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$%675$&7�
7KH� UHVHDUFK� LQYHVWLJDWHV� KRZ� GLIIHUHQW� GHVLJQ�
DSSURDFKHV� DQG� FRPSXWDWLRQDO� PHWKRGV� FDQ� EH�
LQWHJUDWHG� LQ� WKH� GHVLJQ� SURFHVV� RI� HQHUJ\� HIILFLHQW�
DQG� FRPIRUWDEOH� EXLOGLQJV�� 7KUHH� DSSURDFKHV� ZHUH�
VWXGLHG�� D� VFHQDULR�E\�VFHQDULR� FRQYHQWLRQDO� GHVLJQ�
DSSURDFK��D�SDUDPHWULF�DSSURDFK�DQG�DQ�HYROXWLRQDU\�
RSWLPL]DWLRQ�DSSURDFK��
7R� H[SORUH� WKH� SRWHQWLDO� DQG� OLPLWDWLRQ� RI� VXFK�
PHWKRGV�� D� QHDUO\� =HUR�(QHUJ\� %XLOGLQJ� �Q=(%��
SURWRW\SH�� QDPHG�$XWDUNL� ���� �*UHHN�ZRUG� IRU� VHOI�
VXIILFLHQW���ZDV�GHVLJQHG�DQG�EXLOW�RQ�WKH�FDPSXV�RI�
WKH� 5R\DO� 'DQLVK� $FDGHP\� RI� )LQH� $UWV� LQ�
&RSHQKDJHQ���
7KH� SHUIRUPDQFH� RSWLPL]DWLRQ� ZDV� DFKLHYHG� ZLWK�
GLIIHUHQW� WRROV�� (QHUJ\3OXV�� M(SOXV� DQG� M(SOXV�($���
7KH� H[SHULPHQW� DOORZHG� WKH� HYDOXDWLRQ� DQG�
GLVFXVVLRQ� RI� RSWLPL]DWLRQ� WHFKQLTXHV� FRPSDWLELOLW\�
ZLWK� DQ� DUFKLWHFWXUDO� GHVLJQ� SURFHVV�� 7KH� XVHU�
IULHQGOLQHVV�� WKH� WLPH� UHTXLUHG� IRU� LQSXWWLQJ� DQG�
FRPSXWLQJ�� WKH� UHODWHG� QHHG� RI� KDUGZDUH� UHVRXUFHV�
DQG�WKH�HIIHFWLYHQHVV�RI�HDFK�VWUDWHJ\�DUH�GHVFULEHG���

,1752'8&7,21�
2Q� D� JOREDO� DYHUDJH�� EXLOGLQJ�UHODWHG� DFWLYLWLHV�
FRQVXPH�PRUH� WKDQ�����RI� D� FRXQWU\
V� HQHUJ\��7KH�
UHGXFWLRQ� RI� EXLOGLQJV¶� HQHUJ\� FRQVXPSWLRQ� LV� DQ�
LVVXH� WKDW� WKH� DUFKLWHFWXUH�� HQJLQHHULQJ�� DQG�
FRQVWUXFWLRQ��$(&��LQGXVWU\�LV�IDFLQJ��,Q�WKLV�FRQWH[W��
WKH� (8� VHWV� DPELWLRXV� WDUJHWV� WR� HQVXUH� WKDW� IURP�
����� DOO� QHZ� EXLOGLQJV� ZLOO� FRQVXPH� YHU\� OLWWOH�
HQHUJ\�DQG�KDV�FUHDWHG�WKH�WHUP�³QHDUO\�=HUR�(QHUJ\�
%XLOGLQJ´�RU�Q=(%���
'HVSLWH� WKH� DYDLODELOLW\� RI� GHVLJQ� WHFKQRORJ\�
FXUUHQWO\� XVHG� LQ� VFLHQFH� DQG� WKH� DYDLODELOLW\� RI�
SRZHUIXO� FRPSXWDWLRQDO� WHFKQRORJLHV�� WKH� $(&�
LQGXVWU\� LV� IDU� IURP� LPSOHPHQWLQJ� WKHP� LQ� GDLO\�
SUDFWLFH�� 7KH� FRQVHTXHQFH� LV� WKDW� DUFKLWHFWXUDO�
GHVLJQV� UDUHO\� UHDFK� RU� JHW� FORVH� WR� WKH� ³JUHHQHVW´�
VROXWLRQV��
7RGD\�� EXLOGLQJ� HQHUJ\� VLPXODWLRQV� DUH� QRUPDOO\�
XVHG� RQ� D� VFHQDULR�E\�VFHQDULR� EDVH�� ZLWK� WKH�
GHVLJQHU�JHQHUDWLQJ�D�VROXWLRQ��HYDOXDWLQJ�LW��DQG�WKHQ�
FUHDWLQJ�D�QHZ�VROXWLRQ�EDVHG�RQ�WKH�SUHYLRXV�UHVXOWV��
7KLV� SURFHVV� LV� UHODWHG� WR� WKH� LWHUDWLYH� QDWXUH� RI�
GHVLJQ�SURFHVVHV�LQ�DUFKLWHFWXUH��EXW�LWV�HIIHFWLYHQHVV�
PD\�EH�OLPLWHG�VLQFH�MXVW�IHZ�GHVLJQ�VFHQDULRV�FDQ�EH�

