
67

Abstract

The trend of electricity demand in Japan has increasing rapidly and the load factor of total power system 
decreased in the past twenty years. However, due to the new energy conservation policy, one report says 
that the demand for electricity in January 2012 decreased by 3.7% compared with the previous year, of 

the total electricity sold by the 10 electric power companies in Japan. In the industrialized countries, the increase 
is, however, only about 1 to 2 percent per year with an estimated doubling of the demand in 30 to 50 years. In the 
next 20 years, power consumption in developing and emerging countries is expected to more than double, whereas 
in industrialized countries, it will increase only about 40 %. Due to the recent power deregulation in Japan, 
construction of big power plants will be stopped and some IPP and PPS, which are mostly thermal power plant and 
renewable energies, will be set up near the demand in order to control supply-demand for the loads. In this 
research, various scenarios of future restructured power systems are discussed from the point of view of maximum 
electric power demand prediction in the long term.
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日本では電力ユーザーが自由に供給
者を選択できる電力自由化時代が予
想されている―様々なシナリオを考
慮して長期電力需要を予測する。
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Long-term Load Forecasting of  
9-Japanese Power Utilities Considering  

the Enhancement of Energy Conservation

1. Introduction
(OHFWULF� SRZHU� FRPSDQLHV� LQ� -DSDQ� DUH� UHJXODWHG�
E\� WKH�(OHFWULF�8WLOLW\� ,QGXVWU\�/DZ��7KH� ODZ�ZDV�
DPHQGHG� LQ� ����� WR� RSHQ� -DSDQ¶V� JHQHUDWLRQ� DQG�
ZKROHVDOH�VXSSO\�PDUNHWV�WR�LQGHSHQGHQW�SRZHU�SUR-
GXFHUV��7KH�PDLQ�FKDQJH�ZDV�WR�SHUPLW�LQGHSHQGHQW�
SRZHU�SURGXFHUV�WR�VXSSO\�SRZHU�WR�WKH�WUDGLWLRQDO�
HOHFWULF�XWLOLWLHV��7KLV�ZDV�WKH�¿UVW�VWDJH�RI�HOHFWULF�
LQGXVWU\�GHUHJXODWLRQ�LQ�-DSDQ�
� ,Q�������WKH�ODZ�ZDV�DPHQGHG�DJDLQ�WR�IDFLOLWDWH�
JUHDWHU�GHUHJXODWLRQ��7KH�DPHQGHG�ODZ��ZKLFK�ZHQW�
LQWR�HIIHFW� LQ�0DUFK�������SDUWLDOO\�OLEHUDOL]HG�WKH�
UHWDLO�VHJPHQW��SHUPLWWLQJ�ODUJH�VFDOH�FRQVXPHUV�WR�

FKRRVH�WKHLU�RZQ�HOHFWULFLW\�VXSSOLHU��+HUH��³ODUJH��
VFDOH� FRQVXPHUV´� UHIHUV� WR� WKRVH� FRQVXPHUV� ZKR�
KDYH�D�SHDN�GHPDQG�RI�PRUH�WKDQ���0:�DQG�D�YROW-
DJH� OHYHO�RI����N9�RU�KLJKHU��3RZHU�VDOHV� WR�VXFK�
FRQVXPHUV�DFFRXQW�IRU�DERXW�����RI�-DSDQ¶V� WRWDO�
SRZHU�VDOHV��
� 7KH������DPHQGPHQW�IXUWKHU�SURPRWHG�FRPSHWL-
WLRQ�E\�SHUPLWWLQJ�XWLOLW\�FRPSDQLHV�WR�VXSSO\�SRZHU�
WR� ODUJH�VFDOH� FRQVXPHUV� RXWVLGH� RI� WKHLU� SULPDU\�
VHUYLFH�UHJLRQ��7R�DOORZ�,QGHSHQGHQW�3RZHU�3URGXF-
HUV��,33V��DQG�SRZHU�PDUNHWHUV�WR�XVH�WKH�WUDQVPLV-
VLRQ�DQG�GLVWULEXWLRQ�OLQHV�RZQHG�E\�WKH�WUDGLWLRQDO�
XWLOLWLHV�D�IDLU�DQG�LPSDUWLDO�SURFHVV�ZDV�PDQGDWHG��
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8WLOLWLHV�ZHUH� WR� GHWHUPLQH� WUDQVPLVVLRQ� UDWHV�� DV�
ZHOO�DV�WKH�WHUPV�DQG�FRQGLWLRQV�LQ�DFFRUGDQFH�ZLWK�
0LQLVWU\�RI�(FRQRP\��7UDGH�DQG�,QGXVWU\� �0(7,��
JXLGHOLQHV�����

� ,Q�WKLV�SDSHU��ZH�ZLOO�EH�GLVFXVVLQJ�WKH�DSSOLFD-
WLRQ� RI� ORQJ�WHUP� ORDG� IRUHFDVWLQJ�� FRQVLGHULQJ�
UHVWUXFWXULQJ�SRZHU�V\VWHPV�LQ�-DSDQ��7KH�QHFHVVLW\�
RI�LQWURGXFLQJ�UHQHZDEOH�HQHUJLHV�ZLWK�GLVWULEXWHG�
JHQHUDWLRQ�DQG�FDVH�VWXGLHV�ZLWK�FHUWDLQ�VFHQDULRV�
DUH�FRQVLGHUHG�IRU� WKH�QHZ�HQYLURQPHQW�WR�SUHGLFW�
WKH�PD[LPXP�HOHFWULF�SRZHU�GHPDQG�LQ�IXWXUH�\HDUV�

2. Selection of Suitable Economy Fac-
tors for Maximum Electric Power 
Demand Prediction
$�FDUHIXO� LQYHVWLJDWLRQ� RI� WKH� VHOHFWLRQ� RI� UHODWHG�
SDUDPHWHUV�DV�HFRQRPLF�IDFWRUV�IRU�ORQJ�WHUP�ORDG�
IRUHFDVWLQJ�VKRZV�WKH�IROORZLQJ�IDFWRUV�LQÀXHQFH�WKH�
HOHFWULF�SRZHU�GHPDQG��7KHVH�IDFWRUV�DUH�ODWHU�XVHG�
DV�LQSXWV�LQ�WKH�QHWZRUNV�

A. Selected Economy Factors
��� � Gross National Product (GNP). *13�VHUYHV�DV�

D�PHDVXUH�RI�WKH�VL]H�RI�WKH�QDWLRQ¶V�HFRQRP\��
,W�KDV�DOVR� ORQJ�EHHQ�XVHG�DV�DQ� LQGLFDWRU�RI�
HFRQRPLF�WUHQGV�

��� � Gross Domestic Product (GDP). *'3�VKRZV�
WKH� VL]H� RI� HFRQRPLF� DFWLYLW\� DQG� HFRQRPLF�
FRQGLWLRQV�WKDW�RFFXU�ZLWKLQ�D�FRXQWU\��,Q�YLHZ�
RI�WKH�LQFUHDVH�LQ�-DSDQHVH�LQYHVWPHQWV�RYHU-
VHDV��-DSDQ��WRR��FKDQJHG�WKH�EDVH�RI�VWDWLVWLFV�
IURP�*13�WR�*'3�LQ������

3.  Population. ,W�LV�WKRXJKW�WKDW�WKH�GHPDQG�IRU�
HOHFWULF�SRZHU�ZLOO� LQFUHDVH� LQ�SURSRUWLRQ� WR�
WKH�SRSXODWLRQ�

��� � Number of households. +RXVHKROGV�DUH�WDNHQ�
LQWR� DFFRXQW� DV� DQ� LPSRUWDQW� IDFWRU�� EHFDXVH�
RI� WKH� H[LVWHQFH�RI�PDQ\� DSSOLDQFHV� LQ� HDFK�
KRXVHKROG�

5.  Summer days. 7KH�WHPSHUDWXUH�FDXVHV�DQ�HIIHFW�
RI�HOHFWULF�SRZHU�GHPDQG��,Q�WKH�VXPPHU�GD\V�
SHRSOH�XVXDOO\�XVH�DLU�FRQGLWLRQHUV��D�ELJ�SRU-

WLRQ�RI�SRZHU�FRQVXPSWLRQ��$QG�WKXV�WKH�QXP-
EHU�RI�VXPPHU�GD\V�LV�WDNHQ�DV�D�IDFWRU�RI�WKH�
QHWZRUN�

��� � Cool days. 1RZDGD\V�PXOWLSOH�DLU�FRQGLWLRQ-
HUV�DUH�XVHG�LQ�GLIIHUHQW�URRPV�RI�D�KRXVHKROG��
,Q�DGGLWLRQ��WKH�GXUDWLRQ�RI�LWV�XVDJH�LV�ORQJHU�
WKDQ�WKDW�RI�ZDVKLQJ�PDFKLQHV��YDFXXP�FOHDQ-
HUV��HWF��)RU� WKH�FRRO�GD\V�� LW�FDXVHV�D�KHDY\�
SRZHU�FRQVXPSWLRQ�WR�NHHS�WKH�URRPV�ZDUPHU�
XVLQJ� HOHFWULFLW\��7KDW� LV�ZK\� WKH�QXPEHU�RI�
FRRO�GD\V�LV�DOVR�WDNHQ�DV�DQ�IDFWRU�RI�WKH�QHW-
ZRUN�

��� � Index of Industrial Production (IIP). 7KH�HQWLUH�
LQGXVWU\�PRYHPHQW�FDQ�EH�DFKLHYHG�E\�XVLQJ�
,,3�DV�D�IDFWRU��

��� � Oil price.�&UXGH�RLO� SULFH� H[HUW� DQ� LQÀXHQFH�
RQ�WKH�JHQHUDWLQJ�HOHFWULFLW\�FRVW��,I�FUXGH�RLO�
SULFHV�IDOO��HOHFWULFLW\�JHQHUDWLRQ�FRVW�IDOO��DQG�
HOHFWULF�FKDUJHV�¿QDOO\�IDOO��

��� � Electricity price. ,W� LV� WKRXJKW� WKDW�ZKHQ� WKH�
SULFH� RI� HOHFWULFLW\� GHFUHDVHV�� WKH� DPRXQW�
RI� XQQHFHVVDU\� HOHFWULF� SRZHU� FRQVXPSWLRQ�
LQFUHDVHV�JUDGXDOO\��

���� Maximum Electric Power. The maximum elec-
WULF�SRZHU�RI�WKH�SUHYLRXV�\HDU�LV�DOVR�XVHG�DV�
RQH�RI�WKH�IDFWRUV�RI�WKH�QHWZRUN�

B. Contribution Factor
,Q�WKLV�SDSHU��DQ�DGGLWLRQDO�LPSRUWDQW�DSSURDFK�FDOOHG�
³&RQWULEXWLRQ�)DFWRU´�LV�SUHVHQWHG�WR�GHWHUPLQH�WKH�
OHYHO�RI�LQÀXHQFHV�RI�VHOHFWHG�LQSXWV�RQ�RXWSXW��7KH�
FRQWULEXWLRQ�IDFWRU�LV�WKH�VXP�RI�WKH�DEVROXWH�YDOXHV�
RI�WKH�ZHLJKWV�OHDGLQJ�IURP�WKH�SDUWLFXODU�YDULDEOHV��
7KH� HQWLUH� GDWD� VHW� LV� FKHFNHG�EHIRUH� WUDLQLQJ� WKH�
5%)1V��7KLV�IXQFWLRQ�SURGXFHV�D�QXPEHU�IRU�HDFK�
LQSXW�YDULDEOH�FDOOHG�³D�FRQWULEXWLRQ�IDFWRU´�WKDW�LV�D�
URXJK�PHDVXUH�RI�WKH�LPSRUWDQFH�RI�WKDW�YDULDEOH�LQ�
SUHGLFWLQJ�WKH�QHWZRUN¶V�RXWSXW�UHODWLYH�WR�WKH�RWKHU�
LQSXW�YDULDEOHV�LQ�WKH�VDPH�QHWZRUN��7KH�KLJKHU�WKH�
QXPEHU��WKH�PRUH�WKH�YDULDEOH�LV�FRQWULEXWLQJ�WR�WKH�
SUHGLFWLRQ��:H� FDQ� XVH� WKH� FRQWULEXWLRQ� IDFWRU� WR�
GHFLGH�ZKLFK�YDULDEOH�WR�UHPRYH�LQ�RUGHU�WR�VLPSOLI\�
WKH�QHWZRUN�DQG�PDNH�WKH�WUDLQLQJ�IDVWHU��+RZHYHU��
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ZH�VKRXOG�SUREDEO\�RQO\�GR�WKLV�ZKHQ�WKH�QXPEHU�RI�
LQSXWV�H[FHHGV�DSSUR[LPDWHO\�����
� ,W� VKRXOG�EH�QRWHG� WKDW� WKH�YDOXH�RI�D�FRQWULEX-
WLRQ�IDFWRU�VKRXOG�QRW�EH�FRQVLGHUHG�³JRVSHO´�ZKHQ�
GHFLGLQJ�ZKHWKHU�WR�LQFOXGH�D�YDULDEOH�LQ�D�QHWZRUN��
1HXUDO� QHWZRUNV� DUH� FDSDEOH� RI� ¿QGLQJ� SDWWHUQV�
DPRQJ�YDULDEOHV�ZKHQ�QRQH�RI�WKH�YDULDEOHV�WKHP-
VHOYHV� DUH� KLJKO\� FRUUHODWHG� WR� WKH� RXWSXWV��2EYL-
RXVO\��LI�D�FHUWDLQ�YDULDEOH�LV�KLJKO\�FRUUHODWHG�ZLWK�
WKH�RXWSXW��WKH�YDULDEOH�ZLOO�KDYH�D�KLJK�FRQWULEXWLRQ�
IDFWRU�
� 7KH� QXPEHU� RI� LQSXW� YDULDEOHV� DOVR� DIIHFWV� WKH�
FRQWULEXWLRQ�IDFWRU��)RU�H[DPSOH��LI�ZH�LQFOXGH�PRUH�
WKDQ����WR����LQSXW�YDULDEOHV��VRPHWLPHV�WKH�FRQWUL-
EXWLRQ�IDFWRUV�JHW�YHU\�FORVH�WR�HDFK�RWKHU�DQG�ZH�
FDQQRW�GLIIHUHQWLDWH�DPRQJ�WKH�YDULDEOHV��7KH�FRQWUL-
EXWLRQ�IDFWRU�RI�UHPDLQLQJ�LQSXWV�LV�VKRZQ�LQ�)LJ�����
7KH�<�D[LV�RI�WKLV�)LJ����VKRZV�WKH�SHUFHQWDJH�RI�WKH�
LQÀXHQFH�RI�HDFK�LQSXW�RQ�WKH�RXWSXW�

3. Network Model for Prediction
$�5DGLDO�%DVLV�)XQFWLRQ�1HWZRUN��5%)1��LQ�PRVW�
JHQHUDO�WHUPV�LV�DQ\�QHWZRUN��ZKLFK�KDV�DQ�LQWHUQDO�
UHSUHVHQWDWLRQ�RI�KLGGHQ�SURFHVVLQJ�HOHPHQWV��SDW-
WHUQ�XQLWV��ZKLFK�DUH�UDGLFDOO\�V\PPHWULF��)RU�D�SDW-
WHUQ�XQLW�WR�EH�UDGLFDOO\�V\PPHWULF��LW�PXVW�KDYH�WKH�
IROORZLQJ�WKUHH�FRQVWLWXHQWV�

� Ŷ� �$�FHQWHU��ZKLFK�LV�D�YHFWRU�LQ�WKH�LQSXW�VSDFH�
DQG�ZKLFK�LV�W\SLFDOO\�VWRUHG�LQ�WKH�ZHLJKW�YHF-
WRU�IURP�WKH�LQSXW�OD\HU�WR�WKH�SDWWHUQ�XQLW�

� Ŷ� �$�GLVWDQFH�PHDVXUH��WR�GHWHUPLQH�KRZ�IDU�DQ�
LQSXW�YHFWRU�LV�IURP�WKH�FHQWHU��7\SLFDOO\��WKLV�
LV�WKH�VWDQGDUG�(XFOLGHDQ�GLVWDQFH�PHDVXUH�

� Ŷ� �$�WUDQVIHU�IXQFWLRQ��ZKLFK�LV�D�IXQFWLRQ�RI�D�VLQ-
JOH�YDULDEOH��DQG�ZKLFK�GHWHUPLQHV�WKH�RXWSXW�
RI� WKH�3(��SURFHVVLQJ�HOHPHQWV��E\�PDSSLQJ�
WKH�RXWSXW�RI�WKH�GLVWDQFH�IXQFWLRQ��$�FRPPRQ�
IXQFWLRQ�LV�D�*DXVVLDQ�IXQFWLRQ��ZKLFK�RXWSXWV�
VWURQJHU�YDOXHV�ZKHQ�WKH�GLVWDQFH�LV�VPDOO�

� ,Q�RWKHU�ZRUGV�� WKH�RXWSXW�RI�D�SDWWHUQ�XQLW� LV�D�
IXQFWLRQ�RI�RQO\�WKH�GLVWDQFH�EHWZHHQ�DQ�LQSXW�YHF-
WRU�DQG�WKH�VWRUHG�FHQWHU�
� 7KH�QHWZRUN�DUFKLWHFWXUH��FKDUDFWHULVWLFV�DQG�WKH�
OHDUQLQJ�VWUDWHJ\�RI�5%)1V�ZLOO�EH�GHVFULEHG�LQ�WKH�
IROORZLQJ�VHFWLRQ�

A. Network Architecture of Radial Basis Func-
tion Networks
+HUH�� 5DGLDO� %DVLV� )XQFWLRQ�1HWZRUNV� �5%)1V���
DQ�LQWHOOLJHQW�V\VWHP�RI�$UWL¿FLDO�1HXUDO�1HWZRUNV�
�$11V��LV�XVHG�LQ�WKLV�VWXG\��,W�FRQVLVWV�RI�WKUHH�OD\-
HUV��WKH�LQSXW�OD\HU��KLGGHQ�OD\HU�DQG�RXWSXW�OD\HU�
� $� 5DGLDO� %DVLV� )XQFWLRQ� 1HWZRUN� �5%)1�� LV�
D�K\EULG�OHDUQLQJ�QHXUDO�QHWZRUN��,W� LV�D�WZR�OD\HU�
IXOO\�FRQQHFWHG�QHWZRUN�ZLWK�DQ�LQSXW�OD\HU�ZKLFK�
SHUIRUPV�QR�FRPSXWDWLRQ�DV�VKRZQ�LQ�)LJ����

Fig.1  Contribution Factors of Selected Inputs

Fig. 2  The Architecture of RBFNs Model

1

Long-term Load Forecasting of 9-Japanese Power Utilities Considering the Enhancement of 
Energy Conservation 

Mostafa Al Mamun1, Sharmin Ferdous2, Ken Nagasaka3  
 

1R&D Engineer, Toshiba Mitsubishi-Electric Industrial Systems Co., Japan  
2Research Student, Tokyo University of Agriculture and Technology, Japan 

3Associate Professor, Tokyo University of Agriculture and Technology, Japan 
 
 

 
Fig.1. Contribution Factor of the Selected Inputs. 
 
 
 

�

wl 
x1(k)�

xn(k)�

䃅1 

䌥 . . . . . 
. . . . . 

ws 

w2 

w3 

Weight Changes

,QSXW�layer� Hidden layer Output layer 

x2(k)�

x3(k)�

䃅2 

䃅3 

䃅s 

�

�

ǔ(k)

 
 
Fig.2. The Architecture of RBFNs Model. 

㻜

㻞

㻠

㻢

㻤

㻝㻜

㻝㻞

㻝㻠

㻝㻢

㻝 㻞 㻟 㻠 㻡 㻢 㻣 㻤 㻥

1.GNP
2.GDP
3.Population
4.# of Households
5.Summer days

6.Cool days
7.IIP
8.Oil price
9.Electricity price

[%]

1

Long-term Load Forecasting of 9-Japanese Power Utilities Considering the Enhancement of 
Energy Conservation 

Mostafa Al Mamun1, Sharmin Ferdous2, Ken Nagasaka3  
 

1R&D Engineer, Toshiba Mitsubishi-Electric Industrial Systems Co., Japan  
2Research Student, Tokyo University of Agriculture and Technology, Japan 

3Associate Professor, Tokyo University of Agriculture and Technology, Japan 
 
 

 
Fig.1. Contribution Factor of the Selected Inputs. 
 
 
 

�

wl 
x1(k)�

xn(k)�

䃅1 

䌥 . . . . . 
. . . . . 

ws 

w2 

w3 

Weight Changes

,QSXW�layer� Hidden layer Output layer 

x2(k)�

x3(k)�

䃅2 

䃅3 

䃅s 

�

�

ǔ(k)

 
 
Fig.2. The Architecture of RBFNs Model. 

㻜

㻞

㻠

㻢

㻤

㻝㻜

㻝㻞

㻝㻠

㻝㻢

㻝 㻞 㻟 㻠 㻡 㻢 㻣 㻤 㻥

1.GNP
2.GDP
3.Population
4.# of Households
5.Summer days

6.Cool days
7.IIP
8.Oil price
9.Electricity price

[%]

Input layer Hidden layer Output layer



70

Mostafa Al Mamun, Sharmin Ferdous, Ken Nagasaka

 The hidden layer: /HDUQLQJ� LQ� WKH�KLGGHQ� OD\HU�
LV� SHUIRUPHG� E\� XVLQJ� DQ� XQVXSHUYLVHG� PHWKRG��
WKH� .�PHDQV� DOJRULWKP�� 7KH� DFWLYDWLRQ� IXQFWLRQ�
RI� WKH�KLGGHQ�QRGHV�LV�UDGLDOO\�V\PPHWULF�LQ�LQSXW�
VSDFH��WKH�PDJQLWXGH�RI�WKH�DFWLYDWLRQ�JLYHQ�D�SDU-
WLFXODU�UHFRUG�LV�D�GHFUHDVLQJ�IXQFWLRQ�RI�WKH�GLVWDQFH�
EHWZHHQ�WKH�LQSXW�YHFWRU�RI�WKH�UHFRUG�DQG�WKH�FHQWHU�
RI�WKH�EDVLV�IXQFWLRQ��7KH�GLVWDQFH�PHWULF�HPSOR\HG�
LV�WKH�(XFOLGHDQ�GLVWDQFH��7KH�DFWLYDWLRQ�RI�WKH�KLG-
GHQ�QHXURQ i ZLWK�SUHVHQWHG�SDWWHUQ s�KDV�WKH�IRUP�

±��i�� �H[S�s ||s–ci||
2

²�ıi
2 ��� � ���

� (DFK�KLGGHQ�XQLW�KDV�DQ�DVVRFLDWHG�ıµZLGWK¶�YDOXH�
ZKLFK� GH¿QHV� WKH� QDWXUH� DQG� VFRSH� RI� WKH� XQLW¶V�
UHFHSWLYH�¿HOG�UHVSRQVH��,W�LV�HTXLYDOHQW�WR�WKH�VWDQ-
GDUG�GHYLDWLRQ�RI�WKH�ZLGWK�RI�WKH�*DXVVLDQ�UHVSRQVH��
VR�ODUJHU�YDOXHV�DOORZ�PRUH�SRLQWV�WR�EH�LQFOXGHG��
The output layer:� /HDUQLQJ� LQ� WKH� RXWSXW� OD\HU� LV�
SHUIRUPHG�E\�FRPSXWLQJ�D�OLQHDU�FRPELQDWLRQ�RI�WKH�
DFWLYDWLRQ�RI�WKH�EDVLV�IXQFWLRQV��SDUDPHWHUL]HG�E\�
WKH�ZHLJKWV� w EHWZHHQ�KLGGHQ�DQG�RXWSXW�OD\HUV��)RU�
WKH�RXWSXW�k�RI�UHFRUG�s�DV�ok�s���ZKHUH�j GHVFULEHV�WKH�
jth KLGGHQ�QHXURQ�� L�H�� WKH� jth�FHQWHU�� WKH�QXPEHU�RI�
FHQWHUV�EHLQJ�m��ZH�FDQ�REWDLQ�WKH�SUHGLFWHG�RXWSXW��

oț�s��  Ȉj� �� wjk�î�s�j�� � ���

� 7KH�ZHLJKWV�wjk�DUH� LQLWLDOL]HG� WR�VPDOO� UDQGRP�
YDOXHV��EHWZHHQí������DQG���������7KHVH�RSHUDWLRQV�
DUH�UHSHDWHG�XQWLO�WKH�PD[LPXP�QXPEHU�RI�LWHUDWLRQV�
¿[HG�LV�UHDFKHG�RU�XQWLO�WKH�SUHGLFWLRQ�HUURU�HN�LV�OHVV�
WKDQ�D�JLYHQ�WKUHVKROG�DQG�¿QDOO\�RXWSXW�LV�REWDLQHG�
E\�WKH�VXP�RI�ok�s��DV�H[SUHVVHG�ǔ�N���

��

B. Characteristics and Learning Strategy of 
Radial Basis Function Networks
5%)1V�KDYH�VWDWLF�*DXVVLDQ�IXQFWLRQ�DV�WKH�QRQ�OLQ-
HDULW\�IRU�WKH�KLGGHQ�OD\HU�SURFHVVLQJ�HOHPHQWV��7KH�
*DXVVLDQ�IXQFWLRQ�UHVSRQGV�RQO\�WR�D�VPDOO�UHJLRQ�
RI�WKH�LQSXW�VSDFH�ZKHUH�WKH�*DXVVLDQ�LV�FHQWHUHG��
7KH� NH\� WR� D� VXFFHVVIXO� LPSOHPHQWDWLRQ� RI� WKHVH�
QHWZRUNV�LV�WR�¿QG�VXLWDEOH�FHQWHUV�IRU�WKH�*DXVVLDQ�

IXQFWLRQV��7KLV�FDQ�EH�GRQH�ZLWK�VXSHUYLVHG�OHDUQLQJ��
EXW�DQ�XQVXSHUYLVHG�DSSURDFK�XVXDOO\�SURGXFHV�EHW-
WHU�UHVXOWV��)RU�WKLV�UHDVRQ��1HXUR�6ROXWLRQV�LPSOH-
PHQWV�5%)1V�DV�D�K\EULG�VXSHUYLVHG�XQVXSHUYLVHG�
WRSRORJ\�
� +HUH�)LJ����VKRZV�WKH�OHDUQLQJ�VWUDWHJ\�RI�5%)1�
DQG� WKH�RSWLPL]DWLRQ�RI�/RQJ�WHUP�/RDG� IRUHFDVW-
LQJ��7KH�GHVLJQ�SDUDPHWHUV�� WKDW� LV� WKH�QXPEHU�RI�
5DGLDO�%DVLV�)XQFWLRQ�XQLWV�LQ�WKH�KLGGHQ�OD\HU��K��

Fig. 3 Flowchart of RBFN and Its Learning Strategy
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Fig. 3.  Flowchart of RBFN and Its Learning Strategy 
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Fig.4. Forecasting the Peak Loads from 2001 to 2030. 

Select training data and maximum number
of hidden nodes (h) and overlap parameter
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DQG� WKH�YDOXH�RI� WKH�RYHUODS�SDUDPHWHU� �S�� IRU� WKH�
QHDUHVW�QHLJKERU�DUH�FKRVHQ�E\�WKH�PRGHO�EXLOGHU�WR�
DWWDLQ�WKH�RSWLPDO�QHWZRUN�VWUXFWXUH�IRU�EHWWHU�SHU-
IRUPDQFH��7KH�SDUDPHWHUV�FDQ�EH�HDVLO\�GHWHUPLQHG�
XVLQJ� D�PHWKRG� FDOOHG� WKH�6�IROG� FURVV� YDOLGDWLRQ�
SURFHGXUH� �6)&9���7KH� VLPXODWLRQ� VWDUWV�ZLWK� WKH�
WUDLQLQJ�RI�DQ�XQVXSHUYLVHG�OD\HU��,WV�IXQFWLRQ�LV�WR�
GHULYH�WKH�*DXVVLDQ�FHQWHUV�DQG�WKH�ZLGWKV�IURP�WKH�
LQSXW� GDWD�� 7KHVH� FHQWHUV� DUH� HQFRGHG�ZLWKLQ� WKH�
ZHLJKWV� RI� WKH� XQVXSHUYLVHG� OD\HU� XVLQJ� FRPSHWL-
WLYH�OHDUQLQJ��'XULQJ�WKH�XQVXSHUYLVHG�OHDUQLQJ��WKH�
ZLGWKV�RI�WKH�*DXVVLDQV�DUH�FRPSXWHG�EDVHG�RQ�WKH�
FHQWHUV�RI�WKHLU�QHLJKERUV��7KH�RXWSXW�RI�WKLV�OD\HU�LV�
GHULYHG�IURP�WKH�LQSXW�GDWD�ZHLJKWHG�E\�D�*DXVVLDQ�
PL[WXUH��
� 2QFH� WKH� XQVXSHUYLVHG� OD\HU� KDV� FRPSOHWHG� LWV�
WUDLQLQJ��WKH�VXSHUYLVHG�VHJPHQW�WKHQ�VHWV�WKH�FHQWHUV�
RI�*DXVVLDQ�IXQFWLRQV��EDVHG�RQ�WKH�ZHLJKWV�RI�WKH�
XQVXSHUYLVHG�OD\HU��DQG�GHWHUPLQHV�WKH�ZLGWK��VWDQ-
GDUG�GHYLDWLRQ��RI�HDFK�*DXVVLDQ��$Q\�VXSHUYLVHG�
WRSRORJ\��VXFK�DV�D�0XOWL�/D\HU�3HUFHSWURQ��PD\�EH�
XVHG�IRU�WKH�FODVVL¿FDWLRQ�RI�WKH�ZHLJKWHG�LQSXW��
� 7KH�DGYDQWDJH�RI�WKH�5%)1V�LV�WKDW�LW�¿QGV�WKH�
LQSXW�WR�RXWSXW�PDS�XVLQJ�ORFDO�DSSUR[LPDWRUV��)URP�
WKH� FKDUDFWHULVWLFV� RI� 5%)1V�� ZH� SHUFHLYHG� WKDW�
LW�LV�SRVVLEOH�WR�REWDLQ�D�EHWWHU�VROXWLRQ�IRU�SUHGLF-
WLRQ�W\SH�SUREOHP�ZLWK�D�ODUJH�QXPEHU�RI�LQSXWV��,Q�
ORQJ�WHUP�ORDG�IRUHFDVWLQJ��LW�LV�XVXDOO\�XVHG�D�KXJH�
TXDQWLW\�RI�GDWD�ZKLFK�LV�VXLWDEOH�IRU�5%)1V�DUFKL-
WHFWXUH��7KXV��5%)1V�LV�SURSRVHG�IRU�ORQJ�WHUP�ORDG�
IRUHFDVWLQJ�

4. The Maximum Electric Power 
Demand Prediction with the Present 
Power System Structure
-DSDQHVH� HOHFWULF� SRZHU� GHPDQG� KDV� VWHDGLO\�
LQFUHDVHG��KRZHYHU�� WKH� ORDG�IDFWRU�RI� WRWDO�SRZHU�
V\VWHP�KDV�GHFUHDVHG��7KLV�WUHQG�ZLOO�FHUWDLQO\�FRQ-
WLQXH�LQ� WKH�IXWXUH�DQG�LW� LV�YHU\�LPSRUWDQW� WKRXJK�
GLI¿FXOW� IRU� WKH�HOHFWULF�FRPSDQLHV� WR�VXSSO\�HOHF-
WULFLW\�LQ�D�VHFXUH�DQG�HFRQRPLF�PDQQHU��+HUH��D�SUH-
GLFWLRQ�PHWKRG��5%)1V�WKDW�WUDLQV�IDVWHU�DQG�OHDGV�

WR�EHWWHU�GHFLVLRQ�ERXQGDULHV�LV�SUHVHQWHG�WR�IRUHFDVW�
PD[LPXP�HOHFWULFLW\�GHPDQG�
� +HUH�WKH�VLPXODWLRQ�ZDV�KHOG�WR�FKHFN�WKH�YDOLGLW\�
RI�WKH�QHWZRUN�E\�WDNLQJ�WKH�DFWXDO�GDWD�IRU�OHDUQLQJ�
IURP�WKH�\HDUV������WR������IRU�DOO�WKRVH�HFRQRP\�
IDFWRUV��7KH�\HDUV������WR������KDG�EHHQ�WDNHQ�DV�
WDUJHW�\HDUV�WR�SUHGLFW�WKH�PD[LPXP�HOHFWULF�SRZHU�
GHPDQG�ZKLFK� LV� FRPSDUHG�ZLWK� RWKHU� WUDGLWLRQDO�
PHWKRG� RI�$11V� QDPHG�%DFN� 3URSDJDWLRQ� �%3���
)LJXUH���VKRZV�WKH�PD[LPXP�HOHFWULF�SRZHU�GHPDQG�
XS�WR�WKH�\HDU������
� 7KH�HUURU�FDOFXODWLRQ�RI�5%)1�LV�VKRZQ�LQ�7DEOH�
���+HUH�YDOLGDWLRQ�DV�ZHOO�DV�WUDLQLQJ�\HDUV�LV�WDNHQ�
IURP�WKH�\HDU������WR������DQG�WDUJHW�\HDUV��DYHUDJH�
WHVW��DUH�WDNHQ�IURP������WR�������,W�VKRZV�WKH�WUDLQ-
LQJ�HUURU�LV��������DQG�WKH�WDUJHW�HUURU�LV�FDOFXODWHG�
IRU� WKRVH� FHUWDLQ� \HDUV� DUH� �������DW� DQ� DYHUDJH��
ZKHUHDV�IURP�%3�ZH�REWDLQHG�WKH�HUURU�LV����

Fig.4  Forecasting the Peak Loads from 2001 to 2030
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Fig.4. Forecasting the Peak Loads from 2001 to 2030. 
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Table 1  Output Error Measures of RBFNs

Root Mean 
Squared 

Error

Mean 
Absolute 

Squared Error

Mean 
Absolute 

Error [%]

7UDLQLQJ
�����a����� ����� ����� �����

$YHUDJH�7HVW�
�����a����� ����� ����� �����*

*Average error obtained by BP is 8%
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5. Restructuring Power Systems 
Based Maximum Electric Power 
Demand Prediction Structure
-DSDQ�KDV�UHJXODWHG�HQWU\�LQWR�LWV�HOHFWULFLW\�LQGXVWU\�
VLQFH�������6LQFH�WKHQ��WKH�UHJXODWRUV�KDYH�DSSURYHG�
QLQH�YHUWLFDOO\� LQWHJUDWHG�HOHFWULFLW\� FRPSDQLHV� DV�
UHJLRQDO�PRQRSROLHV��$V�D�UHVXOW��-DSDQHVH�FRPSD-
QLHV�FKDUJH�PXFK�KLJKHU�HOHFWULFLW\�SULFHV�WKDQ�WKRVH�
LQ� WKH�86�DQG�(XURSH�GR��7KHUH�DUH�PDQ\�FRQWUR-
YHUVLDO�SRLQWV�FRQFHUQLQJ�GLIIHUHQFHV�LQ�WKH�OLIHVW\OHV�
DQG�WKH� WDULII�V\VWHPV�DPRQJ�FRXQWULHV��DV�ZHOO�DV�
WKRVH� DERXW� FKRLFH� RI� FRQYHUVLRQ� IDFWRUV�� IRU� IDLU�
LQWHUQDWLRQDO�FRPSDULVRQ�RI�FKDUJHV��'HUHJXODWLRQ�
KDV� WKH� SRWHQWLDO� WR� VLJQL¿FDQWO\� ORZHU� HOHFWULFLW\�
SULFHV�LQ�-DSDQ��ZKLFK�GLIIHUHG�IURP�*HUPDQ\¶V�E\�
DW�OHDVW����SHUFHQW�DQG��LQ�WKH�H[WUHPH�FDVH��IURP�WKDW�
RI�WKH�86�E\����SHUFHQW�LQ���������

� 7KH�PD[LPXP�HOHFWULF�SRZHU�GHPDQG�LQ�-DSDQ�LV�
LQFUHDVLQJ��EXW�WKH�UDWH�LV�FRPSDUDWLYHO\�GHFUHDVLQJ�
HYHU\����\HDUV��7DEOH���VKRZV�WKH�WUHQG�RI�PD[LPXP�
SRZHU�LQFUHDVLQJ�UDWH�IURP�WKH������WR������

Table 2  Transition of the Annual Average Load Increasing 
Rate (from actual data)

