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$%675$&7�
7KH� LQFUHDVH� RI� WKH� ZRUOG¶V� SRSXODWLRQ� OHDGV� WR� DQ�
XUJHQW� QHHG� RI� UDGLFDO� PHDVXUHV� WR� GLPLQLVK� WKH�
HQHUJ\� IRRWSULQW� RI� KXPDQLW\��� 7KLV� VWXG\� FRQVLGHUV�
WKH� UHDOLVDWLRQ� RI� DQ� RSWLPDO� 0DVWHUSODQ� LQ� HQHUJ\�
WHUPV� IRU� WKH�QHZ�(3)/�5HVHDUFK�&HQWUH� LQ�5DV�$O�
.KDLPDK�� 8QLWHG� $UDE� (PLUDWHV� �8$(��� 7KH�
PHWKRGRORJ\� PDNHV� XVH� RI� DQ� 8UEDQ� (QHUJ\�
0RGHOOLQJ� WRRO� WR� GHILQH� WKH� EHVW� XUEDQ� IRUP�
FRQVLGHULQJ� VRODU� LUUDGLDWLRQ� DQG� EXLOGLQJV¶� HQHUJ\�
QHHGV�IRU�FRROLQJ��7KH�SDSHU�FRQWDLQV�WKH�VLPXODWLRQ�
PHWKRGRORJ\�� WKH� VLPXODWLRQ� UHVXOWV� DQG� JLYHV� VRPH�
LQVLJKWV�DERXW�KRZ�WR� LPSURYH�VXVWDLQDELOLW\� IRU� WKLV�
VSHFLILF�FOLPDWH�DW�WKH�FRQFHSW�VWDJH��
Keywords: 8UEDQ� HQHUJ\� PRGHOOLQJ�� RSWLPDO� XUEDQ�
IRUP��VXEWURSLFDO�DULG�FOLPDWH�

,1752'8&7,21�
7KH�ZRUOG�SRSXODWLRQ� LV� SURMHFWHG� WR� LQFUHDVH� E\����
�� IURP� ����� WR� ����� �8QLWHG� 1DWLRQV�� ������� 7KH�
JURZWK�RI�WKH�XUEDQ�SRSXODWLRQ�ZLOO�YDU\�LQ�GLIIHUHQW�
VLWHV��DQG�LQ������ZLOO�UHDFK������LQ�WKH�8QLWHG�$UDE�
(PLUDWHV�� ,Q� WKLV�SHUVSHFWLYH� LW� LV�HVVHQWLDO� WR�UHGXFH�
WKH�HQHUJ\�IRRW�SULQW�RI�FLWLHV��NQRZLQJ� WKDW�WKH\�DUH�
UHVSRQVLEOH� IRU� ���� RI� WKH� ZRUOG¶V� HQHUJ\� XVH� �,($��
������ 7KH� FOLPDWH� LQ�8$(� LV� KRW� DQG� GU\�� DQG� WKH�
5XE� $O� .KDOL� 'HVHUW� FRYHUV� WKH� PDLQ� SDUW� RI� WKH�
FRQIHGHUDWLRQ�� � ,Q� WKLV� FOLPDWH�� EXLOGLQJV� DUH�
UHVSRQVLEOH�IRU�WKH�KLJK�UHTXHVW�RI�HQHUJ\�WR�SURYLGH�
WKH� FRROLQJ� QHHGV�� 7KH� VWXGLHV� DLPHG� E\� *LYRQL�
�*LYRQL�� ������ ������ ������ GHILQH� WKHRUHWLFDO�
JXLGHOLQHV� WR� LPSURYH� WKH� FRPIRUW� �� LQ� LQGRRU� DQG�
RXWGRRU�VSDFHV��LQ�KRW�GU\�FOLPDWHV��7KH�VWXG\�RI�WKH�
FLW\� RI� .DVKDQ� �7DOHJKDQL� DQG� DO��� ������ LQ� ,UDQ�
GHILQHV� WKH� ELRFOLPDWLF� SULQFLSOHV� RI� WKH� DQFLHQW�
0HGLQD�� IURP� WKH� XUEDQ� WR� WKH� DUFKLWHFWRQLFDO� VFDOH��
7KH� PHDVXUHV� LQ� WKH� FLW\� RI� )H]�� LQ� 0DURFFR�
�-RKDQVVRQ���������XQGHUOLQH�KRZ�WKH�DQFLHQW�0HGLQD�
FDQ� DVVXUH� D� EHWWHU� FRPIRUWDEOH� RXWGRRU� FOLPDWH��
FRPSDUHG�ZLWK�WKH�QHZ�(XURSHDQ�FLW\���
7KH�ZDWHU�VFDUFLW\�LV�D�SUREOHP�IRU�WKH�IHGHUDWLRQ��LQ�
8$(�WKH�PRVW�H[SORLWHG�VRXUFH�LV�WKH�JURXQGZDWHU�±�
ZLWK�D� WRWDO�XVH�RI�����0Pñ�\�±�DQG� WKH�GHVDOLQDWHG�
ZDWHU� ±� ZLWK� D� WRWDO� XVH� RI� ����0Pñ�\� �0XUDG� DQG�
DO����������7KHVH� WZR�VRXUFHV�DUH�QRW� UHQHZDEOH�� WKH�
UDWH�RI�UHFKDUJH�RI�JURXQG�ZDWHU�LV�LQIHULRU�WR�WKH�XVH��

