
(3.10 )
 

( ) ( )  
 

9 (2008)
 

( )
2 (NEDO .2007)  

 
 

( )
 

 

1  

5MW
2( 3.3.1-10 )

 

                                                                                                                                                            
1

(p.129 )  



100m*2 
3  

( 100m) 
( 35m) 

( 70m) 

 
 

 

 

1 3
10  

 
 

 

3.3.1-1

                                                                                                                                                            
2 3 7 3

2/3
(SeaRoc,2014)  



 
 

 

 

IEC61400-12-1

( / 15 )  

(20 )  

Horns Rev(
70 ) 3 Nysted( 70 ) 4

 

 

 



90 1
b  

 

3.3.1-2
10 1

 
 

 

 

 

 



70 m 7 m/s
 

60 (
3.3.1-2) 16 2

6  

 

 

10 15m/s I15  

0.12 IEC Iref C (
) IEC

 
 

(EP) 70m 400W/m2 (Matthies et al.,1995
)  

EP  =   

EP  [W/m2] 
  [kg/m3] 

 



V 1 [m/s] 
T0 [-] 

 

30
90 95 90

 

 
kWh × ×  

95%( ) 95%( ) 90%( ) 
 

90 95 ( :95-98 )
80-95%(Becki,2011) 90%(Tavner,2014)

 

 
  

 



NEDO
 

2.4.2-3 12m 3.1km 
2012 8 ( 2013 1 )

100m ( 3.3.1-3) 3.3.1-3
15m 95m 10

( 3.3.1-3; 3.3.1-4)  
 

 



 

 

 

 

90m 2013 2 12 11 (9
10 )  

90m 7.5m/s ( 3.3.1-4)
2013 4 10m/s( 90m) ( 3.3.1-4)  

90m 31.7m/s( :39.1m/s) 1326
 

(12 2 ) ( ) (6 8 ) ( )
( 3.3.1-5)  

(2 9 )
( 3.3.1-6)  

(SSW) ( SSW
NNE) ( 3.3.1-7)  



(2 ,11 ,12 ) ( 3.3.1-8)  
( )

( 3.3.1-9)  

20m/s IEC
C

25m/s IEC C ( 3.3.1-10; 3.3.1-11)  
 

 

 
 

 

0%

20%

40%

60%

80%

100%

2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5

[%
]

SW, WSW

E SSW

W ENE

 
 



 
6 8 12 2  

 
 

 

 

N
NNE

NE

ENE

E

ESE

SE

SSE
S

SSW

SW

WSW

W

WNW

NW

NNW 15

10

5

0

0%

20%

40%

60%

80%

100%

0 3 6 9 12 15 18 21
0%

20%

40%

60%

80%

100%

0 3 6 9 12 15 18 21



 

 

 

 

N
NNE

NE

ENE

E

ESE

SE

SSE
S

SSW

SW

WSW

W

WNW

NW

NNW 30

20

10

0



 

 

 

2.4.2-4 14m
1.4km 2012 6 ( 2012 10 )

85m
( 3.3.1-12) 3.3.1-5 15m

81.6m 8
( 3.3.1-12; 3.3.1-6)  

 

10

0

10

20

30

IEC_C

IEC_C

90%
IEC61400 1 Category C

90%
IEC61400 1 Category C



 

 

 

 



 
 

61.6m 2012 10 2014 6 21
(1 2012 10 2013 9 81.6m 

2 2013 10 2014 6 71.6 )  
61.6m 6.7m/s(2012 10 2013 9 ) 2 10-12

1 (10 )
( 3.3.1-13)  

1 2012 12 8.5m/s( 61.6m)
2013 4 8.1m/s( 61.6m)  2 2013

12 8.7m/s( 61.6m) ( 3.3.1-13)  
2012 10 2013 9 1 61.6m
24.5m/s( :28.2m/s) 2012 12 5

 
IEC61400-1 ( / 1.4) 2012 10
2013 9 1 4 1.63  

(WNW) (ESE)
10 11 2 3 4

( 3.3.1-14)  

( )
( )

( 3.3.1-15; 3.3.1-16)  



 

 

 

 

 

