
ZERO ENERGY HOUSE DESIGN FOR CYPRUS: ENHANCING ENERGY 
EFFICIENCY WITH VERNACULAR TECHNIQUES 
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7KLV�SDSHU�DQDO\VHV�WKH�WKHUPDO�SHUIRUPDQFH�RI�WKUHH�
&\SULRW� KRXVHV� ZLWK� GLIIHUHQW� WKHUPDO� PDVV�
SURSHUWLHV�� 7KUHH� KRXVHV� ZLWK� GLIIHUHQW� VWUXFWXUDO�
FKDUDFWHULVWLFV�� L�H��� $GREH�� 6WRQH� DQG� &RQFUHWH�� LQ�
&\SUXV� ZHUH� VHOHFWHG� WR� FROOHFW� WKH� DFWXDO� WKHUPDO�
HQYLURQPHQW� ZLWK� +2%2� GDWD� ORJJHUV�� 7KH�
LQYHVWLJDWLRQ� ZLOO� EHQHILW� WKH� HQHUJ\� VDYLQJ� RI�
UHVLGHQWLDO� EXLOGLQJV� LQ� VHPL�DULG� 0HGLWHUUDQHDQ�
FOLPDWH��(YDOXDWLRQV�VKRZHG�WKDW�WKH�6WRQH�KRXVH�KDV�
WKH� EHVW� WKHUPDO� SHUIRUPDQFH� DQG� DV� D� UHVXOW�� KLJK�
WKHUPDO� PDVV� FDQ� UHGXFH� WKH� FRROLQJ� ORDGV�
VLJQLILFDQWO\�LQ�WKH�FDVH�RI�&\SUXV��

,1752'8&7,21�
7KH�%XLOW�HQYLURQPHQW�FRQVXPHV�����RI�WKH�ZRUOG¶V�
HQHUJ\�SURGXFWLRQ�DQG�&\SUXV� LV�QR�GLIIHUHQW� LQ� WKLV�
FRQVXPSWLRQ� UDWH� DV� DQ� LVODQG� LQ� WKH�0HGLWHUUDQHDQ�
6HD�� ZKLFK� KDV� OLPLWHG� UHVRXUFHV� RI� HQHUJ\� DQG�
PDWHULDOV� �0HOHW�� ������� 7KLV� OLPLWDWLRQ� FDXVHV� WKH�
KRXVLQJ� VHFWRU� WR� XVH� IRVVLO� IXHOV� DQG� HOHFWULFLW\�
H[WHQVLYHO\�� ,Q� DGGLWLRQ�� D� KLJK� SHUFHQWDJH� RI� QHZ�
EXLOW� EXLOGLQJV�KRXVHV� LQ� &\SUXV� GR� QRW� WHQG� WR� XVH�
ORFDO� WHFKQLTXHV�DQ\PRUH��7KLV�SDWWHUQ� LV�RQH�RI� WKH�
PDLQ� UHDVRQV� WKDW� WKH� KRXVLQJ� VHFWRU� HQHUJ\�
FRQVXPSWLRQ� DQG� GHPDQG� LV� RQ� WKH� UDLVH�� 0DLQ�
SUREOHP� EHVLGHV� WKH� HFRQRPLF� FULVLV� IDFLQJ� &\SUXV�
QRZDGD\V�LV�WKH�LQFUHDVLQJ�HQHUJ\�QHHG�IRU�DFKLHYLQJ�
FRPIRUWDEOH� EXLOGLQJV�� 5HFHQWO\� EXLOW� QHZ� EXLOGLQJV�
WHQG�WR�DFKLHYH�WKLV�E\�UHO\LQJ�RQ�DUWLILFLDO�VROXWLRQV��
ZKLFK� SXWV� PRUH� SUHVVXUH� RQ� WKH� HQHUJ\� GHPDQG��
+RZHYHU�� WKLV� SUREOHP� FDQ� EHFRPH� WKH� VROXWLRQ� E\�
EHLQJ� VPDUW� DQG� XVLQJ� WKH� QDWXUDO� HQYLURQPHQWDO�
UHVRXUFHV��7UDGLWLRQDO�WHFKQLTXHV�XVHG�LQ�WKH�EXLOGLQJ�
GHVLJQ� WHQG� WR� VHUYH� DV� D� JRRG� VWDUWLQJ� SRLQW� IRU�
HQHUJ\�HIILFLHQF\�LQ�EXLOGLQJV��7KLV�EHFRPHV�SRVVLEOH�
ZLWK� WKH� UHGXFWLRQ� RI� WKH� HQHUJ\� GHPDQG� RI� WKH�
EXLOGLQJ� E\� XVLQJ� VLPSOH� SDVVLYH� IHDWXUHV� WKDW� DUH�
FRPPRQ� DQG� ZLWK� WKH� LQWHJUDWLRQ� RI� QHZ� HPHUJLQJ�
WHFKQRORJLHV� WR� DFKLHYH� PRUH� HIILFLHQW� EXLOW�
HQYLURQPHQW�LQ�VHPL�DULG�0HGLWHUUDQHDQ�FOLPDWH��
(QHUJ\� HIILFLHQW� KRXVH� GHVLJQ� WHQGV� WR� UHTXLUH�
GLIIHUHQW� DSSURDFK� IRU� HDFK� ORFDWLRQ� DQG� FOLPDWH��
9HUQDFXODU� EXLOGLQJV� FDQ� EH� D� PDMRU� FRQWULEXWRU� WR�
WKH�HQHUJ\�HIILFLHQF\��(QHUJ\�HIILFLHQW�EXLOGLQJV�FDQ�
VLPSO\�LPSURYH�WKH�TXDOLW\�RI�WKH�EXLOW�HQYLURQPHQW��
7KLV� SDSHU� WHQGV� WR� H[SORUH� DQG� GHILQH� D� QHZ�

XQGHUVWDQGLQJ� IRU� HQHUJ\� HIILFLHQW� KRXVH� GHVLJQ� IRU�
&\SUXV�� )RFXVLQJ� PDLQO\� WR� FRPELQH� WUDGLWLRQDO�
WHFKQLTXHV� DQG� ]HUR� FDUERQ� HQHUJ\� V\VWHPV�� %\�
DSSO\LQJ� ERWK� WUDGLWLRQDO� DQG� QHZ� WHFKQLTXHV� ZLOO�
DFKLHYH�PRUH�HQHUJ\�HIILFLHQW�EXLOGLQJV��7KLV�ZLOO�EH�
DQDO\VHG�DQG�HYDOXDWHG�WKURXJK�WKH�GHVLJQ�SURFHVV�E\�
YDULRXV� VLPXODWLRQ� SURJUDPPHV��:LWK� WKLV� UHVHDUFK��
WKHUH� ZLOO� EH� D� EHWWHU� XQGHUVWDQGLQJ� RI� LQGRRU�
FRQGLWLRQV�RI�&\SULRW�KRXVHV� WHPSHUDWXUH�EHKDYLRXU��
0RUHRYHU�� GHILQHG� WKHUPDO� EHKDYLRXU�ZRXOG� KHOS� WR�
LPSURYH� FRPIRUW� DQG� PLQLPLVH� RYHUDOO� HQHUJ\�
FRQVXPSWLRQ��

Context and Aims 
7KH�FDVH�VWXG\�KRXVHV�DUH� WZR�VWRU\�VLQJOH�GHWDFKHG�
KRXVHV�� (DFK� KRXVH� KDV� +2%2� GDWD� ORJJHUV� WR�
PRQLWRU�WKH�WKHUPDO�FRQGLWLRQV��$OO�WKUHH�KRXVHV�KDYH�
KRXVHKROGV� ZLWK� PLQLPXP� WZR� FRQVWDQW� RFFXSDQWV��
,Q�DGGLWLRQ��HYHU\�KRXVH�KDV�VRODU�WKHUPDO�SDQHOV�IRU�
KRW�ZDWHU�KHDWLQJ��
$LPV�RI�WKLV�SDSHU�DUH��

 0RQLWRU� UHDO� OLIH� WKHUPDO� SHUIRUPDQFH� RI�
HDFK�KRXVH�E\�LQGRRU�GDWD�ORJJHUV��

 (YDOXDWH�WKHUPDO�SHUIRUPDQFH�RI�HDFK�KRXVH�
DQG�XVHU�EHKDYLRXU��

 &DOLEUDWH�VLPXODWLRQ�PRGHOV�ZLWK�UHFRUGHG�
LQGRRU�+2%2�GDWD��

 $QDO\VH�DQG�GHILQH�HQHUJ\�HIILFLHQW�
YHUQDFXODU�WHFKQLTXHV��

 'HYLVH�D�VHW�RI�JXLGHOLQHV�IRU�HQHUJ\�
HIILFLHQW�KRXVHV�LQ�WKH�FDVH�RI�&\SUXV��

Requirements of Cyprus as an EU Member State 

&\SUXV� DV� DQ� (8� PHPEHU� KDV� WR� DFKLHYH� FHUWDLQ�
OHYHOV�RI�HQHUJ\�HIILFLHQF\�LQ�EXLOGLQJV��$OVR�E\���VW�
'HFHPEHU������DW�WKH�ODWHVW��(8�PHPEHU�VWDWHV�PXVW�
HQVXUH� WKDW� DOO� QHZO\� FRQVWUXFWHG� EXLOGLQJV� SURGXFH�
DV� PXFK� HQHUJ\� DV� WKH\� FRQVXPH� RQ�VLWH� �(8�
'LUHFWLYH�� ������� 7KH� GHDGOLQHV� DUH� DOVR� VLPLODU� IRU�
H[LVWLQJ�EXLOGLQJ�VWRFN�DQG�IRU�WKH�(8�PHPEHU�VWDWHV�
WR� VHW� LQWHUPHGLDWH� QDWLRQDO� WDUJHWV� IRU� H[LVWLQJ�
EXLOGLQJV�� L�H�� WR� IL[� PLQLPXP� SHUFHQWDJHV� RI�
EXLOGLQJV�WKDW�VKRXOG�EH�]HUR�HQHUJ\�E\������DQG�E\�
�����UHVSHFWLYHO\��,Q�DGGLWLRQ��WKH�QHZO\�EXLOW�KRXVHV�
KDYH� DQ� LQFUHDVLQJ� HQHUJ\� GHPDQG� IRU� DFKLHYLQJ�
FHUWDLQ� FRPIRUW� OHYHOV� DQG� UHFHQWO\� EXLOW� QHZ�
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EXLOGLQJV�WHQG�WR�DFKLHYH�WKLV�E\�UHO\LQJ�RQ�DUWLILFLDO�
VROXWLRQV��

Climate and Vernacular Architecture of Cyprus 
&\SUXV� LV� LQ� VHPL�DULG�0HGLWHUUDQHDQ� FOLPDWLF� ]RQH��
ZKLFK� KDV� D� W\SLFDO�0HGLWHUUDQHDQ� FOLPDWH� DOWKRXJK�
WKHUH�LV�VRPH�OLWWOH�GLIIHUHQFHV�FDQ�EH�VHHQ�EHFDXVH�RI�
LWV� JHRJUDSKLF� FRQGLWLRQ� ZKHUH� &\SUXV� FDQ� EH�
JURXSHG� DV� KRW� DULG�� KRW� KXPLG� DQG� FRPSRVLWH��
7HFKQRORJ\� KDV� EHHQ� D� IXQFWLRQDO� DGDSWDWLRQ� RI� WKH�
PDNLQJ� DQG� XVLQJ� WRROV� WR� ERWK� VXUYLYH� LQ� DQG�
WUDQVIRUP� RXU� VXUURXQGLQJV� �6WHHOH�� �������
7UDGLWLRQDO�WHFKQLTXHV�XVHG�LQ�EXLOGLQJ�GHVLJQ�WHQG�WR�
VHUYH�DV�D�JRRG�VWDUWLQJ�SRLQW�IRU�HQHUJ\�HIILFLHQF\�LQ�
EXLOGLQJV�� 7KLV� FRPELQHG� DSSURDFK� KDV� EHHQ�
FRQVLGHUHG� DV� D� IRUP� RI� HQHUJ\� HIILFLHQW� EXLOGLQJ�
GHVLJQ� DQG� UHTXLUHV� DQ� XQGHUVWDQGLQJ� RI� WKH� FOLPDWH�
RI� WKH� ORFDOLW\� KHQFH� LW� FDQ� WDNH� DGYDQWDJH� RI� LWV�
FKDUDFWHULVWLFV��<HDQJ���������
&\SULRW� YHUQDFXODU� DUFKLWHFWXUH� KDV� D� ORQJ� KLVWRU\�
EHJLQQLQJ� IURP� WKH� 1HROLWKLF� DJH�� XVLQJ� H[LVWLQJ�
PDWHULDOV� VXFK� DV� VWRQH�� HDUWK� �DGREH�� DQG� ZRRG� WR�
FUHDWH� VKHOWHU�� 7KLV� DSSURDFK� WKHQ� HYROYHG� DQG�
EHFRPH�FOLPDWH� VHQVLWLYH�GHVLJQ�� ,Q�0HGLWHUUDQHDQ¶V�
KRW� FOLPDWH� ZKHUH� VXQVKLQH� LQ� ZLQWHU� LV� ULFK� DQG�
FRROLQJ� DQG� YHQWLODWLRQ� LQ� VXPPHU� DUH� UHTXLUHG��
6RODULXP� FRXUW\DUGV� DUH� QRW� D� FKDQJHDEOH� SDUW� RI�
YHUQDFXODU� DUFKLWHFWXUH� LQ� &\SUXV�� 3DVVLYH� VRODU�
VROXWLRQV� DUH� DQ� LQVWLQFWLYH� DSSURDFK� LQ� YHUQDFXODU�
KRXVHV� RI� &\SUXV�� 7KH\� FRQFHQWUDWH� RQ� FOLPDWLF�
FRQGLWLRQV� DQG� UHTXLUHPHQWV� RI� WKH� XVHUV� DQG� VRFLDO�
FKDUDFWHULVWLFV��6HUJKLGHV���������7UDQVLWLRQDO�VSDFHV�
FRPELQH� IXQFWLRQV� WR� WKH� FRXUW\DUG� ZLWK� IOH[LEOH�
IXQFWLRQV��
9HUQDFXODU� DUFKLWHFWXUH� UHPDLQV� VDPH� DQG� GLG� QRW�
LQIOXHQFH�IURP�RXWHU�IDFWRUV�FRPSDUHG�ZLWK�WKH�XUEDQ�
DUHDV��3URYLGLQJ�WKH�EDVLF�QHHGV�RI�ORFDOV�LV�WKH�PDLQ�
FRQFHUQ�RI�&\SULRW�YHUQDFXODU�DUFKLWHFWXUH��$�W\SLFDO�
&\SULRW� YHUQDFXODU� KRXVH� FRQVLVWV� RI� D� FRXUW\DUG�
OLYLQJ�DQG�VHUYLFH�DUHDV��2]D\���������2ULHQWDWLRQ�LV�
DOZD\V�RQ�VRXWK�QRUWK�D[LV�ZLWK� D� VHPL�RSHQ�DUFKHG�
KDOO�IDFLQJ�VRXWK��'LQF\XUHN�HW�DO����������0LQLPXP�
RSHQLQJV�RQ�WKH�QRUWKHUQ�IDFDGH�DUH�UHTXLUHG�WR�EORFN�
FROG� QRUWKHUQ� ZLQGV� �'LQF\XUHN� HW� DO��� ������� ,Q�
YHUQDFXODU�&\SULRW�KRXVHV��WKHUH�DUH�D�ULFK�YDULHW\�RI�
RSHQ� DQG� VHPL�RSHQ� VSDFHV�� VXFK� DV� RSHQ�WR�VN\�
FRXUW\DUGV�� YHUDQGDV� DW� WKH� IURQW� DQG� V�QG�UPHV� DW�
WKH� EDFN�� DOO� ZLWK� DFFHVV� WR� JUHHQHU\�� ([LVWLQJ�
WUDGLWLRQDO� WHFKQLTXHV� KDYH� LQIXVHG� RQ� WKH� UHFHQWO\�
GHYHORSHG�EXLOGLQJ�PDWHULDOV�DQG�V\VWHPV�WR�HQKDQFH�
HQHUJ\�HIILFLHQF\��

,19(67,*$7,21�$1'�&$6(�678',(6�
Case Selection 
,Q� WKH� VWXG\�� WKUHH� FDVH� VWXG\� EXLOGLQJV� KDYH� EHHQ�
VHOHFWHG�ZLWK�GLIIHUHQW�WKHUPDO�PDVV�SURSHUWLHV��)LUVW��
LV�6WRQH�� VHFRQG� LV�$GREH�DQG� WKLUG�RQH� LV�&RQFUHWH�
FRQVWUXFWLRQ�� $OO� WKUHH� KRXVHV� KDYH� PLQLPXP� WZR�
RFFXSDQWV�� ,Q� DGGLWLRQ�� WZR� RI� WKH� KRXVHV� KDYH�
ZRUNLQJ�IDPLOLHV�ZKLOH�WKLUG�KDV�D�UHWLUHG�FRXSOH��7KH�

VHOHFWHG�KRXVHV�DUH�GHVFULEHG�EHORZ�IURP�ILJXUH���WR�
���
�� &DVH� 6WRQH� +RXVH�� 1HZ� EXLOGLQJ� EXLOW� LQ� ODWH�

����V� DQG� KDV� VRPH� YHUQDFXODU� LQIOXHQFHV��
6DQGVWRQH� LV� WKH� PDLQ� FRQVWUXFWLRQ� PDWHULDO��
2FFXSDQWV� DUH� WZR� LQ� ZHHNGD\V� DQG� ILYH� DW�
ZHHNHQGV��

�

� �
Figure 1 Stone House: street view (left) and garden 

view (right) 
�

�� &DVH�$GREH�+RXVH��9HUQDFXODU�EXLOGLQJ�EXLOW� LQ�
����V�E\�HPSLULFDO�EXLOGHUV�� ,W� LV�DQ�H[DPSOH�RI�
UXUDO� YHUQDFXODU� KRXVHV� RI� &\SUXV�� ZKLFK� UHOLHV�
RQ� FURVV� YHQWLODWLRQ� DQG� WKHUPDO� PDVV� IRU�
FRROLQJ�� ,W� KDV� QR� PHFKDQLFDO� FRROLQJ� V\VWHP��
$GREH�EULFNV�DUH� WKH�PDLQ�FRQVWUXFWLRQ�PDWHULDO�
ZLWK�ZRRG�IORRUV��

�

� �
Figure 2 Adobe House: street view (right) and 

garden view (left) 
�

�� &DVH� &RQFUHWH� +RXVH�� 1HZ� EXLOGLQJ� EXLOW� LQ�
HDUO\�����V�ZLWK�PRGHUQ�PDWHULDOV��7KHUH� LV� WKH�
XVH�RI�VRPH�YHUQDFXODU�PDWHULDOV�DV�GHFRUDWLRQV��
,W�ZDV�EXLOW� E\� D� FRQVWUXFWLRQ� FRPSDQ\� DQG� KDV�
GRXEOH�JOD]LQJ�ZLQGRZV��7KHUH�LV�QR�VKDGLQJ�DQG�
WKH�RULHQWDWLRQ�LV�HDVW�ZHVW��

�

�
Figure 3 Concrete House: street view 

�

Indoor Monitoring 
+2%2� GDWD� ORJJHUV� SODFHG� LQ� HDFK� FDVH� KRXVH� WR�
PRQLWRU� WKHUPDO� SHUIRUPDQFH�� /RJJHUV� KDYH� WKH�
PHDVXUHPHQW� UDQJH� RI� ����� WR� ���&� ZKHUH� WKH�
DFFXUDF\� LV��������&� IURP���� WR����&��7ZR� ORJJHUV�
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SODFHG� LQ� HDFK� KRXVH�� RQH� LQ� OLYLQJ� URRP� DQG� WKH�
RWKHU�LQ�EHGURRP��

Thermal Performance Evaluation 
6WRQH� +RXVH�� &RUUHODWLRQ� RI� WHPSHUDWXUH� ULVH� LV�
VLJQLILFDQW� DW� QLJKW� DQG� LQ� DIWHUQRRQ�� 7KHUH� LV� QR�
FRUUHODWLRQ�RI�WHPSHUDWXUH�ULVH�DW�PRUQLQJ�DQG�GXULQJ�
PLGGD\��+LJK� WKHUPDO�PDVV�UHTXLUHV� WLPH� WR� WUDQVIHU�
KHDW��7KHUH�LV�QR�RQH�DW�WKH�KRXVH�GXULQJ�GD\WLPH�IRU�
ZHHNGD\V�� 7KHUH� LV� QR� GLUHFW� VRODU� JDLQ� IURP�
ZLQGRZV�� 7KHUH� LV� VPDOO� DPRXQW� RI� FRUUHODWLRQ� DW�
QLJKW�DQG�LQ�DIWHUQRRQ��
�

�
Figure 4 Stone House: Scatter plot for thermal 

behaviour indicates rare use of natural ventilation at 
afternoons 

�

$GREH�+RXVH�� &RUUHODWLRQ� LV� VLJQLILFDQW� DW� QLJKW�� LQ�
PLGGD\�DQG� LQ�DIWHUQRRQ��7KHUH� LV�QR�FRUUHODWLRQ�IRU�
PRUQLQJ��$PRXQW�RI�FRUUHODWLRQ�LV�VPDOO�DW�QLJKW�DQG�
LQ� PLGGD\�� $PRXQW� RI� FRUUHODWLRQ� LV� PHGLXP� LQ�
DIWHUQRRQ�� 7KHUPDO� PDVV� HIIHFW� GHOD\V� WKH�
WHPSHUDWXUH� ULVH�� +LJK� YHQWLODWLRQ� RFFXUV� DOO� GD\��
7KLV� KRXVH� XVHV� FURVV� YHQWLODWLRQ� ZLWK� YHUQDFXODU�
PHWKRGV�DQG�WHFKQLTXHV��
�

�
Figure 5 Adobe House: Scatter plot for thermal 

behaviour shows all day use of natural ventilation 
�

&RQFUHWH�+RXVH��&RUUHODWLRQ�LV�VLJQLILFDQW�DW�QLJKW��LQ�
PRUQLQJ�DQG� LQ�DIWHUQRRQ��7KHUH� LV�QR�FRUUHODWLRQ� LQ�
PLGGD\�� 7KH� DPRXQW� RI� FRUUHODWLRQ� LV� VPDOO� LQ�

DIWHUQRRQ�DQG�DW�QLJKW��7KH�DPRXQW�RI�FRUUHODWLRQ� LV�
PHGLXP� LQ� PRUQLQJ�� :HVW� HDVW� RULHQWDWLRQ� RI� WKH�
KRXVH�PD[LPLVHV�VRODU�JDLQV�LQ�DIWHUQRRQ��
�

�
Figure 6 Concrete House: Scatter plot for thermal 
behaviour reveals nighttime use of air-conditioning 

�

6WRQH� KRXVH� VKRZV� WKH� EHVW� WKHUPDO� SHUIRUPDQFH�
FRPSDUHG�WR�$GREH�DQG�&RQFUHWH��2QO\�DW�QLJKW�WLPH�
$GREH� KRXVH� SHUIRUPV� VOLJKWO\� EHWWHU� WKDQ� 6WRQH��
+LJK� WKHUPDO� PDVV� SURYHV� WR� FRQWURO� UDSLG� RXWGRRU�
WHPSHUDWXUH� LQFUHDVH�EHWWHU� WKDQ�RWKHUV�GR��$GREH� LV�
DOVR� D� KLJK� WKHUPDO� PDVV� VWUXFWXUH� EXW� SHUIRUPV�
VOLJKWO\� GLIIHUHQW� EHFDXVH� RI� LWV� XVHU� EHKDYLRXU� DQG�
ORQJHU� SHULRG� RI� QDWXUDO� YHQWLODWLRQ�� 1DWXUDO�
YHQWLODWLRQ� LV� DOVR� WKH� FDXVH� WKDW� $GREH� KRXVH�
SHUIRUPV� EHWWHU� DW� QLJKWWLPH�� &RQFUHWH� KRXVH�
SHUIRUPV�WKH�ZRUVW�DPRQJ�DOO�FDVHV��5HDVRQV�RI�WKHVH�
DUH�WKHUPDO�FRQGXFWLYLW\�RI�WKH�FRQFUHWH�DV�D�PDWHULDO�
DQG�FRQFUHWH�KRXVHV�GR�ODFN�RI�VKDGLQJ��ZKLFK�FDXVHV�
XQZDQWHG� GLUHFW� VRODU� JDLQV�� &RQFUHWH� KRXVH� LV� WKH�
RQO\� FDVH� ZKHUH� XVHUV� UHO\� RQ� DLU�FRQGLWLRQLQJ� WR�
DFKLHYH�WKHUPDO�FRPIRUW��VHH�ILJXUH�����

Simulation Models 
'HVLJQ%XLOGHU�VRIWZDUH�SURJUDPPH�KDV�EHHQ�XVHG�WR�
DQDO\VH�WKH�WKHUPDO�SHUIRUPDQFH�RI�WKH�WKUHH�VHOHFWHG�
FDVH� VWXG\� KRXVHV� �YHUVLRQ� Y�������������(DFK�KRXVH�
PRGHOOHG�E\�WKH�KHOS�RI�DUFKLWHFWXUDO�GUDZLQJV��7ZR�
VHWV� RI� TXHVWLRQQDLUHV� XVHG� WR� LGHQWLI\� RFFXSDQW�
EHKDYLRXU��7KH�VLPXODWLRQ�PRGHOV�DUH�VKRZQ�IXUWKHU�
EHORZ�IURP�)LJXUHV���WR����
�
�

�
Figure 7 Stone House: DesignBuilder model 

�

�
�
�
�
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�
�

�
Figure 8 Adobe House: DesignBuilder model 

�

�
�

�
Figure 9 Concrete House: DesignBuilder model 

Simulation Process 
&DVH�6WRQH�KDV� H[WHQVLYH� XVH�RI� VRODU� VKDGLQJ��7KLV�
DOORZV� WKH� RFFXSDQWV� WR� FRQWURO� GLUHFW� VRODU� JDLQV�
ZKHQ� XQZDQWHG�� ,Q� WKH� VLPXODWLRQ�PRGHO�� WKH� GLUHFW�
VRODU�JDLQ�SDWWHUQV�FDQQRW�PDWFK�ZLWK�WKH�DFWXDO�GDWD��
7KLV� LV� PRVW� YLVLEOH� LQ� WKH� DIWHUQRRQ� YDOXHV� IURP�
������WR��������VHH�)LJXUH������
$GREH� KRXVH� PRGHO� GR� QRW� KDYH� WKH� VKDGLQJ�
OLPLWDWLRQ��ZKHUH�WKH�VWRQH�KRXVH�KDV��7KLV�DGYDQWDJH�
OHG� WR�D�YHU\�VLPLODU� WHPSHUDWXUH�SDWWHUQ� LQ�EHWZHHQ�
WKH� DFWXDO� GDWD� DQG� WKH� VLPXODWLRQ� GDWD� �VHH� )LJXUH�
�����
&RQFUHWH�KRXVH�KDYH�VLPLODU�VHWEDFN�DV�6WRQH��'LUHFW�
VRODU� JDLQ� GLIIHUHQFHV� DUH� YLVLEOH� LQ�PRUQLQJ� DQG� LQ�
PLGGD\� �VHH� )LJXUH� ����� &RQFUHWH� FDVH� KDV� WKH�
ELJJHVW� GLIIHUHQFH� LQ� WHPSHUDWXUH� YDOXHV�� $OWKRXJK�
DOO� WKH� GLIIHUHQFH� LV�� ORZHU� WKDQ� ����� IXUWKHU�
PRGLILFDWLRQ�FDQ�SURYLGH�EHWWHU�UHVXOWV��

Temperature Validation 
7KH� SURFHVV� RI� WHPSHUDWXUH� YDOLGDWLRQ� SUHVHQWHG� LQ�
7DEOH�����VW� -XO\� VHOHFWHG� WR�YDOLGDWH� WKH�PRGHOV� IRU�
KRW�VHDVRQ��3HUFHQWDJH�RI�GLIIHUHQFH�HTXDWLRQ�XVHG�WR�
YDOLGDWH� WKH� VLPXODWLRQ� PRGHOV�� D� LV� WKH� VLPXODWLRQ�
WHPSHUDWXUH�DQG�E�LV�WKH�UHFRUGHG�WHPSHUDWXUH��
�

��'LIIHUHQFH� 𝑎−𝑏𝑏 ∗ 100����������������������
�
$OO� FDVHV� KDYH� RFFXSDQWV� WKDW� GD\�� 7KLV� PHDQV� WKDW�
HDFK� FDVH� RSHUDWHV� DQG� WKH� DFWXDO� GDWD� LV� IURP� DQ�
RFFXSLHG� GD\�� 7KLV� MXVWLILHV� WKH� QDWXUDO� YHQWLODWLRQ�
YDULDEOH� WKDW� VFKHGXOHG� LQ� VLPXODWLRQ� SURJUDPPH� LV�
DOVR�YDOLG��
7KH�PD[LPXP� µ3HUFHQWDJH� RI� 'LIIHUHQFH¶� WR� DFFHSW�
DV�YDOLG�LV������,Q�6WRQH�KRXVH¶V�FDVH��3HUFHQWDJH�RI�
'LIIHUHQFH� LV� DW� PD[� ������� $GREH� KRXVH� KDYH�
3HUFHQWDJH� RI� 'LIIHUHQFH� DW� PD[� �������� &RQFUHWH�
KRXVH�KDYH�3HUFHQWDJH�RI�'LIIHUHQFH�DW�PD[��������
�VHH�7DEOH�����

',6&866,21�
6LPXODWLRQV�ZHUH�ILQDOLVHG�XVLQJ� WKHUPDOO\�YDOLGDWHG�
PRGHOV�� 9DOLGDWHG� PRGHOV� XVHG� WR� WHVW� WKHUPDO�
SHUIRUPDQFH��QDWXUDO�YHQWLODWLRQ�DQG�GLUHFW�VRODU�JDLQ�
PLQLPLVDWLRQ�� (IIHFW� RI� WKHUPDO�PDVV� LQ� WKH� FDVH� RI�
&\SUXV� KHOSHG� WR� GHOD\� DQG� PLQLPLVH� LQGRRU�
WHPSHUDWXUH� IOXFWXDWLRQV��%RWK�VLPXODWLRQ�DQG�DFWXDO�
LQGRRU�GDWD�VKRZHG�WKDW�KLJK�WKHUPDO�PDVV�FRXOG�EH�
YHU\� HIIHFWLYH� LQ� WKH� FRQWH[W� RI�&\SUXV�� ,Q� DGGLWLRQ��
QDWXUDO� YHQWLODWLRQ� FDQ� PLQLPLVH� WKH� FRROLQJ� ORDGV�
VXEVWDQWLDOO\��
6KDGLQJ� LV� RQH� RI� WKH� PDLQ� YDULDEOHV� WR� FRQWURO��
'HVLJQ%XLOGHU� LV� OLPLWHG� LQ� VKDGLQJ� RSWLRQV� DQG� LW�
GRHV� QRW� DOORZ� DQ\� RFFXSDQW� FRQWUROOHG� PHWKRG� WR�
KDYH� IXOO� VKDGLQJ� ZKHQ� GHVLUHG�� 6KDGLQJ� DQG� VRODU�
JDLQ� YDULDEOHV� QHHG� WR� H[SDQG� RSWLRQV�� :LWKRXW�
SURSHU� VKDGLQJ�� GLUHFW� VRODU� JDLQ� FDQ� SURGXFH�
RYHUKHDWLQJ�HVSHFLDOO\�VRXWKZHVW�ZHVW�GLUHFWLRQV��

%DVLQJ� XSRQ� WKH� HYLGHQFHV�� GHVLJQ� JXLGHOLQHV� DUH�
OLVWHG�EHORZ��

 8VH� WKHUPDO� PDVV� HIIHFWLYHO\� WR� PLQLPLVH�
LQGRRU�WHPSHUDWXUH�IOXFWXDWLRQV��

 8VH� RI� SDVVLYH� FRROLQJ� WHFKQLTXHV� WR�
PLQLPLVH�FRROLQJ�ORDGV��

 &URVV� YHQWLODWLRQ� FDQ� EH� PD[LPLVHG� E\� WKH�
XVH� RI� VPDOO� YRLGV� WR� FDWFK� EUHH]H� DQG�
FKDQQHOOLQJ�WKURXJK�]RQHV��

 0LQLPXP� WKUHH� OD\HU� RI� VKDGLQJ� XVH� WR�
PLQLPLVH�VRODU�JDLQ�RQ�ERWK�YRLGV�DQG�VROLG�
VXUIDFHV��

 0D[LPLVLQJ� IXQFWLRQDOLW\� RI� VHPL� RSHQ�
VSDFHV� FDQ� DOVR� UHGXFH� XQQHFHVVDU\� DUHD�
XVDJH�RI�PRGHUQ�KRXVHV��

&21&/86,21�
7KH� RXWFRPH� RI� WKLV� UHVHDUFK� ZDV� WR� UHYHDO� WKH�
WKHUPDO�EHKDYLRXU�SHUIRUPDQFH�RI�GLIIHUHQW�UHDO�WLPH�
&\SULRW� KRXVHV�� ,W� LV� FOHDU� WKDW� KLJK� WKHUPDO� PDVV�
VWUXFWXUHV�SHUIRUP�EHWWHU�LQ�WKH�FDVH�RI�&\SUXV��,Q�WKH�
HYDOXDWHG� FDVHV�� 6WRQH�SHUIRUPHG�EHWWHU� WKDQ�$GREH�
EHFDXVH� LW� KDV� EHWWHU� VKDGLQJ� DQG� FRQWUROOHG� QDWXUDO�
YHQWLODWLRQ�� +LJK� WKHUPDO� PDVV� FDQ� UHGXFH� WKH�
FRROLQJ�ORDGV�VLJQLILFDQWO\�LQ�WKH�FDVH�RI�&\SUXV��
7KH� VWXG\� DOVR� GHILQHV� WKH� YHUQDFXODU� WHFKQLTXHV� WR�
DFKLHYH�DQ�HQHUJ\�HIILFLHQW�EXLOGLQJ�HQYLURQPHQWV�LQ�
WKH� FDVH� RI� &\SUXV��0RUHRYHU�� LW� LV� DLPLQJ� WR� VKRZ�
WKH� SRVVLELOLWLHV� DYDLODEOH� IRU� YDULRXV� EXLOGLQJ� W\SHV�
DFFRUGLQJ� WR� WKHLU� QHHGV�DQG� WR�SUHGLFW� WKH�RSWLPXP�
ZD\V� RI� LQWHJUDWLQJ� WUDGLWLRQDO� WHFKQLTXHV� DQG�
HPHUJLQJ� WHFKQRORJLHV� KDUPRQLRXVO\�� 6XPPHU� KDV�
WKH� KLJKHVW� HQHUJ\� GHPDQG�� (VSHFLDOO\� VSULQJ� DQG�
DXWXPQ� VHDVRQV� DUH� PRUH� HIILFLHQW� DQG� ZRXOG� QHHG�
OHVV�HQHUJ\�WR�NHHS�KRXVHV�LQ�FRPIRUW�FRQGLWLRQV��7KH�
VWXG\� ZLOO� FRQWLQXH� ZLWK� IXUWKHU� DQDO\VLV� WR� UHYHDO�
ZKDW� H[WHQW� WKH� HQHUJ\� HIILFLHQF\� SRWHQWLDOV� DUH� LQ�
HDFK�KRXVLQJ�W\SH��
�
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Table 1:Actual, simulation temperatures and Percentage of Difference values. 
'DWH�
���������
��

$GREH�
7HPSHUDWXU
H�

$GREH�
'HVLJQ�
%XLOGHU�
7HPSHUDWXU
H�

$GREH�
3HUFHQWDJ
H�RI�
'LIIHUHQF
H�

6WRQH�
7HPSHUDWXU
H�

6WRQH�
'HVLJQ�
%XLOGHU�
7HPSHUDWXU
H�

6WRQH�
3HUFHQWDJ
H�RI�
'LIIHUHQF
H�

&RQFUHWH�
7HPSHUDWXU
H�

&RQFUHWH�
'HVLJQ�
%XLOGHU�
7HPSHUDWXU
H�

&RQFUHWH�
3HUFHQWDJ
H�RI�
'LIIHUHQF
H�
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�
Figure 10 Stone House: Actual temperature with outdoor and DesignBuilder simulation 

�

�
Figure 11 Concrete House: Actual temperature with outdoor and DesignBuilder simulation 

�

�
Figure 12 Adobe House:�$FWXDO�WHPSHUDWXUH�ZLWK�RXWGRRU�DQG�'HVLJQ%XLOGHU�VLPXODWLR
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5()(5(1&(6�
'LQF\XUHN�� 2��� 0DOOLFN�� )�+��� 1XPDQ�� ,��� ������

&XOWXUDO� DQG� (QYLURQPHQWDO� 9DOXHV� LQ� WKH�
$UFDGHG�0HVDRULDQ�+RXVHV�RI�&\SUXV���%XLOGLQJ�
DQG�(QYLURQPHQW��������������������

'LQF\XUHN��2��DQG�7XUNHU��2�2��������/HDUQLQJ�IURP�
7UDGLWLRQDO� %XLOW� (QYLURQPHQW� RI� &\SUXV�� 5H�
LQWHUSUHWDWLRQ�RI�WKH�&RQWH[WXDO�9DOXHV��%XLOGLQJ�
DQG�(QYLURQPHQW�������������������

6WHHOH�� -�� ������ (FRORJLFDO� $UFKLWHFWXUH�� $� &ULWLFDO�
+LVWRU\��7KDPHV�	�+XGVRQ��

'LUHFWLYH� ��������(8� RI� WKH� (XURSHDQ� 3DUOLDPHQW�
DQG� RI� WKH� &RXQFLO� RI� ��� 0D\� ����� RQ� WKH�
(QHUJ\� 3HUIRUPDQFH� RI� %XLOGLQJV�UHFDVW���
>2QOLQH@�� $YDLODEOH�� KWWS���HXU�
OH[�HXURSD�HX�/H[8UL6HUY�/H[8UL6HUY�GR"XUL 2
-�/��������������������(1�3')� >��� $SULO�
����@��

0HOHW��(��������6XVWDLQDEOH�$UFKLWHFWXUH��7RZDUGV�D�
'LYHUVH�%XLOW�(QYLURQPHQW��1$,�3XEOLVKHUV��

2]D\��1��������$�&RPSDUDWLYH�6WXG\�RI�&OLPDWLFDOO\�
5HVSRQVLYH�+RXVH�'HVLJQ�DW�9DULRXV�3HULRGV�RI�
1RUWKHUQ� &\SUXV� $UFKLWHFWXUH��� %XLOGLQJ� DQG�
(QYLURQPHQW�����������������

6HUJKLGHV��'��������7KH�6RODULXP�DQG�WKH�&RXUW\DUG�
DV� &OLPDWLF� 0RGLILHUV� LQ� 0HGLWHUUDQHDQ�
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