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( 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
( )
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( A2;
) ( A1)

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

(a)  (b)  

(c)  (d) ADCP 
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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%



2.4.3 2012
10 ( ) (2013 4 1
)  

 
 

1 ( )
1 kW 2 ( )

0.75 kW 1 kW 2
3.5.1-1

2  
 

 



 

(
/ ) 2  

  
3

( 3.2.2-1 )

 
 

( ) 
( ) 

 
 

 

(GIS )  
 

 
 

 
 

 
 

5

 



 

(

) (
) ( )

 
 

( )

 
( 2.4.3-4

) (2011)

 
 

 
 

 
 

 
 

3 4
(3.1 )

NEDO 2014
(

)  
 

  



3.5.2-1 ( )

 
( 2.4.3-4, )

{ ( ) ( )}
( )

(2011) ( )

 

 
 

 

 

3.5.2-2
13



(Gerjuoy,1947)

2  

( 3.5.2-2) (SPL: Sound Pressure Level)

(Dong Energy et al.,2006)

(Nedwell and Howell,2004)  
 
  

 
20log10(P/Pref.) (dB re 1 Pa) 

P: (Pa) Pref: (re)=1 Pa( ) 20 Pa( ) 
26dB   

2 6dB 20log10(2P/Pref.) = 20log102 + 20log10(P/Pref.) = 6dB + 20log10(P/Pref.)
1m ( :dB re 1 Pa@1m) (

) ( :dB re 1 Pa)  
( :dB re 1 Pa peak to peak/ dB re 1 Pa@1mpeak to peak)



 

 
 

 

 

 
3.5.2-1

252dB re 1 Pa
162 dB re 1 Pa

(Nedwell et al, 2009 3.5.2-2

 



1m 5m
1.25  

 
 

 

 
 

 

 
3.5.2-1 (Drilled Monopile) 3.7.2

(Vibrohammer: 3.7.2 )
( 5-25dB )

(Elmer et al.,2006) 3.9-1
 

95 156dB re 1 Pa (
3.5.2-3)  

 

Lp-p

[m] [dB re 1 Pa @ 1m]
4.7 252
4.7 250
4.0 249
4.3 243
4.2 257
2.4 242
1.8 234
0.9 201



 

 

3.5.2-3
RMS(Root Mean Square: )

 
 

 

 
Westerburug(1999)

Nogersund( ) 220kW ( 35m)
100m 8Hz 16Hz( 12m/s) 2

6m/s 16Hz Degn(2000)
Vindeby( ) Gotland( ) 20

1/3
(1 2Hz) Vindeby 119dB 

re 1 Pa (25Hz; 86dB re 1 Pa) Gotland 95dB re 1 Pa(160Hz;
70dB re 1 Pa) ( 3.5.2-4) Utgrunden( ) Horns Rev(

) 30Hz 800Hz 2 3
(Dong Energy et al.,2006)  



 
 

 

 
3.5.2-5 1kHz

1kHz
(Nedwell et al.,2007b)  

 

 



 
2

 

 

( ) 
 

 
 

 
 

3.5.2-6 (spherical) (cylindrical)
(combined)

INSPIRE(Impulse Noise Sound 
Propagation and Impact Range Estimator)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
  

combined R( )=H(
)=100m

 
:f=100kHz,F=10kHz

( ) 



 
 

( 210dB) (140-160dB) (110-130dB)
(90-110dB) (60-80dB) ( ,1997) 

(206dB peak to peak) (Fisheries Hydroacoustic Working Group,2008) 
 
:120dB( / / ;Wartzok et al.,2012) 
:165dB( / /

;Wartzok et al.,2012) 
PTS :230dB peak to peak( ;Southall et al.,2007) 218dB peak(

;Southall et al.,2007) 
TTS :160dB ( ;Nachtigall et 
al.,2004) 195dB ( ;Finneran et al.,2005) (

) 212dB peak to peak( ;Southall et 
al.,2007) 
) PTS Permanent Threshold Shift(  

TTS Temporary Threshold Shift(  
 

( )  
Nedwell et al.(2007a) ( , )

 
 

240dB(peak to peak)  (100Pa.s;Impulse) 
220dB(peak to peak)  ( 35Pa.s;Impulse) 

( 0.01g ) 210dB(Peak to Peak)  (187dBPa2.s;Impulse) 
 

( ) 90dBht(Species) 
110 dBht(Species) 

130 dBht(Species) 
* dBht(Species):Nedwelland Howell(2004)

Southall et al.(2007) M-weighted dB
)  

 
( ) (

80Hz 160Hz 128dB re1 Pa2 Hz-1 at 1m )
(Koschinski et al.,2003) 2



(Madsen et 
al.,2006; Nedwell et al.,2007b)  

 
 

( )

 
a. ( ) 
b.  
c. ( 3.5.2-7) 
d. ( 3.5.2-7) 
e.  
f.  

