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Energy System Innovation for the Future of Asia:
Review of State-of-the-art Distributed  

Energy Resources and Micro-grids in Japan

小さな地域において、分散した各種
のエネルギーをどのように効率的に
結び付けて利用するか。日本の最新
のマイクログリッドから考える。

Abstract

In the past few years, the use of Distributed Energy Resources (DER) has been proposed as one of the 
possible solutions to energy and environmental challenges. However, as the diffusion of these 
technologies increases, many problems occur. In addition to the technical, commercial and safety issues 

posed by the connection of generation within the distribution system, the use of renewable sources and combined 
heat and power (CHP) usually adds more specific issues related to the actual method of generation used. If more 
creative thinking is applied to the way energy is supplied, used and controlled, it may be possible to satisfy the 
demand for energy, but accommodate the fluctuating resources which are a feature particularly of renewable 
energy sources. This may be possible by ensuring a satisfactory mixture of sources and loads to enable the 
demand and supply to match. Such a mixture in a grid-like fashion is called a ‘micro-grid’. As a country lacking 
resources, Japan is active in the research, development and demonstration of micro-grid systems. In this study, 
first, the current status of DER is investigated. Then, the state-of-the-art micro-grids in Japan is reviewed. Finally, 
based on the discussion of the current situation, suggestions for future micro-grid development and necessary 
policies are suggested.
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Introduction
*OREDO�ZDUPLQJ�GXH�WR�ULVLQJ�JUHHQKRXVH�JDV��*+*��
HPLVVLRQV�SUHVHQWV�D�JUHDW�FKDOOHQJH�WR�WKH�VWDELOLW\�
RI�WKH�ZRUOG¶V�FOLPDWH��HFRQRP\�DQG�SRSXODWLRQ����  
7R� DYRLG� VXFK� D� KXJH� ULVN�� WKH� SXUVXLW� RI� D� ORZ�
FDUERQ�VRFLHW\�LV�UHFHLYLQJ�PRUH�DQG�PRUH�DWWHQWLRQ�
QRW�RQO\�IURP�WKH�GHYHORSHG�EXW�DOVR�WKH�GHYHORSLQJ�
FRXQWULHV��$V�D�JOREDO�WDUJHW������UHGXFWLRQ�RI�*+*�
HPLVVLRQV�EHORZ������OHYHOV�E\������KDV�EHHQ�FRQ-
¿UPHG�E\�WKH�PDLQ�GHYHORSHG�FRXQWULHV��+RZHYHU��
VRPH�UHFHQW�VWXGLHV�KDYH�UHFRPPHQGHG�WKDW�ZRUOG-

ZLGH�HPLVVLRQV�VKRXOG�EH�UHGXFHG�E\�����E\���������  
$FWXDOO\��ZKDWHYHU�WKH�¿QDO�YDOXH�RI�WKH�UHGXFWLRQ�
JRDO��LW�LV�EHOLHYHG�WKDW�QXPHURXV�LQQRYDWLRQV�VKRXOG�
EH�UHDOL]HG�IRU�WHFKQRORJ\��LQVWLWXWLRQV�DQG�SHRSOH¶V�
EHKDYLRU��WR�VHFXUH�D�EULJKW�IXWXUH�
� $OWKRXJK� WKHUH� LV� JOREDO� FRQFHUQ�� LQGLYLGXDO�
FRXQWULHV�KDYH�XQGHUWDNHQ�GLIIHUHQW�VWHSV�LQ�FOLPDWH�
FKDQJH�PLWLJDWLRQ��5HFHQWO\�� LQ�RUGHU� WR�PDNH� WKH�
JOREDO�YLVLRQ�FOHDU�DQG�UHDOLVWLF��DV�ZHOO�DV�WR�FRSH�
ZLWK� QHJRWLDWLRQV� UHJDUGLQJ� FOLPDWH� LVVXHV� LQ� WKH�
SRVW�.\RWR�SHULRG��PLG�WHUP�WDUJHWV��ZLWK������DV�
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WKH�WDUJHW�\HDU��KDYH�EHHQ�LOOXVWUDWHG�E\�WKH�86$��WKH�
8.��*HUPDQ\��)UDQFH�DQG�-DSDQ��WR�UHGXFH�WKH�HPLV-
VLRQV�E\�������������������DQG������UHVSHFWLYHO\��
IURP�WKH������OHYHO��$V�WKH�ODUJHVW�*+*�HPLWWHU�LQ�
WKH�ZRUOG��LQVWHDG�RI�DQ�DEVROXWH�QXPHULFDO�WDUJHW��
&KLQD�GHFLGHG� WR� UHGXFH� LWV� HPLVVLRQV�SHU� XQLW� RI�
*'3�LQ������E\�����WR�����FRPSDUHG�ZLWK� WKDW�
RI������� ,Q�DGGLWLRQ�� VRPH�SLRQHHU�FRXQWULHV�VXFK�
DV� WKH�8.� DQG� -DSDQ� KDYH� DQQRXQFHG� WKHLU� ORQJ�
WHUP�JRDOV�DV�ZHOO�DV�VFHQDULRV�IRU�DFKLHYLQJ�WKRVH�
JRDOV������ )RU� H[DPSOH�� LQ� -DSDQ�� DFFRUGLQJ� WR� WKH�
UHVHDUFK� E\� 1DWLRQDO� ,QVWLWXWH� IRU� (QYLURQPHQWDO�
6WXGLHV��1,(6���LW�PD\�EH�IHDVLEOH�E\������WR�UHDFK�
D�����&2

2
�HPLVVLRQV�UHGXFWLRQ�EHORZ������OHYHOV��

IURP�ERWK�WHFKQLFDO�DQG�HFRQRPLFDO�DVSHFWV��+RZ-
HYHU��YDULRXV�LQQRYDWLRQV�VKRXOG�EH�SXW�LQWR�SUDFWLFH�
LQ� WHFKQLFDO�� HFRQRPLFDO�� VRFLDO�� DV�ZHOO� DV�SROLWL-
FDO�¿HOGV��%DVHG�RQ� WKH�EDFN�FDVWLQJ�DQDO\VLV�� WKH�
FKDQJH�RI�DFWLYLW\��UHGXFWLRQ�RI�GHPDQG�� LPSURYH-
PHQW�RI�HQHUJ\�LQWHQVLW\�RI�HQG�XVH�� LPSURYHPHQW�
RI�FDUERQ�LQWHQVLW\�RI�HQG�XVH��DQG�LPSURYHPHQW�RI�
FDUERQ�LQWHQVLW\�RI�HQHUJ\�VXSSO\�VKRXOG�FRQWULEXWH�
�������������������������DQG��������UHVSHFWLYHO\��
WR�WKH�����UHGXFWLRQ�WDUJHW���

� )URP�WKH�YLHZSRLQW�RI�RULJLQDO�VRXUFHV�RI�*+*�
HPLVVLRQV��LW�KDV�EHHQ�UHFRJQL]HG�WKDW�JOREDO�FOLPDWH�
GHVWDELOL]DWLRQ�LV�SULPDULO\�GXH�WR�WKH�FRPEXVWLRQ�RI�
IRVVLO�IXHOV�IRU�HQHUJ\�DQG�WKH�UHVXOWDQW�&2

2
�HPLV-

VLRQV��7KHUHIRUH�� LW� LV� QR� H[DJJHUDWLRQ� WR� VD\� WKDW�
WKH�RQO\�ZD\� WR�DFKLHYH�D� VXVWDLQDEOH� ORZ�FDUERQ�
VRFLHW\�LV�WR�KDYH�D�VXVWDLQDEOH�ORZ�FDUERQ�HQHUJ\�
V\VWHP��$W� WKH� VDPH� WLPH��GHFUHDVH� LQ� IRVVLO� IXHOV�
UHVXOWV�LQ�D�FRQVLGHUDEOH�LQFUHDVH�LQ�LWV�SULFH�DQG�WKH�
GHULYDWLYHV��$FWXDOO\��LQ�DOO�WKH�PLG�WHUP�DQG�ORQJ�
WHUP�VFHQDULRV�PHQWLRQHG�DERYH��WKH�PRVW�DWWHQWLRQ�
LV�DOZD\V�SDLG�WR�WKH�LQQRYDWLRQ�RI�HQHUJ\�V\VWHP��
)RU� H[DPSOH�� DFFRUGLQJ� WR� -DSDQHVH� ORZ�FDUERQ�
VRFLHW\�VWUDWHJ\��WKH�LPSURYHPHQW�RI�HQHUJ\�LQWHQVLW\�
RI�HQG�XVH�DQG�WKH�LPSURYHPHQW�RI�FDUERQ�LQWHQVLW\�
RI�HQG�XVH��ZKLFK�FDQ�EH�UHDOL]HG�WKURXJK�SURPR-
WLRQ�RI�HQHUJ\�HI¿FLHQF\�DQG�GLVWULEXWHG�UHQHZDEOH�
HQHUJ\�UHVRXUFHV��FRQWULEXWHV�QHDUO\�����RI�WKH�WRWDO�
CO

