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7KLV� SDSHU� UHSRUWV� WKH� GHYHORSPHQW� SURFHVV� RI� DQ�
XUEDQ�VFDOH� HQHUJ\�GHPDQG�PRGHO� RI� UHWDLO� IDFLOLWLHV�
ORFDWHG� LQ� WKH� .HLKDQVKLQ� PHWURSROLWDQ� DUHD�� -DSDQ��
)LUVW�� ZH� XVHG� VWDWLVWLFDO� DQDO\VLV� RI� DFWXDO� HQHUJ\�
FRQVXPSWLRQ� GDWD� DQG� LQWHUYLHZV� ZLWK� IDFLOLW\�
PDQDJHUV�DQG�SURIHVVLRQDOV�RI�LQGXVWU\�RUJDQL]DWLRQV�
WR� GHILQH� EXLOGLQJ� VWRFN� FDWHJRULHV�� :H� QH[W�
GHYHORSHG� DUFKHW\SHV� WR� UHSUHVHQW� HDFK� VWRFN�
FDWHJRU\�� DQG� ZH� HVWLPDWHG� HQHUJ\� XVH� LQWHQVLW\�
�(8,��RI�HDFK�VWRFN�FDWHJRU\�E\�XVLQJ�WKH�DUFKHW\SHV�
DV� LQSXW� LQ� SHUIRUPLQJ� DQ� HQWLUH� EXLOGLQJ� HQHUJ\�
XVDJH� VLPXODWLRQ�� )LQDOO\�� ZH� FDOFXODWHG� WKH� WRWDO�
HQHUJ\� FRQVXPSWLRQ� RI� UHWDLO� IDFLOLWLHV� LQ� WKH�
.HLKDQVKLQ� DUHD� E\� XVLQJ� WKH� WRWDO� VDOHV� IORRU� DUHD��
7KH� GHYHORSHG� PRGHO� FDQ� EH� DSSOLHG� WR� HYDOXDWH�
SRWHQWLDO�FKDQJH�LQ�HQHUJ\�GHPDQG�GXH�WR�FKDQJHV�LQ�
WHFKQRORJLHV��FOLPDWH�DQG�EXLOLQJ�VWRFN��

,1752'8&7,21�
2I�WKH�PDQ\�XUEDQ�VFDOH�PRGHOV�GHYHORSHG�LQ�UHFHQW�
\HDUV� IRU� HVWLPDWLQJ� WKH� HQHUJ\� XVDJH� RI� EXLOGLQJ�
VWRFNV�� WKH�PRVW�FRPPRQO\�XVHG�PHWKRGRORJ\� LV�WKH�
DUFKHW\SH� HQJLQHHULQJ�PRGHO�� DV� GLVFXVVHG� E\� 6ZDQ�
HW�DO����������7KH�SURFHGXUH�RI�PRGHO�GHYHORSPHQW�LV�
GHVFULEHG� LQ� WKH� IROORZLQJ� VWHSV��7KH�EXLOGLQJ� VWRFN�
LV� GLYLGHG� LQWR� VHYHUDO� VWRFN� FDWHJRULHV� DFFRUGLQJ� WR�
WKH� EXLOGLQJ� FKDUDFWHULVWLFV� DQG� LQWHUQDO� DFWLYLWLHV��

DQG�DQ�DUFKHW\SH�PRGHO��UHSUHVHQWDWLYH�RI�D�SDUWLFXODU�
EXLOGLQJ�FDWHJRU\��LV�WKHQ�GHYHORSHG��7KH�XQLW�HQHUJ\�
FRQVXPSWLRQ� IRU�HDFK�FDWHJRU\� LV� QH[W�TXDQWLILHG�E\�
FRQGXFWLQJ� EXLOGLQJ� SHUIRUPDQFH� VLPXODWLRQV� E\�
XVLQJ� WKH� DUFKHW\SHV� DV� LQSXW�� )LQDOO\�� WKH� WRWDO�
HQHUJ\�FRQVXPSWLRQ� LV�TXDQWLILHG�E\�PXOWLSO\LQJ� WKH�
XQLW� HQHUJ\� FRQVXPSWLRQ� E\� WKH� QXPEHU� RI� XQLWV� LQ�
HDFK�VWRFN�FDWHJRU\���
7KH� FODVVLILFDWLRQ� SURFHVV� LV� LPSRUWDQW� EHFDXVH� WKH�
FKDUDFWHULVWLFV� RI� HQHUJ\� XVDJH� RI� FRPPHUFLDO�
EXLOGLQJV� DUH� VLJQLILFDQWO\� GLYHUVH�� )LJXUH� �� VKRZV�
WKH� FXPXODWLYH� IUHTXHQF\� RI� WRWDO� IORRU� DUHD� DQG�
HQHUJ\�XVH�LQWHQVLW\��(8,��RI�-DSDQHVH�UHWDLO�IDFLOLWLHV�
�<DPDJXFKL�HW�DO���������%HFDXVH�D�ORJDULWKPLF�VFDOH�
LV�XVHG�IRU�WKH�D[HV�� WKH�(8,�DQG�WRWDO�IORRU�DUHD�DUH�
ZLGHO\� GLVWULEXWHG�� 7KLV� ILJXUH� LPSOLHV� WKDW� WKH�
FODVVLILFDWLRQ� RI� FRPPHUFLDO� EXLOGLQJV� E\� UHWDLO�
FDWHJRU\� FRQVLGHUDEO\� UHGXFHV� WKH� YDULHW\� LQ� HQHUJ\�
XVDJH�E\�KRPRJHQLVLQJ�HDFK�FDWHJRU\���
7KH� DUFKHW\SH� GHVLJQ� DQG� VLPXODWLRQ� SURFHVVHV� DUH�
DOVR� LPSRUWDQW� EHFDXVH� WKH\� DOORZ� WKH� GHYHORSHG�
VLPXODWLRQ� PRGHO� WR� UHIOHFW� WKH� VWUXFWXUH� E\�
GHWHUPLQLQJ�HQHUJ\�XVDJH�LQ�HDFK�VWRFN�FDWHJRU\��)RU�
H[DPSOH�� DOWKRXJK� KRPH� FHQWUHV� DUH� LQ� RSHUDWLRQ�
GDLO\�� WKH�TXDOLW\�RI� LQGRRU�HQYLURQPHQW� LV�QRW�KLJK��
WKH�(8,�SHU� WRWDO� IORRU� DUHD� IRU� WKLV� FDWHJRU\� UDQJHV�
IURP� ������ WR� ������ 0-�PðÂ\U�� 2Q� WKH� FRQWUDU\��
EHFDXVH� IRRG� VXSHUPDUNHWV� DUH� HTXLSSHG�ZLWK� KLJK�

�
Figure 1 Distribution of total floor area and energy use intensity of the various types  