:a.SMRU,2007, b. d.Nehls et al.,2007  

 

 

 
Elmer et al.(2006) 3.5m

(Impulse hammer) 1km 180dB re 1 Pa

80km
20km 1.8km

(Prior and Shrimpton,2009)  

50m 149.5dB1 Pa
157.7dB1 Pa

 

  



(Dong Energy et al.,2006)
( (2007) ) 3.5.2-8 Horns 

Rev 3

(Semi-Operation: )
Horns Rev

(T-POD: ) Nysted
( 3.5.2-9 Operation 1 Operation 2

2 ) Dong Energy et al.(2006)
3  

 

 
 

) (Horns Rev Nysted ) )Nysted
Horns Rev

 
) Nysted Horns Rev

 

 

 

 
 



(A-
tag) ( )

3.5.2-10

 
 

 

 

 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

3.5.2-1  
 

 

Neophocaena asiaeorientalis( Narrow-ridged Finless Porpoise)
( ,2011)  

( ,2011) (
) ( Geraci and 

Lounsbury.1996)
 

(4 )
( ,2011) 3-9 (

145-155cm) 4 ( <140cm) 4-6 ( 135-140cm)
5-9 ( 135-145cm) ( ,2011)  

 
 
 
 
 
 
 

 
( Phcoena phocoena; Harbor Porpoise)

 

( Geraci and Lounsbury.1996)  
1.4m 1.7m( :0.7-0.9m) 60m-90kg  

 
 



( Dong Energy et 
al.,2006) ( (2007) )  

) )
( )

) ( : (Bats Strike)
) ( 3.5.2-11)

(
)  

 

 

 

( )

(TADS:Thermal Animal Detection System 3.5.2-12) (WT-
Bird 3.5.2-13) (

) (
NEDO )  



 
 

Dong Energy et al.(2006)
Hors Rev 71-86% 1.5-2km

5km ( 3.5.2-14)
Nysted 1.5-5km

3.5.2-15)
78%

(1,500m )
(0.5km) (1.5km)

TADS
120m

( )
Nysted

(Petterson,2005)  
 

 

  

 



 

 

(Horns Rev) (Nysted) 2km

( )
 

( )
 

 

( 3.5.2-16)
 

 



 

 
3.5.2-4

M (36-126m)

L (0-36m) 2,200  
 

 
/ 300m,10.5  



( H: 126m) 8
M ( )

( 3.5.2-17)
(2 )

70-80%
80%

 

 

 

(
)

( 3.5.2-18) 2013 10
60m 500m 10m

( 3.5.2-19) 2014 1
5

L (0-30m) 74 M (30-130m)
4 ( 3.5.2-5) 5

L 6
( 3.5.2-6) M

5
( 3.5.2-5 3.5.2-6) 1

M  
 
 
 

 

0% 50% 100% 0% 50% 100%

L

M

H



 

 
 

 

 

 



 
 

 

(Langston,2010)

(



) 300km
(Hodos,2007)  

( ,2008)
Hüppop et 

al.(2006) (FINO1) 2003 10
2004 12 (442 ;21 )

245 (41.3%) (18.0%) ( 16.8%)
2003 10 1 (86 ) 2004 10 29 (196 )

 
2014 11 10 10 ( : :

) (TADS)
( 3.5.2-20)  

 

 

 
(

) (Tucker,1996;Band et al.2007)



(Delson and Kahlert,2006) 2
 

(Band et al.  
(Risk window) 

 
 

 
(Vw)=  

(Vr  
 

 
 

(  
(  

 
(Kahlert et al. ) 

 
 

 
 

 
 

 
 

Desholm and Kahlert(2005) Hors Rev Nysted

1%
Dong Energy et al.(2006) Nysted

( )
(1 ) 235,000 95% 0.018-

0.020%(41-48 )
(70,000 ) 0.05%  

(2013)
( 3.5.2-21) 20 /

1.4 /  



 

 

(2013)

 

(Schepers et 
al.,2007)

 



 

) ) )

( )

(10MW) (25m)
(115m) (190 m) 1.5 m

2.4km 46km 58km ( 3.5.2-22)
35km

(White Consultants,2009) Dong Energy et al.(2006) 18km

10km
(Musial et al.,2006) 8km

(SeaRoc,2014)  
 

 

 



( 3.5.2-23) 6km
Department of Trade 

Industry(2005)

 
 

 

 
 

( )

( )
( 3.5.2-24 )

 



60%
50 60 (13-19%)

60%

 
 

 

 
Middelgrunden

(Moeller & Groenborg AS,1998)
/

 

 
 
 

( )

                                                                                                                                                            



 
 

( ,1961)
( ,1961; 1977; ,1979)  

 

 

( ,1994)  

(1994)

( ) (
)  
 

Horns Rev ( 6-14m)
( )

(Danish Energy Authority,2006)  

Horns Rev

( )

 
 NEDO

 



 
 

 
 

 
 

 
 

 
 

15 ( )

(
( )) 26 4

88 ( 140 138 1 2
15 8 13

139 3 4
10 60 11

13 15 60
7  

2010

 
(4)  

 
  



 
 

 
 

 
 

 
 

(
) 2004 10

( 25 )

 
(JESC E0003(2012)) (JESC V0001(2011)) 

(JESC E0013(2014)) 
(JESC E0019(2012)) (2013 2014 ) 

(JESC E0001(1998)) 
 

( )

3.6.1-1 3 ( /

) 2 ( 25 11 13
26 6 11 )  

 



 
 

( 39 170 ) 39 1 56 1

(
)

3.6.1-2  
( ) 

 
 

 
 

( )
1

 
 



 
 



 
 



 
 
 

3.6.1(2) (3)
 

   
 

(3.2.2
)  

 
 

 
 

 
 
 

 
 

 

                                                                                                                                                            
 ( )  



 
 

( ) 
( ) 
/  

( ) 
( ) 

JASS 5 ( ) 
 

 
3.6.3-1

 
SEP ( )  

 



5000kW(5MW)
( SEP 3.7.2 (3)

) 3.6.3-2 3.6.3-3
(2013) 7MW

SEP  
60m( 80-100m) 

