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Abstract

Nonindustrial energy consumption has been increasing rapidly in China with economic development. 
Household energy demand is increasing for heating, cooking, and other uses. In the cities in China’s 
colder regions, approximately 80% of energy supply is dependent on coal. Therefore air pollution control 

and CO2 emissions reduction is an urgent environmental challenge. For this purpose district heating is installed and 
modernized with the heating demand growth of housing and buildings.
 In this study, we investigated actual household energy consumption using official surveys and statistics as well 
as our original questionnaire. Based on this data, we conduct a quantitative analysis on the relationship between 
the expenditure of energy and household income, the housing environment, lifestyle, and other factors. Using the 
results of this analysis, we consider the major factors behind increased household energy consumption. We also 
conduct a quantitative evaluation of the air pollution control measures (e.g., introduction of flue-gas desulfurization 
equipment and promotion of district heating systems) taken by the central and city governments, as well as 
improvements for enhancing the environmental functions of district heating systems. Our quantitative evaluation 
further highlights Fuxin’s potential to become a low-carbon city by expanding the use of methane gas from the 
city’s coal fields and promoting the introduction of renewable energy.

Keywords   Air pollution; District heating systems; Household energy consumption; Flue-gas desulfurization equipment; Low-
carbon city

都市の大気汚染問題は喫緊の課題。遼
寧省阜新市での各種エネルギー政策
分析を通して、環境共生都市への道
を探る。
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Introduction

&KLQD¶V���WK�¿YH�\HDU�SODQ��DGRSWHG�E\�WKH�1DWLRQDO�
3HRSOH¶V�&RQJUHVV� LQ�0DUFK������� LGHQWL¿HV�HQYL-
URQPHQWDO�SUREOHPV�DV�PRUH�LPSRUWDQW�SROLF\�FKDO-
OHQJHV� WKDQ� LQ� WKH� SUHYLRXV� SODQ��7KH�QDWLRQ�QRZ�
PXVW�WDFNOH�D�QXPEHU�RI�HQYLURQPHQWDO�LVVXHV�VLPXO-
WDQHRXVO\� LQFOXGLQJ�DLU�SROOXWLRQ��ZDWHU�SROOXWLRQ��
JOREDO�ZDUPLQJ��DQG�HFRV\VWHP�SUHVHUYDWLRQ�
� (QHUJ\�FRQVXPSWLRQ�LQ�WKH�QRQLQGXVWULDO��KRXVH-

KROG�FRPPHUFLDO�� VHFWRU�KDV�EHHQ� VXUJLQJ��KRXVH-
KROG� HQHUJ\� FRQVXPSWLRQ� SHU� SHUVRQ� LQFUHDVHG�
UDSLGO\� IURP������ N:K� LQ� ����� WR� ������ N:K� LQ�
�����DQG�WKHQ�WR�������N:K�LQ�������,Q�DGGLWLRQ�WR�
HOHFWULF�SRZHU��KRXVHKROGV�DUH�DOVR�GHPDQGLQJ�PRUH�
KHDW�IRU�KHDWLQJ��FRRNLQJ��DQG�RWKHU�XVHV�
� $PLGVW� WKH� UDSLG� LQFUHDVH� LQ� KRXVHKROG� HQHUJ\�
FRQVXPSWLRQ�DQG�WKH�FKDQJLQJ�KRXVLQJ�HQYLURQPHQW�
LQ� XUEDQ� DUHDV�� FRQWUROOLQJ� DLU� SROOXWLRQ� DQG�&2
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HPLVVLRQV�UHVXOWLQJ�IURP�KHDWLQJ�GHPDQG�LQ�WKH�FROG�
UHJLRQV��ZKLFK� GHSHQG� RQ� FRDO� IRU� DSSUR[LPDWHO\�
���� RI� WKHLU� HQHUJ\�� LV� DQ� XUJHQW� HQYLURQPHQWDO�
FKDOOHQJH�
� 7KH�QDWLRQ¶V�DLU�SROOXWLRQ�UHJXODWLRQV�KDYH�EHHQ�
WLJKWHQHG�VLQFH�������LQVWDOODWLRQ�RI�GHVXOIXUL]DWLRQ�
HTXLSPHQW�� HOHFWULF� SUHFLSLWDWRUV�� DQG� RWKHU� ÀXH�
JDV�WUHDWPHQW�HTXLSPHQW�LV�QRZ�PDQGDWRU\��$V�WKH�
KHLJKW�RI�UHVLGHQWLDO�EXLOGLQJV�FRQWLQXHV�WR�ULVH��FLW-
LHV�LQ�WKH�FROG�UHJLRQV�KDYH�EHHQ�DFWLYHO\�SURPRWLQJ�
WKH�LQWURGXFWLRQ�RI�GLVWULFW�KHDWLQJ�V\VWHPV�WR�UHGXFH�
DLU�SROOXWLRQ�DQG�PRGHUQL]H�WKHLU�OLYLQJ�FRQGLWLRQV��
� 'LVWULFW� KHDWLQJ� V\VWHPV�� DQ� LPSRUWDQW� SLHFH�RI�
LQIUDVWUXFWXUH�IRU�LPSURYLQJ�XUEDQ�HQYLURQPHQWV��DUH�
FODVVL¿HG�LQWR�WZR�W\SHV�EDVHG�XSRQ�WKH�PHWKRG�RI�
KHDW�VXSSO\�HPSOR\HG��V\VWHPV�ZKHUH�SRZHU�SODQWV�
VXSSO\�KHDW�DORQJ�ZLWK�HOHFWULFLW\�DQG�V\VWHPV�ZKHUH�
GHGLFDWHG�ERLOHUV�VXSSO\�KHDW��1HLWKHU�V\VWHP�XQFRQ-
GLWLRQDOO\� UHGXFHV� UHJLRQDO� DLU� SROOXWLRQ� DQG�&2

2 

HPLVVLRQV��'LVWULFW�KHDWLQJ�V\VWHPV�FDQ�EH�HIIHFWLYH�
RQO\�DIWHU�IXHO�FKRLFH��RYHUDOO�V\VWHP�HI¿FLHQF\��DQG�
DQWLSROOXWLRQ�WHFKQRORJ\�KDYH�EHHQ�GHVLJQHG�DSSUR-
SULDWHO\��7KHUHIRUH��LW�LV�LPSRUWDQW�WR�TXDQWLWDWLYHO\�
HYDOXDWH�WKH�HIIHFWLYHQHVV�RI�GLVWULFW�KHDWLQJ�V\VWHPV�
LQ�UHGXFLQJ�DLU�SROOXWLRQ�

2. Research Methods and Purposes

:H�VWXGLHG�FKDQJHV�LQ�HQHUJ\�GHPDQG�FRPSRVLWLRQ�
DQG�WKH�VWDWH�RI�DLU�SROOXWLRQ�LQ�)X[LQ�&LW\��/LDRQLQJ�
3URYLQFH��DQG�LGHQWL¿HG�WKH�FLW\¶V�HQHUJ\�FRQVXPS-
WLRQ�FKDUDFWHULVWLFV�EDVHG�RQ�VWDWLVWLFDO�GDWD�IRU�WKH�
SHULRG�IURP������WR�WKH�ODWHVW�\HDUV�
� :H� DOVR� LQYHVWLJDWHG� DFWXDO� KRXVHKROG� HQHUJ\�
FRQVXPSWLRQ�XVLQJ�RI¿FLDO�VXUYH\V�DQG�VWDWLVWLFV�DV�
ZHOO�DV�D�TXHVWLRQQDLUH�ZH�DGPLQLVWHUHG�WR�UHVLGHQWV��
%DVHG�RQ�WKLV�GDWD��ZH�FRQGXFWHG�D�TXDQWLWDWLYH�DQDO-
\VLV�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�FRVW�RI�KRXVH-
KROG� HQHUJ\� DQG� KRXVHKROG� LQFRPH�� WKH� KRXVLQJ�
HQYLURQPHQW��DQG�RWKHU�IDFWRUV��:H�DOVR�FRQGXFWHG�
D�TXDQWLWDWLYH�HYDOXDWLRQ�RI�WKH�DLU�SROOXWLRQ�FRQWURO�
PHDVXUHV��H�J���LQWURGXFWLRQ�RI�ÀXH�JDV�GHVXOIXUL]D-
WLRQ� HTXLSPHQW� DQG� SURPRWLRQ� RI� GLVWULFW� KHDWLQJ�

V\VWHPV��WDNHQ�E\�WKH�FHQWUDO�DQG�FLW\�JRYHUQPHQWV�
DV�ZHOO�DV�FODUL¿HG�WKH�OLPLWDWLRQV�DQG�SRWHQWLDO�RI�
VXFK�PHDVXUHV�DV�ZHOO�DV� WKH�SUHUHTXLVLWHV�IRU�DQG�
REVWDFOHV�WR�HQKDQFLQJ�WKH�HQYLURQPHQWDO�IXQFWLRQV�
RI�GLVWULFW�KHDWLQJ�V\VWHPV�
� 2XU� TXDQWLWDWLYH� HYDOXDWLRQ� DOVR� KLJKOLJKWV�
)X[LQ¶V�SRWHQWLDO� WR�EHFRPH�D� ORZ�FDUERQ�FLW\�E\�
H[SDQGLQJ� WKH� XVH� RI� VSRWOLJKWHG�PHWKDQH� JDV� RU�
FRDO�VHDP�JDV�IURP�WKH�FLW\¶V�FRDO�¿HOGV�DQG�SURPRW-
LQJ�WKH�LQWURGXFWLRQ�RI�UHQHZDEOH�HQHUJ\�

3. State of the Environment and Energy 

in Fuxin City

3.1 Outline of the Environment in Fuxin City 

)X[LQ�&LW\��VHH�7DEOH�����ZKLFK�ZDV�RQFH�RQH�RI�&KL-
QD¶V�PDMRU�FRDO�SURGXFLQJ�DUHDV��KDV�IDFHG�D�QXPEHU�
RI�VHULRXV�HQYLURQPHQWDO�SUREOHPV�LQFOXGLQJ�DLU�SRO-
OXWLRQ��ZDWHU�SROOXWLRQ��DQG�JURXQG�VXEVLGHQFH�DV�D�
UHVXOW�RI�KDYLQJ�VHUYHG�DV�D�KRVW�WR�WKH�FRDO�LQGXVWU\�

Table 1  Overview of Fuxin City

Location
1RUWKZHVW�TXDGUDQW�RI�/LDRQLQJ��&KLQD
V�
QRUWKHDVWHUQ�SURYLQFH

Area 10,355 km2

Population
�����PLOOLRQ��DSSUR[�������PLOOLRQ�LQ�XUEDQ�
DUHDV�DQG�DSSUR[��������PLOOLRQ�HOVHZKHUH�

Number.,of 

Households
643,000

Administrative 

Divisions

)LYH�GLVWULFWV��+DL]KRX��;LKH��7DLSLQJ��
;LQTLX�DQG�4LQJKHPHQ��DQG�WZR�FRXQWLHV�
�)X[LQ�0RQJRO�$XWRQRPRXV�DQG�=KDQJZX�

GDP(2009)

�������\XDQ�SHU�FDSLWD
�XUEDQ�DUHDV�������PLOOLRQ���������\XDQ�SHU�
FDSLWD�

Climate

&RQWLQHQWDO�FOLPDWH�W\SLFDO�RI�WKH�QRUWK�
WHPSHUDWH�]RQH��VXI¿FLHQW�VXQOLJKW��IUHTXHQW�
ZLQGV��DQG�ORZ�UDLQIDOO

Mean Annual 

Temperature
�����&��������WR������

Coldest Month ������&��-DQXDU\�
Hottest Month �����&��-XO\�
Mean Annual 

Precipitation
����WR�����PP

Mean Annual 

Humidity
���
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� 7KH�GHFOLQH�RI�WKH�FRDO�LQGXVWU\��ZKLFK�EHJDQ�LQ�
WKH�����V��IRUFHG�WKH�FLW\�WR�WUDQVIRUP�LWV�LQGXVWULDO�
VWUXFWXUH�DQG�PDNH�HIIRUWV�WR�UHVWRUH�WKH�HQYLURQPHQW��
7KH�FLW\�LV�LQ�WKH�SURFHVV�RI�LPSOHPHQWLQJ�D�SODQ�WR�
HQG�LWV�KHDY\�GHSHQGHQFH�RQ�FRDO��UHGXFH�HQYLURQ-
PHQWDO�SROOXWLRQ��UHVWRUH�WKH�VXUURXQGLQJ�HFRV\VWHP��
DQG�FUHDWH�D�EDODQFHG�LQGXVWULDO�VWUXFWXUH��$V�WKH�FLW\�
GHSHQGV�RQ�FRDO�IRU�����RI�LWV�HQHUJ\�QHHGV��UHGXF-
LQJ�DLU�SROOXWLRQ�FDXVHG�E\�VXEVWDQFHV�VXFK�DV�SDUWLF-
XODWH�PDWWHUV��30���VXOIXU�R[LGHV��62[��DQG�QLWURJHQ�
R[LGHV��12[��DV�ZHOO�DV�UHGXFLQJ�&2

2
�HPLVVLRQV�E\�

LQFUHDVLQJ�HQHUJ\�HI¿FLHQF\�DUH�LPSRUWDQW�JRDOV��,Q�
DGGLWLRQ� WR� WKHVH� HQYLURQPHQWDO� SUREOHPV�� )X[LQ�
PXVW�VROYH�D�SUREOHP�SDUWLFXODU�WR�FRDO�PLQLQJ�FLWLHV��
QDPHO\�GLVSRVLQJ�RI�WKH�VSRLO�KHDSV�VFDWWHUHG�DURXQG�
WKH�FLW\��7KH�FLW\¶V�PLQLQJ�GLVWULFW�KDV�DV�PDQ\�DV�����
VSRLO�KHDSV�ODUJH�DQG�VPDOO��FRYHULQJ�D�WRWDO�DUHD�RI�
������KD�ZLWK�D�YROXPH�RI�����ELOOLRQ�P3�

� $GMDFHQW� WR� ,QQHU�0RQJROLD�� UHVLGHQWV�RI�)X[LQ�
VXIIHU�IURP�WKH�GXVW�IURP�WKH�VSRLO�KHDSV�EORZQ�DERXW�
E\�VWURQJ�ZLQGV�DV�ZHOO�DV�WKH�GU\�VSULQJ�ZHDWKHU��,Q�
�����������)X[LQ¶V�763��WRWDO�VXVSHQGHG�SDUWLFOHV��
FRQFHQWUDWLRQ�ZDV�KLJKHVW� LQ�VSULQJ�������PJ�P3���
ZKLFK�LV�D�YDOXH�PXFK�KLJKHU�WKDQ�WKH�DPELHQW�DLU�
HQYLURQPHQWDO�TXDOLW\�VWDQGDUG��)X[LQ¶V�62

2
�DQG�&2�

FRQFHQWUDWLRQV�ZHUH� ERWK� KLJKHVW� LQ�ZLQWHU��ZKHQ�
KHDWLQJ�GHPDQG�LV�ODUJH��UHDFKLQJ������PJ�P3�DQG�
����PJ�P3��UHVSHFWLYHO\��LQ������������VHH�7DEOH�����
7KH� UHDVRQ� IRU� WKHVH�KLJK�FRQFHQWUDWLRQV�ZDV� WKDW�
XQWLO�������GXVW�FROOHFWRUV�DQG�GHVXOIXUL]DWLRQ�HTXLS-
PHQW�ZHUH�QRW�PDQGDWRU\�IRU�WKHUPDO�SRZHU�VWDWLRQV�
DQG�PDQ\�KRXVHV�XVHG�LQGLYLGXDO�FRDO�EXUQLQJ�KHDW-
LQJ�V\VWHPV�

3.2 Structural Changes in the Energy Con-

sumption in Fuxin City

,Q�)X[LQ�&LW\��PRVW�RI� WKH�SULPDU\�HQHUJ\� LV� VXS-
SOLHG�E\�FRDO��DQG�FRQVXPSWLRQ�RI�HQHUJ\�KDV�EHHQ�
LQFUHDVLQJ�UDSLGO\��:KLOH�WKH�LQGXVWULDO�VHFWRU�FRQ-
WLQXHV�WR�EH�D�PDMRU�HQHUJ\�FRQVXPHU��WKH�UHVLGHQWLDO�
VHFWRU�KDV�EHHQ�FRQVXPLQJ�HQHUJ\�DW�DQ�DFFHOHUDWHG�
UDWH��3DUWLFXODUO\�VLQFH�������)X[LQ¶V�HOHFWULF�SRZHU�
FRQVXPSWLRQ�KDV�EHHQ� VXUJLQJ� �VHH�)LJ������6RPH�
SRZHU� VWDWLRQV� XVH� ORZ�TXDOLW\� FRDO� EHFDXVH� WKH\�
PXVW�GLVSRVH�RI�WKH�UHVXOWLQJ�VSRLO�
� $V�)X[LQ¶V�FRDO�UHVHUYHV�KDYH�DOUHDG\�VWDUWHG�WR�
EHFRPH�GHSOHWHG��WKH�FLW\�PXVW�VHFXUH�QHZ�VRXUFHV�
RI�HQHUJ\�LQ�RUGHU�WR�KDQGOH�WKH�H[SHFWHG�LQFUHDVH�LQ�
GHPDQG�IRU�SRZHU��)X[LQ��ZKLFK�ZLOO�OLNHO\�SURFXUH�
WKH�QHFHVVDU\�FRDO�IURP�,QQHU�0RQJROLD�IRU�WKH�WLPH�
EHLQJ�� KDV� EHJXQ� D� ODUJH�VFDOH� UHQHZDEOH� HQHUJ\�
GHYHORSPHQW�SURMHFW�LQ�RUGHU�WR�GLYHUVLI\�LWV�HQHUJ\�
VRXUFHV�
� 3RWHQWLDO�HQHUJ\�VRXUFHV�LQFOXGH�WKH�FDUERQ�FRQ-
WDLQHG�LQ�VSRLO��FRDO�VHDP�JDV��JDV�FRQVLVWLQJ�SULPDU-
LO\�RI�PHWKDQH�IURP�FRDO�¿HOGV���ELRIXHOV��ODUJH�VFDOH�
ZLQG�SRZHU�JHQHUDWLRQ�WKDW�WDNHV�DGYDQWDJH�RI�WKH�
DUHD¶V� VWURQJ� ZLQGV�� DQG� OLTXH¿HG� SHWUROHXP� JDV�
�/3*���$PRQJ�WKHVH��WKH�FLW\¶V�ULFK�FRDO�VHDP�JDV�
UHVHUYHV�RI������ELOOLRQ�P3�������ELOOLRQ�P3�DV�SRWHQ-
WLDO�UHVHUYHV��DUH�GUDZLQJ�LQWHUQDWLRQDO�DWWHQWLRQ��,WV�

Source: Fuxin Environmental Observatory

Table 2  State of Air Pollution in Fuxin City during the Period 
of 1996 to 2000   

�D��6HDVRQDO�&KDQJHV�RI�$LU�3ROOXWLRQ��XQLW�PJ��P3��

�E�� $QQXDO� $YHUDJHV� RI� $LU� 3ROOXWLRQ� E\� 'LVWULFW�
�XQLW�PJ�P3�

 

 

2. Research Methods and Purposes 

:H�VWXGLHG�FKDQJHV�LQ�HQHUJ\�GHPDQG�FRPSRVLWLRQ�
DQG� WKH� VWDWH�RI�DLU�SROOXWLRQ� LQ�)X[LQ�&LW\��/LDRQLQJ�
3URYLQFH�DQG�LGHQWLILHG�WKH�FLW\
V�HQHUJ\�FRQVXPSWLRQ�
FKDUDFWHULVWLFV�EDVHG�RQ� VWDWLVWLFDO�GDWD� IRU� WKH�SHULRG�
IURP������WR�WKH�ODWHVW�\HDUV� 
:H� DOVR� LQYHVWLJDWHG� DFWXDO� KRXVHKROG� HQHUJ\�

coQVXPSWLRQ� XVLQJ� RIILFLDO� VXUYH\V� DQG� VWDWLVWLFV� DV�
ZHOO� DV� D� TXHVWLRQQDLUH� VXUYH\� ZH� DGPLQLVWHUHG� WR�
UHVLGHQWV�� %DVHG� RQ� WKLV� GDWD�� ZH� FRQGXFWHG� D�
TXDQWLWDWLYH� DQDO\VLV� RI� WKH� UHODWLRQVKLS� EHWZHHQ� WKH�
FRVW� RI� KRXVHKROG� HQHUJ\� DQG� KRXVHKROG� LQFRPH�� WKH�
KRXVLQJ� HQYLURQPHQW�� DQG� RWKHU� IDFWRUV�� :H� DOVR�
FRQGXFWHG�D�TXDQWLWDWLYH�HYDOXDWLRQ�RI�WKH�DLU�SROOXWLRQ�
FRQWURO� PHDVXUHV� �H�J��� LQWURGXFWLRQ� RI� IOXH-JDV�
GHVXOIXUL]DWLRQ� HTXLSPHQW� DQG� SURPRWLRQ� RI� GLVWULFW�
KHDWLQJ� V\VWHPV�� WDNHQ� E\� WKH� FHQWUDO� DQG� FLW\�
JRYHUQPHQWV� DV� ZHOO� DV� FODULILHG� WKH� OLPLWDWLRQV� DQG�
SRWHQWLDO�RI�VXFK�PHDVXUHV�DV�ZHOO�DV�WKH�SUHUHTXLVLWHV�
IRU� DQG� REVWDFOHV� WR� HQKDQFLQJ� WKH� HQYLURQPHQWDO�
IXQFWLRQV�RI�GLVWULFW�KHDWLQJ�V\VWHPV� 
2XU� TXDQWLWDWLYH� HYDOXDWLRQ� DOVR� KLJKOLJKWV� )X[LQ
V�

SRWHQWLDO� WR� EHFRPH� D� ORZ-FDUERQ� FLW\� E\� H[SDQGLQJ�
WKH� XVH� RI� VSRWOLJKWHG�PHWKDQH� JDV� RU� FRDO-VHDP� JDV�
from the city’s coal fields and promoting the 
LQWURGXFWLRQ�RI�UHQHZDEOH�HQHUJ\� 
 
3. State of the Environment and Energy in Fuxin City 

3.1 Outline of the Environment in Fuxin City  

)X[LQ� &LW\� �VHH� 7DEOH� ���� ZKLFK� ZDV� RQFH� RQH� RI�
China’s major coal-SURGXFLQJ� DUHDV�� KDV� IDFHG� D�
QXPEHU� RI� VHULRXV� HQYLURQPHQWDO� SUREOHPV� LQFOXGLQJ�
DLU� SROOXWLRQ��ZDWHU� SROOXWLRQ�� DQG�JURXQG� VXEVLGHQFH�
DV� D� UHVXOW� RI� KDYLQJ� VHUYHG� DV� D� KRVW� WR WKH� FRDO�
LQGXVWU\� 
7KH�GHFOLQH�RI�WKH�FRDO�LQGXVWU\��ZKLFK�EHJDQ�LQ�WKH�

����V�� IRUFHG� WKH� FLW\� WR� WUDQVIRUP� LWV� LQGXVWULDO�
VWUXFWXUH�DQG�PDNH�HIIRUWV�WR�UHVWRUH�WKH�HQYLURQPHQW��
7KH� FLW\� LV� LQ� WKH� SURFHVV� RI� LPSOHPHQWLQJ� D� SODQ� WR�
HQG� LWV� KHDY\� GHSHQGHQFH RQ� FRDO�� UHGXFH�
HQYLURQPHQWDO� SROOXWLRQ�� UHVWRUH� WKH� VXUURXQGLQJ�
HFRV\VWHP��DQG�FUHDWH�D�EDODQFHG� LQGXVWULDO� VWUXFWXUH��
$V� WKH� FLW\� GHSHQGV� RQ� FRDO� IRU� ���� RI� LWV� HQHUJ\�
QHHGV�� UHGXFLQJ� DLU� SROOXWLRQ� FDXVHG� E\� VXEVWDQFHV�
VXFK�DV�SDUWLFXODWH�PDWWHUV��30���VXOIXU�R[LGHV��62[��
DQG� QLWURJHQ� R[LGHV� �12[�� DV� ZHOO� DV� UHGXFLQJ� &22 
HPLVVLRQV� E\� LQFUHDVLQJ� HQHUJ\� HIILFLHQF\� DUH�
LPSRUWDQW� JRDOV�� ,Q� DGGLWLRQ� WR� WKHVH� HQYLURQPHQWDO�
SUREOHPV�� )X[LQ� PXVW� VROYH� D� SUREOHP� SDUWLFXODU� WR�
coal-PLQLQJ� FLWLHV�� QDPHO\� GLVSRVLQJ� WKH� VSRLO� KHDSV�
VFDWWHUHG�DURXQG�WKH�FLW\��7KH�FLW\
V�PLQLQJ�GLVWULFW�KDV�
DV�PDQ\�DV�����VSRLO�KHDSV�ODUJH�DQG�VPDOO��FRYHULQJ�D�
WRWDO�DUHD�RI�������KD�ZLWK�D�YROXPH�RI�����ELOOLRQ�P3� 
$GMDFHQW� WR� ,QQHU� 0RQJROLD�� UHVLGHQWV� RI� )X[LQ�

VXIIHU�IURP�WKH�GXVW�IURP�WKH�VSRLO�KHDSV�EORZQ�DERXW�
E\�VWURQJ�ZLQGV�DV�ZHOO�DV� WKH�GU\�VSULQJ�ZHDWKHU��,Q�
1996-2000, Fuxin’s TSP �WRWDO� VXVSHQGHG� SDUWLFOHV� 
FRQFHQWUDWLRQ ZDV KLJKHVW� LQ� VSULQJ� ���41 mg/m3�, 
ZKLFK� LV� D� YDOXH� PXFK� KLJKHU� WKDQ� WKH� DPELHQW� DLU�

HQYLURQPHQWDO� TXDOLW\ standard. Fuxin’s SO2 DQG�&2�
FRQFHQWUDWLRQV� ZHUH ERWK� KLJKHVW� LQ� ZLQWHU�� ZKHQ�
KHDWLQJ�GHPDQG�LV�ODUJH��UHDFKLQJ�0��� mg/m3 DQG���� 
mg/m3, UHVSHFWLYHO\�� LQ�1996-2000 �VHH�7DEOH�2���7KH�
UHDVRQ IRU� WKHVH� KLJK� FRQFHQWUDWLRQV� waV� WKDW� XQWLO�
200��� GXVW� FROOHFWRUV� DQG� GHVXOIXUL]DWLRQ� HTXLSPHQW�

Location 
1RUWKZHVW� TXDGUDQW� RI� /LDRQLQJ�� &KLQD
V�
QRUWKHDVWHUQ�SURYLQFH 

Area 10,355 km2 
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2. Research Methods and Purposes 

:H�VWXGLHG�FKDQJHV�LQ�HQHUJ\�GHPDQG�FRPSRVLWLRQ�
DQG� WKH� VWDWH�RI�DLU�SROOXWLRQ� LQ�)X[LQ�&LW\��/LDRQLQJ�
3URYLQFH�DQG�LGHQWLILHG�WKH�FLW\
V�HQHUJ\�FRQVXPSWLRQ�
FKDUDFWHULVWLFV�EDVHG�RQ� VWDWLVWLFDO�GDWD� IRU� WKH�SHULRG�
IURP������WR�WKH�ODWHVW�\HDUV� 
:H� DOVR� LQYHVWLJDWHG� DFWXDO� KRXVHKROG� HQHUJ\�

coQVXPSWLRQ� XVLQJ� RIILFLDO� VXUYH\V� DQG� VWDWLVWLFV� DV�
ZHOO� DV� D� TXHVWLRQQDLUH� VXUYH\� ZH� DGPLQLVWHUHG� WR�
UHVLGHQWV�� %DVHG� RQ� WKLV� GDWD�� ZH� FRQGXFWHG� D�
TXDQWLWDWLYH� DQDO\VLV� RI� WKH� UHODWLRQVKLS� EHWZHHQ� WKH�
FRVW� RI� KRXVHKROG� HQHUJ\� DQG� KRXVHKROG� LQFRPH�� WKH�
KRXVLQJ� HQYLURQPHQW�� DQG� RWKHU� IDFWRUV�� :H� DOVR�
FRQGXFWHG�D�TXDQWLWDWLYH�HYDOXDWLRQ�RI�WKH�DLU�SROOXWLRQ�
FRQWURO� PHDVXUHV� �H�J��� LQWURGXFWLRQ� RI� IOXH-JDV�
GHVXOIXUL]DWLRQ� HTXLSPHQW� DQG� SURPRWLRQ� RI� GLVWULFW�
KHDWLQJ� V\VWHPV�� WDNHQ� E\� WKH� FHQWUDO� DQG� FLW\�
JRYHUQPHQWV� DV� ZHOO� DV� FODULILHG� WKH� OLPLWDWLRQV� DQG�
SRWHQWLDO�RI�VXFK�PHDVXUHV�DV�ZHOO�DV�WKH�SUHUHTXLVLWHV�
IRU� DQG� REVWDFOHV� WR� HQKDQFLQJ� WKH� HQYLURQPHQWDO�
IXQFWLRQV�RI�GLVWULFW�KHDWLQJ�V\VWHPV� 
2XU� TXDQWLWDWLYH� HYDOXDWLRQ� DOVR� KLJKOLJKWV� )X[LQ
V�

SRWHQWLDO� WR� EHFRPH� D� ORZ-FDUERQ� FLW\� E\� H[SDQGLQJ�
WKH� XVH� RI� VSRWOLJKWHG�PHWKDQH� JDV� RU� FRDO-VHDP� JDV�
from the city’s coal fields and promoting the 
LQWURGXFWLRQ�RI�UHQHZDEOH�HQHUJ\� 
 
3. State of the Environment and Energy in Fuxin City 

3.1 Outline of the Environment in Fuxin City  

)X[LQ� &LW\� �VHH� 7DEOH� ���� ZKLFK� ZDV� RQFH� RQH� RI�
China’s major coal-SURGXFLQJ� DUHDV�� KDV� IDFHG� D�
QXPEHU� RI� VHULRXV� HQYLURQPHQWDO� SUREOHPV� LQFOXGLQJ�
DLU� SROOXWLRQ��ZDWHU� SROOXWLRQ�� DQG�JURXQG� VXEVLGHQFH�
DV� D� UHVXOW� RI� KDYLQJ� VHUYHG� DV� D� KRVW� WR WKH� FRDO�
LQGXVWU\� 
7KH�GHFOLQH�RI�WKH�FRDO�LQGXVWU\��ZKLFK�EHJDQ�LQ�WKH�

����V�� IRUFHG� WKH� FLW\� WR� WUDQVIRUP� LWV� LQGXVWULDO�
VWUXFWXUH�DQG�PDNH�HIIRUWV�WR�UHVWRUH�WKH�HQYLURQPHQW��
7KH� FLW\� LV� LQ� WKH� SURFHVV� RI� LPSOHPHQWLQJ� D� SODQ� WR�
HQG� LWV� KHDY\� GHSHQGHQFH RQ� FRDO�� UHGXFH�
HQYLURQPHQWDO� SROOXWLRQ�� UHVWRUH� WKH� VXUURXQGLQJ�
HFRV\VWHP��DQG�FUHDWH�D�EDODQFHG� LQGXVWULDO� VWUXFWXUH��
$V� WKH� FLW\� GHSHQGV� RQ� FRDO� IRU� ���� RI� LWV� HQHUJ\�
QHHGV�� UHGXFLQJ� DLU� SROOXWLRQ� FDXVHG� E\� VXEVWDQFHV�
VXFK�DV�SDUWLFXODWH�PDWWHUV��30���VXOIXU�R[LGHV��62[��
DQG� QLWURJHQ� R[LGHV� �12[�� DV� ZHOO� DV� UHGXFLQJ� &22 
HPLVVLRQV� E\� LQFUHDVLQJ� HQHUJ\� HIILFLHQF\� DUH�
LPSRUWDQW� JRDOV�� ,Q� DGGLWLRQ� WR� WKHVH� HQYLURQPHQWDO�
SUREOHPV�� )X[LQ� PXVW� VROYH� D� SUREOHP� SDUWLFXODU� WR�
coal-PLQLQJ� FLWLHV�� QDPHO\� GLVSRVLQJ� WKH� VSRLO� KHDSV�
VFDWWHUHG�DURXQG�WKH�FLW\��7KH�FLW\
V�PLQLQJ�GLVWULFW�KDV�
DV�PDQ\�DV�����VSRLO�KHDSV�ODUJH�DQG�VPDOO��FRYHULQJ�D�
WRWDO�DUHD�RI�������KD�ZLWK�D�YROXPH�RI�����ELOOLRQ�P3� 
$GMDFHQW� WR� ,QQHU� 0RQJROLD�� UHVLGHQWV� RI� )X[LQ�

VXIIHU�IURP�WKH�GXVW�IURP�WKH�VSRLO�KHDSV�EORZQ�DERXW�
E\�VWURQJ�ZLQGV�DV�ZHOO�DV� WKH�GU\�VSULQJ�ZHDWKHU��,Q�
1996-2000, Fuxin’s TSP �WRWDO� VXVSHQGHG� SDUWLFOHV� 
FRQFHQWUDWLRQ ZDV KLJKHVW� LQ� VSULQJ� ���41 mg/m3�, 
ZKLFK� LV� D� YDOXH� PXFK� KLJKHU� WKDQ� WKH� DPELHQW� DLU�

HQYLURQPHQWDO� TXDOLW\ standard. Fuxin’s SO2 DQG�&2�
FRQFHQWUDWLRQV� ZHUH ERWK� KLJKHVW� LQ� ZLQWHU�� ZKHQ�
KHDWLQJ�GHPDQG�LV�ODUJH��UHDFKLQJ�0��� mg/m3 DQG���� 
mg/m3, UHVSHFWLYHO\�� LQ�1996-2000 �VHH�7DEOH�2���7KH�
UHDVRQ IRU� WKHVH� KLJK� FRQFHQWUDWLRQV� waV� WKDW� XQWLO�
200��� GXVW� FROOHFWRUV� DQG� GHVXOIXUL]DWLRQ� HTXLSPHQW�
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XVH�RI�FRDO�VHDP�JDV�KDV�EHHQ�LQFUHDVLQJ�\HDU�DIWHU�
\HDU��UHDFKLQJ����PLOOLRQ�P3�LQ�������&RDO�VHDP�JDV�
LV�XVHG�LQ�YDULRXV�¿HOGV��LQFOXGLQJ�ODUJH�VFDOH�SRZHU�
JHQHUDWLRQ�DQG�LQGXVWULDO�IDFLOLWLHV��UHVLGHQFHV��DQG�
OLJKW�GXW\�YHKLFOHV�� ,Q������� WKH�QXPEHU�RI�SRZHU�
SODQWV�LQ�WKH�FLW\�EXUQLQJ�RQO\�FRDO�VHDP�JDV�KDG�D�
WRWDO�UDWHG�RXWSXW�RI��������N:�DQG�D�WRWDO�DQQXDO�
RXWSXW�RI�����PLOOLRQ�N:K�
� 7KH�FLW\�LV�DOVR�LQ�WKH�SURFHVV�RI�LPSOHPHQWLQJ�D�
ODUJH�VFDOH�ZLQG�SRZHU�JHQHUDWLRQ�SURMHFW��ZKLFK�DV�
RI�$SULO������KDG�D�UDWHG�RXWSXW�RI���������N:��7KH�
DQQXDO�RXWSXW�ZDV����������PLOOLRQ�N:K�IRU�������
DFFRXQWLQJ� IRU� ���� RI� WKH� WRWDO� SRZHU� JHQHUDWLRQ�
FDSDFLW\�RI�DOO�SRZHU�SODQWV�LQ�WKH�FLW\��7KH�FLW\�SODQV�
WR�TXLQWXSOH�WKH�UDWHG�RXWSXW�RI�ZLQG�SRZHU�JHQHUD-
WLRQ�WR�����PLOOLRQ�N:�E\�WKH�HQG�RI�������*LYHQ�WKDW�
WKH�FXUUHQW�RSHUDWLQJ�UDWH�RI� WKH�ZLQG�SRZHU�SODQWV�
LV� DSSUR[LPDWHO\� ����� WKHLU� WRWDO� DQQXDO� RXWSXW� LV�
HVWLPDWHG�WR�UHDFK�DSSUR[LPDWHO\�����ELOOLRQ�N:K�LQ�
������7KHVH�HIIRUWV�WR�GLYHUVLI\�HQHUJ\�VRXUFHV�ZLOO�EH�
DEOH�WR�IXUWKHU�UHGXFH�DLU�SROOXWLRQ�DQG�&2

2
�HPLVVLRQV�

3.3 Survey of Household Energy Consumption 

in Fuxin City

,Q�&KLQD��ZKHUH�WKHUH�LV�VWLOO�D�JUHDW�HFRQRPLF�JDS�
EHWZHHQ�UXUDO�DQG�XUEDQ�DUHDV��WKH�OLYLQJ�VWDQGDUGV�
LQ�XUEDQ�DUHDV�KDYH�LPSURYHG�VLJQL¿FDQWO\��7\SLFDO�
KRXVLQJ�KDV�EHHQ�VKLIWLQJ�IURP�LQGLYLGXDO�KRXVHV�WR�
DSDUWPHQWV��,Q�WKH�����V��)X[LQ�&LW\�EHJDQ�VXSSO\LQJ�
JDV�WR�NLWFKHQV�DQG�LQWURGXFLQJ�GLVWULFW�KHDWLQJ�V\V-
WHPV�DV�WKH�QXPEHU�RI�DSDUWPHQW�XQLWV�LQFUHDVHG��,Q�
UHFHQW�\HDUV��HOHFWULFDO�KRPH�DSSOLDQFHV��H�J���WHOHYL-
VLRQV��UHIULJHUDWRUV��DQG�ZDWHU�KHDWHUV��KDYH�UDSLGO\�
EHHQ�DGRSWHG�LQ�UHVLGHQFHV�LQ�)X[LQ��:KLOH�WKH�FLW\¶V�
SRSXODWLRQ� KDV� UHPDLQHG�QHDUO\� FRQVWDQW� VLQFH� WKH�
����V��VHH�)LJ������WKH�RQH�FKLOG�SROLF\�DQG�WKH�VKLIW�
WR�DSDUWPHQWV�KDYH�HQFRXUDJHG�IDPLOLHV� WR�EHFRPH�
PRUH� QXFOHDU� �VHH� )LJ�� ����7KLV� WUHQG� KDV� ERRVWHG�
KRXVHKROG�HQHUJ\�FRQVXPSWLRQ��EXW�WKH�FLW\�FXUUHQWO\�
SODFHV�PRUH�LPSRUWDQFH�RQ�KRXVLQJ�FRQVWUXFWLRQ��QHL-
WKHU�WKH�JRYHUQPHQW�QRU�WKH�UHVLGHQWV�DUH�SDUWLFXODUO\�
FRQVFLRXV�RI�WKH�QHHG�IRU�HQHUJ\�FRQVHUYDWLRQ�
� 7R� DVFHUWDLQ� WKH� DFWXDO� KRXVHKROG� HQHUJ\� FRQ-
VXPSWLRQ�RI�XUEDQ�UHVLGHQWV�DQG�WR�ORRN�IRU�FOXHV�RQ�
KRZ�WR�SURPRWH�HQHUJ\�FRQVHUYDWLRQ��LQ�1RYHPEHU�
�����ZH�FRQGXFWHG�D�GRRU�WR�GRRU�TXHVWLRQQDLUH�RI�
UHVLGHQWV�LQ�WZR�RI�)X[LQ¶V�UHVLGHQWLDO�GLVWULFWV��+DL-
]KRX�DQG�;LKH��

���2XWOLQH�RI�WKH�6XUYH\
1XPEHU� RI� WDUJHW� KRXVHKROGV�� ��� ����� UHVLGHQWV��
LQ�WZR�RI�)X[LQ¶V�UHVLGHQWLDO�GLVWULFWV��+DL]KRX�DQG�
;LKH�
� +RXVLQJ�FRQGLWLRQV��$OO�VXUYH\HG�UHVLGHQFHV�ZHUH�
DSDUWPHQWV�HTXLSSHG�ZLWK�GLVWULFW�KHDWLQJ�DQG�VXS-
SOLHG�ZLWK�FRDO�VHDP�JDV��IXHO�FRQVLVWLQJ�SULPDULO\�
������RI�PHWKDQH�IURP�FRDO�PLQHV��IRU�WKHLU�NLWFKHQV
� 6XUYH\�SHULRG��1RYHPEHU���WR���������
� 6XUYH\�LWHPV��1XPEHU�RI�IDPLO\�PHPEHUV��ÀRRU�
DUHD��KRXVHKROG� LQFRPH�� HQHUJ\�FRQVXPSWLRQ��JDV�
UDWH��GLVWULFW�KHDWLQJ�UDWH��IXHO�FRQVXPSWLRQ�RI�SHU-
VRQDO�YHKLFOHV��XVH�RI�FOHDQ�HQHUJ\��DQG�RZQHUVKLS�RI�
HOHFWULFDO�KRPH�DSSOLDQFHV
� 6XUYH\� PHWKRG�� 'RRU�WR�GRRU� GLVWULEXWLRQ� DQG�
FROOHFWLRQ�RI�TXHVWLRQQDLUHV�

 

 

ZHUH� QRW� PDQGDWRU\� IRU� WKHUPDO� SRZHU� VWDWLRQV� DQG�
PDQ\� KRXVHV� XVHG� LQGLYLGXDO� FRDO-EXUQLQJ� KHDWLQJ�
V\VWHPV� 
  
3.2 Structural Changes in the Energy Consumption 

in Fuxin City 

In Fuxin &LW\�� PRVW� RI� WKH SULPDU\� HQHUJ\� LV�
VXSSOLHG�Ey coal, DQG�FRQVXPSWLRQ�RI�HQHUJ\ KDV EHHQ�
LQFUHDVLQJ� UDSLGO\�� :KLOH� WKH� LQGXVWULDO� VHFWRU�
FRQWLQXHV� WR� EH� D� PDMRU� HQHUJ\� FRQVXPHU�� WKH�
UHVLGHQWLDO� VHFWRU� KDV� EHHQ� FRQVXPLQJ� HQHUJ\� DW� DQ�
accelerated rate. Particularly since 2006, Fuxin’s 
HOHFWULF� SRZHU� FRQVXPSWLRQ� KDV� EHHQ� VXUJLQJ� �VHH�
)LJXUH� ���� 6RPH� SRZHU� VWDWLRQV� XVH� ORZ-TXDOLW\� FRDO�
EHFDXVH�WKH\�PXVW�GLVSRVH�RI�WKH�UHVXOWLQJ�VSRLO� 

As Fuxin’V� FRDO� UHVHUYHV� KDYH� DOUHDG\� VWDUWHG� WR�
EHFRPH�GHSOHWHG��WKH�FLW\�PXVW�VHFXUH�QHZ�VRXUFHV�RI�
HQHUJ\� LQ� RUGHU� WR� KDQGOH� WKH� H[SHFWHG� LQFUHDVH� LQ�
GHPDQG� IRU� SRZHU�� )X[LQ�� ZKLFK� ZLOO� OLNHO\� SURFXUH�
WKH� QHFHVVDU\� FRDO� IURP� ,QQHU�0RQJROLD� IRU� WKH� WLPH�
EHLQJ�� KDV� EHJXQ� D� ODUJH-VFDOH� UHQHZDEOH� HQHUJ\�
GHYHORSPHQW� SURMHFW� LQ� RUGHU� WR� GLYHUVLI\� LWV� HQHUJ\�
VRXUFHV� 
3RWHQWLDO� HQHUJ\� VRXUFHV� LQFOXGH� WKH� FDUERQ�

FRQWDLQHG� LQ� VSRLO�� FRDO-VHDP� JDV� �JDV� FRQVLVWLQJ�
SULPDULO\� RI� PHWKDQH� IURP� FRDO� ILHOGV��� ELRIXHOV��
ODUJH-VFDOH� ZLQG� SRZHU� JHQHUDWLRQ� WKDW� WDNHV�
advantage of the area’s strong winds, and liquefied 
SHWUROHXP� JDV� �/3*��� $PRQJ� WKHVH�� WKH� FLW\
V� ULFK�
coal-VHDP�JDV�UHVHUYHV�RI������ELOOLRQ�P3 ������ELOOLRQ�
m3 DV� SRWHQWLDO� UHVHUYHV�� DUH� GUDZLQJ� LQWHUQDWLRQDO�
DWWHQWLRQ��,WV�XVH�RI�FRDO-VHDP�JDV�KDV�EHHQ�LQFUHDVLQJ�
\HDU� DIWHU� \HDU�� UHDFKLQJ� ��� PLOOLRQ� P3 LQ� ������
Coal-VHDP� JDV� LV� XVHG� LQ� YDULRXV� ILHOGV�� LQFOXGLQJ�
ODUJH-VFDOH� SRZHU� JHQHUDWLRQ� DQG� LQGXVWULDO� IDFLOLWLHV��
UHVLGHQFHV�� DQG� OLJKW� GXW\� YHKLFOHV�� ,Q� ������ WKH�
QXPEHU� RI� SRZHU� SODQWV� LQ� WKH� FLW\� EXUQLQJ� RQO\�
coal-VHDP�JDV�KDG�D� WRWDO� UDWHG�RXWSXW�RI��������N:�
DQG�D�WRWDO�DQQXDO�RXWSXW�RI�����PLOOLRQ�N:K� 
7KH� FLW\� LV� DOVR� LQ� WKH� SURFHVV� RI� LPSOHPHQWLQJ� D�

ODUJH-VFDOH�ZLQG�SRZHU�JHQHUDWLRQ�SURMHFW��ZKLFK�DV�RI�
$SULO� ����� KDG� D� UDWHG� RXWSXW� RI� �������� N:�� 7KH�
DQQXDO� RXWSXW� ZDV� ��������� PLOOLRQ� N:K� IRU� ������
DFFRXQWLQJ� IRU� ���� RI� WKH� WRWDO� SRZHU� JHQHUDWLRQ�
FDSDFLW\�RI�DOO�SRZHU�SODQWV�LQ�WKH�FLW\��7KH�FLW\�SODQV�
WR�TXLQWXSOH�WKH�UDWHG�RXWSXW�RI�ZLQG�SRZHU�JHQHUDWLRQ�
WR�����PLOOLRQ�N:�E\�WKH�HQG�RI�������*LYHQ�WKDW�WKH�
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Fig. 1  Composition of Energy Consumption for Fuxin City 
(Coal and others are shown separately)
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LQGLFDWLQJ� WKDW� WKH� DYHUDJH� DQQXDO� LQFRPH� RI� WKH�
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Fig. 2  Population and Population Growth Rate in Fuxin City
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Fig. 3  Increase in the Number of Households in Fuxin City

 

 

FLW\
V� SRSXODWLRQ� KDV� UHPDLQHG� QHDUO\� FRQVWDQW� VLQFH�
WKH�����V��VHH�)LJXUH�����WKH�RQH-FKLOG�SROLF\�DQG�WKH�
VKLIW� WR� DSDUWPHQWV� KDYH� HQFRXUDJHG� IDPLOLHV� WR�
EHFRPH�PRUH� QXFOHDU� �VHH� )LJXUH� ���� 7KLV� WUHQG� KDV�
ERRVWHG� KRXVHKROG� HQHUJ\� FRQVXPSWLRQ�� EXW WKH� FLW\�
FXUUHQWO\� SODFHV� PRUH� LPSRUWDQFH� RQ� KRXVLQJ�
FRQVWUXFWLRQ��QHLWKHU�WKH�JRYHUQPHQW�QRU�WKH�UHVLGHQWV�
DUH� SDUWLFXODUO\� FRQVFLRXV RI� WKH� QHHG� IRU� HQHUJ\�
FRQVHUYDWLRQ� 
7R� DVFHUWDLQ� WKH� DFWXDO� KRXVHKROG� HQHUJ\�

FRQVXPSWLRQ�RI�XUEDQ� UHVLGHQWV�DQG� WR� ORRN� IRU�FOXHV�
RQ�KRZ�WR�SURPRWH�HQHUJ\�FRQVHUYDWLRQ��LQ�1RYHPEHU�
����� ZH� FRQGXFWHG� D� GRRU-WR-GRRU� TXHVWLRQQDLUH�
VXUYH\� RI� UHVLGHQWV� LQ� WZR� RI� )X[LQ’V� UHVLGHQWLDO�
GLVWULFWV��+DL]KRX�DQG�;LKH�� 

1� 2XWOLQH�RI�WKH�4XHVWLRQQDLUH�6XUYH\ 
1XPEHU�RI�WDUJHW�KRXVHKROGV����������UHVLGHQWV��LQ�

WZR�RI�)X[LQ’V�UHVLGHQWLDO�GLVWULFWV��+DL]KRX�DQG�;LKH� 
+RXVLQJ� FRQGLWLRQV�� $OO� VXUYH\HG� UHVLGHQFHV� ZHUH�
DSDUWPHQWV�HTXLSSHG�ZLWK�GLVWULFW�KHDWLQJ�DQG�VXSSOLHG�
ZLWK�FRDO-VHDP�JDV �IXHO�FRQVLVWLQJ�SULPDULO\�������RI�
PHWKDQH�IURP�FRDO�PLQHV��IRU�WKHLU�NLWFKHQV 
6XUYH\�SHULRG��1RYHPEHU���WR��������� 
6XUYH\� LWHPV�� 1XPEHU� RI� IDPLO\� PHPEHUV�� IORRU�

DUHD��KRXVHKROG�LQFRPH��HQHUJ\�FRQVXPSWLRQ��JDV�UDWH��
GLVWULFW� KHDWLQJ� UDWH�� IXHO� FRQVXPSWLRQ� RI� SHUVRQDO�
YHKLFOHV�� XVH� RI� FOHDQ� HQHUJ\�� DQG� RZQHUVKLS� RI�
HOHFWULFDO�KRPH�DSSOLDQFHV 
6XUYH\� PHWKRG�� 'RRU-WR-GRRU� GLVWULEXWLRQ� DQG�

FROOHFWLRQ�RI�TXHVWLRQQDLUHV 
2� 4XHVWLRQQDLUH�6XUYH\�5HVXOWV 
:H� ZHUH� DEOH� WR� FROOHFW� DQVZHUV� RQ� IDPLO\� VL]H��

IORRU� DUHD�� KRXVHKROG� LQFRPH�� HOHFWULFLW\� DQG� KHDWLQJ�
FRVWV� IURP�DOO���� VXUYH\HG�KRXVHKROGV��+RZHYHU��ZH�
UHFHLYHG� DQVZHUV� UHJDUGLQJ� RZQHUVKLS� RI� HOHFWULFDO�
KRPH� DSSOLDQFHV� IURP� RQO\� ��� KRXVHKROGV�� 7DEOH� ��
VXPPDUL]HV� WKH� VXUYH\� UHVXOWV�� )DPLO\� VL]HV� UDQJHG�
IURP�RQH�WR�ILYH��DYHUDJH��������ZLWK�WKH�ODUJHVW�JURXS�
����KRXVHKROGV��FRQVLVWLQJ�RI�IDPLOLHV�RI� WKUHH��)ORRU�
DUHDV� UDQJHG� IURP���� WR�����P2��ZLWK����KRXVHKROGV�
������KDYLQJ�D�IORRU�DUHD LQ�WKH�UDQJH�RI����WR�����P2��
$QQXDO� KRXVHKROG� LQFRPHV� VSDQQHG� D� WZHQW\IROG�
UDQJH� IURP� ������ WR� �������� \XDQ� �DYHUDJH�� �������
\XDQ���7KH�DYHUDJH�DQQXDO� LQFRPH�SHU�XUEDQ�&KLQHVH�
UHVLGHQW�ZDV��������\XDQ� LQ������� LQGLFDWLQJ� WKDW� WKH�
DYHUDJH� DQQXDO� LQFRPH� RI WKH� ��� KRXVHKROGV� ZDV� DW�
WKH� VDPH� OHYHO� DV� WKH� QDWLRQDO� DYHUDJH� IRU� XUEDQ�
KRXVHKROGV�  
$QQXDO� HOHFWULFLW\� DQG� KHDWLQJ� FRVWV� �WKH� WRWDO� RI�     

HOHFWULFLW\�� JDV�� DQG� KHDWLQJ� FRVWV�� SHU� KRXVHKROG�
UDQJHG� IURP� ������ WR� ������ \XDQ� �DYHUDJH�� DSSUR[��
������\XDQ�� 7KH�SHUFHQWDJH�RI�HOHFWULFLW\�DQG�KHDWLQJ�
FRVWV�ZLWK� UHVSHFW� WR� WRWDO� KRXVHKROG� LQFRPH� LV� �����
RQ� DYHUDJH�� UDQJLQJ� IURP� �� WR� ���� �VHH� )LJXUH� ����
$PRQJ� HOHFWULFLW\� DQG� KHDWLQJ� FRVWV�� GLVWULFW� KHDWLQJ�
FRVWV� ZHUH� KLJKHVW� �������� IROORZHG� E\� HOHFWULFLW\�
FRVWV �����DQG�JDV�FRVWV�������7KLV�VXUYH\�IRXQG�WKDW�
ERWK�HOHFWULFLW\�DQG�JDV�FRVWV�ZHUH�ORZHU�WKDQ�KHDWLQJ�
FRVWV�DQG�KDYH�QR�FRUUHODWLRQ�ZLWK�KRXVHKROG�LQFRPH��
+RZHYHU�� WKH� SHUFHQWDJH� RI� HOHFWULFLW\� DQG� JDV�
FRVWV UHVSHFW�WR�WRWDO�KRXVHKROG�LQFRPH�LV�OLNHO\�WR ULVH�
IRU�WKH�IXWXUH��  
2Q�WKH�RWKHU�KDQG�� WKH�GLVWULFW�KHDWLQJ�UDWH�LV�IL[HG�

DW����\XDQ� IRU� ILYH�PRQWKV�SHU� VTXDUH�PHWHU�RI� IORRU�
DUHD�� WKH�ILYH-PRQWK�UDWH� IRU�KRPHV�ZLWK�D� IORRU�DUHD�    
of 43 m2 LV� ������ \XDQ� ZKLOH� LW� LV� ������ \XDQ� IRU�
KRPHV� ZLWK� D� IORRU� DUHD� RI� ����P2�� ,Q� RWKHU� ZRUGV��
KHDWLQJ�FRVWV�DUH�JUHDWO\�LQIOXHQFHG�E\�IORRU�DUHD�  
/LNH� FDUV� DQG� HOHFWULFDO� KRPH� DSSOLDQFHV�� D㻌

FRPIRUWDEOH� DSDUWPHQW� HTXLSSHG�ZLWK� GLVWULFW� KHDWLQJ�
LV� QRZ� D� VWDWXV� V\PERO� IRU� XUEDQ� &KLQHVH�� 'LVWULFW�
KHDWLQJ� UDWHV��ZKLFK�DUH�GHFLGHG�EDVHG�RQ� IORRU�DUHD��
DUH� VWUXFWXUHG� DV� VHUYLFH� FKDUJHV�� :LWK� D� GLVWULFW�
KHDWLQJ� V\VWHP�� KRXVHKROGV� FDQQRW� UHGXFH� WKHLU�
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Electricity Gas Heating

)LJXUH�4: 5DWLR�RI�(OHFWULFLW\�DQG�+HDWLQJ &RVW WR 
+RXVHKROG�,QFRPH 

Family
6L]H

)ORRU
$UHD
�P��

$QQXDO
Income
�\XDQ�

(OHFWULFLW\
8VDJH

�NZK�\HDU�

(OHFWULFLW\
5DWH

�\XDQ�\HDU�

+LJKHVW 5 164 150,000 3,400 1,680 4,264 1,220 5,944
/RZHVW 1 ����� 7,200 400 200 1,107 0 1,647
$YJ��SHU
+RXVHKROG

����KRXVHKROGV�
���� ����� 35,402 1,417 706 1,970 301 3,042

$YJ��SHU�5HVLGHQW
������UHVLGHQWV� 䠉 ����� 12,409 497 247 690 105 1,066

$YJ����RI
(OHFWULFLW\�DQG

+HDWLQJ�&RVWV�ZLWK
5HVSHFW�WR

+RXVHKROG�,QFRPH
���

䠉 䠉 䠉 䠉 ��� ��� ��� ���

7RWDO
(OHFWULFLW\

DQG
+HDWLQJ
&RVWV

6XUYH\�,WHP

%DVLF�,QIRUPDWLRQ (OHFWULFLW\ 'LVWULFW
+HDWLQJ
5DWH

�\XDQ�\HDU�

*DV�5DWH
�\XDQ�\HDU�

 

7DEOH����6XPPDU\�RI�4XHVWLRQQDLUH�6XUYH\�5HVXOWV Table 3  Summary of Questionnaire Survey Results
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UDQJHG�IURP�������WR�������\XDQ��DYHUDJH��DSSUR[��
������\XDQ���7KH�SHUFHQWDJH�RI�HOHFWULFLW\�DQG�KHDW-
LQJ�FRVWV�ZLWK�UHVSHFW�WR�WRWDO�KRXVHKROG�LQFRPH�LV�
�����RQ�DYHUDJH��UDQJLQJ�IURP���WR������VHH�)LJ������
$PRQJ�HOHFWULFLW\�DQG�KHDWLQJ�FRVWV��GLVWULFW�KHDWLQJ�
FRVWV�ZHUH�KLJKHVW� �������� IROORZHG�E\�HOHFWULFLW\�
FRVWV������DQG�JDV�FRVWV�������7KLV�VXUYH\�IRXQG�
WKDW�ERWK�HOHFWULFLW\�DQG�JDV�FRVWV�ZHUH�ORZHU�WKDQ�
KHDWLQJ�FRVWV�DQG�KDYH�QR�FRUUHODWLRQ�ZLWK�KRXVH-
KROG�LQFRPH��+RZHYHU��WKH�SHUFHQWDJH�RI�HOHFWULFLW\�
DQG�JDV�FRVWV�LQ�WHUPV�RI�WRWDO�KRXVHKROG�LQFRPH�LV�
OLNHO\�WR�ULVH�LQ�WKH�IXWXUH��
� 2Q�WKH�RWKHU�KDQG��WKH�GLVWULFW�KHDWLQJ�UDWH�LV�¿[HG�
DW����\XDQ�IRU�¿YH�PRQWKV�SHU�VTXDUH�PHWHU�RI�ÀRRU�
DUHD��WKH�¿YH�PRQWK�UDWH�IRU�KRPHV�ZLWK�D�ÀRRU�DUHD����
of 43 m2� LV�������\XDQ�ZKLOH� LW� LV�������\XDQ� IRU�
KRPHV�ZLWK�D�ÀRRU�DUHD�RI�����P2��,Q�RWKHU�ZRUGV��
KHDWLQJ�FRVWV�DUH�JUHDWO\�LQÀXHQFHG�E\�ÀRRU�DUHD��
� /LNH�FDUV�DQG�HOHFWULFDO�KRPH�DSSOLDQFHV��D�FRP-
IRUWDEOH� DSDUWPHQW� HTXLSSHG�ZLWK� GLVWULFW� KHDWLQJ�
LV�QRZ�D�VWDWXV�V\PERO�IRU�XUEDQ�&KLQHVH��'LVWULFW�
KHDWLQJ� UDWHV�� ZKLFK� DUH� GHFLGHG� EDVHG� RQ� ÀRRU�
DUHD��DUH�VWUXFWXUHG�DV�VHUYLFH�FKDUJHV��:LWK�D�GLV-
WULFW�KHDWLQJ�V\VWHP��KRXVHKROGV�FDQQRW�UHGXFH�WKHLU�
KHDWLQJ�FRVWV�HYHQ�LI� WKH\�DWWHPSW�WR�PDQDJH�WKHLU�
URRP�WHPSHUDWXUHV��VXFK�D�KHDWLQJ�V\VWHP�GRHV�QRW�
HQFRXUDJH�XVHUV�WR�FRQVHUYH�HQHUJ\�
� 7KH� DXWKRUV� DOVR� FRQGXFWHG� DQ� DGGLWLRQDO� VXU-
YH\�RI����DGGLWLRQDO�KRXVHKROGV� LQ�)X[LQ�&LW\�� LQ�

6HSWHPEHU� WKURXJK�2FWREHU��������DQG�JRW�VLPLODU�
UHVXOWV��FRQFHUQLQJ�WKH�UDWLRV�RI�GLVWULFW�KHDWLQJ�FRVWV�
WR�DQQXDO� LQFRPH�DQG�WKH�WRWDO�FRVWV�RI�HOHFWULFLW\��
JDV��DQG�KHDWLQJ�

4. Air Quality and Energy Conserva-

tion Measures

4.1 Environmental and Energy Conservation 

Measures

&KLQD¶V� ��WK� ¿YH�\HDU� SODQ�� IRUPXODWHG� LQ� ������
FODVVL¿HG�DUHDV�QRW�PHHWLQJ�HQYLURQPHQWDO�TXDOLW\�
VWDQGDUGV� LQWR� ³DFLG� UDLQ� FRQWURO� DUHDV´� DQG� ³VXO-
IXU�R[LGH�SROOXWLRQ�FRQWURO� DUHDV´�DQG� VHW� D� WDUJHW�
RI�UHGXFLQJ�62[�HPLVVLRQV�E\������+RZHYHU�� WKH�
&KLQHVH�JRYHUQPHQW�IDLOHG�WR�PHHW�WKLV�WDUJHW��DV�D�
UHVXOW��LQ�WKH���WK�¿YH�\HDU�SODQ�IRUPXODWHG�LQ�������
LW�VHW�D�QHZ��ELQGLQJ�WDUJHW�IRU�UHGXFLQJ�HQHUJ\�FRQ-
VXPSWLRQ�SHU�*'3�E\�����DQG�62[�HPLVVLRQV�E\�
�����8QGHU�WKLV�SODQ��D�WDUJHW�ZDV�VHW�IRU�/LDRQLQJ�
3URYLQFH�RI�UHGXFLQJ�HQHUJ\�FRQVXPSWLRQ�SHU�*'3�
E\� ���� DQG� 62[� HPLVVLRQV� E\� �����'HVLJQDWHG�
DV�D�VXOIXU�R[LGH�SROOXWLRQ�FRQWURO�DUHD��)X[LQ�&LW\�
IRUPHG�D�WDVN�IRUFH�DQG�VHW�D�WDUJHW�RI�UHGXFLQJ�62[�
HPLVVLRQV�E\�������E\�������6LQFH�WKHQ��WKH�FLW\�KDV�
EHHQ�GHPROLVKLQJ�ROG�EXUQLQJ�IDFLOLWLHV�DQG�VPDOO�
VFDOH�ERLOHUV��EXLOGLQJ�ODUJH�VFDOH�EXUQLQJ�IDFLOLWLHV��
DQG�LQWURGXFLQJ�DLU�SROOXWLRQ�FRQWURO�HTXLSPHQW�
� 7KHUPDO�SRZHU�SODQWV� DUH� WKH� ODUJHVW� VRXUFH�RI�

 

 

FLW\
V� SRSXODWLRQ� KDV� UHPDLQHG� QHDUO\� FRQVWDQW� VLQFH�
WKH�����V��VHH�)LJXUH�����WKH�RQH-FKLOG�SROLF\�DQG�WKH�
VKLIW� WR� DSDUWPHQWV� KDYH� HQFRXUDJHG� IDPLOLHV� WR�
EHFRPH�PRUH� QXFOHDU� �VHH� )LJXUH� ���� 7KLV� WUHQG� KDV�
ERRVWHG� KRXVHKROG� HQHUJ\� FRQVXPSWLRQ�� EXW WKH� FLW\�
FXUUHQWO\� SODFHV� PRUH� LPSRUWDQFH� RQ� KRXVLQJ�
FRQVWUXFWLRQ��QHLWKHU�WKH�JRYHUQPHQW�QRU�WKH�UHVLGHQWV�
DUH� SDUWLFXODUO\� FRQVFLRXV RI� WKH� QHHG� IRU� HQHUJ\�
FRQVHUYDWLRQ� 
7R� DVFHUWDLQ� WKH� DFWXDO� KRXVHKROG� HQHUJ\�

FRQVXPSWLRQ�RI�XUEDQ� UHVLGHQWV�DQG� WR� ORRN� IRU�FOXHV�
RQ�KRZ�WR�SURPRWH�HQHUJ\�FRQVHUYDWLRQ��LQ�1RYHPEHU�
����� ZH� FRQGXFWHG� D� GRRU-WR-GRRU� TXHVWLRQQDLUH�
VXUYH\� RI� UHVLGHQWV� LQ� WZR� RI� )X[LQ’V� UHVLGHQWLDO�
GLVWULFWV��+DL]KRX�DQG�;LKH�� 

1� 2XWOLQH�RI�WKH�4XHVWLRQQDLUH�6XUYH\ 
1XPEHU�RI�WDUJHW�KRXVHKROGV����������UHVLGHQWV��LQ�

WZR�RI�)X[LQ’V�UHVLGHQWLDO�GLVWULFWV��+DL]KRX�DQG�;LKH� 
+RXVLQJ� FRQGLWLRQV�� $OO� VXUYH\HG� UHVLGHQFHV� ZHUH�
DSDUWPHQWV�HTXLSSHG�ZLWK�GLVWULFW�KHDWLQJ�DQG�VXSSOLHG�
ZLWK�FRDO-VHDP�JDV �IXHO�FRQVLVWLQJ�SULPDULO\�������RI�
PHWKDQH�IURP�FRDO�PLQHV��IRU�WKHLU�NLWFKHQV 
6XUYH\�SHULRG��1RYHPEHU���WR��������� 
6XUYH\� LWHPV�� 1XPEHU� RI� IDPLO\� PHPEHUV�� IORRU�

DUHD��KRXVHKROG�LQFRPH��HQHUJ\�FRQVXPSWLRQ��JDV�UDWH��
GLVWULFW� KHDWLQJ� UDWH�� IXHO� FRQVXPSWLRQ� RI� SHUVRQDO�
YHKLFOHV�� XVH� RI� FOHDQ� HQHUJ\�� DQG� RZQHUVKLS� RI�
HOHFWULFDO�KRPH�DSSOLDQFHV 
6XUYH\� PHWKRG�� 'RRU-WR-GRRU� GLVWULEXWLRQ� DQG�

FROOHFWLRQ�RI�TXHVWLRQQDLUHV 
2� 4XHVWLRQQDLUH�6XUYH\�5HVXOWV 
:H� ZHUH� DEOH� WR� FROOHFW� DQVZHUV� RQ� IDPLO\� VL]H��

IORRU� DUHD�� KRXVHKROG� LQFRPH�� HOHFWULFLW\� DQG� KHDWLQJ�
FRVWV� IURP�DOO���� VXUYH\HG�KRXVHKROGV��+RZHYHU��ZH�
UHFHLYHG� DQVZHUV� UHJDUGLQJ� RZQHUVKLS� RI� HOHFWULFDO�
KRPH� DSSOLDQFHV� IURP� RQO\� ��� KRXVHKROGV�� 7DEOH� ��
VXPPDUL]HV� WKH� VXUYH\� UHVXOWV�� )DPLO\� VL]HV� UDQJHG�
IURP�RQH�WR�ILYH��DYHUDJH��������ZLWK�WKH�ODUJHVW�JURXS�
����KRXVHKROGV��FRQVLVWLQJ�RI�IDPLOLHV�RI� WKUHH��)ORRU�
DUHDV� UDQJHG� IURP���� WR�����P2��ZLWK����KRXVHKROGV�
������KDYLQJ�D�IORRU�DUHD LQ�WKH�UDQJH�RI����WR�����P2��
$QQXDO� KRXVHKROG� LQFRPHV� VSDQQHG� D� WZHQW\IROG�
UDQJH� IURP� ������ WR� �������� \XDQ� �DYHUDJH�� �������
\XDQ���7KH�DYHUDJH�DQQXDO� LQFRPH�SHU�XUEDQ�&KLQHVH�
UHVLGHQW�ZDV��������\XDQ� LQ������� LQGLFDWLQJ� WKDW� WKH�
DYHUDJH� DQQXDO� LQFRPH� RI WKH� ��� KRXVHKROGV� ZDV� DW�
WKH� VDPH� OHYHO� DV� WKH� QDWLRQDO� DYHUDJH� IRU� XUEDQ�
KRXVHKROGV�  
$QQXDO� HOHFWULFLW\� DQG� KHDWLQJ� FRVWV� �WKH� WRWDO� RI�     

HOHFWULFLW\�� JDV�� DQG� KHDWLQJ� FRVWV�� SHU� KRXVHKROG�
UDQJHG� IURP� ������ WR� ������ \XDQ� �DYHUDJH�� DSSUR[��
������\XDQ�� 7KH�SHUFHQWDJH�RI�HOHFWULFLW\�DQG�KHDWLQJ�
FRVWV�ZLWK� UHVSHFW� WR� WRWDO� KRXVHKROG� LQFRPH� LV� �����
RQ� DYHUDJH�� UDQJLQJ� IURP� �� WR� ���� �VHH� )LJXUH� ����
$PRQJ� HOHFWULFLW\� DQG� KHDWLQJ� FRVWV�� GLVWULFW� KHDWLQJ�
FRVWV� ZHUH� KLJKHVW� �������� IROORZHG� E\� HOHFWULFLW\�
FRVWV �����DQG�JDV�FRVWV�������7KLV�VXUYH\�IRXQG�WKDW�
ERWK�HOHFWULFLW\�DQG�JDV�FRVWV�ZHUH�ORZHU�WKDQ�KHDWLQJ�
FRVWV�DQG�KDYH�QR�FRUUHODWLRQ�ZLWK�KRXVHKROG�LQFRPH��
+RZHYHU�� WKH� SHUFHQWDJH� RI� HOHFWULFLW\� DQG� JDV�
FRVWV UHVSHFW�WR�WRWDO�KRXVHKROG�LQFRPH�LV�OLNHO\�WR ULVH�
IRU�WKH�IXWXUH��  
2Q�WKH�RWKHU�KDQG�� WKH�GLVWULFW�KHDWLQJ�UDWH�LV�IL[HG�

DW����\XDQ� IRU� ILYH�PRQWKV�SHU� VTXDUH�PHWHU�RI� IORRU�
DUHD�� WKH�ILYH-PRQWK�UDWH� IRU�KRPHV�ZLWK�D� IORRU�DUHD�    
of 43 m2 LV� ������ \XDQ� ZKLOH� LW� LV� ������ \XDQ� IRU�
KRPHV� ZLWK� D� IORRU� DUHD� RI� ����P2�� ,Q� RWKHU� ZRUGV��
KHDWLQJ�FRVWV�DUH�JUHDWO\�LQIOXHQFHG�E\�IORRU�DUHD�  
/LNH� FDUV� DQG� HOHFWULFDO� KRPH� DSSOLDQFHV�� D㻌

FRPIRUWDEOH� DSDUWPHQW� HTXLSSHG�ZLWK� GLVWULFW� KHDWLQJ�
LV� QRZ� D� VWDWXV� V\PERO� IRU� XUEDQ� &KLQHVH�� 'LVWULFW�
KHDWLQJ� UDWHV��ZKLFK�DUH�GHFLGHG�EDVHG�RQ� IORRU�DUHD��
DUH� VWUXFWXUHG� DV� VHUYLFH� FKDUJHV�� :LWK� D� GLVWULFW�
KHDWLQJ� V\VWHP�� KRXVHKROGV� FDQQRW� UHGXFH� WKHLU�
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)LJXUH�4: 5DWLR�RI�(OHFWULFLW\�DQG�+HDWLQJ &RVW WR 
+RXVHKROG�,QFRPH 

Family
6L]H

)ORRU
$UHD
�P��

$QQXDO
Income
�\XDQ�

(OHFWULFLW\
8VDJH

�NZK�\HDU�

(OHFWULFLW\
5DWH

�\XDQ�\HDU�

+LJKHVW 5 164 150,000 3,400 1,680 4,264 1,220 5,944
/RZHVW 1 ����� 7,200 400 200 1,107 0 1,647
$YJ��SHU
+RXVHKROG

����KRXVHKROGV�
���� ����� 35,402 1,417 706 1,970 301 3,042

$YJ��SHU�5HVLGHQW
������UHVLGHQWV� 䠉 ����� 12,409 497 247 690 105 1,066

$YJ����RI
(OHFWULFLW\�DQG

+HDWLQJ�&RVWV�ZLWK
5HVSHFW�WR

+RXVHKROG�,QFRPH
���

䠉 䠉 䠉 䠉 ��� ��� ��� ���

7RWDO
(OHFWULFLW\

DQG
+HDWLQJ
&RVWV

6XUYH\�,WHP

%DVLF�,QIRUPDWLRQ (OHFWULFLW\ 'LVWULFW
+HDWLQJ
5DWH

�\XDQ�\HDU�

*DV�5DWH
�\XDQ�\HDU�

 

7DEOH����6XPPDU\�RI�4XHVWLRQQDLUH�6XUYH\�5HVXOWV 

Fig. 4  Ratio of Electricity and Heating Cost to Household Income



97

Air Pollution Control and Climate Change Measures in Fuxin City, Liaoning Province, China

DLU�SROOXWLRQ�LQ�&KLQD��,Q�������62[�HPLVVLRQV�IURP�
WKHUPDO�SRZHU�SODQWV�DFFRXQWHG�IRU�PRUH�WKDQ�KDOI�
RI� JURVV�QDWLRQDO�62[�HPLVVLRQV� �DSSUR[�� ���PLO-
OLRQ�WRQV���)RU�)X[LQ�&LW\��SRZHU�SODQWV�DQG�GLVWULFW�
KHDWLQJ�SODQWV�DUH�WKH�ODUJHVW�VRXUFH�RI�DLU�SROOXWLRQ��
,Q������� WKH�FLW\¶V�VL[�PDMRU�SRZHU�SODQWV�HPLWWHG�
������� WRQV� RI� 62[� �����RI� WKH� FLW\¶V� WRWDO� 62[�
HPLVVLRQV��DV�ZHOO�DV�������WRQV�RI�30������RI�WKH�
FLW\¶V�WRWDO�30�HPLVVLRQV�����
� )X[LQ�KDV�EHHQ�LQWURGXFLQJ�ÀXH�JDV�GHVXOIXUL]D-
WLRQ�HTXLSPHQW��UDWHG�62[�UHPRYDO�HI¿FLHQF\�������
VLQFH� ������ 6LQFH� ������ ZLWK� WKH� VXSSRUW� RI� WKH�
FHQWUDO�DQG�FLW\�JRYHUQPHQWV��ZRUN�KDV�EHHQ�EHLQJ�
SHUIRUPHG� RQ� WKH� FLW\¶V� SRZHU� SODQWV� WR� LPSURYH�
WKHLU�HQHUJ\�HI¿FLHQF\��$PRQJ�VXFK�ZRUN��WKH�WKLUG�
LPSURYHPHQW�SURMHFW��WKH�DGGLWLRQ�RI�D���������N:�
XQLW��ZDV�FDUULHG�RXW� DV�SDUW�RI� D������SURYLQFLDO�
SURMHFW�IRU�WKH���WK�¿YH�\HDU�SODQ��,Q�DGGLWLRQ��WKH�
FLW\�EXLOW�WKHUPDO�SRZHU�SODQWV�XVLQJ�VSRLO�DV�D�³FRDO�
UHF\FOLQJ� SURMHFW´� LQ� RUGHU� WR� SURPRWH� HIIHFWLYH�
UHVRXUFH�XVDJH��,Q�WKLV�SURMHFW��WKH�FLW\�LQVWDOOHG�ÀXH�
JDV�GHVXOIXUL]DWLRQ�HTXLSPHQW�DQG�VRRW�FROOHFWRUV�LQ�
WKHUPDO�SRZHU�SODQWV�LQ�RUGHU�WR�UHGXFH�DLU�SROOXWLRQ��
3RZHU�JHQHUDWLRQ�XVLQJ�VSRLO� FDQ�ERWK� UHVWRUH� WKH�
VXUURXQGLQJ�HFRV\VWHP�DQG�UHGXFH�DLU�SROOXWLRQ�E\�
GLVSRVLQJ�RI�VSRLO�KHDSV��8SRQ�WKH�SURPXOJDWLRQ�RI�
D�GHFUHH�RQ�³$GPLQLVWUDWLRQ�RI�)X[LQ�&LW\¶V�3DUWLFX-
ODWH�0DWWHU�&RQWURO�$UHDV´�LQ�������WKH�FLW\�UHSODFHG�
EXLOGLQJV�HTXLSSHG�ZLWK�LQGLYLGXDO�FRDO�EDVHG�KHDW-
LQJ�V\VWHPV�ZLWK�EXLOGLQJ�FRPSOH[HV��
� 7KH�FLW\¶V�RWKHU�HIIRUWV�LQFOXGH�PDQGDWRU\�LQVWDO-
ODWLRQ� RI� GHVXOIXUL]DWLRQ� HTXLSPHQW� DQG� VRRW� FRO-
OHFWRUV� IRU� FRDO�ERLOHUV�RI� D� FHUWDLQ� VL]H�RU� ODUJHU��
SURKLELWLRQ�RI�WKH�XVH�RI�FRDO�FRQVLVWLQJ�RI������RU�
PRUH�VXOIXU�LQ�SRZHU�VWDWLRQV�DQG�KHDW�VXSSO\�ERLO-
HUV��DQG�PDQGDWRU\�PHDVXUHPHQW�RI�WKH�FRQFHQWUD-
WLRQV�RI�62

2
�DQG�30��VRRW��HPLWWHG�IURP�FRDO�ERLOHUV�

ZLWK�WKHUPDO�SRZHU�RI���������W�K�RU�PRUH��62
2
�DQG�

30�HPLVVLRQV�DUH� VXEMHFW� WR�PRQLWRULQJ�E\�)X[LQ�
&LW\¶V�(QYLURQPHQWDO�3URWHFWLRQ�%XUHDX�
� $V�PHDVXUHV�WR�UHGXFH�763��7RWDO�6XVSHQGHG�3DU-
WLFOHV���HDFK�FRDO�PLQH�RSHUDWRU�LV�QRZ�UHVSRQVLEOH�
IRU�SUHSDULQJ�D�ZDVWH�KHDS�DQG�WKH�(QYLURQPHQWDO�

3URWHFWLRQ� %XUHDX� KDV� VSHFL¿HG� URXWHV� IRU� GXPS�
WUXFNV� WUDQVSRUWLQJ� VSRLO� DV� ZHOO� DV� LPSOHPHQWHG�
RWKHU�UHJXODWLRQV�

4.2 Introduction of District Heating

,Q�)X[LQ�&LW\� DQG�RWKHU�QRUWKHDVWHUQ�&KLQHVH� FLW-
LHV��KHDWLQJ�DFFRXQWV�IRU�D� ODUJH�SDUW�RI�QRQLQGXV-
WULDO�HQHUJ\�FRQVXPSWLRQ��ZKLFK�KDV�EHHQ�LQFUHDVLQJ�
UDSLGO\�LQ�UHFHQW�\HDUV��6LQFH�������)X[LQ�&LW\�KDV�
EHHQ�SURPRWLQJ�WKH�UDSLG�DGRSWLRQ�RI�GLVWULFW�KHDWLQJ�
V\VWHPV��VHH�)LJ������ZKLFK�ZHUH�¿UVW�LQWURGXFHG�LQ�
������LQ�RUGHU�WR�PHHW�VXUJLQJ�GHPDQG�IRU�KHDW�DQG�
HQHUJ\�DV�ZHOO�DV�WR�DFKLHYH�KLJKHU�HQHUJ\�HI¿FLHQF\�
DQG�EHWWHU�OLYLQJ�FRQGLWLRQV��$ORQJ�ZLWK�SURPRWLQJ�
HQHUJ\�FRQVHUYDWLRQ��LQFUHDVHG�DGRSWLRQ�RI�GLVWULFW�
KHDWLQJ�V\VWHPV�LV�RQH�RI�WKH�PRVW�HIIHFWLYH�PHDQV�
RI�UHGXFLQJ�DLU�SROOXWLRQ�
� +RZHYHU�� WKH� FXUUHQW� SROLF\��ZKLFK� IRFXVHV� RQ�
LQFUHDVLQJ�WKH�FRYHUDJH�RI�GLVWULFW�KHDWLQJ�V\VWHPV��
GLVFRXUDJHV� UHVLGHQWV� IURP� FRQVHUYLQJ� HQHUJ\�
EHFDXVH�� DV� VWDWHG� HDUOLHU�� HQG�XVHUV� DUH�XQDEOH� WR�
DGMXVW� WKH� WHPSHUDWXUH� DQG� PXVW� SD\� ¿[HG� UDWHV�
EDVHG�RQ�WKHLU�ÀRRU�DUHD�
� ,Q� QRUWKHDVWHUQ�&KLQD�� GLVWULFW� KHDWLQJ� V\VWHPV�
WKDW�VXSSO\�ERWK�KHDW�DQG�SRZHU�DUH�JHQHUDOO\�XVHG��
6XFK�V\VWHPV�FDQ�DFKLHYH�D�WRWDO�WKHUPDO�HI¿FLHQF\�

Fig. 5  Heat Supply Area of Fuxin City's District Heating 
Systems

Source: Fuxin City’s statistical yearbooks (1994 to 2011)

 

 

,Q�QRUWKHDVWHUQ�&KLQD��GLVWULFW�KHDWLQJ�V\VWHPV� WKDW�
VXSSO\�ERWK�KHDW�DQG�SRZHU�DUH�JHQHUDOO\�XVHG��6XFK�  
V\VWHPV�FDQ�DFKLHYH�D�WRWDO�WKHUPDO�HIILFLHQF\�RI����WR�
���� IRU� ERWK� SRZHU� JHQHUDWLRQ� DQG� KHDWLQJ��
$FFRUGLQJ� WR� RIILFLDO� &KLQHVH� JRYHUQPHQW� VWDWLVWLFV��
KHDW�VXSSOLHG�IURP�WKLV�W\SH�DFFRXQWV�IRU�������RI�WKH�
WRWDO� KHDW� VXSSO\� IURP� GLVWULFW� KHDWLQJ� V\VWHPV��
IROORZHG�E\�WKRVH�XVLQJ�KHDW-VXSSO\�ERLOHUV�����������
DQG�RWKHU�W\SHV��������� 
&XUUHQWO\�� WKH� GLVWULFW� KHDWLQJ� RSHUDWLRQV� LQ� )X[LQ�

&LW\�XVH�KHDW�IURP���FRPELQHG�KHDW-DQG-SRZHU�SODQWV�
�FRJHQHUDWLRQ� SODQWV�� RZQHG� E\� SRZHU� FRPSDQLHV� DV�
ZHOO� DV� KHDW� IURP� ��� KHDW-VXSSO\� ERLOHUV� RZQHG� E\�
)X[LQ� &LW\� 7KHUPDO� 3RZHU� &RUSRUDWLRQ�� 7KH�
FRJHQHUDWLRQ� SODQWV� SURGXFH� DSSUR[LPDWHO\� ���� RI�
WKH�KHDW�IRU�)X[LQ
V�GLVWULFW�KHDWLQJ�V\VWHPV�� ,Q�������
WKHVH�V\VWHPV�VXSSOLHG�KHDW�WR�DQ�DUHD�RI�������PLOOLRQ�
m2�� LQFOXGLQJ� �������� KRXVHKROGV� ����� RI� DOO�
KRXVHKROGV� LQ� )X[LQ��� 7KXV�� PDQ\� KRXVHKROGV��
SDUWLFXODUO\�WKRVH�LQ�WKH�FLW\�FHQWHU��KHDW�ZDV�VXSSOLHG�
WR� DQ� DUHD� RI� ������ PLOOLRQ� P2 DQG� ��������
KRXVHKROGV��DUH�FRYHUHG��DQG�VXFK�KHDW�LV�XVHG�E\�WZR�
RXW� RI� HYHU\� WKUHH� KRXVHKROGV�� ,Q� ZLQWHU�� ZDVWH� KHDW�
IURP� WKH� FRJHQHUDWLRQ� SODQWV� FDQ� EH� UH-XVHG�
HIIHFWLYHO\� IRU� GLVWULFW� KHDWLQJ�� EXW� LQ� VXPPHU� VXFK�
KHDW�LV�GLVFKDUJHG�LQWR�FRROLQJ�ZDWHU��)RU�WKLV�UHDVRQ��
WKH� FRJHQHUDWLRQ� SODQWV� KDYH� D� ORZ� DQQXDO� WKHUPDO�
HIILFLHQF\��7ZR�FRJHQHUDWLRQ�SODQWV�WKDW�ZHUH�EXLOW�IRU�
VSRLO� GLVSRVDO� DQG� IRU� ZKLFK� LQWHQVLILHG� PHDVXUHV�
DJDLQVW� DLU� SROOXWLRQ� DUH� EHLQJ� LPSOHPHQWHG� FRPEXVW�
low-TXDOLW\� FRDO� �KHDWLQJ� YDOXH�� ������ NFDO�NJ�� DQG�
VSRLO� WRJHWKHU�� WKHLU� SRZHU� JHQHUDWLRQ� HIILFLHQF\� LV�
ORZHU�WKDQ�WKDW�RI�VLPLODU�SODQWV� 

In China’s cold regions, district heating systems GR�
QRW� VXSSO\� KRW� ZDWHU� GXH� WR� D� VKRUWDJH� RI� ZDWHU�
UHVRXUFHV�� &KHPLFDOV� DUH� LQWHQWLRQDOO\� DGGHG� WR� WKH�
KRW�ZDWHU�SLSHG�WR�UHVLGHQFHV�E\�VXFK�V\VWHPV�WR�JLYH�
DQ� DEQRUPDO� RGRU� LQ� RUGHU� WR� SUHYHQW� UHVLGHQWV� IURP�
XVLQJ�WKH�KRW�ZDWHU�DQG�LWV�KHDW� 
+HDW�VXSSO\�RSHUDWLRQV�LQ�&KLQD�DUH�VXIIHULQJ�IURP�

VXUJLQJ�FRDO�SULFHV��2Q�6HSWHPEHU�����������WKH�3ULFH�
%XUHDX�RI�)X[LQ�&LW\�RIILFLDOO\�DQQRXQFHG�DQ�LQFUHDVH�
WKH� KHDW� VXSSO\� UDWH�� 7KH� FLW\� JRYHUQPHQW� SURYLGHV�
VXEVLG\� WR� RIIVHW� KHDWLQJ� FRVWV� IRU� ORZ-income 
KRXVHKROGV� 

 
4.3 Problems with Fuxin City's District Heating 

Systems and Possible Solutions 

�1� 6KLIW�IURP�)L[HG�WR�8VDJH-EDVHG�5DWHV 

)X[LQ� &LW\
V� GLVWULFW� KHDWLQJ� V\VWHPV� VXSSO\� D� VHW�
DPRXQW� RI� KHDW� ��� KRXUV� D� GD\� IRXU� PRQWKV�
�1RYHPEHU� WR� 0DUFK�� D� \HDU�� HQDEOLQJ� XVHUV� WR�
PDLQWDLQ� URRP� WHPSHUDWXUHV� RI� ��Υ RU PRUH�� $V�
PHQWLRQHG� HDUOLHU�� GLVWULFW� KHDWLQJ� V\VWHPV� GR� QRW�
DOORZ� IRU� WHPSHUDWXUH� DGMXVWPHQW� DQG� XVHUV� DUH�
FKDUJHG�DFFRUGLQJ�WR�WKH�IORRU�DUHD�RI�WKHLU�UHVLGHQFHV��
$� VKLIW� IURP� WKLV� IL[HG-UDWH� V\VWHP� WR� D� XVDJH-EDVHG�
V\VWHP� �L�H��� RQH� WKDW� FKDUJHV� XVHUV� EDVHG� RQ� KHDW�
ORDGV�� KDV� UHFHQWO\� EHHQ� FRQVLGHUHG� QDWLRQDOO\� WR�
UHGXFH� HQHUJ\� FRQVXPSWLRQ�� 7KH� LPSHWXV� IRU� WKLV� LV�
ULVLQJ� JRYHUQPHQW� DZDUHQHVV� RI� WKH� LPSRUWDQFH� RI�
HQHUJ\� FRQVHUYDWLRQ�� ,QWURGXFWLRQ� RI� D� XVDJe-EDVHG�
V\VWHP� UHTXLUHV� LPSURYLQJ� WKH� KHDW� DPRXQW�
DGMXVWPHQW� IXQFWLRQ� DFURVV� GLVWULFW� KHDWLQJ� V\VWHPV��
6XFK�DQ�LPSURYHPHQW�ZLOO�OHYHO�WKH�WRWDO�KHDW�ORDG�IRU�
UHVLGHQFHV� DQG� RIILFHV�� ZKLFK� KDYH� GLIIHUHQW� SHDN�
KRXUV�� WKHUHE\� OHDGLQJ� WR� HQHUJ\� FRQVHUYDWLRQ��
=KHQJ]KRX�&LW\� LQ�+HQDQ�3URYLQFH, one RI� WKH�FLWLHV�
FRQVLGHULQJ�WKLV�VKLIW��HVWLPDWHG�WKDW�LW�ZRXOG�LQLWLDOO\�
FRVW����\XDQ�P2 WR�XSJUDGH� WKH�GLVWULEXWLRQ�QHWZRUNV�
DQG����� WR�������\XDQ�SHU�KRPH� WR� DGG�KHDW�PHWHUV��
$V� WKH� OLIHVSDQ�RI� KHDW�PHWHUV�JHQHUDOO\� UDQJHV� IURP�
ILYH�WR�VHYHQ�\HDUV��D�XVDJH-EDVHG�V\VWHP�FRXOG�UDLVH�
GLVWULFW�KHDWLQJ�FRVWV�FRQVLGHUDEO\� 
7R� VROYH� WKLV� SUREOHP�� D� FRQFHUWHG� SROLF\� HIIRUW� LV�

QHHGHG� WR� HQVXUH� DQ� HFRQRPLFDOO\� HIILFLHQW�
XVDJH-EDVHG� V\VWHP� WKURXJK� WKH� GHYHORSPHQW� RI�
KHDW-PHDVXULQJ WHFKQRORJLHV�� ,I� D� QHZ� UDWH� V\VWHP�
FRXOG� EH� DSSOLHG� WR� PRUH� QHZ� UHVLGHQFHV�� PDVV�
SURGXFWLRQ�RI�KHDW�PHWHUV�ZRXOG�UHVXOW�LQ�ORZHU�SULFHV��
,Q�WKH�HQG��D�PHWHUHG�KHDW-VXSSO\�V\VWHP�FRXOG�FUHDWH�
D� YLUWXRXV� FLUFOH� LQ� ZKLFK� HQHUJ\� FRQVHUYDWLRQ�
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RI����WR�����IRU�ERWK�SRZHU�JHQHUDWLRQ�DQG�KHDW-
LQJ��$FFRUGLQJ�WR�RI¿FLDO�&KLQHVH�JRYHUQPHQW�VWD-
WLVWLFV�� KHDW� VXSSOLHG� IURP� WKLV� W\SH� DFFRXQWV� IRU�
������RI�WKH�WRWDO�KHDW�VXSSO\�IURP�GLVWULFW�KHDWLQJ�
V\VWHPV��IROORZHG�E\�WKRVH�XVLQJ�KHDW�VXSSO\�ERLOHUV�
����������DQG�RWKHU�W\SHV���������
� &XUUHQWO\��WKH�GLVWULFW�KHDWLQJ�RSHUDWLRQV�LQ�)X[LQ�
&LW\� XVH� KHDW� IURP� �� FRPELQHG� KHDW�DQG�SRZHU�
SODQWV��FRJHQHUDWLRQ�SODQWV��RZQHG�E\�SRZHU�FRP-
SDQLHV�DV�ZHOO�DV�KHDW�IURP����KHDW�VXSSO\�ERLOHUV�
RZQHG�E\�)X[LQ�&LW\�7KHUPDO�3RZHU�&RUSRUDWLRQ��
7KH�FRJHQHUDWLRQ�SODQWV�SURGXFH�DSSUR[LPDWHO\�����
RI�WKH�KHDW�IRU�)X[LQ¶V�GLVWULFW�KHDWLQJ�V\VWHPV��,Q�
������WKHVH�V\VWHPV�VXSSOLHG�KHDW�WR�DQ�DUHD�RI�������
million m2��LQFOXGLQJ���������KRXVHKROGV������RI�
DOO�KRXVHKROGV� LQ�)X[LQ���7KXV��PDQ\�KRXVHKROGV��
SDUWLFXODUO\�WKRVH�LQ�WKH�FLW\�FHQWHU��KHDW�ZDV�VXS-
SOLHG� WR� DQ� DUHD�RI� ������PLOOLRQ�P2� DQG���������
KRXVHKROGV��DUH�FRYHUHG��DQG�VXFK�KHDW�LV�XVHG�E\�
WZR�RXW�RI�HYHU\�WKUHH�KRXVHKROGV��,Q�ZLQWHU��ZDVWH�
KHDW� IURP� WKH� FRJHQHUDWLRQ� SODQWV� FDQ� EH� UH�XVHG�
HIIHFWLYHO\�IRU�GLVWULFW�KHDWLQJ��EXW�LQ�VXPPHU�VXFK�
KHDW�LV�GLVFKDUJHG�LQWR�FRROLQJ�ZDWHU��)RU�WKLV�UHDVRQ��
WKH�FRJHQHUDWLRQ�SODQWV�KDYH�D�ORZ�DQQXDO�WKHUPDO�
HI¿FLHQF\��7ZR�FRJHQHUDWLRQ�SODQWV�WKDW�ZHUH�EXLOW�
IRU�VSRLO�GLVSRVDO�DQG�IRU�ZKLFK�LQWHQVL¿HG�PHDVXUHV�
DJDLQVW�DLU�SROOXWLRQ�DUH�EHLQJ�LPSOHPHQWHG�FRPEXVW�
ORZ�TXDOLW\�FRDO��KHDWLQJ�YDOXH��������NFDO�NJ��DQG�
VSRLO�WRJHWKHU��WKHLU�SRZHU�JHQHUDWLRQ�HI¿FLHQF\�LV�
ORZHU�WKDQ�WKDW�RI�VLPLODU�SODQWV�
� ,Q�&KLQD¶V�FROG�UHJLRQV��GLVWULFW�KHDWLQJ�V\VWHPV�
GR�QRW�VXSSO\�KRW�ZDWHU�GXH�WR�D�VKRUWDJH�RI�ZDWHU�
UHVRXUFHV��&KHPLFDOV�DUH�LQWHQWLRQDOO\�DGGHG�WR�WKH�
KRW�ZDWHU� SLSHG� WR� UHVLGHQFHV� E\� VXFK� V\VWHPV� WR�
JLYH�DQ�DEQRUPDO�RGRU�LQ�RUGHU�WR�SUHYHQW�UHVLGHQWV�
IURP�XVLQJ�WKH�KRW�ZDWHU�DQG�LWV�KHDW�
� +HDW� VXSSO\� RSHUDWLRQV� LQ� &KLQD� DUH� VXIIHULQJ�
IURP�VXUJLQJ�FRDO�SULFHV��2Q�6HSWHPEHU�����������
WKH�3ULFH�%XUHDX�RI�)X[LQ�&LW\�RI¿FLDOO\�DQQRXQFHG�
DQ�LQFUHDVH�LQ�WKH�KHDW�VXSSO\�UDWH��7KH�FLW\�JRYHUQ-
PHQW�SURYLGHV�VXEVLGLHV�WR�RIIVHW�KHDWLQJ�FRVWV�IRU�
ORZ�LQFRPH�KRXVHKROGV�

4.3 Problems with Fuxin City’s District Heat-

ing Systems and Possible Solutions

����6KLIW�IURP�)L[HG�WR�8VDJH�EDVHG�5DWHV
)X[LQ�&LW\¶V� GLVWULFW� KHDWLQJ� V\VWHPV� VXSSO\� D� VHW�
DPRXQW�RI�KHDW����KRXUV�D�GD\�IRXU�PRQWKV��1RYHP-
EHU�WR�0DUFK��D�\HDU��HQDEOLQJ�XVHUV�WR�PDLQWDLQ�URRP�
WHPSHUDWXUHV�RI����&�RU�PRUH��$V�PHQWLRQHG�HDUOLHU��
GLVWULFW�KHDWLQJ�V\VWHPV�GR�QRW�DOORZ�IRU�WHPSHUDWXUH�
DGMXVWPHQW�DQG�XVHUV�DUH�FKDUJHG�DFFRUGLQJ�WR�WKH�
ÀRRU�DUHD�RI�WKHLU�UHVLGHQFHV��$�VKLIW�IURP�WKLV�¿[HG�
UDWH�V\VWHP�WR�D�XVDJH�EDVHG�V\VWHP��L�H���RQH�WKDW�
FKDUJHV�XVHUV�EDVHG�RQ�KHDW�ORDGV��KDV�UHFHQWO\�EHHQ�
FRQVLGHUHG�QDWLRQDOO\�WR�UHGXFH�HQHUJ\�FRQVXPSWLRQ��
7KH�LPSHWXV�IRU�WKLV�LV�ULVLQJ�JRYHUQPHQW�DZDUHQHVV�
RI�WKH�LPSRUWDQFH�RI�HQHUJ\�FRQVHUYDWLRQ��,QWURGXF-
WLRQ� RI� D� XVDJH�EDVHG� V\VWHP� UHTXLUHV� LPSURYLQJ�
WKH�KHDW�DPRXQW�DGMXVWPHQW�IXQFWLRQ�DFURVV�GLVWULFW�
KHDWLQJ�V\VWHPV��6XFK�DQ�LPSURYHPHQW�ZLOO�OHYHO�WKH�
WRWDO�KHDW�ORDG�IRU�UHVLGHQFHV�DQG�RI¿FHV��ZKLFK�KDYH�
GLIIHUHQW�SHDN�KRXUV��WKHUHE\�OHDGLQJ�WR�HQHUJ\�FRQ-
VHUYDWLRQ��=KHQJ]KRX�&LW\�LQ�+HQDQ�3URYLQFH��RQH�
RI�WKH�FLWLHV�FRQVLGHULQJ�WKLV�VKLIW��HVWLPDWHG�WKDW�LW�
ZRXOG�LQLWLDOO\�FRVW����\XDQ�P2�WR�XSJUDGH�WKH�GLV-
WULEXWLRQ�QHWZRUNV�DQG�����WR�������\XDQ�SHU�KRPH�
WR�DGG�KHDW�PHWHUV��$V� WKH� OLIHVSDQ�RI�KHDW�PHWHUV�
JHQHUDOO\�UDQJHV�IURP�¿YH�WR�VHYHQ�\HDUV��D�XVDJH�
EDVHG�V\VWHP�FRXOG�UDLVH�GLVWULFW�KHDWLQJ�FRVWV�FRQ-
VLGHUDEO\�
� 7R�VROYH�WKLV�SUREOHP��D�FRQFHUWHG�SROLF\�HIIRUW�
LV�QHHGHG�WR�HQVXUH�DQ�HFRQRPLFDOO\�HI¿FLHQW�XVDJH�
EDVHG�V\VWHP�WKURXJK�WKH�GHYHORSPHQW�RI�KHDW�PHD-
VXULQJ�WHFKQRORJLHV��,I�D�QHZ�UDWH�V\VWHP�FRXOG�EH�
DSSOLHG�WR�PRUH�QHZ�UHVLGHQFHV��PDVV�SURGXFWLRQ�RI�
KHDW�PHWHUV�ZRXOG�UHVXOW�LQ�ORZHU�SULFHV��,Q�WKH�HQG��
D�PHWHUHG�KHDW�VXSSO\�V\VWHP�FRXOG�FUHDWH�D�YLUWXRXV�
FLUFOH�LQ�ZKLFK�HQHUJ\�FRQVHUYDWLRQ�LQFUHDVHV�SURI-
LWV�
� 7R� LQWURGXFH� VXFK� D� XVDJH�EDVHG� V\VWHP�� XVHUV�
PXVW�EH�DEOH�WR�DGMXVW�WKH�WHPSHUDWXUH�ZKHQ�XVLQJ�
GLVWULFW�KHDWLQJ�V\VWHPV��$V�WKH�RIWHQ�SRRU�LQVXODWLRQ�
HI¿FLHQF\� RI�&KLQHVH� EXLOGLQJV� FDXVHV� JUHDW� KHDW�
ORVV� DQG� OLPLWV� HQHUJ\�FRQVHUYDWLRQ�� SHUKDSV� RQH�
RI�WKH�EHVW�ZD\V�WR�LPSOHPHQW�KHDW�VXSSO\�V\VWHPV�
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FXUUHQWO\� LV� WR� LQVWDOO�D� WKHUPDO�ÀRZPHWHU� LQ�HDFK�
DSDUWPHQW�EXLOGLQJ�DQG�PDNH�WKH�UHVLGHQWV�VSOLW�WKH�
FKDUJHV�
� 6LQFH� ������ KHDW� FRQWURO� KDV� EHHQ� DWWHPSWHG�
LQ�&KLQD�E\� LQVWDOOLQJ� WKHUPDO�ÀRZPHWHUV� LQ�HDFK�
QHZ�DSDUWPHQW�EXLOGLQJ�RU�SHU�HDFK�QHZ�DSDUWPHQW��
5HODWHG�VWDQGDUGV�� ODZV��DQG�UHJXODWLRQV�DUH�EHLQJ�
HVWDEOLVKHG�DQG�UHYLVHG��%\�WKH�HQG�RI����������RXW�
RI�PRUH�WKDQ�����FLWLHV�LQ�WKH�QRUWKHUQ�UHJLRQ�KDG�
PDGH�UHJXODWLRQV�DERXW�WKH�SULFH�RI�KHDWLQJ�PHWHULQJ�
DQG�FKDUJLQJ��,Q�2FWREHU�������WKH�WKHUPDO�ÀRZPH-
WHUV�RI�����EXLOGLQJV�DQG��������KRXVHKROGV�LQ�D�����
million-m2�DUHD�RI�WKH�FLW\�ZHUH�XSJUDGHG�DV�SDUW�RI�
WKH�SURMHFW��LQ�1RYHPEHU��WKH�FLW\�JRYHUQPHQW�SUR-
PXOJDWHG�D�GHFUHH�RQ�³3URYLVLRQDO�0DQDJHPHQW�RI�
'LVWULFW�+HDWLQJ�5DWHV�IRU�5HVLGHQWV�RI�'DOLDQ�DV�D�
+HDW�ÀRZ�0RGHO�&LW\�´�7KH�WHVW�DOVR�UHYHDOHG�WKDW�
HQHUJ\�FRQVXPSWLRQ�RI�WKH�WRS�ÀRRU��HQG��DQG�FRU-
QHU� UHVLGHQFHV� ZDV� DSSUR[LPDWHO\� WKUHH� WLPHV� DV�
PXFK�DV�WKDW�RI�UHVLGHQFHV�LQ�WKH�FHQWUDO�SDUW�RI�WKH� 
EXLOGLQJ��
� $OWKRXJK�KHDWLQJ�PHWHUV�KDYH�EHHQ�LQVWDOOHG�LQ�����
PLOOLRQ�VTXDUH�PHWHUV��QHDUO\�����KDYH�QRW�VWDUWHG�
FKDUJLQJ��7KH�GHYHORSPHQW�DQG�XVH�RI�DGYDQFHG�WHP-
SHUDWXUH�DGMXVWPHQW�GHYLFHV�VLPLODU�WR�WKRVH�GHVFULEHG�
DERYH�FDQ�SURPRWH�HQHUJ\�FRQVHUYDWLRQ�

����/RZ�7KHUPDO�(I¿FLHQF\�RI�%RLOHUV
/RZ�TXDOLW\� FRDO� DQG� UDZ� FRDO�� ZKLFK� DUH� FRP-
PRQO\�XVHG�DV�IXHOV�LQ�)X[LQ�&LW\��E\�QDWXUH�FRPEXVW�
LQFRPSOHWHO\��JHQHUDWLQJ�VLJQL¿FDQW�KHDW�ORVV��7KXV��
WKH�WKHUPDO�HI¿FLHQF\�RI�WKH�ERLOHUV�XVHG�LQ�WKH�FLW\�
LV�RQO\�LQ�WKH�UDQJH�RI����WR������DQG�DOWKRXJK�WKH�
FHQWUDO�JRYHUQPHQW�KDV�VHW� WKH� WDUJHW� WKHUPDO�HI¿-
FLHQF\�RI�ERLOHUV�DW�����WR�UDLVH�HQHUJ\�HI¿FLHQF\��
WKDW�WDUJHW�GLVUHJDUGV�ERLOHU�FDSDFLW\��%\�FRQWUDVW��WKH�
WKHUPDO�HI¿FLHQF\�RI�ERLOHUV�XVHG�LQ�-DSDQ�DQG�RWKHU�
GHYHORSHG�QDWLRQV�LV�LQ�WKH�UDQJH�RI����WR������)X[LQ�
&LW\� VKRXOG� UHSODFH� LWV� H[LVWLQJ�ERLOHUV�ZLWK�PRUH�
HI¿FLHQW�PRGHOV�DQG�WLJKWHQ�LWV�IXHO�UHJXODWLRQV�

5. Reducing Air Pollutions and CO
2 

Emission Factors

$V�IRU�)X[LQ�&LW\¶V�DLU�SROOXWLRQ�FRQWURO�SROLF\��LW�LV�
LPSRUWDQW� WR� UHGXFH�62[�HPLVVLRQV� IURP�KHDW�DQG�
HOHFWULF�SRZHU�FRJHQHUDWLRQ�SODQWV�DQG�GLVWULFW�KHDW-
LQJ�GHGLFDWHG�ERLOHUV��ZKLFK�DFFRXQW�IRU�����RI�WKH�
FLW\¶V� WRWDO� FRDO�FRQVXPSWLRQ��7R�YHULI\� WKH�HIIHF-
WLYHQHVV�RI�WKH�FLW\¶V�DLU�SROOXWLRQ�FRQWURO�HIIRUWV�VR�
IDU��ZH�DQDO\]HG�WR�ZKDW�GHJUHH�WKH�LQWURGXFWLRQ�RI�
GLVWULFW�KHDWLQJ�V\VWHPV�KDV�UHGXFHG�62[�HPLVVLRQV�
� )LUVW��ZH�HVWLPDWHG�WKH�DPRXQW�RI�WKH�UHGXFWLRQ�
LQ�62[�HPLVVLRQV�GXH�WR�WKH�LQWURGXFWLRQ�RI�GHVXO-
IXUL]DWLRQ�HTXLSPHQW� LQ� WKH�FRJHQHUDWLRQ�SODQWV�DV�
ZHOO�DV� WKH� ORZHULQJ�RI� WKH�VXOIXU�FRQWHQW�RI�FRDO��
6LQFH�QR�RI¿FLDO�GDWD�RQ�WKH�FLW\¶V�FRDO�FRQVXPSWLRQ�
�Cq��E\�\HDU��i��LV�DYDLODEOH��ZH�HVWLPDWHG�FRQVXPS-
WLRQ�ZLWK� WKH� IRUPXOD� EHORZ�XVLQJ� WKH�¿JXUHV� IRU�
JHQHUDWHG�HQHUJ\��Eq��UHOHDVHG�E\�)X[LQ¶V�%XUHDX�RI�
6WDWLVWLFV�DQG�WKH�¿JXUHV�IRU�DYHUDJH�JHQHUDWLRQ�HI¿-
FLHQF\��Ș��DQG�WKH�FRDO�KHDWLQJ�YDOXH��Hc��UHOHDVHG�
E\�&KLQD¶V�1DWLRQDO�%XUHDX�RI�6WDWLVWLFV��7KH�OHWWHU�
³X´�LQGLFDWHV�WKH�HQHUJ\�FRQYHUVLRQ�IDFWRU������NFDO�
N:K��

Cqi� �
Eqi²Și

�î�u�î�
1
²Hc

� ���

� $OWKRXJK�WKHUH�DUH�QR�DYDLODEOH�GDWD�IRU�JHQHUD-
WLRQ�HI¿FLHQF\��Ș��VSHFL¿F�WR�WKH�FRJHQHUDWLRQ�SODQWV�
LQ�)X[LQ�&LW\�� WKH�QDWLRQZLGH�DYHUDJHG�YDOXHV�DUH�
PDGH�SXEOLF�E\�WKH�FHQWUDO�JRYHUQPHQW��$FFRUGLQJ�
WR�WKHP��WKH�DYHUDJH�JHQHUDWLRQ�HI¿FLHQF\��Ș��ZDV�
�����IURP������WR�������VLQFH�WKHQ��LW�KDV�JUDGXDOO\�
EHHQ� LPSURYLQJ������� LQ������������ IURP������ WR�
�����������IURP������WR�������DQG������IURP������
WR�������)RU�WKH�FRDO�KHDWLQJ�YDOXH��Hc���ZH�DGRSWHG�
������NFDO�NJ�� WKH� VWDQGDUG�YDOXH�SURYLGHG�E\� WKH�
FHQWUDO�JRYHUQPHQW��7KHVH�YDOXHV�DUH�SURYLVLRQDOO\�
XVHG�LQ�RXU�FDOFXODWLRQ�
� 7R�HVWLPDWH�62[�HPLVVLRQV�IURP�FRDO�FRQVXPS-
WLRQ� �62

2 
HTXLYDOHQW��� ZH� XVHG� D� YDOXH� RI� ������

DV�WKH�DYHUDJHG�VXOIXU�FRQWHQW�RI�FRDO�SURGXFHG�LQ�
)X[LQ�&LW\��6���EDVHG�RQ�WKH�VWDWLVWLFV�E\�WKH�&LW\���
EXW������IRU������DQG�VXEVHTXHQW�\HDUV��WKH�¿JXUH�
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XVHG�LQ�WKH�0DQDJHPHQW�RI�)X[LQ�&LW\
V�3DUWLFXODWH�
0DWWHU�&RQWURO�$UHDV���:H�DOVR�VHW�WKH�62[�UHPRYDO�
HI¿FLHQF\�RI�WKH�GHVXOIXUL]DWLRQ�HTXLSPHQW�LQVWDOOHG�
LQ�WKH�FRJHQHUDWLRQ�SODQWV�DW������DFFRUGLQJ�WR�WKH�
&LW\�*RYHUQPHQW¶V�RI¿FLDO�DQQRXQFHPHQW��
� 1H[W��ZH�HVWLPDWHG� WKH� LPSURYHPHQW� LQ�HQHUJ\�
HI¿FLHQF\�GXH� WR� WKH� LQWURGXFWLRQ�RI�GLVWULFW� KHDW-
LQJ��6LQFH�QR�GDWD�IRU�)X[LQ�&LW\�ZDV�DYDLODEOH��ZH�
DGRSWHG�WKH�UHVXOWV�RI�PHDVXUHPHQWV�LQ�WKH�6KXQ\L�
'LVWULFW�RI�WKH�&LW\�RI�%HLMLQJ��7KH�UHVXOWV�LQGLFDWH�
WKDW�ZKLOH�FRDO�FRQVXPSWLRQ�GXULQJ�WKH�KHDWLQJ�VXS-
SO\� SHULRG� �JHQHUDOO\� IURP� 1RYHPEHU� WR�0DUFK��
ZHUH� DERXW� ����� NJ�P2 LQ� WKH� FDVH� RI� LQGLYLGXDO�
KHDWLQJ� XVLQJ� VPDOO�VFDOH� ERLOHUV�� FRQVXPSWLRQ�
GHFUHDVHG�E\�URXJKO\�WZR�WKLUGV��WR�DERXW������NJ�
m2��LQ�WKH�FDVH�RI�WKH�GLVWULFW�KHDWLQJ�LQWURGXFHG�LQ�
������62[�HPLVVLRQV�KDYH�EHHQ�UHGXFHG�LQ�SURSRU-
WLRQ�WR�WKH�GHFUHDVH�LQ�FRDO�FRQVXPSWLRQ�
� :H�FDOFXODWHG�WKH�DQQXDO��i��62[�HPLVVLRQV�IURP�
WKH� FLW\¶V� FRJHQHUDWLRQ�SODQWV� EDVHG�RQ� WKH� DERYH�
¿QGLQJV�DV�ZHOO�DV�WKH�LPSOHPHQWDWLRQ�RI�DLU�SROOX-
WLRQ�FRQWURO�PHDVXUHV�WDNHQ�IRU�WKH�FLW\¶V�FRJHQHUD-
WLRQ�SODQWV�DQG�GLVWULFW�KHDWLQJ�ERLOHUV�DV�ZHOO�DV�WKH�
DYDLODELOLW\�RI�GLVWULFW�KHDWLQJ�

4�G�i� �$di�î�hd�î�Si�î�
64�²�
32 �î���±R�î�Ȗi�� ���

4�R�i� �$oi�î�ho�î�Si�î�
64�²�
32 � ���

� 7KH� V\PEROV� XVHG� LQ� WKH� DERYH� IRUPXODV� DUH�
GH¿QHG�DV�IROORZV�
4�G���62[�HPLVVLRQV��GLVWULFW�KHDWLQJ�
4�R���62[�HPLVVLRQV��LQGLYLGXDO�KHDWLQJ�
Ad��)ORRU�DUHD�IRU�KHDW�VXSSO\��GLVWULFW�KHDWLQJ�
Ao��)ORRU�DUHD�IRU�KHDW�VXSSO\��LQGLYLGXDO�KHDWLQJ�
hd��&RDO�FRQVXPSWLRQ�SHU�XQLW�ÀRRU�DUHD��GLVWULFW�KHDWLQJ�
ho��&RDO�FRQVXPSWLRQ�SHU�XQLW�ÀRRU�DUHD��LQGLYLGXDO�KHDWLQJ�
S��6XOIXU�FRQWHQW�RI�FRDO
R��62[�UHPRYDO�HI¿FLHQF\�RI�GHVXOIXUL]DWLRQ�HTXLSPHQW
Ȗ��,QVWDOODWLRQ�UDWH�RI�GHVXOIXUL]DWLRQ�HTXLSPHQW�LQ�GLVWULFW�KHDW-
LQJ�SODQWV �FRJHQHUDWLRQ�SODQWV�DQG�GLVWULFW�KHDWLQJ�ERLOHUV�

� )RU� WKH�DUHD�FRYHUHG�E\�GLVWULFW�KHDWLQJ� �Ad���ZH�
XVHG�GDWD�UHOHDVHG�E\�)X[LQ�&LW\¶V�%XUHDX�RI�6WDWLVWLFV�
� )LJXUH���VKRZV�WKH�HVWLPDWHG�62[�HPLVVLRQV�IURP�
FRDO�XVHG�RQO\�IRU�VXSSO\LQJ�KHDW��)LJXUH���VKRZV�
WRWDO�62[�HPLVVLRQV� IURP�ERWK�KHDWLQJ�DQG�SRZHU�
JHQHUDWLRQ�� LQ� ������ HPLVVLRQV� IURP�FRJHQHUDWLRQ�
SODQWV� DQG� GLVWULFW� KHDWLQJ� ERLOHUV� HTXLSSHG� ZLWK�
GHVXOIXUL]HUV��&DVH�%��ZHUH�VRPH��������WRQV�OHVV�
WKDQ� HPLVVLRQV� IURP� LQGLYLGXDO� KHDWLQJ� �&DVH�$���
$V�PHQWLRQHG�EHIRUH��FRJHQHUDWLRQ�SODQWV�DQG�GLV-
WULFW�KHDWLQJ�SODQWV�DFFRXQW�IRU�PRUH�WKDQ�RQH�WKLUG�
RI�WKH�FLW\¶V�WRWDO�62[�HPLVVLRQV�LQ�������$QG�WDN-
LQJ�DFFRXQW�RI�WKH�HIIHFWV�RI�ÀXH�JDV�GHVXOIXUL]DWLRQ�
HTXLSPHQW�DQG�XVH�RI�ORZHU�VXOIXU�FRDO�DIWHU�������
WKHLU�HPLVVLRQ�YROXPH�RI�62[�KDV�EHHQ�UHGXFHG�WR�EH�
RQO\�������7KHQ�LW�FDQ�EH�FRQFOXGHG�WKDW�WKH�FLW\¶V�
WRWDO�62[�HPLVVLRQV�KDYH�EHHQ�UHGXFHG�E\�DSSUR[L-
PDWHO\� ����� 7KH� LQWURGXFWLRQ� RI� GLVWULFW� KHDWLQJ�
SODQWV�KDV�UHQGHUHG�LW�SRVVLEOH�WR�LQWHJUDOO\�PDQDJH�
WKH�FRDO�GHSRWV�DQG�DVK�VWRUDJH�IDFLOLWLHV�VFDWWHUHG�
DURXQG�WKH�FLW\��DV�WKHVH�DUH�DOVR�H[SHFWHG�WR�UHGXFH�
SROOXWLRQ�GXH�WR�SDUWLFXODWH�PDWWHUV�DQG�ZDVWH�ZDWHU�
� ,Q�IDFW��WKH�FLW\¶V�DLU�TXDOLW\�KDV�LPSURYHG�VLJQL¿-
FDQWO\�VLQFH�������VHH�7DEOH�����7KH�62

2
�FRQFHQWUD-

WLRQ�LQ������ZDV�RQO\�DERXW�KDOI�WKDW�RI�������7KH�
FLW\¶V�30�FRQFHQWUDWLRQ��DV�30����KDV�DOVR�VKRZQ�
UHPDUNDEOH�LPSURYHPHQW��7KH�UHGXFWLRQ�WDUJHW�VWLS-
XODWHG�LQ�WKH�HOHYHQWK�¿YH�\HDU�SODQ��L�H���UHGXFLQJ�
62[� HPLVVLRQV� E\� ������ IURP� WKH� ����� OHYHO� E\�
������ZDV�DOVR�DWWDLQHG�
� :H�XVHG�&2

2
�HPLVVLRQ�IDFWRUV�SHU�KHDWLQJ�YDOXH�

IRU�IRVVLO�IXHOV�WKDW�ZHUH�SURYLGHG�E\�WKH�(QYLURQ-
PHQWDO�$JHQF\�RI�-DSDQ�WR�HVWLPDWH�&2

2 
HPLVVLRQV�

SHU�XQLW�RI�SRZHU�JHQHUDWLRQ�IRU�������ZKHQ�DOO�SRZHU�
SODQWV�LQ�)X[LQ�&LW\�ZHUH�FRDO�¿UHG��&2

2 
HPLVVLRQ�

IDFWRU�IRU�GRPHVWLF�JHQHUDO�FRDO�RU�ORZ�JUDGH�FRDO��
����J�&2

2
�NFDO���DQG�IRU�������ZKHQ�FRDO�VHDP�JDV�

SRZHU�JHQHUDWLRQ��&2
2
�HPLVVLRQ�IDFWRU�IRU�GRPHVWLF�

QDWXUDO�JDV������J�&2
2
�NFDO��DQG�ZLQG�SRZHU�JHQ-

HUDWLRQ��&2
2
�HPLVVLRQ�IDFWRU�����ZHUH�LQ�RSHUDWLRQ��

WKH� &2
2
� HPLVVLRQV� SHU� XQLW� RI� SRZHU� JHQHUDWLRQ�

LPSURYHG�E\�����IURP������WR������NJ�&2
2
�N:K��

+RZHYHU�� WKLV� LV�VWLOO�FRQVLGHUDEO\�KLJKHU� WKDQ� WKH�
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CO
2
� HPLVVLRQV� SHU� XQLW� RI� WKHUPDO� SRZHU� JHQHUD-

WLRQ�IRU�-DSDQHVH�JHQHUDO�HOHFWULF�XWLOLWLHV��7R�IXUWKHU�
UHGXFH�&2

2
�HPLVVLRQV�LQ�)X[LQ�&LW\��WKH�LQWURGXFWLRQ�

RI�ZLQG�SRZHU�DQG�RWKHU�UHQHZDEOH�HQHUJ\�VRXUFHV�
PXVW�EH�SURPRWHG�DQG�WKH�XVH�RI�FRDO�VHDP�JDV�PXVW�
EH�H[SDQGHG�

6. Conclusion and Considerations

%DVHG�RQ�WKH�UHVXOWV�RI�RXU�VWXG\�DV�GHVFULEHG�DERYH��
ZH�HYDOXDWHG�)X[LQ�&LW\¶V�HQYLURQPHQWDO�DQG�HQHUJ\�
SROLFLHV�DV�ZHOO�DV�WKH�FXUUHQW�GLVWULFW�KHDWLQJ�V\V-
WHPV� DQG� WKHLU� HIIHFWV� RQ� DLU� SROOXWLRQ� DV�ZHOO� DV�
IRUHVHHDEOH�REVWDFOHV�WR�UHGXFLQJ�DLU�SROOXWLRQ��2XU�
HYDOXDWLRQ� FRQFOXVLRQV� DQG� FRQVLGHUDWLRQV� DUH� DV� 
IROORZV�
� ����2XU�TXHVWLRQQDLUH�VXUYH\�RQ�KRXVHKROG�HQHUJ\�
FRQVXPSWLRQ�LQ�)X[LQ�&LW\�UHYHDOHG�WKDW�WKH�SHUFHQW-
DJH�RI�HOHFWULFLW\�DQG�KHDWLQJ�FRVWV�ZLWK�UHVSHFW�WR�
KRXVHKROG� LQFRPH� IRU� ��� DSDUWPHQW�EDVHG� KRXVH-
KROGV�ZHUH������RQ�DYHUDJH�DQG�RYHU�����LQ�VRPH�
FDVHV��'LVWULFW�KHDWLQJ�FRVWV�DYHUDJHG������RI�KRXVH-
KROG�LQFRPH��DFFRXQWLQJ�IRU�WZR�WKLUGV�RI�HOHFWULFLW\�
DQG�KHDWLQJ�FRVWV��+HDWLQJ�FRVWV�DUH�D�KXJH�EXUGHQ�
IRU�ORZ�LQFRPH�KRXVHKROGV�
� ����7KH� FXUUHQW� GLVWULFW� KHDWLQJ� V\VWHPV�GR�QRW�
KDYH� KHDW�PHDVXULQJ� V\VWHPV� IRU� HDFK� DSDUWPHQW�
EXLOGLQJ� RU� HDFK� DSDUWPHQW�� 7KH� IL[HG�UDWH� ELOO-

LQJ�V\VWHP��ZKLFK�LV�EDVHG�RQ�ÀRRU�DUHD��GRHV�QRW�
HQFRXUDJH�UHVLGHQWV�WR�FRQVHUYH�KHDW�RU�HQHUJ\�XVH��
,Q�DGGLWLRQ�� WKH� LQDELOLW\� WR�DGMXVW� WKH� WHPSHUDWXUH�
RI�DSDUWPHQWV�SUHYHQWV�UHVLGHQWV�IURP�DWWHPSWLQJ�WR�
FRQVHUYH�HQHUJ\�HYHQ�LI�WKH\�DUH�DZDUH�RI�WKH�LPSRU-
WDQFH� RI� HQHUJ\� FRQVHUYDWLRQ��7R� SURPRWH� HQHUJ\�
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XVLQJ� VPDOO-VFDOH� ERLOHUV�� FRQVXPSWLRQ� GHFUHDVHG� E\�
URXJKO\�WZR-WKLUGV��WR�DERXW������NJ�P2��LQ�WKH�FDVH�RI�
WKH�GLVWULFW�KHDWLQJ�LQWURGXFHG�LQ�������62[�HPLVVLRQV�
KDYH� EHHQ� UHGXFHG� LQ� SURSRUWLRQ� WR� WKH� GHFUHDVH� LQ�
FRDO�FRQVXPSWLRQ� 
:H� FDOFXODWHG� WKH� DQQXDO� �݅�� 62[� HPLVVLRQV� IURP�

WKH� FLW\
V� FRJHQHUDWLRQ� SODQWV� EDVHG� RQ� WKH� DERYH�
ILQGLQJV�DV�ZHOO�DV�WKH�LPSOHPHQWDWLRQ RI�DLU�SROOXWLRn 
FRQWURO� PHDVXUHV� WDNHQ� IRU� WKH� FLW\
V� FRJHQHUDWLRQ�
SODQWV� DQG� GLVWULFW� KHDWLQJ� ERLOHUV� DV� ZHOO� DV� WKH�
DYDLODELOLW\�RI�GLVWULFW�KHDWLQJ� 
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7KH� V\PEROV� XVHG� LQ� WKH� DERYH� IRUPXODV� DUH�GHILQHG�
DV�IROORZV� 
�ሺ�ሻ㸸62[�HPLVVLRQV��GLVWULFW�KHDWLQJ� 
�ሺ�ሻ㸸62[�HPLVVLRQV��LQGLYLGXDO�KHDWLQJ� 
 �GLVWULFW�KHDWLQJ��ௗ 㸸)ORRU�DUHD�IRU�KHDW�VXSSO\ܣ
 �LQGLYLGXDO�KHDWLQJ��௢ 㸸)ORRU�DUHD�IRU�KHDW�VXSSO\ܣ
݄ௗ 㸸&RDO�FRQVXPSWLRQ�SHU�XQLW�IORRU�DUHD��GLVWULFW�KHDWLQJ� 
݄௢ 㸸&RDO�FRQVXPSWLRQ�SHU�XQLW�IORRU�DUHD��LQGLYLGXDO�KHDWLQJ� 
�� 㸸6XOIXU�FRQWHQW�RI�FRDO� � � � � � � � � � � �  

ܴ  㸸62[�UHPRYDO�HIILFLHQF\�RI�GHVXOIXUL]DWLRQ�HTXLSPHQW 
�㸸,QVWDOODWLRQ ߛ� UDWH� RI� GHVXOIXUL]DWLRQ� HTXLSPHQW� LQ� GLVWULFW�
KHDWLQJ�SODQWV �FRJHQHUDWLRQ�SODQWV�DQG�GLVWULFW�KHDWLQJ�ERLOHUV� 

)RU� WKH� DUHD� FRYHUHG� E\� GLVWULFW� KHDWLQJ� ���ௗܣ� ZH�
XVHG� GDWD� UHOHDVHG� E\� )X[LQ� &LW\’V� %XUHDX� RI�
6WDWLVWLFV� 
)LJXUH��� VKRZV� WKH� HVWLPDWHG�62[�HPLVVLRQV� IURP�

FRDO� XVHG� RQO\� IRU� VXSSO\LQJ� KHDW�� )LJXUH� �� VKRZV�
WRWDO� 62[� HPLVVLRQV� IURP� ERWK� KHDWLQJ� DQG� SRZHU�
JHQHUDWLRQ�� LQ� ������ HPLVVLRQV� IURP� FRJHQHUDWLRQ�
SODQWV� DQG� GLVWULFW� KHDWLQJ� ERLOHUV� HTXLSSHG� ZLWK�
GHVXOIXUL]HUV� �&DVH� %�� ZHUH� VRPH� ������� WRQV� OHVV�
WKDQ� HPLVVLRQV� IURP� LQGLYLGXDO� KHDWLQJ� �&DVH�$���$V�
PHQWLRQHG� EHIRUH�� FRJHQHUDWLRQ� SODQWV� DQG� GLVWULFW�
KHDWLQJ�SODQWV�DFFRXQW� IRU�PRUH� WKDQ�RQH-WKLUG RI� WKH�
FLW\
V�WRWDO�SOx HPLVVLRQV�LQ�������$QG�WDNLQJ�DFFRXQW�
RI� WKH� HIIHFWV� RI� IOXH� JDV� GHVXOIXUL]DWLRQ� HTXLSPHQW 
DQG�XVH�RI�ORZHU�VXOIXU�FRDO�DIWHU�������WKHLU�HPLVVLRQ�
YROXPH� RI� 62[� KDV� EHHQ� UHGXFHG� WR� EH� RQO\� ������
7KHQ� LW� FDQ� EH� FRQFOXGHG� WKDW� WKH� FLW\
V� WRWDO� 62[�
HPLVVLRQV�KDYH�EHHQ� UHGXFHG�E\�DSSUR[LPDWHO\������
7KH� LQWURGXFWLRQ� RI� GLVWULFW� KHDWLQJ� SODQWV� KDV�
UHQGHUHG� LW� SRVVLEOH� WR� LQWHJUDOO\� PDQDJH� WKH� FRDO�

GHSRWV� DQG� DVK� VWRUDJH� IDFLOLWLHV� VFDWWHUHG� DURXQG� WKH�
FLW\��DV�WKHVH�DUH�DOVR�H[SHFWHG�WR�UHGXFH�SROOXWLRQ�GXH�
WR�SDUWLFXODWH�PDWWHUV�DQG�ZDVWH�ZDWHU� 
,Q� IDFW�� WKH� FLW\
V� DLU� TXDOLW\ KDV� LPSURYHG�

VLJQLILFDQWO\� VLQFH� ���7 �VHH� 7DEOH� ���� 7KH� SO2 
FRQFHQWUDWLRQ�LQ����1 ZDV�RQO\�DERXW�KDOI�WKDW�RI����6��
7KH� FLW\
V� 30� FRQFHQWUDWLRQ� �DV� 30���� KDV� DOVR�
VKRZQ�UHPDUNDEOH�LPSURYHPHQW��7KH�UHGXFWLRQ�WDUJHW�
VWLSXODWHG�LQ�WKH�HOHYHQWK�ILYH-\HDU�SODQ��L�H���UHGXFLQJ�
62[� HPLVVLRQV� E\� ������ IURP� WKH� ����� OHYHO� E\�
������ZDV�DOVR�DWWDLQHG� 
:H�XVHG�&22 HPLVVLRQ�IDFWRUV�SHU�KHDWLQJ�YDOXH�IRU�

IRVVLO� IXHOV� WKDW�ZHUH�SURYLGHG�E\� WKH�(QYLURQPHQWDO�
$JHQF\�RI�-DSDQ�WR�HVWLPDWH�&22 HPLVVLRQV�SHU�XQLW�RI 
SRZHU�JHQHUDWLRQ� IRU� ������ZKHQ� DOO� SRZHU�SODQWV� LQ�
)X[LQ� &LW\� ZHUH� FRDO-ILUHG� �&22 HPLVVLRQ� IDFWRU� IRU�
GRPHVWLF� JHQHUDO� FRDO� RU� ORZ-JUDGH� FRDO��
����J-CO2�NFDO��� DQG� IRU� ����, when coal-VHDP� JDV�
SRZHU� JHQHUDWLRQ� �&22 HPLVVLRQ� IDFWRU� IRU� GRPHVWLF�
QDWXUDO� JDV�� ����J-CO2�NFDO�� DQG� ZLQG� SRZHU�
JHQHUDWLRQ��&22 HPLVVLRQ�IDFWRU�����ZHUH�LQ�RSHUDWLRQ��
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Case A: Individual heating

Case B: District heating �
(without desulfurization equipment)

Case C: District heating
 (with desulfurization equipment)
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Case A:
Individual heating and power plants
(without desulfurization equipment)

Case B
Heat-supply boilers and power plants
(with desulfurization equipment with
higher SOx removal efficiency)
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WKH� FLW\
V� FRJHQHUDWLRQ� SODQWV� EDVHG� RQ� WKH� DERYH�
ILQGLQJV�DV�ZHOO�DV�WKH�LPSOHPHQWDWLRQ RI�DLU�SROOXWLRn 
FRQWURO� PHDVXUHV� WDNHQ� IRU� WKH� FLW\
V� FRJHQHUDWLRQ�
SODQWV� DQG� GLVWULFW� KHDWLQJ� ERLOHUV� DV� ZHOO� DV� WKH�
DYDLODELOLW\�RI�GLVWULFW�KHDWLQJ� 
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7KH� V\PEROV� XVHG� LQ� WKH� DERYH� IRUPXODV� DUH�GHILQHG�
DV�IROORZV� 
�ሺ�ሻ㸸62[�HPLVVLRQV��GLVWULFW�KHDWLQJ� 
�ሺ�ሻ㸸62[�HPLVVLRQV��LQGLYLGXDO�KHDWLQJ� 
 �GLVWULFW�KHDWLQJ��ௗ 㸸)ORRU�DUHD�IRU�KHDW�VXSSO\ܣ
 �LQGLYLGXDO�KHDWLQJ��௢ 㸸)ORRU�DUHD�IRU�KHDW�VXSSO\ܣ
݄ௗ 㸸&RDO�FRQVXPSWLRQ�SHU�XQLW�IORRU�DUHD��GLVWULFW�KHDWLQJ� 
݄௢ 㸸&RDO�FRQVXPSWLRQ�SHU�XQLW�IORRU�DUHD��LQGLYLGXDO�KHDWLQJ� 
�� 㸸6XOIXU�FRQWHQW�RI�FRDO� � � � � � � � � � � �  

ܴ  㸸62[�UHPRYDO�HIILFLHQF\�RI�GHVXOIXUL]DWLRQ�HTXLSPHQW 
�㸸,QVWDOODWLRQ ߛ� UDWH� RI� GHVXOIXUL]DWLRQ� HTXLSPHQW� LQ� GLVWULFW�
KHDWLQJ�SODQWV �FRJHQHUDWLRQ�SODQWV�DQG�GLVWULFW�KHDWLQJ�ERLOHUV� 

)RU� WKH� DUHD� FRYHUHG� E\� GLVWULFW� KHDWLQJ� ���ௗܣ� ZH�
XVHG� GDWD� UHOHDVHG� E\� )X[LQ� &LW\’V� %XUHDX� RI�
6WDWLVWLFV� 
)LJXUH��� VKRZV� WKH� HVWLPDWHG�62[�HPLVVLRQV� IURP�

FRDO� XVHG� RQO\� IRU� VXSSO\LQJ� KHDW�� )LJXUH� �� VKRZV�
WRWDO� 62[� HPLVVLRQV� IURP� ERWK� KHDWLQJ� DQG� SRZHU�
JHQHUDWLRQ�� LQ� ������ HPLVVLRQV� IURP� FRJHQHUDWLRQ�
SODQWV� DQG� GLVWULFW� KHDWLQJ� ERLOHUV� HTXLSSHG� ZLWK�
GHVXOIXUL]HUV� �&DVH� %�� ZHUH� VRPH� ������� WRQV� OHVV�
WKDQ� HPLVVLRQV� IURP� LQGLYLGXDO� KHDWLQJ� �&DVH�$���$V�
PHQWLRQHG� EHIRUH�� FRJHQHUDWLRQ� SODQWV� DQG� GLVWULFW�
KHDWLQJ�SODQWV�DFFRXQW� IRU�PRUH� WKDQ�RQH-WKLUG RI� WKH�
FLW\
V�WRWDO�SOx HPLVVLRQV�LQ�������$QG�WDNLQJ�DFFRXQW�
RI� WKH� HIIHFWV� RI� IOXH� JDV� GHVXOIXUL]DWLRQ� HTXLSPHQW 
DQG�XVH�RI�ORZHU�VXOIXU�FRDO�DIWHU�������WKHLU�HPLVVLRQ�
YROXPH� RI� 62[� KDV� EHHQ� UHGXFHG� WR� EH� RQO\� ������
7KHQ� LW� FDQ� EH� FRQFOXGHG� WKDW� WKH� FLW\
V� WRWDO� 62[�
HPLVVLRQV�KDYH�EHHQ� UHGXFHG�E\�DSSUR[LPDWHO\������
7KH� LQWURGXFWLRQ� RI� GLVWULFW� KHDWLQJ� SODQWV� KDV�
UHQGHUHG� LW� SRVVLEOH� WR� LQWHJUDOO\� PDQDJH� WKH� FRDO�

GHSRWV� DQG� DVK� VWRUDJH� IDFLOLWLHV� VFDWWHUHG� DURXQG� WKH�
FLW\��DV�WKHVH�DUH�DOVR�H[SHFWHG�WR�UHGXFH�SROOXWLRQ�GXH�
WR�SDUWLFXODWH�PDWWHUV�DQG�ZDVWH�ZDWHU� 
,Q� IDFW�� WKH� FLW\
V� DLU� TXDOLW\ KDV� LPSURYHG�

VLJQLILFDQWO\� VLQFH� ���7 �VHH� 7DEOH� ���� 7KH� SO2 
FRQFHQWUDWLRQ�LQ����1 ZDV�RQO\�DERXW�KDOI�WKDW�RI����6��
7KH� FLW\
V� 30� FRQFHQWUDWLRQ� �DV� 30���� KDV� DOVR�
VKRZQ�UHPDUNDEOH�LPSURYHPHQW��7KH�UHGXFWLRQ�WDUJHW�
VWLSXODWHG�LQ�WKH�HOHYHQWK�ILYH-\HDU�SODQ��L�H���UHGXFLQJ�
62[� HPLVVLRQV� E\� ������ IURP� WKH� ����� OHYHO� E\�
������ZDV�DOVR�DWWDLQHG� 
:H�XVHG�&22 HPLVVLRQ�IDFWRUV�SHU�KHDWLQJ�YDOXH�IRU�

IRVVLO� IXHOV� WKDW�ZHUH�SURYLGHG�E\� WKH�(QYLURQPHQWDO�
$JHQF\�RI�-DSDQ�WR�HVWLPDWH�&22 HPLVVLRQV�SHU�XQLW�RI 
SRZHU�JHQHUDWLRQ� IRU� ������ZKHQ� DOO� SRZHU�SODQWV� LQ�
)X[LQ� &LW\� ZHUH� FRDO-ILUHG� �&22 HPLVVLRQ� IDFWRU� IRU�
GRPHVWLF� JHQHUDO� FRDO� RU� ORZ-JUDGH� FRDO��
����J-CO2�NFDO��� DQG� IRU� ����, when coal-VHDP� JDV�
SRZHU� JHQHUDWLRQ� �&22 HPLVVLRQ� IDFWRU� IRU� GRPHVWLF�
QDWXUDO� JDV�� ����J-CO2�NFDO�� DQG� ZLQG� SRZHU�
JHQHUDWLRQ��&22 HPLVVLRQ�IDFWRU�����ZHUH�LQ�RSHUDWLRQ��
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Case A: Individual heating

Case B: District heating �
(without desulfurization equipment)

Case C: District heating
 (with desulfurization equipment)
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+HDWLQJ�DQG 3RZHU�3ODQW�0RGLILFDWLRQ 
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Case A:
Individual heating and power plants
(without desulfurization equipment)

Case B
Heat-supply boilers and power plants
(with desulfurization equipment with
higher SOx removal efficiency)

Fig. 6  Reduction of SOx Emissions by Introducing District 
Heating

Fig. 7  Reduction of SOx Emissions by Introducing District 
Heating and Power Plant Modification

Table 4  Annual Changes of Air Pollution in Fuxin City

� �XQLW��PJ�P3�

Source: Fuxin City's statistical yearbooks (2001 to 2012)

 

 

WKH� &22 HPLVVLRQV� SHU� XQLW� RI� SRZHU� JHQHUDWLRQ�
LPSURYHG� E\� ���� IURP� ����� WR� ����� NJ-CO2�N:K� 
+RZHYHU��WKLV�LV�VWLOO�FRQVLGHUDEO\ KLJKHU�WKDQ�WKH�&22 
HPLVVLRQV� SHU� XQLW� RI� WKHUPDO� SRZHU� JHQHUDWLRQ� IRU�
-DSDQHVH� JHQHUDO� HOHFWULF� XWLOLWLHV�� 7R� IXUWKHU� UHGXFH�
CO2 HPLVVLRQV�LQ�)X[LQ�&LW\��WKH�LQWURGXFWLRQ�RI�ZLQG�
SRZHU� DQG� RWKHU� UHQHZDEOH� HQHUJ\� VRXUFHV� PXVW� EH�
SURPRWHG� DQG� WKH� XVH� RI� FRDO-VHDP� JDV� PXVW� EH�
H[SDQGHG� 
 

6. Conclusion and Considerations 

%DVHG�RQ�WKH�UHVXOWV�RI�RXU�VWXG\�DV�GHVFULEHG�DERYH��
ZH� HYDOXDWHG� )X[LQ�&LW\
V� HQYLURQPHQWDO� DQG� HQHUJ\�
SROLFLHV�DV�ZHOO�DV�WKH�FXUUHQW�GLVWULFW�KHDWLQJ�V\VWHPV�
DQG�WKHLU�HIIHFWV�RQ�DLU�SROOXWLRQ�DV�ZHOO�DV�IRUHVHHDEOH�
REVWDFOHV� WR� UHGXFLQJ� DLU� SROOXWLRQ�� 2XU� HYDOXDWLRQ�
FRQFOXVLRQV�DQG�FRQVLGHUDWLRQV�DUH�DV�IROORZV� 
����2XU� TXHVWLRQQDLUH� VXUYH\� RQ� KRXVHKROG� HQHUJ\�

FRQVXPSWLRQ� LQ� )X[LQ� &LW\� UHYHDOHG� WKDW� WKH�
SHUFHQWDJH�RI�HOHFWULFLW\�DQG�KHDWLQJ�FRVWV�ZLWK�UHVSHFW�
WR� KRXVHKROG� LQFRPH� IRU� ��� DSDUWPHQW-EDVHG�
KRXVHKROGV� ZHUH� ����� RQ� DYHUDJH� DQG� RYHU� ���� LQ�
VRPH� FDVHV�� 'LVWULFW� KHDWLQJ� FRVWV� DYHUDJHG� ����� RI�
KRXVHKROG� LQFRPH�� DFFRXQWLQJ� IRU� WZR-WKLUGV� RI�
HOHFWULFLW\�DQG�KHDWLQJ�FRVWV��+HDWLQJ�FRVWV�DUH�D�KXJH�
EXUGHQ�IRU�ORZ-LQFRPH�KRXVHKROGV� 
�2��7KH�FXUUHQW�GLVWULFW�KHDWLQJ�V\VWHPV�GR�QRW�KDYH�

heDW�PHDVXULQJ�V\VWHPV�IRU�HDFK�DSDUWPHQW�EXLOGLQJ�RU�
HDFK� DSDUWPHQW�� 7KH� IL[HG-UDWH� ELOOLQJ� V\VWHP��ZKLFK�
LV�EDVHG�RQ�IORRU�DUHD��GRHV�QRW�HQFRXUDJH�UHVLGHQWV�WR�
FRQVHUYH�KHDW�RU�HQHUJ\�XVH��,Q�DGGLWLRQ� WKH�LQDELOLW\�
WR� DGMXVW� WKH� WHPSHUDWXUH� RI� DSDUWPHQWV SUHYHQWV�
UHVLGHQWV� IURP�DWWHPSWLQJ� WR� FRQVHUYH� HQHUJ\� HYHQ� LI�
WKH\� DUH� DZDUH� RI� WKH� LPSRUWDQFH� RI� HQHUJ\�
FRQVHUYDWLRQ�� 7R� SURPRWH� HQHUJ\� FRQVHUYDWLRQ� LQ� WKH�
UHVLGHQWLDO� VHFWRU�� LW� LV� XUJHQWO\� QHFHVVDU\� WR� PDNH�
LPSURYHPHQWV� WR� WKH� GLVWULFW� KHDWLQJ� V\VWHPV� �H�J���
LQWURGXFLQJ� WHPSHUDWXUH� DGMXVWPHQW� IXQFWLRQV� DQG�
LPSURYLQJ� KHDW� HIILFLHQF\�� DV� ZHOO� DV� WR� FKDQJH� WKH�
IL[HG-UDWH�V\VWHP�WR�D�XVDJH-EDVHG�V\VWHP��,Q�RUGHU�WR�
LPSURYH� HQHUJ\� HIILFLHQF\� DQG� LPSOHPHQW� D�
UHDVRQDEOH� IHH� V\VWHP�� WKH� FHQWUDO� JRYHUQPHQW� EHJDQ 
WR�LQVWDOO�KHDW�PHWHU�LQ�QHZ�EXLOW�UHVLGHQFH��+RZHYHU��
GXH� WR� WKH� KHDW� PHWHU� VHW� DQG� IHH� V\VWHPV� ZHUH� QRW�
ZHOO� LPSOHPHQWHG�� LW� QHHGV� WKH� LPSURYHPHQW� RI�
V\VWHP�WR�SURPRWH�WKH�LPSOHPHQWDWLRQ�RI�WKH�SROLF\�LQ�
WKH�IXWXUH� 
���� 7KH� VWDUW� RI� GLVWULFW� KHDWLQJ� LQ� ����� DQG� WKH�

LQVWDOODWLRQ� RI� GHVXOIXUL]DWLRQ� HTXLSPHQW� LQ� ODUJH�

VRXUFHV��FRJHQHUDWLRQ�SODQWV�DQG�GHGLFDWHG ERLOHUV��RI�
62[�VLQFH������KDYH�UHGXFHG�WKH�WRWDO�62[�HPLVVLRQV�
LQ� )X[LQ�&LW\� E\� DSSUR[LPDWHO\� �����7KDQNV� WR� WKLV�
UHGXFWLRQ��WKH�FLW\
V�DLU�SROOXWLRQ�GXH�WR�622 KDV�EHHQ�
VKRZLQJ�VLJQV�RI�LPSURYHPHQW�VLQFH������ 
�4�� $OWKRXJK� GLVSRVDO� RI� WKH� FLW\
V� VSRLO� E\�

LQFLQHUDWLRQ� LV� QHFHVVDU\� WR� SURWHFW� WKH� HQYLURQPHQW��
WKLV� IRUFHV� SRZHU� SODQWV� WR� XVH� ORZ-TXDOLW\� FRDO��
PDNLQJ�LW�GLIILFXOW�WR�UHGXFH�DLU�SROOXWLRQ�DQG�LPSURYH�
KHDW�HIILFLHQF\��2Q�WKH�RWKHU�KDQG��)X[LQ��D�FLW\�ZLWK�
VWURQJ� ZLQGV� \HDU-URXQG�� FRXOG� UHGXFH� DLU� SROOXWLRQ�
WKURXJK� LQWURGXFLQJ� ODUJH-VFDOH� ZLQG� SRZHU�
JHQHUDWLRQ��7KH� FLW\�PXVW� FRQVLGHU� UHDVRQDEOH� SRZHU�
DQG�KHDW�VXSSO\�V\VWHPV�IURP�WKLV�YLHZSRLQW� 
�5��$OWKRXJK�PRVW�SRZHU�SODQWV�LQ�)X[LQ�&LW\�KDYH�

high CO2 HPLVVLRQV� SHU� XQLW� RI� HOHFWULFLW\� SURGXFHG�
GXH� WR� WKHLU� XVH� RI� FRDO�� H[SDQVLRQ� RI� ZLQG� SRZHU�
JHQHUDWLRQ�DQG�XVH�RI�FRDO-VHDP�JDV�KDV�UHGXFHG�&22 
HPLVVLRQV�WR������NJ-CO2�N:K�IURP�����NJ-CO2�N:K�
RYHU� WKH� SDVW� ILYH� \HDUV�� ,W� LV� IXUWKHU� QHFHVVDU\� WR�
LPSURYH� WKH� HOHFWULFLW\� JHQHUDWLRQ� HIILFLHQF\� RI�
coal-ILUHG� SRZHU� JHQHUDWLRQ�� DQG� WR� LQWURGXFH� PRUH�
ZLQG� SRZHU� DQG� RWKHU� UHQHZDEOH� HQHUJ\� VRXUFHV� DV�
ZHOO�DV�WR�H[SDQG�WKH�XVH�RI�FRDO-VHDP�JDV� 
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&RQVLGHULQJ� WKH� XUJHQW� QHFHVVLW\� RI� UHGXFLQJ� DLU�
SROOXWLRQ� LQ� )X[LQ� &LW\� DQG� WKH� HIIHFWLYHQHVV� RI�
FRQFHQWUDWLQJ� HIIRUWV� RQ� ODUJH� SROOXWDQW� VRXUFHV�� WKH�

,WHP SO2 NO2 CO 30��

2000 ����� ����� - �����
�������SSP�� �������SSP� -

2005 ����� ����� - �����
�������SSP� �������SSP� -

2006 ����� - - �����
�������SSP� - -

2007 ����� ����� ����� �����
������SSP� �������SSP� �������SSP�

2008 ����� ����� ����� �����
�������SSP� �������SSP� �������SSP�

2009 ����� ����� ����� �����
�������SSP� �������SSP� �������SSP�

2010 ����� ����� ����� �����
�������SSP� �������SSP� �������SSP�

2011 ����� ����� ����� �����
�������SSP� �������SSP� �������SSP�

7DEOH����$QQXDO�&KDQJHV�RI�$LU�3ROOXWLRQ�LQ�)X[LQ�&LW\ 
  �XQLW��PJ�P3� 

�

6RXUFH��)X[LQ�&LW\
V�VWDWLVWLFDO�\HDUERRNV ������WR������ 
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FRQVHUYDWLRQ�LQ�WKH�UHVLGHQWLDO�VHFWRU��LW�LV�XUJHQWO\�
QHFHVVDU\�WR�PDNH�LPSURYHPHQWV�WR�WKH�GLVWULFW�KHDW-
LQJ� V\VWHPV� �H�J��� LQWURGXFLQJ� WHPSHUDWXUH� DGMXVW-
PHQW� IXQFWLRQV� DQG� LPSURYLQJ� KHDW� HI¿FLHQF\�� DV�
ZHOO�DV�WR�FKDQJH�WKH�¿[HG�UDWH�V\VWHP�WR�D�XVDJH�
EDVHG�V\VWHP��,Q�RUGHU�WR�LPSURYH�HQHUJ\�HI¿FLHQF\�
DQG�LPSOHPHQW�D�UHDVRQDEOH�IHH�V\VWHP��WKH�FHQWUDO�
JRYHUQPHQW�EHJDQ�WR�LQVWDOO�KHDW�PHWHU�LQ�QHZ�EXLOW�
UHVLGHQFH��+RZHYHU��GXH�WR� WKH�KHDW�PHWHU�VHW�DQG�
IHH�V\VWHPV�ZHUH�QRW�ZHOO�LPSOHPHQWHG��LW�QHHGV�WKH�
LPSURYHPHQW�RI�V\VWHP�WR�SURPRWH�WKH�LPSOHPHQWD-
WLRQ�RI�WKH�SROLF\�LQ�WKH�IXWXUH�
� ����7KH�VWDUW�RI�GLVWULFW�KHDWLQJ�LQ������DQG�WKH�
LQVWDOODWLRQ� RI� GHVXOIXUL]DWLRQ� HTXLSPHQW� LQ� ODUJH�
VRXUFHV��FRJHQHUDWLRQ�SODQWV�DQG�GHGLFDWHG�ERLOHUV��
RI�62[�VLQFH������KDYH�UHGXFHG�WKH�WRWDO�62[�HPLV-
VLRQV�LQ�)X[LQ�&LW\�E\�DSSUR[LPDWHO\������7KDQNV�
WR�WKLV�UHGXFWLRQ��WKH�FLW\¶V�DLU�SROOXWLRQ�GXH�WR�62

2
 

KDV�EHHQ�VKRZLQJ�VLJQV�RI�LPSURYHPHQW�VLQFH������
� ����$OWKRXJK�GLVSRVDO�RI�WKH�FLW\¶V�VSRLO�E\�LQFLQ-
HUDWLRQ�LV�QHFHVVDU\�WR�SURWHFW�WKH�HQYLURQPHQW��WKLV�
IRUFHV�SRZHU�SODQWV� WR�XVH� ORZ�TXDOLW\�FRDO��PDN-
LQJ�LW�GLI¿FXOW� WR�UHGXFH�DLU�SROOXWLRQ�DQG�LPSURYH�
KHDW�HI¿FLHQF\��2Q�WKH�RWKHU�KDQG��)X[LQ��D�FLW\�ZLWK�
VWURQJ�ZLQGV�\HDU�URXQG��FRXOG�UHGXFH�DLU�SROOXWLRQ�
WKURXJK�LQWURGXFLQJ�ODUJH�VFDOH�ZLQG�SRZHU�JHQHUD-
WLRQ��7KH�FLW\�PXVW�FRQVLGHU�UHDVRQDEOH�SRZHU�DQG�
KHDW�VXSSO\�V\VWHPV�IURP�WKLV�YLHZSRLQW�
� ����$OWKRXJK�PRVW�SRZHU�SODQWV�LQ�)X[LQ�&LW\�KDYH�
high CO

2
�HPLVVLRQV�SHU�XQLW�RI�HOHFWULFLW\�SURGXFHG�

GXH� WR� WKHLU�XVH�RI�FRDO��H[SDQVLRQ�RI�ZLQG�SRZHU�
JHQHUDWLRQ�DQG�XVH�RI�FRDO�VHDP�JDV�KDV�UHGXFHG�&2

2
 

HPLVVLRQV� WR� ����� NJ�&2
2
�N:K� IURP� ���� NJ�&2

2
/

N:K�RYHU�WKH�SDVW�¿YH�\HDUV��,W�LV�IXUWKHU�QHFHVVDU\�
WR� LPSURYH� WKH� HOHFWULFLW\�JHQHUDWLRQ� HI¿FLHQF\�RI�
FRDO�¿UHG�SRZHU�JHQHUDWLRQ��DQG�WR�LQWURGXFH�PRUH�
ZLQG�SRZHU�DQG�RWKHU�UHQHZDEOH�HQHUJ\�VRXUFHV�DV�
ZHOO�DV�WR�H[SDQG�WKH�XVH�RI�FRDO�VHDP�JDV�
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KDYH�D�QXPEHU�RI�SUREOHPV�EHFDXVH� WKH�FLW\�JRY-
HUQPHQW�KDV�HPSKDVL]HG�WKH�UDWH�RI�FRYHUDJH�WR�WKH�
H[FOXVLRQ�RI�RWKHU� IDFWRUV��7KH�ZLGHVSUHDG�XVH�RI�
GLVWULFW�KHDWLQJ��ZKLFK�VKRXOG�KHOS�FRQWURO�DLU�SROOX-
WLRQ��PD\�LQVWHDG�LQFUHDVH�GHPDQG�IRU�KHDW�EHFDXVH�
RI�VXUJLQJ�KRXVHKROG�HQHUJ\�FRQVXPSWLRQ��)RU�WKLV�
UHDVRQ��PD[LPXP�HIIRUWV�PXVW�EH�PDGH� WR� HQVXUH�
HQHUJ\�FRQVHUYDWLRQ��,W�LV�DOVR�LPSRUWDQW�WR�SURPRWH�
HQHUJ\�FRQVHUYDWLRQ�DW�KRPH�
� $V�ORQJ�WHUP�DLU�SROOXWLRQ�FRQWURO�PHDVXUHV�DQG�
HQKDQFHPHQW�RI�ORFDO�HQHUJ\�XVDJH�IRU�)X[LQ�&LW\��
SURPRWLRQ�RI�ZLQG�SRZHU�JHQHUDWLRQ�E\�PDNLQJ�XVH�
RI�WKH�DUHD¶V�IUHTXHQW�VWURQJ�ZLQGV�DQG�H[SDQVLRQ�RI�
WKH�XVH�RI�FRDO�VHDP�JDV��ZKLFK�VWDUWHG�RQO\�UHFHQWO\��
DUH� SURPLVLQJ�� ([SDQGHG� XVH� RI�ZLQG� SRZHU� DQG�
FRDO�VHDP�JDV�VKRXOG�SURYH�YHU\�LPSRUWDQW�QRW�RQO\�
ZLWK�UHVSHFW�WR�DLU�SROOXWLRQ�FRQWURO�EXW�DOVR�LQ�FUHDW-
LQJ�D�ORZ�FDUERQ�FLW\�

Footnotes

��� ,Q�WKH�ZHVWHUQ�DQG�QRUWKHUQ�DUHDV�RI�/LDRQLQJ�3URYLQFH��QHZ�
FRDO�VHDP�JDV�UHVHUYHV�RI������ELOOLRQ�P��KDYH�EHHQ�GLVFRY-
HUHG�

� KWWS���ZZZ�TTNTZ�FRP�KWPO�QHZV���������B��KWPO��
�����������

��� $QQRXQFHPHQW�RI�KHDWLQJ�UDWHV�E\�+RNNDLGR�'LVWULFW�+HDWLQJ�
&R���/WG��KWWS���ZZZ�FKLGDQ�FR�MS�VLWH�I�R���KWPO�������������

��� =KHQJ]KRX�&LW\��7KH�+LJK�&RVW�RI�8SJUDGLQJ�'LVWULFW�+HDWLQJ�
6\VWHPV�

� K W WS � � �ZZZ�FKLQDQHZV �FRP�FQ �HV WD WH �HV WD WH �Z\II �
QHZV�������������������VKWPO�������������

��� *OREDO�(QYLURQPHQWDO�)DFLOLW\�RI�WKH�:RUOG�%DQN��7KH�5HVXOWV�
RI� &KLQD¶V� (QHUJ\� &RQVHUYDWLRQ� 5HIRUP� DQG� &RQVWUXF-
WLRQ�3URMHFW� IRU�+HDW�6XSSO\�� �KWWS���ZZZ�FKLQDJU]O�FQ�QHZ�
QHZ�����VKWPO������������



103

Air Pollution Control and Climate Change Measures in Fuxin City, Liaoning Province, China

References

��� 5HSRUW�RQ�3URJUHVV�RI�%XLOGLQJ�(QHUJ\�VDYLQJ�LQ�&KLQD��&KLQD�
$UFKLWHFWXUH�	�%XLOGLQJ� 3UHVV�� S�� �����5HVHDUFK�&HQWHU� RI�
%XLOGLQJ�(QHUJ\�6DYLQJ��7VLQJKXD�8QLYHUVLW\�������	�������

��� &KLQD�6WDWLVWLFDO�<HDUERRN��1DWLRQDO�%XUHDX�RI�6WDWLVWLFV�RI�
&KLQD�������������	�������

��� 6WDWLVWLFDO�<HDUERRN� RI� )X[LQ� &LW\�� %XUHDX� RI� 6WDWLVWLFV� RI�
)X[LQ�&LW\��������������

��� 2MLPD��7��³$FWXDO�&DVHV�RI�'LVWULFW�&RROLQJ�´�&KDS���LQ�-(6�
3URMHFW��'LVWULFW�+HDWLQJ�DQG�&RROLQJ�LQ�-DSDQ��7RN\R��1LKRQ�
.RJ\R�6KLQEXQVKD��������

���2MLPD��7��³'LVWULFW�+HDWLQJ�DQG�&RROLQJ´��:DVHGD�5HVHDUFK�
,QVWLWXWH�IRU�6FLHQFH�DQG�(QJLQHHULQJ�6HULHV��1R�����:DVHGD�
8QLYHUVLW\�3UHVV��������

��� 5HVHDUFK�,QVWLWXWH�RI�8UEDQ�(QYLURQPHQWDO�(QJLQHHULQJ��(G���
³7HFKQRORJ\�DQG�$FWXDO�&DVHV�RI�'LVWULFW�+HDWLQJ�DQG�&RRO-
LQJ�´�&KDS��� LQ�'LVWULFW�+HDWLQJ� DQG�&RROLQJ� LQ� WKH�:RUOG��
7RN\R��1LKRQ�.RJ\R�6KLQEXQVKD��������

��� *XLGH� RQ�+HDWLQJ� DQG�&RROLQJ� WKH�+RPH��+RXVHKROG� )XHO�
6XEFRPPLWWHH��&RPEXVWLRQ�:RUNLQJ�*URXS��)XHO�6RFLHW\�RI�
-DSDQ��������

��� /L��*���	�0D��<��³6WXG\�RQ�$LU�3ROOXWLRQ�'LVWULEXWLRQ�LQ�)X[LQ�
&LW\�´�6DIHW\�DQG�(QYLURQPHQW��9RO�����S������������



105

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.