HYDOXDWHG�� 7KXV�� WKH� PRVW� ³SHUIRUPDWLYH´� GHVLJQ�
VROXWLRQ�LV�QHYHU�UHDFKHG���
&RQYHUVHO\�� UHVHDUFKHUV� DUJXH� WKDW� WKH� DELOLW\� WR�
LQYHVWLJDWH� D� ODUJH� QXPEHU� RI� GHVLJQ� DOWHUQDWLYHV� LV�
FULWLFDO� IRU� ILQGLQJ� HQHUJ\� HIILFLHQW� GHVLJQV�� 7R�
H[SORUH� PXOWLSOH� GHVLJQ� VFHQDULRV� WZR� DSSURDFKHV�
KDYH� HPHUJHG�� SDUDPHWULF� RSWLPL]DWLRQ� DQG�
HYROXWLRQDU\� RSWLPL]DWLRQ�� $� SDUDPHWULF� VWUDWHJ\� LV�
EDVHG� RQ� FUHDWLQJ� PXOWLSOH� GHVLJQ� RSWLRQV� �RIWHQ� LQ�
WKH� UHJLRQ� RI� KXQGUHGV� RI� WKRXVDQGV�� E\� WKH�
FRPELQDWLRQ�RI�FKRVHQ�GHVLJQ�YDULDEOHV��DV�D�ZD\� WR�
LGHQWLI\� D� UDQJH�RI�RSWLPDO� VROXWLRQV� �3DROHWWL� HW� DO���
������ 3UDWW� HW� DO��� ������� � 'HVSLWH� LWV� SRWHQWLDO��
SDUDPHWULF� VWXGLHV� DUH� UDUHO\� XVHG� LQ� DUFKLWHFWXUH�
EHFDXVH�WKH\�UHTXLUH�ORQJ�FRPSXWLQJ�WLPHV��3UHYLRXV�
UHVHDUFK� ZDV� FRQGXFWHG� WR� RYHUFRPH� WKH� LVVXH� E\�
SRUWLQJ� SDUDPHWULF� VLPXODWLRQV� RQ� D� FORXG� VHUYLFH�
�1DERQL�HW�DO����������
$QRWKHU� DSSURDFK�� ZKLFK� IRFXVHV� RQ� UHGXFLQJ� WKH�
QXPEHU� RI� VLPXODWLRQV� UHTXLUHG� IRU� H[SORULQJ� ODUJH�
VHDUFK� VSDFH� LQWHOOLJHQWO\�� LV� HYROXWLRQDU\�
RSWLPL]DWLRQ�� 7KLV� LV� D� WHFKQLTXH� LQVSLUHG� E\� WKH�
'DUZLQLDQ�HYROXWLRQ� WKHRU\��DQG�LV�XVHG�WR�DXWRPDWH�
WKH� SURFHVV� RI� VHDUFKLQJ� IRU� DQ� RSWLPDO� VROXWLRQ�� $�
PRVW� ZLGHO\� XVHG� HYROXWLRQDU\� RSWLPL]DWLRQ�
DOJRULWKP�� WKH� JHQHWLF� DOJRULWKP� �*$��� VWDUWV� E\�
JHQHUDWLQJ� D� QXPEHU� RI� SRVVLEOH� VROXWLRQV� WR� D�
SUREOHP�� HYDOXDWLQJ� WKHP� DQG� DSSO\LQJ� WKH� EDVLF�
JHQHWLF� RSHUDWRUV� �UHSURGXFWLRQ�� FURVVRYHU� DQG�
PXWDWLRQ�� WR� WKDW� LQLWLDO� SRSXODWLRQ�� DFFRUGLQJ� WR� WKH�
ILWQHVV� UDQNLQJ� RI� HDFK� LQGLYLGXDO� �)DVRXODNL� ������
3DORQHQ� HW� DO��� �������7KLV� SURFHVV� JHQHUDWHV� D� QHZ�
SRSXODWLRQ�ZLWK�KLJKHU�DYHUDJH�SHUIRUPDQFH�WKDQ�WKH�
SUHYLRXV� RQH�� &RPPRQO\�� WKH� DOJRULWKP� WHUPLQDWHV�
ZKHQ� HLWKHU� D�PD[LPXP� QXPEHU� RI� JHQHUDWLRQV� KDV�
EHHQ� SURGXFHG�� RU� D� VDWLVIDFWRU\� SHUIRUPDQFH� KDV�
EHHQ� UHDFKHG� IRU� WKH� SRSXODWLRQ�� 7KH� DGYDQWDJHV� RI�
WKH� V\VWHP� VHHP� WR�EH� UHODWHG� WR� LWV� HIIHFWLYHQHVV� LQ�
UHDFKLQJ� �QHDU�� RSWLPDO� VROXWLRQV� LQ� D� VKRUW� WLPH��
'HVSLWH�WKH�SRWHQWLDO�DQG�WKH�LQWHUHVW�VKRZQ�E\�VRPH�
RI� WKH� OHDGLQJ� DUFKLWHFWXUDO� SUDFWLFHV�� HYROXWLRQDU\�
RSWLPL]DWLRQ� KDV� QRW� EHHQ� XVHG� LQ� UHDO�ZRUOG�GHVLJQ�
SURMHFWV�GXH� WR� WKH� ODFN�RI� WRROV�DQG�H[SHUWLVH� LQ� WKH�
DUFKLWHFWXUDO�FRPPXQLW\��
,Q� RUGHU� WR� FRPSDUH� KRZ� �DQG� LI�� WKH� GLIIHUHQW�
DSSURDFKHV� FDQ� EH� XVHG� LQ� DQ� DUFKLWHFWXUDO� EXLOGLQJ�
GHVLJQ��DQG�ZKDW�WKH�RSSRUWXQLWLHV�DQG�WKH�OLPLWDWLRQV�
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DUH�� WKH� $XWDUN\� SURWRW\SH� ZDV� GHVLJQHG�� EXLOW��
PRQLWRUHG�DQG�RSWLPL]HG�ZLWK�GLIIHUHQW�PHWKRGV��7KH�
LQLWLDO� GHVLJQ� RI� $XWDUNL� ZDV� GHYHORSHG� ZLWK� D�
FRQYHQWLRQDO� VFHQDULR�E\�VFHQDULR� GHVLJQ�� ZKHUH�
RQO\� D� IHZ� RSWLRQV� ZHUH� WHVWHG� DFFRUGLQJ� WR� WKH�
GHVLJQHU� H[SHULHQFH� DQG� LQWXLWLRQ�� 7KH� PRGHO� ZDV�
FUHDWHG� ZLWK� 2SHQ6WXGLR�� DQ� DUFKLWHFW�IULHQGO\�
PRGHOLQJ� LQWHUIDFH� IRU� (QHUJ\3OXV� >�@�� WKH� SRSXODU�
86� 'HSDUWPHQW� RI� (QHUJ\¶V� EXLOGLQJ� HQHUJ\�
VLPXODWLRQ�WRRO��
6XEVHTXHQWO\�� WKH� EXLOGLQJ� SHUIRUPDQFHV� ZHUH�
PRQLWRUHG� DQG� RSSRUWXQLWLHV� IRU� RSWLPL]DWLRQ� ZHUH�
HYDOXDWHG�ZLWK�D�SDUDPHWULF�VWXG\�UDQ�ZLWK�M(SOXV�>�@��
D� SDUDPHWULF� VKHOO� IRU�(QHUJ\3OXV�� ,Q� RUGHU� WR� UHDFK�
Q=(%�WDUJHWV��WKH�SDUDPHWULF�VWXG\�ZDV�FDUULHG�RXW�LQ�
RUGHU� WR� DQDO\]H� WKH� RSHUDWLRQ� RI� WKH� EXLOGLQJ� DQG�
GULYH�VPDOO�PRGLILFDWLRQV�RI�LW��7KH�SDUDPHWULF�VWXG\�
�VHH�7DEOH� ���ZRXOG� KDYH� UHTXLUHG� ����� KRXUV� RQ� D�
VWDQGDUG� GXDO� FRUH� SF�� WKHUHIRUH�� LW� ZDV� UXQ� RQ� D�
FOXVWHU� ZLWK� ���� FRUHV� WR� UHGXFH� WKH� WLPH� RI�
FRPSXWDWLRQ�WR����KRXUV���
+RZHYHU�� WKH� PDMRULW\� RI� WKH� DUFKLWHFWXUDO� SUDFWLFHV�
GRHV�QRW�KDYH�DFFHVV�WR�D�FOXVWHU�RU�FORXG�FRPSXWLQJ��
7KH� GHYHORSPHQW� RI� FORXG� VHUYLFHV� IRU� SDUDPHWULF�
VLPXODWLRQ� LV� HPHUJLQJ� �1DERQL� HW� DO��� ������� EXW� D�
ORJLFDO�TXHVWLRQ�LV�ZKHWKHU�LW�LV�FRQYHQLHQW�WR�GHYHORS�
VXFK� VHUYLFHV� �QRZ� WKDW� HYROXWLRQDU\� RSWLPL]DWLRQ�
PD\� EHFRPH� DYDLODEOH��� RU� QRW�� 7KXV�� LQ� RUGHU� WR�
HYDOXDWH� KRZ� D� W\SLFDO� DUFKLWHFWXUDO� SUDFWLFH� XWLOL]HV�
GHVLJQ� RSWLPL]DWLRQ� DQG� KRZ� LW� FDQ� EH� IOXHQWO\�
LQWHJUDWHG� LQWR� WKH� GHVLJQ� SURFHVV�� DQ� HYROXWLRQDU\�
RSWLPL]DWLRQ�PHWKRG�ZDV�H[SORUHG���7KH�WRRO�XVHG�LQ�
WKLV� VWXG\� LV� M(3OXV�($� >�@�� D� JHQHWLF� DOJRULWKP�
FRXSOHG� ZLWK� M(SOXV�� :H� DLP� WR� ILQG� RXW� ZKHWKHU�
M(SOXV�($� KHOSV� WR� UHPRYH� WKH� EDUULHUV�� H[LVWLQJ�
XQWLO� QRZ�� IRU� WKH�GHVLJQHU� WR� HQWHU� LQWR� WKH� ILHOG�RI�
RSWLPL]DWLRQ���
$87$5.,�352727<3(�(;3(5,0(17�
7KH� $XWDUNL� SURWRW\SH� ZDV� GHVLJQHG� DQG� VLPXODWHG�
ZLWK� (QHUJ\3OXV�� 6LPXODWLRQV� ZHUH� FRQGXFWHG� RQ� D�
VWDQGDUG� GXDO�FRUH� SF�� 2QO\� D� IHZ� GHVLJQ� RSWLRQV��
PDLQO\�UHODWHG�WR�IRUP��VKDGLQJ�V\VWHPV�DQG�PDWHULDO�
RSWLPL]DWLRQ�� ZHUH� HYDOXDWHG� �)LJ�� ���� 7KH� GHVLJQ�
HYROYHG� LQ� DFFRUGDQFH� WR� WKH� GHVLJQHU¶V� W\SLFDO�
URXWLQH�� ,Q� WRWDO�� ��� GHVLJQ� RSWLRQV� ZHUH� JHQHUDWHG�
DFFRUGLQJ� WR� WKH� GHVLJQHU¶V� LQWXLWLRQ�� H[SHUWLVH� DQG�
H[SHULHQFH���
7KH� REMHFWLYH�ZDV� WKH� FUHDWLRQ� RI� D� Q=(%� E\� XVLQJ�
VROHO\� SDVVLYH� PHDQV�� WKHUHIRUH� QR� PHFKDQLFDO� RU�
DFWLYH� V\VWHPV� DUH� DGGHG� WR� WKH� EXLOGLQJ� �VHH� 7DEOH�
���� 7KH� FRQFHSW� RI� �H[WHQGHG� FRPIRUW� ]RQH�� ZDV�
LPSOHPHQWHG�DV�D�VWUDWHJ\��DV�ZHOO�DV�WKH�FRRSHUDWLRQ�
DQG�HGXFDWLRQ�RI�WKH�EXLOGLQJ¶V�XVHUV��7R�JXDUDQWHH�D�
SURSHU� DLU� H[FKDQJH� UDWH�� DQ� DLU�WR�DLU� UHFXSHUDWLYH�
KHDW�H[FKDQJHU��LQVSLUHG�E\�VWXGLHV�FDUULHG�RXW�LQ�WKH�
HDUO\� µ��V� DW� WKH� 7HFKQLFDO� 8QLYHUVLW\� RI� 'HQPDUN�
�6KXOW]���������ZDV�LQWHJUDWHG��7KH�KHDW�H[FKDQJHU�LV�
VROHO\�GULYHQ�E\�QDWXUDO�FRQYHFWLRQ���

$XWDUNL��)LJ�����ZDV�EXLOW�DQG�SODFHG�RQ�D�VLWH�LQ�WKH�
PLGGOH� RI� WKH� FDPSXV� RI� WKH� 6FKRRO� RI�$UFKLWHFWXUH�
LQ�&RSHQKDJHQ��7KH� EXLOGLQJ� KDV� D� IORRU� DUHD� RI� ���
P�� DQG� LW� LV� IXOO\� PDGH� RI� D� GRXEOH� VKHOO� RI� &URVV�
/DPLQDWHG�7LPEHU��&/7����
�
Table 1 Main energy design strategies and features 

of Autarki 

List of possible 
Strategies 

Implemented Design Features in 
Autarki 1:1 

5HGXFH�ORDGV�DQG�
LQFUHDVH�FRPIRUW�E\�
$UFKLWHFWXUDO�'HVLJQ�

$GDSWDWLRQ�WR�6LWH��
)RUP��VXUIDFH�DUHD�WR�YROXPH�UDWLR��
6L]H�
2ULHQWDWLRQ�
3URJUDP�
(QYHORSH�'HVLJQ��:LQGRZV�WR�:DOO�
5DWLR��)DoDGH�&RORXU�DQG�VXUIDFHV�
SURSHUWLHV��,QVXODWLRQ��:LQGRZV��
JOD]LQJ��H[WHULRU�DQG�LQWHULRU�VKDGLQJV��
'D\OLJKW�+DUYHVWLQJ�
&RQVWUXFWLRQ�0DWHULDOV�
7KHUPDO�0DVV�

5HGXFH�/RDGV�E\�
RWKHU�PHDQV�

(IILFLHQW�&RPSXWHU�
([WHQVLRQ�RI�7KHUPDO�&RPIRUW�=RQH 
$LU�WR�DLU�5HFXSHUDWLYH�+HDW�
([FKDQJHU�

&RQWURO��/LJKWLQJ�DQG�
+9$&�'HVLJQ�

(IILFLHQW�/LJKWLQJ�
%XLOGLQJ�0RQLWRULQJ��

$OWHUQDWLYH�(QHUJ\�
7HFKQRORJ\� 1RQH�

5HQHZDEOH�(QHUJ\�
DQG�$FWLYH�6\VWHPV�
'HVLJQ�

1RQH�

�

�
�
�
 
Data monitoring and actual performances 
$XWDUNL�WKHUPDO�SHUIRUPDQFHV�DUH�UHFRUGHG�ZLWK�QLQH�
LQVWDOOHG� VHQVRUV� DQG� D� ZHDWKHU� VWDWLRQ�� $OO� GDWD�
UHFRUGHG� E\� ORJJHUV� DUH� GLVSOD\HG� RQ� D� GHGLFDWHG�
ZHEVLWH��ZZZ�DXWDUNL�GN���'XULQJ�RFFXSDWLRQ�DQG�IRU�
WKH�SHULRG�RI�VWXG\��ZLQWHU���VHYHUDO�GLVFRPIRUW�KRXUV�

Figure 1 Autarki form studies: the high 
compactness is the common denominator of all the 

proposed and tested schemes 
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ZHUH� UHFRUGHG� ������� LQ� FRQWUDVW� ZLWK� SHUIRUPDQFH�
SUHGLFWHG� E\� VLPXODWLRQ��([LVWLQJ�(QHUJ\3OXV�PRGHO�
ZDV� LPSURYHG� E\� XVLQJ� WKH� UHFRUGHG� GDWD� IRU�
FDOLEUDWLRQ�� $� QHZ� (QHUJ\3OXV� ZHDWKHU� ILOH� ZDV�
JHQHUDWHG�E\�XVLQJ�WKH�GDWD�IURP�WKH�ZHDWKHU�VWDWLRQ��
,Q� DGGLWLRQ� WR� WKH�ZHDWKHU�SDUDPHWHUV�� WKH� LQVLGH� DLU�
WHPSHUDWXUH� ZDV� PRQLWRUHG� IRU� PXOWLSOH� ZHHNV�� DV�
ZHOO�DV�XVHUV�EHKDYLRU��ZLWK�RFFXSDQF\�VHQVRUV��DQG�
WKH� DLU�WR�DLU� KHDW� H[FKDQJH� DLU� UDWHV� �ZLWK�
DQHPRPHWHUV��� 6XEVHTXHQWO\� WKH� HQHUJ\� PRGHO� ZDV�
FDOLEUDWHG�LQ�RUGHU�WR�OLPLW�WKH�LQVLGH�DLU� WHPSHUDWXUH�
GLIIHUHQFH� �EHWZHHQ� PRQLWRUHG� DQG� VLPXODWHG� GDWD��
EHORZ������&��2Q�DYHUDJH��WKH�GLIIHUHQFH�EHWZHHQ�WKH�
PRQLWRUHG�DQG�VLPXODWHG�LQGRRU�DLU�WHPSHUDWXUHV�ZDV�
ZLWKLQ� DQ� DFFHSWDEOH� WROHUDQFH� ����� ���� �&��� $IWHU�
FDOLEUDWLRQ��D�VLPXODWLRQ�ZDV�UXQ�IRU�D�ZKROH�\HDU��
�

7KH�FDOLEUDWHG�PRGHO�VKRZHG�D�\HDUO\��LGHDO��VLQFH�QR�
PHFKDQLFDO� SODQWV� ZHUH� LQVWDOOHG�� WRWDO� HQHUJ\�
FRQVXPSWLRQ� RI� ����� N:K�P��� WKH� ���� RI� ZKLFK� LV�
UHODWHG� WR� KHDWLQJ�� 7KH� GLVFUHSDQF\� EHWZHHQ� GHVLJQ�
VLPXDOWLRQ� DQG� UHDO� SHUIRUPDQFHV� KLJKOLJKWHG� DQ�
LVVXH��LW�ZDV�FOHDU�WKDW� WKH�GHVLJQHU�KDG�QRW�SURSHUO\�
PRGHOHG� WKH� EXLOGLQJ� XVHUV¶� EHKDYLRU� DQG� WKHLU�
FRQWURO�RI�WKH�DLU�WR�DLU�YHQWLODWLRQ�V\VWHP��
,Q� RUGHU� WR� LPSURYH� WKH� SHUIRUPDQFH� RI� $XWDUNL� DW�
ORZ�FRVW�� WKH� UROH�RI� WKH�XVHUV� �DQG� WKHLU�HGXFDWLRQ���
WKH�RSHUDWLRQ�RI�WKH�DLU�WR�DLU�QDWXUDOO\�YHQWLODWHG�KHDW�
H[FKDQJHU� �)LJ�� ���� DQG� D� IHZ� DGMXVWDPHQWV� RI� WKH�
SURWRW\SH� �H�J�� DGGLWLRQ� RI� IORRU� WKHUPDO� PDVV� DQG�
RSWLPL]DWLRQ� RI� WKH� VKDGLQJ� V\VWHP� VL]H�� ZHUH��
LQYHVWLJDWHG��)HZ�VFHQDULR�E\�VFHQDULR�PRGLILFDWLRQV�
RI� WKH�PRGHO�ZHUH�H[SORUHG��:KLOH�RSSRUWXQLWLHV� IRU�
LPSURYHPHQWV�ZHUH� VKRZHG�� WKRVH�ZHUH� OLPLWHG� DQG�
PDQ\�PRUH�YDULDEOHV�QHHGHG� WR�EH� WHVWHG��*LYHQ� WKH�
LQWHUGHSHQGHQW�FKDUDFWHU�RI�DOO� WKH�PHQWLRQHG�GHVLJQ�
YDULDEOHV� DQG� WKH� QHFHVVLW\� WR� SDVVLYHO\� JXDUDQWHH�
FRPIRUW�� WKH� LQYHVWLJDWLRQ� ZDV� SHUIRUPHG� ZLWK�
SDUDPHWULF�VLPXODWLRQ��

Parametric studies�
$� SDUDPHWULF� VLPXODWLRQ� ZDV� FRQGXFWHG� LQ� RUGHU� WR�
TXDQWLI\� WKH� LPSDFW� RI� GHVLJQ� DQG� XVHU� EHKDYLRXUDO�
SDWWHUQV�� 7KH� SDUDPHWULF� DQDO\VLV� ZDV� FDUULHG� RXW�
XVLQJ�M(SOXV��7DEOH���OLVWV�WKH����GHVLJQ�YDULDEOHV�DQG�
WKHLU� DYDLODEOH� RSWLRQV�� DOORZLQJ� �������� GLIIHUHQW�
GHVLJQ� DOWHUQDWLYHV� LQ� WRWDO�� 7R� RYHUFRPH� WKH�
FRPSXWLQJ� WLPH� LVVXH�� VLPXODWLRQV�ZHUH�H[HFXWHG�RQ�
WKH�����FRUH�FOXVWHU�PDGH�DYDLODEOH�E\�WKH�,QVWLWXWH�RI�
(QHUJ\� DQG� 6XVWDLQDEOH� 'HYHORSPHQW�� 'H� 0RQWIRUW�
8QLYHUVLW\�� 7KH� ZKROH� SDUDPHWULF� SURMHFW� WRRN� ���
KRXUV� WR� UXQ�� ZKLOH� WKH� RYHUDOO� SURFHVV� IURP�
LQSXWWLQJ�� WR� UHVXOWV� UHWULHYDO� ZDV� DURXQG� ��� KRXUV��
ZKLFK�LV�FRQVLGHUHG�UHDVRQDEOH�IRU�D�W\SLFDO�EXLOGLQJ�
GHVLJQ�SURFHVV�ZRUNIORZV��7KH�SDUDPHWULF�VLPXODWLRQ�
VKRZHG� D� VHULHV� RI� RSWLPDO� VROXWLRQV� DQG� WKH� PDLQ�
GHVLJQ�IDFWRUV�LPSDFWLQJ�SHUIRUPDQFHV��)LJ�����
�

Table 2 Description of the simulated parametric 
variables 

Variables tested  N° Selected 
Parameters 

%XLOGLQJ�&RQQHFWLRQ�7R�
7KH�*URXQG� ��

6WDQGLQJ�RQ�WKH�
JURXQG�SODWH�RU�
VXVSHQGHG�

:DOO�,QVXODWLRQ�
7KLFNQHVVHV� �� ������P��������P��

������P�

)ORRU�,QVXODWLRQ�
7KLFNQHVVHV� �� ������P��������P��

������P�

5RRI�,QVXODWLRQ�
7KLFNQHVVHV� �� ������P��������P��

������P�

0DLQ�:LQGRZ�2YHUKDQJ�
'HSWK� �� ��P�������P������P��

�����P�

1DWXUDO�9HQWLODWLRQ�
6FKHGXOHV��1DWXUDO�+HDW�
([FKDQJHU�&RQWURO��

��
$OZD\V�RQ��DOZD\V�
RII��VXPPHU�RQ����
���RQ�

&RQFUHWH�7KHUPDO�0DVV�
7KLFNQHVVHV� �� ��P�������P������P�

1XPEHU�2I�8VHUV�
�'D\WLPH�� �� ��������SHUVRQV�

&RPSXWHU�$QG�/LJKWLQJ�
,QWHUQDO�*DLQV� �� ���:������:������

:�

&RORXU�)DoDGH� �� %ODFN��ZKLWH�

+HDW�([FKDQJHU�,QWHUQDO�
,QVXODWLRQ�7KLFNQHVVHV� �� ��P�������P������P�

Total Of Simulated 
Design Alternatives 139,968 

 

�

23325781,7<�)25�(1(5*<�
237,0,=$7,21�
7KH�GHVLJQHU�ZDV�DEOH�WR�UHODWH�WKH�SDUDPHWULF�UHVXOWV�
WR� RWKHU� IDFWRUV� �H�J�� FRQVWUXFWLRQ� FRVWV� DQG�
DUFKLWHFWXUDO� FRQVLGHUDWLRQV��� LGHQWLI\LQJ� D� UDQJH� RI�
PRGLILFDWLRQV� WKDW� ZRXOG� EULQJ� WKH� EXLOGLQJ� WR� DQ�
DQQXDO� HQHUJ\� FRQVXPSWLRQ�RI� �����N:K�P�� DW� YHU\�
ORZ�FRQVWUXFWLRQ�FRVW��6XFK�ORZ�HQHUJ\�FRQVXPSWLRQ�
ZRXOG�ILW�WKH�GHILQLWLRQ�RI�Q=(%��)LJ������

Figure 2 View of the prototype few steps before its 
completion 
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,Q�SDUWLFXODU�WKH�XVH�RI�SDUDPHWULF�VLPXODWLRQ�DOORZHG�
WKH� XQGHUVWDQGLQJ� RI� KRZ� FHUWDLQ� XVHU� VFHQDULRV�
ZRXOG� LPSURYH� SHUIRUPDQFHV�� OHDGLQJ� WR� WKH�
FRQFOXVLRQ� WKDW� WKH� EXLOGLQJ¶V� XVHUV� SOD\� WKH� PDMRU�
UROH�LQ�$XWDUNL�HQHUJ\�SHUIRUPDQFH���
6SHFLILF� XVHUV�RI� WKH� VSDFH�DQG� WKHLU�PDQXDO� FRQWURO�
RI� WKH� KHDW� H[FKDQJHU� FRXOG� LQGHHG� PD[LPL]H� WKH�
FRPIRUW� OHYHOV� DW� QR� HQHUJ\� FRVWV�� 7KH� UHDO�WLPH�
YLVXDOL]DWLRQ�LV�D�GHWHUPLQLQJ�IDFWRU�LQ�LPSURYLQJ�WKH�
LQWHUDFWLRQ�EHWZHHQ�XVHUV�DQG�WKH�SURWRW\SH���

(92/87,21$5<�237,0,=$7,21�,1�
$5&+,7(&785(�
7KH� XVH� RI� SDUDPHWULF� VLPXODWLRQ� ZDV� QHFHVVDU\� WR�
DFKLHYH� WKH� DERYH� PHQWLRQHG� FRQFOXVLRQ�� ,W� ZDV�
SRVVLEOH� WR� SHUIRUP� D� ODUJH� VWXG\� WKDQNV� WR� WKH�
DYDLODELOLW\� RI� D� FRPSXWHU� FOXVWHU�� &DQ� D� EXLOGLQJ�
GHVLJQ�EH�RSWLPL]HG�ZLWKRXW� DQ� H[SHQVLYH� FRPSXWHU�
FOXVWHU"� 7R� DQVZHU� WKLV� TXHVWLRQ�� ZH� ORRN� LQWR�
HYROXWLRQDU\� RSWLPL]DWLRQ� PHWKRGV� DQG� WRROV�� $�
UHFHQW� DQG� HDV\�WR�XVH� RSWLPL]DWLRQ� WRRO� IRU�
(QHUJ\3OXV� XVHUV�� M(SOXV�($�� LV� WHVWHG�� M(3OXV�($�
FRXSOHV� D� SRSXODU� RSWLPL]DWLRQ� DOJRULWKP� �*HQHWLF�
$OJRULWKP�� RU� *$�� ZLWK� WKH� M(3OXV� SDUDPHWULF� WRRO��
7R� DQVZHU� WR� WKH� IROORZLQJ� TXHVWLRQV�� WKH� VDPH�
GHVLJQ�SDUDPHWHUV�RI�WKH�$XWDUNL�PRGHO�ZHUH�XVHG���
 +RZ� DQ� DUFKLWHFWXUDO� RIILFH� FDQ� DFFHVV� GHVLJQ�

RSWLPL]DWLRQ� WHFKQLTXHV� XVLQJ� M(SOXV�($� DQG�
FRPSXWHUV� WKDW� DUH� W\SLFDOO\� LQ� WKHLU� RZQ�
DYDLODELOLW\"��

 7R�ZKDW� H[WHQW� HYROXWLRQDU\� RSWLPL]DWLRQ� FRXOG�
RSWLPL]H� WKH� GHVLJQ� HQHUJ\� SHUIRUPDQFHV� DQG�
KRZ�ORQJ�GRHV�WKLV�WDNH"��

 $QG��ZKDW�LV�WKH�GHJUHH�RI�DUFKLWHFW�IULHQGOLQHVV�
RI�WKH�M(SOXV�($"���

Performance Optimization 
6RPH� DGMXVWPHQWV� WR� WKH� M(3OXV� SDUDPHWULF� SURMHFW�
DUH� UHTXLUHG�� EHIRUH� LW� FDQ�EH�XVHG�ZLWK� M(3OXV�($��
7KH� SRSXODWLRQ� VL]H� RI� *HQHWLF� $OJRULWKP� LQ�
M(3OXV�($�ZDV� VHW� WR� ����2SWLPL]DWLRQ�ZDV� UXQ� IRU�
���� JHQHUDWLRQV�� DQG� LQ� WRWDO� ����� VLPXODWLRQV�ZHUH�
H[HFXWHG��
7KH�UHVXOWV�RI�WKH�RSWLPL]DWLRQ�SURFHVV�ZHUH�RYHUODLG�
WKH�RQHV�IURP�WKH�SDUDPHWULF�H[SHULPHQW�RQ�D�VFDWWHU�
SORW��)LJ�����+LJKOLJKWHG�DUH�WKH�3DUHWR�)URQWV��FXUYH�
UHSUHVHQWLQJ�WKH�VHW�RI�RSWLPDO�VROXWLRQV��DFKLHYHG�E\�
*$� DIWHU� ��� ��� DQG� ���� JHQHUDWLRQV�� ZLWK�
FRUUHVSRQGLQJ� FRPSXWLQJ� WLPH� ��� PLQXWHV�� �� KRXUV�
DQG����PLQXWHV�DQG���KRXUV��UHVSHFWLYHO\���
6XFK� VWXG\� LV� SHUIRUPHG� WR� XQGHUVWDQG� KRZ� PDQ\�
JHQHUDWLRQV� DUH� UHTXLUHG� WR� DOORZ� WKH� 3DUHWR� )URQW�
PRYH� WRZDUG� WKH� RSWLPDO� VROXWLRQV� REWDLQHG� E\�
SDUDPHWULF�VLPXODWLRQV��7KH�*$�RSWLPL]DWLRQ�IRXQG�D�
VDWLVIDFWRU\� QXPEHU� RI� VROXWLRQV� RQ� WKH� 3DUHWR� IURQW�
DIWHU����JHQHUDWLRQV���
�
�

Figure 3 The naturally ventilated air-to-air heat 
exchanger 

Figure 4 The path toward a nearly Zero Energy 
Building is described in few adjustments of the 

prototype 
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AUTARKI after optimization

Heating
5.4 kWh/m
Cooling
1.65 kWh/m

Heating
98 kWh/m
Cooling
0.6 kWh/m

Scenario-by-scenario with EnergyPlus (10 cases, 2-cores)
jEplus parametric simulation (139,968 cases, 256-cores)

jEplus+EA - 5 generations (139,968 cases, 10-cores)

jEplus+EA - 60 generations (139,968 cases, 10-cores)

jEplus+EA - 135 generations (139,968 cases, 10-cores)

jEplus+EA - 60 generations (139,968 cases, 2-cores)

Scenario-by-scenario with EnergyPlus

jEplus parametric simulation

jEplus+EA - 5 generations 

jEplus+EA - 60 generations 

jEplus+EA - 135 generations 

Figure 5 Energy needs comparison: scenario-by-scenario with EnergyPlus, jEplus parametric simulation and 
evolutionary algorithm with jEplus+EA