DQG� WKH� XVH� RI� GHVDOLQDWHG� ZDWHU� LV� GHVWUR\LQJ� VHDV�
IORUD�DQG�IDXQD��
,Q� WKLV�FOLPDWH�� WR� UHDFK�VXVWDLQDELOLW\�� LW� LV�HVVHQWLDO�
WR� UHGXFH� WKH� HQHUJ\� FRQVXPSWLRQ� IRU� EXLOGLQJ¶V�
FRROLQJ� QHHGV�� DQG� VWXG\� OHVV� LQYDVLYH� ZDWHU�
UHVRXUFH���
1RZDGD\V��PRVW�RI� WKH�EXLOGLQJV�HQHUJ\�VLPXODWLRQV�
QHJOHFW� WKH� LQIOXHQFH� RI� WKH� XUEDQ� FRQWH[W�� PLVVLQJ�
WKH� UHODWLRQVKLS� EHWZHHQ� EXLOGLQJV� ZKLFK� LQIOXHQFH�
VRODU�LUUDGLDWLRQ�DQG�UHODWHG�HQHUJ\�HIILFLHQF\���
7KH� DLP� RI� WKLV� VWXG\� LV� WR� GHILQH� D� ELRFOLPDWLF�
DSSURDFK�DW�WKH�XUEDQ�VFDOH�IRU�WKH�QHZ�(3)/��(FROH�
3RO\WHFKQLTXH� )HGHUDOH� GH� /DXVDQQH�� 5HVHDUFK�
&HQWUH� LQ� 5DV� $O� .KDLPDK�� XVLQJ� DGYDQFHG� XUEDQ�
VLPXODWLRQ�PHWKRGV��7KH�DSSOLFDWLRQ�RI�WKH�0LQHUJLH�
VWDQGDUGV� IRU� WURSLFDO� FOLPDWH� �)RXDG�DQG�DO����������
DQG� WKH� RSWLPLVDWLRQ� RI� WKH� XUEDQ� IRUP� DLPV� DW�
UHGXFLQJ�WKH�HQHUJ\�QHHGV�IRU�FRROLQJ�RQ�WKH�VLWH���

0(7+2'2/2*<�
7R� DFKLHYH� WKH� SURSRVHG� SURMHFW� IRU� WKH� QHZ� (3)/�
5HVHDUFK� &HQWUH� LQ� 5DV� $O� .KDLPDK�� ZH� GHILQH� D�
PHWKRGRORJ\�GLYLGHG� LQ� WKUHH� VWHSV��7KH� ILUVW� RQH� LV�
WKH� DQDO\VLV� WKH� VLWH�� ZLWK� WKH� HYDOXDWLRQ� RI� WKH�
FOLPDWLF� GDWD�� VXFK� DV� H[WHUQDO� WHPSHUDWXUH�� UHODWLYH�
KXPLGLW\�� ZLQG� GLUHFWLRQ� DQG� IUHTXHQF\�� 0RUHRYHU��
WKH�WUDGLWLRQDO�$UDE�DUFKLWHFWXUH�IURP�WKH�XUEDQ�WR�WKH�
DUFKLWHFWRQLFDO� VFDOH� LV� VWXGLHG�� 7KH� VHFRQG� SDUW�
FRQFHUQV� WKH� UHGXFWLRQ� RI� WKH� VRODU� LUUDGLDWLRQ��
VWXG\LQJ� WKH� EXLOGLQJV� JHRPHWU\�� 7KH� WKLUG� SDUW�
DGGUHVVHV� WKH� HYDOXDWLRQ� RI� WKH� HQHUJ\� GHPDQG� IRU�
FRROLQJ��DSSO\LQJ�WKH�0LQHUJLH�VWDQGDUGV�IRU�WURSLFDO�
DUHD��

Hot dry climatic analysis 
7KH� ILUVW� DSSURDFK� WR� WKH� SURMHFW� LV� WKH� DQDO\VLV� RI�
FOLPDWLF�GDWD��REWDLQHG�ZLWK�WKH�VRIWZDUH�0HWHRQRUP�
�0HWHRQRUP�� �������7KH� WHPSHUDWXUH� UHDFKHV� ��� �&�
GXULQJ�-XQH��DV�WKH�PD[LPDO�YDOXH��DQG�WKH�PLQLPDO�
WHPSHUDWXUH� GXULQJ� WKH� ZLQWHU� LV� �� �&�� 7KH� UHODWLYH�
KXPLGLW\� LV� KLJK�� DQG� SUHFLSLWDWLRQV� DUH� DURXQG� ����
PP�SHU�\HDU��7ZR�SUHGRPLQDQW�ZLQGV�DIIHFW�WKH�VLWH��
WKH� VHD�EUHH]H� �� IURP�1RUWK��:HVW��ZLWK� DQ� DYHUDJH�
VSHHG� RI� ����� P�V�� DQG� WKH� VDQG� VWRUP� ZLQG�� IURP�
6RXWK��WKDW�ZKLSV�WKH�DUHD�GXULQJ�$XJXVW��7KH�VLWH�LV�
ORFDWHG� LQ� WKH� GHVHUW� ORHVV� DUHD�� ZLWK� FKDUDFWHULVWLFV�
WUDQVYHUVDO�GXQHV�IDFLQJ�WKH�ZLQGV���
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7KH� WUDGLWLRQDO� $UDE� DUFKLWHFWXUH� DV� WKH� ELRFOLPDWLF�
DUFKHW\SH� LV� FRQVLGHUHG� IRU� WKH� SURMHFW�� 7KH�PHGLQD�
DQG� WKH� FRXUW\DUG� KRXVH� DUH� VWXGLHG� WR� GHILQH� WKH�
ELRFOLPDWLF� VWUDWHJLHV� WKDW� ZLOO� EH� DSSOLHG� RQ� WKH�
SURMHFW��UHLQWHUSUHWHG�ZLWK�DFWXDO�WHFKQRORJLHV���

Self-shading analysis 
,Q�WKLV�FOLPDWH��LW�LV�HVVHQWLDO�WR�UHGXFH�WKH�VRODU�JDLQV�
GXULQJ� WKH� KRWWHVW� PRQWKV�� DQG� WR� HQVXUH� D� FRUUHFW�
GD\OLJKW� SURYLVLRQ� GXULQJ� WKH� ZLQWHU� PRQWKV�� � 7KH�
EXLOGLQJV� JHRPHWU\� DQG� RULHQWDWLRQ� KDV� D� JUHDW�
LQIOXHQFH� LQ� WKH� VRODU� LUUDGLDWLRQ�� FKRRVLQJ� WKHP�
ZLVHO\�UHGXFHV�WKH�FRROLQJ�QHHGV�GXULQJ�WKH�VXPPHU���

Evaluation of cooling energy demand  
7KH�ODVW�SDUW�RI�WKH�VWXG\�FRQFHUQV�WKH�VLPXODWLRQ�RI�
HQHUJ\�GHPDQG�IRU�FRROLQJ��2Q�WKH�PDUNHW��WKHUH�DUH�
GLIIHUHQW� VRIWZDUH� WKDW� FDQ� VLPXODWH� WKH� HQHUJ\�
GHPDQGV� IRU� FRROLQJ�� EXW� WKH\� DQDO\VH� VLQJOH�
EXLOGLQJ��WKH\�GRQ¶W�WDNH�LQWR�DFFRXQW�WKH�UHODWLRQVKLS�
EHWZHHQ� EXLOGLQJV�� VXFK� DV� VKDGRZV� DQG�
LQWHUUHIOHFWLRQV��)RU�WKDW�UHDVRQ�ZH�GHFLGHG�WR�XVH�WKH�
VRIWZDUH�&LW\6LP��5RELQVRQ���������DQ�XUEDQ�HQHUJ\�
VRIWZDUH�GHYHORSHG�DW�/(62��3%��(3)/��,Q�RUGHU�WR�
EH�FRQILGHQFH�RQ�WKH�VLPXODWLRQ�UHVXOWV��WZR�H[LVWLQJ�
EXLOGLQJV� LQ� 5DV� $O� .KDLPDK� DQG� WKHLU�
WUDQVIRUPDWLRQ�WR�DFKLHYH�0LQHUJLH�VWDQGDUGV��)RXDG�
DQG� DO��� ������ ZHUH� VLPXODWHG� ZLWK� &LW\6LP�� 7KH�
UHVXOWV� ZHUH� FRPSDUHG� ZLWK� WZR� SUHYLRXV� VWXGLHV�
PDGH� ZLWK� (QHUJ\3OXV� �)RXDG� DQG� DO��� ������� 7KH�
GLIIHUHQFH� EHWZHHQ� WKH� WZR� PRGHOV� LV� QHJOLJLEOH� LQ�
WKH� H[LVWLQJ� EXLOGLQJ� ±� DURXQG� �� �� RQ� WKH� \HDUO\�
FRROLQJ�GHPDQG��EXW�LV�KLJKHU�±�DURXQG��������LQ�WKH�
0LQHUJLH� EXLOGLQJ�� EHFDXVH� RI� WKH� FRPSOH[� EOLQGV�
V\VWHP�VWXGLHG�ZLWK�(QHUJ\3OXV��
�
)RU� HDFK� EXLOGLQJ�� ZH� DVVLJQHG� WKH� 0LQHUJLH�
6WDQGDUGV�IRU�WURSLFDO�DUHD��WKH�8�YDOXH�IRU�URRI�DQG�
ZDOOV� LV� ����:�Pð·.�� 7KH� ZDOOV� DUH� FRPSRVHG� RI� ��
FP�RI�H[WHUQDO�SODVWHU�����FP�RI�LQVXODWLRQ�����FP�RI�
EULFN�� DQG� �� FP� RI� LQWHUQDO� SODVWHU�� 7KH� LQILOWUDWLRQ�
UDWH� LV� ����� $&+�� 7KH� 8� YDOXH� RI� ZLQGRZV� LV� ��
:�Pð·.��DQG�WKH�J�YDOXH�LV�������WDNLQJ�LQWR�DFFRXQW�
WKH� DFWLYDWLRQ� RI� EOLQGV� ZKHQ� WKH� VRODU� LUUDGLDWLRQ�
H[FHHGV� ���� :�Pð�� 7KH� VKRUW� ZDYH� UHIOHFWDQFH� RI�
ZDOOV�LV������WKLV�YDOXH�LV�WKH�SURGXFW�RI�WKH�ZDOO�DQG�
ZLQGRZV� UHIOHFWLYLW\�� DQG� WKHLU� JHRPHWULFDO�
GLPHQVLRQ�� 7KH� FRORXU� FKRVHQ� IRU� WKH� ZDOO� LV� SLQN��
5$/��5HLFKVDXVVFKXVV�I�U�/LHIHUEHGLQJXQJHQ��������
7KLV�SLJPHQW�DVVXUHV�D�SHUIHFW�FRPSURPLVH�EHWZHHQ�
WKH�UHGXFWLRQ�RI�HQHUJ\�DEVRUSWLRQ�DQG�DOEHGR��LQ�WKH�
FOLPDWH� RI� 5DV� $O� .KDLPDK�� WKH� VRODU� LUUDGLDWLRQ� LV�
HOHYDWHG�� DQG� EXLOGLQJV�ZLWK�ZKLWH� H[WHUQDO� VXUIDFHV�
FDQ� FUHDWH� LPSRUWDQW� YLVXDO� SUREOHPV� WR� SHGHVWULDQ���
,Q� DGGLWLRQ��5$/������ HYRNHV� WKH� WRQH� RI� WKH� ORFDO�
ORHVV� VDQG�� 7KH� PD[LPDO� LQWHUQDO� WHPSHUDWXUH� RI�
EXLOGLQJV� LV� VHW� WR� ��� �&�� NQRZLQJ� WKH� PHDQ�
PHWDEROLF� UDWH� IRU� WKH� VHGHQWDU\�DFWLYLW\�±�����PHW�±�
DQG� WKH� XVH� RI� VXPPHU� FORWKHV�� ���� FOR��1R� KHDWLQJ�

V\VWHP�LV�DSSOLHG��DV�LQ�WKH�8$(�WKH�WHPSHUDWXUH�DUH�
FRPIRUWDEOH�GXULQJ�WKH�ZLQWHU�PRQWKV��
7KH� FRROLQJ� HQHUJ\� V\VWHP� LV� D� KHDW� SXPS� DLU�� DLU��
ZLWK� D�PD[LPXP�SRZHU� VRXUFH�RI�����N:�� DQ�((5�
RI� ��� DQG� D� ȘWHFK� RI� ������ � 7KH� ((5� LV� GHILQHG� DV�
�.DHPSI���������
�

EER =   η௖ ∙   η௧௘௖௛                           ����
�

:KHUH�η௖�LV�WKH�&DUQRW�HIILFLHQF\�DQG η௧௘௖௛�LV�WKH�
WHFKQLFDO�HIILFLHQF\��
�
7KH� HOHFWULFDO� GHPDQG� IRU� FRROLQJ� QHHGV� LV� UDWKHU�
KLJK��DQG�WKH�DQQXDO�VRODU�LUUDGLDWLRQ�LV������N:K�RQ�
WKH� VLWH� RI� 5DV� $O� .KDLPDK�� )RU� WKHVH� UHDVRQV�� ZH�
GHFLGHG� WR� DSSO\� VRODU� SDQHO� RQ� WKH� URRI� RI� WKH�
FDPSXV�� RSWLPLVLQJ� WKH� WRWDO� VXUIDFH� FRYHUHG� E\�
SDQHOV��DQG�FRPSDULQJ�ZLWK�WKH�HOHFWULFDO�QHHGV��

',6&866,21�$1'�5(68/7�$1$/<6,6�
7KH� QHZ� PDVWHUSODQ� IRU� WKH� (3)/� 0LGGOH� (DVW� LV�
GHILQHG� DV� D� FRXUW\DUG� KRXVH� LQ� D� FRQWLQXRXV� XUEDQ�
WH[WXUH�� 7KH� WRWDO� DUHD� RI� WKH� SURMHFW� LV� ������� Pð��
ZLWK�DQ�H[SHFWHG�SRSXODWLRQ�RI�����SHRSOH��LQFOXGLQJ�
VWXGHQWV� DQG� VWDII�� 7KH� QHZ� FDPSXV� ZLOO� KRVW� ILYH�
(3)/� ODERUDWRULHV�� WKH� FODVVURRPV�� WKH� VRFLDO� DUHD� �
OLEUDU\��DXGLWRULXP��DQG�WKH�UHVLGHQFH���

Results of the climatic analysis 
7KH� FOLPDWLF� DQDO\VLV� DLPHG� DW� GLIIHUHQW� VROXWLRQV��
WUDQVIRUPLQJ�WKH�SUREOHPV�RI�WKH�VLWH�LQ�RSSRUWXQLWLHV�
WR�DFKLHYH�D�VXVWDLQDEOH�SURMHFW��
7KH�XUEDQ�IRUP�LV�GHVLJQHG�WR�LPSOHPHQW�WKH�QDWXUDO�
YHQWLODWLRQ�� RSWLPL]LQJ� WKH� H[SRVLWLRQ� WR� WKH� EUHH]H�
IURP� 1RUWK�� :HVW�� WKH� EXLOGLQJV� DUH� RULHQWHG�
SHUSHQGLFXODU� WR� WKH� ZLQG�� DQG� WKH� DWULXPV� LPSURYH�
WKH� QDWXUDO� FLUFXODWLRQ� RI� WKH� DLU� LQ� HGLILFH�� :LQG�
WRZHUV� DUH� GHVLJQHG� LQ� WKH� LQWHUQDO� FRXUW\DUG��
HQVXULQJ�QDWXUDO�YHQWLODWLRQ�LQ�WKH�FRXUW��
7KH�ODFN�RI�GULQNLQJ�ZDWHU�LV�VROYHG�XVLQJ�D�PDFKLQH�
WKDW� FUHDWHV� SRWDEOH� ZDWHU� IURP� KXPLGLW\�� :H�
DQDO\VHG� WKH�ZDWHU� QHHGV�RI� WKH�FDPSXV�� WDNLQJ� LQWR�
DFFRXQW� WKH� RFFXSDQWV� ������ DQG� WKH� UHFRPPHQGHG�
OLWUHV�SHU�GD\��6,$��������������DV�VKRZQ�LQ�7DEOH����
�
�
�
�
�
�
�
�
�

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

- 130 -



Table 1 Water. Recommended litres per day 

Purpose Recommended      
(litres per person 

per day) 

Total (litres 
per day) 