0%
20%
40%
60%
80%
100%
120%
140%
160%
180%
200%
220%

0
1
2
3
4
5
6
7
8
9

10
11

10 11 12 1 2 3 4 5 6 7 8 9

1 2 1 2

0%

10%

20%

30%
N

NNE

NE

ENE

E

ESE

SE

SSE
S

SSW

SW

WSW

W

WNW

NW

NNW

1

2

0%

10%

20%

30%
N

NNE

NE

ENE

E

ESE

SE

SSE
S

SSW

SW

WSW

W

WNW

NW

NNW

1

2

0%

10%

20%

30%
N

NNE

NE

ENE

E

ESE

SE

SSE
S

SSW

SW

WSW

W

WNW

NW

NNW

1

2

0%

10%

20%

30%
N

NNE

NE

ENE

E

ESE

SE

SSE
S

SSW

SW

WSW

W

WNW

NW

NNW

1

2

0%

10%

20%

30%
N

NNE

NE

ENE

E

ESE

SE

SSE
S

SSW

SW

WSW

W

WNW

NW

NNW

1

2

0%

10%

20%

30%
N

NNE

NE

ENE

E

ESE

SE

SSE
S

SSW

SW

WSW

W

WNW

NW

NNW

1

2

0%

10%

20%

30%
N

NNE

NE

ENE

E

ESE

SE

SSE
S

SSW

SW

WSW

W

WNW

NW

NNW

1

2

0%

10%

20%

30%
N

NNE

NE

ENE

E

ESE

SE

SSE
S

SSW

SW

WSW

W

WNW

NW

NNW

1

2

0%

10%

20%

30%
N

NNE

NE

ENE

E

ESE

SE

SSE
S

SSW

SW

WSW

W

WNW

NW

NNW

1

2

0%

10%

20%

30%
N

NNE

NE

ENE

E

ESE

SE

SSE
S

SSW

SW

WSW

W

WNW

NW

NNW

1

2

0%

10%

20%

30%
N

NNE

NE

ENE

E

ESE

SE

SSE
S

SSW

SW

WSW

W

WNW

NW

NNW

1

2

0%

10%

20%

30%
N

NNE

NE

ENE

E

ESE

SE

SSE
S

SSW

SW

WSW

W

WNW

NW

NNW

1

2



 

 

 

 

 

 

0%
50%
100%
150%
200%
250%
300%
350%
400%
450%
500%

0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20

10 11 12 1 2 3 4 5 6 7 8 9

1 2 1 2

0%
50%
100%
150%
200%
250%
300%
350%
400%
450%
500%

0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20

10 11 12 1 2 3 4 5 6 7 8 9

1 2 1 2



2003  

3 3 6 (
3.3.1-7; 3.3.1-17) FINO1 FINO2 FINO3

(  
 

 
 

 

  

Amrumbank West 

Arkona-Becken 

SKY200



FINO1 FINO2 FINO3 3.3.1-8
3.3.1-18  

 

 

 

 

  



FINO1 FINO3 EEZ ( :23m,30m)
(FINO1: FINO3:

) (FINO1: FINO3: )
( 3.3.1-19; 3.3.1-20)

3 (3 )
 

 

 

 

 

 
FINO1 FINO3 (HMS)

( ) 3.3.1-9 FINO2
 



 

 3.3.1-10 FINO
1990

3 5  
 

 



 
3  

 
 

 
EU NORSEWInD

(IEC/JIS )
NEDO (

)

 

 
 

a. DNV/ ZephIR 
b. ZephIR 
c. TLP ( ) 
d. ( 5m ) 

:-1.0 :-2.0% :-0.2% 
 

 
 

2009 6 Deep Water Wind
2011 4 TLP

 
 



 
 

 
 (Rogers et al.,2011) TLP (Pears,2014) 
 
 

a.  3E/OWA 
b. WINDCUBE( 40-200m) 
c.  

 
1  

 
 



 

 
 

 
(Coppye et al.,2011) 

 
 

a. Grand Valley State University(MAREC:Michigan Alternative and Renewable 
Energy Center) and University of Michigan(Phoenix Energy Institute) 

b. Vindicator( 30-150m 6 , 250m ) 
c.  
d. WindSentinel (NOMAD ; 5t) 
e. 1.5million$(1.5 ; 100 /$) 
f. 50t  

 
 



 
2009

2% ( 85%)
22m/s 8m  

 
 

 
(Boezaart et al.,2011) 

 
 
 
 
 
 
 
 
 
  

3.3.1-1  
NEDO  

 

 
2013 ,  

 
( )

 

(2013 , ) 
 

METI/MOE
 



 

2 3.3.1-11  
 

 
 

(
WAsP,AVENU ) ( LAWEPS, MASCOT, 
LOCALS, RIAM-COMPACT )  

( 1 )

 

(NEDO,2003)  
 0.85 y/ x 1.15 

           0.85 ( y/ y)/ ( x/ x) 1.15 
         = uxiuyi/ x y 0.8 

x y
(m/s) x y (m/s) uxi uyi

10 1  
 



1

( 3.3.1-21)