2
� HPLVVLRQV� UHGXFWLRQ� WDUJHW���� 7KXV�� HI¿FLHQW�

XVH�RI�HQHUJ\�DQG�XWLOL]DWLRQ�RI�GLVWULEXWHG�HQHUJ\�
UHVRXUFHV� �'(5��DUH� WKH�RUGHU�RI� WKH�GD\�ZKHQ� LW�
FRPHV�WR�FRQVWUXFWLQJ�D�ORZ�FDUERQ�VRFLHW\��$�ZLGH�
YDULHW\�RI�DSSURSULDWH� WHFKQRORJLHV� LV�RQ� WKH�PDU-
NHW�QRZ��+RZHYHU��DV�SHQHWUDWLRQ� LQFUHDVHV��PDQ\�
SUREOHPV�RFFXU�� ,Q�DGGLWLRQ�WR� WKH� WHFKQLFDO��FRP-
PHUFLDO�DQG�VDIHW\� LVVXHV�SRVHG�E\�WKH�FRQQHFWLRQ�
RI�JHQHUDWLRQ�ZLWKLQ�WKH�GLVWULEXWLRQ�V\VWHP��WKH�XVH�
RI�UHQHZDEOH�VRXUFHV�DQG�FRPELQHG�KHDW�DQG�SRZHU�
�&+3��XVXDOO\�DGGV�PRUH�VSHFL¿F�LVVXHV�UHODWHG�WR�
WKH�DFWXDO�PHWKRG�RI�JHQHUDWLRQ�XVHG��$Q�H[DPSOH�
WKDW�LOOXVWUDWHV�WKLV�SRLQW�LV�SKRWRYROWDLF��39��JHQ-
HUDWLRQ��7KHUH�LV�QR�JHQHUDWLRQ�DW�QLJKW��ZKLFK�LV�RI�
FRXUVH�SUHGLFWDEOH��EXW� LQ�DGGLWLRQ�� WKH�VXQ�FDQ�EH�
REVFXUHG�E\�FORXG�FRYHU�RQ�D�UDQGRP�EDVLV��$�VLPL-
ODU�VLWXDWLRQ�H[LVWV�ZLWK�&+3�ZKLFK�LV�QRUPDOO\�FRQ-
WUROOHG�WR�VXSSO\�KHDW��ZLWK�HOHFWULFLW\�SURGXFWLRQ�DV�
D�E\�SURGXFW��$V�D�VRXUFH�RI�HOHFWULFDO�HQHUJ\��WKLV�
KDV�VRPH�GLVDGYDQWDJHV�ZKLFK�� LQ� WKH�SUHVHQW� IRU-
PDW��KDYH� WR�EH�DGGUHVVHG�E\� WKH�RSHUDWRUV�RI� WKH�
SXEOLF�HOHFWULFLW\�VXSSO\��:LWK�PRUH�FUHDWLYH�WKLQN-
LQJ�DERXW�WKH�ZD\�HQHUJ\�LV�VXSSOLHG��XVHG�DQG�FRQ-
WUROOHG��LW�PD\�EH�SRVVLEOH�WR�VDWLVI\�WKH�GHPDQG�IRU�
HQHUJ\�ZKLOH�DFFRPPRGDWLQJ�ÀXFWXDWLQJ�UHVRXUFHV��
ZKLFK�DUH�D�IHDWXUH�SDUWLFXODUO\�RI�UHQHZDEOH�HQHUJ\�
VRXUFHV��7KLV�PD\�EH�PDGH�SRVVLEOH�E\�HQVXULQJ�D�
VDWLVIDFWRU\�PL[WXUH�RI�VRXUFHV�DQG�ORDGV�WR�HQDEOH�
WKH�GHPDQG�DQG�VXSSO\�WR�PDWFK��6XFK�D�PL[WXUH�LQ�D�
JULG�OLNH�IDVKLRQ�LV�FDOOHG�µPLFUR�JULG¶�
� 7KH�PLFUR�JULG� LV� D� FRQFHSW� EDVHG� DURXQG� WKH�
DVVXPSWLRQ� RI� D� FOXVWHU� RI� HOHFWULFDO� DQG� WKHUPDO�
ORDGV�WRJHWKHU�ZLWK�VPDOO�VFDOH�VRXUFHV�RI�HOHFWULFDO�
SRZHU�DQG�KHDW��7KH�SRZHU�VRXUFHV�ZLOO�JHQHUDOO\�EH�
PL[HG��LQFOXGLQJ�UHQHZDEOH�VRXUFHV�VXFK�DV�39�RU�
ZLQG�JHQHUDWRUV�WRJHWKHU�ZLWK�IRVVLO�IXHO�JHQHUDWRUV�
PHHWLQJ�ORFDO�KHDWLQJ�UHTXLUHPHQWV�DQG�JHQHUDWLQJ�
HOHFWULFLW\��7KH�FRQQHFWLRQ�EHWZHHQ�WKLV�QHWZRUN�DQG�
WKH�ZLGHU�HOHFWULFDO�SRZHU�QHWZRUN�ZLOO�EH�WKURXJK�D�
ZHOO�GH¿QHG�DQG�FRQWUROOHG�LQWHUIDFH��7KH�PLFUR�JULG�
LV�UHVSRQVLEOH�IRU�VHUYLFLQJ�WKH�QHHGV�RI�FRQVXPHUV��
HQVXULQJ�D�TXDOLW\�RI�VXSSO\�DQG�SRVVLEO\�FRQWUROOLQJ�
VRPH�RI� WKH�QRQ�FULWLFDO� ORDGV��7KH� LQWHUIDFH�ZLWK�
WKH�ORFDO�HOHFWULFLW\�XWLOLW\�ZLOO�EH�RQH�RI�H[FKDQJLQJ�
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SRZHU�VR�WKDW�WKH�PLFUR�JULG�ZLOO�DSSHDU�DV�D�FRQVLVW��
GHSHQGDEOH�ORDG�RU�JHQHUDWRU�
� ,Q� WKLV� VWXG\�� ¿UVW�� WKH� FXUUHQW� VWDWXV� RI� '(5�
DGRSWLRQ� LQ� -DSDQ� LV� LQYHVWLJDWHG��7KHQ�� WKH� VWDWH�
RI�WKH�DUW�PLFUR�JULGV�LQ�-DSDQ�DUH�UHYLHZHG��%DVHG�
RQ�WKH�DERYH�LQYHVWLJDWLRQ��SROLFLHV�UHODWHG�WR�'(5�
DQG�PLFUR�JULG�DGRSWLRQ�DUH�GLVFXVVHG��,Q�DGGLWLRQ��
D� 6:27� DQDO\VLV� LV� HPSOR\HG� WR� XQGHUVWDQG� WKH�
SUREOHPV�DQG�IHDVLEOH�VWUDWHJLHV�IRU�UHDOL]LQJ�D�ZLGH�
SHQHWUDWLRQ�RI�PLFUR�JULGV�LQ�-DSDQ�

Current status of distributed energy 
resources adoption in Japan
,Q�WKH�SDVW�IHZ�\HDUV��ERWK�GHYHORSHG�DQG�GHYHORS-
LQJ�FRXQWULHV�KDYH�H[SHULHQFHG�DQ�LQFUHDVLQJ�FRQWUL-
EXWLRQ�RI�GLVWULEXWHG�JHQHUDWLRQ�WR� WKHLU�HOHFWULFLW\�
VXSSO\��7KH� VKDUH� RI� GLVWULEXWHG�JHQHUDWLRQ� LQ� WKH�
ZRUOG�PDUNHW�KDV�LQFUHDVHG�WR�������XS�IURP����LQ�
������*OREDO�LQVWDOOHG�GLVWULEXWHG�JHQHUDWLRQ�FDSDF-
LW\�VWRRG�DW�DURXQG�������*:H�DW�WKH�HQG�RI�������
)XUWKHUPRUH��LW�LV�H[SHFWHG�WKDW�WKH�DQQXDO�GLVWULE-
XWHG�HOHFWULFLW\�RXWSXW�ZLOO�JURZ�E\������EHWZHHQ�
�����DQG������UHDFKLQJ����*:H�E\�WKH�\HDU�������
7KH�XVH�RI� UHQHZDEOH� HQHUJ\� �VRODU�� ELRJDV��ZLQG�
DQG�K\GUR��DQG�&+3� WR� UHGXFH�*+*�HPLVVLRQV� LV�
RQH�RI�WKH�PDLQ�GULYHUV�RI�GLVWULEXWHG�JHQHUDWLRQ���

� ,Q�-DSDQ��DV�VKRZQ�LQ�)LJ�����GLVWULEXWHG�JHQHUD-
WLRQ�RQO\�DFFRXQWV�IRU�DERXW�����LQ�WKH�WRWDO�SRZHU�
JHQHUDWLRQ��$OWKRXJK�WKLV�YDOXH�LV�DERYH�WKH�ZRUOG�
PHDQ�OHYHO��LW�LV�JUHDWO\�EHORZ�WKDW�RI�VRPH�(8�FRXQ-
WULHV��7KLV�LPSOLHV�WKDW�-DSDQ�KDV�VLJQL¿FDQW�SRWHQWLDO�
IRU�GHYHORSLQJ�GLVWULEXWHG�JHQHUDWLRQ�EHIRUH�UHDFK-
LQJ�WKH�PDUNHW�SHQHWUDWLRQ�LQ�OHDGLQJ�FRXQWULHV�VXFK�
DV�'HQPDUN��WKH�1HWKHUODQGV�DQG�)LQODQG��&XUUHQWO\�
LQ�-DSDQ��WKH�PRVW�FRPPRQ�XVH�RI�GLVWULEXWHG�JHQ-
HUDWLRQ� LV� IRU�EDFNXS�SRZHU�ZKHQHYHU� WKH�QRUPDO�
VRXUFH�RI�HOHFWULFLW\�IDLOV��,Q�������WKH�-DSDQHVH�JRY-
HUQPHQW�HVWDEOLVKHG�WKH�(QHUJ\�0DVWHU�SODQ��GHVFULE-
LQJ�WKH�LPSRUWDQFH�RI�GHYHORSPHQW�DQG�ZLGHVSUHDG�
XVH�RI�GLVWULEXWHG�HQHUJ\�V\VWHPV��,W�LV�H[SHFWHG�WKDW�
����RI�HOHFWULFLW\�ZLOO�EH�JHQHUDWHG�E\�GLVWULEXWHG�
HQHUJ\�LQ������DFFRUGLQJ�WR�-DSDQ¶V�HQHUJ\�VXSSO\�

DQG�GHPDQG�SHUVSHFWLYH����
 &RPSDUHG�ZLWK�WUDGLWLRQDO�FHQWUDO�HQHUJ\�VXSSO\��
'(5�FDQ�XWLOL]H� D�ZLGH� UDQJH�RI� SRZHU�JHQHUDWRUV�
LQFOXGLQJ� ELRPDVV�EDVHG� JHQHUDWRUV�� FRPEXVWLRQ�
WXUELQHV�� FRQFHQWUDWLQJ� VRODU� SRZHU� DQG� SKRWRYRO-
WDLF�V\VWHPV��IXHO�FHOO��ZLQG�WXUELQHV��PLFUR�WXUELQHV��
GLHVHO�JHQHUDWRU� VHWV�� K\EULG� V\VWHPV�DQG�HOHFWULFDO�
SRZHU�VWRUDJH��DV�ZHOO�DV�DOO�NLQGV�RI�WKHUPDO�UHFRY-
HU\�WHFKQRORJLHV��,Q�WKH�IROORZLQJ��WKH�VWDWH�RI�WKH�DUW�
RI�YDULRXV�'(5�WHFKQRORJLHV�LQ�-DSDQ�LV�DVVHVVHG�E\�
JURXSLQJ� WKHP� LQWR� WKHUPDO� �&+3�� DQG� UHQHZDEOH�
WHFKQRORJLHV�

Combined heat and power technologies
7KHUPDO� GLVWULEXWHG� JHQHUDWLRQ� LV� PDLQO\� EDVHG�
RQ�IRVVLO� IXHOV�EXW�FDQ�DOVR�EH�EDVHG�RQ�ELR�IXHOV��
WKHUHIRUH�WKHUPDO�WHFKQRORJLHV�DUH�DOVR�UHQHZDEOH��
7KHUPDO�JHQHUDWLQJ�XQLWV�FDQ�EH�HTXLSSHG�WR�UHFRYHU�
WKH�KHDW�WKDW�UHVXOWV�IURP�FRPEXVWLRQ��DQG�VXFK�&+3�
V\VWHPV�FDQ�KDYH�KLJK�WRWDO�HI¿FLHQFLHV��&+3�V\V-
WHPV�FDQ�SURYLGH�KHDW�DQG�SRZHU�IRU�ERWK�LQGXVWULDO�
DQG�FRPPHUFLDO�EXLOGLQJV��7UL�JHQHUDWLRQ�V\VWHPV��
ZKLFK�FDQ�XWLOL]H�UHFRYHUHG�KHDW�LQ�DEVRUSWLRQ�FKLOO-
HUV�DV�ZHOO�DV� LQ�KHDW�H[FKDQJHUV��KDYH�VLJQL¿FDQW�
SRWHQWLDO� LQ� UHJLRQV�ZLWK� VXI¿FLHQW� FRROLQJ� ORDGV��
7KHUPDO� GLVWULEXWHG� JHQHUDWLRQ� WHFKQRORJLHV� FDQ�
VXFFHVVIXOO\�EH�DSSOLHG� WR�VXFK� WKLQJV�DV�VWDQG�E\�
SRZHU�DQG�SHDN�VKDYLQJ�
� ,Q�-DSDQ��GXULQJ�WKH�ODVW����\HDUV��&+3�KDV�UDS-
LGO\�GHYHORSHG��$V�VKRZQ�LQ�)LJ�����WKH�QXPEHU�RI�
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Fig. 1  Distributed generation share of total power generation
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&+3�V\VWHPV�KDV�LQFUHDVHG�IURP����LQ������WR�������
LQ�������RI�ZKLFK�������VLWHV�DUH�LQ�WKH�FRPPHUFLDO�
VHFWRU�DQG������VLWHV�DUH�LQ�WKH�LQGXVWULDO�VHFWRU��7KH�
WRWDO�JHQHUDWLRQ�FDSDFLW\�KDV�LQFUHDVHG�IURP�����N:�
LQ������WR�������0:�DV�RI�0DUFK�������ZLWK�������
0:�LQ�WKH�FRPPHUFLDO�VHFWRU�DQG�������0:�LQ�WKH�
LQGXVWULDO� VHFWRU�� )XUWKHUPRUH�� DOWKRXJK� WKH� FRP-
PHUFLDO�VHFWRU�KDV�PRUH�LQVWDOODWLRQ�QXPEHU�WKDQ�WKH�
LQGXVWULDO�VHFWRU��WKH�JHQHUDWLRQ�FDSDFLW\�LV�UHODWLYHO\�
VPDOO��ZKLFK�LV�DERXW�����RI�WKH�LQGXVWULDO�VHFWRU�
� %HVLGHV� WKH� DERYH� WHFKQRORJLHV�� WKH� IXHO� FHOO�
LV� EHFRPLQJ� PRUH� DQG� PRUH� SRSXODU� LQ� -DSDQHVH�
&+3�DSSOLFDWLRQ��)XHO�FHOOV�DUH�DQ�HQWLUHO\�GLIIHUHQW�
DSSURDFK�WR�WKH�SURGXFWLRQ�RI�HOHFWULFLW\�IURP�WUDGL-
WLRQDO�SULPH�PRYHU�WHFKQRORJLHV��DQG�DUH�FXUUHQWO\�LQ�
WKH�HDUO\�VWDJHV�RI�GHYHORSPHQW��)XHO�FHOOV�FDQ�JHQHU-
DWH�HOHFWULFLW\�DW�KLJK�HOHFWULF�HI¿FLHQFLHV��XS�WR����
SHUFHQW��XVLQJ�K\GURJHQ�DV�WKH�IXHO��7KH\�DUH�VLOHQW�LQ�
RSHUDWLRQ�DQG�KDYH�YHU\�ORZ�HPLVVLRQV��+RZHYHU��DV�
ZLWK�PRVW�QHZ�WHFKQRORJLHV��WKH�IXHO�FHOO�WHFKQRORJ\�
LV�SUHVHQWO\�YHU\�KLJK��6WLOO��IXHO�FHOOV�DUH�DYDLODEOH�RQ�
WKH�PDUNHW�DQG�V\VWHPV�DUH�LQVWDOOHG��EXW�LQ������WKH�
ZRUOGZLGH�FDSDFLW\�ZDV�QR�PRUH�WKDQ����0:��7KH�
FRPPHUFLDOO\�DYDLODEOH�XQLWV�DUH�XVXDOO\�D�IHZ�KXQ-
GUHG�N:��EXW�UHFHQWO\��WKH���N:�IXHO�FHOO�&+3�SODQW�
KDV�EHHQ�LQWURGXFHG�IRU�UHVLGHQWLDO�XVH�LQ�-DSDQ�
� )LJXUH���LV�WKH�QXPEHU�RI�IXHO�FHOO�V\VWHP�DGRS-
WLRQ�VLWHV�DV�RI�0DUFK�������,W�VKRXOG�EH�QRWHG�WKDW�
WKH� UHVLGHQWLDO� IXHO�FHOO� V\VWHP����� WKRXVDQG�XQLWV�
KDG�EHHQ�LQVWDOOHG�DURXQG�-DSDQ�E\�������LV�QRW�FRQ-
VLGHUHG�KHUH��7KH�¿JXUH�VKRZV�WKDW�WKH�ODUJHU�V\VWHP�
LV�GRPLQDWH��DQG�PRVW�RI� WKH�V\VWHPV�DUH�EHWZHHQ�
����N:�DQG�����N:�

Renewable energy technologies
5HQHZDEOH�HQHUJ\�LV�DQRWKHU�PDLQ�SDUW�RI�GLVWULEXWHG�
JHQHUDWLRQV��,W�FDQ�EH�XVHG�WR�SURYLGH�SDUW�RU�DOO�RI�
WKH�HOHFWULFLW\�IRU�UHVLGHQWLDO�DQG�FRPPHUFLDO�EXLOG-
LQJV��5HQHZDEOH�JHQHUDWLRQ�LV�W\SLFDOO\�KLJKO\�FDSLWDO�
LQWHQVLYH�EXW�KDV�ORZ�RSHUDWLQJ�FRVWV�VLQFH�WKHUH�LV�QR�
IXHO�FRVW��,Q�JHQHUDO��UHQHZDEOH�JHQHUDWLRQ�LV�LQWHU-
PLWWHQW�EXW�VRPHWLPHV�KDV�VRPH�VWRUDJH�SRWHQWLDO�
� ,Q�-DSDQ��WKH�HQHUJ\�VHOI�VXI¿FLHQF\�VKDUH�UHPDLQV�
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Fig. 2  Accumulative number and capacity of CHP systems in 
each fiscal year

Fig. 3  Number of commercial fuel cell systems adopted by 
2008

Fig. 4  Electricity generation from renewable energy 
resources in various countries
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DW�D� ORZ� OHYHO�RI�DERXW����DQG�ZLWK� WKH�GHYHORS-
PHQW� RI� HFRQRP\�� WRWDO� HQHUJ\� FRQVXPSWLRQ�ZLOO�
FRQWLQXH�WR�LQFUHDVH��0HDQZKLOH��IRVVLO�IXHO�UHFRY-
HUDEOH�UHVHUYHV�DUH�YHU\�OLPLWHG��7KH�JRYHUQPHQW�LV�
QRZ� WDNLQJ�DVVRUWHG�PHDVXUHV� WR� VDYH�HQHUJ\�DQG�
GHYHORS�QHZ�HQHUJLHV��(QHUJ\�FRQVHUYDWLRQ�LQ�-DSDQ�
KDV�DOUHDG\�SURJUHVVHG�WR�D�UHODWLYHO\�KLJK�OHYHO�EXW�
UHQHZDEOH�HQHUJ\�DFFRXQWHG�IRU�RQO\�DERXW������RI�
WKH�WRWDO�SULPDU\�HQHUJ\�VXSSO\�LQ�WKH�\HDU�������VHH�
)LJ������7KH�YDOXH�LV�VLJQL¿FDQWO\�ORZHU�WKDQ�WKDW�RI�
(8�FRXQWULHV��VXFK�DV�6ZHGHQ��)LQODQG��/DWYLD�DQG�
$XVWULD��7KHUHIRUH�� WKHUH� LV�JUHDW�SRWHQWLDO� IRU� WKH�
VSUHDG� RI� UHQHZDEOH� HQHUJ\� DQG� WKH� JRYHUQPHQW�
KDV�PDGH�D�SODQ�WR�LQFUHDVH�WKH�VKDUH�RI�UHQHZDEOH�
HQHUJ\�LQ�WKH�WRWDO�SULPDU\�HQHUJ\�FRQVXPSWLRQ�WR�
����E\�WKH�\HDU������
� *HQHUDOO\��WKH�UHQHZDEOH�HQHUJ\�UHVRXUFHV�LQFOXGH�
ELRPDVV��39��ZLQG�SRZHU��WLGDO�SRZHU��VRODU�KHDWHU�
DQG�JHRWKHUPDO��$PRQJ� WKHP�� WKH�PRVW� LPSRUWDQW�
UHQHZDEOH� GLVWULEXWHG� JHQHUDWLRQ� WHFKQRORJLHV� DUH�
39��ZLQG�SRZHU�DQG�ELRPDVV�HQHUJ\��,Q�WKH�IROORZ-
LQJ��WKH�FXUUHQW�VLWXDWLRQ�RI�WKHVH�WKUHH�WHFKQRORJLHV�
LV�LQWURGXFHG�LQ�GHWDLO�

q PV 
,Q�WKH�ODVW�IHZ�\HDUV��WKH�LQVWDOODWLRQ�RI�39�V\VWHPV�
KDV� LQFUHDVHG� VWHDGLO\� E\� DQ� DYHUDJH� RI� ���� SHU�
\HDU��%\�WKH�HQG�RI�������WKH�WRWDO�FDSDFLW\�RI�39�
LQVWDOODWLRQV�LQ�WKH�ZRUOG�KDV�UHDFKHG�������0:��RI�
ZKLFK�-DSDQ�KDG�D�VKDUH�RI�������0:��PRUH�WKDQ�
����� 7KH� -DSDQHVH� JRYHUQPHQW� LV� PDNLQJ� VRODU�
HQHUJ\�DQ�LPSRUWDQW�SDUW�RI�LWV�RYHUDOO�HQHUJ\�PL[��
ZLWK�D�JRDO�RI����SHUFHQW�HOHFWULFLW\�SURGXFWLRQ�IRUP�
39�E\������

w Wind power
%\�WKH�HQG�RI�������WKH�WRWDO�LQVWDOOHG�FDSDFLW\�RI�ZLQG�
WXUELQHV�LQ�WKH�ZRUOG�UHDFKHG��������0:��RI�ZKLFK�
-DSDQ�KDG�D�VKDUH�RI�������0:��ZKLFK�LV�PXFK�OHVV�
WKDQ�WKH�WRS�FRXQWU\��*HUPDQ\��ZKLFK�KDV�DQ�LQVWDOOD-
WLRQ�FDSDFLW\�RI��������0:��6LQFH�WKH�\HDU�������WKH�
LQVWDOOHG�FDSDFLW\�LV�LQFUHDVLQJ�JUHDWO\��DERXW����±����
0:�\HDU�E\�\HDU��&RUUHVSRQGLQJO\�� WKH�QXPEHU�RI�

LQVWDOOHG�XQLWV�KDV�DOVR�LQFUHDVHG��%\�WKH�\HDU�������
WKH�WRWDO�LQVWDOOHG�XQLWV�RI�ZLQG�WXUELQH�KDG�H[FHHGHG�
�����XQLWV�

e Biomass
,Q�-DSDQ��ELRPDVV�KDV�EHHQ�D�UHODWLYHO\�VPDOO�SRU-
WLRQ�RI�WKH�RYHUDOO�HQHUJ\�EXGJHW��VXSSO\LQJ�DERXW�
���RI�WKH�WRWDO�SULPDU\�HQHUJ\�FRQVXPHG�LQ�������,Q�
UHFHQW�\HDUV��WKH�-DSDQHVH�JRYHUQPHQW�KDV�EHHQ�WU\-
LQJ�D�YDULHW\�RI�PHWKRGV�WR�SURPRWH�ELRPDVV�HQHUJ\�
XVH� LQ� DQ� HIIRUW� WR� DOOHYLDWH� JOREDO� ZDUPLQJ�� )RU�
LQVWDQFH��WKH�0LQLVWU\�RI�$JULFXOWXUH��)RUHVWU\�DQG�
)LVKHULHV��0$))��KDV�SUHGLFWHG�ELRPDVV�HQHUJ\�XVH�
RI������a������3-�LQ�WKH�IXWXUH�HQHUJ\�GHPDQG�DQG�
VXSSO\�SODQ�LQ������

State-of-the-art of micro-grid in 
Japan
$V�D�FRXQWU\�ODFNLQJ�UHVRXUFHV��-DSDQ�LV�PRVW�DFWLYH�
LQ�WKH�UHVHDUFK��GHYHORSPHQW�DQG�GHPRQVWUDWLRQ�RI�
PLFUR�JULG�V\VWHP��7R�LQFUHDVH�SRWHQWLDO�UHQHZDEOH�
HQHUJ\� KDUYHVWLQJ� QHDU� GHPDQG� FHQWHUV�� -DSDQ¶V�
PLFUR�JULG� UHVHDUFK� IRFXVHV� RQ� XWLOL]LQJ� FRQWURO-
ODEOH�SULPH�PRYHUV��VXFK�DV�QDWXUDO�JDV�RU�ELRJDV�
¿UHG�JHQHUDWRUV��WR�FRPSHQVDWH�IRU�YDULDEOH�GHPDQG�
DQG� ORFDO� VPDOO�VFDOH� LQWHUPLWWHQW� UHQHZDEOH� VXS-
SO\��%HWZHHQ������DQG�������WKH�1HZ�(QHUJ\�DQG�
,QGXVWULDO� 7HFKQRORJ\�'HYHORSPHQW�2UJDQL]DWLRQ�
�1('2��KDYH�VWDUWHG�IRXU�GHPRQVWUDWLRQV��DV�VKRZQ�
LQ�7DEOH���
� 7KH� ¿UVW� RI� -DSDQ¶V� PLFUR�JULG� GHPRQVWUDWLRQ�
SURMHFW� VWDUWHG�GXULQJ� WKH������:RUOG�([SRVLWLRQ��
XVLQJ�D�FRPELQDWLRQ�RI�YDULHG�FKHPLVWU\�IXHO�FHOOV��
����N:�DQG�����N:�0&)&��IRXU�����N:�3$)&��
DQG�D����N:�62)&��7KH�0&)&V�XVH�D�JDV�GHULYHG�
IURP�ZRRG�ZDVWH� DQG� SODVWLF� ERWWOHV�� H[SHULPHQ-
WDO� LQWHQWLRQDO� LVODQGLQJ� KDV� DOVR� EHHQ� FRQGXFWHG��
5HFHQWO\��WKH�V\VWHP�ZDV�SHUPDQHQWO\�PRYHG�WR�WKH�
&HQWUDO�-DSDQ�$LUSRUW�&LW\�LQ�1DJR\D��ZKHUH�LW�ZLOO�
VXSSO\�WKH�7RNRQDPH�FLW\�RI¿FH�DQG�D�VHZDJH�WUHDW-
PHQW�SODQW�XVLQJ�D�SULYDWH�IHHGHU�
� 7KH�+DFKLQRKH��$RPRUL�3UHIHFWXUH��SURMHFW�EHJDQ�
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RSHUDWLRQ�LQ�2FWREHU������DQG�LV�EHLQJ�HYDOXDWHG�IRU�
VHFXULW\�� UHOLDELOLW\�� FRVW� HIIHFWLYHQHVV�� DQG�FDUERQ�
HPLVVLRQV� UHGXFWLRQ�RYHU� LWV�GHPRQVWUDWLRQ�SHULRG�
VWUHWFKLQJ�WKURXJK�0DUFK�������7KH�PLFUR�JULG�KDV�
39�DQG�ZLQG�WXUELQHV�WRWDOLQJ�����N:������N:�RI�
FRQWUROODEOH�HQJLQH�JHQHUDWRUV�VXSSOLHG�E\�GLJHVWHU�
JDV�IURP�D�VHZDJH�SODQW��DQG�D�����N:�OHDG�DFLG�EDW-
WHU\�EDQN��6HYHQ�+DFKLQRKH�&LW\�EXLOGLQJV�DUH�VXS-
SOLHG�YLD�D�SULYDWH���N9������NP�GLVWULEXWLRQ�IHHGHU��
ZLWK�WKH�ZKROH�V\VWHP�FRQQHFWHG�WR�WKH�FRPPHUFLDO�
JULG�DW�D�VLQJOH�SRLQW��7HVW�LVODQGLQJ�RSHUDWLRQ�LV�DOVR�
SODQQHG�IRU�WKLV�SURMHFW�
� ,Q�D�WKLUG�1('2�SURMHFW��WKH�PXQLFLSDO�JRYHUQ-
PHQW�RI�.\RWDQJR�&LW\��QRUWK�RI�.\RWR��OHDGV�D�YLU-
WXDO�PLFUR�JULG�GHPRQVWUDWLRQ��7KH�'(5� LQFOXGHG�
DUH����N:�HDFK�RI�39�DQG�ZLQG� WXUELQHV��¿YH����
N:�ELRJDV�HQJLQHV��D�����N:�0&)&��DQG�����N:�
RI�EDWWHU\�EDFN�XS��,Q�WKLV�SURMHFW��DQ�HQHUJ\�FHQWUH�
FRPPXQLFDWHV�ZLWK�WKH�'(5�RYHU�WKH�H[LVWLQJ�XWLOLW\�
QHWZRUN� WR�FRRUGLQDWH�GHPDQG�DQG�VXSSO\�� ,PEDO-
DQFHV� EHWZHHQ� VXSSO\� DQG� GHPDQG� DUH� UHVROYHG�
ZLWKLQ�¿YH�PLQXWHV�
� )LQDOO\��1('2�VSRQVRUV�DQ�DPELWLRXV�DQG�LQWHUHVW-
LQJ�PXOWLSOH�VHFXULW\��TXDOLW\��UHOLDELOLW\�DQG�DYDLODELO-
LW\�GHPRQVWUDWLRQ�SURMHFW�LQ�6HQGDL��0L\DJL�3UHIHFWXUH��
7KLV�PLFUR�JULG�DGMRLQV�D�QXUVLQJ�KRPH��KLJK�VFKRRO��
XQLYHUVLW\�� DQG�ZDVWH� WUHDWPHQW� IDFLOLWLHV��7KH�PDLQ�

'(5�DUH�D�����N:�0&)&��WZR�����N:�QDWXUDO�JDV�
¿UHG�JHQHUDWRUV�����N:�RI�39��DQG�EDWWHULHV��
� ,Q� DGGLWLRQ� WR� WKH� JRYHUQPHQW�VSRQVRUHG� SURM-
HFWV�GHVFULEHG�DERYH��WKHUH�DUH�VLJQL¿FDQW�UHVHDUFK�
DFWLYLWLHV�LQ�-DSDQ¶V�SULYDWH�VHFWRU��6KLPL]X�&RUSRUD-
WLRQ�LV�GHYHORSLQJ�D�PLFUR�JULG�FRQWURO�V\VWHP�DW�LWV�
7RN\R�WHVW�IDFLOLW\��$OVR��7RN\R�*DV��WRJHWKHU�ZLWK�
WKH�8QLYHUVLW\�RI�7RN\R��SODQV�WR�HVWDEOLVK�D�PLFUR�
JULG�WR�VXSSO\�WKUHH�OHYHO�SRZHU�TXDOLW\�WR�D�EXLOGLQJ�
RI�WKH�<RNRKDPD�5HVHDUFK�,QVWLWXWH�

DER and micro-grid related policies 
in Japan
-DSDQHVH�JRYHUQPHQW�VXSSRUW�IRU�'(5�LV�LPSRUWDQW�
DW� D� WLPH�RI� UDSLGO\� ULVLQJ� IXHO�SULFHV�� ,QYHVWPHQW�
VXEVLGLHV�DQG�WD[�EHQH¿WV�DUH�XVHG�DV�WKH�PDLQ�WRROV��
UDWKHU�WKDQ�D�IHHG�LQ�WDULII�DSSURDFK��6XEVLGLHV�DUH�
UHJXODUO\�UHYLHZHG�LQ�WKH�OLJKW�RI�WHFKQRORJLFDO�DQG�
HFRQRPLF� GHYHORSPHQWV�� EXW� WKH� JRYHUQPHQW� LV�
FRPPLWWHG�WR�FRQWLQXHG�VXSSRUW�IRU�'(5��7DNLQJ�WKH�
&+3�V\VWHP�IRU�H[DPSOH��WKH�PDLQ�VXSSRUW�PHFKD-
QLVPV�DUH�GHVFULEHG�EHORZ�

ż� 6XEVLGLHV� IRU�+LJK�(I¿FLHQF\�1DWXUDO�*DV�
CHP (10 kW to 3000 kW)
7KH�6XSSRUW�3URJUDPPH�IRU�1HZ�(QHUJ\�8VHUV�SUR-
YLGHV�VXEVLGLHV�IRU�EXVLQHVVHV�WKDW�LQWURGXFH�TXDOL-
I\LQJ�QHZ�HQHUJ\�V\VWHPV�VXFK�DV�QDWXUDO�JDV�&+3�
V\VWHPV�DQG�IXHO�FHOOV��7KH�¿VFDO�\HDU������EXGJHW�
VWDQGV�DW��������ELOOLRQ��WKH�JUDQW�UDWH�LV�XS�WR�RQH�
WKLUG�RI�WKH�LQVWDOODWLRQ�FRVW��7KH�FHLOLQJ�LV������PLO-
OLRQ�IRU�QDWXUDO�JDV�&+3�V\VWHPV�DQG����ELOOLRQ�IRU�
IXHO�FHOOV�

ż�The Programme for the Promotion of New 
Energy in Local Areas
7KLV�3URJUDPPH�SURYLGHV�VXEVLGLHV�IRU�ORFDO�SXEOLF�
HQWLWLHV�WKDW�SODQ�WR�LQWURGXFH�TXDOLI\LQJ�QHZ�HQHUJ\�
V\VWHPV��ZKLFK�DUH�FORVH� WR�EHLQJ�FRPPHUFLDO�EXW�
VWLOO�KDYH�KLJK�V\VWHP�FRVWV��(OLJLEOH� WHFKQRORJLHV�
LQFOXGH�HQHUJ\�HI¿FLHQW�DSSOLFDWLRQV�VXFK�DV�FOHDQ�
HQHUJ\�YHKLFOHV�� QDWXUDO� JDV� IXHOOHG�&+3� V\VWHPV�

Table 1  Demonstrative projects of micro-grid in Japan

Name Time System

$LFKL�([SR 2005

&R�JHQHUDWLRQ�ZLWK�SULYDWH�
GLVWULEXWLRQ�OLQH��DOO�UHVRXUFHV�DUH�
LQYHUWHU�W\SH��39��3$)&��0&)&�
DQG�62)&�

.\RWR�3URMHFW 2005

9LUWXDO�PLFUR�JULG�ZLWK�XWLOLW\�
GLVWULEXWLRQ�OLQH��PDLQ�UHVRXUFH�LV�
JDV�HQJLQH�DQG�0&)&�FRQVXPLQJ�
ELR�JDV

+DFKLQRKH�FLW\ 2005
3RZHU�VXSSO\�E\�SULYDWH�
GLVWULEXWLRQ�OLQH��PDLQ�UHVRXUFH�LV�
JDV�HQJLQH�EXUQLQJ�GLJHVWLRQ�JDV

6HQGDL 2007
7KH�HQHUJ\�FHQWUH�DQG�D�GHGLFDWHG�
GLVWULEXWLRQ�OLQH�DUH�FRQQHFWHG�DW�D�
VLQJOH�SRLQW�RI�FRPPRQ�FRXSOLQJ
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DQG�IXHO�FHOOV��DV�ZHOO�DV�UHQHZDEOHV��)RU�������WKH�
SURMHFW�EXGJHW�VWDQGV�DW�������ELOOLRQ�DQG�WKH�JUDQW�
FDQ�FRYHU�XS�WR�KDOI�RI�WKH�LQVWDOODWLRQ�FRVW�

ż�$FFHOHUDWHG�WD[�GHSUHFLDWLRQ�RI�&+3�LQYHVW-
ment
7KH�7D[DWLRQ�6\VWHP�IRU� WKH�3URPRWLRQ�RI�,QYHVW-
PHQW� LQ� (QHUJ\� 6XSSO\�'HPDQG� RIIHUV� D� ��� WD[�
H[HPSWLRQ�IRU�VPDOO��DQG�PHGLXP�VL]HG�EXVLQHVVHV�
RU�DQ�DFFHOHUDWHG�WD[�GHSUHFLDWLRQ�RI����RI�WKH�VWDQ-
GDUG�DFTXLVLWLRQ�YDOXH�RI�&+3�HTXLSPHQW�

ż� 5	'� RQ� KLJK�HI¿FLHQF\� QDWXUDO� JDV� &+3�
and fuel cells
7KH� -DSDQHVH� JRYHUQPHQW� DOVR� DFWLYHO\� VXSSRUWV�
5	'��GHPRQVWUDWLRQ�DQG�FRPPHUFLDOL]DWLRQ�RI�JDV�
HQJLQH�DQG�IXHO�FHOO�&+3�V\VWHPV�IRU�UHVLGHQWLDO�XVH�

ż�$GPLQLVWUDWLYH�SURFHGXUHV�IRU�JULG�FRQQHF-
tion
7KH�JRYHUQPHQW�KDV�LQWURGXFHG�VSHFLDO�SURFHGXUHV�
IRU�JULG�FRQQHFWLRQ�RI�&+3�V\VWHPV��7KLV�LQFOXGHV�
WKH�GHYHORSPHQW�RI�JXLGHOLQHV�IRU�WKH�DGPLQLVWUDWLYH�
DUUDQJHPHQWV�UHTXLUHG�IRU�HOHFWULFLW\�VXSSO\�WR�WKLUG�
SDUW\��:KLOH� WKLV� LV� D�PRYH� LQ� WKH� ULJKW�GLUHFWLRQ��
VRPH�FULWLFV�KDYH�DUJXHG�WKDW�WKH�JXLGHOLQHV�UHTXLUH�
H[FHVVLYHO\�WHFKQLFDO�VSHFL¿FDWLRQV��DUWL¿FLDOO\�UDLV-
LQJ�WKH�FRVW�RI�&+3�LQ�WKH�PDUNHW�SODFH�
� 5HVLGHQWLDO�&+3�V\VWHPV�VWLOO�KDYH�WR�PHHW�WHFKQL-
FDO�VWDQGDUGV�IRU�JULG�FRQQHFWLRQ��EXW�GR�QRW�UHTXLUH�
RQ�VLWH�LQVSHFWLRQ�E\�WKH�XWLOLW\��6LPSOL¿HG�QHWZRUN�
DFFHVV� LV�SDUWLFXODUO\� LPSRUWDQW� IRU� VXSSRUWLQJ� WKH�
HPHUJLQJ�PDUNHW�IRU�VPDOO�DQG�PLFUR�&+3�V\VWHPV�
WR�DYRLG�SURKLELWLYH�DGPLQLVWUDWLYH�RYHUKHDGV�GXULQJ�
WKH�LQVWDOODWLRQ�

ż�/RZ�LQWHUHVW�ORDQV�IRU�GLVWULFW�HQHUJ\
7KLV� ORDQ� VFKHPH� SURYLGHG� E\� WKH� 'HYHORSPHQW�
%DQN� RI� -DSDQ� FRQVLVWV� RI� ORZ�LQWHUHVW� ORDQV� IRU�
'+&�SURMHFWV��7KH�REMHFWLYH�LV�WR�UHGXFH�FRVWV�DQG�
DFFHOHUDWH�LQYHVWPHQW�LQ�'+&��7KH�VFKHPH�WDUJHWV�
HOHFWULFLW\�XWLOLWLHV�LQ�SDUWLFXODU�
� 7DEOH���VKRZV�WKH�SROLFLHV�IRU�&+3�V\VWHP�DGRS-