Keywords   Green building; Research-based design; Energy efficiency; Renewable energy

<DLN�:DK�/LP1��0RKG�+DPGDQ�$KPDG2,  
6\HG�,VNDQGDU�$ULI¿Q3

1 6HQLRU�/HFWXUHU��'HSDUWPHQW�RI�$UFKLWHFWXUH��)DFXOW\�RI�%XLOW�(QYLURQPHQW��8QLYHUVLWL�
7HNQRORJL�0DOD\VLD
23URIHVVRU���([HFXWLYH�'LUHFWRU��,QVWLWXWH�6XOWDQ�,VNDQGDU�RI�8UEDQ�+DELWDW�DQG�+LJKULVH��
8QLYHUVLWL�7HNQRORJL�0DOD\VLD
3$VVRF��3URIHVVRU���'HSXW\�'LUHFWRU��,QVWLWXWH�6XOWDQ�,VNDQGDU�RI�8UEDQ�+DELWDW�DQG�
+LJKULVH��8QLYHUVLWL�7HNQRORJL�0DOD\VLD

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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Abstract

Recently, global warming has affected paradigm design and restoration of the city with urban 
infrastructure and energy planning and development. It has received attention from government agencies 
and related organizations to search for methods of problem solving to sustain the situation of climate 

change effect, especially in metropolises like Bangkok. Due to complicated structure of land use and 
overpopulation, Bangkok has inefficient infrastructure and development has focused on expanding road 
infrastructure to cover the transportation demands. This phenomenon inevitably affects the lifestyle of people in 
the city, thus this study presents as a potential solution an integrated approach to sustaining urban land use and 
transportation planning in order to reinvigorate the city through the promotion of integrated land use within the 
district. The analysis shows that the composition of urban form impacts choices of Bangkok residents which has 
resulted in residential allocation in the suburban areas and longer commutes. Finally, the increase in energy 
consumption in the transportation sector will remain unless there is an alternative urban planning with renewable 
energy sources or vehicle technology choices to replace the outdated version.

Keywords   Transportation planning; Land-use planning; Sustainable development; Energy planning

3DZLQHH�,DPWUDNXO
$VVLVWDQW�3URIHVVRU��)DFXOW\�RI�$UFKLWHFWXUH�DQG�3ODQQLQJ��7KDPPDVDW�8QLYHUVLW\��7KDLODQG

バンコクのような大都市では急速な
拡大により都市機能が悪化している。
土地利用と新しい交通インフラの統
合で都市の活性化を目指す。

The Association of Transportation and  
Land Use Planning towards  

Sustainable Urban Energy Planning

1. Introduction

5DSLG�XUEDQL]DWLRQ�KDV�KDG�ERWK�QHJDWLYH�DQG�SRVL-
WLYH�LPSDFWV�RQ�XUEDQ�UHVLGHQWV��HVSHFLDOO\�LQ�XQFRQ-
WUROOHG� XUEDQ� H[SDQVLRQ� FRXSOHG� ZLWK� LQHI¿FLHQW�
WUDQVSRUWDWLRQ��7KH�QHJDWLYH�LPSDFW�RI�DXWRPRELOHV�
RQ�WKH�SK\VLFDO�HQYLURQPHQW�DQG�TXDOLW\�RI�OLIH�KDYH�
EHFRPH� FRQFHUQV� GXH� WR� WKH� FXUUHQW� WUHQG� RI� WKH�
JOREDO� HQYLURQPHQWDO� SUREOHP� RI� FOLPDWH� FKDQJH��
1RW�RQO\�KDV�SROOXWLRQ�IURP�YHKLFOH�FRQJHVWLRQ�KDG�
D�VLJQL¿FDQW�LPSDFW�RQ�XUEDQ�SRSXODWLRQ��WKH�RYHU�
FRQVXPSWLRQ�RI�IXHO�DQG�HQHUJ\�FRQVXPLQJ�DXWRPR-
ELOHV�IRU�GDLO\�FRPPXWHUV�LQ�%DQJNRN�KDV�EHFRPH�

D� SUREOHP� IRU� H[SHUWV� DQG� FRQFHUQ� DXWKRULWLHV� RI�
HQHUJ\�SODQQLQJ��+\SHU�XUEDQL]DWLRQ�KDV�RFFXUUHG�
ZKHQ�WKHUH�LV�D�PLJUDWLRQ�RI�WKH�SRSXODWLRQ�DQG�UHOR-
FDWLRQ�LQ�XUEDQ�DUHDV��7KHVH�FKDQJHV�DOVR�LQÀXHQFH�
XUEDQ� GHQVLW\��ZKLFK� LV� LQFUHDVLQJ� LQ� JURZWK� UDWH�
LQ� VHYHUDO� GLPHQVLRQV� �/LWPDQ�� �������(VSHFLDOO\��
ZKHQ�FRQVLGHUDWLRQ�LV�JLYHQ�WR�GHYHORSLQJ�FRXQWULHV��
WKH�UDSLG�JURZWK�RI�XUEDQ�DUHDV�LQYROYHV�WKH�XVH�RI�
SULYDWH�DXWRPRELOHV��HQHUJ\�FRQVXPSWLRQ�DQG�GHWH-
ULRUDWLRQ�RI�WKH�XUEDQ�HQYLURQPHQW��,Q�7KDLODQG��DV�
D�UDSLGO\�GHYHORSLQJ�FRXQWU\��WKH�WUDQVSRUWDWLRQ�VHF-
WRU�FRPSULVHG�RI�PRWRU�YHKLFOHV�SOD\V�D�VLJQL¿FDQW�
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UROH�FUXFLDO�WR�WKH�HFRQRP\�DQG�XUEDQ�GHYHORSPHQW��
(VSHFLDOO\��WKH�JURZWK�RI�WKH�FLW\�ZLWK�WKH�VFDWWHULQJ�
RI�GHQVLW\�DQG�VHWWOHPHQW�LQ�SHULSKHUDO�]RQHV�LQÀX-
HQFHV� ORQJ�GLVWDQFH� WUDYHO� SDWWHUQV�ZKLFK� UHTXLUH�
PRUH�HQHUJ\�FRQVXPSWLRQ��1HZPDQ�	�.HQZRUWK\��
�������:KHQ� FRQVLGHULQJ� WKH� XUEDQ� GHYHORSPHQW�
SDWWHUQ� RI� WKH� FHQWUDO� FLW\� RI� 7KDLODQG�� %DQJNRN�
UHSUHVHQWHG�LWV�KLJKHVW�GHYHORSPHQW�DUHD�GXULQJ�WKH�
SHULRG�IURP�WKH�����V�WR�WKH�����V�DV�GHPRQVWUDWHG�
LQ�)LJ����
� ,W� LV� REYLRXV� WKDW�%DQJNRN�KDV�EHFRPH�JUHDWO\�
GLVSHUVHG�ZLWK�WKH�KHDY\�PLJUDWLRQ��SDUWLFXODUO\�WKH�
VHWWOHPHQW� RXWVLGH� RI� WKH� XUEDQ� FRUH�� DOVR� NQRZQ�
DV�JUHDWHU�%DQJNRN��7KLV�JURZWK�RI�WKH�XUEDQ�DUHD�
EH\RQG�WKH�ERXQGDU\�RI�LWV�VXUURXQGLQJ�KDV�UHQDPHG�
WKH� RULJLQDO�%DQJNRN�0HWURSROLWDQ� DUHD� WR�%DQJ-
NRN�0HWURSROLWDQ� 5HJLRQ� �%05��ZKLFK� LQFOXGHV�
�� DGMDFHQW� SURYLQFHV��1RQWKDEXUL�� 6DPXW� 3UDNDQ��
3DWKXPWKDQL��6DPXW�6DNKRQ�DQG�1DNKRQ�3DWKRP��
:LWK�WKH�SRVLWLRQ�RI�XUEDQ�FRUH��WKH�SUHVHQW�RI�LQVWL-
WXWLRQV��HPSOR\PHQW�DUHDV�DQG�VHYHUDO�DFWLYLW\�FHQ-
WHUV�ORFDWHG�LQ�WKLV�DUHD�LQGXFHG�KLJK�LQWHQVL¿FDWLRQ�
LQ� WKHVH� DUHDV�ZLWK� D�PL[� RI� ODQG� XVHV�� LQFOXGLQJ�
SXEOLF��FRPPHUFLDO��HPSOR\PHQW�DQG�KRXVLQJ�DFWLYL-
WLHV��+RZHYHU��WKLV�LQWHQVLW\�GHPRQVWUDWHV�GLIIHUHQW�
GHJUHHV�RI�PL[�LQ�GLIIHUHQW�GHJUHH�RI�GHYHORSPHQW�LQ�
WKH�SHULSKHUDO�RU�VXEXUEDQ�DUHDV��
� 7KH�ZLGH�UDQJH�RI�LQWHQVLW\�KDV�GLUHFW�UHODWLRQVKLS�

ZLWK�WKH�GHQVLW\�RI�SRSXODWLRQ�DQG�PLJUDWLRQ�ZKLFK�
FDQ�EH�QRWLFHDEO\�VHHQ�LQ�7DEOH����7KH�YDULHW\�UDWH�
RI�SRSXODWLRQ�WRJHWKHU�ZLWK�WKH�GHQVLW\�UHSUHVHQW�D�
JRRG�LQGLFDWRU�WR�FKDUDFWHUL]H�WKH�OHYHO�RI�DWWUDFWLYH-
QHVV�IRU�KXPDQ�VHWWOHPHQW�ZKLFK�ZRXOG�EH�UHÀHFWHG�
LQ� WKH�QXPEHU�RI�KRXVHKROGV�DQG� WKH� LPPLJUDWLRQ�
DQG�PLJUDWLRQ�QXPEHUV��,Q�RUGHU�WR�XQGHUVWDQG�WKLV�
OLQNDJH�� D� EDVLF� XQGHUVWDQGLQJ� RI� WUDQVSRUWDWLRQ�
LQIUDVWUXFWXUH�DORQJ�ZLWK�WKH�PRGDO�XVDJH�LV�UHTXLUHG�
WR�HQFRPSDVV�WKH�FRPPXWLQJ�SDWWHUQ�DQG�OLIH�VW\OH�RI�
SHRSOH�LQ�WKLV�UHJLRQ��)XUWKHUPRUH��VXEXUEDQL]DWLRQ�
DOORZLQJ�WKH�FLW\�WR�VSUHDG�ZRXOG�DOVR�LQFUHDVH�WKH�
QHFHVVLW\�RI�RZQLQJ�DQ�DXWRPRELOH��1HZPDQ��.HQ-
ZRUWK\�	�9LQWLOD���������%DVHG�RQ�WKH�:RUOG�%DQN�
5HSRUW���������LQ�������%DQJNRN¶V�LQ�XVH�QDWLRQDO�
PRWRU� YHKLFOH� ÀHHW� ZDV� DERXW� ���� PLOOLRQ�� 7KLV�
DFFRXQWHG�IRU�DERXW�����RI�WKH�QDWLRQ¶V�UHJLVWHUHG�
PRWRU� YHKLFOHV� LQFOXGLQJ� ���� RI� WKH� SULYDWH� FDU�
ÀHHW������RI�QDWLRQDO�PRWRUF\FOHV�DQG�����RI�WKH�
FRPELQHG�WUXFN�DQG�EXV�UHJLVWUDWLRQV��7KH�PDMRULW\�
RI�FRPPXWHUV�ZHUH�UHO\LQJ�RQ�SULYDWH�YHKLFOH�UDWKHU�
WKDQ� WUDQVLW� XVDJH�� &RQVLGHULQJ� WKH� WUDQVLWLRQ� RI�
XUEDQL]DWLRQ�ZKLOH�WKH�FRQJHVWLRQ�VSUHDGV�RXWZDUG�
JHRJUDSKLFDOO\��%0$��ZKLFK�LV�WKH�PDLQ�RUJDQL]D-
WLRQ�WR�PDQDJH�ODQG�XVH�DQG�LQIUDVWUXFWXUH�GHYHORS-
PHQW�LQ�%DQJNRN�DQG�LWV�YLFLQLWLHV��ODXQFKHG�WKH�¿UVW�
WUDQVLW� OLQH��057�OLQH�ZDV�FRPSOHWHG� LQ������DQG�
RSHUDWHG�DV� WKH�%DQJNRN�7UDQVLW�6\VWHP��%76��RU�

 

 

 

Figure 1. The growth of built-up areas in Bangkok Metropolitan Region (BMR) 
Source: Department of City Planning, Bangkok Metropolitan Administration, 2005 

 
 
The wide range of intensity has direct relationship 
with the density of population and migration which 
can be noticeably seen in Table 1. The variety rate of 
population together with the density represent a good 
indicator to characterize the level of attractiveness for 
human settlement which would be reflected in the 
number of households and the immigration and 
migration numbers. In order to understand this linkage, 
a basic understanding of transportation infrastructure 
along with the modal usage is required to encompass 
the commuting pattern and life style of people in this 
region. Furthermore, suburbanization allowing the city 
to spread would also increase the necessity of owning 
an automobile (Newman, Kenworthy & Vintila, 1995). 
Based on the World Bank Report (2007), in 2003, 
Bangkok’s in-use national motor vehicle fleet was 
about 2.9 million. This accounted for about 22% of 
the nation’s registered motor vehicles including 57% 
of the private car fleet, 12% of national motorcycles 
and 42% of the combined truck and bus registrations. 
The majority of commuters were relying on private 
vehicle rather than transit usage. Considering the 
transition of urbanization while the congestion spreads 
outward geographically, BMA, which is the main 
organization to manage land use and infrastructure 
development in Bangkok and its vicinities, launched 
the first transit line. MRT line was completed in 1999 
and operated as the Bangkok Transit System (BTS) or 
Sky Train (Green Line) with a total length of 22.9 km. 
(IMAC, 2005). However, given the limited service of 
transit line compared with the road and expressway 
development, Bangkok and its vicinities have 
continued to be dominated by roads-oriented 
development with the unsolved traffic congestion 
crisis (Rujopaharn, 2003).  

However, the other driving force of this 
pattern may be influenced by not only the 
transportation infrastructure development but also 
policy-making for the development plan in this area 
(Iamtrakul and Hokao, 2011). With the consideration 
of the development plans at national, regional, 

sub-regional, provincial and municipality level, 
Pathumthani was positioned as the prevalent satellite 
town of educational institutions and industrial area as 
depicted in Figure 3. To accommodate the huge 
attraction of urbanization in this area including 
population and commercial development among 
others, it has been recognized that one of the most 
effective ways to facilitate urban restructuring is to 
move towards a polycentric system from the current 
mono-centric system in Bangkok. Furthermore, this 
approach can be successfully planned to deliberately 
utilize the urban rail transit systems. Additionally, to 
reduce the demands on automobile while most people 
are now highly dependent on car travel is presented as 
a new challenge to the planners, the operators, the 
public, and other stakeholders (Beirão and Cabral, 
2007). However, as previously mentioned, the limited 
mass transit service provided only in the urban core 
could not accommodate the demand for providing 
maximum access and connectivity between the central 
core area and the surrounding areas. It is crystal clear 
that urban sprawl has become the main influence on 
settlement along the network expansion. The greater 
use of private cars raises challenges to sustainable 
development. 

 
2. Methodology 

To investigate urban land development patterns in 
the study area, the travel behavior approach plays an 
important role as powerful tool for reflecting the 
interaction between land use and mobility patterns. 
This approach has been widely used by several 
researchers through quantitative and qualitative 
interviews (Dieleman et al., 2002; Krizek, 2003; Næss, 
2006). This study aims to explore the particular 
dimensions of the built environment in terms of land 
use and transportation linkage which aim to enhance 
the attractiveness and accessibility of suburbanized 
area. The attractiveness could be assessed based on 
the land-use analysis since most of the development 
plan induced the new development type to form the 

Fig. 1  The growth of built-up areas in Bangkok Metropolitan Region (BMR) Source:  
Department of City Planning, Bangkok Metropolitan Administration, 2005
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6N\�7UDLQ��*UHHQ�/LQH��ZLWK�D�WRWDO�OHQJWK�RI������
NP�� �,0$&�� ������� +RZHYHU�� JLYHQ� WKH� OLPLWHG�
VHUYLFH�RI� WUDQVLW� OLQH�FRPSDUHG�ZLWK� WKH�URDG�DQG�
H[SUHVVZD\�GHYHORSPHQW��%DQJNRN�DQG�LWV�YLFLQLWLHV�
KDYH�FRQWLQXHG�WR�EH�GRPLQDWHG�E\�URDGV�RULHQWHG�
GHYHORSPHQW�ZLWK� WKH� XQVROYHG� WUDI¿F� FRQJHVWLRQ�
FULVLV��5XMRSDKDUQ���������
� +RZHYHU�� WKH�RWKHU�GULYLQJ� IRUFH�RI� WKLV�SDWWHUQ�
PD\� EH� LQÀXHQFHG� E\� QRW� RQO\� WKH� WUDQVSRUWDWLRQ�
LQIUDVWUXFWXUH�GHYHORSPHQW�EXW� DOVR�SROLF\�PDNLQJ�
IRU�WKH�GHYHORSPHQW�SODQ�LQ�WKLV�DUHD��,DPWUDNXO�DQG�
+RNDR���������:LWK�WKH�FRQVLGHUDWLRQ�RI�WKH�GHYHO-
RSPHQW� SODQV� DW� QDWLRQDO�� UHJLRQDO�� VXE�UHJLRQDO��
SURYLQFLDO�DQG�PXQLFLSDOLW\�OHYHO��3DWKXPWKDQL�ZDV�
SRVLWLRQHG�DV�WKH�SUHYDOHQW�VDWHOOLWH�WRZQ�RI�HGXFD-
WLRQDO�LQVWLWXWLRQV�DQG�LQGXVWULDO�DUHD��7R�DFFRPPR-
GDWH�WKH�KXJH�DWWUDFWLRQ�RI�XUEDQL]DWLRQ�LQ�WKLV�DUHD�
LQFOXGLQJ�SRSXODWLRQ�DQG�FRPPHUFLDO�GHYHORSPHQW�
DPRQJ�RWKHUV��LW�KDV�EHHQ�UHFRJQL]HG�WKDW�RQH�RI�WKH�
PRVW�HIIHFWLYH�ZD\V�WR�IDFLOLWDWH�XUEDQ�UHVWUXFWXULQJ�LV�
WR�PRYH�WRZDUGV�D�SRO\FHQWULF�V\VWHP�IURP�WKH�FXU-
UHQW�PRQR�FHQWULF�V\VWHP�LQ�%DQJNRN��)XUWKHUPRUH��
WKLV�DSSURDFK�FDQ�EH�VXFFHVVIXOO\�SODQQHG�WR�GHOLEHU-
DWHO\�XWLOL]H�WKH�XUEDQ�UDLO�WUDQVLW�V\VWHPV��$GGLWLRQ-
DOO\��WR�UHGXFH�WKH�GHPDQGV�RQ�DXWRPRELOH�ZKLOH�PRVW�
SHRSOH�DUH�QRZ�KLJKO\�GHSHQGHQW�RQ�FDU�WUDYHO�LV�SUH-
VHQWHG�DV�D�QHZ�FKDOOHQJH�WR�WKH�SODQQHUV��WKH�RSHUD-
WRUV��WKH�SXEOLF��DQG�RWKHU�VWDNHKROGHUV��%HLUmR�DQG�
&DEUDO�� �������+RZHYHU�� DV� SUHYLRXVO\�PHQWLRQHG��
WKH�OLPLWHG�PDVV�WUDQVLW�VHUYLFH�SURYLGHG�RQO\�LQ�WKH�
XUEDQ�FRUH�FRXOG�QRW�DFFRPPRGDWH�WKH�GHPDQG�IRU�
SURYLGLQJ�PD[LPXP�DFFHVV�DQG�FRQQHFWLYLW\�EHWZHHQ�
WKH�FHQWUDO�FRUH�DUHD�DQG�WKH�VXUURXQGLQJ�DUHDV��,W�LV�
FU\VWDO�FOHDU�WKDW�XUEDQ�VSUDZO�KDV�EHFRPH�WKH�PDLQ�
LQÀXHQFH�RQ�VHWWOHPHQW�DORQJ�WKH�QHWZRUN�H[SDQVLRQ��
7KH�JUHDWHU�XVH�RI�SULYDWH�FDUV�UDLVHV�FKDOOHQJHV�WR�
VXVWDLQDEOH�GHYHORSPHQW�

2. Methodology

7R�LQYHVWLJDWH�XUEDQ� ODQG�GHYHORSPHQW�SDWWHUQV� LQ�
WKH�VWXG\�DUHD�� WKH� WUDYHO�EHKDYLRU�DSSURDFK�SOD\V�
DQ� LPSRUWDQW� UROH� DV� SRZHUIXO� WRRO� IRU� UHÀHFWLQJ�

WKH�LQWHUDFWLRQ�EHWZHHQ�ODQG�XVH�DQG�PRELOLW\�SDW-
WHUQV��7KLV�DSSURDFK�KDV�EHHQ�ZLGHO\�XVHG�E\�VHY-
HUDO�UHVHDUFKHUV�WKURXJK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�
LQWHUYLHZV� �'LHOHPDQ� HW� DO��� ������ .UL]HN�� ������
1 VV���������7KLV�VWXG\�DLPV�WR�H[SORUH�WKH�SDUWLFXODU�
GLPHQVLRQV�RI�WKH�EXLOW�HQYLURQPHQW�LQ�WHUPV�RI�ODQG�
XVH�DQG�WUDQVSRUWDWLRQ�OLQNDJH�ZKLFK�DLP�WR�HQKDQFH�
WKH�DWWUDFWLYHQHVV�DQG�DFFHVVLELOLW\�RI�VXEXUEDQL]HG�
DUHD��7KH�DWWUDFWLYHQHVV�FRXOG�EH�DVVHVVHG�EDVHG�RQ�
WKH�ODQG�XVH�DQDO\VLV�VLQFH�PRVW�RI�WKH�GHYHORSPHQW�
SODQ�LQGXFHG�WKH�QHZ�GHYHORSPHQW�W\SH�WR�IRUP�WKH�
QHZ�DFWLYLW\�FHQWHU��HVSHFLDOO\�LQ�WKH�RXWO\LQJ�DUHD��
7KH� IRUP� RI� DFWLYLW\� FHQWHUV� VKRXOG� EH� UHYLHZHG�
IURP�ERWK�VHFRQGDU\�GDWD�DQG�SULPDU\�DQDO\VLV�RI�
LWV�VSDWLDO�GLVWULEXWLRQ��7KH�SK\VLFDO�FKDUDFWHULVWLFV�
FRXOG�EH�JHRJUDSKLFDOO\�DQDO\]HG�E\�XVLQJ�WKH�JHR-
JUDSKLF�LQIRUPDWLRQ�V\VWHP��*,6���,W�ZDV�HPSOR\HG�
WR�JUDSKLFDOO\�GHPRQVWUDWH�WKH�GHWDLO�RI�VSDWLDO�VLWH�
GLVWLQFWLYHQHVV�DQG�DOORZ�IRU�PRUH�XQGHUVWDQGDEOH�
PDQQHU�DERXW�WKH�FRPSDWLELOLW\�RI�H[LVWLQJ�ODQG�XVH�
DQG�OLYLQJ�HQYLURQPHQW��
� 7R�DVVHVV� WKH� VSDWLDO� FRQ¿JXUDWLRQ�RI� WKH� VWXG\�
DUHD�DQG�WKH�HPSOR\PHQW�GLVWULEXWLRQ�LQÀXHQFH�WKH�
PRELOLW\�SDWWHUQ�RI� WKH�UHVLGHQWV� LQ�WKH�VWXG\�DUHD��
VHYHUDO�VWXGLHV�SRLQWHG�RXW�WKDW�WKH�LPSDFW�RI�XUEDQ�
VWUXFWXUH�PD\�FKDQJH�FRPPXWHUV¶� FKRLFHV� �(ZLQJ�
DQG�&HUYHUR��������0H\HU�DQG�0LOOHU���������7KH�
RSSRUWXQLWLHV�RIIHU�ÀH[LELOLW\� IRU� FHUWDLQ� DFWLYLWLHV�
VXFK�DV� VKRSSLQJ��EDQNLQJ�DQG�RWKHU� VHUYLFHV�DQG�
DIIHFW�GHVWLQDWLRQ�FKRLFHV��7R�JUDSKLFDOO\�GLIIHUHQWL-
DWH�WKH�DFWLYLWLHV�LQ�GLIIHUHQW�VXE�FHQWHUV��WKLV�VWXG\�
HPSOR\HG�WKH�*,6�WRRO�WR�DQDO\]H�WKH�VLWH�FKDUDFWHU-
LVWLFV�DQG�WR�HQVXUH�WKH�VWUXFWXUHV�RI�WKH�VLWH�ZKLFK�
ZLOO�EH�SODFHG�LQ�D�PDQQHU�WR�LQGXFH�PDMRU�WULSV�WR�
WKHLU�ORFDWLRQV��7R�SURYLGH�D�PRUH�REMHFWLYH�ZD\�DQG�
WR�H[KLELW�PRUH�DERXW�PRELOLW\�SDWWHUQV��D�TXHVWLRQ-
QDLUH�VXUYH\�ZDV� WKHQ�FRQGXFWHG� WR�FDWHJRUL]H� WKH�
EHKDYLRU�RI�SHRSOH�UHJDUGLQJ�SULYDWH�DXWRPRELOH�DQG�
SXEOLF� WUDQVSRUWDWLRQ� XVDJH�� +RZHYHU�� LQWHJUDWHG�
DQDO\VLV� RI� ERWK� DSSURDFKHV� �SK\VLFDO� DQDO\VLV�
DQG�EHKDYLRU�DQDO\VLV��SURYLGHV� LQWHUHVWLQJ�UHVXOWV�
UHJDUGLQJ�WKH�RFFXUUHQFHV�RI�PRELOLW\�OLPLWDWLRQV�IRU�
VRPH�SDUWV�RI�WKH�VWXG\�DUHD��
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� 7KH�VDPSOLQJ�PHWKRG�ZDV�IROORZHG�7DUR�<DPDQH¶V�
SRSXODWLRQ�VDPSOLQJ�WDEOH�ZLWK�����HUURU�LQ�RUGHU�WR�
FRYHU�WKH�DUHD�VDPSOLQJ��7KH�VDPSOHV�RI�UHVSRQGHQWV�
IURP�WKLV�VDPSOLQJ�PHWKRG�ZHUH�D�WRWDO�RI������)DFH�
WR�IDFH�LQWHUYLHZV�ZHUH�FDUULHG�RXW�LQ�WKH�VXUYH\�DV�
ZHOO�DV�VHOI�DQVZHULQJ�E\�HDFK�UHVSRQGHQW��%DVHG�RQ�
WKLV�GDWD�FROOHFWLRQ��GHVFULSWLYH�VWDWLVWLFDO�DQDO\VLV�
DQG�OLQHDU�GLVFULPLQDQW�DQDO\VLV��/'$��ZDV�DGRSWHG�
DV�WKH�PHWKRGRORJ\�WR�GLIIHUHQWLDWH�WKH�WUDYHO�EHKDY-
LRU�UHVSRQVH�WR�GLIIHUHQW�VXE�FHQWHUV��7KH�¿QGLQJV�RI�
WKLV�VWXG\�ZRXOG�EH�EHQH¿FLDO�LQ�WHUPV�RI�LQFRUSR-
UDWLQJ�D�QXPEHU�RI� IDFWRUV�RWKHU� WKDQ� WKH� ODQG�XVH�
HQYLURQPHQW� WKDW� FDQ� DOVR� HQFRPSDVV� D� SURIRXQG�
LPSDFW�RQ�FRPPXWLQJ�EHKDYLRU��)LQGLQJ�WKH�FRUUHFW�
FRPELQDWLRQ�RI�ODQG�XVH�DQG�QRQ�ODQG�XVH�LQLWLDWLYHV�
IRU� DFKLHYLQJ�YDULRXV�PRELOLW\� DQG� HQYLURQPHQWDO�
REMHFWLYHV�UHPDLQV�D�VLJQL¿FDQW�SXEOLF�SROLF\�FKDO-
OHQJH��0RUHRYHU��DQ�LPSOLFDWLRQ�RI�WKLV�VWXG\�FRXOG�
KHOS�DV�D�JXLGHOLQH�IRU�DQ�LQWHJUDWLQJ�RI�ODQG�XVH�DQG�
WUDQVSRUWDWLRQ�V\VWHP�GHYHORSPHQW��,Q�SDUWLFXODU��LW�
ZRXOG�QRW�RQO\�KHOS�IRU�SURPRWLQJ�ULGHUVKLS�RI�SXE-
OLF�WUDQVSRUW�V\VWHPV�LQ�WHUPV�RI�DQ�HQKDQFHPHQW�RI�
LWV�XUEDQ�HQYLURQPHQW�ZKLOH�UHGXFLQJ�WKH�QHHG�IRU�
DQG�XVH�RI�SULYDWH�YHKLFOHV��EXW�LW�ZRXOG�DOVR�GULYH�
SROLFLHV�IRU�VXVWDLQDEOH�XUEDQ�GHYHORSPHQW��

3. Study area: Pathumthani Province

3DWKXPWKDQL� LV� ORFDWHG� LQ� WKH� FHQWUDO� UHJLRQ�� DW�
DSSUR[LPDWHO\�����1RUWK�ODWLWXGH�DQG������(DVW�ORQ-
JLWXGH�DSSUR[LPDWHO\������PHWHUV�DERYH�VHD�OHYHO��
7KH� DUHD� FRYHUV� ���������� VTXDUH� NLORPHWHUV� RU�
��������UDL��DQG�LV�VLWXDWHG�DW�WKH�QRUWK�RI�%DQJNRN�
DORQJ�WKH�KLJKZD\�1R�����3KDKRQ�<RWKLQ�5RDG��ZLWK�
D�GLVWDQFH�RI�DSSUR[LPDWHO\������NLORPHWHUV��,W�KDV�
EHHQ�GHYHORSHG�IURP�FDQDO�VLGH�DUHDV��SDUWLFXODUO\�LQ�
6DP�.KRN�'LVWULFW��ODWHUDO�FDQDO�LQ�.ORQJ�/XDQJ�DQG�
/DP�/XNND�'LVWULFW��,W�LQFOXGHV�D�GHQVH�UHVLGHQWLDO�
DUHD�DORQJ�3KDKRO\RWKLQ�5RDG��ZKLFK� LV� D�PL[HG�
XVH� DUHD� RI� UHVLGHQWLDO� DQG� FRPPHUFLDO� EXLOGLQJV��
7KHVH�DUHDV�DUH�FRYHUHG�E\�D�GHQVH�PL[�RI�UHVLGHQ-
WLDO�XQLWV� WKDW�DUH�PDLQO\�FRPSULVHG�RI� ODUJH�FRP-
PHUFLDO� EXLOGLQJV� DQG� FRQGRPLQLXP�� ,Q� DGGLWLRQ��

WKH�DUHDV�DOVR�FRQVLVW�RI�KLJK�GHQVLW\�KRXVLQJ�LQ�WKH�
1DYDQDNRUQ�,QGXVWULDO�=RQH�ZKHUH�WKH�KRXVLQJ�SURM-
HFW�LV�FHUWL¿FDWHG�E\�WKH�1DWLRQDO�+RXVLQJ�$XWKRU-
LW\� WR�SURYLGH�IRU�1DYDQDNRUQ�ZRUNHUV�IRU� OHDVLQJ�
DQG� KLUH� SXUFKDVH��7KH� SURMHFW� FRPSULVHV� VHYHUDO�
KRXVLQJ� W\SHV�VXFK�DV� VLQJOH�GHWDFKHG�KRXVHV�DQG�
WRZQKRXVHV��7KH�JURZWK�WUHQGV�DUH�H[SHFWHG�LQ�WKH�
DUHDV�DORQJ�&KLDQJ�5DN±.ORQJ�/XDQJ��3KDKRQ\R-
WKLQ±/XPOXNND�DQG�WKH�ODWHUDO�FDQDO�DUHDV�FORVH�WR�
RWKHU� WUDQVSRUWDWLRQ� SURMHFWV�� &RPPHUFLDO� ODQG� LV�
DOZD\V� ORFDWHG�DORQJ� URDGVLGHV��SDUWLFXODU� LQ�HDV\�
DFFHVV�DUHDV��WXUQLQJ�SRLQW�DUHDV�RU�GHQVH�FRPPX-
QLW\�VXFK�DV�5DQJVLW�0DUNHW�$UHD��6L�0XP�0XDQJ�
0DUNHW�$UHD�DQG�%DQJNKDQ�0DUNHW�$UHD��0RVW�RI�
VXFK�DUHDV�ZHUH�HVWDEOLVKHG�LQ�WKH�3DKRQ\RWKLQ�5RDG�
&RUULGRU� DQG�ZHUH� XVHG� IRU� FRPPHUFLDO� SXUSRVHV�
LQFOXGLQJ�UHWDLO�VWRUHV��VDOH�RI¿FHV��VKRSSLQJ�PDOOV��
PDUNHWV� DQG� HQWHUWDLQPHQW� DUHDV�� )XUWKHUPRUH��
GXH� WR� WKH� LQFUHDVLQJ�SULFH�RI� ODQG�� WKH�H[SDQVLRQ�
RI� LQGXVWULDO� VHFWRUV� LV�RQO\�SRVVLEOH� IRU� LQGXVWULDO�
HVWDWH��)RU�ZDUHKRXVHV��LW�DOVR�LV�H[SHFWHG�WR�VKRZ�
JURZWK�XS�EHFDXVH�RI�WUXFN�WHUPLQDO�SURYLGLQJ�LQ�WKH�
QRUWK�RI�SLW� VWRS� DQG� WUDQVVKLSPHQW� LQWR�%DQJNRN�
WKDW�WKH�JURZWK�RI�ZDUHKRXVH�LV�H[SHFWHG�LQ�WKH�DUHDV�
QHDU�.ORQJ�/XDQJ�5RDG��,Q�WKH�SDUW��DJULFXOWXUH�ODQG�
SOD\V�D�NH\�UROH� LQ� WKLV�DUHD��%XW�QRZ��DJULFXOWXUH�
ODQG�KDV�GHFUHDVHG�EHFDXVH�RI�XUEDQ�GHYHORSPHQW��
6XFK�ODQG�LV�DOVR�H[SHFWHG�WR�FRQWLQXDOO\�GHFUHDVH�LQ�
WKH�IXWXUH�GXH�WR�WKH�LQFUHDVH�RI�ODQG�YDOXHV��6R��ODQG�
RZQHUV�ZLOO� WXUQ� WR� RWKHU� RSSRUWXQLWLHV� WKDW�PDNH�
D�KLJKHU�\LHOG�VXFK�DV�VHOOLQJ�ODQG�WR�LQYHVWRUV�IRU�
ODXQFKLQJ�ODQG�EXVLQHVV��&XUUHQWO\��DJULFXOWXUH�ODQG�
UHPDLQV� LQ�VRPH�DUHDV� LQFOXGLQJ�6DP�.RN��.ORQJ�
/XDQJ�DQG�/XPOXNND�'LVWULFW�

4. Land Use Pattern of Pathumthani

4.1 Transition of Land Use

:KHQ� FRQVLGHULQJ� WKH� VHWWOHPHQW� RI� KRXVLQJ� DQG�
WUDQVIRUPDWLRQ�RI�ODQG�XVH�LQ�WKH�VWXG\�DUHD��LW�ZDV�
IRXQG�WKDW�WKHUH�LV�PDMRU�FKDQJH�DORQJ�WKH�KLJKZD\�
�3KDKRO\RWKLQ�+LJKZD\���7KLV�LV�GXH�WR�WKH�YDULHW\�
RI� LQIUDVWUXFWXUH� VHUYLFHV� SURYLGHG� WR� VXSSRUW� MRE�
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DQG�KRXVLQJ�GHYHORSPHQW� RXWVLGH�&%'�XQGHU� WKH�
JHRJUDSKLF�FRQVWUDLQWV�RI�WKH�DUHD��0RUHRYHU��GXH�WR�
WKH�H[SDQGLQJ�SRSXODWLRQ�RI�VXEXUEDQ�FRPPXQLWLHV�
DFFRUGLQJ�WR�WKH�SRO\FHQWULF�SODQ��LW�LV�UHTXLUHG�WKDW�
WKH�JRYHUQPHQW�LQ�WKH�VXUURXQGLQJ�DUHD�RI�%DQJNRN�
XVH�WKH�VFDUFH�ODQG�UHVRXUFHV�HIIHFWLYHO\�LQ�VXSSRUW�
RI� WKH� HFRQRPLF� GHYHORSPHQW� DQG� KRXVLQJ� RI� WKH�
LQFUHDVLQJ�SRSXODWLRQ��7KXV�� LW�ZDV� IRXQG� WKDW� WKH�
HPSOR\PHQW�DUHDV�LQ�WHUP�RI�LQVWLWXWLRQV�DQG�LQGXV-
WULDO� VHFWRUV� DUH� JURZWK� LQFUHDVLQJO\� LQ� WKLV� DUHD��
)XUWKHUPRUH�� ZKHQ� FRQVLGHULQJ� WKH� FRPPHUFLDO�
FHQWHU��LW�EHFRPHV�PRUH�FRQFHQWUDWHG�LQ�WKLV�]RQH�DV�
ZHOO��7KXV��WKH�ODQG�XVH�SODQQLQJ�DOVR�QHHGV�WR�EH�
HIIHFWLYHO\�OLQNHG�ZLWK�WKH�WUDQVSRUWDWLRQ�SODQ�ZKLFK�
FRXOG�VXVWDLQ�KLJK�SRSXODWLRQ�GHQVLW\�RYHU�WKH�\HDUV��
+RZHYHU��LW�ZDV�IRXQG�WKDW�PRVW�RI�WKH�VHWWOHPHQWV�
RFFXU�DORQJ�WKH�KLJKZD\�LQ�WKH�IRUP�RI�ULEERQ�GHYHO-
RSPHQW��ZKLFK�UHSUHVHQW�WKH�XQLTXH�PRELOLW\�SDWWHUQ�
RI�WKH�VWXG\�DUHD��

4.2 Land Use Distribution

7KH�FRQWLQXRXV�H[SDQVLRQ�RI� FLWLHV� DQG� WKH� HPHU-
JHQFH� RI� QHZ� FRQFHQWUDWLRQ� QRGHV� DW� WKH� XUEDQ�
SHULSKHU\�RI�%DQJNRN� WR�3DWKXPWKDQL�SURYLQFH� LV�
REYLRXV��'XH�WR�WKH�UDSLG�UDWH�RI�WKH�XUEDQL]DWLRQ�RI�
%DQJNRN��WKH�VXEXUEDQ�DUHD�RI�LWV�YLFLQLWLHV��HVSH-
FLDOO\�3DWKXPWKDQL�SURYLQFH��KDV�QDWXUDOO\�EHFRPH�
WKH�VXE�FHQWHU��7KLV�IRUPXODWLRQ�KDV�DOVR�EHHQ�GULYHQ�
E\�WKH�UHJLRQDO�DQG�VXE�UHJLRQDO�SROLF\�WR�VXSSRUW�
WKH�ODQG�H[WHQVLYH�GHPDQG�ZLWK�WKH�ORZHU�SULFH�RI�
KRXVLQJ�DQG�RWKHU�RSSRUWXQLWLHV�IRU�EXVLQHVV��,W�FDQ�
EH�VHHQ�WKDW�WKH�UHGXFWLRQ�LQ�WKH�DJULFXOWXUH�ODQG�IURP�
����±��������������ZDV�UHSODFHG�E\�WKH�EXLOGLQJ�
IRU�VHYHUDO�SXUSRVHV�WR�DFFRPPRGDWH�WKH�JURZWK�RI�
WKH�FLW\��7KH�PDMRU�WUDQVLWLRQ�LV�LQ�FRPPHUFLDO������
WLPHV��� LQGXVWULDO� ����� WLPHV�� DQG� UHVLGHQWLDO� DUHDV�
�������UHVSHFWLYHO\�

����8UEDQL]DWLRQ�RI�%DQJNRN�DQG�LWV�9LFLQLWLHV
:KHQ�FRQVLGHULQJ� WKH� VSDWLDO� SDWWHUQ� LQ� WKH� VWXG\�
DUHD��XUEDQ�VWUXFWXUH�IRUPXODWLRQ�FRPHV�LQWR�TXHV-
WLRQ��7KLV�LV�GXH�WR�WKH�IDFW�WKDW�WKH�SRSXODWLRQ�DQG�

HPSOR\PHQW�DUHDV�VHWWOH�DZD\�IURP�WKH�VXE�FHQWHU�
ZKLFK�VHUYHV�DV�D�QRGH�RI�FRQFHQWUDWLRQ��7KH�VFDWWHU-
LQJ�RI�KRXVLQJ��FRPPHUFLDO�DQG�UHVLGHQWLDO�ORFDWLRQV�
IRUP�DORQJ�WKH�URDG�DOLJQPHQW�WR�IDFLOLWDWH�DFFHVVL-
ELOLW\��7KLV�LV�FRQVLVWHQW�ZLWK�WKH�GHWRQDWLRQ�RI�XUEDQ�
VSUDZO�E\�(ZLQJ���������7KH�SKHQRPHQRQ�RI�VSUDZO�
ZDV�GHPRQVWUDWHG�WR�EH�VFDWWHUHG�GHYHORSPHQW�DV�D�
VWULS�GHYHORSPHQW�DORQJ�WKH�URDG�QHWZRUN��$V�SUH-
YLRXVO\�PHQWLRQHG�DERXW�WKH�PDMRULW\�EXLOGLQJ�XVH��
WKH�SUHVHQFH�RI�YDVW�UHVLGHQWLDO�ODQG�XVH�RI�������LQ�
WKH�VWXG\�DUHD�LV�IROORZHG�E\�LQGXVWULDO���������DQG�
DFDGHPLF�LQVWLWXWLRQV���������$PRQJ�WKH�DEXQGDQW�
SURSRUWLRQ�RI� UHVLGHQWLDO�XVH��PRVW�RI� WKH�KRXVLQJ�
W\SH�LQ�WKH�VWXG\�DUHD�LV�VLQJOH�KRXVLQJ�WKDW�LV�DERXW�
������

4.4 Urban Form and Transportation Network

$FFRUGLQJ� WR� WKH� SRO\FHQWULF� SODQ� RI� WKH� VWXG\�
DUHD��WKH�SDWWHUQ�RI�VHYHUDO�FHQWHUV�FRXOG�EH�VRUWHG�
LQWR�WKUHH�VXE�FDWHJRULHV��HFRQRPLF��LQGXVWULDO�DQG�
FRPPXQLW\�FHQWHUV����$OWKRXJK��LWV�VSDWLDO�VWUXFWXUH�
FRXOG� EH� VHHQ� LQ�PXOWLSOH� XUEDQ� FHQWHUV�ZLWK� WKH�
KLJK� OHYHO� RI� HFRQRPLF� LQWHUDFWLRQ�� WKHUH� LV� QRWK-
LQJ�FOHDU�DERXW� WKH� OLQNDJH�DPRQJ� WKHVH�VXEXUEDQ�
FHQWHUV��7KLV�LV�GXH�WR�WKH�GH¿QLWLRQ�RI�3DUU��������
FRQFHUQLQJ�SRO\FHQWULF�XUEDQ�UHJLRQV�VKRXOG�FRQVLVW�
RI�PXOWLSOH�XUEDQ�FHQWHUV�VHSDUDWHG�IURP�HDFK�RWKHU�
E\�WUDFWV�RI�RSHQ�ODQG��LQ�ZKLFK�WKH�PD[LPXP�WUDYHO�
WLPH�EHWZHHQ�XUEDQ�FHQWHUV�LV�RQH�KRXU��7KH�PRELO-
LW\�SDWWHUQ�RI�SHRSOH�LQ�WKLV�VWXG\�DUHD�SOD\V�D�NH\�
UROH� LQ�FRQ¿UPLQJ� WKH� LQWHUDFWLRQ�RI�SHRSOH� WR� WKH�
GLIIHUHQW�DWWUDFWLRQV�RI�WKH�FHQWHUV��'LIIHUHQW�XUEDQ�
FHQWHUV�KDYH�WKHLU�RZQ�VSDWLDO�VSHFLDOL]DWLRQ�WR�VKDSH�
OHYHO� RI�PRELOLW\� RI� SHRSOH� ZKLFK� ZLOO� EH� XVHIXO�
LQIRUPDWLRQ�WR�FRQ¿UP�WKH�FKDUDFWHULVWLFV�RI�VWXG\�
DUHDV�RI�SRO\FHQWULF�XUEDQ� VWUXFWXUH��)XUWKHUPRUH��
WKH�¿QGLQJ�ZLOO�EH�XWLOL]HG�IRU�IXWXUH�SODQ�RI�WUDQVLW�
GHYHORSPHQW�LQ�WKH�VWXG\�DUHD�ZKLFK�ZRXOG�GLPLQ-
LVK�WKH�FXUUHQW�SUREOHP�ZKLOH�SURYLGH�DQ�HIIHFWLYH�
OLQN�ZLWK�H[LVWLQJ�VHUYLFH�RI�WUDQVSRUWDWLRQ�DQG�ODQG�
XWLOL]DWLRQ�SURPRWLRQ��
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5. Exploring Land Use and Transpor-

tation Interaction of Study Area

$�WRWDO�RI�����HIIHFWLYH�TXHVWLRQQDLUHV�RQ�WKH�EDVLV�
RI� IDFH�WR�IDFH� LQWHUYLHZV�ZHUH�DSSOLHG� WR� LQYHVWL-
JDWH�WKH�LQWHUDFWLRQ�RI�ODQG�XVH�DQG�WUDQVSRUW�LQ�WKH�
VWXG\� DUHD��7KLV� UHODWLRQVKLS� FRXOG�EH�GHWHUPLQHG�
E\�DVVHVVLQJ�WKH�WUDYHO�EHKDYLRU�RI�SHRSOH�WR�UHÀHFW�
WKHLU� PRELOLW\� SDWWHUQ�� 7KH� PDMRU� GHVWLQDWLRQV� RI�
ZRUNLQJ� DUHDV� ZHUH� VHOHFWHG� WR� LQFOXGH� LQWR� WKH�
LQWHUYLHZ�SURFHVV�WKDW�DUH�DURXQG�UHVLGHQWLDO�DUHDV��
HPSOR\PHQW�DUHD��FRPPHUFLDO�DQG�LQGXVWULDO�]RQHV��
DQG�RWKHU�]RQHV�DV�GHSLFWHG�LQ�)LJ�����:KHQ�FRQVLG-
HULQJ�WKH�SK\VLFDO�VWUXFWXUH�RI�WKH�VWXG\�DUHD�DPRQJ�
WKHVH�WKUHH�VXE�FHQWHUV��LW�FDQ�EH�VHHQ�WKDW�WKH�GHYHO-
RSPHQW�RI�HPSOR\PHQW�FHQWHUV�DUH�VLWXDWHG�DORQJ�WKH�
PDMRU� KLJKZD\� QHWZRUN� �3DKRO\RWKLQ�1R�����2QH�
LV� WKH�VKRSSLQJ�FHQWHU�ZKLFK� LV� UHSUHVHQWHG�DV� WKH�
UHJLRQDO�FRPPHUFLDO�FHQWHU�LQ�WKLV�DUHD��

� 7KH� RWKHU� HPSOR\PHQW� FHQWHU� LV� WKH� LQGXVWULDO�
SDUN�ZKLFK�LQGXFHV�PDVVLYH�SXEOLF� LQYHVWPHQW�IRU�
ORZ�LQFRPH�KRXVLQJ�WR�FUHDWH�MRE�KRXVLQJ�EDODQFH�
ZKLFK� DOVR� KHOSV� WR� SURPRWH� WKH� QHZ� UHVLGHQWLDO�
FRQVWUXFWLRQ�DQG�PDVVLYH�KLJK�GHQVLW\�DSDUWPHQWV�RI�
WKLV�HPSOR\PHQW�DUHD��7R�REWDLQ�WKH�PRELOLW\�GDWD��
WKH�RWKHU�]RQHV�KDYH�WR�EH�LQFOXGHG�DV�WKH�ODVW�JURXS�
IRU�DQDO\VLV��$FFRUGLQJO\��WKH�DFWXDO�PRELOLW\�RI�FLWL-
]HQV�FRXOG�EH�H[SORUHG�DPRQJ�DOO�PHDQV�RI�WUDQVSRU-
WDWLRQ�V\VWHP�DYDLODEOH�LQ�WKH�QHWZRUN��7KLV�WUDYHO�
EHKDYLRU�GDWD�ZLOO�EH�XVHG�WR�LGHQWLI\�WKH�UHODWLRQ-
VKLS�EHWZHHQ�ODQG�XVH�DQG�WKH�WUDQVSRUWDWLRQ�V\VWHP�
GXH�WR�WKH�IDFW�WKDW�WKH�GHVWLQDWLRQV�RI�WULSV�UHSUHVHQW�
WKHLU�DWWUDFWLRQ�WR�DFFRPSOLVK�LQGLYLGXDO�WULS�SXUSRVH�
DQG�WUDYHO�IURP�KRXVLQJ�ORFDWLRQ��9DQ�:HH��������

  

   

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Pattern of Sub-centers in the Study Area 

 
The other employment center is the industrial park 

which induces massive public investment for 
low-income housing to create job-housing balance 
which also helps to promote the new residential 
construction and massive high-density apartments of 
this employment area. To obtain the mobility data, the 
other zones have to be included as the last group for 
analysis. Accordingly, the actual mobility of citizens 

could be explored among all means of transportation 
system available in the network. This travel behavior 
data will be used to identify the relationship between 
land use and the transportation system due to the fact 
that the destinations of trips represent their attraction 
to accomplish individual trip purpose and travel from 
housing location (Van Wee, 2002). 

 
Table 1. Summarization of Commuters’ Mobility Characteristics 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2  Pattern of Sub-centers in the Study Area
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Table 1  Summarization of Commuters’ Mobility Characteristics
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5.1 Travel Behavior

7UDYHO�EHKDYLRU�EHWZHHQ�WKUHH�VXE�FHQWHUV�SOD\V�DQ�
LPSRUWDQW�UROH�LQ�LGHQWL¿FDWLRQ�RI�WKH�OHYHO�RI�FRRU-
GLQDWLRQ�EHWZHHQ� ODQG�XVH�DQG� WUDQVSRUW�SODQQLQJ��
VLQFH� WKH� ORFDWLRQ�RI� VXE�FHQWHUV� KDV� D� VLJQL¿FDQW�
HIIHFW�RQ�GDLO\�PRELOLW\�LQ�WHUPV�RI�PRGH�XVDJH�DQG�
QXPEHU� RI� FRQQHFWLRQV��$PRQJ� GLIIHUHQW� PRGHV��
FRPPXWHUV�WUDYHO�WR�WKHLU�GHVWLQDWLRQV�E\�WZR�PDMRU�
PHWKRGV��H�J��SXEOLF�WUDQVSRUWDWLRQ��Q ������������
DQG�SULYDWH�WUDQVSRUWDWLRQ��Q ������������DV�VKRZQ�
LQ�7DEOH����7KH�PDMRULW\�RI�SHRSOH�WUDYHO�E\�SXEOLF�
WUDQVSRUWDWLRQ��Q �������������ZKLFK�DOVR�LQFOXGHV�
SDUDWUDQVLW�VHUYLFH��H�J��VN\�WUDLQ��VXEZD\��EXV��YDQ��
WZR�URZ� EXV��PRWRUF\FOH� WD[L��$� YDULHW\� RI�PRGH�
FKRLFHV�HQDEOH�WUDYHOHUV�WR�ZRUN�LQ�GLIIHUHQW�DUHDV��
2QH� LQWHUHVWLQJ�SRLQW� LV�PRVW�RI� UHVSRQGHQWV�ZKR�
DUH�ZRUNLQJ�LQ�WKH�RXWHU�DUHD���������WUDYHO�ZLWKRXW�
DQ\�FRQQHFWLRQ��7KLV�PHDQV�DOPRVW�KDOI�RI�WKLV�JURXS�
QHHGV�WR�GULYH�WR�WKLV�GHVWLQDWLRQ�����������)XUWKHU-
PRUH��WKLV�PRGH�DOORZV�ÀH[LELOLW\�RI�ERWK�VSDFH�DQG�
WLPH�WR�GHVWLQDWLRQ�

5.2 Weekday and Weekend Trip Comparison

$�FRPSDULVRQ�RI� WUDYHO�EHKDYLRU�RI�SHRSOH�GXULQJ�
ZHHNGD\�DQG�ZHHNHQG�UHÀHFWV�WKH�OHYHO�RI�DFFHVVLELO-
LW\�WR�UHDFK�WKHLU�GHVWLQDWLRQV�DQG�WKHLU�DWWUDFWLYHQHVV��
7KLV�FRQVHTXHQWO\�UHVXOWV�LQ�GLIIHUHQW�H[SHQGLWXUHV�
RI�PRQH\�DQG�WLPH�WR�WUDYHO�WR�WKHLU�GHVWLQDWLRQV��,W�LV�
FOHDUO\�VHHQ�WKDW�PRVW�RI�WKH�SHRSOH�HQMR\�VKRSSLQJ�
WULSV��Q ������������PXFK�PRUH�WKDQ�RWKHU�DFWLYL-
WLHV��SHUVRQDO�EXVLQHVV��VRFLDO�DFWLYLW\�DQG�OHLVXUH�RU�
UHFUHDWLRQ���$PRQJ�VHYHUDO�GHVWLQDWLRQV�RI�VKRSSLQJ�
WULSV��WKH\�FKRRVH�WR�VSHQG�WKHLU�ZHHNHQG�WR�WUDYHO�
QHDUE\�WKHLU�UHVLGHQWLDO�DUHDV�
� )UHTXHQF\� RI� WULS��:KHQ� FRQVLGHULQJ� WKH� IUH-
TXHQF\� RI� WULSV� RQ� ERWK� ZHHNGD\� DQG� ZHHNHQG�
DPRQJ�DOO�GHVWLQDWLRQV��LW�FDQ�EH�VHHQ�WKDW�WKHUH�LV�
VOLJKWO\�PRUH�IUHTXHQF\�RI�WULS�LQ�WKH�HPSOR\PHQW�
DUHD��������IURP�Q ����DQG�RXWHU�DUHD��������IURP�
Q �����UHVSHFWLYHO\�IRU���URXQG�WULS�FDVH��7KLV�PLJKW�
EH�GXH� WR� WKH�YDULHW\�RI� VKRSSLQJ�PDOOV�DQG�RWKHU�
W\SH�RI�VHUYLFHV�DYDLODEOH�LQ�WKH�SUR[LPLW\�RI�FRP-
PHUFLDO�DQG�LQGXVWULDO�DUHD�DV�ZHOO�DV�PRUH�DWWUDF-

WLRQV�RI�DFWLYLW\�DUHDV�LQ�WKH�XUEDQ�FRUH�RI�%DQJNRN�

� Ŷ� �7UDYHO� 'LVWDQFH�� )RU� WKH� GLVWDQFH� RI� WUDYHO��
PRVW�RI�WKH�SHRSOH�WUDYHO�LQ�WKH�PRGHUDWH�OHYHO�
RI�GLVWDQFH��ZKLFK�LV�DERXW���±���NLORPHWHUV�
�Q ������������IROORZHG�E\���±���NLORPHWHU�
�Q ������������PRUH�WKDQ����NLORPHWHU��Q ����
�������� UHVSHFWLYHO\�� +RZHYHU�� SHRSOH� ZKR�
ZRUN�QHDUE\� WKHLU� UHVLGHQWLDO�DUHD�ZRXOG�QRW�
IDFH�ZLWK�WKH�SUREOHP�RI�ORQJ�GLVWDQFH�WUDYHO��
2Q� WKH� RSSRVLQJ� GLPHQVLRQ�� ZRUNHUV� ZKR�
ZRUN� LQ� WKH� RXWHU� ]RQHV� QHHG� WR� WUDYHO� YHU\�
ORQJ�GLVWDQFHV��

� Ŷ� �7UDYHO�7LPH��7KH�GDWD�RQ�WUDYHO�WLPH�GLVWULEX-
WLRQ�IRU�GLIIHUHQW�VXE�FHQWHUV�UHSUHVHQWV�DOPRVW�
WKH�VDPH�WUHQG�ZLWK�WKH�WUDYHO�GLVWDQFH��0RVW�
RI� WKH�FRPPXWHUV� WUDYHO�D�PRGHUDWH�GXUDWLRQ�
RI� WUDYHO� WLPH��ZKLFK�LV�DERXW�������PLQXWHV�
�Q ������������$V�H[SHFWHG��SHRSOH�ZKR�ZRUN�
LQ� WKH� RXWHU� ]RQHV� QHHG� WR� WUDYHO�PRUH� WKDQ�
�� KRXU��ZKLFK� UHSUHVHQWV� DERXW� �������7KLV�
HYLGHQFH� UHYHDOHG� WKH�XUEDQ�VSUDZO�VLWXDWLRQ�
ZKLFK� VKRZV� WKH� H[FHVVLYH� WLPH� IRU� WUDYHO��
HVSHFLDOO\�IRU�ZRUNLQJ�WULS��7KLV�PLJKW�UHVXOW�
LQ�WKH�ODFN�RI�FOHDU�VXE�FHQWHUV�ZLWK�WKH�LQDG-
HTXDWH�RU�LQHIIHFWLYH�OLQNDJH�RI�WUDQVSRUWDWLRQ�
QHWZRUN�LQ�WKH�VWXG\�DUHD��$OVR��WKHUH�LV�LQVXI¿-
FLHQW�DFWLYH�GHYHORSPHQW�SROLF\�WR�FRQWURO�WKLV�
XUEDQL]DWLRQ�FRQGLWLRQ�DQG�WR�FRQFHQWUDWH�MRE�
JURZWK�LQVLGH�WKH�OLPLWHG�QXPEHU�RI�SHULSKHUDO�
FHQWHUV�XQGHU�WKH�PRELOLW\�FRQVLGHUDWLRQ��,Q�WKH�
FDVH�RI�ZHHNHQGV��PRVW�SHRSOH�SUHIHU�PRGHU-
DWH�GXUDWLRQ�RI�WUDYHO�WLPH����±���PLQXWHV��WR�
RXWHU�]RQHV��HVSHFLDOO\�IRU�WKH�JURXS�RI�SHRSOH�
ZKR�ZRUN� LQ� WKH�HPSOR\PHQW�DUHD��IURP�����
�������

� Ŷ� �7UDYHO�([SHQGLWXUH��$V�VKRZQ�LQ�7DEOH����WKH�
PRVW�SHRSOH�VSHQG�PRQH\�WR�WUDYHO�IRU�ZRUN-
LQJ� DQG� IRU� ZHHNHQG� LV� DERXW� ��±���� EDKW��
ZKLFK�FRXOG�EH�HVWLPDWHG�DERXW�������RI�WKHLU�
LQFRPH� �EDVHG� RQ� WKH� SUHYLRXVO\�PHQWLRQHG�
DYHUDJH� LQFRPH���7KLV� H[SHQGLWXUH� LQFUHDVHV�
IRU�SHRSOH�ZKR�HQMR\�ZRUNLQJ�DQG�VSHQGLQJ�
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ZHHNHQGV�LQ�RXWHU�]RQHV��,W�LV�VHHQ�WKDW�RI�WKH�
�����RI�WKH�SHRSOH�ZKR�DUH�ZRUNHUV�LQ�RXWHU�
]RQHV�DQG�DSSUR[LPDWHO\������IRU�ZHHNHQG�WULS�
VSHQG�WKH�KLJKHVW�DPRXQW�RI�PRQH\�IRU� WKHLU�
WULS��!����EDKW���,I�LW�LV�FRPSDUHG�WR�WKHLU�DYHU-
DJH�LQFRPH��LW�ZRXOG�EH�D�PDMRU�SURSRUWLRQ�RI�
WRWDO�VSHQGLQJ�IRU�WUDQVSRUWDWLRQ�FRVW����������
,W� FDQ�EH�FOHDUO\� VHHQ� WKDW� WKHUH� LV�DQ�XUJHQW�
QHHG� WR� SURYLGH� WKH� VROXWLRQV� WR� FRSH� ZLWK�
WKLV� LQHI¿FLHQW�GLVWULEXWLRQ�RI� ORFDWLRQ�RI� WKH�
HPSOR\PHQW�DQG�VHUYLFH�DQG�HI¿FLHQW�WUDQVSRUW�
V\VWHP��

����([SORULQJ�/DQG�8VH�7UDQVSRUWDWLRQ�,QWHUDF-
tion 

5.3.1 Exploring Technique of Linear Discriminant 
Analysis (LDA)
%DVHG�RQ�WKH�GHVFULSWLYH�VWDWLVWLFV�H[SODLQHG�LQ�WKH�
SUHYLRXV�VHFWLRQ��WKH�EDVLF�¿JXUH�RI�WKH�VSDWLDO�SDW-
WHUQ� LQÀXHQFH� RQ�PRELOLW\� SDWWHUQ�ZDV� H[SODLQHG��
+RZHYHU�� IXUWKHU� H[SORUDWLRQ� RI� WKH� H[SODQDWRU\�
YDULDEOHV�WR�GLVFULPLQDWH�WKH�IXQFWLRQDO�RI�GLIIHUHQW�
FHQWHU�LV�UHTXLUHG�WR�FODULI\�WKH�HIIHFWLYHQHVV�RI�WKLV�
VSDWLDO� VWUXFWXUH��7KLV� VWXG\� HPSOR\HG� WKH� VLPSOH�
VWDWLVWLFDO�WHFKQLTXH�RI�/LQHDU�'LVFULPLQDQW�$QDO\VLV�
�/'$��WR�LGHQWLI\�LWV�GH¿FLHQF\�LQ�WKH�UHODWLRQVKLS�
IRU�IXUWKHU�UHFRPPHQGDWLRQV��/'$�LV�D�ZHOO�NQRZQ�
VWDWLVWLFDO�PHWKRG�WR�FODVVLI\�LQGLYLGXDOV�RU�REMHFWV�
LQWR�PXWXDOO\�H[FOXVLYH�DQG�H[KDXVWLYH�JURXSV�EDVHG�
RQ�D�VHW�RI�LQGHSHQGHQW�YDULDEOHV��,DPWUDNXO�HW�DO���
�������7R�FRQ¿UP�WKH�XVHIXOQHVV�RI�WKLV�WHFKQLTXHV��
WKHUH�DUH�D�QXPEHU�RI� VWXGLHV�ZKLFK�KDYH�DSSOLHG�
WKLV�PHWKRG�RI�DQDO\VLV�WR�ODQG�XVH�SODQQLQJ��HVSH-
FLDOO\� LQ� WHUPV� RI� VSDWLDO� DQDO\VLV� RI� XUEDQ� SODQ-
QLQJ�DQG�GHYHORSPHQW�¿HOG��0HQGHV�DQG�7KHPLGR��
������%RU]DFFKLHOOR�HW�DO����������'XH�WR�LWV�H[FHO-
OHQW� JURXS� FODVVL¿FDWLRQ� SHUIRUPDQFH�� WKLV� VWXG\�
HPSOR\HG�WKLV�WHFKQLTXH�WR�H[SODLQ�WKH�WUDYHO�EHKDY-
LRU�RI�UHVSRQGHQWV�LQ�ZRUNLQJ�WULSV�ZLWK�WKHLU�GLIIHU-
HQW�PRGH�FKRLFH�VHOHFWLRQ��%DVHG�RQ�WKLV�DSSURDFK��
WKH� YDULDEOHV� GLVFULPLQDWHG� EHWZHHQ� WKUHH� W\SH� RI�
VXE�FHQWHUV�FRXOG�EH�IRXQG�LQ�WKH�JURXS�RI�YDULDEOHV�
WR�GLVFULPLQDWH�DPRQJ�WKHP��7KH�LQGHSHQGHQW�YDUL-

