
DEVELOPMENT AND VALIDATION OF A RESIDENTIAL SECTOR ENERGY 
END-USE PREDICTION MODEL TO ESTIMATE RESIDENTIAL ENERGY 

CONSUMPTION IN JAPAN 
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$%675$&7�
:H� GHYHORSHG� D� ³GDWD� SUHSDUDWLRQ� PRGHO´� WR�
FRPSOHPHQW�WKH�GDWDEDVH�IRU�WKH�HVWLPDWLRQ�RI�HQHUJ\�
FRQVXPSWLRQ� LQ� WKH� -DSDQHVH� UHVLGHQWLDO� VHFWRU� IURP�
����� WR� ������ ,Q� SDUWLFXODU�� ZH� GHYHORSHG� D� ³VWRFN�
PRGHO´�IRU�ZDWHU�KHDWHUV�WR�HVWLPDWH�WKH�GLIIXVLRQ�RI�
KLJK�HIILFLHQF\�ZDWHU�KHDWHUV��(QHUJ\�FRQVXPSWLRQ�LV�
HVWLPDWHG� E\� D� ³UHVLGHQWLDO� VHFWRU� HQHUJ\� HQG�XVH�
SUHGLFWLRQ�PRGHO´�ZKLFK�ZDV�GHYHORSHG�RULJLQDOO\�E\�
RXU� UHVHDUFK� JURXS�� ,Q� DGGLWLRQ�� ZH� YDOLGDWHG� WKH�
UHVXOWV� DQG� DQDO\]HG� WKH� GRPLQDQW� IDFWRUV� UHODWHG� WR�
HQHUJ\� FRQVXPSWLRQ� LQ� WKH� UHVLGHQWLDO� VHFWRU�� 7KH�
VLPXODWHG� WRWDO�HQHUJ\�FRQVXPSWLRQ�ZDV�ZLWKLQ�����
RI�WKH�DFWXDO�HQHUJ\�VXSSO\� LQ������DQG�������ZKLOH�
WKH�UHVXOW�LQ������ZDV�XQGHUHVWLPDWHG�E\���±�����7KH�
PRVW� LPSRUWDQW� IDFWRU� IRU� UHGXFLQJ� HQHUJ\�
FRQVXPSWLRQ� ZDV� IRXQG� WR� EH� DQ� LPSURYHPHQW� LQ�
DSSOLDQFH�HIILFLHQF\��

,1752'8&7,21�
5HFHQWO\�� WKH� -DSDQHVH� JRYHUQPHQW� KDV� EHHQ�
GLVFXVVLQJ� D� QHZ� HQHUJ\� SODQ�� DQG� LQ� SDUWLFXODU�� WKH�
QHHG� IRU� HQHUJ\� VDYLQJV� DQG� FHUWDLQW\� RI� VXSSO\�� $�
QXPEHU�RI�PHDVXUHV�KDYH�EHHQ�VXJJHVWHG��KRZHYHU��D�
FRQFUHWH�SODQ�KDV� \HW� WR�EH� ILQDOL]HG��$�PHWKRG� WKDW�
FDQ� EH� XVHG� WR� HYDOXDWH� WKH� HIIHFWLYHQHVV� RI� WKHVH�
PHDVXUHV�LV�UHTXLUHG�WR�VXSSRUW�WKH�GHFLVLRQ�UHJDUGLQJ�
WKH� PHDVXUHV� WKDW� QHHG� WR� EH� LPSOHPHQWHG�� ,Q�
SDUWLFXODU��PHDVXUHV�WR�UHGXFH�HQHUJ\�FRQVXPSWLRQ�LQ�
WKH� UHVLGHQWLDO� VHFWRU� DUH� QHHGHG�� VLQFH� HQHUJ\�
FRQVXPSWLRQ� LQ� WKH� -DSDQHVH� UHVLGHQWLDO� VHFWRU� KDV�
VWHDGLO\�LQFUHDVHG��EHFDXVH�WKH�VWDQGDUG�RI�OLYLQJ�KDV�
LQFUHDVHG��$ORQJ�ZLWK�DQ� LQFUHDVH� LQ� WKH� VWDQGDUG�RI�
OLYLQJ��WKHUH�KDYH�EHHQ�FRQFRPLWDQW�LQFUHDVHV�LQ�KRXVH�
VL]HV�DQG�KRPH�HOHFWULF�DSSOLDQFH�XVDJH���
,Q� -DSDQ�� WKH� HQHUJ\� FRQVXPSWLRQ� SHU� KRXVHKROG�
VLJQLfiFDQWO\�YDULHV�DFFRUGLQJ�WR�WKH�VL]H�RI�KRXVHKROG��
DQG�WKH�HIfiFLHQF\�RI�DSSOLDQFHV�XVHG�LQ�WKH�KRXVH��,Q�
DGGLWLRQ�WR�WKH�QXPEHU�RI�PHPEHUV�RI�WKH�KRXVHKROG��
WKH�XVDJH�SDWWHUQ�IRU�HDFK�DSSOLDQFH�GHSHQGV�RQ�WKHLU�
FROOHFWLYH� OLIHVW\OHV�� 7KHUHIRUH�� LW� LV� GLIfiFXOW� WR�
HVWLPDWH� WKH� SRWHQWLDO� HQHUJ\� VDYLQJ� WKDW� HDFK�
PLWLJDWLRQ�PHDVXUH�FDQ�PDNH�RQ�HLWKHU�D�FLW\�ZLGH�RU�
QDWLRQDO�VFDOH���

:H�GHYHORSHG�D�ERWWRP�XS�³UHVLGHQWLDO�VHFWRU�HQHUJ\�
HQG�XVH�SUHGLFWLRQ�PRGHO´��6KLPRGD�<���HW�DO���������
WR� HVWLPDWH� HQHUJ\� FRQVXPSWLRQ� EDVHG� RQ� RFFXSDQW�
EHKDYLRU�RYHU���PLQXWHV�DQG�D�QXPEHU�RI�IDFWRUV��H�J����
HQHUJ\� HIfiFLHQF\� RI� DSSOLDQFHV�� LQVXODWLRQ�
SHUIRUPDQFH�RI�EXLOGLQJV���%RWWRP�XS�DSSURDFKHV�FDQ�
DVVHVV� WKH� HQHUJ\� XVDJH� EDVHG� RQ� WKH� PRGHOLQJ� RI�
EXLOGLQJ� SK\VLFV� WR� FDOFXODWH� WKH� HQHUJ\� XVDJH� RI�
LQGLYLGXDO� EXLOGLQJV� RQ� D� PRQWKO\� RU� KRXUO\� EDVLV�
�0DWD�(��HW�DO����������7KHVH�PRGHOV�DOVR�H[WUDSRODWH�
WKH�UHVXOWV��WKXV��WKH\�FDQ�EH�DSSOLHG�WR�D�UHJLRQ�RU�D�
FRXQWU\��+RZHYHU��WKH\�UHSRUWHG�WKDW�ZLWK�WKH�ERWWRP�
XS�DSSURDFK�� LWV� GDWD� DYDLODELOLW\�PD\�GHWHUPLQH� WKH�
PRGHO� VWUXFWXUH��7KH�ERWWRP�XS�PRGHO� UHTXLUHV�GDWD�
IURP� D� QXPEHU� RI� VRXUFHV� WR� HVWLPDWH� HQHUJ\� XVDJH�
EDVHG�RQ�D�UDQJH�RI�KRXVHKROG��KRZHYHU��WKH�H[LVWLQJ�
KRXVHKROG� HQHUJ\� GDWD� LV� OLPLWHG�� 0DWD�(� HW� DO�
GHYHORSHG� D� ERWWRP�XS� PRGHO� WR� VLPXODWH� KRXU�E\�
KRXU�XVDJH�RQ� WKH�EDVLV�RI�DYDLODEOH�VLPSOLILHG�GDWD��
1HYHUWKHOHVV�� WKHLU� PRGHO� LV� XQDEOH� WR� FRQVLGHU� WKH�
WHPSRUDO�GHPDQG�FKDQJHV�WKDW�UHVXOW�IURP�FKDQJHV�LQ�
RFFXSDQF\� DQG� WKH� XVDJH� RI� GLIIHUHQW� DSSOLDQFHV��
7KHUHIRUH��PRUH�GHWDLOHG� VLPXODWLRQV� DUH� UHTXLUHG� WR�
HYDOXDWH� FRPSOH[� HQHUJ\� VDYLQJ�PHDVXUHV� LQFOXGLQJ�
WKH�PDQDJHPHQW�RI� URRP�HQYLURQPHQW�RU�EHKDYLRUDO�
FKDQJHV���
7R�VROYH�WKH�GDWD�OLPLWDWLRQ�SUREOHP�DQG�DFKLHYH�PRUH�
GHWDLOHG�VLPXODWLRQ��ZH�GHYHORSHG�D�GDWD�SUHSDUDWLRQ�
PRGHO� WKDW� HVWLPDWHG� GDWD� XQDYDLODEOH� IURP� H[LVWLQJ�
VWDWLVWLFV�,Q�SDUWLFXODU��WKH�GDWD�SUHSDUDWLRQ�PRGHO�IRU�
QHZ�UHVLGHQWLDO�ZDWHU�KHDWHUV�ZDV�GHYHORSHG�KHUHLQ�WR�
DFFRXQW�IRU�GDWD�SDXFLW\�UHJDUGLQJ�WKH�SURSRUWLRQV�RI�
HDFK�W\SH�RI�ZDWHU�KHDWHU���
7KH�SXUSRVHV�RI�WKLV�VWXG\�ZHUH�DV�IROORZV���
���7R�PRGLI\�WKH�PHWKRG�WR�XSGDWH�WKH�GDWDEDVH�DQG�
WKH�GDWD�SUHSDUDWLRQ�PRGHO��
���7R�DSSO\�WKH�PRGHO�WR�WKH�HQHUJ\�XVDJH�LQ�WKH�2VDND�
3UHIHFWXUH� IURP� ����� WR� ����� DQG� WR� YDOLGDWH�
HVWLPDWHG�HQHUJ\�FRQVXPSWLRQ�UHVXOWV���
��� 7R� DQDO\]H� WKH� GRPLQDQW� IDFWRUV� IRU� HQHUJ\�
FRQVXPSWLRQ� WR� VXJJHVW� HIIHFWLYH� HQHUJ\� VDYLQJ�
PHDVXUHV��
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6,08/$7,21�02'(/�
Structure of the simulation model 
:H�GHYHORSHG�D�RULJLQDO�ERWWRP�XS�UHVLGHQWLDO�VHFWRU�
HQHUJ\�HQG�XVH�SUHGLFWLRQ�PRGHO�WR�VLPXODWH�FLW\�VFDOH�
HQHUJ\�FRQVXPSWLRQ�LQ�WKH�UHVLGHQWLDO�VHFWRU��)LJXUH���
VKRZV� WKH� VLPXODWLRQ� PRGHO� IORZ� FKDUW�� ,Q� WKH�
VLPXODWLRQ��WKH�GLYHUVLW\�RI�IDPLO\�DQG�EXLOGLQJ�W\SHV�
LV� FRQVLGHUHG�� DQG� WKH� HQHUJ\� FRQVXPSWLRQ� RI� RQH�
KRXVHKROG� LV� LWHUDWLYHO\� FDOFXODWHG� IRU� ��� KRXVHKROG�
W\SHV� DQG� ��� EXLOGLQJ� GHVLJQV²VL[� RI� ZKLFK� DUH�
FODVVLILHG� DV� GHWDFKHG� KRXVHV� DQG� WKH� RWKHU� VL[� DUH�
FODVVLILHG�DV�DSDUWPHQWV�GHSHQGHQW�RQ�IORRU�DUHD��)RXU�
OHYHOV�RI�EXLOGLQJ�LQVXODWLRQ�DUH�LQFOXGHG�LQ�WKH�PRGHO��
7KH�WRWDO�UHVLGHQWLDO�HQHUJ\�FRQVXPSWLRQ�LQ�WKH�WDUJHW�
UHJLRQ� ZDV� HVWLPDWHG� E\� PXOWLSO\LQJ� WKH� VLPXODWHG�
HQHUJ\�FRQVXPSWLRQ�RI�RQH�KRXVHKROG�E\�WKH�QXPEHU�
RI� KRXVHKROGV� LQ� HDFK� FDWHJRU\�� � 7KH� QXPEHU� RI�
KRXVHKROGV�FODVVLILHG�E\�KRXVHKROG�W\SH�DQG�EXLOGLQJ�
W\SH�DUH�HVWLPDWHG�EDVHG�RQ� WKH�1DWLRQDO�3RSXODWLRQ�
&HQVXV�6WDWLVWLFV�%XUHDX����������
7R� FDOFXODWH� WKH� WRWDO� HQHUJ\� FRQVXPSWLRQ� RI� WKH�
-DSDQHVH� UHVLGHQWLDO� VHFWRU�� -DSDQ� LV� GLYLGHG� LQWR� ���
UHJLRQV�EDVHG�RQ�WKH�FOLPDWH�]RQH�FODVVLILFDWLRQ�E\�WKH�
-DSDQHVH� (QHUJ\� &RQVHUYDWLRQ� /DZ� �$JHQF\� IRU�
1DWXUDO� 5HVRXUFH� DQG� (QHUJ\� DQG� (QHUJ\�
&RQVHUYDWLRQ�&HQWHU����������
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

7KH�PRGHO�KDV�WKUHH�SDUWV��WKH�³'DWDEDVH�´�WKH�³'DWD�
SUHSDUDWLRQ�PRGHO�´�DQG�WKH�³(QHUJ\�XVH�PRGHO�´��
7KH� ³'DWDEDVH´� LQFOXGHV� FHQVXV� GDWD� DQG� RWKHU�
VWDWLVWLFV�WKDW�DUH�ORDGHG�LQWR�WKH�HQHUJ\�XVH�PRGHO��,Q�
DGGLWLRQ��WKH�³'DWDEDVH´�LQFOXGHV�WKH�GDWD�HVWLPDWHG�LQ�
WKH�³'DWD�SUHSDUDWLRQ�PRGHO�´��
7KH� ³'DWD� SUHSDUDWLRQ� PRGHO´� FRQVLVWV� RI� WKH�
IROORZLQJ� FRPSRQHQWV�� DQ� ³2FFXSDQW� EHKDYLRU�
VFKHGXOH�PRGHO�´�D�³+RXVHKROG�FDWHJRUL]H�PRGHO´�DQG�
D� ³6WRFN� PRGHO�´� 7KH� VWRFN� PRGHO� ZDV� SUHYLRXVO\�
GHVFULEHG��6KLPRGD�<���������DQG�LV�XVHG�WR�HVWLPDWH�
WKH� DYHUDJH� HQHUJ\� HIILFLHQF\� RI� DSSOLDQFHV� DQG� WKH�
GLVWULEXWLRQ�RI�EXLOGLQJ�LQVXODWLRQ�OHYHOV�LQ�WKH�WDUJHW�
UHJLRQ�� 7KH� PRGHO� HQDEOHV� XV� WR� SUHSDUH� LQSXW� GDWD�
LQFOXGLQJ�WKH�DYHUDJH�HQHUJ\�HIILFLHQF\�RI�DSSOLDQFHV�
LQ�WKH�WDUJHW�\HDU��,Q�WKLV�SDSHU��WKH�³6WRFN�PRGHO´�IRU�
ZDWHU�KHDWHUV�ZDV�PRGLILHG��
(QHUJ\�FRQVXPSWLRQ�ZDV�VLPXODWHG�E\� WKH� ³(QHUJ\�
XVH� PRGHO´� EDVHG� RQ� RFFXSDQW� EHKDYLRU�� ZKLFK� LV�
HVWLPDWHG� XVLQJ� WKH� ³2FFXSDQWV� EHKDYLRU� VFKHGXOH�
PRGHO�´�,Q�WKH�KHDWLQJ�DQG�FRROLQJ�PRGHO��VLPXODWLRQV�
RI�WKH�G\QDPLF�KHDW�ORDG�DUH�FRQGXFWHG�XVLQJ�EXLOGLQJ�
DQG� FOLPDWLF� GDWD�� +HDWLQJ� DQG� FRROLQJ� ORDGV� DUH�
VLPXODWHG� XVLQJ� WKH� LQWHUQDO� KHDW� JDLQ�� ZKLFK� LV�
FDOFXODWHG�XVLQJ�WKH�DSSOLDQFH�HQHUJ\�XVH�PRGHO�DQG�
RFFXSDQW�EHKDYLRU��7KH�WLPH�VWHS�RI�ERWK�WKH�KHDW�ORDG�
DQG�HQHUJ\�XVH�VLPXODWLRQV�ZDV���PLQXWHV��
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Figure 1:�7KH�VWUXFWXUH�RI�WKH�VLPXODWLRQ�PRGHO�

+HDWLQJ�DQG�&RROLQJ�PRGHO

+RW�ZDWHU�HQHUJ\�XVH�PRGHO

+HDW�ORDG�VLPXODWLRQ�PRGHO

2FFXSDQWV�EHKDYLRU�VFKHGXOH�PRGHO

&OLPDWH�GDWD

(QHUJ\�HIILFLHQF\
'LVVHPLQDWLRQ�UDWLR
3UREDELOLW\�RI�XVH

Database
7LPH�XVH�VXUYH\�GDWD

+HDWLQJ�DQG�FRROLQJ�HQHUJ\�XVH�PRGHO

Energy use model ����WLPH�VWHSV�����GD\V�ORRSV

2FFXSDQW
EHKDYLRU�

8QLW�RI�FRRNLQJ�
HQHUJ\�XVH

$PRXQW�RI�KRW�ZDWHU�XVH�
IRU�HDFK�DFWLYLW\

7KHUPDO�FKDUDFWHULVWLFV�RI�
KRXVH

6HW�DLU�WHPSHUDWXUH
+HDWLQJ�DQG�FRROLQJ�
RSHUDWLRQ�PRGHO

$SSOLDQFHV�VWRFN�PRGHO

7KHUPDO�LQVXODWLRQ�VWRFN�PRGHO

:DWHU�KHDWHU�VWRFN�PRGHO

$SSOLDQFHV�HQHUJ\�XVH�PRGHO

Data preparation model

&LW\�OHYHO�HQHUJ\�
FRQVXPSWLRQ

3URSRUWLRQ�RI�KHDW�
LQVXODWLRQ�OHYHO

'LIIXVLRQ�RI�ZDWHU�KHDWHU

7KH�QXPEHU�KRXVHKROGV

+RXVHKROG�FDWHJRUL]H�PRGHO

$SSOLDQFHV�HQHUJ\�XVH�VFKHGXOH�PRGHO

/LJKWLQJ�HQHUJ\�XVH�VFKHGXOH�PRGHO

.LWFKHQ�HQHUJ\�XVH�PRGHO

��KRXVHKROG�FDWHJRU\
���EXLOGLQJ�FDWHJRU\�
��LQVXODWLRQ�OHYHO�ORRS
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Construction of the database  
2XU�PRGHO�FRPELQHG�D�QXPEHU�RI�IDFWRUV�WKDW�UHIOHFW�
WKH� JHRJUDSKLFDO� DQG� VRFLDO� FRQGLWLRQV� XVHG� LQ� WKH�
HQHUJ\� VLPXODWLRQ�� 7KH� SDUDPHWHUV� WKDW� UHIOHFW� WKH�
JHRJUDSKLFDO�DQG�VRFLDO�FRQGLWLRQ�DUH�GLYLGHG�WR�WZR�
JURXSV��JHRJUDSKLFDO�DQG�WLPH�VHULHV�SDUDPHWHUV��7KH�
JHRJUDSKLFDO�SDUDPHWHUV�DUH�GHWHUPLQHG�RQ� WKH�EDVLV�
RI� ��� -DSDQHVH� UHJLRQV�� DFFRUGLQJ� WR� WKH� -DSDQHVH�
(QHUJ\� &RQVHUYDWLRQ� /DZ� �$JHQF\� IRU� 1DWXUDO�
5HVRXUFH�DQG�(QHUJ\�DQG�(QHUJ\�&RQVHUYDWLRQ�&HQWHU��
������� 7LPH�VHULHV� SDUDPHWHUV� DUH� GHWHUPLQHG� E\�
UHJLRQ�DQG�WKH�WDUJHW�\HDU��7KH\�ZHUH�VHW�DQQXDOO\�WR�
FRQVLGHU�DQ\�FKDQJHV�LQ�VRFLDO�FRQGLWLRQV��
7KH� SDUDPHWHUV� FRQVLGHUHG� LQ� WKH� PRGHO� ZHUH� DV�
IROORZV��
*HRJUDSKLFDO�SDUDPHWHUV��
� +HDWLQJ�DQG�FRROLQJ�GHJUHH�GD\�
� (VWLPDWHG�ZDWHU�WHPSHUDWXUH�LQ�WKH�FLW\��
� %DWKLQJ�IUHTXHQF\�RI�UHVLGHQWV��
� 1XPEHU�RI�KRXVHKROGV�LQ�HDFK�FDWHJRU\�
7LPH�VHULHV�SDUDPHWHUV��
� &OLPDWLF�GDWD��
� 3URSRUWLRQ� RI� QHZ� KRXVHV� WKDW� KDYH� DGRSWHG�

WKHUPDO�LQVXODWLRQ��
� 7KH�QXPEHU�RI�DSSOLDQFHV�RZQHG�LQ�WKH�FLW\�
� (QHUJ\�SHUIRUPDQFH�RI�DSSOLDQFHV�
� (QHUJ\�VRXUFHV�XVHG�IRU�KHDWLQJ��HOHFWULFLW\��FLW\�

JDV��DQG�NHURVHQH��DQG�WKHLU�UHODWLYH�SURSRUWLRQV�
5HODWLYH�SURSRUWLRQ�RI�URRP�DLU�FRQGLWLRQHUV�DQG�
HOHFWULF�KHDWHUV�

� 1XPEHU�RI�ZDWHU�KHDWHUV�XVHG�LQ�WKH�FLW\��
7KH�GDWD�VRXUFH�IRU�WKH�PRGHO�ZDV�SUHYLRXVO\�UHSRUWHG�
E\� RXU� UHVHDUFK� JURXS� �6KLPRGD�<�� ������� ,Q� WKLV�
SDSHU�� GDWD� IURP� ����� WR� ����� ZDV� DGGHG� WR� WKH�
H[LVWLQJ� GDWDEDVH�� DQG� VRPH� RI� WKH� SDUDPHWHUV� ZHUH�
PRGLILHG�WR�ILW�WKH�SUHVHQW�FRQGLWLRQV��,Q�SDUWLFXODU��WKH�
HQHUJ\�HIILFLHQF\�UDWLQJ�RI�VHOHFWHG�KRPH�DSSOLDQFHV�
ZDV�UHYLVHG�RQ�WKH�EDVLV�RI�WKH� LQIRUPDWLRQ�REWDLQHG�
IURP� WKH� FDWDORJV� IURP� -DSDQHVH� PDQXIDFWXUHUV� LQ�
������7DEOH�����

Data preparation model 
$Q� ³$SSOLDQFH� 6WRFN� PRGHO´� ZDV� GHYHORSHG� WR�
HVWLPDWH� WKH� DYHUDJH� HQHUJ\� HIILFLHQF\� RI� HDFK�
DSSOLDQFH�� 7KH� DSSOLDQFHV� LQFOXGHG� LQ� WKH� ³6WRFN�
PRGHO´� LQFOXGHG� WHOHYLVLRQV� �79V��� '9'�9+6�
UHFRUGHUV�� SHUVRQDO� FRPSXWHUV�� UHIULJHUDWRUV�� DQG� DLU�
FRQGLWLRQHUV�� VLQFH� WKH\� W\SLFDOO\� FRQVXPH� PRUH�
HOHFWULFLW\� LQ� FRPSDULVRQ� ZLWK� RWKHU� KRXVHKROG�
DSSOLDQFHV��7KH�HQHUJ\�HIficieQF\�RI�WKHVH�DSSOLDQFHV�
ZDV� DVVXPHG� RQ� DQ� DQQXDO� EDVLV�� 7KH� PRGHO� XVHG�
VWDWLVWLFV� LQFOXGLQJ� WKH�DSSOLDQFH¶V� WKH�GLVVHPLQDWLRQ�
UDWLRV�� WKH�QXPEHU�RI�VKLSPHQWV��DQG�WKH�GLVWULEXWLRQ�
RI� DSSOLDQFH� HQHUJ\� HIfiFLHQF\� LQ� HDFK� \HDU� RI�
PDQXIDFWXUH� DIWHU� ������ ,Q� DGGLWLRQ�� OLIHWLPH�
GLVWULEXWLRQV�DUH�VHW�IRU�HDFK�DSSOLDQFH��)URP�WKLV�GDWD��

WKH� HQHUJ\� HIILFLHQF\� RI� HDFK� DSSOLDQFH� WKDW� ZDV�
SXUFKDVHG� LQ�D�SDUWLFXODU� \HDU� LV�HVWLPDWHG��)LJXUH���
VKRZV�WKH�HVWLPDWHG�UHVXOW�IRU�79V�LQ�������7KH�JUDSK�
GHSLFWV�WKH�GLVWULEXWLRQ�RI�WKH�HVWLPDWHG�VDOHV�YROXPHV�
RI�79V�LQ�HDFK�\HDU�RI�PDQXIDFWXUH�IURP������WR�������
7KH�OLQH�VKRZV�WKH�IOXFWXDWLRQ�LQ�HQHUJ\�SHUIRUPDQFH�
RI�WKH�ODWHVW�PRGHO�RI�79V�PDQXIDFWXUHG�LQ�HDFK�\HDU��
)LJXUH� �� VKRZV� WKH� IOXFWXDWLRQV� LQ� WKH� DYHUDJH�
HIILFLHQF\� RI� IRXU� RI� WKH� DSSOLDQFHV� LQ� WKH� PRGHO��
3RZHU� FRQVXPSWLRQ� RI� UHIULJHUDWRU� LV� PRGHOHG� DV� D�
IXQFWLRQ� RI� RXWGRRU� DLU� WHPSHUDWXUH� DQG� DYHUDJH�
SHUIRUPDQFH��
7KH� SURSRUWLRQV� RI� LQVXODWLRQ� OHYHOV� LQ� WKH� VWRFN�
EXLOGLQJV�ZHUH�HVWLPDWHG� IURP� WKH�QXPEHU�RI� QHZO\�
EXLOW� KRXVHV�� WKH� SHUFHQWDJHV� RI� LQVXODWLRQ� OHYHOV�
DGRSWHG�WR�WKH�QHZHVW�KRXVHV��DQG�HVWLPDWHG�OLIHWLPH�
GLVWULEXWLRQV�� )LJXUH� �� VKRZV� WKH� WUDQVLWLRQV� RI� WKH�
SURSRUWLRQV�RI�WKH�VWDQGDUG�RI�LQVXODWLRQ�OHYHOV�LQ�WKH�
VWRFN�KRPHV��
7KH� ³+RXVHKROG� FDWHJRU\� PRGHO´� HVWLPDWHG� WKH�
QXPEHU�RI�PHPEHUV�RI�D�IDPLO\�RU�RI�EXLOGLQJ�W\SHV��
)LJXUH� �� VKRZV� WKH� WUDQVLWLRQ� RI� WKH� QXPEHU� RI�
KRXVHKROGV�FDWHJRUL]HG�LQ�WKH�PRGHO��
�

Table 1: 6HWWLQJ�RI�KRPH�DSSOLDQFH�HIILFLHQF\�

�
�
�

2SHUDWLRQ
PRGH 6WDQGE\

5LFH�FRRNHU ����� ����
'LVKZDVKHU ����� ���
7KHUPRV ����� ����
0LFURZDYH ����� �
7RDVWHU ���� �
)DQ ���� �

:DVKLQJ�0DFKLQH ����� �
0DFKLQH�7XPEOH�GU\HU ������ �

+DLU�GU\HU ����� �
'HVN�ODPS ���� �
9DFXXP ����� �
,URQ ������ �
5DGLR ����� ����

&'�SOD\HU ����� ����
3&�QHWZRUNLQJ�HTXLSPHQW � ����

%6�WXQHU � ���
)D[ � ���

7HOHSKRQH � ���
+HDWHG�WRLOHW�VHDW � ����

.RWDWVX�IRRW�ZDUPHU� ����� �
(OHFWULF�FDUSHW ����� �

$SSOLDQFHV
3RZHU�FRQVXPSWLRQ�:�

.LWFKHQ

+RPH
$SSOLDQFH

+HDW�DQG
&RROLQJ

&DWHJRU\
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�
Figure 2:�1XPEHU�RI�VWRFN�79V�LQ������DQG�HQHUJ\�
SHUIRUPDQFH�RI�79�LQ�D�SDUWLFXODU�PDQXIDFWXUHG�\HDU�

�
Figure 3:�$YHUDJH�HIILFLHQF\�RI�VWRFN�DSSOLDQFHV�

�
Figure 4:�3URSRUWLRQV�RI�EXLOGLQJ�LQVXODWLRQ�OHYHO�

�EDVHG�RQ�DSDUWPHQW�KRXVHV�LQ�WKH�2VDND�3UHIHFWXUH��

�
Figure 5: 1XPEHU�RI�KRXVHKROGV�FDWHJRUL]HG�E\�

RFFXSDQW�QXPEHUV�DQG�EXLOGLQJ�W\SH 

672&.� 02'(/� )25� 1(:�
5(6,'(17,$/�:$7(5�+($7(5��
Water heater stock model 
5HFHQWO\��D�QHZ�W\SH�RI�D�KLJKO\�HIILFLHQW�ZDWHU�KHDWHU�
KDV�EHHQ�UHOHDVHG�IRU�VDOH�LQ�WKH�-DSDQHVH�UHVLGHQWLDO�
VHFWRU�� 7KH� ³VWRFN� PRGHO´� FUHDWHG� IRU� WKLV� VWXG\�
HVWLPDWHG� WKH� GLVVHPLQDWLRQ� UDWLR� RI� FRQYHQWLRQDO�
ZDWHU�KHDWHUV��HOHFWULF�ZDWHU�KHDWHU��JDV�ZDWHU�KHDWHU��
DQG� RLO� ZDWHU� KHDWHU�� DQG� WKH� KLJKO\� HIILFLHQW� ZDWHU�
KHDWHUV� �&2��KHDW�SXPS�ZDWHU�KHDWHU�DQG� ODWHQW�KHDW�
UHFRYHU\� JDV� ZDWHU� KHDWHU��� 7KH� PRGHO� LV� VKRZQ� LQ�
)LJXUH����
7KH�SURSRUWLRQ�RI�HDFK�HQHUJ\�VRXUFH��HOHFWULFLW\��JDV�
DQG�RLO��XVHG�IRU�KHDWLQJ�ZDWHU� LV�GHWHUPLQHG�RQ� WKH�
EDVLV� RI� WKH� $QQXDO� 5HVLGHQWLDO� (QHUJ\� 5HSRUW�
�-\XNDQN\R�5HVHDUFK�,QVWLWXWH�,QF����������(OHFWULFLW\�
DQG�JDV�GHPDQG�DUH�GLYLGHG�LQWR�WKH�GHPDQG�VDWLVILHG�
E\�FRQYHQWLRQDO�ZDWHU�KHDWHUV�DQG�WKDW�IRU�WKH�KLJKO\�
HIILFLHQW�KHDWHU�GXH�WR�WKH�GLVVHPLQDWLRQ�UDWLR�RI�HDFK�
KHDWHU�� 7KH� GLVVHPLQDWLRQ� UDWLR� RI� HDFK� VWRFN� ZDWHU�
KHDWHU�ZHUH�FDOFXODWHG�IURP�WKH�QXPEHU�RI�VKLSPHQWV�
DQG� WKH� UHPDLQLQJ� UDWLR�� 5HPDLQLQJ� UDWLR� LV� WKH�
SUREDELOLW\�WKDW�WKH�HTXLSPHQW�UHPDLQV�WR�EH�XVHG�IURP�
LQVWDOOHG�WR�WKH�KRXVH�WR�WKH�WDUJHW�\HDU��
�

�
Figure 6:�6WUXFWXUH�RI�D�ZDWHU�KHDWHU�VWRFN�PRGHO�

Relative proportion of energy sources in hot water 
demand 
7KH� SULPDU\� HQHUJ\� GHPDQG� IRU� KRW� ZDWHU� LQ� HDFK�
UHJLRQ�LQ�-DSDQ�ZDV�REWDLQHG�IURP�WKH�$QQXDO�UHSRUW�
RI� KRXVHKROG�HQHUJ\� VWDWLVWLFV� �-\XNDQN\R� 5HVHDUFK�
,QVWLWXWH� ,QF����������7KH�UHODWLYH�SURSRUWLRQ�RI�HDFK�
HQHUJ\�VRXUFH�XVHG� WR�KHDW� �ZDWHU�ZDV�FDOFXODWHG�E\�
GLYLGLQJ�WKH�SULPDU\�GHPDQG�IRU�HDFK�HQHUJ\�VRXUFH�
E\�WKH�HIILFLHQF\�RI�HDFK�ZDWHU�KHDWHU��)LJXUH���VKRZV�
WKH� WUDQVLWLRQ� RI� WKH� UHODWLYH� SURSRUWLRQV� RI� HQHUJ\�
VRXUFHV��H�J���HOHFWULFLW\��JDV��DQG�RLO��IRU�KHDWLQJ�ZDWHU�
LQ�WKH�2VDND�3UHIHFWXUH���
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�
Figure 7: 3URSRUWLRQ�RI�HQHUJ\�VRXUFH�LQ�WKH�2VDND�

3UHIHFWXUH 

Water heater shipments  
7KH� QXPEHU� RI� ZDWHU� KHDWHU� XQLWV� VKLSSHG� ZDV�
GHWHUPLQHG�IURP�WKH�VKLSSLQJ�VWDWLVWLFV��,Q�SDUWLFXODU��
WZR� GRFXPHQWV� ZHUH� UHYLHZHG�� WKH� -DSDQ� ,QGXVWULDO�
$VVRFLDWLRQ�RI�*DV�DQG�.HURVHQH�$SSOLDQFHV��������
DQG� WKH� -DSDQ� 5HIULJHUDWLRQ� DQG� $LU� &RQGLWLRQLQJ�
,QGXVWU\�$VVRFLDWLRQ� �������� ,Q� DGGLWLRQ�� SURGXFWLRQ�
VXUYH\�GDWD�ZDV�DOVR�UHYLHZHG��0LQLVWU\�RI�(FRQRP\��
7UDGH� DQG� ,QGXVWU\�� ������� )LJXUH� �� VKRZV� WKH�
WUDQVLWLRQ�RI�ZDWHU�KHDWHU�VKLSPHQWV���
�

�
Figure 8: :DWHU�KHDWHU�VKLSPHQWV�

Remaining ratio 
7KH� UHPDLQLQJ� UDWLR� IRU�ZDWHU�KHDWHUV�ZDV�HVWLPDWHG�
E\�DSSO\LQJ�D�:HLEXOO�GLVWULEXWLRQ�WR�WKH�ZDVWH�UDWLR�
IRU�ZDWHU�KHDWHUV��:DVWH�UDWLR�LV�WKH�SUREDELOLW\�WKDW�DQ�
HTXLSPHQW� LV� GHPROLVKHG� LQ� WKH� WDUJHW� \HDU� IURP�
SXUFKDVH��7KH�:HLEXOO�GLVWULEXWLRQ�ZDV�GHWHUPLQHG�E\�
D�VFDOH�DQG�D�VKDSH�SDUDPHWHU��(TXDWLRQ�������7KH�VFDOH�
SDUDPHWHU�UHSUHVHQWHG�WKH�SHULRG�RI�WLPH�IRU�KDOI�RI�WKH�
QHZO\� LQVWDOOHG� HTXLSPHQW� WR� EH� ZDVWHG� �H�J���
GLVFDUGHG�DIWHU�LW�LV�QR�ORQJHU�XVHDEOH���,Q�WKLV�VWXG\��
WKH�YDOXH�RI�WKH�VFDOH�SDUDPHWHU�ZDV�VHW�WR������EDVHG�
RQ�UHVHDUFK�GDWD��-DSDQ�,QGXVWULDO�$VVRFLDWLRQ�RI�*DV�
DQG�.HURVHQH�$SSOLDQFHV���������7KH�VKDSH�SDUDPHWHU�
UHSUHVHQWHG� WKH� VKDSH� RI� WKH� ZDVWH� SUREDELOLW\�
GLVWULEXWLRQ��7KH�YDOXH�RI�WKH�VKDSH�SDUDPHWHU�ZDV�VHW�
WR���VR�DV�WR�ILW�WKH�HVWLPDWHG�QXPEHU�RI�VWRFN�ZDWHU�
KHDWHUV�WR�WKH�QXPEHU�RI�KRXVHKROGV��)LJXUH���VKRZV�
WKH�HVWLPDWHG�ZDVWH�UDWLR�DQG�UHPDLQLQJ�UDWLR���
�

:�\� �E�D�\�D�A�E�í���H[S>í�\�D�AE@� ����

:��\���GLVWULEXWLRQ�RI�ZDVWH�UDWLR�
\��GXUDWLRQ�RI�WKH�VKLSPHQW�
D��VFDOH�SDUDPHWHU�
E��VKDSH�SDUDPHWHU�

�
Figure 9: :DVWH�UDWLR�DQG�UHPDLQLQJ�UDWLR�

Estimation of the number of stock water heaters 
7KH�QXPEHU�RI�VWRFN�ZDWHU�KHDWHUV�IURP�D�SDUWLFXODU�
PDQXIDFWXULQJ�\HDU�ZDV�FDOFXODWHG�E\�PXOWLSO\LQJ�WKH�
QXPEHU�RI�VKLSPHQWV�DQG�WKH�UHPDLQLQJ�UDWLR�IRU�WKDW�
\HDU��7KH� WRWDO�QXPEHU�RI�VWRFNV� LQ�D�SDUWLFXODU�\HDU�
ZDV�HVWLPDWHG�E\�VXPPLQJ�WKH�QXPEHU�RI�UHPDLQLQJ�
V\VWHPV�IURP�WKDW�\HDU��)LJXUH����VKRZV�WKH�WUDQVLWLRQ�
RI�WKH�QXPEHU�RI�VWRFN�ZDWHU�KHDWHUV��
�

�
Figure 10: 1XPEHU�RI�VWRFN�ZDWHU�KHDWHUV 

Dissemination ratio of each water heater 
7KH� GLVVHPLQDWLRQ� UDWLR� RI� HDFK� ZDWHU� KHDWHU� ZDV�
HVWLPDWHG� E\� FDWHJRUL]LQJ� WKH� GHPDQG� IRU� ZDWHU�
KHDWLQJ� IURP� HOHFWULF� DQG� JDV� VRXUFHV� LQWR� WKH�
FRQYHQWLRQDO� DQG� KLJKO\� HIILFLHQW� ZDWHU� KHDWHU�
DFFRUGLQJ�WR�WKH�VWRFN�YROXPHV�RI�HDFK�ZDWHU�KHDWHU��
7KH� GLVVHPLQDWLRQ� UDWLR� RI� HDFK� ZDWHU� KHDWHU� LQ� WKH�
2VDND�3UHIHFWXUH�LQ������LV�VKRZQ�LQ�)LJXUH�����7KH�
KLJKO\� HIILFLHQW� ZDWHU� KHDWHU� LV� RZQHG� LQ�
DSSUR[LPDWHO\� ���� RI� KRXVHKROGV� LQ� WKH� 2VDND�
3UHIHFWXUH�LQ�������
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�
Figure 11: 'LVVHPLQDWLRQ�UDWLR�RI�ZDWHU�KHDWHU�VWRFNV�

E\�W\SH��������2VDND�3UHIHFWXUH� 

6,08/$7,21� 9$/,'$7,21� $1'�
5(68/76�
Simulation  
,Q� WKLV� VWXG\�� RXU� PRGHO� ZDV� DSSOLHG� WR� HVWLPDWH�
UHVLGHQWLDO� HQHUJ\� FRQVXPSWLRQ� LQ� ������ ������ DQG�
�����LQ�WKH�2VDND�3UHIHFWXUH��7KH�HVWLPDWHG�UHVXOW�ZDV�
FRPSDUHG� WR� WKH� RIILFLDO� VWDWLVWLFV� WR� YHULI\� WKH�
DFFXUDF\�RI�WKH�PRGHO��

Validation of simulated residential energy 
consumption in Osaka prefecture 
7KH� VLPXODWHG� WRWDO� UHVLGHQWLDO� HQHUJ\� HQG�XVH� LQ�
2VDND� SUHIHFWXUH� LQ� ������ ������ DQG� ����� ZDV�
FRPSDUHG�WR�WKH�HVWLPDWHG�HQHUJ\�FRQVXPSWLRQ�IURP�
WKUHH�VRXUFHV��7KH�ILUVW�VRXUFH�LV�WKH�(QHUJ\�%DODQFH�
VWDWLVWLFV� WDEOH� DQQXDOO\� SURYLGHG� E\� $JHQF\� IRU�
1DWXUDO� 5HVRXUFH� DQG� (QHUJ\� LQ� WKH� 0LQLVWU\� RI�
(FRQRP\�� 7UDGH�DQG� ,QGXVWU\� �$JHQF\� IRU� 1DWXUDO�
5HVRXUFH� DQG� (QHUJ\�� ������� 7KH� VWDWLVWLFV� WDEOH� LV�
EDVHG�RQ�VRPH�QDWLRQDO�VWDWLVWLFV�DERXW�HQHUJ\�VXSSO\�
DQG�GHPDQG��7KH�VHFRQG�RQH�LV�WKH�$QQXDO�5HSRUW�RI�
KRXVHKROG� HQHUJ\� VWDWLVWLFV� SXEOLVKHG� E\� -\XNDQN\R�
5HVHDUFK� ,QVWLWXWH� ,QF�� �D� -DSDQHVH� WKLQN� WDQN�
�-\XNDQN\R� 5HVHDUFK� ,QVWLWXWH� ,QF�� ������� 7KH�
UHVLGHQWLDO�HQHUJ\�FRQVXPSWLRQ� LQ�HDFK�SUHIHFWXUH� LV�
HVWLPDWHG� LQ� WKH� $QQXDO� 5HSRUW� EDVHG� RQ� WKH�
TXHVWLRQQDLUH� DERXW� KRXVHKROG� H[SHQGLWXUH�
�DSSUR[LPDWHO\������VDPSOHV�LQ�-DSDQ���7KH�ODVW�RQH�
LV�WKH�2VDND�6WDWLVWLFV�<HDU�%RRN��2VDND�3UHIHFWXUH��
�������7KH�ERRN�VKRZV�WKH�HOHFWULFLW\�DQG�JDV�GHPDQG�
LQ�2VDND�SUHIHFWXUH�DFFRUGLQJ�WR�WKH�GDWD�IURP�HOHFWULF�
DQG�JDV�XWLOLW\��
)LJXUHV� ��� DQG� ��� FRPSDUH� WKH� VLPXODWHG� DQQXDO�
SULPDU\� HQHUJ\� FRQVXPSWLRQ� DQG� HQHUJ\� VXSSO\�
VWDWLVWLFV�IRU�WKH�2VDND�3UHIHFWXUH�UHVLGHQWLDO�VHFWRU�LQ�
������ ������ DQG� ������ )LJXUH� ��� VKRZV� WKH� HQHUJ\�
FRQVXPSWLRQ�E\�HQHUJ\�VRXUFH��,Q�������WKH�GLIIHUHQFH�
EHWZHHQ�RXU�VLPXODWHG�UHVXOWV�DQG�WKH�RWKHU�VWDWLVWLFV�
ZDV� DSSUR[LPDWHO\� ����� DQG� WKH� VLPXODWHG�
FRPSRVLWLRQ� RI� HOHFWULFLW\� ZDV� VLPLODU� WR� WKH� RWKHU�
UHVXOWV��+RZHYHU�� DOWKRXJK�RXU� UHVXOWV� LQ������ZHUH�
KLJKHU� WKDQ� WKH�VWDWLVWLFV�E\��±����� WKH�UHVXOWV� IURP�

����� ZHUH� ORZHU� WKDQ� RWKHU� VWDWLVWLFV� E\� ��±�����
)LJXUH����VKRZV�D�FRPSDULVRQ�RI�HQHUJ\�FRQVXPSWLRQ�
E\� HQHUJ\� XVDJH�� 7KH� VLPXODWHG� FRPSRVLWLRQ� RI�
DSSOLDQFHV� DQG� KRW� ZDWHU� ZDV� VPDOOHU� WKDQ� RWKHU�
VWDWLVWLFV��
7KH� UHVXOWV� RI� RXU� VLPXODWLRQ� XQGHUHVWLPDWHG� WKH�
LQFUHDVH� LQ� HQHUJ\� XVH� IURP� ����� WR� ������ 3RVVLEOH�
UHDVRQV�DUH�WKDW�WKH�HQHUJ\�XVDJH�IURP�PLVFHOODQHRXV�
DSSOLDQFHV�ZDV�QRW�FRQVLGHUHG�LQ�RXU�PRGHO�DQG�WKDW�
WKH�VHUYLFH�OLIH�RI�DQ�DSSOLDQFH�LV�W\SLFDOO\�VKRUWHU�WKDQ�
WKH�DFWXDO�OLIH��7KH�VKRUWHU�OLIH�RI�DQ�DSSOLDQFH�PHDQV�
WKDW� WKH\� WHQG� WR� EH� UHSODFHG� PRUH� TXLFNO\�� 7KLV�
SRWHQWLDOO\� LQFUHDVHV� WKH� VDOHV� YROXPHV� IRU� PRUH�
HIILFLHQW� DSSOLDQFHV�� ,QFOXGLQJ� PLVFHOODQHRXV�
DSSOLDQFHV� DQG� PRGLI\LQJ� WKH� VHUYLFH� OLIH� RI�
DSSOLDQFHV�LQ�WKH�PRGHO�PD\�LQFUHDVH�WKH�DFFXUDF\�RI�
WKH� VLPXODWLRQ�� 2WKHU� SRVVLEOH� UHDVRQ� IRU� WKH�
GLIIHUHQFH� LV� WKDW� WKH� VLPXODWLRQ� FRQVLGHU� RQO\� WKH�
UHDVRQDEOH� HQHUJ\� XVH� DQG� GRHV� QRW� FRQVLGHU� WKH�
XQUHDVRQDEOH� RQH� �H�J��� OHDYLQJ� OLJKWLQJ�� DLU�
FRQGLWLRQLQJ� DQG� DSSOLDQFHV� VZLWFKHG�RQ� ZKLOH� WKH�
URRP�LV�XQRFFXSLHG���
,Q� DGGLWLRQ�� RXU� VLPXODWLRQ� UHVXOWV� WHQGHG� WR�
XQGHUHVWLPDWH� JDV� FRQVXPSWLRQ� E\� DSSUR[LPDWHO\�
����LQ�����������LQ�������DQG�����LQ�������)LJXUH�
��� VKRZV� D� FRPSDULVRQ� EHWZHHQ� WKH� VLPXODWHG�
PRQWKO\� JDV� FRQVXPSWLRQ� DQG� JDV� VXSSO\� VWDWLVWLFV��
7KH� VLPXODWHG� UHVXOWV� ZHUH� VLPLODU� WR� WKH� VXSSO\�
VWDWLVWLFV�IRU�D�QXPEHU�RI�PRQWKV��KRZHYHU��WKHUH�ZDV�
D� ODUJHU� GLIIHUHQFH� LQ� VSULQJ� �WKH� VLPXODWHG� UHVXOWV�
ZHUH�PXFK�VPDOOHU���,W�LV�SRVVLEOH�WKDW�WKH�JDV�GHPDQG�
IRU� VSULQJ� LV� EDVHG� RQ� ROG� VWDWLVWLFV� �H�J��� WKH�
TXHVWLRQQDLUH� WKDW� RXU� UHVHDUFK� JURXS� LPSOHPHQWHG�
DQG� FLUFXODWHG� LQ� �������7KHUHIRUH�� XSGDWLQJ� WKH� KRW�
ZDWHU� GHPDQG�PD\� GHFUHDVH� WKH� GLIIHUHQFH� EHWZHHQ�
VLPXODWHG�UHVXOWV�DQG�WKH�VWDWLVWLFV��

Analysis of the dominant factors of annual end-use 
energy consumption in the Osaka Prefecture  
)LJXUH����VKRZV�WKH�GRPLQDQW�IDFWRUV�WKDW�FRQWULEXWHG�
WR�WKH�FKDQJH�LQ�DQQXDO�SULPDU\�HQHUJ\�FRQVXPSWLRQ�
LQ�WKH�2VDND�3UHIHFWXUH�EHWZHHQ������DQG������DQG�
EHWZHHQ� ����� DQG� ����� EDVHG� RQ� RXU� VLPXODWLRQ��
�

�
Figure 12:�6LPXODWHG�DQQXDO�SULPDU\�HQHUJ\�

FRQVXPSWLRQ�DQG�DFWXDO�HQHUJ\�VXSSO\�LQ�2VDND�
3UHIHFWXUH�E\�HQHUJ\�VRXUFH�
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Figure 13: 6LPXODWHG�DQQXDO�SULPDU\�HQHUJ\�
FRQVXPSWLRQ�DQG�DFWXDO�HQHUJ\�VXSSO\�LQ�2VDND�

3UHIHFWXUH�E\�HQHUJ\�XVDJH�

 
Figure 14:�6LPXODWHG�PRQWKO\�JDV�FRQVXPSWLRQ�DQG�
DFWXDO�JDV�FRQVXPSWLRQ�LQ�WKH�2VDND�3UHIHFWXUH�

�
�

)URP������WR�������WKH�HQHUJ\�FRQVXPSWLRQ�LQFUHDVHG�
E\� ������ 7KH� IDFWRUV� WKDW� DFFRXQWHG� IRU� D� WRWDO�
GHFUHDVH� RI� ������ LQFOXGHG� LPSURYHPHQWV� LQ�
DSSOLDQFH� HIfiFLHQF\� �������� DQG� LQ� EXLOGLQJ�
LQVXODWLRQ���������+RZHYHU��WKH�IDFWRUV�DFFRXQWLQJ�IRU�
D�ODUJHU�WRWDO�LQFUHDVH���������LQ�WKLV�SHULRG�LQFOXGHG�
DQ� LQFUHDVH� LQ� WKH� QXPEHU� RI� KRXVHKROGV� ��������
GLIIXVLRQ�RI�DSSOLDQFHV���������DQG� WKH�GLIIHUHQFH� LQ�
FOLPDWLF�FRQGLWLRQV����������
,Q� WKH� SHULRG� IURP� ����� WR� ������ WKH� WRWDO� HQHUJ\�
FRQVXPSWLRQ�GHFUHDVHG�E\��������7KH�JURZWK�LQ�WKH�
QXPEHU�RI�KRXVHKROGV��HVSHFLDOO\�IDPLOLHV�ZLWK�ORZHU�
QXPEHUV��LQFUHDVHG�WKH�HQHUJ\�FRQVXPSWLRQ�E\������
GXULQJ�WKLV�SHULRG��+RZHYHU��WKH�JUHDWHVW�FRQWULEXWRUV�
WR�WKH�������GHFUHDVH�LQ�HQHUJ\�FRQVXPSWLRQ�LQFOXGHG�
LPSURYHPHQWV� LQ� DSSOLDQFH� HIILFLHQF\� ���������
GLIIXVLRQ� RI� WKH� QHZ� KRW� ZDWHU� KHDWHU� �������� WKH�
GLIIHUHQFH� LQ� FOLPDWLF� FRQGLWLRQV� �������� DQG�
LPSURYHPHQWV� LQ� EXLOGLQJ� LQVXODWLRQ� �������7KH�
UHVXOWV� VKRZHG� WKDW� WKH� LPSURYHPHQWV� LQ� DSSOLDQFH�
HIILFLHQF\� ZDV� WKH� ODUJHVW� FRQWULEXWRU� WR� UHGXFLQJ�
HQHUJ\� FRQVXPSWLRQ�� $OWKRXJK� WKH� PRGHO�
XQGHUHVWLPDWHG� WKH� HQHUJ\� FRQVXPSWLRQ� RI� KRPH�
DSSOLDQFHV�� LW�FRXOG�EH� LPSURYHG� LI� WKH�UHSODFHPHQWV�
RI� DSSOLDQFHV� DUH� HVWLPDWHG� PRUH� DFFXUDWHO\� E\�
PRGLI\LQJ� WKH� ³$SSOLDQFHV� 6WRFN�PRGHO�´�7KH�PRVW�
LQIOXHQWLDO� IDFWRU� LQ� WKH� LQFUHDVH� LQ� HQHUJ\�
FRQVXPSWLRQ�ZDV�WKH�JURZLQJ�QXPEHU�RI�KRXVHKROGV��
WKXV�� LW� LV� LPSRUWDQW� WKDW� WKLV� IDFWRU� LV� DFFXUDWHO\�
UHSRUWHG���
,Q�DGGLWLRQ�� WKH� LQFUHDVLQJ�VDOHV�YROXPHV�RI�QHZ�KRW�
ZDWHU� KHDWHUV� LQ� KRPHV� FRXOG� FRQVLGHUDEO\� GHFUHDVH�
HQHUJ\� FRQVXPSWLRQ�� 7KH� DQDO\VLV� RI� VDOHV� YROXPHV�
DQG� LPSURYHPHQWV� LQ� WKH�HIILFLHQF\�RI�ZDWHU�KHDWHUV�
PXVW�EH�FRQVLGHUHG�LPSRUWDQW�IDFWRUV���
�

�
Figure 15: )DFWRUV�FRQWULEXWLQJ�WR�WKH�FKDQJH�LQ�
DQQXDO�SULPDU\�HQHUJ\�FRQVXPSWLRQ�LQ�WKH�2VDND�

3UHIHFWXUH� 
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Estimated energy consumption per household and 
per person 
)LJXUH� ��� DQG� ��� VKRZV� VLPXODWHG� HQHUJ\�
FRQVXPSWLRQ�SHU�KRXVHKROG�DQG�SHU�SHUVRQ�LQ�2VDND�
SUHIHFWXUH� LQ� ������ ������ DQG� ������ (QHUJ\�
FRQVXPSWLRQ�SHU�KRXVHKROG�DQG�SHU�SHUVRQ�KDV�EHHQ�
EDVLFDOO\�GHFUHDVHG�E\�WKH�HQHUJ\�VDYLQJ�PHDVXUHV��,Q�
DGGLWLRQ�� WKH� LQFUHDVH� RI� VPDOO� VL]H� KRXVHKROGV�
GHFUHDVHG� HQHUJ\� FRQVXPSWLRQ� SHU� KRXVHKROG��
KRZHYHU�� HQHUJ\� FRQVXPSWLRQ� SHU� SHUVRQ� LQFUHDVHG�
IURP������WR�������7ZR�SRVVLEOH�UHDVRQ�DUH�WKDW�KRPH�
DSSOLDQFHV�GLIIXVHG�DQG�WKDW� WKH�SHUVRQ� LQ�VPDOO�VL]H�
KRXVHKROG� LQFUHDVHG�� ZKR� XVH� PRUH� HQHUJ\� WKDQ� LQ�
ODUJH�RQH��3HRSOH�LQ�VPDOO�VL]H�KRXVHKROG�FDQQRW�VKDUH�
WKH�HQHUJ\�XVH�DSSOLDQFHV�ZLWK�WKHLU�IDPLO\��7KHUHIRUH��
WKH\�XVH�PRUH�HQHUJ\�WKDQ�RQH�LQ�ODUJH�VL]H�KRXVHKROG��
�

�
Figure 16:�6LPXODWHG�HQHUJ\�FRQVXPSWLRQ�SHU�

KRXVHKROG�

�
Figure 17:�6LPXODWHG�HQHUJ\�FRQVXPSWLRQ�SHU�

SHUVRQ�

&21&/86,21�
$�³GDWD�SUHSDUDWLRQ�PRGHO´� WKDW�HVWLPDWHG�D�QXPEHU�
RI� GDWD� IRU� RXU� HQG�XVH� PRGHO� �QRW� DYDLODEOH� IURP�
H[LVWLQJ�VWDWLVWLFV��ZDV�FUHDWHG��7KH�GDWD�SUHSDUDWLRQ�
PRGHO� IRU� QHZ� UHVLGHQWLDO� ZDWHU� KHDWHUV� ZDV� DOVR�
GHYHORSHG� LQ� WKLV� VWXG\�� 7KH� UHVXOWV� VKRZHG� WKDW�
DSSUR[LPDWHO\� ���� RI� KRXVHKROGV� LQ� WKH� 2VDND�
3UHIHFWXUH� LQ� ����� RZQHG� D� KLJKO\� HIILFLHQW� ZDWHU�
KHDWHU���
(QHUJ\�FRQVXPSWLRQ�IURP������WR������LQ�WKH�2VDND�
3UHIHFWXUH�ZDV� HVWLPDWHG� E\� RXU� HQG�XVH�PRGHO� DQG�
FRPSDUHG�WR�WKH�VWDWLVWLFV�GDWD�IRU�YDOLGDWLRQ�SXUSRVHV��
,Q�������WKH�GLIIHUHQFH�EHWZHHQ�RXU�VLPXODWHG�UHVXOWV�
DQG�WKH�VWDWLVWLFV�ZDV�DSSUR[LPDWHO\������KRZHYHU��LQ�

������ WKH� VLPXODWHG� UHVXOWV� ZHUH� �±���� KLJKHU�� � ,Q�
������WKH�UHVXOWV�RI�WKH�VLPXODWLRQ�ZHUH���±����ORZHU�
WKDQ� WKH� VWDWLVWLFV�� 7KH� UHVXOWV� RI� RXU� VLPXODWLRQ�
XQGHUHVWLPDWHG�WKH�LQFUHDVH�LQ�HQHUJ\�XVH�RYHU�WKH����
\HDUV�� KRZHYHU�� WKH� DFFXUDF\� FRXOG� EH� LPSURYHG� E\�
XSGDWLQJ�WKH�DSSOLDQFH�DQG�KRW�ZDWHU�XVDJH�ILJXUHV��
$FFRUGLQJ�WR�RXU�PRGHO��WKH�PRVW�LQIOXHQWLDO�IDFWRU�IRU�
WKH� GHFUHDVH� LQ� HQHUJ\� FRQVXPSWLRQ� ZDV� WKH�
LPSURYHPHQW� LQ� DSSOLDQFH� HIILFLHQF\�� ,Q� WHUPV� RI�
LQFUHDVLQJ� HQHUJ\� FRQVXPSWLRQ�� WKH� PRVW� LPSRUWDQW�
IDFWRU�ZDV�WKH�LQFUHDVH�LQ�WKH�QXPEHU�RI�KRXVHKROGV��
,Q�DGGLWLRQ��WKH�VDOHV�YROXPHV�RI�QHZ��PRUH�HIILFLHQW��
KRW�ZDWHU�KHDWHUV�GHFUHDVHG�WKH�HQHUJ\�FRQVXPSWLRQ��
7KHUHIRUH��D�GDWD�SUHSDUDWLRQ�PRGHO�IRU�D�ZDWHU�KHDWHU�
ZDV� UHTXLUHG� WR� DFFXUDWHO\� HVWLPDWH� WKH� LQIOXHQFH� RI�
WKH�QHZ�PRUH�HIILFLHQW�ZDWHU�KHDWHUV��
�

5()(5(1&(6�
0DWD�e��HW� DO�������$�PRGHOLQJ� VWUDWHJ\� IRU�HQHUJ\��

FDUERQ��DQG�FRVW�DVVHVVPHQWV�RI�EXLOGLQJ�VWRFNV��
(QHUJ\�DQG�%XLOGLQJV����������SS��������

6KLPRGD� <��� HW� DO�� ����� (YDOXDWLRQ� RI� FLW\�VFDOH�
LPSDFW� RI� UHVLGHQWLDO� HQHUJ\� FRQVHUYDWLRQ�
PHDVXUHV� XVLQJ� WKH� GHWDLOHG� HQG�XVH� VLPXODWLRQ�
PRGHO��(QHUJ\�����������SS������������

6WDWLVWLFV� %XUHDX� DQG� 6WDWLVWLFV� &HQWHU�� ������
3RSXODWLRQ�&HQVXV�RI�-DSDQ�

$JHQF\�IRU�1DWXUDO�5HVRXUFH�DQG�(QHUJ\�DQG�(QHUJ\�
&RQVHUYDWLRQ�&HQWHU��������WKH�-DSDQHVH�(QHUJ\�
&RQVHUYDWLRQ�/DZ�

-\XNDQN\R� 5HVHDUFK� ,QVWLWXWH� ,QF��� ������ $QQXDO�
UHSRUW�RI�KRXVHKROG�HQHUJ\�VWDWLVWLFV�>LQ�-DSDQHVH@�

-DSDQ� ,QGXVWULDO� $VVRFLDWLRQ� RI� *DV� DQG� .HURVHQH�
$SSOLDQFHV�� ������ VWDWLVWLFV� DERXW� VKLSPHQW� RI�
YDULRXV�SURGXFWV�>LQ�-DSDQHVH@�

-DSDQ� ,QGXVWULDO� $VVRFLDWLRQ� RI� *DV� DQG� .HURVHQH�
$SSOLDQFHV�� ������ WKH� DFWLRQ� RI� WKH� LQGXVWULDO�
DVVRFLDWLRQ� DERXW� WKH� WHVW� V\VWHP�RI� JDV� DQG� RLO�
HTXLSPHQW�>LQ�-DSDQHVH@�

0LQLVWU\� RI� (FRQRP\�� 7UDGH� DQG� ,QGXVWU\�� ������
FXUUHQW�VXUYH\�RI�SURGXFWLRQ�>LQ�-DSDQHVH@�

$JHQF\� IRU� 1DWXUDO� 5HVRXUFH� DQG� (QHUJ\�� ������
5HJLRQDO�HQHUJ\�VWDWLVWLFV�>LQ�-DSDQHVH@�

2VDND�3UHIHFWXUH��������2VDND�6WDWLVWLF�<HDU�%RRN�>LQ�
-DSDQHVH@�
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