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Abstract

University-industry (U-I) research collaboration is an important channel for knowledge transfer between 
academia and the practitioner in a profession. In the architectural profession, many architects or 
designers have lack of exposure to research-based design process. Meanwhile, the research knowledge 

among academics requires a platform for application and demonstration to the profession. Since the last decade, 
there has been an increasing amount of research carried out on green building design in tropical climates within 
Malaysian universities. This paper presents new insights into the role of a research university in green building 
knowledge and technology transfer to the building industry. The process, challenges and benefits of the U-I 
collaborative research project on development of a green mosque design are discoursed. The interactive design 
review process between the two parties has stimulated innovative design ideas and strategies for a green mosque 
by considering energy efficiency and renewable energy. Green strategies such as daylighting, solar shading, 
rainwater harvesting and photovoltaic were explored and applied into the project. This paper concludes that U-I 
research collaboration is a powerful driver of innovation in architectural profession.
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環境にやさしいグリーン・モスク開発
を通して実証された「産学協同」の
有効性。その始まりから、活動、成
果を発表。

University-industry Research Collaboration on 
Development of Green Mosque Design

Introduction

8QLYHUVLW\�LQGXVWU\��8�,��FROODERUDWLYH�UHVHDUFK�KDV�
EHHQ�LQFUHDVLQJO\�SURPRWHG�DV�DQ�LPSRUWDQW�FKDQQHO�
IRU�WHFKQRORJ\�DQG�NQRZOHGJH�WUDQVIHU�EHWZHHQ�WKH�
DFDGHPLD�DQG�SUDFWLWLRQHU�LQ�D�SURIHVVLRQ��+RZHYHU��
PDQ\�FKDOOHQJHV�KDYH�EHHQ� LGHQWL¿HG�E\�SUHYLRXV�
VXUYH\V��2QH�RI�WKH�PDMRU�IDFWRUV�FRQWULEXWLQJ�WR�WKH�
FRQÀLFW�LV�GLVVLPLODU�RUJDQL]DWLRQDO�JRDOV��8QLYHUVL-
WLHV�DLP� WR�FUHDWH�QHZ�NQRZOHGJH�DQG� WR�HGXFDWH��
PHDQZKLOH� LQGXVWU\¶V� SULPDU\� IRFXV� LV� WR� FDSWXUH�
YDOXDEOH�NQRZOHGJH�WKDW�FDQ�EH�OHYHUDJHG�IRU�FRP-
SHWLWLYH�DGYDQWDJH��0XVFLR�HW�DO���������0RWRKDVKL�
DQG�0XUDPDWVX���������

� %UXQHHO�HW�DO���������FDWHJRUL]HG�WKH�FKDOOHQJHV�
LQ�8�,�FROODERUDWLRQ�DV�µRULHQWDWLRQ�UHODWHG�EDUULHUV¶�
DQG�µWUDQVDFWLRQ�UHODWHG�EDUULHUV¶��7KH�¿UVW�RQH�UHIHUV�
WR�WKH�EDUULHUV�UHODWHG�WR�GLIIHUHQFHV�LQ�WKH�RULHQWD-
WLRQV�RI�XQLYHUVLWLHV� DQG� LQGXVWU\��ZKLOH� WKH� ODWWHU�
UHIHUV�WR�WKRVH�UHODWHG�WR�FRQÀLFWV�RYHU�,3��DQG�GHDO-
LQJ�ZLWK�XQLYHUVLW\�DGPLQLVWUDWLRQ��1HYHUWKHOHVV��WKH�
PRGHV�DQG�W\SHV�RI�FROODERUDWLRQ�SURMHFWV�GHWHUPLQH�
WKH�LQWHQVLW\�RI�WKH�HDFK�EDUULHU��,QWHU�RUJDQL]DWLRQDO�
WUXVW� LV� WKH� VWURQJHVW�PHFKDQLVP� IRU� UHGXFLQJ� WKH�
EDUULHUV�WR�8�,�FROODERUDWLRQ�
� ,Q�DUFKLWHFWXUH�RU�EXLOGLQJ�LQGXVWU\�LQ�0DOD\VLD��
JUHHQ�WHFKQRORJ\�KDV�EHHQ�RQH�RI�WKH�PRVW�UDSLGO\�
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GHYHORSLQJ� DVSHFWV� ZKLFK� UHTXLUH� PRUH� UHVHDUFK�
HIIRUWV�� 6LQFH� WKH� ����V�� WKHUH� KDV� EHHQ� LQFUHDV-
LQJ�UHVHDUFK�SURMHFWV�FDUULHG�RXW�RQ�JUHHQ�EXLOGLQJ�
GHVLJQ�LQ�WURSLFDO�FOLPDWH�DPRQJ�WKH�0DOD\VLDQ�XQL-
YHUVLWLHV��7KHUHIRUH��WKH�UHVHDUFK�NQRZOHGJH�ZLWKLQ�
DFDGHPLD� UHTXLUHV� D� SODWIRUP� IRU� DSSOLFDWLRQ� DQG�
GHPRQVWUDWLRQ�WR�WKH�SURIHVVLRQ�
� 0DOD\VLDQ� 6WDQGDUG� ����� ZDV� GUDIWHG� LQ� \HDU�
�����DQG�UHYLVHG�LQ������IRU�EXLOGLQJ�HQHUJ\�HI¿-
FLHQF\��'HSDUWPHQW�RI�6WDQGDUGV�0DOD\VLD���������
*UHHQ� %XLOGLQJ� ,QGH[� �*%,�� ZDV� LQWURGXFHG� LQ�
0DOD\VLD� LQ�\HDU������DV�VXVWDLQDEOH�EXLOGLQJ�UDW-
LQJ�V\VWHP�IRU�ERWK�QRQ�UHVLGHQWLDO�QHZ�FRQVWUXFWLRQ�
�151&�� DQG� UHVLGHQWLDO� QHZ� FRQVWUXFWLRQ� �51&��
EXLOGLQJV��&KHQ��������*%,���������7KXV��WKHUH�KDV�
EHHQ�PRUH�DZDUHQHVV�RQ�JUHHQ�EXLOGLQJ�GHVLJQ�DQG�
WHFKQRORJ\�DPRQJ�WKH�EXLOGLQJ�SURIHVVLRQ�
� 6HYHUDO�SURPLQHQW�JUHHQ�EXLOGLQJV�ZHUH�EXLOW�LQ�
0DOD\VLD��)RU�LQVWDQFH��/RZ�(QHUJ\�2I¿FH��/(2��DW�
3XWUDMD\D�LQ�\HDU�������*UHHQ�(QHUJ\�2I¿FH��*(2��
DW�%DQJL�LQ�\HDU������DQG�(QHUJ\�&RPPLVVLRQ��(&��
'LDPRQG�%XLOGLQJ�DW�3XWUDMD\D�LQ�\HDU�������7KHVH�
EXLOGLQJV� KDYH� EHFRPH� WKH� VKRZFDVHV� RI� HQHUJ\�
HI¿FLHQF\�DQG�UHQHZDEOH�HQHUJ\�LQ�RI¿FH�EXLOGLQJV�
LQ�WURSLFDO�FOLPDWHV��7KHVH�EXLOGLQJV�KDYH�DFKLHYHG�
ORZHU�%XLOGLQJ�(QHUJ\� ,QGH[� �%(,�� RI� ��� WR� ����
N:K�P2�\U� LQ�FRPSDULVRQ�ZLWK� WKH� W\SLFDO�0DOD\-
VLDQ�RI¿FH�EXLOGLQJV�%(,�RI�����N:K�P2�\U���&KDQ��
������/RHZHQ�HW�DO���������
� 7KH�GHYHORSPHQW�RI�VRPH�RI�WKHVH�JUHHQ�EXLOG-
LQJV�LQYROYHG�8�,�FROODERUDWLRQ��)RU�LQVWDQFH��8QL-
YHUVLWL�.HEDQJVDDQ�0DOD\VLD��8.0��DQG�8QLYHUVLWL�
7HNQRORJL�0DUD�0DOD\VLD��8L70��FROODERUDWHG�ZLWK�
5.$� DUFKLWHFW� DQG�0DOD\VLDQ� *UHHQ� 7HFKQRORJ\�
&RUSRUDWLRQ� RU� IRUPDOO\� NQRZQ� DV� 370� �3XVDW�
7HQDJD�0DOD\VLD�� LQ�FRQGXFWLQJ�UHVHDUFK�RQ�*(2�
EXLOGLQJ�LQ�%DQJL��0DQVRXU�HW�DO����������%HVLGHV��
8QLYHUVLWL�7HNQRORJL�0DOD\VLD��870��FROODERUDWHG�
ZLWK�3XEOLF�:RUNV�'HSDUWPHQW�0DOD\VLD��-.5��WR�
VWXG\�GD\OLJKWLQJ�SHUIRUPDQFH�LQ�H[LVWLQJ�0DOD\VLDQ�
JRYHUQPHQW�RI¿FH�EXLOGLQJV�WR�GHYHORS�GD\OLJKWLQJ�
GHVLJQ�JXLGHOLQH��/LP�HW�DO�������D��
� ,Q�WKH�SDVW��8�,�FROODERUDWLRQV�LQ�JUHHQ�EXLOGLQJ�

VHFWRU�IRFXVHG�RQ�RI¿FH�EXLOGLQJV��7KLV�SDSHU�SUHV-
HQWV�D�8�,�UHVHDUFK�FROODERUDWLRQ�RQ�GHYHORSPHQW�RI�
D�JUHHQ�PRVTXH�GHVLJQ��IRU�WKH�¿UVW�WLPH�LQ�0DOD\-
VLD��5HVHDUFK�EDVHG�GHVLJQ�SURFHVV�RI�WKH�SURMHFW�LV�
H[SODLQHG��7KH�FKDOOHQJHV�DQG�EHQH¿WV�RI�WKH�SURMHFW�
DUH�H[SODLQHG�

The Green Mosque at Johor Bahru, 

Malaysia

7KH�*UHHQ�0RVTXH�UHVHDUFK�SURMHFW�LV�D�8�,�FROODER-
UDWLRQ�EHWZHHQ�,QVWLWXWH�6XOWDQ�,VNDQGDU��8QLYHUVLWL�
7HNQRORJL�0DOD\VLD� �,6,�870��DQG� WKH�GHYHORSHU�
0XGUD�7URSLND� 6GQ�� %KG�� �076%���7KH� EXLOGLQJ�
LV�GHVLJQHG�E\�5DVKGDQ�0DDKIDU�$UFKLWHFW��50$��
ZKLOH� WKH�RZQHUV� DUH�Majlis Agama Islam Negeri 
Johor��-RKRU�6WDWH�,VODPLF�5HOLJLRXV�&RXQFLO��DQG�
Perbadanan Setiausaha Kerajaan Johor� �-RKRU�
*RYHUQPHQW�6HFUHWDULDW��
� ,W� LV� ORFDWHG�DW�-DODQ�.RODP�$\HU��-RKRU�%DKUX��
0DOD\VLD��ODWLWXGH�������1�DQG�ORQJLWXGH���������(���
ZKLFK�KDV�D�WURSLFDO�FOLPDWH��7KH�VLWH�DUHD�LV�DSSUR[-
LPDWHO\���������P2�������DFUH���7KLV�RQ�JRLQJ�SURM-
HFW�FRQVLVWV�RI�VHYHUDO�PDLQ�VSDFHV�����0DLQ�3UD\HU�
+DOO�� ��� 2SHQ� 3UD\HU� +DOO�� ��� 6XE�EDVHPHQW� &DU�
3DUN�����/DQGVFDSH�'HFN��DQG����2I¿FH��7KH�IRUP�
DQG�VSDFHV�RI�WKH�PRVTXH�DUH�VKRZQ�LQ�)LJ�����7KLV�
EXLOGLQJ�KDV���OHYHOV��JURXQG�ÀRRU�DQG�PH]]DQLQH�
ÀRRU��DQG�D�VXE�EDVHPHQW��ZLWK�WRWDO�EXLOW�XS�DUHD�RI�
��������P2�

Building Performance Simulation

,Q� WKH� LQLWLDO�VWDJH�� WKH�RULJLQDO�EXLOGLQJ�GHVLJQ�DV�
SURSRVHG�E\�WKH�DUFKLWHFW�ZDV�PRGHOHG�LQ�FRPSXWHU�
VLPXODWLRQ�VRIWZDUH�IRU�EXLOGLQJ�SHUIRUPDQFH�VLPX-
ODWLRQV��6KDGRZ�FDVWLQJ�DQG�VXUIDFH�VRODU�LQVRODWLRQ�
ZHUH� VLPXODWHG� XVLQJ�$XWRGHVN� (FRWHFW�$QDO\VLV�
WR� GHWHUPLQH� WKH� DUHD� H[SRVHG� FULWLFDOO\� WR� GLUHFW�
VXQOLJKW�UDGLDWLRQ��'D\OLJKWLQJ�VLPXODWLRQ�ZDV�SHU-
IRUPHG� LQ� ,(6� �,QWHJUDWHG�(QYLURQPHQW� 6ROXWLRQ��
5DGLDQFH� WR� VWXG\� WKH� GD\OLJKWLQJ� OHYHOV� LQ�0DLQ�
3UD\HU�+DOO��2SHQ�3UD\HU�+DOO� DQG�6XE�EDVHPHQW�
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&DU�3DUN��)XUWKHUPRUH��&)'� �FRPSXWDWLRQDO�ÀXLG�
G\QDPLF�� VLPXODWLRQ� ZDV� FRQGXFWHG� XVLQJ� ,(6�
0LFUR)OR�WR�LQYHVWLJDWH�QDWXUDO�YHQWLODWLRQ�DLU�ÀRZ�
LQ�WKH�EXLOGLQJ��HVSHFLDOO\�LQ�WKH�0DLQ�3UD\HU�+DOO��
)URP� WKH� VLPXODWLRQ� UHVXOWV�� UHYLHZ�RI� WKH�GHVLJQ�
ZDV�PDGH�E\�WKH�WHDP�DQG�¿QDOL]HG�E\�WKH�DUFKLWHFW�
LQ� RUGHU� WR� LPSURYH� WKH� EXLOGLQJ� SHUIRUPDQFH� IRU�
HQHUJ\�HI¿FLHQF\�

Shadow Analysis

,Q�RUGHU�WR�XWLOL]H�UHQHZDEOH�HQHUJ\��WKH�GHVLJQ�WHDP�
SURSRVHG�WKH�LQVWDOODWLRQ�RI�SKRWRYROWDLF��39��SDQ-
HOV�RQ�WKH�RSHQ�SUD\HU�KDOO�URRI�VODE��,W� LV�HVVHQWLDO�
WR�DVVXUH�WKH�39�SDQHOV�DUH�QRW�VKDGHG�E\�WKH�EXLOG-
LQJ��+HQFH��$XWRGHVN�(FRWHFW�$QDO\VLV�ZDV�HPSOR\HG�
WR�VLPXODWH�EXLOGLQJ�VKDGRZ�FDVWLQJ�GXULQJ�YDULRXV�
WLPHV�WR�GHWHUPLQH�WKH�VXLWDEOH�ORFDWLRQV�RI�39�SDQHOV�
� 7KH�VLPXODWLRQV�ZHUH�FDUULHG�RXW�XVLQJ�6XQ�SDWK�
DW� ODWLWXGH�������1�DQG�ORQJLWXGH���������(��FORV-
HVW�WR�-RKRU�%DKUX���7KH�VXQ�LV�FORVHVW�WR�WKH�HTXDWRU�
GXULQJ�HTXLQR[HV����VW�0DUFK�DQG���UG�6HSWHPEHU��
DQG�IDUWKHVW�DZD\�IURP�WKH�HTXDWRU�GXULQJ�VROVWLFHV�
���QG�-XQH�DQG���QG�'HFHPEHU���7KXV��WKHVH�GDWHV�
ZHUH�HPSOR\HG�IRU�WKH�H[SHULPHQW�WR�UHSUHVHQW�WKH�
GLIIHUHQW�ORFDWLRQV�RI�WKH�VXQ�WKURXJKRXW�WKH�\HDU�
� 7KH�VKDGRZ�UDQJHV�ZHUH�FDVWHG�GXULQJ�WKH�GXUD-
WLRQ�RI���DP�WR��SP��ZKLFK�ZDV�WKH�RSWLPXP�SHULRG�
WR�UHFHLYH�VRODU�UDGLDWLRQ�IRU�39�LQ�WURSLFDO�FOLPDWH��

)LJXUH���VKRZV�DQ�H[DPSOH�RI�VKDGRZ�DQDO\VLV�VLP-
XODWLRQ�UHVXOWV��7KH�VLPXODWLRQ�UHVXOWV�VKRZHG�WKDW�
WKHUH�ZHUH���DUHDV�VKDGHG�GXULQJ����0DUFK�����-XQH�
DQG����6HSWHPEHU�ZKHUHDV�RQO\���DUHD�ZDV�VKDGHG�
GXULQJ� ���'HFHPEHU�� 6XEVHTXHQWO\�� WKHVH� �� DUHDV�
ZHUH�QRW�UHFRPPHQGHG�IRU�39�LQVWDOODWLRQ�

Solar Insolation

7KH�EXLOGLQJ�IDoDGH�VKRXOG�EH�VKDGHG�IURP�GLUHFW�
VRODU�UDGLDWLRQ�WR�DYRLG�XQZDQWHG�KHDW�JDLQ�DQG�WR�
DFKLHYH�HQHUJ\�HI¿FLHQF\��7KXV��$XWRGHVN�(FRWHFW�
$QDO\VLV� ZDV� HPSOR\HG� WR� VLPXODWH� VRODU� LQVROD-
WLRQ�RQ�WKH�EXLOGLQJ�IDoDGH��7KH�UHVXOWV�ZHUH�XVHG�WR�
GHWHUPLQH�ZKLFK�EXLOGLQJ�IDoDGH�ZDV�PRVW�FULWLFDOO\�
H[SRVHG�WR�VRODU�UDGLDWLRQ�DQG�KHDW�JDLQ��7KXV��WKH�
LGHQWL¿HG�IDoDGH�UHTXLUHV�PRUH�VKDGLQJ��7KH�\HDUO\�
ZHDWKHU�GDWD�RI�ORFDWLRQ�DW�ODWLWXGH������1�DQG�ORQ-
JLWXGH��������(�ZDV�DSSOLHG�WR�VLPXODWH�WKH�DYHUDJH�
GDLO\�GLUHFW�DQG�GLIIXVH�VRODU�UDGLDWLRQ��DV�VKRZQ�LQ�
)LJ�����
� 7KH�VLPXODWLRQ�UHVXOW� VKRZHG� WKDW� WKH� URRI�VXU-
IDFHV�UHFHLYHG�KLJKHU�VRODU�LQWHQVLW\�LQ�FRPSDULVRQ�
ZLWK�WKH�YHUWLFDO�IDoDGH��)RU�LQVWDQFH��WKH�ÀDW�URRI�
VODE�DW�2SHQ�3UD\HU�+DOO�\LHOGHG�DERXW������:K�P2 
GDLO\�GLUHFW�DQG�GLIIXVH�UDGLDWLRQ�� WKXV�ZDV�SRWHQ-
WLDO�IRU�39�LQVWDOODWLRQ�WR�KDUQHVV�VRODU�HQHUJ\��2Q�
WKH�RWKHU�KDQG��PDQ\�YHUWLFDO�IDoDGHV�ZHUH�VKDGHG�
IURP�GLUHFW�VRODU�UDGLDWLRQ��7KH�RSHQLQJV�DW�WKH�0DLQ�

Fig. 1  Green Mosque 3D Modeling in IES <VE> computer 
simulation software.