Period (Years) Average increasing rate

����a���� ����

����a���� ����

����a���� ����

A. Necessity of Renewable Energies to Sustain 
Stable Power Flow and Simulation Results

$FFRUGLQJ� WR� WKH� REVHUYDWLRQ�RI� WKH� WDVN� IRUFH� RI�
&HQWUDO�5HVHDUFK�,QVWLWXWH�RI�(OHFWULF�3RZHU�,QGXV-
WU\��&5,(3,���-DSDQ��WKH�JHQHUDO�LPDJH�RI�WKH�HOHF-
WULF�SRZHU�V\VWHP�JURZWK�RI�-DSDQ�LQ�WKH�PLGGOH�RI�
WKH���VW�FHQWXU\�LV�WKDW�LW�ZLOO�EH�VDWXUDWHG��7KH�PDLQ�
UHVXOWV�RI�LWV�LQYHVWLJDWLRQ�FDQ�EH�RXWOLQHG�LQ�WKH�IRO-
ORZLQJ�WKUHH�SRLQWV�

� Ŷ� �5HJDUGLQJ�WKH�IXWXUH�HQHUJ\�FRQVXPSWLRQ��LW�LV�
HVWLPDWHG�WKDW�WKH�GHPDQG�JURZWK�ZLOO�EHFRPH�
JUDGXDOO\�VDWXUDWHG�ZLWKLQ�DSSUR[LPDWHO\�����

WLPHV�WKDW�RI�WKH�SUHVHQW�E\�WKH�PLGGOH�RI�WKH�
��VW�FHQWXU\�

� Ŷ� �7KH�WRWDO�LQVWDOOHG�JHQHUDWLRQ�FDSDFLW\�UHTXLUHG�
IRU�WKH�VXSSO\�DW�WKDW�WLPH�ZLOO�EH�DERXW�����*:�

� Ŷ� �$FFRUGLQJ� WR� WKH� GHPDQG� JURZWK�� WKH� HOHF-
WULF� SRZHU� V\VWHP� ZLOO� QHHG� WR� EH� HQODUJHG�
WR� ���±���� WLPHV� WKDW� RI� H[LVWLQJ� V\VWHPV�E\�
WKH� DGRSWLRQ� RI� WKH� SRZHU� V\VWHP� HQKDQFH-
PHQW�PHDVXUHV�VXFK�DV�WKH�SRZHU�HOHFWURQLFV�
WHFKQRORJLHV��LQFOXGLQJ�)$&76��)OH[LEOH�$&�
7UDQVPLVVLRQ�6\VWHPV��DQG�DGYDQFHG�+9'&�
�+LJK�9ROWDJH�'&��V\VWHPV�

� 5HJDUGLQJ� WKH� HOHFWULF� SRZHU� GHPDQG� LQ� WKH�
IXWXUH�LQ�-DSDQ��LW�LV�JHQHUDOO\�WKRXJKW�WKDW�WKH�VKDUH�
RI� HOHFWULFDO� HQHUJ\� LQ� WKH� LQGXVWULDO� VHFWRU� PD\�
GHFUHDVH�DV�LQGXVWULHV�JHW�PRUH�VRIWZDUH�DQG�EHFRPH�
PRUH� LQIRUPDWLRQ� RULHQWHG�� 2Q� WKH� FRQWUDU\�� WKH�
VKDUH�ZLOO�VXUHO\�H[SDQG�LQ�WKH�UHVLGHQWLDO�DQG�FRP-
PHUFLDO�VHFWRU�GXH�WR�IXUWKHU�DPHQLWLHV��KHDOWK��DQG�
VRFLDO�ZHOIDUH�DV�WKH�OLIHVSDQ�RI�SHRSOH�LV�LQFUHDVLQJ�
7KH�WDVN�IRUFH�VHW�WKH�IROORZLQJ�DV�WKH�EDVLF�SRLQWV�
RI�YLHZ��,Q�WKH���VW�FHQWXU\��IXUWKHU�DEXQGDQFH�PD\�
EH�H[SHFWHG�IRU�HYHU\RQH�ZLWK�TXDOLWDWLYH�FKDQJHV�LQ�
WKH�HQG�XVH�VWUXFWXUH��,W�LV�HVWLPDWHG�WKDW�WKH�SRSX-
ODWLRQ�ZLOO� UHDFK� LWV�SHDN�D� OLWWOH�EHIRUH�\HDU������
DQG�WKHQ�JUDGXDOO\�GHFUHDVH��DFFRUGLQJ�WR�WKH�GDWD�
IURP�1DWLRQDO� ,QVWLWXWH� RI� 3RSXODWLRQ� DQG� 6RFLDO�
6HFXULW\�5HVHDUFK��$V�D�UHVXOW��WKH�HOHFWULF�GHPDQG�
LQ�-DSDQ�ZLOO�UHDFK�DQG�EH�VDWXUDWHG�DW�WKH�PD[LPXP�
RI� DSSUR[LPDWHO\����� WLPHV�RI� LWV� SUHVHQW� GHPDQG�
EHWZHHQ������DQG������
� 7KH�DPRXQW�RI�HOHFWULFLW\�JHQHUDWHG� WR�PHHW� WKLV�
HVWLPDWHG� GHPDQG� ZLOO� UHDFK� DSSUR[LPDWHO\� ������
7:K��ZKHUHDV��WKH�YDOXH�RI�WKH�DQQXDO�SHDN�GHPDQG�
DW�WKH�VDWXUDWHG�SRLQW�LV�HVWLPDWHG�WR�EH�DERXW�����*:��

� Ŷ� �1XFOHDU�SODQWV�DUH�WR�EH�LQFUHDVHG�WR����*:�
�����*:��

� Ŷ� �1DWXUDO� RU� UHQHZDEOH� HQHUJLHV�� LQFOXGLQJ�
SXPSHG�VWRUDJH�K\GUR�SODQW��ZLOO�EH����*:�
�����*:��

� Ŷ� �7KHUPDO�SODQWV�EHFRPH�����*:������*:��
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� 6RPH�SDUWV�RI� WKH� ODUJH�VFDOH�JHQHUDWLRQ�SODQWV�
ZLOO� FKDQJH� WR� VPDOO�VFDOH� GLVSHUVHG� RQHV� E\� WKH�
PLGGOH�RI�WKH�FHQWXU\��)XUWKHUPRUH��DGGUHVVLQJ�WKH�
LQWURGXFWLRQ�RI�GLVSHUVHG�JHQHUDWLRQV�VXFK�DV�,QGH-
SHQGHQW�3RZHU�3URGXFHUV��,33��DQG�FRJHQHUDWLRQ�WR�
ORZHU�YROWDJH�SRZHU�QHWZRUNV� DV�GLVWULEXWHG�JHQ-
HUDWLRQ� �'*��� SRZHU� HOHFWURQLFV� WHFKQRORJLHV� DUH�
HVVHQWLDO��QRW�RQO\�IRU�SRZHU�ÀRZ��YROWDJH�FRQWURO��
DQG�SRZHU�V\VWHP�VWDELOL]DWLRQ�EXW�DOVR�IRU�SRZHU�
TXDOLW\�LPSURYHPHQW�RI�KDUPRQLFV�DQG�YROWDJH�GLV-
WXUEDQFHV�
� )LJXUH���VKRZV�WKH�IRUHFDVWLQJ�UHVXOW�ZKHQ�QHZ�
HQHUJLHV��FRJHQHUDWLRQ��ZDVWH�JHQHUDWLRQ��SKRWRYRO-