7-8kt 
3000m2  

2m 2.5m 
( (Tp 10sec) ) 
1000t  

  150m  
 

SEP ASO
( ) 750tCR

5MW ( :105 110m)
SEP 20m

97m R( )=20m 187t 5MW
 

 

 



( )
 

SEP  
 

 
 

 
( )  

SEP
( 3.7 )  

 
( )

 
 

SEP
(

)
 

 
GL Garrad Hassan(2010) (

3.6.3-1) 100MW 200MW(5MW 20 40 )

3  



 
 

 
  



3.6.3-4 22
4 23 3 11

1  
3.6.3-5

1
24 8 21 24 10 6  

 
 

 
 
 

 
  

: ( 24 7 ) 
 

 : ( 24 8 21 ) 
 
     : ( 24 10 6 ) 



3.6.3-6 3.6.3-7
 

2 24 6 30
24

8 9  
24 9 10 5 (

20 ) 10 15
( 10 26 ) 3.6.3-5

1  
 
 

 

 
 
 
 
 



 

 
 



( )
 

 

20

 

 

( EPC )
( O&M )

 
( O&M ) 3.8

  
 

 
EPC

 
 

(  
(

 
(  

 
 

EPC (
)  

  
 

 
(FOB/CFR/CIF)  

 
 



( 3.7.2-1)  
 

( )

 
 

 
 

 
 

 
 

 



3
 

3.7.2-2
(

,2005) 30m
( 74%;2013 )  

3-4MW 45m 4.5m 300
60mm

(The Crown Estate,2010) 5MW

3.7.2-1

J 6m
( ) 25m  

 
 

 

 

J  
(



 

 

3.7.2-3

(2013)
3.6MW 2.5 3 5MW 3 3.5

 
 

 



 
1 (2010 2MW 7 3 5m

40 60m 2.3.2-2 ) (2010)
(2010) 3.7.2-4 1

3.7.2-2
9

 
 

 



 
  ) : :  

2009 4 10 7
 

 

 
 

1

( )  

( 3.7.2-5)
30 2

 
 



 

 

( 3.7.2-6)  
 

 

(2005)

SEP (3.7.2 (3) )  
( 3.7.2-7)

( 5.2 )
(



/ )
 

( )
( 10-40

/ ) ( 3.7.2-7)

 

( 3.7.2-8)
( )

 

 
 

 
: (Ballast Nedam,2011) 

: (PTC Fayat Group http://en.dmr.fayat.com/Job-reports/ 
PTC-vibrodrivers-technology-in-offshore-wind-farms) 



 
Lic Engineering:http://www.licengineering.dk/LIC?PDFs/Blyth_lowers.pdf 

 
1 3.7.2-9

3.5m 44mm 24.5m
3.8 4.2m 28mm 8.0m (

)  

DNV-
OS-J101(Design of Offshore Wind Turbine Structures,Oct.2007)

 
750t ( 100t)

500tf m ( -500) ( 3.7.2-10)  
 



 

 

( -500
) (

)( 3.7.2-11 3.7.2-12) ( )
1.5 1.2 0.6  

1500 (3-4 ) 1
5

2.5 3.0 ( 3.6MW) 3.0 3.5 ( 5MW) (
,2013) SEP

 
2 SEP (

)  
 



3.7.2-1  
 

30m
EEW Special Pipe Construction GmbH( )

9m 60
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

http://a2seanews.editionmanager.com/
2013/11/11/size-matters/ 



 3.7.2-2  
(Drilled Monopile)  

 
 

 

 
 

(1)  
3.6MW  6.5m 50cm 61m 1,450t 
5.0MW  6.9m 70cm 64m 2,200t 

 
(2)  

( )

( 2
)

( ) ( )
 

 
(3)  

128  
3.6MW :500,000Euro/MW(6,750 /MW)/5.0MW :400,000Euro/MW(5,400
/MW) (135 /Euro) 

 

von der Veen et al.(2011) 



( )
( , )

( 3.7.2-13)  
 
 

 
:heavyliftspecialist com. : Ballast Nedam(2011) 

 
 

( 1
) ( )

( ) 2006 Egmond aan Zee

(
3.7.2-14) London Array DNV

 
1

( 3.7.2-15)
1/1000

( AZ) 1 6m3

40-18-20BB (
3.7.2-16)  

 



 

 

 

 

 

 

 

 

 

 
3 /  

 
 



(2005)
 

10cm  
5cm 
2  

( ) 1.5 ( 1 ) 
 

 

3.7.2-3  
 

2008 BARD 5MW
40m 99km 2012 2013 BARD 

Offshore - (400MW:5MW 80 )  
 



3.7.2-17
( , ) ( )

( ,2005)  
30m

14%(2013 )
(238 2 )  

 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.4coffshore.com/windfarms/gravity-based-support-structures-aid274.html 

 
5MW 3.7.2-3

(The Crown 
Estate,2010)  

 

 



3.7.2-18

(2013)
3.6MW 3 5.5 5MW 3.5 6  

 

 
NEDO

 
 

 
 

(PC: )
( 3.7.2-19)  



 

 
 

12m
(

) ( 3.7.2-20)  

 
(  

)  
 

 

 
 

3.7.2-4
(2011( 23) 3 11 )

2012 1

 
(2,300t: ) 
(5,400t: ) 

 
(1,300t: ) 
(3,500t: ) 

1.  
( 4,160t) 

2. ( ) 
: (1)  

( 2,750t) 



6 5.5 (
)  5

( 2012
8 18 2012 10 6 2013 1
29 3-2 )  

