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mc-Si
a-Si/mc-Si
sc-Si
a-Si
a-
Si(Tandem)
CIS
mc-Si(BC)
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    !!!! ������������������������"#"#"#"#$$$$%&%&%&%&'�'�'�'�����()*+()*+()*+()*+

Cell type       TC [%/�]

Single-Crystalline Silicon  �0.46

Multi-crystalline Silicon   �0.49

Amorphous Silicon       �0.26

Amorphous Silicon  [Tandem]        �0.31

Compound semiconductor              �0.46
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    ,,,, -./0�-./0�-./0�-./0�

NREL(���)***

-0.91(6)

-0.3�-0.51(8)

-1.59(2.5)

-0.62�-2.47(12)

-1.63(7)

* Final measurements performed in winter
**  4 hours light saking before the measurement

*** C.R.Osterwald, et. al., “Comparison of degradation rates of individual modules     
held at maximum power”, 1-4244-0016-3/06, 2006 IEEE

[%/year][%/year]
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PV

������������

919
(556+414)*

1586
(678+908)*

CO2 ���[kg-C]

41.8
(23.9+17.8)*

51.6
(29.9+22.4)*

����	
�� [GJ]


���
�����

������
������ !"#

���LCA ��	 10kW PV 
��
��

*:  (supporting stand + base)

58%

81%
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sc-Si HIT       mc-Si  a-Si      CIS  
Sc-Si/a-Si

38.1
30.4       27.5       32.4

24.5 22.8                               

3.6
2.8

EPT 2.6
3.0

2.3 2.1
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Others
Cable, plumbing
Support structure
PV module
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[G
j/k

W
]

Jun.              Jul.            Aug.

Tracking
Fixed

600

400

200

0

����������������������������				 [kWh]
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[kW]

3.0

2.0

1.0

0
2:00      6:00      10:00      14:00     18:00     22:00
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1800

1200

600

0

[W/m2]
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(Measured Jun. 17 2008)
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(Jun.-Aug. 2008)

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�JS

ES



�

���

�

���

�

���

�

���

� � � � 	 �� �� �� �� �	 �� ��

�
�
�
�
��
��
�

�

���

����

����

����

	


�
�


��
�
�
�

�
�

�

���

�

���

�

���

�

���

� � � � 	 �� �� �� �� �	 �� ��

�
�
�
�
��
�
�
�

�

���

����

����

����

	


�
�


��
�
�
�

�
�

�hr��hr�

�

���

�

���

�

���

�

���

� � � � 	 �� �� �� �� �	 �� ��

�
�
�
�
��
�
�
�

�

���

����

����

����

	


�
�


��
�
�
�

�
�

D
ir

ec
t i

rr
ad

ia
tio

n 
kW

h/
m

2 ]

�hr�

G
en

er
at

io
n 

po
w

er
 [

kW
]

�� (March 19, 2009)                     �� (March 31, 2009)                � (March 25, 2009)

���

����	

1
�� 
���

����������������������������	
	
	
	


���[kWh]  ��[%]  ���[kWh]  ��[%]  ���[kWh]  ��[%]
��	
� 21.1                  - 9.96               - 1.95                -
1�
� 25.7               22.0             11.4              14.5      2.03               4.1
��
� 26.7               26.5              2.00           -79.9 0.01 -99.5

����
�������
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����������� !

��
��"#��$%& ��
'()*+��,-.!��/0�
�����1��2������
	
�+34526.5%67!
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Measured from
March 18-31

(day)

�
�
�

[k
W

h]

�
�
�
�
�

[k
W

h/
m

2 ]

NAS battery 1.5MW

M.T.: Measurement Terminal
C.T.: Control Terminal

Communication Network 1

Solar
Forecast
System

Communication Network 2

33kV/6.6kV

6.6kV/420V

5MW

Control
System
Meas.
System

PV

M.T.C.T.

O.T.

PV PV

M.T.C.T. M.T.C.T. M.T.C.T. M.T.C.T.

C.T. C.T.

O.T.O.T. O.T.

�S.Miwa, et. al., “Intro. of Wakkanai Mega-Solar Project”, 50-C6-04,  PVSEC-17, Fukuoka, Dec.3-7, 2007)���

System configuration 
of Wakkanai site 
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PV89

NAS�:;�

��<89

NAS�:89

=��>?

�

9

[kW]

NAS
�

:

;

.

@

�

[%]

S. MIWA, et al.,”WAKKANAI MEGA-SOLAR PROJECT 1-YEAR RESULT”, 5AO.7.1, 23rd European Photovoltaic Solar Energy 
Conference, 1-5 September 2008, Valencia, Spain
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