WLRQ�LQ�-DSDQ��*HQHUDOO\��LW�LQFOXGHV�WZR�SDUWV��VXEVL-
GLHV�DQG�WD[�EHQH¿WV�

SWOT analysis of DER and micro-
grid diffusion in Japan
)URP�WKH�DERYH�� LW�FDQ�EH�VHHQ� WKDW�GHVSLWH� ORVLQJ�
RXW�LQ�HFRQRPLHV�RI�VFDOH��GLVWULEXWHG�HQHUJ\�FRXOG�
EH�D�NH\�VROXWLRQ�WR�-DSDQ
V�SUREOHPV�ZLWK�FHQWUDO�
SRZHU��VXFK�DV�WUDQVPLVVLRQ�ORVVHV��LQYHVWPHQW�ULVNV�
DQG�SRVVLELOLW\�RI�HDUWKTXDNH�GDPDJH��
� *RRG�SHUIRUPDQFH�RI�DQ�HQHUJ\�SODQ�LV�WKH�UHVXOW�
RI�FRUUHFW�LQWHUDFWLRQ�RI�V\VWHP�FKDUDFWHULVWLF�ZLWK�LWV�
LQWHUQDO�DQG�H[WHUQDO�HQYLURQPHQW��,Q�RUGHU�WR�KDYH�
D�GHHS�XQGHUVWDQG�RI�WKH�'(5�VLWXDWLRQ�LQ�-DSDQ��D�
6:27� �VWUHQJWKV�� ZHDNQHVVHV�� RSSRUWXQLWLHV� DQG�
WKUHDWV��DQDO\VLV�LV�SHUIRUPHG�
� 6:27�DQDO\VLV� LV�D�YHU\�HI¿FLHQW�ZD\�RI� LGHQ-
WLI\LQJ� VWURQJ� DQG�ZHDN� SRLQWV� DQG� RI� H[DPLQLQJ�
WKH�RSSRUWXQLWLHV�DQG� WKUHDWV�RI�D�FHUWDLQ�SUDFWLFH��
7KH� 6:27�PHWKRG��ZKLFK�ZDV� GHYHORSHG� LQ� WKH�
����V��KDV�EHHQ�XVHG�UHFHQWO\�ZLWKLQ�WKH�FRQWH[W�RI�
PDQ\�SULYDWH�DQG�SXEOLF�RUJDQL]DWLRQV��7KH�6:27�

Table 2  Policies for distributed energy resource in Japan

Policy Content

6XEVLGLHV�IRU�+LJK�(I¿FLHQF\�
1DWXUDO�*DV�&+3���N:�WR�
�����N:��

6XEVLG\��XS�WR�RQH�WKLUG�RI�WKH�
LQVWDOODWLRQ�FRVW�

7KH�3URJUDPPH�IRU�WKH�
3URPRWLRQ�RI�1HZ�(QHUJ\�LQ�
/RFDO�$UHDV

6XEVLG\��XS�WR�KDOI�RI�WKH�
LQVWDOODWLRQ�FRVW

$FFHOHUDWHG�WD[�GHSUHFLDWLRQ�
RI�&+3�LQYHVWPHQW

7D[�EHQH¿WV�����WD[�
H[HPSWLRQ�IRU�VPDOO�DQG�
PHGLXP�VL]HG�EXVLQHVVHV�RI�
&+3�HTXLSPHQW

*OREDO�:DUPLQJ�3UHYHQWLRQ�
6XSSRUW�(QWHUSULVH

6XEVLG\��XS�WR�KDOI�RI�WKH�
LQVWDOODWLRQ�FRVW

%DVLF�HQHUJ\�SURMHFW

3ODQ�WR�LQVWDOO�HLJKW�PLOOLRQ�
N:�QDWXUDO�JDV�&+3�V\VWHP�
E\�WKH�HQG�RI�����
DQG����PLOOLRQ�N:�E\������

+LJK�HQHUJ\�HI¿FLHQF\�V\VWHP�
LQVWDOODWLRQ�HQWHUSULVH�IRU�
UHVLGHQWLDO
EXLOGLQJ

6XEVLG\��XS�WR�RQH�WKLUG�RI�WKH�
LQVWDOODWLRQ�FRVW
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DQDO\VLV� LV�ZLGHO\�UHFRJQL]HG�DQG�LW�FRQVWLWXWHV�DQ�
LPSRUWDQW� EDVLV� IRU� OHDUQLQJ� DERXW� WKH� VLWXDWLRQ�
DQG� IRU�GHVLJQLQJ� IXWXUH�SURFHGXUHV�ZKLFK�FDQ�EH�
VHHQ� DV� QHFHVVDU\� IRU� WKLQNLQJ� LQ� D� VWUDWHJLF�ZD\��
,Q�WKH�IROORZLQJ��D�6:27�DQDO\VLV�LV�SUHVHQWHG�WR�
KLJKOLJKW�WKH�-DSDQHVH�'(5�DQG�PLFUR�JULG�VSUHDG�
FRQVWUDLQWV��SRWHQWLDOV�DQG�FKDOOHQJHV��7KH�UHVXOWLQJ�
6:27�PDWUL[�LV�VKRZQ�LQ�7DEOH����
� $FFRUGLQJ�WR� WKH�UHVXOWV�� WKH�PDLQ�VWUHQJWKV�IRU�
WKH�GHYHORSPHQW�RI�'(5�DQG�PLFUR�JULG� LQ� -DSDQ�
DUH�WKH�SRVLWLYH�SROLF\�VXSSRUW�IURP�WKH�JRYHUQPHQW��
2Q�WKH�FRQWUDU\��WKH�ZHDNQHVV�LV�WKH�KLJK�FRVW�DQG�
PLVXQGHUVWDQGLQJ�E\�WKH�HQG�XVHUV��$V�WR�WKH�H[WULQ-
VLF�IDFWRUV��WKH�PDLQ�RSSRUWXQLWLHV�DUH�D�UHVXVFLWDWHG�

QDWLRQDO� HFRQRP\� DQG� WKH� PHHWLQJ� WKH� SURPLVHV�
LQ�WKH�.\RWR�3URWRFRO��2Q�WKH�FRQWUDU\��WKH�WKUHDWV�
LQFOXGH� XQFHUWDLQWLHV� RI� HFRQRP\� DQG� UHO\LQJ� RQ�
QXFOHDU�SRZHU�SODQWV�
� %DVHG� RQ� WKH� DERYH� DQDO\VLV�� WKH� LQWHUQDO� DQG�
H[WHUQDO�DVSHFWV�RI�LQWURGXFLQJ�'(5�DQG�PLFUR�JULG�
LQ�-DSDQ�KDYH�EHHQ�UHFRJQL]HG��$IWHU�XQGHUVWDQGLQJ�
WKHVH�SUREOHPV��LQ�RUGHU�WR�DFFHOHUDWH�WKH�GLIIXVLRQ�
RI�'(5�DQG�PLFUR�JULG�� VXLWDEOH� VWUDWHJLHV� VKRXOG�
EH�SURPRWHG��,Q�WKH�IROORZLQJ��DFFRUGLQJ�WR�WKH�IRXU�
DVSHFWV�DERYH�� WKH�VWUDWHJLHV�DUH�DOVR�JURXSHG�LQWR�
IRXU�W\SHV�
� 6�2�6WUDWHJLHV�� SXUVXH� RSSRUWXQLWLHV� WKDW� DUH� D�
JRRG�¿W�ZLWK� WKH� VWUHQJWKV��:�2�6WUDWHJLHV��RYHU-