(2011( 23) 3 11 )
8 2

5 10  
 

( : , : ) 

 
 
 

 

3.7.2-5 3.7.2-6a,b  
2012( 24) 4 18

5 17 6 17 6
30 2 ( 2012 6 30
3-2 ) 7 28 (

8 9 2 )
8 ( 3.7.2-5)  

 



 
 
 

3.7.2-6a 3.7.2-6b
2012( 24) 7 9 9 8 2

10 1 (2013 ) 1
2 4 (

2013 3 23 2013 6 24 3-2 )  
3.7.2-6a ( )

 
 



 
 
 

 
  

1/28 2/14

1/28 3/25

2/5 2/6

2/4

2/19

2/28

3/11

3/19

2/5

3/9

3/6 3/12 3/17 3/23

3/19

4/4

4/44/5



(Ismael Ruiz de 
T.Alonso,2013)  

(
) ( 3.7.2-21) ( )

0.5m 10m  
 

 
 
 
 
 
 

http://www.c-power.be/construction 

 
( 3.7.2-22)

GPS

 
 
 
 
 
 
 
 
 

 
 
 

       http://www.c-power.be/construction 



(Filter layer) (Gravel layer) 0-63mm 10-
80mm (Thornton Bank)

2.2m 1.5m 0.7m
3 5cm

3 (Danish Energy Agency,2013)  
 

 
( ) 2011 ( 23

)2
3 (

) ( 3.7.2-23 3.7.2-24)  
 

( ) 5cm
4cm   

 
 

 
Site :2012 3 4 , 15.0%(6 /40 ) 

Site 2012 3 4 , 15.0%(6 /40 ) 



 
Site :2012 4 6 , 46.4%(39 /84 ) 

Site 2012 4 6 , 46.4%(39 /84 ) 

 
 

3.7.2-25

 
 

 

 
( ) 

0.3 0.06
1 0.6  

( ) 
0.3 0.13

0.3 0.13  
3.7.2-26  



 
Site :2012 4 16 5 17 , 75.0%(24 /32 ) 

Site  2012 7 24 9 8 , :41.3%(19 /46 ) 

 
 

 
Tunoe knob( :5MW 0.5MW 10 , 5m/1995 ) 

:14m   
:6.5-7.8m   
: 500t( : 1000t) 

 
 
 
 

  



Middelgrunden ( :40MW 2MW 20 , 4m/2000 ) 
:12.5m  :10m  

: 1500t( ) 
 
 
 
 
 
 
 

Lillgrund ( :110.4MW 2.3MW 48 , 4m/2007 ) 
:17m  :8.6m 

: 1200t( : 2500t) 
 
 
 
 
 
 
 

Thornton Bank ( :30MW 5MW 6 , 10.5m/2008 ) 
:23.5m :42m 

: 2700-3000t 
( ) 

 
 
 
 
 
 
 
 

3.4.5 21m 22m
5400t( ( ) 2300t) ( 3.4.5-5 )

Thornton Bank

Thornton Bank
 

 



3.7.2-27 Middelgrunden 3.7.2-
28 Lillgrund 7-8 49

(Mathis,2006)  
 
 
 
 
 
 
 
 
 

   
Middelgrunden 
http://www.ontario-
sea.org/Storage/29/2118_do1.pdf 

Lillgrund
http://corporate.vattenfall.se/globalassets/sverige/ver
ksamhet/vindkraft/lillgrund/technical_description_lill
grund_11336934.pdf

 
 

3.7.2-29
( )  

 

 
:http://www.gl-group.com/pdf/06_2009.05.12_Hamburg_Offshore_Wind_20009.pdf 
:http://www.skibstekniskselskab.dk/public/dokumenter/Skibsteknisk/Download%20 

materiale/2011/Offshore%20Wind%20Turbines/Kaj%20Lindvig%20A2SEA.pdf 

 
  



3.7.2-30
( 3.7.2-31)  

 
http://www.c-power.be/construction 

 

  
:Middelgrunden(http://www.ontario-sea.org/Storage/29/2118_doc1.pdf) 

              (Copenhagen Environment and Energy Office,2003) 
:Lillgrund(http://corporate.vattenfall.se/globalassets/sverige/verksamhet/ 
vindkraft/lillgrund/technical_description_lillgrund_11336934.pdf) 
(Vattenfall,2008) 

 
 

(FD)
( )

1600t
( 3.7.2-

32) 70km
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Site :2012 6 28 6 29 , 36.0%(9 /25 ) 

Site 2012 7 9 7 10 , 36.0%(9 /25 ) 

 
 

( ) (
) ( 3700t)

( 3700t)
( 3.7.2-33)

2012 6 2012
10  

 
( ) 

0.3 -0.03
0.3 -0.02  

(  ) 
0.3 -0.07

0.3 -0.07  



 

 

:  
: ( ) 
:  
:  

Site :2012 6 15 6 17 ; 33.3%(1 /3 ) 
Site 2012 9 28 10 5 ; : 25.0%(2 /8 ) 

 

( 3.7.2-34)

( 3.7.2-35)  
 

 

 



 
http://www.c-power.be/construction 

 
 

 

 

1 Filter layer armour layer
2

44m 58m 48 5m 62 5m



 
( )

5400t( :3100t) ( 3.7.2-36)
( 3.7.2-37)  

 

 

Site :2012 7 , 30.0%(9 /30 ) 
Site 2012 7 , 30.0%(9 /30 ) 

 