Fig. 2  Shadow analysis of 10am to 4pm on 22 June.
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3UD\HU�+DOO�UHFHLYHG�DYHUDJH�GDLO\�GLUHFW�VRODU�UDGLD-
WLRQ�ORZHU�WKDQ����:K�P2�

Daylighting

2QH�RI� WKH� LPSRUWDQW�SDVVLYH�GHVLJQ�VWUDWHJLHV� IRU�
EXLOGLQJ� HQHUJ\� HI¿FLHQF\� ZDV� XWLOL]LQJ� GD\OLJKW�
ZKLOH�DYRLGLQJ�GLUHFW�VXQOLJKW�ZKLFK�ZLOO�FDXVH�JODUH�
DQG�WKHUPDO�SUREOHPV��/LP�HW�DO���������/LP�HW�DO���
����E���7KHUHE\��GD\OLJKWLQJ�VLPXODWLRQV�ZHUH�FRQ-
GXFWHG�IRU�YDULRXV�VSDFHV��0DLQ�3UD\HU�+DOO��2SHQ�
3UD\HU�+DOO�DQG�6XE�EDVHPHQW�&DU�3DUN��XVLQJ�,(6�
5DGLDQFH�� ,OOXPLQDQFH� OHYHOV�ZHUH� VLPXODWHG�RQ�D�
KRUL]RQWDO�SODQH�DW�����PP�KHLJKW� IURP�WKH�ÀRRU��
2YHUFDVW�VN\�ZLWK���NO[�H[WHUQDO� LOOXPLQDQFH�ZDV�
HPSOR\HG�WR�UHSUHVHQW�WKH�ZRUVW�VFHQDULR�ZKHQ�WKH�
VN\�ZDV� IXOO\� FRYHUHG�ZLWK� FORXGV� DQG� GDUN��7KH�
VLPXODWHG�LOOXPLQDQFH�OHYHO�FDQ�EH�FRQYHUWHG�WR�GD\-
OLJKW�IDFWRU��')��XVLQJ�(TXDWLRQ����7KH�WDUJHWHG�')�
OHYHO�IRU�WKH�SUD\HU�KDOOV�ZDV�����WR������

')� �
,QWHUQDO�,OOXPLQDQFH��(

i²
([WHUQDO�,OOXPLQDQFH��(

e

�î������ ���

� 7KH�0DLQ�3UD\HU�+DOO�LV�D�GRXEOH�YROXPH�VSDFH��
'D\OLJKWLQJ� VLPXODWLRQ� UHVXOWV� IRU� YDULRXV� GHVLJQ�
RSWLRQV�IRU� WKH�0DLQ�3UD\HU�+DOO�DUH� LOOXVWUDWHG� LQ�
)LJ�����)LJ���D�VKRZV�WKDW�LQ�WKH�LQLWLDO�GHVLJQ��LOOXPL-
QDQFH�OHYHO�ZDV�KLJKHU�WKDQ������O[��RU�')��������

LQ�WKH�DUHD�QHDU�WKH�RSHQLQJV��7KLV�ZDV�EHFDXVH�WKH�
XSSHU�OHYHO�IDoDGH�KDG�QR�JOD]LQJ�RU�VKDGLQJ�VFUHHQ��
$FFRUGLQJ�WR�06�������')�KLJKHU� WKDQ������ZLOO�
FDXVH� JODUH� DQG� WKHUPDO� SUREOHP� �'HSDUWPHQW� RI�
6WDQGDUGV�0DOD\VLD���������+HQFH��WKH�PDMRULW\�RI�
WKH�VSDFHV�LQ�WKH�LQLWLDO�GHVLJQ�ZLOO�KDYH�JODUH�DQG�
WKHUPDO�SUREOHPV�GXH�WR�H[WUHPHO\�KLJK�LOOXPLQDQFH�
OHYHO��7KHUHIRUH��WKH�LQLWLDO�GHVLJQ�ZDV�UHYLHZHG�E\�
DGGLQJ�D�PH]]DQLQH�ÀRRU�IRU�IHPDOH�SUD\HU�DQG�FOHDU�

Fig. 3  Average daily direct and diffuse radiation (Range 0 – 
5000+ Wh/m²)

Fig.4  Daylighting illuminance simulation results for Main 
Prayer Hall under 10klx overcast sky: (a) Initial design 
without glazing at upper level; (b) With mezzanine floor and 
glazing; (c) With 3700 mm height decorative screen; (d) With 
2800 mm height decorative screen height.
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JODVV�JOD]LQJ�DW�WKH�XSSHU�ÀRRU�IDoDGH��7KHQ�WKH�')�
DW�WKH�DUHD�QHDU�WR�WKH�RSHQLQJV�ZDV�UHGXFHG�WR�DERXW�
������)LJ���E���1HYHUWKHOHVV��WKH�FHQWUH�SDUW�RI�WKH�
0DLQ�3UD\HU�+DOO�VWLOO�UHFHLYHG�KLJK�GD\OLJKW�OHYHO�
�')�!�������GXH�WR�WKH�GRXEOH�YROXPH�RSHQLQJV�
� )XUWKHU�HQKDQFHPHQW�RI�WKH�GD\OLJKWLQJ�GHVLJQ�ZDV�
SURSRVHG�E\� WKH� DUFKLWHFW��'HFRUDWLYH� VFUHHQV�ZLWK�
�����PP�KHLJKW�ZHUH�DGGHG�DW�WKH�XSSHU�ÀRRU�VLGH�
RSHQLQJV�WR�UHGXFH�WKH�H[FHVVLYHO\�KLJK�GD\OLJKW�OHYHO�
DQG�JODUH�SUREOHP��+RZHYHU�� WKH�VLPXODWLRQ�UHVXOWV�
VKRZHG�WKDW�WKH�')�DW�WKH�FHQWUH�SDUW�RI�WKH�SUD\HU�KDOO�
ZDV�UHGXFHG�WR�EHORZ�������)LJ���F���6XEVHTXHQWO\��
WKH�KHLJKW� RI� WKH�GHFRUDWLYH� VFUHHQ�ZDV� UHGXFHG� WR�
�����PP� LQ�RUGHU� WR� DOORZ�PRUH�GD\OLJKW�SHQHWUD-
WLRQ�DQG�UHÀHFWLRQ�RQ�WKH�FHLOLQJ��$V�VKRZHG�LQ�)LJ��
�G��PRVW�RI�WKH�VSDFHV�ZHUH�DEOH�WR�\LHOG�')�RI�����±�
�����ZKLFK�ZDV�ZLWKLQ�WKH�UHFRPPHQGHG�UDQJH��$V�D�
UHVXOW��WKLV�¿QDO�GHVLJQ�ZDV�UHFRPPHQGHG�IRU�GD\OLJKW�
XWLOLVDWLRQ�ZKLOH�DYRLGLQJ�JODUH�DQG�WKHUPDO�SUREOHP�
� 7KH�GD\OLJKWLQJ�GHVLJQ�IRU�WKH�2SHQ�3UD\HU�+DOO�
ZDV�DOVR� LQYHVWLJDWHG�DQG� LPSURYHG��)LJ����VKRZV�
WKH� LOOXPLQDQFH� OHYHOV�RQ�KRUL]RQWDO�SODQH� IRU� WKH�
LQLWLDO� GHVLJQ� DQG� WKH� UHYLHZHG� GHVLJQ�ZLWK� VLGH�
OLJKWLQJ�RSHQLQJV�DW�WKH�FRQFUHWH�URRI�VODE��7KH�VLGH�
OLJKWLQJ�RSHQLQJ�ZDV�DQ�LQWHJUDWLRQ�RI�GD\OLJKWLQJ�
DQG� 39� V\VWHP��7KH� SXUSRVH� RI� WKH� VLGH�OLJKWLQJ�
RSHQLQJ�ZDV�WR�DOORZ�UHÀHFWHG�GD\OLJKW�WR�SHQHWUDWH�
LQWR�WKH�2SHQ�3UD\HU�+DOO�ZKLOH�SURYLGLQJ�VSDFHV�IRU�
39�SDQHOV�LQVWDOODWLRQV�
� 7KH�GD\OLJKWLQJ�VLPXODWLRQ�UHVXOWV�RI� WKH� LQLWLDO�
GHVLJQ��)LJ���D��GHPRQVWUDWHG�WKDW�WKHUH�ZDV�LQVXI-
¿FLHQW�GD\OLJKW�LQ�WKH�2SHQ�3UD\HU�+DOO�GXH�WR�WKH�
GHHS�SODQQLQJ��')�ZDV�HYHQ�EHORZ������LQ�WKH�PLG-
GOH�SDUW�RI�WKH�KDOO��7KXV��PRGL¿FDWLRQ�RI�WKH�URRI�
VODE�ZLWK�VLGH�OLJKWLQJ�RSHQLQJV�ZDV�LQWURGXFHG�WR�
LQFUHDVH�WKH�GD\OLJKW�DYDLODELOLW\��)URP�WKH�VLPXOD-
WLRQ�UHVXOWV�VKRZQ�LQ�)LJ���E�� WKH�UHYLHZHG�GHVLJQ�
GHPRQVWUDWHG� VLJQL¿FDQW� LPSURYHPHQW��7KH�')�DW�
WKH�PLGGOH�SDUW�ZDV�LQFUHDVHG�WR�����±��������7KHUH-
IRUH�� WKLV� URRI� GHVLJQ�ZDV� UHFRPPHQGHG� IRU� ERWK�
GD\OLJKWLQJ�DQG�39�LQVWDOODWLRQ�

Computational Fluid Dynamic

7KH�*UHHQ�0RVTXH�XWLOL]HV�QDWXUDO�YHQWLODWLRQ�DV�D�
PHDQV�RI�SDVVLYH�HQHUJ\�VDYLQJ�VWUDWHJ\�DV�DLU�FRQ-
GLWLRQLQJ�V\VWHP�FRQVXPHV�KLJK�HQHUJ\�IRU�EXLOGLQJ�
FRROLQJ��2QH�RI�WKH�PRVW�FULWLFDO�VSDFHV�IRU�QDWXUDO�
YHQWLODWLRQ� ZDV� WKH� 0DLQ� 3UD\HU� +DOO� EHFDXVH� LW�
KDG�KXJH�JOD]HG�YROXPH��7KH�DLU�ÀRZ�DQG�YHORFLW\�
LQÀXHQFH�WKH�XVHUV¶�WKHUPDO�FRPIRUW��7KHUHE\��&)'�
VLPXODWLRQV�ZHUH�FDUULHG�RXW�XVLQJ�,(6�0LFUR)OR�WR�
LPSURYH� WKH� DLU�ÀRZ�DQG�YHORFLW\� LQ�0DLQ�3UD\HU�
+DOO��)LJ������3ULRU�WR�WKH�&)'�VLPXODWLRQ��WKH�ERXQG-
DU\�FRQGLWLRQV�ZHUH�VLPXODWHG�XVLQJ�,(6�$SDFKH�DQG�
,(6�0DFUR)OR�WR�GHWHUPLQH�WKH�RXWGRRU�DQG�LQGRRU�
DLU�WHPSHUDWXUH��VXUIDFH�WHPSHUDWXUHV��JOD]LQJ�WHP-
SHUDWXUHV�DQG�DLU�ÀRZ�YROXPH��7KHQ��WKHVH�ERXQGDU\�
FRQGLWLRQV�ZHUH�LPSRUWHG�WR�,(6�0LFUR)OR�IRU�&)'�
VLPXODWLRQ�
� :LWKRXW�DQ\�PHFKDQLFDO�YHQWLODWLRQ��WKH�DLU�YHORF-
LW\�LQ�WKH�0DLQ�3UD\HU�+DOO�UDQJHG�IURP�����WR�����
P�V�RQO\��DV�LOOXVWUDWHG�LQ�)LJ���D���7KLV�ZDV�WRR�ORZ�
WR� DFKLHYH� WKHUPDO� FRPIRUW�� +HQFH�� H[KDXVW� IDQV�
ZHUH�VXJJHVWHG�WR�H[WUDFW�WKH�KRW�DLU�IURP�WKH�KDOO�
ZKLOH� LQFUHDVLQJ� WKH� DLU� YHORFLW\�� 6HYHUDO� H[KDXVW�
IDQV�ZHUH�LQVWDOOHG�DW�WKH�FHQWUH�RI�WKH�FHLOLQJ�WR�JHQ-
HUDWH���������&)0�DLU�ÀRZ�DV�VKRZQ�LQ�)LJ���E��7KH�
&)'�VLPXODWLRQ�UHVXOW�LQGLFDWHG�WKDW�WKH�DLU�YHORFLW\�
DW� WKH�FHQWUH�RI� WKH�KDOO�ZDV� LQFUHDVHG� WR�����P�V��
7KH�PD[LPXP�DLU�YHORFLW\�RI�PRUH�WKDQ�����P�V�ZDV�
DFKLHYHG�LQ�WKH�DUHD�QHDU�WKH�H[KDXVW�IDQV��%HFDXVH�

Fig. 5  Daylighting illuminance simulation results for Open 
Prayer Hall under 10klx overcast sky: (a) Initial design; (b) 
With side-lighting at roof slab.
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WKH�H[KDXVW�IDQV�ZHUH�LQVWDOOHG�DW�WKH�FHQWUH�RI�WKH�
FHLOLQJ�� WKH� LQFUHDVHG�DLU�ÀRZ�ZDV�FRQFHQWUDWHG�DW�
WKH�FHQWUH�RI�WKH�KDOO�
� $QRWKHU� GHVLJQ� DOWHUQDWLYH� ZDV� SURSRVHG� E\�
LQVWDOOLQJ� WKH� H[KDXVW� IDQV�ZLWK� D� WRWDO� RI� �������
&)0�DW�WKH�IRXU�FRUQHUV�RI�WKH�FHLOLQJ�DV�VKRZQ�LQ�
)LJ���F��7KH� WRWDO�JHQHUDWHG�DLU�ÀRZ�ZDV���������
&)0�� 7KH� &)'� VLPXODWLRQ� UHVXOW� GHPRQVWUDWHG�
WKDW� WKLV� GHVLJQ�ZDV� VXFFHVVIXO� LQ� GLVWULEXWLQJ� WKH�
LQFUHDVHG�DLU�YHORFLW\�ZLWKLQ�WKH�0DLQ�3UD\HU�+DOO��
7KXV�� WKH�XVHUV�FRXOG�IHHO� WKH�DLU�PRYHPHQW�ZKHQ�

WKH\�DUH�SHUIRUPLQJ�WKHLU�SUD\HUV��7KLV�GHVLJQ�ZDV�
UHFRPPHQGHG�LQ�RUGHU�WR�LPSURYH�WKH�XVHUV¶�WKHUPDO�
FRPIRUW�

Rainwater Harvesting

5DLQZDWHU�KDUYHVWLQJ�ZDV�HPSOR\HG�LQ�WKLV�SURMHFW�
WR�FROOHFW�UDLQZDWHU�IRU�DEOXWLRQ�DQG�WRLOHW�ÀXVKLQJ�
XVDJH��$SDUW�IURP�WKDW��WKH�JUH\�ZDWHU�ZLOO�EH�UHF\-
FOHG�IRU�ODQGVFDSH�LUULJDWLRQ��7KH�UDLQZDWHU�KDUYHVW-
LQJ�V\VWHP�KDG�EHHQ�GHVLJQHG�E\�UHVHDUFKHUV�IURP�
,6,�870��7KURXJKRXW� WKH�SURMHFW�� WKH� UHVHDUFKHUV�
KDG�ZRUNHG�WRJHWKHU�ZLWK�WKH�DUFKLWHFW�DQG�FRQWUDF-
WRU�WR�GHWHUPLQH�WKH�ORFDWLRQV�DQG�VL]HV�RI�WKH�WDQNV��
W\SHV�RI�¿OWUDWLRQ�V\VWHP�DQG�XVH�RI�ODQGVFDSH�SRQGV�
DV�ZDWHU�VWRUDJH��(YHQWXDOO\��WKH�UDLQZDWHU�UHF\FOLQJ�
V\VWHP�LQFOXGHG�ODQGVFDSH�SRQG�DV�ELR�RUJDQLF�¿O-
WUDWLRQ�V\VWHP��7KH�VFKHPDWLF�GHVLJQ�GUDZLQJV�ZHUH�
SURGXFHG�E\�WKH�UHVHDUFKHUV�DQG�IXUWKHU�GHYHORSHG�
IRU�GHWDLO�GUDZLQJV�E\�WKH�0	(�HQJLQHHU�

Photovoltaic

,Q�WKLV�SURMHFW��39�LQVWDOODWLRQ�ZDV�SURSRVHG�RQ�WKH�
URRI�WRS�RI�WKH�2SHQ�3UD\HU�+DOO��,Q�RUGHU�WR�DVVXUH�
WKDW�WKH�HOHFWULFLW\�JHQHUDWHG�E\�WKH�39�ZLOO�EH�VXI-
¿FLHQW�WR�FRYHU�WKH�GDLO\�XVDJH��FDOFXODWLRQV�RI�39�
LQVWDOODWLRQ� WR� VXSSO\� WKH� HQHUJ\� GHPDQGV� RI� WKH�
PRVTXH�KDG�EHHQ�SURGXFHG�E\�UHVHDUFKHUV�IURP�,6,�
870��7KH�WRWDO�VXUIDFH�WKDW�FDQ�EH�FRYHUHG�E\�39�LV�
DSSUR[LPDWHO\����P2��7KH�FDOFXODWLRQV�VKRZHG�WKDW�
WKH�KRXUO\�39�HOHFWULFLW\�SRZHU�ZKLFK�FDQ�EH�JHQHU-
DWHG�LV����N:�K��7KXV��WKH�WDUJHWHG�HOHFWULFLW\�JHQ-
HUDWLRQ�IRU���KRXUV�SHU�GD\�LV�����N:K�GD\��%HVLGHV��
,6,�870�DOVR�ZRUNHG�WRJHWKHU�ZLWK�076%��50$�
DQG� RWKHU� FRQVXOWDQW� WHDPV� RQ� WKH� DSSOLFDWLRQ� WR�
6('$� �6XVWDLQDEOH� (QHUJ\�'HYHORSPHQW�$XWKRU-
LW\� RI�0DOD\VLD�� IRU� JULG�FRQQHFWLRQ��$V� D� UHVXOW��
WKH�PRVTXH�VXFFHVVIXOO\�REWDLQHG�WKH�)HHG�LQ�7DULII�
�)L7��XQGHU�WKH�FDWHJRU\�RI�UHOLJLRXV�EXLOGLQJ�

Fig. 6  CFD wind velocity simulation for Main Prayer Hall: 
(a) Initial design; (b) With exhaust fans of total 160000 CFM 
airflow at center; (c) With exhaust fans of total 50000 CFM 
airflow at each of the 4 corners.
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Discussion