Drinking 
water 

��� ������

Sanitation ��� ������

Bathing ��� �������

Toilets ��� �������

Washing 
machine 

��� �������

Others �� ������

Total ���� �������
�
7KH�ZDWHU�QHHG�RI�WKH�SURMHFWHG�SRSXODWLRQ�LV��������
OLWUHV� SHU� GD\�� DQG� ����������� OLWUHV� SHU� \HDU�� 7KH�
PDFKLQH� WKDW� WUDQVIRUP� WKH� KXPLGLW\� LQ� GULQNLQJ�
ZDWHU� FDQ� FRYHU� WKH� ��� �� RI� ZDWHU� QHHGV�� WKH�
SXULILFDWLRQ�RI�ZDVWH�ZDWHU�FDQ�FRYHU� WKH�������DQG�
FROOHFWLRQ�RI�UDLQ�ZDWHU�IURP�WKH�URRI��FDQ�LQVXUH� WKH�
������)LJXUH�����
�

�
Figure 1 Water needs % 

�
7KH� YHJHWDWLRQ� KDV� DQ� LPSRUWDQW� UROH� WR� SOD\� LQ� WKH�
SURWHFWLRQ� IURP� GXVW� DQG� ZLQG�� EXW� DOVR� LQ� WKH�
FUHDWLRQ� RI� D� FRPIRUWDEOH� RXWGRRU� VSDFH�� .QRZLQJ�
WKH�SUREOHPV�GXH�WR�WKH�ODFN�RI�ZDWHU��ZH�GHFLGHG�WR�
SODQW�ORFDO�WUHHV���ZKLFK�VWRUH�WKH�ZDWHU�LQ�VXFFXOHQW�
OHDYHV��RU�DEVRUE�ZDWHU� IURP� WKH�KXPLG�DLU��DV�*KDI�
7UHHV� �3URVRSLV�&LQHUDULD���$FDFLDV� �$FDFLD�$OELGD��
DQG�GLIIHUHQW�SDOPV�WUHHV��6PDOO�JDUGHQV�DUH�SURYLGHG�
ZLWK� 'HVHUW� HSKHPHUDOV�� +\DFLQWKV� DQG� 7KXPEV��
ZKLFK� IORXULVK� PDLQO\� GXULQJ� WKH� ZLQWHU� DQG� VSULQJ�
VHDVRQ���
 
7KH�0HGLQD� DQG� WKH� FRXUW\DUG� KRXVH�� DV� GHILQHG� LQ�
WKH� VFLHQWLILF� OLWHUDWXUH�� DUH� VWXGLHG�� IRU� WKHLU�
ELRFOLPDWLF�IHDWXUHV���
�
�

$W�WKH�XUEDQ�VFDOH��WKH�PHGLQD�FDQ�HQVXUH��
o 7KH�PLQLPLVDWLRQ�RI� WKH�XUEDQ� WHPSHUDWXUH��

WKDQNV�WR�WKH�UHGXFHG�VN\�YLHZ�IDFWRU��
o 7KH�PLQLPLVDWLRQ�RI�JODUH�LQ�VWUHHW�DQG�RSHQ�

VSDFHV��
o 7KH� SURWHFWLRQ� IURP� GXVW� VWRUP�� WKDQNV� WR�

WKH�KLJK�H[WHUQDO�ZDOOV��
$W� WKH� DUFKLWHFWRQLFDO� VFDOH� WKH� FRXUW\DUG� KRXVH� FDQ�
HQVXUH��

o $� FRPSDFW� OD\RXW�� PLQLPLVLQJ� WKH� H[WHUQDO�
VXUIDFHV�� DQG� PD[LPLVLQJ� WKH� LQWHUQDO�
YROXPH��

o $Q� H[WHUQDO� VKHOWHUHG� VSDFH� �WKH� FRXUW��
ZKHUH� WKHUH� LV� D� SRRO� DQG� SODQWHG� SDOPV��
HQVXULQJ� YHQWLODWLRQ� DQG� FRPIRUWDEOH�
KXPLGLW\���

,Q�DGGLWLRQV�VRPH�JXLGHOLQHV�FDQ�EH�DSSOLHG��
o 7KH�EXLOGLQJ¶V�RULHQWDWLRQ�1RUWK��6RXWK��
o 7KH� UHGXFWLRQ� RI� DLU� LQILOWUDWLRQ� GXULQJ� WKH�

GD\�� DQG� WKH� QDWXUDO� YHQWLODWLRQ� GXULQJ� WKH�
QLJKW��

o 7KH�GHVLJQ�RI�VPDOO�ZLQGRZV��LQ�HTXDO�DUHD�
LQ� WKH� ZLQGZDUG� DQG� OHHZDUG� VLGH� RI� WKH�
EXLOGLQJ��

o 7KH� XVH� RI� LQWHJUDWHG� EOLQG� V\VWHPV� RQ� WKH�
IDoDGH��

o 7KH� XVH� RI� PDWHULDO� ZLWK� D� KLJK� WKHUPDO�
LQHUWLD��VXFK�DV�EULFN��

o 7KH� LPSOHPHQWDWLRQ� RI� QDWXUDO� YHQWLODWLRQ��
WKDQNV� WR�0DOTDI� �ZLQG� VFRRS�� DQG� %DJGLU�
�ZLQG�WRZHU���

Results of self- shading analysis 
7KH�EXLOGLQJV�JHRPHWU\�DQG�RULHQWDWLRQ�LQIOXHQFH�WKH�
VRODU� LUUDGLDWLRQ�� UHGXFLQJ� WKH� FRROLQJ� QHHGV� GXULQJ�
WKH� VXPPHU��:H� KDYH� VWXGLHG� VHYHQ� EXLOGLQJV� ZLWK�
WKH�VDPH�W\SRORJLHV�RI�ZDOO��URRI��IORRU��DQG�WKH�VDPH�
JOD]LQJ� UDWLR� SHU� RULHQWHG� VXUIDFH��7KH� EDVLF� SODQ� LV�
���P�SHU����P��)LJXUH����&�DQG�'����7KH�VLPXODWLRQ�
RI�WKH�HQHUJ\�FRQVXPSWLRQ�VKRZV�WKDW�EXLOGLQJV�ZLWK�
WKUHH� IORRUV� FRQVXPH� �� �� OHVV� WKDQ� EXLOGLQJV� ZLWK�
WZR�IORRUV���
�

���

���

���

:DWHU�QHHG�0DVWHUSODQ�����

:DWHU�IURP
KXPLGLW\

5DLQ�ZDWHU

3XULILFDWLRQ�RI
ZDVWH�ZDWHU
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Figure 2 Building geometry 

7KH�FRXUW\DUG�KRXVH�HQVXUH�D�ORZHU�VRODU�LUUDGLDWLRQ�
WR� WKH� EXLOGLQJ�� VRODU� JDLQV� DUH� UHGXFHG� GXULQJ�
VXPPHU�� DQG� WKH� LOOXPLQDWLRQ� LV� FRPIRUWDEOH� GXULQJ�
ZLQWHU� �)LJXUHV� �� DQG� ���� 7KH� GHWDLOHG� VWXG\� RI� WKH�
VRODU� LUUDGLDWLRQ� RQ� HDFK� IORRU� RI� WKH� EXLOGLQJ�
GHPRQVWUDWHV� WKDW� WKH� GLIIHUHQFH� LQ� VRODU� LUUDGLDWLRQ�
IURP�WKH�JURXQG� IORRU� WR� WKH� WKLUG�RQH�� RQ� WKH�FRXUW��
FDQ� UHDFK� ��� �� RQ� WKH� 6RXWK�� :HVW� VLGH�� DQG� WKH�
GLIIHUHQFH�IURP�WKH�LQWHUQDO�DQG�H[WHUQDO�VXUIDFH�FDQ�
UHDFK�WKH������RQ�WKH�1RUWK��(DVW�VLGH���
�

�
Figure 3 Solar irradiation analyse of the courtyard 
house for the month of June. 
�

�
Figure 4  Solar irradiation analyse of the courtyard 
house for the month of December. 
�
&LW\6LP�VLPXODWHV�WKH�RFFXSDQW¶V�EHKDYLRXU��VXFK�DV�
WKH�RSHQLQJ�DQG�FORVLQJ�RI�WKH�EOLQGV�RU�WKH�ZLQGRZV��
7KH�SURJUDP�DVVXPHV�WKH�FORVLQJ�RI�WKH�EOLQGV�ZKHQ�

LUUDGLDWLRQ� H[FHHGV� ���� :�Pð�� LQ� DGGLWLRQ�� D�
GHWHUPLQLVWLF�ZLQGRZ�RSHQLQJ�VWUDWHJ\�LV�DSSOLHG�DQG�
WKH�ZLQGRZV�DUH�DVVXPHG�RSHQ�LI�WKH�WHPSHUDWXUH��
                             Ta- Text >1°C                             ����
�
:KHUH� Ta�LV� WKH� LQWHUQDO� DLU� WHPSHUDWXUH� ��&��� DQG�
Text�LV�WKH�RXWVLGH�DLU�WHPSHUDWXUH���&���
:LWK� WKLV� VWUDWHJ\�� ZH� FDQ� HQVXUH� QLJKW� LQWHUQDO�
YHQWLODWLRQ�� ZKLFK� LV� RQH� RI� WKH� PRVW� LPSRUWDQW�
HOHPHQWV� IRU� HQVXULQJ� WKHUPDO� FRPIRUW� LQ� WKH�
EXLOGLQJ���
7KH� XUEDQ� IRUP� HQVXUH� D� FRPIRUWDEOH� LOOXPLQDWLRQ�
GXULQJ�WKH�ZLQWHU��DQG�UHGXFHV�WKH�VRODU�JDLQV�GXULQJ�
WKH� KRWWHVW� PRQWKV�� 7KH� VRODU� LUUDGLDWLRQ� LV� GHILQHG�
GXULQJ� WKH� VXPPHU� DQG� ZLQWHU� VROVWLFH�� WKH� ��VW� RI�
-XQH��DQG� WKH���VW�RI�'HFHPEHU��'XULQJ� WKH� VXPPHU�
PRQWKV��WKH�VRODU�LUUDGLDWLRQ�LV�UHGXFHG��WKDQNV�WR�WKH�
FRXUW\DUG� EXLOGLQJV� IRUP�� +RZHYHU�� GXULQJ� WKH�
ZLQWHU�� ZKHQ� WHPSHUDWXUHV� DUH� ORZHU�� WKH� VRODU�
LUUDGLDWLRQ� FDQ� HQWHU� LQ� EXLOGLQJV�� DVVXULQJ� D� FRUUHFW�
LQWHUQDO�GD\OLJKW��7KH�GLIIHUHQFH�LQ�VRODU�LUUDGLDWLRQ��
GXULQJ�WKH�VXPPHU�VROVWLFH���EHWZHHQ�ZDOO�H[SRVHG�WR�
(DVW�DQG�ZDOO� LQ�LQWHUQDO�FRXUW\DUG��FDQ�UHDFK� ������
�)LJXUHV���DQG�����
�

�
Figure 5  Solar irradiation analyse. 21st June. 
�

�
Figure 6 Solar irradiation analyse. 21st December. 
�

Results of the energy needs for cooling 
7KH� LPSDFW� RI� WKH� XUEDQ� WH[WXUH� LV� HVVHQWLDO� LQ� WKH�
UHGXFWLRQ�RI�WKH�HQHUJ\�QHHGV��D�VWDQG�DORQH�EXLOGLQJ�
QHHGV�����PRUH�HQHUJ\�IRU�FRROLQJ�QHHGV��FRPSDUHG�
WR�WKH�VDPH�HGLILFH�LQ�DQ�XUEDQ�WH[WXUH��7KH�SRVLWLRQ�
RI� WKH�ZLQGRZV� LV� VXEVWDQWLDO�� UHGXFLQJ� WKH� RSHQLQJ�
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LQ� WKH� IDFDGHV� H[SRVHG� WR� WKH� GHVHUW� �� ����� RI� WKH�
ZDOO� �� DQG� LQFUHDVLQJ� WKH� RSHQLQJV� LQ� WKH� LQWHUQDO�
FRXUW\DUG� ±� ����� RI� WKH� ZDOO� �� DOORZV� WKH� VHOHFWLYH�
FRQWURO� RI� WKH� QDWXUDO� OLJKW� DQG� VRODU� JDLQV�� DQG�
UHGXFHV�WKH�HQHUJ\�QHHGV�IRU�FRROLQJ��
�
7KH� ILUVW� VLPXODWLRQ� DQDO\VHV� WKH� EXLOGLQJV� ZLWKRXW�
RFFXSDQWV�� DQG� WKH� WRWDO� HQHUJ\� FRQVXPSWLRQ� IRU�
FRROLQJ� QHHGV� LV� ������ 0:K�\�� 7KH� VHFRQG�
VLPXODWLRQ� GHILQHV� WKH� LPSDFW� RI� SHRSOH� SUHVHQFH� LQ��
WKH� VLWH�� ZH� FUHDWHG� DQ� RFFXSDWLRQ� SURILOH� IRU� HDFK�
EXLOGLQJ��WDNLQJ�LQWR�DFFRXQW�WKH�SHRSOH�SUHVHQFH�DQG�
WKH�PDFKLQH� SRZHU� RI� HOHFWULFDO� DSSOLDQFHV� IRU� HDFK�
IXQFWLRQ� �6,$�� ������������ � 1RZ� WKH� WRWDO� HQHUJ\�
QHHGV�IRU�FRROLQJ�LV�������0:K�\��7KH�UHVXOWV�VKRZ�
WKH�LPSDFW�RI�WKH�RFFXSDQWV��WKH�WRWDO�HQHUJ\�QHHGV�LQ�
WKH�0DVWHUSODQ�ZLWK�RFFXSDQWV�LV������KLJKHU�WKDQ�LQ�
WKH�VLPXODWLRQ�ZLWKRXW�RFFXSDQWV��/RRNLQJ�LQWR�GHWDLO�
WKH�VSRUW�DUHD��ZH�FDQ�VHH�WKDW�LQ�WKH�VSRUWV�FHQWUH�WKH�
HQHUJ\�QHHGV�ULVH�XS�WR�������ZLWK�WKH�KLJKHVW�HQHUJ\�
QHHGV�RI����N:K�Pñ\��)LJXUH�����
�

�
Figure 7 Energy needs for cooling, yearly results 
with occupants.  
�
7KH�VRODU�HQHUJ\�FDQ�EH�XVHG�WR�HQVXUH�D�VXVWDLQDEOH�
HOHFWULFDO�SURGXFWLRQ��$V�DQ�H[DPSOH�VRODU�SDQHOV�%3�
6;� ���� 6� DUH� DSSOLHG� RQ� WKH� H[WHUQDO� URRIV�� � :H�
VLPXODWHG� GLIIHUHQW� SHUFHQWDJH� RI� VRODU� SDQHO� RQ� WKH�
URRIV�� IURP� ����� �� FLUFD� �������P²�� WR� ������ 7KH�
REMHFW�RI�WKH�VLPXODWLRQ�ZDV�WR�GHILQH�WKH�SHUFHQWDJH�
RI� HOHFWULF� FRQVXPSWLRQ� FRYHUHG� E\� VRODU� SDQHOV�� LQ�
WKH� FDVH� RI� HPSW\� EXLOGLQJV�� ,Q�7DEOH� ��ZH� FDQ� VHH�
WKDW�DERYH������RI�URRI�FRYHUHG�E\�VRODU�SDQHOV�� WKH�
SURGXFWLRQ�LV�KLJKHU�WKDQ�FRQVXPSWLRQ��
�
Table 2 Solar panel production 

PV surface per 
percentage of the roof 

Energy consumption 
covered (%) 

��� ����

��� ����

��� ���

��� ���

�� ��

&21&/86,21�
7KH� REMHFW� RI� WKH� UHVHDUFK� ZDV� WR� GHYHORS� D� QHZ�
DSSURDFK� LQ� WKH� XUEDQ� HQHUJ\� PRGHOOLQJ�� DQDO\VLQJ�
KRZ� WKH� XUEDQ� IRUP� FDQ� LQIOXHQFH� WKH� HQHUJ\�
FRQVXPSWLRQ��
7KH�ELRFOLPDWLF�HOHPHQWV�DSSOLHG�WR�GHVLJQ�WKH�GHVHUW�
FDPSXV�RI�WKH�(3)/�DUH���
o 7KH� EXLOGLQJ� IRUP� LV� D� FRXUW\DUG� KRXVH� LQ� D�

FRQWLQXRXV�XUEDQ�WH[WXUH��
o 7KH� H[WHUQDO� EXLOGLQJV� DUH� KLJKHU� WKDQ� WKH�

LQWHUQDO��FUHDWLQJ�VRODU�DQG�ZLQG�SURWHFWLRQ��
o %XLOGLQJV� FRYHU� WKH� VWUHHWV�� FUHDWLQJ� VKDGRZV��

DQG�D�FRPIRUWDEOH�RXWGRRU�VSDFH��
o 7KH� ZLQGRZV� DUH� PRVWO\� LQ� WKH� IDFDGHV� IDFLQJ�

WKH�FRXUW��DVVXULQJ�UHGXFHG�VRODU�JDLQV�GXULQJ�WKH�
KRWWHVW� PRQWKV�� EXW� WKH� FRUUHFW� LOOXPLQDWLRQ�
GXULQJ�WKH�ZLQWHU��

o 7KH� FKRVHQ� YHJHWDWLRQ� LV� ORFDO� DQG� LV� SODQWHG�
DURXQG�WKH�FDPSXV�±�WR�SURWHFW�WKH�FDPSXV�IRUP�
WKH� GXVW� VWRUPV�� DQG� LQ� WKH� FRXUW�� HQVXULQJ�
VKDGRZV�DQG�LQFUHDVLQJ�WKH�QDWXUDO�YHQWLODWLRQ��

o 7KH� ZLQG� WRZHUV� DQG� DWULXPV� HQVXUH� QDWXUDO�
YHQWLODWLRQ�LQ�FRXUW�DQG�EXLOGLQJV��

7KH� VWXG\� SUHVHQWHG� LQ� WKLV� SDSHU� VXPPDUL]HV� WKH�
ELRFOLPDWLF�DSSURDFK�DW�WKH�XUEDQ�VFDOH�IRU�WKH�GHVLJQ�
RI� WKH� QHZ� (3)/� 5HVHDUFK� &HQWUH� LQ� 5DV� $O�
.KDLPDK�� 7KLV� VWXG\� JLYHV� JXLGHOLQHV�� DQG� FDQ� EH�
DSSO\�WR�RWKHU�VLWHV�LQ�KRW�DQG�GU\�FOLPDWH��
)XWXUH�ZRUN�FRXOG�VWXG\�WKH�LPSDFW�RI�WKH�XUEDQ�IRUP�
LQ�SHGHVWULDQ�FRPIRUW�DQG�RSWLPL]H�WKH�YHJHWDWLRQ��

120(1&/$785(�
η௖   =  &DUQRW�HIILFLHQF\ 
η௧௘௖௛ =  WHFKQLFDO�HIILFLHQF\ 
Ta� �LQWHUQDO�DLU�WHPSHUDWXUH���&��
Text� �RXWVLGHU�DLU�WHPSHUDWXUH���&��

5()(5(1&(6�
)RXDG� $��� 6FDUWH]]LQL� -��/��� .ULHVL� 5��� 9LJOLRWWL� )��

������ 7RZDUGV� D� 0LQHUJLH��VWDQGDUG� IRU���
WURSLFDO�FOLPDWHV��

*LYRQL�� %�� ������ 0DQ�� FOLPDWH� DQG� $UFKLWHFWXUH��
$PVWHUGDP�� /RQGRQ�� 1HZ� <RUN�� (OVHYLHU�
3XEOLVKLQJ�&RPSDQ\�/LPLWHG��

*LYRQL��%��������8UEDQ�GHVLJQ� LQ�GLIIHUHQW�FOLPDWHV��
/RV�$QJHOHV��

*LYRQL��%��������&OLPDWH�FRQVLGHUDWLRQV� LQ�%XLOGLQJ�
DQG�8UEDQ�'HVLJQ��HG��,�7��3XEOLVKLQJ��

,($��������:RUOG�HQHUJ\�RXWORRN��
-RKDQVVRQ��(��������,QIOXHQFH�RI�XUEDQ�JHRPHWU\�RQ�

RXWGRRU� WKHUPDO�FRPIRUW� LQ�D�KRW�GU\�FOLPDWH�� D�
VWXG\� LQ� )H]�� 0DURFFR�� %XLOGLQJ� DQG�
(QYLURQPHQW���������±������
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.lPSI�� -�� ������2Q�0RGHOOLQJ� DQG�2SWLPLVDWLRQ� RI�
8UEDQ�(QHUJ\�)OX[HV��(3)/��/DXVDQQH��

0HWHRQRUP�VRIWZDUH�������ZZZ�PHWHRQRUP�FRP�
0XUDG�� $�$��� 1XDLPL� +�$��� DQG� +DPPDGL� 0�$���

������ &RPSUHKHQVLYH� $VVHVVPHQW� RI� :DWHU�
5HVRXUFHV� LQ� WKH�8QLWHG�$UDE� (PLUDWHV� �8$(���
:DWHU�5HVRXU�0DQDJH�����������������

5RELQVRQ�� '�� ������ &RPSXWHU� 0RGHOOLQJ� IRU�
6XVWDLQDEOH� 8UEDQ� 'HVLJQ�� 3K\VLFDO� 3ULQFLSOHV��
0HWKRGV�DQG�DSSOLFDWLRQV��(DUWKVFDQ�

6,$� ����������� &RQGLWLRQV� G
XWLOLVDWLRQ� VWDQGDUG�
SRXU�O
pQHUJLH�HW�OHV�LQVWDOODWLRQV�GX�EkWLPHQW���

6,$� ����������� 8WLOLVDWLRQ� UDWLRQQHOOH� GH� O
HDX�
SRWDEOH�GDQV�OHV�EkWLPHQWV���

7DOHJKDQL��0���.�7��%HKERXG�� DQG�6��+HLGDUL� ������
(QHUJ\�HIILFLHQW�DUFKLWHFWXUDO�GHVLJQ�VWUDWHJLHV�LQ�
KRW�GU\�DUHD�RI�,UDQ��.DVKDQ�������������

8$(� 1DWLRQDO� %XUHDX� RI� VWDWLVWLFV�� 3RSXODWLRQ� LQ�
8$(��������

8QLWHG� 1DWLRQV�� :RUOG� SRSXODWLRQ� WR� ������ ������
1HZ�<RUN�
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