 
Site :2012 7 , 39.4%(13 /33 ) 

Site 2012 7 , : 39.4%(13 /33 ) 

 



3-5cm (Ismael,2013)  
5cm ( : ) 

0.3 1 ( : ) 
 

0.82 3.3m ( : ) 
0.95 3.3m ( : ) 

0.3 1   
( : ) 

 
(2005)

 

20cm( 2000t) 30cm( 2000t) 
20cm( 2000t) 30cm( 2000t) 
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( ,2005)  

60m
4%(2013 )

 
 

 
 
 
 
 
 
 
 
 
 

 
 

http://www.4coffshore.com/windfarms/jacket-or-lattice-structures-aid271.html 

 
5MW 3.7.2-7

30m 800

(The Crown Estate,2010)  
 

 



3.7.2-39
2

(2013) 3.6MW 4 6
5MW 4.5 6.5  

 
 

 

 

 
 

3.7.2-40 2006
( 45m) Beatrice (10MW;5MW 2

) 600
150 (MacLeny,2006)

( 2.1.2 )



3.7.2-8 5MW 40m
1000 1300 3

 
 

 

 
 

 
 

(
) 3.7.2-41

( ,2005)  
 
 
 
 
 



 
 
 
 
 
 
 
 
 

 
: http://renews.biz/44456/rwe-port-tailored-for-jacket-loading/ 
: http://www.windcomm.de/Downloads/Vortraege_Flyer_Infos/PresentationREpower.pdf 
: http://www.bing.com/images/search?q=jacket+offshore+wind&view=detailv2&&qpvt= 

jacket+offshore+wind&id=80821928260AFE5354A375A79F6EC86D5EB0FD76&selectedI
ndex=8&ccid=BwlT07vZ&simid=607994364093072983&thid=JN.d3oY238Y5Ld6dOsCTY
kl3A&ajaxhist=0 
: http://www.bing.com/images/search?q=jacket+offshore+wind&view=detailv2&&&id 

=98394F52E1A31D95FCC9898A7D4E7AB415BEE7AF&selectedIndex=392&ccid=nNMk
1XgL&simid=608047333920211621&thid=JN.R33%2f1C%2biuThzAnRuABLddg&ajaxhis
t=0 

 

(
,2005)  
 

SEP ( (3) )
(2005)

 



2

( 3.7.2-42

20%

( , )
( 3.7.2-42

 
2

( ,
 

3.7.2-43a,b  
 

  

 
  



 

 
 

 

 

 

 

 



 

 



(2005)

 
 

10cm  
5cm 
2  

 
30cm 1 30cm 2 10cm 

15cm 
1/50 
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Nysted(165.6MW:2.3MW 72 ,2003 ) 

Kentish Flat(90MW:3MW 30 ,2006 ) 
Egmond aan Zee(108MW:3MW 36 ,2006 ) 



3.7.2-45

(SEP (3) )
3.7.2-9  

 

 

 

 
Horns Rev(160MW:MW 80 ,2002 ) Yttre 

Stengrund(10MW:2MW 5 ,2001 ) Thornton Bank (30MW:5MW
6 ,2008 ) 3.7.2-46 3.7.2-47
3.7.2-48  

 
 
 
 



 
:  

(Japan Ocean Development Constructio Association,2002; Garrad Hassan,2009) 

 

 

 
  

https://www.google.co.jp/search?q=yttre+stengrund+offshore+wind&biw=1536&bih=739&tbm=isc
h&tbo=u&source=univ&sa=X&ei=KWdJVbr6H-WxmAW-7oGABA&ved=0CFoQsAQ&dpr=1.25 

3



 

 

3.7.2-49 Vestas
2 1

3
Siemens(2.3MW) REpower(5.0MW) ( 3.7.2-50) 3.6MW Siemens

1 1 ( 3.7.2-
51)  
 
 

3



 

 

 

 

 

 
Mortensen et al.(2011)



( 3.7.2-52) 8-10m/s 15m/s
 

 

 

 

Beatrice(5MW ) ( 3.7.2-53)

 
 

 
http://sse.com/media/113127/AllBoards2010.pdf  

http://www.bing.com/images/search?q=Beatrice+offshorewind&view=detailv2&&qpvt= 
Beatrice+offshorewind&id=F3D10CB1EF6865E9AAE79480192923F205DAC0B2&selectedIn
dex=7&ccid=IqdfZ46R&simid=608041771940973553&thid=JN.UyyDACP3yIM2k00LTsS9Gg
&ajaxhist=0 



 

(7 )
3.7.2-54 SEP

5  
 

 

 
(10m/s ) 2 SEP

(650t) ( 3.7.2-55)
3.7.2-56 3.7.2-57

( ) 5mm (89mm )
( H/1000mm,H= , , )  

 



 

 

 

 

  SEP   2,3  
5,6  

 

 



 
2012 7 25 8 25 , 87.5%(28 /32 ) 

 
 

(10m/s , 8m/s )
2 SEP

(650t) 1-3 4
3 3.7.2-58

 
(1-4 ) (3 1 )

( 3.7.2-59 3.7.2-61) 3.7.2-62
1 (h) 4mm (hmax=d/1000, 

d: , ) 0mm  
 

 



 

 

 

 



 

 
2012 9 9 10 25 , 63.8%(30 /47 ) 

  

 



 

(2 (1) (2))
(1) (1)

(2) 2 ( 3.7.2-63)
 

 

 
(1) ( :3,700t) (2)

( :2,200t)
3.7.2-64 3.7.2-65  

 
 