Figure 6 Time comparison: scenario-by-scenario with EnergyPlus, jEplus parametric simulation and 
evolutionary algorithm with jEplus+EA
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$IWHU���JHQHUDWLRQV��WKH�3DUHWR�IURQW�LV�IDLUO\�FORVH�WR�
WKH� UDQJH� RI� PRVW� ³SHUIRUPDWLYH´� VROXWLRQV� GHILQHG�
E\�WKH�SDUDPHWULF�VWXG\��DQG�DIWHU����JHQHUDWLRQV�WKH\�
RYHUODS��7KHUHIRUH��LQ�WKLV�FDVH��WKH�RSWLPDO�VROXWLRQV�
FDQ�EH�IRXQG�ZLWKLQ����KRXUV�RQ�D�GXDO�FRUH�SF��RU�LQ�
��KRXUV�RQ� D� ���FRUH�PLQL�FOXVWHU�� ��KRXUV� LV� D� YHU\�
FRQYHQLHQW� WLPH� IUDPH� IRU� DQ� DUFKLWHFW� LQ� WKH� PRVW�
UHDO�ZRUOG�GHVLJQ�SURMHFWV���

Time efficiency of evolutionary optimization 
,Q� SUDFWLFH�� WKH� DUFKLWHFWXUDO� GHVLJQ� SURFHVV� GLFWDWHV�
WKH� UK\WKP� RI� HQHUJ\� VLPXODWLRQV�� $UFKLWHFWV� QHHG�
TXLFN�IHHGEDFN�DQG�WKH\�DUH�UHOXFWDQW�WR�XVH�WRROV�WKDW�
UHTXLUH� ORQJ� FRPSXWDWLRQ� WLPH�� ,W� LV� WKHUHIRUH�XVHIXO�
WR�H[SORUH�KRZ�WKH�GLIIHUHQW�DSSURDFKHV�GHVFULEHG�LQ�
WKH�SUHVHQW�UHVHDUFK�DUH�UHODWHG�WR�KDUGZDUH��ORFDO�RU�
UHPRWH� ±� ZLWK� FORXG� FRPSXWLQJ�� DQG� WR� WLPH�� 7KH�
UHVXOWV� GHVFULEHG� LQ� ILJXUH� �� VKRZ� WKDW� WKH� WRWDO�
GHVLJQ� WLPH� UHTXLUHG� E\� WKH� JHQHWLF� DOJRULWKP�
DSSURDFK� �IURP� WKH� HQHUJ\� PRGHO� FUHDWLRQ� WR� WKH�
UHVXOWV¶� UHWULHYDO�� LV� ��� KRXUV� RQ� D� GXDO�FRUH� SF�� $�
VOLJKWO\�PLQRU�DPRXQW�RI�KRXUV������LV�UHTXLUHG�IRU�D�
FRQYHQWLRQDO� VFHQDULR�E\�VFHQDULR� GHVLJQ�� ZLWK� WKH�
FUXFLDO� GLIIHUHQFH�RI� KRZ�PDQ\�GHVLJQ�RSWLRQV�KDYH�
EHHQ�HYDOXDWHG����������YV�������7KHUHIRUH�� WKH�WLPH�
QHHGHG� E\� WKH� HYROXWLRQDU\� RSWLPL]DWLRQ� DSSURDFK�
FOHDUO\� RSWLPL]HV� WKH� HQHUJ\� GHVLJQ� SURFHVV� DQG�
SHUIRUPDQFHV���
Assessing the Efficiency of Evolutionary versus 
Parametric Optimization 
,W� VKRXOG� EH� QRWHG� WKDW� WKH� H[SORUHG� PHWKRGRORJLHV�
DUH� EDVHG� RQ� GLIIHUHQW� KDUGZDUH� UHVRXUFHV��$� XVHIXO�
ZD\�WR�FRPSDUH�FRPSXWDWLRQDO�WLPHV�LV�WR�HPSOR\�WKH�
XQLW� ³FRUHV�KRXUV´� �DOVR� FDOOHG� &38� WLPH� RU�
SURFHVVRU�KRXUV����
%RWK�� WKH�SDUDPHWULF� VWXG\�DQG� WKH�*$�RSWLPL]DWLRQ�
ZHUH� UDQ� RQ� ,QWHO� ;HRQ� (����� SURFHVVRUV�� 7KH�
SDUDPHWULF�VLPXODWLRQ�WRRN����KRXUV�RQ�WKH�����FRUHV�
FOXVWHU�� UHVXOWLQJ� LQ� ����� FRUHV�KRXUV�� &RQYHUVHO\��
WKH�VLPXODWLRQ�XVLQJ�*$�ODVWHG�����KRXUV��OHDGLQJ�WR�
VLPLODU�UHVXOWV�DIWHU����JHQHUDWLRQV��UXQQLQJ�RQ�D����
FRUHV� PLQL� FOXVWHU�� ZLWK� D� &38� WLPH� RI� ��� FRUHV�
KRXUV���
$V� D� FRQVHTXHQFH�� *$� UHGXFHG� WKH� WLPH� RI�
FRPSXWDWLRQ� E\� D� IDFWRU� ����� 7KLV� PHDQV� WKDW�� LI�
UXQQLQJ�WKH�VLPXODWLRQ�RQ�WKH�VDPH�KDUGZDUH��*$�LV�
����WLPHV�IDVWHU�WKDQ�SDUDPHWULF�VLPXODWLRQ�LQ�ILQGLQJ�
WKH�PRVW� ³SHUIRUPDWLYH´� VROXWLRQ� �PLQLPXP� DPRXQW�
RI�WRWDO�HQHUJ\�QHHGV����
)LQDOO\�� WKH� DGYDQWDJH� RI� UXQQLQJ� WKH� VLPXODWLRQ� IRU�
���� JHQHUDWLRQV� ZDV� GHFLVLYH� WR� DGG�PRUH� VROXWLRQV�
RQ�WKH�SDUHWR�IURQW��PDNLQJ�GHVLJQHUV�DEOH�WR�FKRRVH�
IURP� D� ZLGHU� UDQJH� RI� RSWLPDO� VROXWLRQV� ZKHQ�
FRPSDUHG�WR�UHVXOWV�DIWHU����RU���JHQHUDWLRQV��,Q�WKLV�
FDVH��*$�UHGXFHG�WKH�WLPH�RI�FRPSXWDWLRQ�E\�D�IDFWRU�
����

Architect-Friendliness of Evolutionary 
Optimization  
7KH�ODFN�RI�XVHU�IULHQGOLQHVV�KDV�EHHQ�D�IDFWRU�ZKLFK�
OLPLWV�WKH�XVH�RI�HQHUJ\�VLPXODWLRQ�LQ�DUFKLWHFWXUH��,WV�
LPSOHPHQWDWLRQ� KDV� MXVW� UHFHQWO\� EHFRPH� SRVVLEOH��
DIWHU� ³DUFKLWHFW� IULHQGO\´� LQWHUIDFH� RI� (QHUJ\3OXV�
ZHUH� LQWURGXFHG� �H�J�� 'HVLJQ%XLOGHU�� 2SHQ6WXGLR��
DQG� ODWHO\� 6LPHUJ\��� ,W� LV� WKHUHIRUH� QHFHVVDU\� WR�
XQGHUVWDQG� ZKHWKHU� RU� QRW� SDUDPHWULF� DQG�
RSWLPL]DWLRQ� WRROV� FDQ� RIIHU� WKH� VDPH� GHJUHH� RI�
DUFKLWHFW�IULHQGOLQHVV�� :KLOH� M(SOXV� LV� GHVLJQHG� WR�
DVVLVW� HQHUJ\� DQDO\VW� RQ� SUHSDULQJ� DQG� H[HFXWLQJ�
SDUDPHWULF� UXQV� ZLWK� (QHUJ\3OXV�� LWV� XVH� E\� DQ�
DUFKLWHFW� PD\� UHTXLUH� FHUWDLQ� HIIRUW�� 7KH� VRIWZDUH�
SUHVHQWV� D� UHODWLYHO\� XVHU�IULHQGO\� *8,� WR� VFULSW� LGI�
ILOHV�DQG�LW�LV�DEOH�WR�GHILQH�DQG�PRGLI\�SDUDPHWHUV�RI�
D�GHVLJQ�DOWHUQDWLYH�LQ�D�IOH[LEOH�HQYLURQPHQW�LQ�RUGHU�
WR�UHJHQHUDWH�DQG�UH�DVVLJQ�DWWULEXWHV���
7R�XVH�M(3OXV��D�XVHU�QHHGV�NQRZOHGJH�RI�(QHUJ\3OXV�
PRGHO� ILOHV� DQG� XWLOLW\� WRROV�� 'HVSLWH� WKH� VSUHDG� RI�
XVHU�IULHQGO\� JUDSKLFDO� LQWHUIDFHV�� WKLV� UHPDLQV� WKH�
PDLQ� EDUULHU� IRU� SUDFWLFLQJ� DUFKLWHFWV� WR� WDNH� XS� WKLV�
WRRO�� ,Q� DGGLWLRQ�� IXUWKHU� GHYHORSPHQWV� RI� M(SOXV�
VKRXOG� FRQVLGHU� WKH� SDUDPHWULF� PRGLILFDWLRQ� RI� WKH�
EXLOGLQJ� IRUPV�� ZKLFK� LV� RQH� RI� WKH� PDLQ� DUHDV� RI�
DUFKLWHFWXUDO� EDVHG� HQHUJ\�RSWLPL]DWLRQ��7KLV� VWHS� LV�
KRZHYHU� FRPSOLFDWHG� JLYHQ� WKH� SRVVLEOH� FRPSOH[LW\�
RI�D�EXLOGLQJ�DQG�LWV�WKHUPDO�]RQHV���
M(SOXV� SURYLGHV� DOVR� D� FRQYHQLHQW� ZD\� WR� LQWHUIDFH�
(QHUJ\3OXV� PRGHOV� ZLWK� RSWLPL]DWLRQ� DOJRULWKPV��
:LWK� M(SOXV�($�� XVHUV� FDQ� KDYH� DFFHVV� WR� HIILFLHQW�
RSWLPL]DWLRQ�PHWKRGV�ZLWKRXW�WKH�EXUGHQ�RI�OHDUQLQJ�
RSWLPL]DWLRQ� WHFKQLTXHV�� M(3OXV�($� KLGHV� WKH�
FRPSOH[LW\� RI� *$� E\� RSWLPL]LQJ� WKH� LQWHUQDO�
DOJRULWKP� IRU� EXLOGLQJ� GHVLJQ� DSSOLFDWLRQV�� ,Q� PRVW�
FDVHV�� M(3OXV�($� FDQ� VHDUFK� WKH� VROXWLRQ� VSDFH�
GHILQHG�E\�D�M(3OXV�SDUDPHWULF�SURMHFW�VWUDLJKW�RXW�RI�
WKH�ER[��+RZHYHU��XVHUV� VWLOO� QHHG� WR� XQGHUVWDQG� WKH�
VWUXFWXUH�RI�(QHUJ\3OXV�PRGHOV�EHIRUH� WKH\�FDQ� WDNH�
IXOO� DGYDQWDJH� RI� M(3OXV� DQG� M(3OXV�($¶V�
FDSDELOLWLHV���

&21&/86,21�
7KH�DXWKRUV�KDYH�WHVWHG�WKUHH�GLIIHUHQW�HQHUJ\�GHVLJQ�
PHWKRGV� LQ� RUGHU� WR� DFKLHYH� H[WUHPHO\� KLJK� HQHUJ\�
DQG�FRPIRUW�SHUIRUPDQFHV�RI�$87$5.,�����EXLOGLQJ�
SURWRW\SH��5HVXOWV� VKRZ� WKDW� WKH�XVH�RI�HYROXWLRQDU\�
RSWLPL]DWLRQ� ZLWK� M(SOXV�($� DOORZV� XVHUV� WR� ILQG�
RSWLPDO� VROXWLRQV� RI� ODUJH� GHVLJQ� RSWLRQV� VSDFH�
VLPXODWLRQV� LQ� D� UHDVRQDEOH� WLPH� ZKLOH� XVLQJ� D�
VWDQGDUG� GXDO�FRUH� SF�� 7KH� XVH� RI� SDUDPHWULF� DQG�
HYROXWLRQDU\�PHWKRGV�DOORZHG�XQGHUVWDQGLQJ�KRZ�WKH�
EXLOGLQJ�XVHU�FRXOG� LPSDFW� LWV�SHUIRUPDQFH��:LWKRXW�
D� ODUJH� QXPEHU� RI� WHVWHG� YDULDEOHV� VXFK� FRQFOXVLRQ�
FRXOG�QRW�EH�DFKLHYHG���
$GGLWLRQDOO\�� VWDUWLQJ� IURP� WKH� VDPH� DPRXQW� RI�
GHVLJQ�YDULDEOHV�FRPELQDWLRQV�� WKH�JHQHWLF�DOJRULWKP�
ZDV�����WLPHV�IDVWHU�WKDQ�WKH�SDUDPHWULF�DSSURDFK���
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7KH� LQWHJUDWLRQ� RI� WKH� GLIIHUHQW� DSSURDFK� LQ�
DUFKLWHFWXUDO�SUDFWLFHV�ZHUH�H[SORUHG��$�VFHQDULR�E\�
VFHQDULR�PHWKRG� LV� WKH�PRVW� XVHG� LQ� RIILFHV� VLQFH� LW�
FDQ� EH� GHYHORSHG� ZLWK� VWDQGDUG� SF� DQG� FRPPRQ�
HQHUJ\� SHUIRUPDQFH� WRROV��+RZHYHU�� ILJXUH� �� VKRZV�
WKDW� WKH� VLPXODWLRQ� RI� IHZ� RSWLRQV� UDUHO\� UHDFK�
RSWLPDO� VROXWLRQV� DQG� WKH� HQHUJ\� SHUIRUPDQFH� DUH�
RIWHQ�TXLWH�SRRU���
7KH�SDUDPHWULF�DSSURDFK�LV�DQ�H[WHQGHG�VLPXODWLRQ�RI�
D� ODUJH�QXPEHU�RI�SRVVLEOH�GHVLJQ�FRPELQDWLRQV�DQG�
LW� DOORZV� WR� LGHQWLI\� WKH� RSWLPDO� VROXWLRQV�� +RZHYHU�
WKLV� VWUDWHJ\� LV� VWLOO� SRRUO\� XVHG� LQ� DUFKLWHFXUDO�
SUDFWLFH�GXH�WR�QHHG�RI�SRZHUIXO�KDUGZDUH�UHVRXUFHV��
7KH� ODWHVW� DUH� QRZDGD\V� RQO\� DYDLODEOH� WR� ODUJH�
SULYDWH�� DFDGHPLF� DQG� JRYHUQPHQW� UHVHDUFK�
ODERUDWRULHV��
$V�GHPRQVWUHWHG�LQ�WKH�SUHVHQW�UHVHDUFK��HYROXWLRQDU\�
DOJRULWKPV� RSWPL]DWLRQ� OHDGV� WR� ILQGLQJ� RSWPLQDO�
VROXWLRQV�LQ�D�UHDVRQDEOH�FRPSXWDWLRQDO�WLPH��DOVR�E\�
UXQQLQJ� WKH� VLPXODWLRQV�RQ� VWDQGDUG�3&V��7KHUHIRUH��
LWV�LQWHJUDWLRQ�LQ�DUFKLWHFWXUDO�SUDFWLFH��RYHUFRPHV�WKH�
LVVXHV�RI�FRQYHQWLRQDO�DQG�SDUDPHWULF�SURFHVVHV��DQG�
VHHPV� WR� EH� DQ� DFKLYDEOH� SRVVLELOLW\� LQ� WKH� QHDU�
IXWXUH��
�

�
�
�
�

,W� LV� FOHDU� WKDW� DQ� H[WHQG� LQWHJUDWLRQ� RI� RSWLPL]DWLRQ�
DOJRULWKPV� FDQ� GUDVWLFDOO\� FKDQJH� WKH� XVDJH� RI� WLPH�
ZLWKLQ� DUFKLWHFWXUDO� GHVLJQ� SURFHVVHV�� DOORZLQJ�
GHVLJQHUV�WR�IRFXV�WKHLU�DWWHQWLRQ�RQ�WDNLQJ� LQIRUPHG�
GHVLJQ�GHFLVLRQV��)LJ������
,Q� FRQFOXVLRQ�� HYROXWLRQDU\� RSWLPL]DWLRQ� FDQ� LPSDFW�
VLJQLILFDQWO\� WKH� ZD\� EXLOGLQJV� DUH� GHVLJQHG��
$UFKLWHFWV� XVHG� WR� EH� OLPLWHG� E\� ZKDW� WKH\� FRXOG�
FDOFXODWH�� 1RZ� ZLWK� WKH� XVH� RI� JHQHWLF� DOJRULWKPV�

WKH\�FDQ�PRGHO�D� ODUJH�QXPEHU�RI�GHVLJQ�RSWLRQV�RU�
HYHQ� VXJJHVW� WKH� RSWLPDO� VROXWLRQ� DOORZLQJ� WKH�
FRPSXWHU� WR� KDQGOH� WKH� JHRPHWULFDO� DQG� PDWHULDOV�
FRPSOH[LW\� RI� WRGD\
V� EXLOGLQJV�� 7KH� SRVVLELOLW\� IRU�
DUFKLWHFW� WR� HYDOXDWH�PDQ\� YDULDEOHV� LV� IXQFWLRQDO� WR�
GHVLJQ� RSWLPL]DWLRQ�� VSHHGV� XS� WKH� OHDUQLQJ� SURFHVV�
DQG�VXSSRUW�WKH�FUHDWLRQ�RI�NQRZOHGJH�LQ�WKH�ILHOG�RI�
VXVWDLQDEOH�GHVLJQ��
)XUWKHU�LQYHVWLJDWLRQV�VKRXOG�DLP�WR�XQGHUVWDQG�KRZ�
WKH� GHVFULEHG� SURFHVVHV� FDQ� EH� DSSOLHG� WR� PRUH�
FRPSOH[�EXLOGLQJV���
/DVW�� LW�PD\�EH�ZRUWK� WR�TXHVWLRQ�KRZ� WKH�QDWXUH�RI�
GHVLJQ� PD\� FKDQJH�� VKLIWLQJ� IURP� D� VFHQDULR�E\�
VFHQDULR� FRQYHQWLRQDO� GHVLJQ� DSSURDFK�� WR�
HYROXWLRQDU\� RSWLPL]DWLRQ�� $V� VLPXODWLRQ� EHJLQV� WR�
GHWHUPLQH�WKH�FKDUDFWHU�RU�TXDOLW\�RI�DUFKLWHFWXUH��WKH�
KXPDQ�FRPSRQHQW�PD\�EH�PDUJLQDOL]HG��7KH�GHVLJQ�
VHQVLELOLW\� RI� DUFKLWHFWV� FRXSOHG� ZLWK� WKHLU� XQLTXH�
DELOLW\� WR� UHODWH� GHVLJQ� WR� VRFLDO� DQG� FXOWXUDO� IDFWRUV�
QHHGV� WR� WHPSHU� WKH� SRZHU� RI� SHUIRUPDQFH� UHODWHG�
FRPSXWLQJ� �
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$XWDUNL�������
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(GZDUGV��%ULDQ� DQG�1DERQL�(PDQXHOH�� ������*UHHQ�

%XLOGLQJV� 3D\�� 'HVLJQ�� 3URGXFWLYLW\� DQG�
(FRORJ\���UG�(GLWLRQ��5RXWOHGJH��

)DVRXODNL� (�� ������ *HQHWLF� DOJRULWKPV� LQ�
DUFKLWHFWXUH�� D� QHFHVVLW\� RU� D� WUHQG"�� ��WK��
*HQHUDWLYH�$UW� ,QWHUQDWLRQDO�&RQIHUHQFH��0LODQ��
,WDO\��

)ODJHU�)���%��:HOOH��3��%DQVDO��*��6RUHPHNXQ�DQG�-��
+D\PDNHU�� ������ 0XOWLGLVFLSOLQDU\� SURFHVV�
LQWHJUDWLRQ�	�GHVLJQ�RSWLPL]DWLRQ�RI�D�FODVVURRP�
EXLOGLQJ�� -RXUQDO� RI� ,QIRUPDWLRQ� 7HFKQRORJ\� LQ�
&RQVWUXFWLRQ��$XJXVW�������

1DERQL�(���<��=KDQJ��$��0DFFDULQL��(��+LUVFK�DQG�'��
/H]]L�� ������ ([WHQGLQJ� WKH� XVH� RI� SDUDPHWULF�
VLPXODWLRQ� LQ� SUDFWLFH� WKURXJK� D� FORXG� EDVHG�
RQOLQH� VHUYLFH�� ,%36$� ,WDO\� �� &RQIHUHQFH� RI�
,QWHUQDWLRQDO� %XLOGLQJ� 3HUIRUPDQFH� 6LPXODWLRQ�
$VVRFLDWLRQ��%R]HQ��,WDO\��

3DORQHQ�0���$��+DVDQ�DQG�.��6LUHQ��������$�JHQHWLF�
DOJRULWKP� IRU� RSWLPL]DWLRQ� RI� EXLOGLQJ� HQYHORSH�
DQG� +9$&� V\VWHP� SDUDPHWHUV�� ,%36$� ��
&RQIHUHQFH� RI� ,QWHUQDWLRQDO� %XLOGLQJ�
3HUIRUPDQFH� 6LPXODWLRQ� $VVRFLDWLRQ�� *ODVJRZ��
6FRWODQG��

3DROHWWL�*��� 6�� $YHVDQL��'�� ([QHU�� 5�� /ROOLQL�� ������
'HVLJQLQJ�ORZ�HQHUJ\�EXLOGLQJV��DSSOLFDWLRQ�RI�D�
SDUDPHWULF� WRRO� DQG� FDVH� VWXGLHV�� 3/($� ����� ±�
��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 3DVVLYH� DQG�
/RZ�(QHUJ\�$UFKLWHFWXUH��

Figure 7 Efficiency of the different methods 
seen from an architectural process perspective 
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,QWHUQDWLRQDO� %XLOGLQJ� 3HUIRUPDQFH� 6LPXODWLRQ�
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6KXOW]� 0�� -¡UJHQ�� ������ 1DWXUOLJ� 9HQWLODWLRQ� PHG�
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,QWHUQDWLRQDO� %XLOGLQJ� 3HUIRUPDQFH� $VVRFLDWLRQ�
,%36$��*ODVJRZ��8.��

=KDQJ�<�� ������ 8VH� M(SOXV� DV� DQ� HIILFLHQW� EXLOGLQJ�
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/RQGRQ��8.��
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