of commercial buildings in Japan 
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FDSDFLW\� UHIULJHUDWLRQ� V\VWHPV�� WKH�(8,� IRU� WKLV� W\SH�
UDQJHV�IURP�������WR��������0-�PðÂ\U���
7KH� SXUSRVH� RI� WKLV� SDSHU� LV� WR� XVH� WKH�
DIRUHPHQWLRQHG�SURFHGXUH� WR� GHYHORS�DQ�XUEDQ�VFDOH�
HQHUJ\� GHPDQG� PRGHO� IRU� WKH� UHWDLO� VHFWRU� RI� WKH�
.HLKDQVKLQ� PHWURSROLWDQ� DUHD� LQ� -DSDQ�� 7KH�
.HLKDQVKLQ� PHWURSROLWDQ� DUHD� LV� D� UHJLRQ�
HQFRPSDVVLQJ�WKH�FLWLHV�RI�2VDND�LQ�2VDND�SUHIHFWXUH��
.REH� LQ� +\RJR� 3UHIHFWXUH�� DQG� .\RWR� LQ� .\RWR�
SUHIHFWXUH�� ORFDWHG� LQ� WKH� PLGGOH� RI� WKH� -DSDQHVH�
0DLQ�,VODQG��7KH�HQWLUH�DUHD�LV����WKRXVDQG�NP��DQG�
KDV� D� SRSXODWLRQ� RI� DSSUR[LPDWHO\� ��� PLOOLRQ��
HTXLYDOHQW�WR�����RI�-DSDQ¶V�SRSXODWLRQ��,W�LV�-DSDQ¶V�
VHFRQG�PRVW�SRSXODWHG�XUEDQ�UHJLRQ�DIWHU�WKH�*UHDWHU�
7RN\R�$UHD��$FFRUGLQJ�WR�QDWLRQDO�VWDWLVWLFV��WKH�WRWDO�
VDOHV� DUHD� RI� WKH� UHWDLO� IDFLOLWLHV� LQ� WKH� DUHD� ZDV� ���
PLOOLRQ�Pð� LQ�������7R�FRQVLGHU� WKH�YDULHW\�RI� UHWDLO�
EXLOGLQJ� W\SHV�� WKH� FODVVLILFDWLRQ� SURFHVV� PXVW� EH�
FDUHIXOO\� IROORZHG�� DQG� IDFWRUV� LQIOXHQFLQJ� HQHUJ\�
FRQVXPSWLRQ�� PXVW� EH� IXOO\� LQFRUSRUDWHG� GXULQJ� WKH�
DUFKHW\SH� GHVLJQ� SURFHVV�� 6XFK� IDFWRUV� LQFOXGH�
SK\VLFDO� SURSHUWLHV� RI� WKH� IDFLOLWLHV�� RSHUDWLRQ�
VFKHGXOH�� FDSDFLW\� DQG� RSHUDWLRQ� RI� OLJKWLQJ��
DSSOLDQFHV��DLU�FRQGLWLRQLQJ�V\VWHPV�DQG�RWKHU�GHYLFH�
VXFK�DV� UHIULJHUDWLRQ�GLVSOD\� FDELQHWV� IRU� IRRG�VDOHV��
7KH�UHPDLQLQJ�SDUW�RI�WKLV�SDSHU�UHSRUWV�HDFK�SURFHVV�
RI� WKH� PRGHO� GHYHORSPHQW� SURFHGXUH�� )LQDOO\�� ZH�
GLVFXVV� WKH� VWUHQJWKV� DQG� ZHDNQHVVHV� RI� WKH� PRGHO�
GHYHORSPHQW� SURFHGXUH�� DQG� ZH� RXWOLQH� RXU� IXWXUH�
ZRUNV��

&/$66,),&$7,21�2)�5(7$,/�
)$&,/,7,(6�
<DPDJXFKL�HW� DO�� �������JDWKHUHG� WKH�DQQXDO�HQHUJ\�
FRQVXPSWLRQ� GDWD� RI� ������ UHWDLO� IDFLOLWLHV� DQG�
FODVVLILHG� WKH� VDPSOHV� LQWR� ��� UHWDLO� FDWHJRULHV�� DV�
VKRZQ� LQ� )LJXUH� ��� 7KH� PHDQ� YDOXH� RI� (8,� ZDV�
VWDWLVWLFDOO\� FRPSDUHG� DPRQJ� WKH� UHWDLO� FDWHJRULHV��
DQG�PRVW�VKRZHG�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH��
7KLV� UHVXOW� LPSOLHV� WKDW� WKH� UHWDLO� FDWHJRU\�
FKDUDFWHUL]HV� ERWK� LQIOXHQFLQJ� IDFWRUV� RI� HQHUJ\�
FRQVXPSWLRQ�DQG�(8,���
<DPDJXFKL� HW� DO�� ������� DOVR� VKRZHG� WKDW� (8,� RI�
JHQHUDO� PHUFKDQGLVH� VXSHUPDUNHWV� �*06��� IRRG�
VXSHUPDUNHWV�� GUXJ� VWRUHV�� GHSDUWPHQW� VWRUHV� DQG�
VKRSSLQJ� FHQWUHV� YDULHV� VLJQLILFDQWO\� ZLWK� EXLOGLQJ�
VL]H��7KLV�UHVXOW�LPSOLHV�WKDW�WKHVH�IDFLOLWLHV�VKRXOG�EH�
IXUWKHU�FODVVLILHG�E\�VL]H��7R�FRQILUP�WKLV�K\SRWKHVLV��
ZH� GLYLGHG� WKH� VDPSOHV� E\� VDOHV� DUHD� IRU� WKH� UHWDLO�
FDWHJRULHV�DQG�FRPSDUHG�PHDQ�(8,�GLIIHUHQFHV��7KH�
FODVVLILFDWLRQ� E\� IDFLOLW\� VL]H� LV� DOVR� EHQHILFLDO� LQ�
FRQVLGHULQJ� WKH� GLIIHUHQFHV� LQ� WKH� FRQILJXUDWLRQ� RI�
EXLOGLQJ� IDFLOLWLHV� DQG�� PRUH� VSHFLILFDOO\�� WKH�
DGRSWLRQ� UDWLR� RI� HQHUJ\� FRQVHUYDWLRQ�PHDVXUHV� DQG�
WKH�VKDUH�RI�KHDW�VRXUFH�V\VWHPV���
7R� GHYHORS� HDFK� VWRFN� FDWHJRU\�� ZH� FRQGXFWHG� D�
OLWHUDWXUH� VXUYH\� DQG� LQWHUYLHZHG� IDFLOLW\�
GHYHORSPHQW�PDQDJHUV�DQG�LQGXVWU\�SURIHVVLRQDOV��LQ�
DGGLWLRQ� WR� D� UHIULJHUDWLRQ� HTXLSPHQW� PDQXIDFWXUHU��

WR� LQYHVWLJDWH� WKH� FKDUDFWHULVWLFV� DQG� WUHQGV� RI� UHWDLO�
IDFLOLWLHV��2Q�WKH�EDVLV�RI�WKHVH�VXUYH\V��WKH�IROORZLQJ�
PDLQ�SRLQWV�ZHUH�LGHQWLILHG��
 7KH�SODQQLQJ�SURFHVV�RI�D�QHZ�IDFLOLW\� LQFOXGHV�

VHOHFWLRQ� RI� WKH� VLWH� FRQVLGHULQJ� LWV� WUDGH� DUHD��
LGHQWLI\LQJ� WKH� IDFLOLW\¶V� FRQFHSW� DQG� VHOHFWLRQ�
RI�UHWDLO�JRRGV�WR�GHWHUPLQH�UHWDLO�FDWHJRU\��DQG�
GHVLJQLQJ�WKH�EXLOGLQJ�DQG�IDFLOLWLHV���

 &RPSDQLHV�WKDW�RZQ�VHYHUDO�UHWDLO�IDFLOLWLHV�KDYH�
GHVLJQ� SURWRW\SHV� RI� UHWDLO� IDFLOLWLHV� WKDW� DUH�
UHSHDWHGO\� UHIHUUHG� LQ� WKH� GHVLJQ� SURFHVV�� ,Q�
DGGLWLRQ�� VXFK� GHVLJQ� SURWRW\SHV� DUH� RIWHQ�
VKDUHG�E\�LQGXVWU\�SURIHVVLRQDOV��

7KHVH� UHVXOWV� LPSO\� WKDW� LQ� DGGLWLRQ� WR� WKH� UHWDLO�
FDWHJRU\�� VDOHV� IORRU� DUHD� RI� IDFLOLWLHV� LQIOXHQFHV�
HQHUJ\�FRQVXPSWLRQ���
$IWHU� GHWHUPLQLQJ� VHYHUDO� UHWDLO� FDWHJRULHV� E\� VDOHV�
IORRU�DUHD��ZH�GLVFRYHUHG�WKDW�VRPH�FDWHJRULHV�VKDUHG�
LQIOXHQFLQJ� IDFWRUV� RI� HQHUJ\� FRQVXPSWLRQ� VXFK� DV�
FDSDFLW\�DQG�RSHUDWLRQ�RI�DSSOLDQFHV�DQG�HTXLSPHQW��
)RRG� VXSHUPDUNHWV� ODUJHU� WKDQ� ������P��� NQRZQ� DV�
PHJD� IRRG� VXSHUPDUNHWV�� WHQG� WR� KDYH� ODUJHU� IORRU�
DUHDV� IRU� FORWKLQJ� DQG� KRXVLQJ� VDOHV�� 6XFK�
VXSHUPDUNHWV� VKDUH� FKDUDFWHULVWLFV� ZLWK� VPDOO� *06�
DQG� VKRSSLQJ� FHQWUHV�� NQRZQ� DV� QHLJKERXUKRRG�
VKRSSLQJ� FHQWUHV�� WKDW� VHOO� D� YDULHW\� RI� UHWDLO� JRRGV�
LQFOXGLQJ�IRRG��7KXV��ZH�FUHDWHG�D�FDWHJRU\�RI�VPDOO�
JHQHUDO� PHUFKDQGLVH� �*0�� IDFLOLW\� WKDW� FRPELQHV�
WKHVH�FKDUDFWHULVWLFV��6LPLODUO\�� WKH�FKDUDFWHULVWLFV�RI�
PHGLXP�*06�DQG�FRPPXQLW\�VKRSSLQJ�FHQWUHV�ZHUH�
FRPELQHG� WR� FUHDWH� WKH� FDWHJRU\� RI� PHGLXP� *0�
IDFLOLW\�� ZKLOH� WKRVH� RI� ODUJH� *06� DQG� UHJLRQDO�
VKRSSLQJ� FHQWUHV� IRUPHG� WKH� EDVLV� RI� ODUJH� *0�
IDFLOLW\���

�
Figure 2 Average energy use intensity for each stock 

category 
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$SSOLDQFH 5HIULJHUDWLRQ
+9$& /LJKWLQJ
0HDQ�RI�GDWDEDVH
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:H� GLG� QRW� FRPELQH� GHSDUWPHQW� VWRUHV� ZLWK� IRRG�
VXSHUPDUNHWV�� *06� DQG� VKRSSLQJ� FHQWUHV� EHFDXVH�
GHSDUWPHQW�VWRUHV�GR�QRW�RIIHU�WKH�VHOI�VHUYLFH�V\VWHP��
ZKLFK� LV� DGRSWHG� LQ� WKHVH� WKUHH� UHWDLO� FDWHJRULHV�� ,Q�
DGGLWLRQ�� WKH� HQYLURQPHQWDO� TXDOLW\� RI� GHSDUWPHQW�
VWRUHV� LV� JHQHUDOO\� KLJKHU�� ZKLFK� FRXOG� UHVXOW� LQ�
KLJKHU� HQHUJ\� FRQVXPSWLRQ� IRU� OLJKWLQJ� DQG� DLU�
FRQGLWLRQLQJ���
,Q� DGGLWLRQ�� EHFDXVH� WKH� FKDUDFWHULVWLFV� RI� FORWKLQJ�
DQG�KRXVLQJ�VXSHUPDUNHWV�ZHUH�VLPLODU��ZH�FRPELQHG�
WKH�WZR�WR�FUHDWH�WKH�FDWHJRU\�RI�FORWKLQJ�DQG�KRXVLQJ�
VXSHUPDUNHW���
2Q�WKH�EDVLV�RI�WKLV�DQDO\VLV��ZH�GHILQHG����EXLOGLQJ�
VWRFN� FDWHJRULHV�� DV� OLVWHG� LQ� 7DEOH� ��� DQG� YDOLGDWHG�
HDFK�E\�VWDWLVWLFDOO\�FRPSDULQJ�WKH�PHDQ�(8,��)LJXUH�
��VKRZV�WKH�PHDQ�ZLWK�D�����FRQILGHQFH�LQWHUYDO�RI�
HDFK�VWRFN�FDWHJRU\��ZKLFK�GHSHQGHG�RQ�WKH�QXPEHU�
RI� VDPSOHV�� 7KH� VXSHU� GUXJ� FDWHJRU\� VKRZHG� D�

UHODWLYHO\� ODUJH� LQWHUYDO� EHFDXVH� WKH� QXPEHU� RI�
VDPSOHV� ZDV� RQO\� ILYH�� 7KXV�� VSHFLDOL]HG� VWRUH� DQG�
ODUJH�*0�IDFLOLW\�VKRZHG�D�ODUJH�LQWHUYDO��([FHSW�IRU�
WKHVH� FRPELQDWLRQV�� WKH� FDWHJRULHV� VKRZHG�
VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�LQ�PHDQ�(8,���
7KHVH� UHVXOWV� LPSO\� WKDW� FODVVLILFDWLRQ� E\� VWRFN�
FDWHJRULHV�FRQWULEXWHV�WR�WKH�KRPRJHQLVDWLRQ�RI�UHWDLO�
IDFLOLWLHV�ZLWKLQ�HDFK�VWRFN�FDWHJRU\���

'(9(/230(17�2)�%8,/',1*�
$5&+(7<3(6�
,Q� WKH� SUHYLRXV� VHFWLRQ�� ZH� GHYHORSHG� ��� VWRFN�
FDWHJRULHV�IRU�UHWDLO�IDFLOLWLHV��)RU�HDFK�VWRFN�FDWHJRU\��
ZH�GHVLJQHG�D�EXLOGLQJ�DUFKHW\SH�DFFRUGLQJ� WR�D� VHW�
RI� LQSXW�GDWD� IRU�EXLOGLQJ�SHUIRUPDQFH�VLPXODWLRQ� WR�
HVWLPDWH� WKH� (8,�� 7KXV�� WKH� DUFKHW\SHV� GHILQHG�
JHRPHWU\� DQG� SK\VLFDO� SURSHUWLHV� RI� WKH� EXLOGLQJV��
FDSDFLW\� DQG� RSHUDWLRQ� RI� OLJKWLQJ� DQG� KHDWLQJ��

Table 1 Definitions of building stock categories 
Building stock 

category 
Sales 

area[m2] 
Segment-
category Retail category Survey method for segmentation 

&RQYHQLHQFH�VWRUH� ≥����
������

 � &RQYHQLHQFH�VWRUH�  �

6SHFLDOL]HG�VWRUH� ������  � 6SHFLDOL]HG�VWRUH�  �
+RPH�FHQWUH� ≥�����  � +RPH�FHQWUH�  �
&ORWKLQJ�DQG�
KRXVLQJ�
VXSHUPDUNHW�

≥����  � &ORWKLQJ�
VXSHUPDUNHW�

 �

+RXVLQJ�VXSHUPDUNHW�  �
&RQYHQLHQFH�GUXJ� �������� &RQYHQLHQFH�

GUXJ�
'UXJ�VWRUH� 6XUYH\�IRU�SURIHVVLRQDOV�

�Â-DSDQ�$VVRFLDWLRQ�RI�&KDLQ�'UXJ�
�6WRUHV�
/LWHUDWXUH�VXUYH\�
�Â&RPPHUFLDO�)DFLOLW\��&UHDWLRQ�
�DQG�'HVLJQ��-72&6��������

6XSHU�GUXJ� ≥������� 6XSHU�GUXJ�

6PDOO�IRRG�
VXSHUPDUNHW�

�������� 6PDOO�IRRG�
VXSHUPDUNHW�

)RRG�VXSHUPDUNHW� 6XUYH\�IRU�SURIHVVLRQDOV�
�Â-DSDQ�6XSHUPDUNHWV�$VVRFLDWLRQ�
�Â1HZ�6XSHUPDUNHW�$VVRFLDWLRQ�RI�
�-DSDQ�
�Â6WXG\�*URXS�RI�(FR�IULHQGO\�
�6WRUH�
�Â&KDLQ�VWRUH�$�RI�IRRG�
�VXSHUPDUNHW�DQG�*06�
�Â0DQXIDFWXUHU�%�RI�UHIULJHUDWLRQ�
�HTXLSPHQWV�
�Â-DSDQ�&RXQFLO�RI�6KRSSLQJ�
�&HQWHUV�
/LWHUDWXUH�VXUYH\�
�Â&RPPHUFLDO�)DFLOLW\��&UHDWLRQ�
�DQG�'HVLJQ��-72&6��������

0HGLXP�IRRG�
VXSHUPDUNHW�

�������� 0HGLXP�IRRG�
VXSHUPDUNHW�

/DUJH�IRRG�
VXSHUPDUNHW�

�������� /DUJH�IRRG�
VXSHUPDUNHW�

6PDOO�JHQHUDO��
PHUFKDQGLVH�
IDFLOLW\�

��������� 0HJD�IRRG�
VXSHUPDUNHW�
6PDOO�*06� *HQHUDO�PHUFKDQGLVH��

VXSHUPDUNHW��*06��
1HLJKERUKRRG�
6&�

6KRSSLQJ�FHQWUH�
�6&��

0HGLXP�JHQHUDO�
PHUFKDQGLVH�
IDFLOLW\�

��������� 0HGLXP�*06� *06�
&RPPXQLW\�
6&�

6&�

/DUJH�JHQHUDO��
PHUFKDQGLVH�
IDFLOLW\�

��������� /DUJH�*06� *06�

5HJLRQDO�6&� 6&�

0HGLXP�
GHSDUWPHQW�VWRUH�

��������� 0HGLXP�
GHSDUWPHQW�
VWRUH�

'HSDUWPHQW�VWRUH� /LWHUDWXUH�VXUYH\�
�Â&RPPHUFLDO�)DFLOLW\��&UHDWLRQ�
�DQG�'HVLJQ��-72&6��������
�Â7UHQG�RI�&RPPHUFLDO�)DFLOLWLHV�
�������<DQR�5HVHDUFK�,QVWLWXWH��
�������

/DUJH��
GHSDUWPHQW�VWRUH�

≥�������� /DUJH�
GHSDUWPHQW�
VWRUH�

�
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YHQWLODWLRQ� DQG� DLU� FRQGLWLRQLQJ �+9$&�� V\VWHPV��
DQG� UHIULJHUDWLRQ� V\VWHPV� DQG� RWKHU� DSSOLDQFHV��
0RUHRYHU�� WKH�DUFKHW\SHV�ZHUH�FDUHIXOO\�GHVLJQHG�WR�
UHIOHFW� WKH� FKDUDFWHULVWLFV� RI� HQHUJ\� XVDJH� LQ� HDFK�
VWRFN�FDWHJRU\���

Building geometry and business hours 
7KH�VWDWLVWLFDO�GDWD� VKRZQ� LQ�)LJXUH���ZDV�FROOHFWHG�
GXULQJ� -DSDQHVH� '(&&� SURMHFW� �-DSDQ� 6XVWDLQDEOH�
%XLOGLQJ� &RQVRUWLXP�� ������� ,Q� DGGLWLRQ�� GDWD� RI�
VDOHV� DUHD�� WRWDO� IORRU� DUHD�� QXPEHU� RI� VWRULHV� DQG�
EXVLQHVV�KRXUV�ZHUH�FROOHFWHG�DQG�XVHG�WR�GHVLJQ�WKH�
JHRPHWU\�DQG�EXVLQHVV�KRXUV�RI�DUFKHW\SHV��7DEOH�����
7KH� WRWDO� IORRU� DUHD�ZDV�GLYLGHG� LQWR� WZR�FDWHJRULHV�
RI� VDOHV� DUHD� DQG� QRQ�VDOHV� DUHD�� WKH� ODWWHU� RI�ZKLFK�
ZDV� XVHG� IRU�PDQDJHPHQW� RIILFHV�� ZRUN� VSDFHV� DQG�
VWRUHURRPV���

Specification and operation of lighting and 
appliances  
7KH�LQWHQVLW\�RI�OLJKWLQJ�DQG�DSSOLDQFHV�ZDV�GHVLJQHG�
RQ�WKH�EDVLV�RI�D�OLWHUDWXUH�VXUYH\�WKDW�FRQVLGHUHG�WKH�
GLIIHUHQFHV�DPRQJ�VWRFN�FDWHJRULHV���
7KH� LQWHQVLW\� RI� OLJKWLQJ� IRU� FORWKLQJ� DQG� KRXVLQJ�
VDOHV� ZDV� GHVLJQHG� WR� EH� KLJKHU� WKDQ� WKDW� RI� IRRG�

VDOHV�� ,Q� SDUWLFXODU�� WKH� LQWHQVLW\� RI� OLJKWLQJ� LQ�
PHGLXP�DQG�ODUJH�GHSDUWPHQW�VWRUHV�ZDV�GHVLJQHG�WR�
EH� KLJKHU� WKDQ� WKDW� LQ�RWKHU� FDWHJRULHV�EHFDXVH� VXFK�
VWRUHV�GR�QRW�RIIHU�D� VHOI�VHUYLFH� V\VWHP��DQG� LQGRRU�
HQYLURQPHQWDO�TXDOLW\�LV�UHODWLYHO\�KLJK��7KH�LQWHQVLW\�
RI�DSSOLDQFHV�RI�VDOHV�DUHD�ZDV�GHILQHG�DV������:�P��
IRU� FRQYHQLHQFH� VWRUH�� ��� :�P�� IRU� PHGLXP� DQG�
ODUJH� GHSDUWPHQW� VWRUHV� DQG� �� :�P�� IRU� RWKHU�
FDWHJRULHV�WR�GHOLYHU�VHUYLFHV�DQG�GLVSOD\�VDOHV�LWHPV���
)RU� FRQYHQLHQFH� DQG� VXSHU� GUXJ�� WKH� LQWHQVLW\� RI�
OLJKWLQJ� ZDV� GHILQHG� DV� ��� :�P�� WR� FRQVLGHU�
FRVPHWLFV�DQG�EHDXW\�SURGXFWV��

Configuration of HVAC system  
<DPDJXFKL� HW� DO�� ������� GHYHORSHG� D� GDWDEDVH� RQ�
+9$&�V\VWHPV�LQ�ZKLFK�WKH�VKDUHV�RI�VL[�W\SHV�ZHUH�
GLVWLQJXLVKHG�DFFRUGLQJ�WR�UHWDLO�IDFLOLW\�VL]H��7DEOH���
VKRZV�WKH�KHDW�VRXUFH�DQG�FRHIILFLHQW�RI�SHUIRUPDQFH�
�&23�� RI� WKHVH�+9$&� V\VWHPV�� DQG�7DEOH� �� VKRZV�
+9$&�V\VWHP�VKDUHV�DQG�VL]HV�RI� IDFLOLWLHV��7R� WDNH�
LQWR� DFFRXQW� WKH� VKDUH� RI� HDFK� +9$&� V\VWHP�
FRQILJXUDWLRQ�� WKH� (8,� ZDV� FDOFXODWHG� ZKLOH�
DVVXPLQJ� DOO� FRQILJXUDWLRQV� UHVSHFWLYHO\�� DQG� WKH�
UHVXOW� ZDV� ZHLJKWHG� DYHUDJHG� E\� XVLQJ� WKH� VKDUH� RI�
WKH�V\VWHP�FRQILJXUDWLRQV���

Table 3 Definitions of heat sources and coefficient of performance (COP) of HVAC system types 

System  
alternative 

Heat source 
CGS Cooling Cooling 

COP Heating  Heating 
COP 

&*6� 'LUHFW�JDV�ILUHG�DEVRUSWLRQ�FKLOOHU� ������ 6DPH�DV�FRROLQJ� ������ 8VH�
$E� 'LUHFW�JDV�ILUHG�DEVRUSWLRQ�FKLOOHU� ������ 6DPH�DV�FRROLQJ� ������  �

$E	%R� 'RXEOH�HIIHFW�DEVRUSWLRQ�FKLOOHU��
GULYHQ�E\�VWHDP� ������ %RLOHU� ������  �

&F	%R� &RPSUHVVLRQ�FKLOOHU� ������ %RLOHU� ������  �

'LV$&� 'LVWULEXWHG�DLU�FRQGLWLRQLQJ�V\VWHP��
GULYHQ�E\�HOHFWULFLW\� ������ 6DPH�DV�FRROLQJ� ������  �

*+3� *DV�HQJLQH�KHDW�SXPS�GULYHQ�E\�FLW\�JDV� ������ 6DPH�DV�FRROLQJ� ������  �
�

Table 2 Definitions of archetypes of building stock categories 

Building stock category 

Sales 
area 

 
 [m2] 