1km 10

1km
 

 

 

 
NEDO(2003)

 
(2005)

RAMS
60m ( 3.3.1-22)  



 

 

50 ( ) Gumbel(
) ( ) 2

(2011)

 

( )
 

3.3.1-23
50  

 

 

 
 
 
 
 
 
 
 
 
 
 
 



 
Gumbel F T  

 
F(z) = exp(-exp-z) 
z = -ln(-ln( 1- 1/T ))  

 
3.3.1-24 (

)  

 

 

( ) 3.3.1-25
 

1 ( 500km )
( )

 
 

2 100
(985hPa ) 100 10,000

 
 

3 

 



 

 

P
 

 
4  

 

 

 

 
 



3.3.1-26
 

 

 

(Gumbel )
 

UE UF

FE(uE)
FT(uT) FC

 
FC  FE(uE) FT(uT) 

 
3.3.1-27

 

 

 



 

 
1 30

 

 
 

1
 

 
20 10

0.5 ( 10 0.25  
 

 
 

 
10

( 3.3.2-1)  
 

(  
9 50 ( ) ( 3.3.2-2)  

 
 

12 50 ( 3
( 3.3.2-3)  

 



 

 

 

 

 



(2010 1 2014 8 )
3.3.2-4 3.3.2-5

1.2m
7.9 7

2010 1 2014 10
1326 2013 10 16 13 9.52m  

 

 
3.3.2-1

1.0m 10
1.0m 10 11% 15%

 
 

 
 
 
 
 
 
  

0

0.5

1

1.5

2

1 2 3 4 5 6 7 8 9 10 11 12
6.5

7

7.5

8

8.5

9

1 2 3 4 5 6 7 8 9 10 11 12



( 3.3.2 
-6) BIAS( )

3.3.2-7  
BIAS 0.06m   ( 0.16m) 

  0.936   

 

 
0%

5%

10%

15%

20%

0.0 0.1 0.5 0.6 1.0 1.1 1.5 1.6 2.0 2.1 2.5 2.6 3.0 3.1 3.5 3.6 4.0 4.1

0.65

0.92
1.04

0.88 0.81
0.67

0.79

0.42 0.33
0.45 0.41

0.54
0.66

0.0

0.5

1.0

1.5

2.0

20
12
10

20
12
11

20
12
12

20
13
01

20
13
02

20
13
03

20
13
04

20
13
05

20
13
06

20
13
07

20
13
08

20
13
09

[m
]

0.04
0.09 0.12 0.16 0.12 0.09

0.03 0.03 0.02 0.05

0.03

0.02 0.06

0.5
0.4
0.3
0.2
0.1
0

0.1
0.2
0.3
0.4
0.5

20
12
10

20
12
11

20
12
12

20
13
01

20
13
02

20
13
03

20
13
04

20
13
05

20
13
06

20
13
07

20
13
08

20
13
09

BI
AS

[m
]

BIAS



( 3.3.2-8)
BIAS( ) 3.3.2-9

 
BIAS -0.2  0.867 

   

 

 

 

5.2
6.0 6.1 5.7 5.7

5.0 5.1
4.4

3.7 4.2 3.9
4.7 5.0

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
10.0

20
12

10

20
12

11

20
12

12

20
13

01

20
13

02

20
13

03

20
13

04

20
13

05

20
13

06

20
13

07

20
13

08

20
13

09

[
]

0%

5%

10%

15%

20%

0.0 0.5 2.5 3.0 5.0 5.5 7.5 8.0 10.0 10.5

0.25 0.34 0.24 0.16 0.12

0.15

0.21
0.33

0.21
0.01

0.20
0.38

0.20

1

0.5

0

0.5

1

20
12

10

20
12

11

20
12

12

20
13

01

20
13

02

20
13

03

20
13

04

20
13

05

20
13

06

20
13

07

20
13

08

20
13

09

BI
AS

[s
]

BIAS



 
( /

)
 

 
 

15 ( )
 

 

 
 

 
 

( 2m 3m) 1 2m  
( ADCP 128 )  

 
10 15 2000

10  
 

( 3.3.2-10 (a),(b)) 

 
 

( 3.3.2-10(c)) 

2

1 3  
 

/ ADCP Acoustic Doppler Current Profiler (
3.3.2-10(d)) 

3 4
( )



128 3
 

 

 

 

 

( A2;
) ( A1)

( A3) 3 (
2 (30 )) ( 3.3.2-11)  

(a)  (b)  

(c)  (d) ADCP 



 

 
( )  

 

3.3.2-12 ( )  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
: (2010.8.7-9.6) : (2013.8.6 9.5) 

:cm/s

:cm/s



 
3

(A1,A2)
3.3.2-13

 
3

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(2010.8.7-9.6) (2013.8.6 9.5) 



 
3.5

 
 

 

 

 

 

 

 

 
 

 
 

 
 

 
a.  

 
b. ( )  

 
c.  

b.
 

d.  
a. c.
 