DEOHV��[���PHQWLRQHG�DERYH��FRXOG�EH�LQSXW�LQWR�WKH�
DQDO\VLV�WR�H[SODLQ�WKH�GLVVLPLODU�VXE�FHQWHUV��6��RI�
WKH�VWXG\�DUHD��%\�XVLQJ�WKH�GDWD�FROOHFWLRQ�LQ�7DEOH�
���WKH�IXQFWLRQV�WR�GLVFULPLQDWH�WKUHH�VXE�FHQWHUV�LQ�
HDFK�PRGDO�XVDJH�FRXOG�EH�FDOLEUDWHG��7KLV�FROOHFWHG�
GDWD�RQ�GLIIHUHQW�XVHUV¶�VRFLRHFRQRPLF�DQG�YDULRXV�
GDLO\�PRELOLW\�FKDUDFWHULVWLFV�FRXOG�WKHQ�EH�XVHG�WR�
GHWHUPLQH�ZKLFK�YDULDEOHV�DUH�EHVW� IRU�FODVVLI\LQJ�
WKH�LQWHUDFWLRQ�RI�GLIIHUHQW�VXE�FHQWHUV¶�ORFDWLRQ�DQG�
FRPPXWHUV¶�FKRLFH�WR�WUDYHO�WR�WKHP��
� %DVHG�RQ�WKH�/'$��YDULRXV�FRPELQDWLRQV�RI�VHY-
HUDO� YDULDEOHV� ZHUH� LQYHVWLJDWHG� WR� GHWHUPLQH� WKH�
PRVW� VXLWDEOH� FODVVL¿FDWLRQ�PRGHO� WKDW� DOORZV� WKH�
EHVW�GLVFULPLQDWLRQ�DPRQJ�WKUHH�VXE�FHQWHUV�ZLWK�D�
PL[WXUH�RI�PRGH�FKRLFH�FKDUDFWHULVWLFV��7KXV�� WKLV�
VWXG\�GLYLGHG�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�VXE�FHQWHU�
ORFDWLRQ�DQG�WUDYHO�EHKDYLRU�RI�SHRSOH�LQWR�WZR�FDW-
HJRULHV�RI�PRGH�VHOHFWLRQV��SULYDWH�DQG�SXEOLF�WUDQV-
SRUW��%DVHG�RQ� WKH�DQDO\VLV�RI�YDULDQFH��$129$��
UHVXOWV�VKRZQ�LQ�7DEOH����WKH�)�WHVW�UHYHDOHG�WKDW�DOO�
LQGHSHQGHQW�YDULDEOHV�ZHUH�LPSRUWDQW�WR�WKH�GLVFULP-
LQDQW� IXQFWLRQ�DQG�FRXOG�EH�DFFHSWHG� IRU� FDOLEUDW-
LQJ�WKH�PRGHO�VKRZQ�WR�EH�VLJQL¿FDQW�DW�FRQ¿GHQW�
OHYHO�RI�������%\�XVLQJ�WKH�6366�VWDWLVWLF�SDFNDJH��
WKH�:LONV¶�/DPEGD� FRXOG� EH� XVHG� WR� GHPRQVWUDWH�
WKH�UHVXOW�RI� WKLV�DQDO\VLV��7KH�UHVXOW�RI� WKH�WHVW� LQ�
7DEOH���DSSHDUV�WR�EH�VLJQL¿FDQW��ZKLFK�PHDQV�WKDW�D�
OLQHDU�FRPELQDWLRQ�RI�WKH�VHOHFWHG�YDULDEOHV�FDQ�GLV-
FULPLQDWH�EHWZHHQ�WKH�WKUHH�JURXSV�RI�VXE�FHQWHUV��
)XUWKHUPRUH��%R[¶V�0�WHVW�UHYHDOHG�WKDW�DOO�DFWLYLW\�
FDVHV�VLJQL¿FDQWO\�PHW�WKH�DVVXPSWLRQ�RI�KRPRJHQH-
LW\�RI�FRYDULDQFH�PDWULFHV�GXH�WR�WKH�DVVXPSWLRQ�DQG�
DJUHHPHQW�XQGHU�DQ�REOLJDWLRQ�WR�XWLOL]H�WKLV�VWDWLVWL-
FDOO\�PHWKRG�
� 7KLV�LQYHVWLJDWLRQ�ZDV�FRQGXFWHG�WKURXJK�D�FRP-
ELQDWLRQ�RI�PRUH�WKDQ����YDULDEOHV��EXW�RQO\�YDULDEOHV�
IRXQG� WR� EH� WKH� RSWLPDO� FRPELQDWLRQ� RI� YDULDEOHV�
FRXOG�EH�XVHG�WR�FODVVLI\�WKH�WUDYHO�EHKDYLRU�WR�GLI-
IHUHQW� VXE�FHQWHU� GHVWLQDWLRQV�� 7DEOH� �� SURYLGHV�
LQIRUPDWLRQ�RQ�HDFK�RI� WKH�GLVFULPLQDWH� IXQFWLRQV�
�HTXDWLRQV��SURGXFHG�ZKLFK�DOVR�GHPRQVWUDWH� WKDW�
FDQRQLFDO� FRUUHODWLRQ� LV� WKH� PXOWLSOH� FRUUHODWLRQV�
EHWZHHQ� WKH�SUHGLFWRUV�DQG� WKH�GLVFULPLQDQW� IXQF-
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WLRQV�ZLWK�DQ�LQGH[�RI�RYHUDOO�PRGHO�¿W��7KH�UHVXOW�RI�
D�FDQRQLFDO�FRUUHODWLRQ�RI�SULYDWH�PRGH�IRU�IXQFWLRQ�
��DQG�IXQFWLRQ���DUH�������DQG��������UHVSHFWLYHO\��
DFFRUGLQJO\��WKH�PRGHO�H[SODLQV��������DQG��������
RI� WKH� YDULDWLRQ� LQ� WKH� JURXSLQJ� YDULDEOH�� 2Q� WKH�
RWKHU�KDQG��IRU�WKH�SXEOLF�WUDQVSRUW��IXQFWLRQ���DQG�
IXQFWLRQ���DUH�������DQG�������� UHVSHFWLYHO\��7KLV�
PHDQV�WKH�PRGHO�FDQ�H[SODLQ��������DQG��������RI�
WKH�YDULDWLRQ�LQ�WKH�JURXSLQJ�YDULDEOH�

5.3.2 Land Use Transportation Interaction Function
7KHUH�ZHUH�WKUHH�FODVVL¿FDWLRQ�IXQFWLRQV�RI�HDFK�VXE�
FHQWHU�WR�FODVVLI\�WUDYHO�EHKDYLRU�E\�GLIIHUHQW�PRGH�
RI�WUDQVSRUW��%\�DSSO\LQJ�WKH�PHWKRGRORJ\�H[SODLQHG�
LQ�WKH�SUHYLRXV�VHFWLRQ��WKH�JHQHUDOL]HG�GLVFULPLQDQW�

IXQFWLRQ�LQ�(T������FRXOG�EH�XVHG�WR�REWDLQ�WKH�PRVW�
VXLWDEOH�FDVH��7KH�FODVVL¿FDWLRQ�VFRUHV�IRU�HDFK�FDVH�
RI�GLIIHUHQW�JURXSV�FDQ�EH�FRPSXWHG�E\�DSSO\LQJ�(T��
�����

Si  �ci + wi1x1
 + wi2x2

��������wimxm  ���

� ,Q� (T�� ����� WKH� VXEVFULSW� L� GHQRWHV� WKH� UHVSHF-
WLYH�JURXS��WKH�VXEVFULSWV������� �����P�GHQRWH�WKH�P�
YDULDEOHV��FL� LV�D�FRQVWDQW� IRU� WKH� LWK�JURXS��ZLM� LV�
WKH�ZHLJKW� IRU� WKH� MWK�YDULDEOH� LQ� WKH�FRPSXWDWLRQ�
RI�WKH�FODVVL¿FDWLRQ�VFRUH�IRU�WKH�LWK�JURXS��[M�LV�WKH�
REVHUYHG� YDOXH� IRU� WKH� UHVSHFWLYH� FDVH� IRU� WKH� MWK�
YDULDEOH��6L�LV�WKH�UHVXOWDQW�FODVVL¿FDWLRQ�VFRUH��&RQ-
VHTXHQWO\��WKH�VXFFHVVLYH�IXQFWLRQV�FRXOG�EH�GHWHU-
PLQHG�DV�VKRZQ�LQ�7DEOH���
� 7KHVH� XQVWDQGDUGL]HG� FRHI¿FLHQWV� DUH� XVHG� WR�
FUHDWH� WKH�GLVFULPLQDQW�IXQFWLRQV�ZKLFK�FRQWULEXWH�
VLPLODU�ZD\V�RI� UHJUHVVLRQ�IXQFWLRQ��7DEOH���GHP-
RQVWUDWHG�WKDW�IXQFWLRQ���WHQGV�WR�VHSDUDWH�JURXS���
�ORZHVW�YDOXH��DQG�JURXS����KLJKHVW�YDOXH���)XQFWLRQ�
�� VHSDUDWHV�JURXS��� �ORZHVW�YDOXH�� IURP�JURXSV���
DQG����KLJKHVW�YDOXH���7KH�UHVXOWV�UHYHDO�WKDW�IXQF-

Table 4  Canonical Discriminant Function Coefficients

Mode of 

Transport
Variables

Function

1 2

3ULYDWH

$JH��\HDU� ����� ������
,QFRPH��EDKW�

PRQWK� ����� �����

7UDYHO�WLPH�RI�
:RUNLQJ�7ULS�
�PLQXWHV�

����� �����

�&RQVWDQW� ������� �����

3XEOLF

$JH��\HDU� ������ �����
,QFRPH��EDKW�

PRQWK� ����� �����

7UDYHO�GLVWDQFH�
RI�:RUNLQJ�7ULS�

�PLQXWHV�
����� ������

1R��RI�
&RQQHFWLRQV ����� �����

�&RQVWDQW� ������ ������

Table 2  Test of Equality of Group Means

Variables
Wilks’ 

Lambda
F df1 df2 Sig.

$JH��\HDU� ���� ������ 2 56 ����
,QFRPH��EDKW�

PRQWK� ���� ������ 2 56 ����

7UDYHO�WLPH�RI�
:RUNLQJ�7ULS�
�PLQXWHV�

���� ������ 2 56 ����

$JH��\HDU� ���� ������ 2 138 ����
,QFRPH��EDKW�

PRQWK� ���� ����� 2 138 ����

7UDYHO�
GLVWDQFH�RI�
:RUNLQJ�7ULS�
�PLQXWHV�

���� ������� 2 138 ����

1R��RI�
&RQQHFWLRQV ���� ����� 2 138 ����

Table 3  Eigenvalues 

Mode Function Eigenvalue
% of 

Variance

Cumulative 

%

Canonical 

Correlation

3ULYDWH
1 �����D ���� ���� ����
2 ����D ���� ����� ����

3XEOLF
1 �����D ���� ���� ����
2 ����D ��� ����� ����

a. First 2 canonical discriminant functions were used in the 
analysis.
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WLRQ���LV�SRVLWLYHO\�DVVRFLDWHG�ZLWK�DOO�YDULDEOHV�RI�
DJH��LQFRPH�DQG�WUDYHO�WLPH��ZKHUHDV�IXQFWLRQ���LV�
QHJDWLYHO\�DVVRFLDWHG�ZLWK� WKH�DJH�YDULDEOH��:KHQ�
FRQVLGHULQJ�WKH�LQFRPH�YDULDEOH��D�PRUH�VLJQL¿FDQW�
LPSDFW�FDQ�EH�VHHQ�LQ�LQFRPH�HIIHFW�IRU�WUDYHOHUV�ZKR�
FKRRVH�SULYDWH�WUDQVSRUW�UDWKHU�WKDQ�SXEOLF�WUDQVSRUW�
WR� DOO� VXE�FHQWHUV�� HVSHFLDOO\� WKH�RXWHU� VXE�FHQWHU��
)XUWKHUPRUH�� WUDYHO� WLPH�ZLOO�KDYH�PRUH� LQÀXHQFH�
RQ�WKLV�JURXS��ZKLFK�PLJKW�VXJJHVW� WKH\�YDOXH�WKH�
WLPH�VSHQW�LQ�YHKLFOHV�PRUH�WKDQ�WKH�JURXS�ZKR�WDNH�
SXEOLF�WUDQVSRUW��
� )RU� SXEOLF� WUDQVSRUW�PRGH�� )XQFWLRQ� �� LV� SRVL-
WLYHO\�LQÀXHQFHG�E\�WKH�YDULDEOHV�RI�LQFRPH��WUDYHO�
GLVWDQFH�DQG�QXPEHU�RI�FRQQHFWLRQV��KRZHYHU��LW�LV�
QHJDWLYHO\�LQÀXHQFHG�E\�WKH�YDULDEOH�RI�DJH��)XQF-
WLRQ� �� KDV� RSSRVLWH� WUHQG� RI� IXQFWLRQ� �� VLQFH� WKH�
WUDYHO�GLVWDQFH�KDV�QHJDWLYH�UHODWLRQVKLSV�DPRQJ�DOO�
SRVLWLYH�UHODWLRQVKLS�RI�RWKHU�YDULDEOHV��7KLV�PLJKW�
UHSUHVHQW� WKH� UHYHUVH� UHODWLRQVKLS� RI� LQFRQYHQLHQW�
PRGH�RI� WUDYHO�RI�SXEOLF� WUDQVSRUWDWLRQ��+RZHYHU��
WKHUH�ZRXOG�EH�QR�SUREOHP�ZLWK�WKH�PRUH�FRQQHF-
WLRQV�GXH�WR�WKH�SRVLWLYH�VLJQ�RI�WKH�FRHI¿FLHQWV�LQ�
ERWK� IXQFWLRQV��7KH� JUDSKLFDOO\� GHPRQVWUDWLRQ� RI�
WKH�VHSDUDWLRQ�DPRQJ�WKUHH�JURXSV�FOHDUO\�SURYLGH�
WKH�HYLGHQFH�WR�FRQ¿UP�WKH�LQÀXHQFH�RI�RXWHU�]RQH�
DPRQJ� DOO� VXE�FHQWHUV�� 7KLV� ILQGLQJ� UHYHDOV� WKH�
VWURQJ�FKDUDFWHULVWLFV�RI� WKH� WUDYHO�EHKDYLRU� WR� WKH�
VXE�FHQWHU� RI� RXWHU� DUHDV� DPRQJ�ERWK� SULYDWH� DQG�
SXEOLF�WUDQVSRUW�FOXVWHUV�

6. Concluding Remarks

7KH�PDLQ�FKDOOHQJH�RI�UDSLG�XUEDQL]DWLRQ�KDV�EHHQ�
WKH� QHJDWLYH� HIIHFW� RI� DXWRPRELOHV� XVDJH� ZKLFK�
UHFHQWO\�KDV�GHWHULRUDWHG�WKH�TXDOLW\�RI�WKH�SHRSOH¶V�
OLIH��(VSHFLDOO\��ZKHQ�LW�RFFXUV�LQ�WKH�DUHD�RI�HQRU-
PRXV� QXPEHU� RI�PLJUDWLRQ� RI� WKH� SRSXODWLRQ� GLV-
WULEXWLRQ�FKDQJHV��WKLV�VXEXUEDQL]DWLRQ�LQGXFHV�WKH�
QHFHVVLW\�RI�RZQLQJ�DQ�DXWRPRELOH��0RUHRYHU��ZLWK�
WKH�OLPLWHG�VHUYLFH�RI�WUDQVLW�DYDLODELOLW\��WKH�PDMRU-
LW\�RI�FRPPXWHUV�QHHG�WR�UHO\�RQ�WKHLU�SULYDWH�YHKLFOH�
ZLWK�ORQJHU�WUDYHO�WLPH�DQG�GLVWDQFH�UDWKHU�WKDQ�WUDQ-
VLW�XVDJH��'XH�WR�WKH�KLJK�JURZWK�UDWH�RI�%DQJNRN�

0HWURSROLWDQ�5HJLRQ��%05���3DWKXPWKDQL�SURYLQFH�
ZDV�VHOHFWHG�DV�D�FDVH�VWXG\�WR�FRQ¿UP�WKH�HYLGHQFH�
RI� VSUDZOLQJ� HIIHFW� WKRXJK� DQ� H[SORUDWLRQ� RI� WKH�
ODQG�XVH�DQG�WUDQVSRUWDWLRQ�LQWHUDFWLRQ��7KH�UHVXOWV�
RI�DQDO\VLV�LQGLFDWH�WKH�SRRU�DFFHVVLELOLW\�OHYHO�DQG�
WKH�FRQQHFWLYLW\�RI�DOO�VHOHFWHG�VXE�FHQWHUV�GXH�WR�WKH�
KLJK�SURSRUWLRQ�RI� WUDYHO�H[SHQGLWXUH�DQG�VRPH�RI�
WKHP�QHHG�WR�WUDYHO�WR�RXWHU�DUHDV�QRW�RQO\�RQ�ZHHN-
HQGV�EXW�DOVR�LQ�WKHLU�GDLO\�ZRUN��7KXV��WKH�DYDLODELO-
LW\�RI�GHVWLQDWLRQV�WRJHWKHU�ZLWK�DQ�LQWHUFRQQHFWHG�
VWUHHW�QHWZRUN�PDNHV�VXI¿FLHQF\�PRGH�RI�WUDQVSRUW�
HLWKHU�SXEOLF� WUDQVSRUW�RU�QRQPRWRUL]DWLRQ�D�PRUH�
FRPSHWLWLYH�DQG�DWWUDFWLYH�PRGH�RI�WUDYHO�WKDQ�RWKHU�
RSWLRQV��$FFHVVLELOLW\�VKRXOG�DOVR�EH�WDNHQ�LQWR�FRQ-
VLGHUDWLRQ�DV�WKH�VXE�FHQWHUV�DUH�ORFDWHG�IDU�IURP�WULS�
JHQHUDWLRQ�SRLQW�� WKH�QXPEHU�RI�FRPPXWHUV�ZRXOG�
EH�H[SHFWHG�WR�GHFOLQH�LQ�DFFRUGDQFH�ZLWK�WKH�ORQ-
JHU�GLVWDQFH��)LQDOO\�� WKH� UHVXOWV�RI� WKLV�VWXG\�DOVR�
GHPRQVWUDWH�D�QXPEHU�RI�IDFWRUV�RWKHU�WKDQ�ODQG�XVH�
HQYLURQPHQW�KDYH�D�SURIRXQG� LPSDFW�RQ�FRPPXW-
LQJ� EHKDYLRU��7KXV�� FRQVLGHULQJ� WKH� HQKDQFLQJ� RI�
FRQQHFWLQJ�VXE�FHQWHUV�WR�WKH�KRXVLQJ��FRPPHUFLDO�
DQG�HPSOR\PHQW�DUHD�DQG�LQIUDVWUXFWXUH�PLJKW�EH�DQ�
LQLWLDWLYH�IRU�DFKLHYLQJ�PRELOLW\�SROLF\�FKDOOHQJHV��
)XUWKHUPRUH��D�PRUH�FRPSDFW�DQG�LQWHUPL[HG�XUEDQ�
HQYLURQPHQW� LV�SUHIHUDEOH� WR�VKRUWHQ� WKH�GLVWDQFHV�
EHWZHHQ�GHVWLQDWLRQV��,I�WKH�VXE�FHQWHUV�RU�GHVWLQD-
WLRQV�IRU�ZRUN�DQG�OHLVXUH�WULS�DUH�ORFDWHG�IDU�IURP�
WKH�FRPPXQLW\��WKH�QXPEHUV�RI�SHUVRQ�ZKR�ULGH�ERWK�
SXEOLF�WUDQVSRUW�PRGHV�ZLOO�GH¿QLWHO\�VKLIW�WR�WKHLU�
SULYDWH� YHKLFOHV� WR� DYRLG� FRQJHVWLRQ� RI� YHKLFOHV��
7KXV�� WKH� SURYLVLRQ� RI� VXVWDLQDEOH� GHYHORSPHQW�
VKRXOG�EH�UDLVHG�WR�HQFRXUDJH�WKH�VXLWDEOH�GHYHORS-
PHQW�RI�VXEXUEDQ�SODQ�
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Abstract

This study demonstrates a combined Markov-Cellular Automata model to analyze temporal change and 
spatial distribution of land use stressed by natural and socioeconomic factors in Saga, Japan. Firstly, 
area change and spatial distribution of land use are calculated using GIS technology, and then the 

transition among different land use types is analyzed to obtain the transformation matrices during a period 1976–
2006. Meanwhile, an integration evaluation procedure with natural and socioeconomic data is used to generate the 
transition potential maps. Secondly, using the transition potential maps and transition matrices, a Markov-Cellular 
Automata model is established to simulate spatial distribution of land use in 2006. Finally, we use this Markov-
Cellular Automata model to forecast future land use changes during the period 2015–2042. As a consequence, area 
change simulation predicts a continuing downward trend in agricultural land and forestland areas, as well as an 
upward trend in built-up areas; spatial distribution simulation indicates that built-up land will expand toward 
suburban regions, and land use at the urban center is in the decline stage. Hence, if the current trends keep 
constant without holistic sustainable development measures, severe land use decline will ensue. 

Keywords   Land use change; GIS; Markov model; Cellular automata model; Saga in Japan 
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アジア各国では急速な経済発展によ
り、水陸の生態系に大きな負荷がか
かっている。それを改善する土地利
用の方法をさぐる。
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GXULQJ�����±������'XULQJ�WKLV�SHULRG��WKH�EXLOW�XS�
DUHD� LQFUHDVHG� IURP�������WR���������2WKHU� ODQG�
DUHD�UHGXFHG�E\������ IURP������WR�������DQG�WKHQ�
GUDPDWLFDOO\�LQFUHDVHG�E\������ IURP������WR�������
7KH�DUHD�RI�ZDWHU�DQG�URDG�LQFUHDVHG�VOLJKWO\�
� 6SDWLDO�GLVWULEXWLRQ�RI�ODQG�XVH�W\SHV�LQ�6DJD�FLW\�
DW�WKH�IRXU�\HDU�QRGHV�ZHUH�DOVR�REWDLQHG�E\�YLUWXH�
RI�*,6�VSDWLDO�WHFKQRORJ\��)URP�)LJ�����ZH�FDQ�VHH�
WKDW�WKH�VSDWLDO�SDWWHUQ�RI�ODQG�XVH�LQ�WKH�IRXU�SHULRGV�
ZDV�PDLQO\�FKDUDFWHUL]HG�DV�FKDQJHV�RI�SDWFK�GLV-
WULEXWLRQ��)LUVW��DJULFXOWXUDO�ODQG��EXLOW�XS�ODQG��DQG�
XQXVHG�ODQG�SDWFK�VKRZHG�FRQWLQXDO�IUDJPHQWDWLRQ�
DQG�GLVSHUVLRQ��LQGLFDWLQJ�WKDW�WKH�H[WHQW�RI�KXPDQ�
H[SDQVLRQ� DQG� XWLOL]DWLRQ� LQWHQVLW\� EHFDPH� ODUJHU�
DQG�ODUJHU��6HFRQGO\��SDWFK�QXPEHUV�DQG�SDWFK�DUHDV�

RI�EXLOW�XS�ODQG�FRQWLQXHG�WR�LQFUHDVH�DQG�VKRZHG�
WKH�GLIIXVHG�GLVWULEXWLRQ�SDWWHUQV�IURP�XUEDQ�FHQWHU�
WR�VXEXUEDQ�UHJLRQ��7KLV�LV�EHFDXVH�XUEDQ�FRQVWUXF-
WLRQ�RI�6DJD�FLW\�DFFHOHUDWHG�XUEDQ�GHYHORSPHQW�DQG�
�HG�WR�UDSLG�H[SDQVLRQ�RI�XUEDQ�ODQG�XVH��7KLUGO\��
XUEDQ�FHQWHUV�DSSHDUHG�LQ�PRUH�SDWFKHV�RI�RWKHU�ODQG�
W\SH� IURP������ WR������� VXJJHVWLQJ� WKDW� ODQG�XVH�
H[WHQW�RI�6DJD�FLW\�KDG�HQWHUHG�D�GHFOLQLQJ�VWDJH��
� $V�D�UHVXOW��WKH�WRWDO�UHJLRQ�WUDQVIRUPDWLRQ�WHQG�
HQF\�RI�ODQG�XVH�W\SHV�IURP������WR������DSSHDUHG�
DV�DQ�XQEDODQFHG�WHQGHQF\�RI�XQLGLUHFWLRQDO�WUDQV-
IRUPDWLRQ��7KH�EXLOW�XS�ODQG�FRQWLQXRXVO\�LQFUHDVHG��
DQG�WKH�DJULFXOWXUH�ODQG�FRQWLQXRXVO\�GHFUHDVHG��7KH�
LQFUHDVLQJ�VRXUFH�RI�EXLOW�XS�ODQG�ZDV�FKDQJHG�IURP�
WKH�SUHYLRXV�DJULFXOWXUH�ODQG�DQG�RWKHU�ODQG��WR�WKH�
SUHVHQW�IRUHVWODQG�DQG�DJULFXOWXUDO�ODQG�

Fig. 4  Space distribution of land 
use from 1976 to 2006
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Analysis of transition potential

6HHQ�IURP�)LJ�����WKH�VRXWK�UHJLRQ�LV�WKH�XUEDQ�FHQ-
WHU�RI�6DJD�FLW\��ZKHUH�SRSXODWLRQ�GHQVLW\��*'3�SHU�
FDSLWD��DQG�ODQG�SULFHV�DUH�KLJK��DQG�GLVWDQFH�WR�ULYHU�
DQG�URDG�LV�VKRUW��VORSH�DQG�HOHYDWLRQ�DUH�KLJK�LQ�WKH�
QRUWK�UHJLRQ��7UDQVLWLRQ�SRWHQWLDO�RI�HDFK�ODQG�XVH�
W\SH�LV�REWDLQHG�E\�FRPELQLQJ�VSDWLDO�GLVWULEXWLRQ��
VWDQGDUG�DQG�ZHLJKW�RI�DVVHVVPHQW�LQGH[��)LJ���UHS-
UHVHQWV� WKH� WUDQVLWLRQ� SRWHQWLDO� IURP�RQH� ODQG� XVH�
W\SH�WR�DOO�RWKHU�ODQG�XVH�W\SHV��)RU�H[DPSOH��WUDQVL-
WLRQ�SRWHQWLDO�RI�DJULFXOWXUDO�ODQG�LQGLFDWHV�WKH�WUDQ-
VLWLRQ�SRWHQWLDO�RI�DJULFXOWXUDO�ODQG�WR�DOO�RWKHU�ODQG�
XVH� W\SHV� �IRUHVW�� EXLOW�XS��ZDWHU�� URDG�� DQG� RWKHU�
ODQG���$OVR�VHHQ�IURP�)LJ�����WKH�WUDQVLWLRQ�SRWHQWLDO�
RI�DJULFXOWXUH�ODQG�DQG�IRUHVWODQG�DUH�KLJK��WUDQVLWLRQ�
SRWHQWLDO�RI�EXLOW�XS�ODQG�DQG�RWKHU�ODQG�DUH�ORZ��
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Fig. 5  Spatial distribution of assessment 
index for transition potential map

Fig. 6  Transition potential maps of land use type in 2006
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Analysis of simulation results

%HFDXVH�WKH�DFFXUDF\�RI�IRUHFDVWV�FDQQRW�EH�JXDUDQ-
WHHG�LI�GLIIHUHQW�SRWHQWLDOV�DUH�XVHG�ZH�WKHUHIRUH�RQO\�
XVHG� WKH� WUDQVLWLRQ�SUREDELOLW\�PDWUL[�RI� WKH� ODWHVW�
����±�����SHULRG�WR�IRUHFDVW�ODQG�XVH�FKDQJH�LQ�WKH�
IXWXUH����\HDUV��)LUVW�������LV�VHW�DV�WKH�VWDUWLQJ�\HDU��
WUDQVLWLRQ� SUREDELOLW\� PDWUL[� RI� ����±����� SHUL-
RGV�LV�XVHG�WR�IRUHFDVW������\HDU�ODQG�XVH�FKDQJH��
WKHQ�������\HDU�LV�VHW�DV�WKH�VWDUWLQJ�\HDU��WUDQVLWLRQ�
SUREDELOLW\�PDWUL[�RI�����±�����SHULRGV�LV�XVHG�WR�
IRUHFDVW������ODQG�XVH�FKDQJH��WKLUGO\�������LV�VHW�
DV�WKH�VWDUWLQJ�\HDU��WUDQVLWLRQ�SUREDELOLW\�PDWUL[�RI�
����±�����SHULRGV�LV�XVHG�WR�IRUHFDVW������ODQG�XVH�
FKDQJH��¿QDOO\�������\HDU�LV�VHW�DV�WKH�VWDUWLQJ�\HDU��
WUDQVLWLRQ�SUREDELOLW\�PDWUL[�RI�����±�����SHULRGV�
LV�XVHG�WR�IRUHFDVW������ODQG�XVH�FKDQJH��%DVHG�RQ�
WKH�VXFFHVVIXO�VLPXODWLRQ�RI�DUHD�FKDQJH�DQG�VSDWLDO�
GLVWULEXWLRQ�LQ�������ZH�IRUHFDVW�WKH�DUHD�FKDQJH�RI�
IXWXUH�ODQG�XVH�DQG�ODQG�XVH�PDSV�IURP������WR������
DV�VKRZQ�LQ�)LJ����DQG�)LJ�����E\�XVLQJ�ODQG�XVH�EDVH�
PDS�LQ�������WUDQVLWLRQ�SUREDELOLW\�PDWUL[�RI�����±
�����SHULRG��DQG�WUDQVLWLRQ�SRWHQWLDO�PDSV�LQ�������
6HHQ�IURP�)LJ����DUHD�FKDQJH�UHVXOWV�VKRZ�WKDW�DJUL-
FXOWXUH�ODQG�DUHDV�ZRXOG�GHFUHDVH�IURP�����WR�����
LQ�WKH�VWXG\�DUHD��ZKLOH�EXLOW�XS�ODQG�ZRXOG�LQFUHDVH�
VOLJKWO\�IURP�����WR������2WKHU�ODQG�DUHDV�ZRXOG�
DOVR�LQFUHDVH�IURP������WR�������&RQYHUVHO\��IRU-

HVWODQG�DUHDV�ZRXOG�VOLJKWO\�GHFUHDVH�IURP�����WR�
�����$V�VKRZQ�LQ�)LJ�����VSDWLDO�GLVWULEXWLRQ�UHVXOWV�
LQGLFDWH�WKDW�DOO�ODQG�XVH�W\SH�ZRXOG�H[KLELW�WKH�FRQ-
FHQWUDWHG�VSDWLDO�GLVWULEXWLRQ�SDWWHUQV��XUEDQ�EXLOW�XS�
ODQG�ZRXOG�H[SDQG�WR�VXEXUEDQ��EHFDXVH�DJULFXOWXUH�
ODQG� LQ� WKH� VXEXUEDQ� DUHDV�ZRXOG� UDSLGO\� FRQYHUW�
LQWR� EXLOW�XS� ODQG��0HDQZKLOH�� WKH� WUDQVIRUPDWLRQ�
WHQGHQFLHV�IRU�IRUHVWODQG�DQG�EXLOW�XS�ODQG�LQWR�RWKHU�
ODQG�ZRXOG�EH�HQKDQFHG��,Q�WKH�YLHZ�RI�WRWDO�VWXG\�
DUHD��ZH�FDQ�VHH�YHU\�VWURQJ�WUDQVIRUPDWLRQ�WHQGHQ-
FLHV�RI�DOO�ODQG�W\SHV�LQWR�EXLOW�XS�ODQG��

Discussion and Conclusions

,Q�WKLV�VWXG\��XVLQJ�ODQG�XVH�PDSV�������������������
DQG������\HDU���DQG�QDWXUDO�DQG�VRFLRHFRQRPLF�GDWD��
ZH�FRPELQH�0DUNRY�&$�PRGHO�ZLWK�*,6�WHFKQRO-
RJ\�WR�VXFFHVVIXOO\�VLPXODWH�WKH�ODQG�XVH�FKDQJHV�LQ�
6DJD��-DSDQ��2XU�PRGHO�LV�YDOLGDWHG�ZLWK�WKH�DFWXDO�
GDWD�RI������DQG�VKRZV�YHU\�KLJK�UHOLDELOLW\��%DVHG�
RQ�WKH�YDOLGDWLRQ��WKH�0DUNRY�&$�PRGHO�LV�XVHG�WR�
VLPXODWH�WKH�IXWXUH�ODQG�XVH�FKDQJHV�XS�WR�������7KH�
DUHD� FKDQJH� UHVXOWV� VKRZ� WKH� GHFUHDVH� LQ� DJULFXO-
WXUDO�ODQG�DQG�IRUHVWODQG��DQG�WKH�LQFUHDVH�LQ�EXLOW�
XS�ODQG��)URP�WKH�DVSHFW�RI�VSDWLDO�SDWWHUQ�FKDQJH�
RI�ODQG�XVH�IURP������WR�������XUEDQ�EXLOW�XS�ODQG�
ZRXOG�H[SDQG�WR�VXEXUEDQ��EHFDXVH�D�FHUWDLQ�SURSRU-
WLRQ�RI�DJULFXOWXUDO�ODQG�ZRXOG�EH�WUDQVIRUPHG�LQWR�
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Fig. 7  Area change of land use from 2015 to 2042 in Saga