Total 
floor 
area 
[m2] 

Number  
of 

stories 
Store hours 

Capacity per sales area 
[W/m2] 

Lighting Refrigeration 
 system 

&RQYHQLHQFH�VWRUH� ���� ���� �� $URXQG�WKH�FORFN� ��� �����
6SHFLDOL]HG�VWRUH� ��� ���� �� ������������ ���  �
+RPH�FHQWUH� ������ ������ �� ������������ ���  �
&ORWKLQJ�DQG�KRXVLQJ�
VXSHUPDUNHW� ������ ������ �� ������������ ���  �

&RQYHQLHQFH�GUXJ� ���� ���� �� ������������ ��� ���
6XSHU�GUXJ� ������ ������ �� ������������ ��� ���
6PDOO�IRRG�VXSHUPDUNHW� ���� ������ �� ����������� ��� �����
0HGLXP�IRRG�VXSHUPDUNHW� ������ ������ �� ����������� ��� ����
/DUJH�IRRG�VXSHUPDUNHW� ������ ������ �� ����������� ��� ����
6PDOO�JHQHUDO��
PHUFKDQGLVH�IDFLOLW\� ������ ������ �� ������������ �VW�IORRU����

7KH�RWKHUV���� �VW�IORRU����

0HGLXP�JHQHUDO�
PHUFKDQGLVH�IDFLOLW\� ������� ������� �� ������������ �VW�IORRU����

7KH�RWKHUV���� �VW�IORRU����

/DUJH�JHQHUDO��
PHUFKDQGLVH�IDFLOLW\� ������� ������� �� ������������ �VW�IORRU����

7KH�RWKHUV���� �VW�IORRU����

0HGLXP�GHSDUWPHQW�VWRUH� ������� ������� �� ������������ ���  �
/DUJH�GHSDUWPHQW�VWRUH� ������� ������� ��� ������������ ���  �

�
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Table 4 Shares of HVAC system types and facility sizes 

System  
alternative 

Building stock category 
Convenience store 
Specialized store 
Convenience drug 
Small food 
  supermarket 

Home centre 
Clothing and housing 

supermarket 
Super drug 
Medium food supermarket 
Large food supermarket 

Small general 
merchandise facility 

Medium general 
merchandise facility 

Medium department 
store 

Large general  
merchandise facility 

Large department store 

&*6� ��� ��� ��� ���
$E� ��� ���� ���� ����

$E	%R� ��� ��� ��� ���
&F	%R� ��� ��� ��� ���
'LV$&� ���� ���� ���� ���
*+3� ���� ���� ��� ���

�
�Refrigeration systems 
&RQYHQLHQFH� VWRUHV�� FRQYHQLHQFH� DQG� VXSHU� GUXJV��
VPDOO�� PHGLXP� DQG� ODUJH� IRRG� VXSHUPDUNHWV�� DQG�
VPDOO��PHGLXP�DQG� ODUJH�*0�IDFLOLWLHV�DUH�HTXLSSHG�
ZLWK� UHIULJHUDWLRQ� FDELQHWV� WR� GLVSOD\� IRRGV�� 7KH�
FDSDFLWLHV� RI� WKHVH� UHIULJHUDWLRQ� V\VWHPV� ZHUH�
GHWHUPLQHG� WKURXJK� LQWHUYLHZV� ZLWK� IDFLOLW\�
GHYHORSPHQW� PDQDJHUV� DQG� SURIHVVLRQDOV� RI�
UHIULJHUDWLRQ� V\VWHP� PDQXIDFWXULQJ� FRPSDQLHV�� )RU�
VPDOO��PHGLXP�DQG�ODUJH�IRRG�VXSHUPDUNHWV��WKH�PRVW�
FRPPRQ�FRQILJXUDWLRQ� DQG� FDSDFLW\�ZDV�GHWHUPLQHG�
RQ�WKH�EDVLV�RI�DYDLODEOH�VWDWLVWLFV���

Floor usage 
:H�GHWHUPLQHG� WKH� W\SLFDO� IORRU�XVDJH� IRU� WKH� VWRFN�
FDWHJRULHV�WKDW� LQFOXGHG�PRUH�WKDQ�RQH�VWRU\�VXFK�DV�
*0� IDFLOLWLHV� DQG� GHSDUWPHQW� VWRUHV�� )RU� VPDOO��
PHGLXP� DQG� ODUJH� *0� IDFLOLWLHV�� WKH� JURXQG� IORRU�
ZDV� GHILQHG� DV� D� IRRG� VDOHV� IORRU� HTXLSSHG� ZLWK�
UHIULJHUDWLRQ� FDELQHWV�� IRU� PHGLXP� DQG� ODUJH�
GHSDUWPHQW�VWRUHV��WKH�EDVHPHQW�IORRU�ZDV�GHILQHG�DV�

D� IRRG� VDOHV� IORRU�� )RU� ERWK�� WKH� RWKHU� IORRUV� ZHUH�
GHILQHG�DV�FORWKLQJ�DQG�KRXVLQJ�VDOHV�IORRUV���

Other elements 
)RU� RWKHU� HOHPHQWV� RI� IDFLOLWLHV�� FRPPRQ� FRQGLWLRQV�
ZHUH�DSSOLHG�WR�DOO�VWRFN�FDWHJRULHV���

(67,0$7,21�2)�(1(5*<�86(�
,17(16,7<�2)�672&.�&$7(*25,(6�
Simulation model 
7KH�GHYHORSHG�DUFKHW\SHV�ZHUH�XVHG�DV�LQSXW�GDWDVHWV�
IRU� DQ� HQWLUH� EXLOGLQJ� HQHUJ\� GHPDQG� PRGHO� WR�
HVWLPDWH�(8,�IRU�HDFK�VWRFN�FDWHJRU\���
)LJXUH� �� VKRZV� WKH� PRGHO� XVHG� WR� HVWLPDWH� HQHUJ\�
FRQVXPSWLRQ�� ZKLFK� FDOFXODWHV� HQG�XVH� HQHUJ\�
GHPDQG� DQG� FRUUHVSRQGLQJ� HQHUJ\� FRQVXPSWLRQ� IRU�
KHDWLQJ�� FRROLQJ�� YHQWLODWLRQ�� OLJKWLQJ�� UHIULJHUDWLRQ�
DQG�RWKHU��<DPDJXFKL�HW�DO���������,Q�WKLV�PRGHO��ZH�
GLG�QRW�LQFOXGH�HQG�XVH�IRU�ZDWHU�KHDWLQJ�DQG�FRRNLQJ��
7KH�PLQLPXP� XQLW� IRU� VLPXODWLRQ� ZDV� RQH� EXLOGLQJ�
IORRU��7R�HVWLPDWH�KHDWLQJ�DQG�FRROLQJ�GHPDQGV�RI�D�

�
Figure 3 Simulation procedure and databases for models used in this study 

�

67$57

'HILQH�SK\VLFDO�SURSHUWLHV�RI�EXLOGLQJ�
EDVHG�RQ�WKH�EXLOGLQJ�SURSHUW\�GDWDEDVH

'HILQH�RFFXSDQW�EHKDYLRXU��SDWWHUQ�RI�RSHUDWLRQV�

'HVLJQ�RI�FDSDFLW\�RI�+9$&�V\VWHP

'\QDPLF�VLPXODWLRQ
RI�KHDW�EDODQFH�
	�+9$&�V\VWHP

6LPXODWLRQ�
RI�HOHFWULFLW\�GHPDQG

RI�OLJKWLQJ�
DQG�RWKHU�DSSOLDQFHV

+RXUO\�HQHUJ\�GHPDQG�SURILOH
�FRROLQJ��KHDWLQJ�DQG�HOHFWULFLW\�

(QHUJ\�VRXUFH�V\VWHP�PRGHO

(1'