WDLF� JHQHUDWLRQ��ZLQG�SRZHU�JHQHUDWLRQ�� IXHO� FHOO��
ZLWK�,33V�SHQHWUDWLRQ�DUH�H[SHFWHG�DV�VKRZQ�LQ�7DEOH�
���7KH�VLPXODWLRQ�UHVXOWV�VKRZV�WKDW�WKH�PD[LPXP�
SRZHU�GHPDQG�JRHV�KLJKHU� LQWURGXFLQJ� UHQHZDEOH�
HQHUJLHV�
� )LJXUH���VKRZV�WKH�VLPXODWLRQ�UHVXOW�RI�PD[LPXP�
SRZHU�GHPDQG�DIWHU�LQWURGXFWLRQ�RI�'*�DERXW������
*:�SURYLGHG�E\�('0&����,W�LV�DQWLFLSDWHG�WKDW�WKH�
GHPDQG�ZLOO� LQFUHDVH� LQ�PD[LPXP�SHQHWUDWLRQ� RI�
'*��ZKHUHDV��PLQLPXP�SHQHWUDWLRQ�RI�'*�VKRZV�D�
GHFUHDVLQJ�WUHQG�DIWHU�WKH�\HDU�������,W�FDQ�EH�LOOXV-
WUDWHG�WKDW�WKH�GHPDQG�ZLOO�EH�VDWXUDWHG�LQ������SUR-
YLGHG�E\�PLQLPXP�LQWURGXFHG�'*V�

Table 3. An Estimation of Introducing the Distributed 
Generations in 21st Century4).

Type Estimation Capacity (MW)

,33

�������RI�SRWHQWLDO�
FDSDFLW\����WR���*:�
�)XQGDPHQWDO�3ROLF\�
6XEFRPPLWWHH�LQ�(OHFWULF�3RZHU�
8WLOLW\�&RPPLWWHH�������

�����WR�����

&RJHQHUDWLRQ��
H[FHSW�IRU�)&

$URXQG�����RI�WKH�WRWDO�
FDSDFLW\�LQFUHDVHG�DW�D�
FRQVWDQW�UDWH�IURP�QRZ

�����WR�����

:DVWH�
JHQHUDWLRQ�

,QFUHDVHG�DW�D�FRQVWDQW�
UDWH�IURP�QRZ �����WR�����

3KRWR�YROWDLF�
JHQHUDWLRQ

�������RI�SRWHQWLDO�
FDSDFLW\���������*: ������WR������

Fuel cell 
JHQHUDWLRQ

7R�EH�LQFUHDVHG�PRUH�WKDQ�
��WLPHV�FRJHQHUDWLRQ �����WR�����

:LQG�JHQHUDWLRQ�(VWLPDWLRQ�IURP�VLWH�VLWXDWLRQ ����WR����

(QHUJ\�VWRUDJH

+DOI�RI�LQFUHDVHG�FDSDFLW\�
UHTXLUHG�WR�EH�RSWLPDOO\�
LQWURGXFHG�WR�SRZHU�
V\VWHP�

6650

3RZHU�6XSSO\�
&DSDELOLW\

�N:�YDOXH�LV�WDNHQ�
DFFRXQW�RQ�YDULDEOH�
RXWSXW�JHQHUDWLRQ�

������WR������

Fig. 5  Forecasting Maximum Electric Power Demand 
Introducing Renewable Energies.

Fig. 6  Forecasting max power demand introducing DG5).
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Fig.5. Forecasting Maximum Electric Power Demand Introducing Renewable Energies. 
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Fig.6. Forecasting max power demand introducing DG5). 

Introduction of 
3.07GW DG in 
the year 2010 
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Fig.5. Forecasting Maximum Electric Power Demand Introducing Renewable Energies. 
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Fig.6. Forecasting max power demand introducing DG5). 

Introduction of 
3.07GW DG in 
the year 2010 
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� 6RPH�UHSRUWV�LOOXVWUDWH�WKDW�WKH�UDWH�RI�PD[LPXP�
SRZHU�GHPDQG�LQ�-DSDQ�ZLOO�GHFOLQH��KRZHYHU�� WKH�
SUHVHQW�VWXG\�VKRZV�WKDW�WKH�PD[LPXP�YDOXH�RI�WKH�
HOHFWULF�SRZHU�GHPDQG�XS�WR�WKH�\HDU������ZLOO�EH�
������*:��:H�REWDLQHG�WKH�LQFUHPHQWDO�UDWH�RI�PD[-
LPXP�HOHFWULF�SRZHU�GHPDQG�IRU�HYHU\����\HDUV�XS�WR�
WKH�\HDU������E\�FDOFXODWLRQ�DV�VKRZQ�LQ�7DEOH���
� 7KLV� UHVXOW� LV� FDOFXODWHG� IURP� WKH� IRUHFDVWHG�
UHVXOWV� RI� PD[LPXP� HOHFWULF� SRZHU� GHPDQG� IRU�
HDFK� LQGLYLGXDO�\HDU�XS� WR�������,W� LV�VKRZQ�IURP�
WKH�DFWXDO�GDWD�WKDW�WKH�UDWH�ZDV�PRUH�WKDQ����IURP�
WKH�\HDU������WR�������ZKHUHDV��WKH�UDWH�LV�GHFUHDVHG�
UDSLGO\�IURP�WKH�\HDU������WR������FRPSDULQJ�WR�WKH�
SUHYLRXV�\HDUV��7KH�ORZHVW�LQFUHDVLQJ�UDWH�LV������
EHWZHHQ�WKH�\HDUV������DQG�������$QG�IRU�WKH�ODVW����
\HDUV��LW�VKRZV�DERXW��������6R��WKH�LQFUHDVLQJ�UDWH�
LV�QRW�VR�KLJK�FRPSDUHG�WR�WKH�SUHYLRXV�\HDUV�DQG�ZH�
DVVXPH�WKH�UDWH�ZLOO�EH�VDWXUDWHG�E\�WKH�\HDU������
DQG�GHFUHDVH�DIWHUZDUGV�
� ,W�FDQ�EH�HDVLO\�VHHQ�KRZ�LQYHVWPHQW�LV�QHFHVVDU\�IRU�
QHZ�FRQVWUXFWLRQ�RI�SRZHU�SODQWV�IURP�WKLV�IRUHFDVWHG�
UHVXOWV� IRU� IXWXUH� \HDUV�� ,Q� WKH� REWDLQHG� IRUHFDVWHG�
UHVXOWV�WKH�WUDLQLQJ�HUURU�LV�VXSSUHVVHG�ZLWKLQ����DQG�
WKH�RYHUDOO�WHVW�HUURU�VKRZV�OHVV�WKDQ����ZKLFK�LV�D�ELJ�
FRQWULEXWLRQ�FRPSDUHG�WR�WKH�SUHYLRXV�UHVXOWV�REWDLQHG�
E\�%3��7KRXJK�WKH�SDUDPHWHUV�DQG�FHQWHUV�VHWWLQJ�RI�
WKH�5%)1�PRGHO�LV�TXLWH�WRXJK�WR�¿QG�RXW�WKH�EHVW�VHW��
LW�LV�REWDLQHG�E\�WUDLO�DQG�HUURU�PHWKRG�FRQVLGHULQJ�WKH�
OHDVW�SUHGLFWLRQ�HUURU�IRU�DOO�WKH�QHWZRUNV�

� 7KHVH�ÀXFWXDWLRQV�LQ�ORQJ�WHUP�ORDGV�PD\�EULQJ�
WKLV�TXHVWLRQ�WKDW�ZH�PD\�QRW�EH�DEOH�WR�IRUHFDVW�WKH�
ORDGV�IRU�YHU\�ORQJ�SHULRGV��7KH�DQVZHU�WR�WKLV�TXHV-
WLRQ�LV� WR�SURYLGH�D�VHQVH�RI�VHFXULW\� WR� WKH�SRZHU�
FRPSDQLHV��D�VHQVLWLYLW\�DQDO\VLV�IRU�ORDG�GHYLDWLRQV�
DQG�PDQ\� YDULDEOHV��ZKLFK�PD\� FDXVH� WKHVH�ÀXF-
WXDWLRQV��7KDW�PHDQV��ZH�PXVW�QRW�RQO\�UHO\�RQ�WKH�
IRUHFDVW�RI�YHU\�ORQJ�SHULRG��EXW�DOVR�FRQVLGHU�WKDW�
DV�D�UHIHUHQFH�RU�URXJK�IRUHFDVWLQJ�DQG�WKHQ�FRUUHFW�
RXU�IRUHFDVWHG�FXUYHV�E\�QHZ�FRPLQJ�LQIRUPDWLRQ��
7KLV�QHZ�FRPLQJ�LQIRUPDWLRQ�PD\�FRPH�IURP�WKH�
QHZO\�REVHUYHG�GDWD�WDNHQ�PRQWKO\�RU�\HDUO\�RU�PD\�
FRPH�IURP�WKH�UHVXOWV�RI�H[LVWLQJ�VLPXODWLRQV��7KXV�
ZH�FDQ�XVH�QHZO\�REWDLQHG�GDWD�DQG�XSGDWH�WKH�IRUH-
FDVWHG�ORDGV��ZKLFK�KDYH�EHHQ�SUHGLFWHG�DOUHDG\��,Q�
WKLV�VWXG\��WKH�PHDVXUHV�RI�RXWSXW�HUURU�RI�5%)1V�
DUH�VKRZQ�LQ�7DEOH���

6. Conclusions
$V�SRZHU�GHUHJXODWLRQ�KDV�DOUHDG\�VWDUWHG�LQ�-DSDQ��
LQ�WKLV�VWXG\�ZH�FRQVLGHUHG�WZR�FDVHV��SUHGLFWLQJ�WKH�
PD[LPXP�HOHFWULF�SRZHU�GHPDQG�ERWK�EHIRUH�DQG�
DIWHU�UHVWUXFWXULQJ�WKH�SRZHU�V\VWHPV��&RQVLGHULQJ�
WKHVH�UHVXOWV��LW�LV�SRVVLEOH�WR�PLQLPL]H�WKH�ORVV�RI�WKH�
H[WUD�JHQHUDWLRQ�LQFOXGLQJ�FRVWV��)XUWKHU�FDVH�VWXG-
LHV�ZLOO�EH�UHTXLUHG�IRU�YDULDWLRQV�RI�WKH�QHZ�HQYL-
URQPHQW�WKDW�LV�WDNHQ�LQWR�DFFRXQW�LQ�WKLV�VWXG\�
� ,W�LV�QRW�HDV\�WR�VHW�XS�D�QHZ�SRZHU�SODQW�ZLWKLQ�D�

Table 4  Measuring of Maximum Electric Power Demand 
Increasing Rate up to 2030

Years Average maximum power 
demand increasing rate

����a���� ����
����a���� ����
����a���� ����
����a���� ����
����a���� ����
����a���� ����

Table 5  Measures of Error Obtained by RBFNs for Forecasting 
Maximum Electric Power Demand up to the Year 2030

Types of error Data Root Mean 
Squared 
Error

Mean 
Absolute 
Squared 
Error

Mean 
Absolute 
Error [%]

7UDLQLQJ�DV�ZHOO�DV�
9DOLGDWLRQ
�����a�����

���� ���� 2.09

$YHUDJH�7HVW�
�����a����� ���� ���� 3.44 *

*Overall test error by BP is obtained about 14.19%
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YHU\�VKRUW�SHULRG��,W�WDNHV�DERXW���WR����\HDUV�WR�FRQ-
VWUXFW�D�ELJ�SRZHU�JHQHUDWLRQ��)RU�WKLV�UHDVRQ��LW�LV�
KLJKO\�QHFHVVDU\�WR�PHHW�WKH�LQFUHDVLQJ�ORDG�GHPDQG�
LQ� WKH� QHDU� IXWXUH� XVLQJ� DQRWKHU� VRXUFH� RI� SRZHU�
JHQHUDWLRQ��UHQHZDEOH�HQHUJLHV�VXFK�DV�VRODU�SRZHU��
ZLQG�SRZHU��ELRPDVV��DQG�PLFUR�K\GUR�SRZHU�WKDW�
DUH�HDVLO\�FRQVWUXFWHG�FRPSDUHG�WR�EXLOGLQJ�D�ODUJH�
SRZHU�SODQW��
� 6R��WKH�IROORZLQJ�LVVXHV�DUH�XQGHU�FRQVLGHUDWLRQ�
IRU�IXWXUH�VWXGLHV�

� Ɣ� �3UHGLFWLRQ�RI�ORDG�GHPDQG�LQWURGXFLQJ�UHQHZ-
DEOH�HQHUJLHV�LQ�WKH�SRZHU�V\VWHP�RI�D�UHJLRQ��

� Ɣ� �)RUHFDVWLQJ�WKH�HOHFWULFLW\�GHPDQG�FRQVLGHULQJ�
SRZHU�GHUHJXODWLRQ�

� Ɣ� �7KH�ZKROH�SRZHU�V\VWHP�QHWZRUN�FDQ�EH�FRQ-
VLGHUHG�DV�GHFHQWUDOL]HG�DQG�UHFRQ¿JXUH�WKRVH�
DV� VPDOO� SRZHU� V\VWHPV� QHWZRUN� IRU� ZKROH�
-DSDQ�IRU�IXWXUH��,W�LV�QHFHVVDU\�WR�VLPXODWH�WKH�
ZKROH�VPDOO�JULG��PLQL�RU�PLFUR��JULG��V\VWHP�
WR� HYDOXDWH� ZKHWKHU� WKH\� DUH� HFRQRPLFDO� RU�
QRW��LQFOXGLQJ�WKH�FDVH�RI�UHOLDELOLW\�

� Ɣ� �$SSO\LQJ� VHQVLWLYLWLHV� DQDO\VLV� RI� LQSXW�
FKDQJHV�RI�PRUH�WKDQ�WZR�RU�WKUHH�SDUDPHWHUV�
DW�D�WLPH�DQG�FRQVLGHULQJ�QHZ�LQSXWV�UHODWHG�WR�
QHZ�HQHUJLHV��VXFK�DV�WKH�DFWXDO�DQG�IRUHFDVWHG�
DPRXQW�RI�UHQHZDEOH�HQHUJLHV��&2

2
��QXPEHU�RI�

DLU�FRQGLWLRQHUV��QXPEHU�RI�PRELOH�SKRQHV��HWF�

� Ɣ� �&RQVLGHULQJ� YDULRXV� VFHQDULRV� IRU� ORQJ�WHUP�
ORDG� IRUHFDVWLQJ�ZLWK� FKDQJLQJ� HQYLURQPHQW�
UHJDUGLQJ� SRZHU� GHUHJXODWLRQ� RU� RWKHU� QHZ�
LVVXHV�

� 8OWLPDWHO\��IRU�IXWXUH�VWXG\��ZH�DUH�FRQVLGHULQJ�
WKH�QHFHVVDU\�FRXQWHUPHDVXUHV� IRU� WKH�SUREOHP�RI�
ORDG�VDWXUDWLRQ�IRU�WKH���VW�FHQWXU\��:H�EHOLHYH�WKDW�
WKH�UHVXOWV�RI�WKLV�VWXG\�ZLOO�EH�XVHIXO�IRU�RWKHU�FRXQ-
WU\¶V�SRZHU�FRPSDQLHV�
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