7KLV� SURMHFW� HPSOR\HG� YDULRXV� NLQGV� RI� FRPSXWHU�
VLPXODWLRQV�WR�VWXG\�DQG�LPSURYH�WKH�EXLOGLQJ�SHU-
IRUPDQFHV�GXULQJ�GHVLJQ�GHYHORSPHQW��GHWDLO��VWDJH��
ZKHUHDV�SUHYLRXV�UHVHDUFK��*RXOGLQJ��������/LP�HW�
DO��� ������ VXJJHVWHG� JUHHQ� EXLOGLQJ� GHVLJQ� VKRXOG�
EHJLQ�DW�WKH�HDUO\�GHVLJQ�VWDJH��SUH�GHVLJQ���VNHWFK���
7KH�RYHUDOO�EXLOGLQJ�IRUP�DQG�RULHQWDWLRQ�KDG�EHHQ�
GHWHUPLQHG� E\� WKH� DUFKLWHFW� EHIRUH� WKH� VLPXODWLRQ�
H[SHULPHQW��7KXV��LW�OLPLWHG�WKH�H[SORUDWLRQ�RI�SDV-
VLYH�GHVLJQ�VWUDWHJLHV�VXFK�DV�XVLQJ�VHOI�VKDGHG�IRUPV��
QRUWK�VRXWK�RULHQWDWLRQ��VPDOO�YROXPH�VSDFHV��HWF�
� ,Q�WKLV�SURMHFW��WKH�DUFKLWHFW�DFWXDOO\�DOUHDG\�FRQ-
VLGHUHG�D�JUHHQ�GHVLJQ�FRQFHSW�LQ�WKH�LQLWLDO�GHVLJQ�
VWDJH��)RU�H[DPSOH��PRVW�RI�WKH�IDoDGHV�ZLWK�RSHQ-
LQJV� ZHUH� DFWXDOO\� VKDGHG� ZLWK� URRI� RYHUKDQJV��
0HDQZKLOH��WKH�IDoDGHV�WKDW�ZHUH�IDFLQJ�GLUHFW�VXQ-
OLJKW�KDG�QR�RSHQLQJV��XVLQJ�VWRUDJH�DQG�VWDLUFDVHV�
DV�EXIIHU�]RQHV��+RZHYHU��QRW�DOO� WKH�VSDFHV�ZHUH�
JLYHQ�VXI¿FLHQW�FRQVLGHUDWLRQ�IRU�JUHHQ�GHVLJQ��)RU�
LQVWDQFH�� WKH�0DLQ�3UD\HU�+DOO�KDG�D� ODUJH�VTXDUH�
YROXPH�VSDFH�ZKLFK�ZDV�QRW�UHFRPPHQGHG�IRU�WURS-
LFDO�FOLPDWH��2OJ\D\��������<HDQJ���������%HVLGHV��
WKH�GHHS�SODQQLQJ�IRU�WKH�2SHQ�3UD\HU�+DOO�DQG�VXE�
EDVHPHQW�FDU�SDUN�ZDV�QRW�DSSURSULDWH�IRU�GD\OLJKW�
XWLOL]DWLRQ�
� 6RPH� RI� WKH� FRQVLGHUDWLRQV� RU� LGHDV� IRU� JUHHQ�
GHVLJQ�DV�SURSRVHG�E\�WKH�DUFKLWHFW�ZHUH�SURYHQ�QRW�
WR�EH�DSSURSULDWH�WKURXJK�WKH�VLPXODWLRQ�H[SHULPHQW��
)RU� H[DPSOH�� WKH� DUFKLWHFW� XVHG� RSHQLQJV� ZLWK-
RXW�JOD]LQJ� LQ� WKH�0DLQ�3UD\HU�+DOO� WR�DOORZ�GD\-
OLJKW�SHQHWUDWLRQ�DQG�QDWXUDO�FURVV�YHQWLODWLRQ��7KH�
VLPXODWLRQ�UHVXOWV��KRZHYHU��GHPRQVWUDWHG�WKDW� WKH�
H[FHVVLYH�XVH�RI�RSHQLQJV�ZLWKRXW�JOD]LQJ�FDXVHG�
')�DERYH�������ZKLFK�ZLOO�FDXVH�JODUH�DQG� WKHU-
PDO�SUREOHPV��'HSDUWPHQW�RI�6WDQGDUGV�0DOD\VLD��
�������6XEVHTXHQWO\��JOD]LQJ�DQG�GHFRUDWLYH�VFUHHQV�
ZHUH�SURSRVHG�WR�UHGXFH�WKH�JODUH�DQG�WKHUPDO�GLV-
FRPIRUW�
� 'XH� WR� WKH� SURSRVHG� EXLOGLQJ� IRUP� DQG�PDVV-
LQJ�� VRPH� RI� WKH� SDVVLYH� VWUDWHJLHV� FRXOG� QRW� EH�
DSSOLHG�HIIHFWLYHO\��7KH�XVH�RI�QDWXUDO�YHQWLODWLRQ�LQ�
WKH�0DLQ�3UD\HU�+DOO�ZDV�YHU\�FRQVWUDLQHG�GXH� WR�

WKH� ODUJH�YROXPH�VSDFH��$V�VKRZQ�LQ�)LJ����� ODUJH�
VTXDUH�YROXPH�VSDFH�KDV�ORZ�RSHQLQJ�DUHD�WR�VSDFH�
YROXPH�UDWLR�LQ�FRPSDULVRQ�ZLWK�OLQHDU�RU�FOXVWHUHG�
VSDFH�SODQQLQJ��$SDUW�IURP�WKDW�� WKH�RXWGRRU�ZLQG�
YHORFLW\�LQ�0DOD\VLD�LV�DOVR�YHU\�ORZ��$FFRUGLQJ�WR�
+XL���������WKH�UDQJH�RI�LQGRRU�DLU�YHORFLW\�LQ�ORZ�
ULVH� EXLOGLQJV� LQ� WKH� FRXQWU\� LV� EHWZHHQ������P�V�
DQG������P�V��+HQFH��WKH�VLPXODWLRQ�VKRZHG�WKDW�WKH�
LQGRRU�ZLQG�YHORFLW\�LQ�WKH�LQLWLDO�0DLQ�3UD\HU�+DOO�
GHVLJQ�ZDV�EHORZ�����P�V��$V�D�UHVXOW��WKH�SUD\HU�KDOO�
KDG�WR�UHO\�RQ�PHFKDQLFDO�H[KDXVW�IDQV�WR�LQFUHDVH�
WKH�ZLQG�YHORFLW\�WR�����P�V������LQFUHPHQW��DW�WKH�
FHQWHU�SDUW�RI�WKH�KDOO�
� 7KH�*UHHQ�0RVTXH� SURMHFW� LV� D�8�,� FROODERUD-
WLYH�UHVHDUFK�SURMHFW�WKDW�LQYROYHG�PXOWL�GLVFLSOLQHV�
ZLWK� YDULHG� RUJDQL]DWLRQDO� RULHQWDWLRQV�� ,QGXVWU\�
GHPDQGHG� LPPHGLDWH� UHVXOWV� WR� TXLFNHQ� WKH� FRQ-
VWUXFWLRQ� SURFHVV�ZKLOH� WKH� XQLYHUVLW\� UHVHDUFKHUV�
WRRN�WKH�SURMHFW�DV�D�ORQJ�WHUP�HIIRUW� WR�GHYHORS�D�

Fig. 7  Opening area to space volume ratios for different 
building forms: (a) Square; (b) Linear; (c) With center 
courtyard; (d) Clustered.
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JUHHQ�PRVTXH� GHVLJQ� ZLWK� HQHUJ\� HI¿FLHQF\� DQG�
UHQHZDEOH�HQHUJ\��7KH�EXLOGLQJ�RZQHU��DUFKLWHFW�DQG�
RWKHU�FRQVXOWDQW� WHDPV�HPSKDVL]HG�VROYLQJ�RQ�VLWH�
LVVXHV�DQG�FRPSOHWLRQ�RQ�WLPH��2Q�WKH�FRQWUDU\��WKH�
XQLYHUVLW\�UHVHDUFKHUV�ORRNHG�IRU�SRWHQWLDO�DFDGHPLF�
RXWSXWV�VXFK�DV�VFLHQWL¿F�SXEOLFDWLRQV��µ2ULHQWDWLRQ�
UHODWHG� EDUULHUV¶� DV� PHQWLRQHG� E\� %UXQHHO� HW� DO��
�������ZHUH� WKH�PDLQ�FKDOOHQJH� LQ�FRQGXFWLQJ� WKH�
SURMHFW��0HDQZKLOH��WKH�µWUDQVDFWLRQ�UHODWHG�EDUULHUV¶�
ZDV�QRW�VLJQL¿FDQW�LQ�WKH�SURMHFW�
� %XLOGLQJ�SHUIRUPDQFH� VWXG\� UHTXLUHV� WLPH�FRQ-
VXPLQJ�PRGHOLQJ� DQG� VLPXODWLRQ� SURFHVVHV�� ZLWK�
GHWDLOHG� LQIRUPDWLRQ� RU� GDWD� LQSXW� WR� DVVXUH� WKH�
DFFXUDF\�RI� WKH�UHVXOWV��+RZHYHU�� WKLV�SURMHFW�ZDV�
DQ�DFWXDO�GHYHORSPHQW�SURMHFW�XQGHU�FRQVWUXFWLRQ��
,Q�DGGLWLRQ��D�ORW�RI�GHWDLOHG�LQIRUPDWLRQ�VXFK�DV�WKH�
XVH�RI�PDWHULDOV�DQG�¿QLVKHV�ZDV�QRW�¿QDOL]HG��7KLV�
ZLOO� DIIHFW� WKH� VFLHQWL¿F� UHOLDELOLW\�RI� WKH� UHVHDUFK�
RXWSXWV��7KH�EDODQFH�EHWZHHQ�WLPH�FRQVWUDLQWD�DQG�
DFFXUDF\�ZDV�YLWDO�WR�PHHWLQJ�WKH�GHPDQGV�RI�ERWK�
WKH�8�,��$V�D� UHVXOW�� VLPSOL¿FDWLRQ�RI� WKH�EXLOGLQJ�
PRGHOLQJ�ZDV�QHHGHG�WR�UHGXFH�WKH�VLPXODWLRQ�WLPH�
ZKLOH�VWLOO�UHWDLQLQJ�DFFHSWDEOH�DFFXUDF\�
� 'HVSLWH� WKH� µRULHQWDWLRQ�UHODWHG� EDUULHUV¶�� WKHUH�
ZHUH�HIIHFWLYH�NQRZOHGJH�DQG� WHFKQRORJ\� WUDQVIHU�
LQ� WKH�8�,�FROODERUDWLYH� UHVHDUFK�SURMHFW�� ,QGXVWU\�
ZDV�H[SRVHG�WR�D�QHZ�NLQG�RI�DUFKLWHFWXUDO�GHVLJQ�
SURFHVV�EDVHG�RQ�HPSLULFDO�UHVHDUFK��%HVLGHV��YDUL-
RXV�JUHHQ�EXLOGLQJ�WHFKQRORJLHV�ZHUH�HPSOR\HG�LQ�
WKH�SURMHFW�VXFK�DV�39��UDLQZDWHU�KDUYHVWLQJ�V\VWHP��
OLJKW�WXELQJ��HWF��2Q�WKH�RWKHU�KDQG��WKH�XQLYHUVLW\�
VLGH�ZDV�JLYHQ�D�SODWIRUP�WR�DSSO\�WKH�JUHHQ�GHVLJQ�
PHWKRG� DQG� VWUDWHJLHV� RQ� DQ� DFWXDO� GHYHORSPHQW�
SURMHFW�
� 7KURXJKRXW� WKH� SURMHFW�� WKHUH� ZHUH� LQWHUDFWLYH�
FRPPXQLFDWLRQV�EHWZHHQ�8�,�YLD�YDULRXV�WHFKQLFDO�
PHHWLQJV��7KH�RULJLQDO�PRVTXH�GHVLJQ�ZDV�UHYLHZHG�
VHYHUDO�WLPHV�EDVHG�RQ�WKH�UHVHDUFK�UHVXOWV��,QWHJUD-
WLRQ� RI� WKH� SURIHVVLRQDO� DQG� DFDGHPLFLDQ� UHVXOWHG�
LQQRYDWLYH�JUHHQ�GHVLJQ�LGHDV�WR�DFKLHYH�HQHUJ\�HI¿-
FLHQF\�DQG�WKH�XVH�RI�UHQHZDEOH�HQHUJ\��)RU�LQVWDQFH��
FRPELQDWLRQ�RI�39�SDQHOV�DQG�VN\OLJKW�RSHQLQJV�RQ�
WKH�URRI�WRS�RI�WKH�2SHQ�3UD\HU�+DOO��LQWHJUDWLRQ�RI�

UDLQZDWHU� KDUYHVWLQJ� V\VWHP�ZLWK� ODQGVFDSH� SRQG�
DQG� WKH� XVH� RI� GHFRUDWLYH� VFUHHQ� WR� UHGXFH� JODUH�
SUREOHP�LQ�WKH�0DLQ�3UD\HU�+DOO�

Conclusion

7KH�¿QGLQJV�LQGLFDWHG�WKDW�ZLWKRXW�UHVHDUFK�EDVLV��
VRPH�RI�WKH�LQLWLDO�JUHHQ�GHVLJQ�FRQFHSW�GHWHUPLQHG�
E\� WKH� DUFKLWHFW� ZHUH� DFWXDOO\� QRW� SHUIRUPLQJ� DV�
H[SHFWHG��7KHUHIRUH��8�,�FROODERUDWLRQ�IRU�UHVHDUFK�
EDVHG�GHVLJQ�SURFHVV�LV�YHU\�LPSRUWDQW�WR�SURYH�DQG�
LPSURYH�WKH�EXLOGLQJ�SHUIRUPDQFH��%XLOGLQJ�PRGHO-
LQJ�DQG�VLPXODWLRQ� LV�DQ�DSSURSULDWH�PHWKRGRORJ\�
ZKLFK�VKRXOG�EHJLQ�GXULQJ�WKH�HDUO\�RU�SUH�GHVLJQ�
VWDJH�UDWKHU�WKDQ�WKH�GHVLJQ�GHYHORSPHQW�RU�GHWDLO-
LQJ�VWDJH�ZKHQ�WKH�SRVVLEOH�GHVLJQ�PRGL¿FDWLRQV�DUH�
YHU\�OLPLWHG�
� 7KH�LQWHUDFWLYH�UHVHDUFK�EDVHG�GHVLJQ�UHYLHZ�SUR-
FHVV�EHWZHHQ�WKH�8�,�SDUWLHV�KDG�VWLPXODWHG�LQQRYD-
WLYH�GHVLJQ�LGHDV�DQG�VWUDWHJLHV�IRU�D�JUHHQ�PRVTXH�
E\� FRQVLGHULQJ� HQHUJ\� HI¿FLHQF\� DQG� UHQHZDEOH�
HQHUJ\��*UHHQ�VWUDWHJLHV�VXFK�DV�GD\OLJKWLQJ��VRODU�
VKDGLQJ�� UDLQZDWHU� KDUYHVWLQJ� DQG� SKRWRYROWDLF�
ZHUH�H[SORUHG�DQG�DSSOLHG�LQ�WKH�SURMHFW��7KXV��8�,�
UHVHDUFK�FROODERUDWLRQ�LV�D�SRZHUIXO�GULYHU�RI�LQQR-
YDWLRQ�LQ�DUFKLWHFWXUDO�SURIHVVLRQ�
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