2

1



 
 

 
(1)    
(2)     

 

 
(2) 2012 6 28 6 30 , 33.3%(1 /3 ) 

 
 

 

 



 

 
          
         5 ( 1/4 ) 

 
 

2 1 3
(3 1 ) ( 3.7.2-66a,b)

3.7.2-67  
 

 

 
 

 

 



 

No.1   No.2   No.3    

 
 

 
2013 2 28 3 28 , 51.7%(15 /29 ) 

 

 

 



 

 
 
 

 
 
 
  



1
2 ( 3.7.2-68)

1 450t
(SHL )  

1 2
3.7.2-69 3.7.2-70  

 

 

 
 

 

( ) 



 

( ) 

 

 

( ) 



(SEP:Self Elavating Platform)

SEP
50 SEP

( ) 7
4 ( 3.7.2-10)  

 
 

 
 
 

SEP
5 ( 3.7.2-11a,b)

 
 

 
A  

 
B  

 
C  

 
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  



 
 

D  
( ) ( )  

E  

 
 

 

 



SEP ( 3.7.2-12) (DP) 2013
SEP ROUND3 ( )

65m 2.5m  
 

 

 
SEP (2)

3 2  
5MW 3.7.2-9 200

3.7.2-13
 

 

 
 
 
 
 



SEP 3.7.2-71 3.7.2-76 3.7.2-76 2001
SEP

 
 

 

 

 

: ( ) :2012   
:48m×25m×4.2m  

:  
:  

:900t( CR) 
http://www.dai1-

: ( ) :1992   
:34m×20m×3.0m  

:  
:  

:400t( CR) 
http://www.dai1-

:Seajacks International( / )  
:2012  :81m×41m×7m  

:  
:2000m2 

:800t 
http://www.seajacks.com/product/seajacks-

:Fred Olsen Windcarrier( )  
:2012  :132m×39m×9m  

:  
:3250m2 

:800t 
http://www.windcarrier.com/brave-tern 



 

 

 

Workfox BV
2012 115m 50m 9 75m

3750m2

1200t
http://www.workfox.com/en/news/Press-

:A2SEA( ) :2012   
:132m×39m×5.3m  

:  
:3350m2 

:900t 
http://www.a2sea.com/fleet/sea-installer/ 

:A2SEA( ) :2001   
:91.76m×21.6m×4.25m  

:  
:1020m2 

:230t         
http://www.a2sea.com/fleet/sea-power/ 
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SEP
SEP

(sway surge yaw)  
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

: Japan Ocean Development Construction Association(2002) 
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3.2.2 3.2.2-1
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3.7.2-14 3.7.2-79
3 (CV )

FRP (
)  

3.7.2-79
3

80km
(The Crown Estate,2010)  

 



 
 

 
 

 
3.7.2-80 ( ) (

) ( 72 245kV ) (Export cable)
( 24 72kV )

(Array cable)  
 



 

 
 

1 2
3.7.2-15

( ) 5 kW 10 kW
66kV 2 154kV 1

 
 
 

 

 
 

5 10MW
6.6kV 3

 
 



3.7.2-81 1

The Crown Estate(2010) 500MW

 
(The Crown Estate,2010)  

300kW  
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DC  DC . 
  

  
 

 

 
http://www.bing.com/images/search?q=siemens%20offshore%20substation&qs=n&form=QBIRMH
&pq=siemens%20offshore%20substation&sc=0-18&sp=-1&sk=  

 
100MW ( ) 1000 200MW ( ) 1500 300MW

( ) 2000 400MW ( ) 3000 1000MW ( ) 7000
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25m 800m2
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Horns Rev2 (3.8.3
) (The Crown Estate,2010)  
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( 3.7.2-84)
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3.7.2-16
( )

(
) 30m

52%
18% 2 (

,2010)  

 

 
3.7. 2-17a,b

3 1  
 

  

 

 

( 3.7.2-52,
)

 

 

 

 
 



  

 

30m
 

 

 

 

30m

 

 

( 37.6%(77 /205 ) 2012 8 7 2013 1 27 ) 5m
22kV

( 109mm, 4.1km)
( 3.7.2-87)

SUS
 

 

 

 



( 3.7.2-88)
22kV 6.6kV

 

 

 
 

( 3.7.2-
89) 2012 5 26 7 6  

 

 

 

 
(  2,200t) 

 



 6.6kV
( 6 , 1.77km) ( ) ( 3.7.2-
90) 2012 8 1 9 10 15 25 21013 3 1 15

3  
 

 
:  
:  
:  
 : ( )  

 

1 2
40 60m

FEP ( 3.7.2-91) 22kV
( 2 ) (66kV

)  
 
 
 
 

 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
  

3 7 2 5 1

2014 1 8
2014 2 23

22kV 2014 10 6
2014 10 9

2014 10 17
2014 10 27

2014 10 27
2014 10 27

2014 10 27

2014 1 9
2014 6 3

2014 6 26
2014 7 18

2014 10 6

26 9 52m 2013 10 16
8 61m 2014 2 9 9 16m 2014 2 15

16 2014 9 25 17 2014 9 28 29 18
2014 10 6 18

19 2014 10 13 14



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 7 2 5 2

1

PVC
2

SUS
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3 7 2 6

2014 6 10

2014 10 21 11 5
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3 7 2 7
I

e
c J a b

d

DNV 2014
45 2 5m 0 5m 30 2 0m 0 3m 45 1 2m 0 2m

The Crown Estate 2010
300mm

2m
J J J
J J

ROV
J

J

DNV 2014



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

3 7 2 8a

47 12 25
23 12 21

2
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3 7 2 8b
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3 7 2 8c
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3.7.2-17  
 

