPSWLRQ��FRROLQJ�
LQFOXGHG�� DQG� VXPPHU� FRPIRUW� ZDV� LQYHVWLJDWHG�� ,W�
ZDV�IRXQG� WKDW� LW� LV� UHDVRQDEOH� WR�NHHS����˚&�GXULQJ�
WKH� GD\� DQG� EHGURRP� ZLQGRZV� VKRXOG� EH� RSHQHG�
GXULQJ� WKH� QLJKW� WR� SURYLGH� QRFWXUQDO� YHQWLODWLRQ��
7KLV� ZD\� WKH� DGGLWLRQDO� HQHUJ\� FRQVXPSWLRQ�
LQFUHDVHG�RQO\�����DQG�&&+�LV������(85�K�D��
5DGLDQW�FRROLQJ�ZRUNV�HIIHFWLYHO\�DQG�UHVXOWV�LQ�KLJK�
FRPIRUW� OHYHOV� GXULQJ� WKH� VXPPHU�� ��%�� +RZHYHU��
WKLV� VROXWLRQ�PHDQV� KLJK� DGGLWLRQDO� LQYHVWPHQW� FRVW��
�&&+ �����(85�K�D��
$SSOLFDWLRQ�RI�JOD]LQJ�ZLWK�VRODU�SURWHFWLRQ��J ������
LV�DQ�HIIHFWLYH�WRRO���$���2QH�FRPIRUWDEOH�KRXU�LQ�WKH�
VXPPHU� DQQXDOO\� FRVWV� RQO\� �����(85�� 'HVSLWH� WKH�
IDFW�WKDW�WKH�&&+�YDOXH�LV������(85�LQ�FDVH�RI�UROOHU�
VKXWWHUV� ��%��� WKH� LQGRRU� FOLPDWLF� FRQGLWLRQV� DUH�
LPSURYHG� WR� VXFK� DQ� H[WHQW� �RQO\�����KRXUV� DUH� WRR�
ZDUP�±�����RI�EDVHOLQH�� WKDW� WKH�XVH�RI� WKLV� WRRO� LV�
KLJKO\�UHFRPPHQGHG�DV�ZHOO��
1RFWXUQDO� YHQWLODWLRQ� ZDV� SURYLGHG� LQ� WKH� EDVHOLQH�
EXLOGLQJ�EXW�RQO\�LQ�EHGURRPV��,Q�FDVH�WKH�LQKDELWDQWV�
HQVXUH�WKH�FURVV�YHQWLODWLRQ�LQ�WKH�EXLOGLQJ����$���WKH�
QXPEHU�RI�XQFRPIRUWDEOH�KRXUV�FDQ�EH�GHFUHDVHG�E\�
����DQQXDOO\� �FRPSDUHG� WR� WKH�EDVHOLQH���7KH�FURVV�
YHQWLODWLRQ� KDV� EHHQ� GHILQHG� LQ� WKH� ,'$� ,&(�PRGHO�
E\� PHDQV� RI� FRPSOH[�� QLJKW� YHQWLODWLRQ� RSHQLQJ�
FRQWURO�PDFURV�DSSOLHG�QRW�RQO\�WR�EHGURRP�ZLQGRZV�
EXW� WR� ERWK�XSVWDLUV� DQG�GRZQVWDLUV�ZLQGRZV�RQ� WKH�
RSSRVLWH�VLGHV�RI�WKH�EXLOGLQJ��
7KH� HIIHFWLYHQHVV� RI� QRFWXUQDO� YHQWLODWLRQ� FDQ� EH�
LQFUHDVHG�ZLWK�KHDYLHU�EXLOGLQJ�VWUXFWXUHV��7KHUHIRUH��
WKH� HIIHFW� RI� UHLQIRUFHG� FRQFUHWH� URRI� VWUXFWXUH� ZDV�
LQYHVWLJDWHG����$���5HVXOWV�VKRZ�WKDW�WKLV�PHDVXUH�LV�
QRW� FRVW�HIIHFWLYH�� QDPHO\� RQH� FRPIRUWDEOH� KRXU� LQ�
VXPPHU�FRVWV������(XURV��
2Q�WKH�+XQJDULDQ�FOLPDWH��ORZ�ZLQGRZ�WR�IORRU�DUHD�
UDWLR� ���$�%�� FDQ� EH� UHFRPPHQGHG� EHFDXVH� WKH�
VXPPHU� KHDW� ORDGV� DUH�PRUH� VLJQLILFDQW� WKDQ�ZLQWHU�
KHDW�ORVVHV��:LWK�D�ZLQGRZ�WR�IORRU�DUHD�UDWLR�RI�����
�SUHVFULEHG� E\� UHJXODWLRQV� �27e.�� ������� WKH�
QXPEHU� RI� XQFRPIRUWDEOH� VXPPHU� KRXUV� FDQ� EH�
GHFUHDVHG�E\�����FRPSDUHG�WR�WKH�EDVHOLQH�EXLOGLQJ��
7KH�FRORXU�FKDQJH�RI�WKH�URRI�FRYHULQJ�WLOHV����$�%��
GLG� QRW� UHVXOW� LQ� FRPIRUW� LPSURYHPHQW� GXULQJ� WKH�
VXPPHU� SHULRG�� 7KHUHIRUH�� WKLV� SDUDPHWHU� LV�
FRQVLGHUHG� WR� EH� RI� ORZHU� LPSRUWDQFH� RQ� WKH�
+XQJDULDQ� FOLPDWH� SDUWO\� EHFDXVH� WKH� +XQJDULDQ�
SLWFKHG�URRIV�JHQHUDOO\�KDYH�DQ�DLU�JDS�DQG�DUH�FURVV�
YHQWLODWHG��

Parameters in Connection with Site Layout Type 
,I� WKH�RZQHUV�SD\� DWWHQWLRQ� WR� SURSHU�JUHHQ� VXUIDFHV�
ZLWK� SRWHQWLDO� VKDGLQJ� HIIHFW� DURXQG� WKHLU� IXWXUH�
KRPH������P�KLJK� WUHHV�RQ� WKH�VLWH�ERXQGDU\��� LW�FDQ�
LQIOXHQFH� WKH� KHDWLQJ� HQHUJ\� FRQVXPSWLRQ� �������

DQG�WKH�QRQ�FRPIRUWDEOH�KRXUV�LQ�WKH�VXPPHU��������
DV�ZHOO����$���
,Q� FDVH� WKH� VLWH� FRQGLWLRQV� DUH� QRW� LGHDO� IRU� D� VLQJOH�
IDPLO\� KRXVH�� LW� FDQ� EH� VWDWHG� WKDW� DQ� DWWDFKHG�
EXLOGLQJ� FRXOG�ZRUN�EHWWHU� ���%��� ,Q� WKLV� FDVH�� ����
RI� KHDWLQJ� HQHUJ\� FDQ� EH� VDYHG� DQG� WKH� QXPEHU� RI�
VXPPHU�XQFRPIRUWDEOH�KRXUV�LV�GHFUHDVHG�E\������
6SHFLDO�DWWHQWLRQ�VKRXOG�EH�SDLG�RQ�WKH�RULHQWDWLRQ�RI�
OLYLQJ� VSDFHV� ���$�&�� GXULQJ� WKH� SODQQLQJ� SURFHVV�
EHFDXVH�LW�LQIOXHQFHV�WKH�KHDWLQJ�HQHUJ\�FRQVXPSWLRQ�
������ KHDWLQJ� HQHUJ\�� DQG� LQGRRU� XVHU� FRPIRUW�� DV�
ZHOO���0D[�������XQFRPIRUWDEOH�KRXUV���

&21&/86,21�
7KH�PRVW�VLJQLILFDQW�IDFWRUV�IRU�KHDWLQJ�FRQVXPSWLRQ�
UHGXFWLRQ�DUH���

 WKH� DWWHQWLYH� KHDWLQJ� VHWSRLQW� DGMXVWPHQW�
ZKHQ�WKH�EXLOGLQJ�LV�XQRFFXSLHG�RU�DW�QLJKW�
EHFDXVH�LW�FDQ�UHVXOW� LQ�����KHDWLQJ�HQHUJ\�
VDYLQJ��&&( ��(85�N:K���

 LQVWDOODWLRQ� RI� JOD]LQJ� ZLWK� KLJKHU� WKHUPDO�
SHUIRUPDQFH��&&( �����(85�N:K���

5HJDUGLQJ� VXPPHU� FRPIRUW� LPSURYHPHQW� PHDVXUHV��
LW�ZDV�IRXQG�WKDW���

 LQ� FDVH� DFWLYH� FRROLQJ� LV� DSSOLHG�� LW� LV�
UHDVRQDEOH�WR�NHHS����˚&�GXULQJ�WKH�GD\�DQG�
EHGURRP�ZLQGRZV�VKRXOG�EH�RSHQHG�GXULQJ�
WKH� QLJKW� WR� SURYLGH� QRFWXUQDO� YHQWLODWLRQ��
7KLV�ZD\�WKH�DGGLWLRQDO�HQHUJ\�FRQVXPSWLRQ�
LV�KLJKHU�E\�����DQG�&&+�LV������(85�K�D��

 WKH� DSSOLFDWLRQ� RI� JOD]LQJ� ZLWK� VRODU�
SURWHFWLRQ��J ������LV�DQ�HIIHFWLYH�WRRO��2QH�
FRPIRUWDEOH� KRXU� LQ� WKH� VXPPHU� DQQXDOO\�
FRVWV�RQO\������(85��

 WKH� QRFWXUQDO� FURVV� YHQWLODWLRQ� RI� WKH�
EXLOGLQJ� �LQVWHDG� RI� RSHQLQJ� RQO\� EHGURRP�
ZLQGRZV�� UHVXOWHG� LQ� ���� GHFUHDVH� LQ� WKH�
QXPEHU� RI� XQFRPIRUWDEOH� KRXUV� DQQXDOO\�
ZLWKRXW� DGGLWLRQDO� LQYHVWPHQW� FRVWV��
�&&+ ��(85�K���

 ZLWK�D�ZLQGRZ�WR�IORRU�DUHD�UDWLR�RI�����WKH�
QXPEHU� RI� XQFRPIRUWDEOH� VXPPHU� KRXUV�
FRXOG�EH�GHFUHDVHG�E\������

:LWKLQ�SDUDPHWHUV� LQ� FRQQHFWLRQ�ZLWK� VLWH� VHOHFWLRQ��
WKH�PRVW�VLJQLILFDQW�RQHV�ZHUH��

 WKH� DWWHQWLYH� JURZWK� RI� SODQWV�ZLWK� VKDGLQJ�
HIIHFW�RQ�VLWH������QRQ�FRPIRUWDEOH�KRXUV���

 WKH�LGHDO�RULHQWDWLRQ�RI�OLYLQJ�VSDFHV�������
KHDWLQJ� HQHUJ\�� PD[�� ����� XQFRPIRUWDEOH�
KRXUV���

� �
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120(1&/$785(�
ci =� QHW� LQYHVWPHQW� FRVW� RI� WKH� ³L´� FDVH� RI� WKH�

SDUDPHWHU�PDWUL[ 
c0 =� QHW�LQYHVWPHQW�FRVW�RI�WKH�EDVHOLQH�EXLOGLQJ 
t = OLIHVSDQ�RI�WKH�EXLOGLQJ�
A = QHW�IORRU�DUHD�RI�WKH�EDVHOLQH�EXLOGLQJ�
Ei = HQG� HQHUJ\� XVH� RI� WKH� ³L´� FDVH� RI� WKH�

SDUDPHWHU�PDWUL[ 
E0 = HQG�HQHUJ\�XVH�RI�WKH�EDVHOLQH�EXLOGLQJ�
NCi = SHUFHQWDJH� RI� KRXUV� ZKHQ� RSHUDWLYH�

WHPSHUDWXUH�LV�DERYH����˚&�LQ�DYHUDJH�]RQH�
LQ�WKH�³L´�FDVH�RI�WKH�SDUDPHWHU�PDWUL[ 

NC0 = SHUFHQWDJH� RI� KRXUV� ZKHQ� RSHUDWLYH�
WHPSHUDWXUH�LV�DERYH����˚&�LQ�DYHUDJH�]RQH�
LQ�WKH�EDVHOLQH�EXLOGLQJ�

Top = RSHUDWLYH�WHPSHUDWXUH�

$&.12:/('*(0(17�
$XWKRUV�ZRXOG�OLNH�WR�H[SUHVV�WKHLU�JUDWLWXGH�WR�
$%8'�/WG��IRU�SURYLGLQJ�WKH�QHFHVVDU\�HTXLSPHQWV�
DQG�VRIWZDUH�SURGXFWV�IRU�WKH�UHVHDUFK�SURMHFW��7KH�
SUHVHQW�ZRUN�EHQHILWHG�IURP�WKH�KHOS�RI�'HSDUWPHQW�
RI�(QHUJ\�'HVLJQ��8QLYHUVLW\�RI�3pFV��
� �
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5()(5(1&(6�
$DVKLVK� 6KDUPD�� $EKLVKHN� 6D[HQD��0XQHHVK� 6HWKL��

9HQX� 6KUHH�� 9DUXQ�� /LIH� F\FOH� DVVHVVPHQW� RI�
EXLOGLQJV��$�UHYLHZ��5HQHZDEOH�DQG�6XVWDLQDEOH�
(QHUJ\�5HYLHZV�������

%HODIL�� =V���*HOHV]��$��� 5HLWK��$���+XQJDULDQ�+RXVH�
����� ±� 0DJ\DU� Ki]� ����� ±� D� PLQWDWHUY�
N|UQ\H]HWWXGDWRV� V]HPSRQWMDL� pV� HQHUJHWLNDL�
YL]VJiODWD� �(QYLURQPHQWDO� $VSHFWV� DQG� (QHUJ\�
$VVHVVPHQW� RI� WKH� 6DPSOH� +RXVH��� (FR�ORJLFDO�
FRQIHUHQFH�������

%XLOGLQJ� ,QIRUPDWLRQ� &HQWUH� /WG��� eStWĘLSDUL�
.|OWVpJEHFVOpVL� 6HJpGOHW� �&RQVWUXFWLRQ� &RVW�
$VVHVVPHQW� *XLGH�� SXEOLVKHG� E\� eStWpV�J\L�
7iMpNR]WDWiVL� .|]SRQW� .IW�� �%XLOGLQJ�
,QIRUPDWLRQ�&HQWUH�/WG���������

&KDQ��+R\�<HQ��5LIIDW�6DIID�%���=KX�-LH��5HYLHZ�RI�
SDVVLYH� VRODU� KHDWLQJ� DQG� FRROLQJ� WHFKQRORJLHV��
5HQHZDEOH� DQG� 6XVWDLQDEOH� (QHUJ\� 5HYLHZV��
�����

&RPDNO�� .��� <�NVHO�� %��� 2SWLPXP� LQVXODWLRQ�
WKLFNQHVV� RI� H[WHUQDO� ZDOOV� IRU� HQHUJ\� VDYLQJ��
$SSOLHG�7KHUPDO�(QJLQHHULQJ�������

(FR�ORJLFDO� $UFKLWHFWXUH� &RQIHUHQFH� �gNR�ORJLNXV�
eStWpV]HW��� DYDLODEOH� DW�� KWWS���RNR�ORJLNXV�KX���
%XGDSHVW�������

(FRQRPLGRX�� 0��� (XURSH¶V� EXLOGLQJV� XQGHU� WKH�
PLFURVFRSH�� %XLOGLQJV� 3HUIRUPDQFH� ,QVWLWXWH�
(XURSH� �%3,(��� 2FWREHU� ������ ,6%1��
��������������

(UWVH\��$��������+XQJDULDQ�+RXVH������SLORW�SURMHFW��
gNR�ORJLNXV� FRQIHUHQFH� ������ %XGDSHVW�
�KWWS���RNRORJLNXV�KX�ZSFRQWHQW�XSORDGV�������
��PDJ\DUBKD]B����BPLQWDWHUYHN���BSDVV]LY�3'
)��

(8� UHJXODWLRQ�� ������ &RPPLVVLRQ� 'HOHJDWHG�
5HJXODWLRQ� �(8�� 1R� ��������� RI� ��� -DQXDU\�
������ VXSSOHPHQWLQJ� 'LUHFWLYH� ��������(8� RI�
WKH�(XURSHDQ�3DUOLDPHQW� DQG� RI� WKH�&RXQFLO� RQ�
WKH� HQHUJ\� SHUIRUPDQFH� RI� EXLOGLQJV� E\�
HVWDEOLVKLQJ� D� FRPSDUDWLYH� PHWKRGRORJ\�
IUDPHZRUN�IRU�FDOFXODWLQJ�FRVW�RSWLPDO�OHYHOV�RI�
PLQLPXP� HQHUJ\� SHUIRUPDQFH� UHTXLUHPHQWV� IRU�
EXLOGLQJV�DQG�EXLOGLQJ�HOHPHQWV��

)ORULGHV�*�$��7DVVRX��6�$���.DORJLURX��6�$���:UREHO�
/�&��� 0HDVXUHV� XVHG� WR� ORZHU� EXLOGLQJ� HQHUJ\�
FRQVXPSWLRQ� DQG� WKHLU� FRVW� HIIHFWLYHQHVV��
$SSOLHG�(QHUJ\�������

)XORS��2��������1(*$-28/(B������(QHUJ\�6DYLQJ�
3RWHQWLDO� RI� +XQJDULDQ� 5HVLGHQWLDO� %XLOGLQJV��
(QHUJLDNOXE�

,'$� ,&(� ����� ,'$� ,QGRRU� &OLPDWH� DQG� (QHUJ\��
(48$� 6ROXWLRQV�� ����������� IXUWKHU�
LQIRUPDWLRQ� DYDLODEOH� DW� KWWS���ZZZ�HTXD�
VROXWLRQV�FR�XN��

.6+�� ������ /DNiViOORPiQ\� DODNXOiVD�� �7RWDO�
1XPEHU� RI� 'ZHOOLQJV��� �� 2FWREHU� ������
.|]SRQWL�6WDWLV]WLNDL�+LYDWDO��+XQJDULDQ�&HQWUDO�
6WDWLVWLFDO�2IILFH��

0HLHU��$ODQ�.��������7KH�&RVW�RI�&RQVHUYHG�(QHUJ\�
DV�DQ�,QYHVWPHQW�6WDWLVWLF��3URFHHGLQJV�IURP�WKH�
6L[WK� $QQXDO� ,QGXVWULDO� (QHUJ\� 7HFKQRORJ\�
&RQIHUHQFH�9ROXPH� ,,��+RXVWRQ��7;��$SULO� ���
���������

06=� (1� ������������ ,QGRRU� HQYLURQPHQWDO� LQSXW�
SDUDPHWHUV� IRU�GHVLJQ�DQG�DVVHVVPHQW�RI�HQHUJ\�
SHUIRUPDQFH� RI� EXLOGLQJV� DGGUHVVLQJ� LQGRRU� DLU�
TXDOLW\�� WKHUPDO� HQYLURQPHQW�� OLJKWLQJ� DQG�
DFRXVWLFV��

06=� (1� ���������� 7KHUPDO� SHUIRUPDQFH� RI�
EXLOGLQJV��&DOFXODWLRQ�RI�HQHUJ\�XVH�IRU�KHDWLQJ��
5HVLGHQWLDO�EXLOGLQJV�

27e.�� *RYHUQPHQWDO� 'HFUHH� ���������� �;,,�� �����
2UV]iJRV� 7HOHS�OpVUHQGH]pVL� pV� eStWpVL�
.|YHWHOPpQ\HN� �1DWLRQDO� 6HWWOHPHQW� 3ODQQLQJ�
DQG�&RQVWUXFWLRQ�5HTXLUHPHQWV��+XQJDU\��

3DFKHFR� 5��� 2UGR×QH]� -��� 0DUWLQH]� *��� (QHUJ\�
HIILFLHQW� GHVLJQ� RI� EXLOGLQJ�� $� UHYLHZ��
5HQHZDEOH� DQG� 6XVWDLQDEOH� (QHUJ\� 5HYLHZV��
�����

7(5&�� +XQJDULDQ� ,QWHOOHFWXDO� &HQWUH� IRU�
&RQVWUXFWLRQ� %XVLQHVV�� %XGJHW� 3UHSDUDWLRQ��
9HUVLRQ�� 7(5&� 9,3� ����� 6LOYHU�� DYDLODEOH� DW��
KWWS���ZZZ�WHUF�KX�������

710��������+XQJDULDQ�0LQLVWHULDO�'HFUHH��������
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