Building archetypes
Building geometry and business hour
6DOHV�DUHD��WRWDO�IORRU�DUHD��QXPEHU�RI�VWRULHV��EXVLQHVV�KRXU

Specification and operation of lighting and appliance
,QWHQVLW\��RSHUDWLRQ�VFKHGXOH

Configuration of HVAC system
+HDW�VRXUFH�IRU�FRROLQJ�DQG�KHDWLQJ

Specification and operation of refrigeration system
,QWHQVLW\��RSHUDWLRQ�VFKHGXOH

Energy efficiency database
&23�RI�KHDW�VRXUFH�PDFKLQHV
(QHUJ\ HIILFLHQF\�XQGHU�SDUW�ORDG�RSHUDWLRQ�
DQG�HWF�

,QSXW�RI�FOLPDWH�FRQGLWLRQV

6LPXODWLRQ�
RI�HOHFWULFLW\�GHPDQG�
DQG�WKHUPDO�ORDG�
E\ WKH�DLU�OHDNDJH�

RI�UHIULJHUDWLRQ�V\VWHP

(OHFWULFLW\�DQG�FLW\�JDV�FRQVXPSWLRQ

Climate condition database
7HPSHUDWXUH�	�RWKHU�FRQGLWLRQV

Energy 
demand 
model

Energy 
source 
system 
model

Database
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IORRU��WKHUPRG\QDPLF�DQG�+9$&�V\VWHP�VLPXODWLRQV�
ZHUH�SHUIRUPHG�RQ�DQ�KRXUO\�EDVLV�ZKLOH�FRQVLGHULQJ�
WKH� IROORZLQJ� SDUDPHWHUV�� VL]H�� IRUP� DQG� RWKHU�
SURSHUWLHV� WKDW� GHWHUPLQH� WKHUPRG\QDPLF�
FKDUDFWHULVWLFV�RI�WKH�IORRU��XVDJH�RI�WKH�IORRU��ZKLFK�
GHWHUPLQHV� LQWHUQDO� KHDW� JDLQ� DQG� RSHUDWLRQ�
FRQGLWLRQV� RI� WKH� +9$&� V\VWHP�� DQG� WKH� DGRSWHG�
HQHUJ\�FRQVHUYDWLRQ� PHDVXUHV� DQG� FRQILJXUDWLRQ� RI�
+9$&� V\VWHPV�� ZKLFK� GHWHUPLQH� WKH� HQHUJ\�
HIILFLHQF\� RI� WKHVH� V\VWHPV�� )RU� WKH� VLPXODWLRQ� RI�
HOHFWULFLW\� XVDJH�� D� FRPPRQ� HOHFWULFLW\� GHPDQG�
SURILOH�IRU�OLJKWLQJ�DQG�RWKHU�HTXLSPHQW�ZDV�DVVLJQHG�
WR�HDFK�IORRU��
)RU� UHIULJHUDWLRQ� V\VWHPV�� WKH� WKHUPDO� ORDG� RI�
UHIULJHUDWLRQ� FDELQHWV� ZDV� HVWLPDWHG� ZKLOH�
FRQVLGHULQJ� DLU� OHDNDJH� IURP� WKH� FDELQHW� DQG� WKH�
LQWHUQDO� KHDW� JDLQ� IURP� GLVSOD\� OLJKWLQJ�� %\� XVLQJ� D�
UHJUHVVLRQ�PRGHO�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WKHUPDO�
ORDG� DQG� HQHUJ\� FRQVXPSWLRQ�� WKH� HQHUJ\�
FRQVXPSWLRQ�ZDV�TXDQWLILHG��6X]XNL�HW�DO����������
%HFDXVH�RI�WKH�ERWWRP�XS�PDQQHU� LQ�HVWLPDWLQJ�(8,�
RI� HDFK� DUFKHW\SH�� WKH� HQHUJ\� GHPDQG� SURILOH� DQG�
WRWDO� HQHUJ\� FRQVXPSWLRQ� FDOFXODWHG� IRU� HDFK�
DUFKHW\SH� WDNLQJ� LQWR� DFFRXQW� WKH� LQIOXHQFH� RI�
PHWHRURORJLFDO� FRQGLWLRQV�� EXLOGLQJ� JHRPHWU\� DQG�
SURSHUW\�� FRQILJXUDWLRQ� DQG� RSHUDWLRQ� RI� +9$&�
V\VWHPV�� OLJKWLQJ�� DSSOLDQFHV� DQG� RWKHU� EXLOGLQJ�
HTXLSPHQW���

Estimation result of energy use intensity 
)LJXUH���VKRZV�WKH�SULPDU\�HQHUJ\�FRQVXPSWLRQ�SHU�
WRWDO� IORRU� DUHD� HVWLPDWHG� IRU� HDFK� EXLOGLQJ� VWRFN�
FDWHJRU\��7KH�ILJXUH�DOVR�VKRZV�WKH�PHDQ�(8,�ZLWK�D�
���� FRQILGHQW� LQWHUYDO�� ZKLFK� ZDV� DOVR� VKRZQ� LQ�
)LJXUH�����
7KH� VLPXODWLRQ� UHVXOW� ZDV� JHQHUDOO\� LQ� JRRG�
DJUHHPHQW�ZLWK�WKH�DFWXDO�(8,��ZLWK�WKH�H[FHSWLRQ�RI�
FRQYHQLHQFH� GUXJ�� 7KLV� UHVXOW� LPSOLHV� WKDW� WKH�
DUFKHW\SH� GHVLJQV� VXFFHVVIXOO\� UHIOHFWHG� GLIIHUHQFHV�
DPRQJ� VWRFN� FDWHJRULHV�� )LJXUH� �� DOVR� VKRZV� WKH�
FRPSRVLWLRQ� RI� HQHUJ\� FRQVXPSWLRQ� E\� HQG� XVH�� ,Q�
FRQYHQLHQFH�VWRUH�DQG�VPDOO��PHGLXP�DQG�ODUJH�IRRG�
VXSHUPDUNHWV�� WKH� VKDUH� RI� UHIULJHUDWLRQ� HQHUJ\�
DFFRXQWHG�IRU�PRUH�WKDQ������DQG�WKH�WRWDO�(8,�ZDV�
VLJQLILFDQWO\� KLJKHU� WKDQ� WKDW� IRU� RWKHU� VWRFN�
FDWHJRULHV���

$**5(*$7,21�2)�(1(5*<�
&2168037,21�
,Q� WKH� ILQDO� VWHS�� WKH� WRWDO� HQHUJ\� FRQVXPSWLRQ� RI�
UHWDLO� IDFLOLWLHV� ORFDWHG� LQ� WKH� .HLKDQVKLQ�
PHWURSROLWDQ� DUHD�� -DSDQ�� ZDV� TXDQWLILHG� E\�
DJJUHJDWLQJ� WKH� HVWLPDWHG� WRWDO� HQHUJ\� FRQVXPSWLRQ�
RI�DOO�VWRFN�FDWHJRULHV��7KLV�SURFHVV�FRQVLGHUHG� WRWDO�
VDOHV� IORRU� DUHD� DQG� WKH� (8,� TXDQWLILHG� LQ� WKH�
SUHYLRXV�VWHS�� ,W�VKRXOG�EH�QRWHG� WKDW�ZKLOH� WKH� WRWDO�
IORRU�DUHD�ZDV�XVHG�LQ�)LJXUH���IRU�FRPSDULVRQ�ZLWK�
WKH�DFWXDO�(8,�VKRZQ�LQ�)LJXUH����ZH�XVHG�VDOHV�DUHD�
DV�WKH�XQLW�EHFDXVH�LW�ZDV�WKH�RQO\�GDWD�DYDLODEOH�IRU�
DJJUHJDWLRQ��

�
Figure 4 Energy use intensity of archetypes 

�
Figure 5 Total sales floor areas for stock categories 

in the Keihanshin metropolitan area 

Total sales floor area 
7KH� 5HVHDUFK� DQG� 6WDWLVWLFV� 'HSDUWPHQW� RI� WKH�
0LQLVWU\� RI� (FRQRP\�� 7UDGH� DQG� ,QGXVWU\� �0(7,���
-DSDQ�� FRQGXFWV� D� &HQVXV� RI� &RPPHUFH� HYHU\� ILYH�
\HDUV�� 7KH� SXUSRVH� RI� WKH� FHQVXV� LV� WR� FODULI\� WKH�
DFWXDO� FRQGLWLRQV� RI� WKH� QDWLRQ¶V� FRPPHUFH� DQG� WR�
REWDLQ� EDVLF� GDWD� IRU� WKH� IRUPXODWLRQ� RI� FRPPHUFLDO�
SROLF\� �0(7,�� ������� 6XUYH\� UHVXOWV�� ZKLFK� DUH�
SXEOLVKHG�RQOLQH��LQFOXGH�VDOHV�IORRU�DUHD��
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)LJXUH���VKRZV�WKH�HVWLPDWHG�WRWDO�VDOHV�IORRU�DUHD�RI�
HDFK� VWRFN� FDWHJRU\� LQ� WKH� .HLKDQVKLQ� PHWURSROLWDQ�
DUHD��

�
Figure 6 Energy consumption among stock 

categories 

�
Figure 7 Electricity and city gas consumption among 

stock categories  

Energy consumption 
7KH� WRWDO� HQHUJ\� FRQVXPSWLRQ� RI� HDFK� FDWHJRU\�ZDV�
FDOFXODWHG� E\� PXOWLSO\LQJ� WKH� WRWDO� VDOHV� IORRU� DUHD�
ZLWK�WKH�(8,�SHU�VDOHV�DUHD��)LJXUH���VKRZV�WKH�WRWDO�
HQHUJ\�FRQVXPSWLRQ�RI�HDFK�VWRFN�FDWHJRU\��7KH�WRWDO�
HQHUJ\� FRQVXPSWLRQ� RI� WKH� VWRFN� FDWHJRU\� RI�
VSHFLDOL]HG�VWRUH�LV�WKH�ODUJHVW��ZKLFK�FRUUHVSRQGV� WR�

WKH�ODUJHVW�VDOHV�DUHD�LQ�WKH�UHJLRQ�VKRZQ�LQ�)LJXUH����
)LJXUH� �� VKRZV� WKH� VKDUH� RI� HOHFWULFLW\� DQG� FLW\� JDV�
FRQVXPSWLRQ�� 7KH� UDWH� RI� JDV� FRQVXPSWLRQ� GLIIHUHG�
DPRQJ� WKH� VWRFN� FDWHJRULHV� IURP� ��� WR� ����� 7KH�
VWRFN�FDWHJRULHV�ZLWK�ODUJH�IORRU�DUHDV�WHQGHG�WR�VKRZ�
UHODWLYHO\� ODUJH� VKDUHV� RI� JDV� FRQVXPSWLRQ�� 7KLV�
UHVXOW�RFFXUUHG�OLNHO\�EHFDXVH�WKH�VKDUH�RI�$E�RU�$E�
DQG� %R� GULYHQ� E\� FLW\� JDV� LV� KLJK� DPRQJ� +9$&�
V\VWHP�FRQILJXUDWLRQV� LQ� ODUJH�EXLOGLQJV��DV� OLVWHG� LQ�
7DEOH����
)LQDOO\�� ZH� TXDQWLILHG� WKH� WRWDO� HQHUJ\� FRQVXPSWLRQ�
LQ� WKH� .HLKDQVKLQ� PHWURSROLWDQ� DUHD�� WKH� FDOFXODWHG�
DQQXDO�SULPDU\�HQHUJ\�FRQVXPSWLRQ�ZDV�����3-�\HDU��
)LJXUH��� VKRZV�HQHUJ\�FRQVXPSWLRQ�E\�HQG�XVH�DQG�
HQHUJ\� VRXUFH��(QHUJ\� FRQVXPSWLRQ� IRU� OLJKWLQJ� DQG�
+9$&�DFFRXQWHG�IRU�DSSUR[LPDWHO\�����RI�WKH�WRWDO�
HQHUJ\� FRQVXPSWLRQ�� (QHUJ\� FRQVXPSWLRQ� IRU�
UHIULJHUDWLRQ�ZDV�DOVR�VLJQLILFDQWO\�KLJK�DW�������

�

�
Figure 8 Shares of total energy consumption in the 

Keihanshin metropolitan area  

',6&866,21�
7KLV� FDVH� VWXG\� VXFFHVVIXOO\� GHPRQVWUDWHG� WKH�
DSSOLFDELOLW\� RI� WKH� DUFKHW\SH� HQJLQHHULQJ� DSSURDFK�
WR� -DSDQHVH� UHWDLO� IDFLOLW\� VWRFNV� ZLWK� VLJQLILFDQWO\�
GLYHUVH� OHYHOV� RI� (8,�� 7KH� SURFHVV� XVHG� LQ� WKLV�
DSSURDFK�FRQVLVWHG�RI� VWRFN�FODVVLILFDWLRQ��DUFKHW\SH�
GHVLJQ�� VLPXODWLRQ� XVLQJ� DUFKHW\SH� DQG� HQHUJ\�
FRQVXPSWLRQ� DJJUHJDWLRQ�� 7KH� FODVVLILFDWLRQ� RI�
EXLOGLQJ� VWRFN� DOORZHG� WKH� PRGHO� WR� GHVLJQ� DQ�
DUFKHW\SH� WKDW� UHSUHVHQWHG� D� KRPRJHQLVHG� VWRFN�
JURXS��7KH� DUFKHW\SH�GHVLJQ� FRQVLGHUHG� WKH� IHDWXUHV�
RI� HDFK� VWRFN� FDWHJRU\�� DQG� WKH� VLPXODWLRQ� SURFHVV�
XVHG�DUFKHW\SHV�UHIOHFWLQJ�WKH�HQHUJ\�FRQVXPSWLRQ�RI�
WKH� VWRFN� FDWHJRU\�� 7KH� ILQDO� DJJUHJDWLRQ� VWHS�
UHIOHFWHG� WKH� GLVWULEXWLRQ� RI� EXLOGLQJ� VWRFN� LQ� HDFK�
VWRFN� FDWHJRU\�� 7KH� FDSDELOLW\� RI� WKH� GHYHORSHG�
PRGHO� ZDV� DSSURSULDWH� IRU� DSSOLFDWLRQV� WR� HYDOXDWH�
SRWHQWLDO� FRQWULEXWLRQV� RI� VSHFLILF� WHFKQRORJLHV� VXFK�
DV�/('�OLJKW�DQG�SROLF\�LPSOHPHQWDWLRQ���
+RZHYHU��LW�VKRXOG�EH�QRWHG�WKDW�WKLV�DSSURDFK�KDV�D�
VLJQLILFDQW� ZHDNQHVV�� )LJXUH� �� VKRZV� WKH� DFWXDO�
GLVWULEXWLRQ�RI�(8,� LQ�UHWDLO� IDFLOLWLHV��%\�FODVVLI\LQJ�
UHWDLO�IDFLOLWLHV�DFFRUGLQJ�WR�WKH����VWRFN�FDWHJRULHV��LW�
LV� SRVVLEOH� GHFUHDVH� YDULHW\� LQ� (8,��+RZHYHU�� ODUJH�
YDULDELOLW\� LQ�HDFK�VWRFN�FDWHJRU\� UHPDLQV��DV�VKRZQ�
LQ�)LJXUH����,W�LV�LPSRVVLEOH�WR�FRQVLGHU�WKH�YDULDELOLW\�
LQ� (8,� ZLWK� WKH� DUFKHW\SH� HQJLQHHULQJ� PRGHO��
%HFDXVH�VXFK�YDULDELOLW\�FRXOG�EH�FDXVHG�E\�QXPEHU�
RI� IDFWRUV�� LW� LV� QHFHVVDU\� WR� DSSO\� D� SUREDELOLVWLF�
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DSSURDFK��ZKLFK�JLYHV�LQSXW�SDUDPHWHUV�DV�VWDWLVWLFDO�
GLVWULEXWLRQV� LQ� WKH� VLPXODWLRQ� SURFHVV� XVLQJ� WKH�
DUFKHW\SHV�� 7KLV� SRLQW� LV� GLVFXVVHG� IXUWKHU� E\�
<DPDJXFKL�HW�DO�����������

&21&/86,21�
7KLV�SDSHU�GLVFXVVHG�WKH�PHWKRGRORJ\�WR�GHYHORS�DQ�
XUEDQ�VFDOH� HQHUJ\� GHPDQG�PRGHO� RI� D� UHWDLO� VHFWRU�
EXLOGLQJ�ORFDWHG�LQ� WKH�.HLKDQVKLQ�PHWURSROLWDQ�DUHD�
LQ� -DSDQ�� :H� FODVVLILHG� UHWDLO� IDFLOLWLHV� LQWR� ���
EXLOGLQJ� VWRFN� FDWHJRULHV� DFFRUGLQJ� WR� WKH�
FKDUDFWHULVWLFV�RI�HQHUJ\�FRQVXPSWLRQ��:H�GHYHORSHG�
DUFKHW\SHV� IRU� HDFK� FDWHJRU\� E\� FRQVLGHULQJ�
GLIIHUHQFHV� LQ� WKH� LQIOXHQFLQJ� IDFWRUV� RI� HQHUJ\�
FRQVXPSWLRQ� DPRQJ� WKH� FDWHJRULHV�� :H� VLPXODWHG�
(8,�E\�XVLQJ�WKH�DUFKHW\SHV�DV�LQSXW�DQG�GHWHUPLQHG�
WKDW� WKH� UHVXOW� LV� LQ� JRRG� DJUHHPHQW� ZLWK� WKH� DFWXDO�
(8,�� ZLWK� WKH� H[FHSWLRQ� RI� FRQYHQLHQFH� GUXJ�� ,Q�
DGGLWLRQ�� WKH� VLPXODWLRQ� UHVXOW� FDQ� VKRZ� WKH�
FRPSRVLWLRQ�RI�HQHUJ\�FRQVXPSWLRQ�IRU�HDFK�HQG�XVH��
)LQDOO\�� ZH� FDOFXODWHG� WKH� WRWDO� HQHUJ\� FRQVXPSWLRQ�
RI� UHWDLO� IDFLOLWLHV� LQ� DUHD� E\� FDOFXODWLQJ� HQHUJ\�
FRQVXPSWLRQ� IRU� DOO� FOXVWHUV� TXDQWLILHG� E\�
PXOWLSO\LQJ�HQHUJ\�XVH�LQWHQVLW\�DQG�WRWDO�VDOHV�IORRU�
DUHD�� WKH� FDOFXODWHG� DQQXDO� SULPDU\� HQHUJ\�
FRQVXPSWLRQ�ZDV�VKRZQ�WR�EH�����3-�\HDU��7KH�UHVXOW�
LQGLFDWHG� HQHUJ\� FRQVXPSWLRQ� E\� HQG� XVH� DQG� E\�
HOHFWULFLW\� DQG� FLW\� JDV�� 7KHUHIRUH�� WKLV� PRGHO� LV�
FDSDEOH� RI� XUEDQ�VFDOH� VLPXODWLRQ� RI� UHWDLO� VHFWRUV�
ZKLOH�FRQVLGHULQJ�WKH�ZLGH�YDULHW\�RI�HQHUJ\�XVDJH�RI�
UHWDLO�IDFLOLWLHV��7KH�GHYHORSHG�PRGHO�FDQ�EH�DSSOLHG�
WR� HYDOXDWH� SRWHQWLDO� FKDQJHV� LQ� HQHUJ\�GHPDQG�GXH�
WR�WHFKQRORJLHV��FOLPDWH�DQG�EXLOGLQJ�VWRFN��,W�LV�DOVR�
SRVVLEOH�WR�HVWLPDWH�SHDN�HOHFWULFLW\�GHPDQG�RI�UHWDLO�
IDFLOLWLHV�GXULQJ�VXPPHU�VHDVRQ�WKDW�LV�PDGH�E\�KLJK�
HOHFWULFLW\�GHPDQG�IRU�FRROLQJ�DQG�UHIULJHUDWLRQ����

$&.12:/('*0(176�
7KLV� ZRUN� LV� VXSSRUWHG� E\� *UDQWV�LQ�$LG� IRU�
6FLHQWLILF�5HVHDUFK��-DSDQ�6RFLHW\�IRU�WKH�3URPRWLRQ�
RI�6FLHQFH�1R������������

5()(5(1&(�
&RPPLWWHH�IRU�'DWD�EDVH�IRU�(QHUJ\�&RQVXPSWLRQ�RI�

&RPPHUFLDO� %XLOGLQJ�� -DSDQ� 6XVWDLQDEOH�
%XLOGLQJ� &RQVRUWLXP�� '(&&�'DWD�EDVH� IRU�
(QHUJ\� &RQVXPSWLRQ� RI� &RPPHUFLDO� %XLOGLQJ��
KWWS���ZZZ�MVEF�RU�MS�GHFF��� $FFHVVHG� )HEUXDU\�
���������

-DSDQHVH� 7HFKQLFDO� 2UJDQL]DWLRQ� IRU� &RPPHUFLDO�
6SDFHV� �-72&6��� ������ &RPPHUFLDO� )DFLOLW\��
&UHDWLRQ�DQG�'HVLJQ��

0(7,�� &HQVXV� RI� &RPPHUFH� LQ� ������
KWWS���ZZZ�PHWL�JR�MS�HQJOLVK�VWDWLVWLFV�W\R�V\RX
J\R�LQGH[�KWPO��$FFHVVHG�)HEUXDU\����������

6X]XNL��<���<DPDJXFKL��<��6KLUDLVKL��.���1DUXPL��'���
6KLPRGD�� <�� ������ $QDO\VLV� DQG� PRGHOLQJ� RI�
HQHUJ\�GHPDQG�RI�UHWDLO�VWRUHV��7KH�3URFHHGLQJV�
RI�WKH�%XLOGLQJ�6LPXODWLRQ�������SS�������������

6ZDQ�/*���8JXUVDO�9�,�� ������0RGHOLQJ� RI� HQG�XVH�
HQHUJ\� FRQVXPSWLRQ� LQ� WKH� UHVLGHQWLDO� VHFWRU��$�
UHYLHZ� RI�PRGHOLQJ� WHFKQLTXHV�� 5HQHZDEOH� DQG�
6XVWDLQDEOH� (QHUJ\� 5HYLHZV�� YRO� ���� SS�� �����
������

<DPDJXFKL� <��� 6KLPRGD� <�� ������ 'LVWULFW�VFDOH�
6LPXODWLRQ� IRU� 0XOWL�SXUSRVH� (YDOXDWLRQ� RI�
8UEDQ� (QHUJ\� 6\VWHPV�� -RXUQDO� RI� %XLOGLQJ�
3HUIRUPDQFH�6LPXODWLRQ��YRO�����SS�����������

<DPDJXFKL�<��HW�DO��������&ODVVLILFDWLRQ�RI�-DSDQHVH�
5HWDLO�)DFLOLWLHV� WR�(VWDEOLVK�%HQFKPDUN�(QHUJ\�
&RQVXPSWLRQ�� 3URFHHGLQJV� RI� $&(((� 6XPPHU�
6WXG\�������SS�����������

<DPDJXFKL� <��� &KRXGKDU\� 5��� %RRWK� $�� 6X]XNL� <��
6KLPRGD�<��������8UEDQ�VFDOH�HQHUJ\�PRGHOLQJ�
RI� IRRG� VXSHUPDUNHW� FRQVLGHULQJ� XQFHUWDLQW\��
7KH�SURFHHGLQJV�RI�%6��������

<DQR�5HVHDUFK�,QVWLWXWH��������7UHQG�RI�&RPPHUFLDO�
)DFLOLWLHV�������
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