 
 

22 V(33kV)
 

63
128

127

 

 
  



3.7.3-1
 

10
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19 5 20 32

34 37 44

46 47 49

19 31 34

42

3 JIS 14

4 14 18

38 40

46 47

6

7

8

9 1/4 2/4 3/4 4/4

10 51

11 29

2 1
3 1

2 1

3 1

1

2

13

5
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3.8.1-1

 
 

 

  

                                                                                                                                                            
 

( )
( )  



3.8.1-1
 

 
3.8.1-1  

 

 
 



(
)

 

3

 

( )

 
 

 

3.8.3-
4 20-30%

(Wills,2014)  
(Plan) (Do)

(Check) (Action)
(

 ,1999)  
 

3.8.3-1 3.8.3-1 3



(CMS) (a)
(b) c

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 



Tavner(2014) ( )
80 90 ( ) 90

 
4  

 
( ) 

(5 ,10 ) 
 

 
a. 

( )  
b. (

)  
c.  

(
)  

(
)  

 

 
 

2000
(CMS) CMS

DNV(Det Norske Veritas)  
CMS

CMS NEDO 2014
2016 ( ) CMS

 



Tavner(2014) (SCADA:Supervisory Control and Data 
Acquisition) CMS SHM(Structural Health Monitoring)

( 3.8.3-2) SCADA

CMS
3.8.3-2

CMS
Alpha Ventus

Bard Offshore 1 (SHM)  
 

 

 



 
 

NEDO CMS SHM
 

 

( 3.8.3-3;
3.8.3-3)  

 

 
 
 



 

 

  



 
( 3.8.3-4)  

 

 
 

 
 

CMS  
CMS 3.8.3-5  

 

  



( 3.8.3-4;
3.8.3-6)  

 

 
 

 
 



CMS  
CMS { 24 (2013 10 8 9 ) }

3.8.3-7  
 

 

 
WEB  
CMS SCADA WEB (

3.8.3-8)  
 

 

 
 



availability(
:

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

20
(

) ( 3.8.3-9)  
 

 

 

(
(JEAC50005-2001) 4-2 NEDO

 
(

)
(

 

1
1

2
1 3 1 JEAC-5005-2001 7-4

( (JEAC-5005-2001) 7-4



NEDO )
 

3.8.3-5  
 
 

 
 
 

3.8.3-2 4
3.8.3-6

Horns Rev2 1 1 1 Horns 
Rev2

Alpha Ventus

 
 



 

 
 
  



5 6
(DET NORSKE VERITAS,2012) Hamilton(2011)

2 / 5 /
/5  

 
 
 
 
 
 

 
 
 
 
 
 
  

3.8.3-1  
 

40-80 /  
100 /  

0.3 /MW(100MW ) 0.2 /MW(100MW ) 
( 40%) , / ,

( ),  < 2 50% > 
2-4  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Hamilton,2011) 

German Wind Energy Association BWE 2010
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NEDO
 

 

(2013.3.1 2014.9.30) ( 23.3%) (
63.0%) ( 7.5m/s) 3.8.3-

10 2014 1 9 6 3 6 26 7 18
 

 

 

 
   

( ) 1 / (1-2 / )
( 3.8.3-8) 1m 5 9

50% 2 4 40%
4 (17-28%) ( 3.8.3-11; 3.8.3-9)  

 

 
 



 
 

 

 

 
 

(500 ) 10 20
10 9  

67 45
( 3.8.3-10a 3.8.3-10b )  

 

0%
10%
20%
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70%
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90%

100%

(m/s)
1.3mT 1/3 (s)H 1/3 (m)

1m (2010.1 2012.10) 



 
 

 



6 18 12
3 8 3 12  

1.0m 1 7 5 4
4 1.5 3  

1.5m 3 4 10 11 6 7
8 4 4.5 6  

2.0m 2 3 4 9 10 11 8
7 9 4 7 8

 
 

 
 

6 18 12 / (  
3.8.3-13) 

1.0m 6.0  
1.0m 8.0 6 7 2

3 1  
1.25m 6.0  
1.25m 8.0 5 5 7 8 9 11 2

3 1  
 
 
 

0
0.2
0.4
0.6
0.8
1

1 2 3 4 5 6 7 8 9 10 11 12
1.0m

0
0.2
0.4
0.6
0.8
1

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

2.0m

0
0.2
0.4
0.6
0.8
1

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

1.5m



 

 
 

1
(790L)

 
 

 

 

0
0.2
0.4
0.6
0.8
1

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

1.0m
6.0s

0
0.2
0.4
0.6
0.8
1

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

1.0m
8.0s

0
0.2
0.4
0.6
0.8
1

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

1.25m
6.0s

0
0.2
0.4
0.6
0.8
1

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

1.25m
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3.8.3-11 3.8.3-15
2  

 

 
 
 

 

 

3.8.3-12 12
3.8.3-13 (

)
 

0%

20%

40%

60%

80%
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1 1
( / )

3.8.3-16
3.8.3-17 (2014 7 8

) 3.8.3-18  
 

(0-5 ) 70cm 8 100cm
10 120cm 

(0-5 ) 50cm 8 80cm
10 100cm 

 

 

 