( ) 1

 

 
a.  
b. 

 
c. 

h.  
d. 

 
NEDO

 
MWT92/2.4, 2.4MW  

 
LO  

(No.1, ;No.2,
A;No.3, B  

j82-2.0, 2.0MW  
( )

/  

 
 

 
 

e. 

 
f. (CMS:Condition Monitoring Systems/SHM Structural 

Health Monitoring)
( )  

g. 
10  



h. (
)  

(kWh)  

 
95% 95% 90% 

i. ( )
 

j. (
3.4.3-1 )

 
 

 

 



54%
(32%)

8% 15% ( 3.4.3-1:Sharma,2011)  
 

 

 

(34%) (32%) (21%) 3
87% ( 3.4.3-2:Dewan,2014)  

 

 
 

                                                                                                                                                            
 :  
 :  

 

 
  2% 

 
  5% 

 
  21% 

32% 

 
 34% 

 
  2%  

  2% 

/  
1% 

 1% 

0% 

0% 



k.  
l. 

 
 

(
40 20 ) ( 5 4

3 1 )

2
  



 
(2003) (2004)

 
(

)
(

3.4.4-1) ( 3.4.4-1)

 

 
 
 

 

 
 

 

 



6 10m
0.52m ( 20m 1.04m 30m

1.56m)  
 

 
(PDR-1300): 250m 200KHz 

: 100m
450kHz 300m 200kHz 3,000m 50kHz 11,000m 12kHz

 
:

(KLEIN 5400) 150m 455kHz  
 

(
)

 

( 3.4.4-2 SEP
) ( ,

) ( , )

PS  
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

3.4.4-1  
 

N=30 5.15m
 

 
 
 
 
 
 
 
 
 
 
 
 

 



50-60m
(Dolan,2004 2.1.2-2 ) 60

(30m /30m-60m) ( : , / : , , ) ( /
) 3 3.4.5-1

3.4.5-1
 

 

 

 
30m  

( )/ ( ) 
 

( )/ ( ) 
 

( )/ ( ) 
( ) 

( )/ ( ) 
PC ( / ) 

30m 60m  
( )/ ( ) 

Twisted Jacket 
( )/ ( ) 

Twisted Jacket 
( )/ ( ) 

 
( )/ ( ) 

 



 



2014 6 6
4 ( ) (

) ( /
) NEDO

 
 

( ) (
)

3.4.5-2  
 

 
4 ( 27m 1.1m 14mm) 

( 10m 2m) 
 

8 ( 27m 1.0m 14mm) 
( 12m( ) 2.5m) 

 

 

 

http://www.town.setana.lg.jp/modul
es/tinycontents/index.php?id=6 

http://www.jg2dfe.com/sakata.htm 



 
( /

2 ) 
3.4.5-3  

 
3.5m 44mm 24.5m( ; 100t)  

( ) 8m ( 4.2m) 60 
N  

 
 

 

 

 
  



 
NEDO

( 3.7.2 (1) 2) )
3.4.5-4 3.4.5-5  

 
 

 
 

 
 
( :23kN/m3)  

( =0.75) 
 

 

 

 

 



 
NEDO

(
3.7.2 (1) 2) )

3.4.5-6 3.4.5-7
 

 
 

(
CFT ( )

) 
 

 

 



 
2

(Duwind,2001)
 

 
( , )  

 
( , )  

 

( )

26 3 7 ( ) 2.25
/kW/  

( 3.10.1 )  

 

(  
 

( /kWh)
×  

 

 r n  



3.4.3
(Availability) ( )

1 ( )
3.4.3

80-95%
(Becki,2011;Tavner,2014) a. i

0.95
(NEDO,2008)  

 
a.  

 
b.  

 
c.  

1
10

( 50 50
75

4 3 ( 75 ) 1
)

 
d.  

n 
 

e.  

 
f.  



 
g.  

 
h.  

10  
i.  

 

 
 

3.4.6-1
3.4.6-1 3.4.6-2 ( ) 36 /kWh

50 /kW  6.7m/s
70 /kW 7.7m/s

 
7m/s

50 /kW

 
 

 

 



 
 

 
3.4.6-1  

 

6,250 /

4%

17

90%

90%