Table 3  SWOT matrix for DER in Japan

Intrinsic factors

S: Strength W: Weakness

※�7HFKQLFDO�JXLGHOLQHV�IRU�JULG�FRQQHFWHG�RSHUDWLRQ�KDYH�
EHHQ�HVWDEOLVKHG

※��7KH�JRYHUQPHQW¶V�SRVLWLYH�DWWLWXGH�WRZDUGV�WKH�.\RWR�
3URWRFRO�DQG�SURPRWLQJ�UHQHZDEOHV

※�$JHLQJ�ERLOHU�VWHDP�WXUELQH�SODQWV�LQ�WKH�LQGXVWULDO�VHFWRU�
OHDG�WR�KLJK�SRWHQWLDO�IRU�WXUELQH�DQG�HQJLQH�&+3�V\VWHPV

※�-DSDQ¶V�(QHUJ\�0DVWHU�SODQ�SURPRWHV�WKH�FRH[LVWHQFH�RI�
GLVWULEXWHG�HQHUJ\�V\VWHP�ZLWK�ODUJH�VFDOH�FHQWUDO�SRZHU

※�6XEVLGLHV��DFFHOHUDWHG�FDSLWDO�DOORZDQFHV�DQG�ORQJ�WHUP�
ORDQV�IRU�GLVWULEXWHG�JHQHUDWLRQ

※�+LJK�FRVW�RI�SURWHFWLRQ�GHYLFHV�IRU�JULGFRQQHFWHG�RSHUDWLRQ��
HVSHFLDOO\�IRU�VPDOO�VFDOH�GLVWULEXWHG�JHQHUDWLRQ

※�,QVXI¿FLHQW�GHUHJXODWLRQ�RI�WKH�SRZHU�VHFWRU
※�/LEHUDOL]DWLRQ�FRQWLQXHV�WR�UHGXFH�HOHFWULFLW\�SULFHV
※�7KH�FRVW�RI�&+3�DQG�UHQHZDEOH�HTXLSPHQW�UHPDLQV�KLJK
※�,QKHUHQW�LQWHUPLWWHQF\�RI�UHQHZDEOH�HQHUJ\
※�7KH�ORZ�SULFH�RI�HOHFWULFLW\�VROG�EDFN�WR�WKH�JULG
※�/DFN�RI�XVHU�XQGHUVWDQGLQJ

Extrinsic factors

O: Opportunity T: Threat

※�7KH�SURPLVHV�WR�WKH�.\RWR�3URWRFRO
※�0DQ\�YLOODJHV�QHHG�ORFDO�HQHUJ\�VROXWLRQV
※�5HVXVFLWDWLRQ�RI�QDWLRQDO�HFRQRP\
※�$GYDQFHPHQW�RI�SXEOLF�HQYLURQPHQWDO�FRQVFLRXVQHVV
※�:LGHQHG�FRRSHUDWLRQ�ZLWK�RWKHU�FRXQWULHV
※�3URPRWLRQ�RI�ELRPDVV�XWLOL]DWLRQ
※�*UHHQ�HQHUJ\�SUHPLXP
※�'HYHORSPHQW�RI�(6&2�EXVLQHVV
※�7KH�SHUVLVWHQW�ULVH�RI�LQWHUQDWLRQDO�SHWUROHXP�SULFH
※�(FRQRPLF�DQG�VRFLDO�EHQH¿WV�RI�'(5

※�5HO\�RQ�QXFOHDU�SRZHU�SODQW�WRR�PXFK
※�&DUERQ�WD[�XQFHUWDLQW\�GHOD\V�SURMHFWV
※�)XWXUH�JDV�UHVHUYHV�DUH�H[SHQVLYH
※�(FRQRPLF�XQFHUWDLQW\
※�/DFN�RI�FOHDU���VWURQJ�SROLF\
※�1HJDWLYH�DWWLWXGH�E\�QHWZRUN�FRPSDQLHV
※�/DFN�RI�ZHOO�GH¿QHG�DQG�VXSSRUWHG�WHFKQLFDO�DQG�FRPPHUFLDO�

IUDPHZRUN�IRU�'(5�DQG�PLFUR�JULG
※�&RQFHUQV�DERXW�QRLVH�	�UHOLDELOLW\
※�5LVN�WKDW�'(5�LQYHVWPHQW�ZLOO�EH�VWUDQGHG�LI�PDMRU�VXSSO\�VLGH�

LQYHVWPHQW�JR�DKHDG
※�8QFHUWDLQW\�UHJDUGLQJ�FDSDFLW\�QHHGHG�WR�EH�DFKLHYHG�WR�GHIHU�RU�

DYRLG�WUDQVPLVVLRQ�LQYHVWPHQW
※�1R�PHWKRGRORJ\�GHWHUPLQHG�IRU�DOORFDWLQJ�SD\PHQW�IRU�WKH�

EHQH¿WV�RI�DYRLGHG�WUDQVPLVVLRQ�WR�DOWHUQDWLYHV
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FRPH�ZHDNQHVVHV�WR�SXUVXH�RSSRUWXQLWLHV��6�7�6WUDW-
HJLHV��LGHQWLI\�ZD\V�RI�XVLQJ�WKH�VWUHQJWKV�WR�UHGXFH�
WKH�YXOQHUDELOLW\�WR�H[WHUQDO�WKUHDWV��:�7�6WUDWHJLHV��
HVWDEOLVK�D�GHIHQVLYH�SODQ�WR�SUHYHQW�WKH�ZHDNQHVVHV�
IURP�PDNLQJ�LW�KLJKO\�VXVFHSWLEOH�WR�H[WHUQDO�WKUHDWV��
7DEOH��� LOOXVWUDWHV� WKH�GHWDLOHG�VWUDWHJLF�DFWLRQ� IRU�
'(5�DQG�PLFUR�JULG�GLIIXVLRQ�LQ�-DSDQ�

Conclusions
,Q�WKLV�VWXG\��¿UVW�� WKH�SUHVHQW�VLWXDWLRQ�RI�'(5�LQ�
-DSDQ� LV� LQYHVWLJDWHG�� 7KHQ�� WKH� VWDWH�RI�WKH�DUW�
RI�PLFUR�JULGV� LQ�-DSDQ� LV� UHYLHZHG��%DVHG�RQ� WKH�
DERYH�LQYHVWLJDWLRQ��WKH�SROLFLHV�UHODWHG�WR�'(5�DQG�
PLFUR�JULG�DGRSWLRQ�KDYH�EHHQ�GLVFXVVHG��,Q�DGGL-
WLRQ��D�6:27�DQDO\VLV�KDV�EHHQ�H[HFXWHG�WR�XQGHU-
VWDQG�WKH�SUREOHPV�DQG�IHDVLEOH�VWUDWHJLHV�WR�UHDOL]H�
D�ZLGH�SHQHWUDWLRQ�RI�PLFUR�JULG�LQ�-DSDQ�
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Table 4  Strategic action for DER in Japan

Action S: Strength W: Weakness

2��2SSRUWXQLW\

6�2�6WUDWHJLHV
☆�3URPRWH�VWULFWHU�HQYLURQPHQWDO�SROLF\�WR�PHHW�WKH�

.\RWR�3URWRFRO
☆�6WLPXODWH�LQWHUQDWLRQDO�FRRSHUDWLRQ�LQ�WKH�¿HOG�RI�

GLVWULEXWHG�HQHUJ\
☆�7U\�WR�ORZ�GRZQ�WKH�LPSRUW�GHSHQGHQFH�RI�SULPDU\�

HQHUJ\
☆�2IIHU�PRUH�VXEVLGLHV�WR�WKH�DGRSWLRQ�RI�'(5�DQG�

PLFUR�JULG�V\VWHPV

:�2�6WUDWHJLHV
☆�$GYDQFH�WKH�UHVHDUFK�RI�GLVWULEXWHG�JHQHUDWLRQ�

WHFKQRORJLHV
☆�0DNH�DOO�WULHV�WR�ORZ�GRZQ�WKH�LQVWDOODWLRQ�SULFH�RI�

'(5�DQG�PLFUR�JULG
☆�6WLPXODWH�WKH�GHUHJXODWLRQ�RI�HOHFWULFLW\�PDUNHW
☆�,QFUHDVH�WKH�EX\�EDFN�SULFH�IURP�GLVWULEXWHG�

JHQHUDWRUV

7��7KUHDW

6�7�6WUDWHJLHV
☆�,VVXH�RI�FDUERQ�WD[
☆�6HW�EDVH�VKDUH�RI�HOHFWULFLW\�IURP�'(5�WR�WKH�QHWZRUN�

FRPSDQLHV
☆�5HGXFH�WKH�QRLVH�DQG�DGYDQFH�WKH�UHOLDELOLW\�RI�'(5�

WHFKQRORJLHV
☆�'HYHORS�GHVLJQ�DQG�HYDOXDWLRQ�WRRO�IRU�WKH�DGRSWLRQ�

RI�'(5�DQG�PLFUR�JULG

:�7�6WUDWHJLHV
☆�&RQWLQXH�WKH�VXEVLGHV�IRU�LQWURGXFWLRQ�RI�'(5�DQG�

PLFUR�JULG
☆�0DNH�DOO�NLQGV�RI�ZD\V�WR�HQKDQFH�WKH�XVHU¶V�

DZDUHQHVV�RI�HQYLURQPHQWDO�SURWHFWLRQ
☆�7U\�WR�UHGXFH�WKH�UHO\�RQ�QXFOHDU�SRZHU�SODQW