15

6 12 18 6 12 18 6 12 18 6 12 18 6 12 18 6 12 186 12 186 12 18

6 12 18 6 12 18 6 12 18 6 12 18 6 12 18 6 12 186 12 186 12 18

0.6m

7/9 10

7/7 8

7/6
7/7 0.3m

7/7
0.2m

7/8
6 12 18 6 12 186 12 186 12 18

6 12 18 6 12 186 12 186 12 18

7/7
7/8 0.2m

7/8
0.2m



2.3.3 (1)
( ) 20-30% (EWEA.2009;Perkins and 

Everett,2011) (Nordex,2011) 23%
( OPEX: ,Operating Expence) (

3.8.3-19)  

 

 
Faulstich etal.(2011) 76.5 /kW/ (34.2 147.4

/kW/ )<10,630 /kW/ ,4,750 20.500 /kW/ ;139 / >
12.5 /MWh/ (7.9 22.34 /MWh/ )<2.1 /kWh/ ,1.3 3.8 /kWh/ ;170 / >

( 2.3.3-3 )
availability( )

( ) (
)  
3.8.3-20

(Corrective Maintenance) 20
2/3 (Water Transport)

 



 
CMS/SHM

O&M (Hamilton,2011)  

( ( ) )  
20-30%

(Garrad Hassan,2013)  
 

3
( 3.8.3-21)

(GL Garrad 
Hassan,2013)  

( 12NM( 3.8km) ) 
  ( 12 40NM( 3.8 74km)) 
  ( ) ( 40NM( 74km) ) 
    80km

(Hobohm et al.,2013)  



 

 
3 (1 1 ) 3.8.3-22

( ) 260,000 / / ( 4.42 / / ;170 / )
( ) 390,000 / / ( 6.63 / / ;170 / )

( ) 470,000 / / ( 7.99 / / ;170 / )
1.5 1.8

 
 

 

 
  



2 ( 40NM( 74km))
2

 

DONG Horns Rev 2
15m ( ) 24 (Poseidon)

( 3.8.3-23)  
 

 
SeaEnergy

( )

(
3.8.3-24) Belwind 46km
2013 6MW 1 55

3.8.3-2  
Thoronton Offshore Wind Farm( ) (DNV,2012) 

 
/ 1.5m 

17m/s 
2.5m/ 2knots

     
/ <1.5ton 

<0.5ton 
>3.5ton 

  / >1.5 3.5ton 



(DNV,2012)  

 

(2013) DNV GL (2014)
(WFSV:Wind Farm Service Vessel) (CTVs:Crew Transfer 

Vessels) (PTVs:Personnel Transfer Vessels)

300
 

( H1/3/ Hs) 1.0 1.5m

(Twidell and Gaudiosi,2009) NEDO

 

Twidell and Gaudiosi(2009)
(MONOHULL) (CATAMARAN)

 
 
 

 
 

 
 



 
( )

 
 

 
 

 
 

 
 

 
 

 

(TRIMARAN) (SWATH:Small Waterplane Area 
Twin Hull) (Wavecraft SES)
2 (Nauti-
craft 2Play)

( )1.5 3m 200 310
4% ( 3.8.3-25)

3.8.3-14
 

 

 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

3.8.3-3  
-JCAT ONE( )  
( ) 

 
2013 ( ) 
NK 

 
(LOA)19.40m, 7.00m, 1.00m 

                  
 96G/T  1,960ps(980ps 2 )  MTU8V2000M72-2 

                  Hamilton Jets HM571 
                 26.3knots 24.7knots 
                 3 , 12  

 
 

 
 

 

 JCAT ONE  

 

http://response.jp/article/2014/01/31/216186.html 



 



DNV GL
(2014) Bollard Tube

Bollard Tube

1.5m
 

Twidell and Gaudiosi(2009)
2

( ) (
)

 
Twidell and Gaudiosi(2009) ( )

( )

 

( 3.8.3-15a,b)

 
AMPELMANN(

) OSBIT POWER MaXccess-T18(
(JCAT ONE) ) 3.8.3-26  

 
  



 
: Amepelmann   http://www.tudelft.nl/actueel/dossiers/archief/ampelmann/   
: MaXccess-T18  http://www.osbitpower.com/technology/maxccess 

: Jcat ONE MaXccess-T18  
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3.7.2 ( 3.9-1)
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3.9-1  
 

( )
( Carbon Trust Offshore wind Accelerator(OWA) Programme

)
 

25%
 

1000m
1 2003 Vestas 3MW

(Frederikshavn; ) 2014 Borkum Riffgrund
(312MW ) Siemens 3.6MW

( 2)  
Horns Rev2 Dogger Bank

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Frederikshavn

Fred Olsen Windcarrier

Borkum Riffgrund
Weston 2014



 
 

 
 

 
DCF

( )
 

DCF IRR(Internal Rate of Rate) NPV(Net Present Value) IRR
NPV

Equity IRR( NPV( )
2

IRR
FIT Project IRR10% (36

/kWh )  

 

 
3.4.6

( )
 

(kWh  
(1 ) 1  

(kWh  



 

3 4 6
/  

kWh/ /kWh  
 

3.10.1-1 ( )

 
 



 
 

 3.10.1-1
( )

(SPC)

 

( 3.10.1-2)  

 
2,000kW

( )
2,000kW

 



 
 

 

(2014)  (2014)

(30% )
56.5 /kW 2.25 /kW/

Project IRR 10% 36 /kWh( )
 

( 3.10.1-3)
3.10.1-4

8 9 20
330 Project IRR 10%

36 /kWh( )  
 

 



Project IRR
10% 36 /kWh

 



 

3
10

1
4



 
(2014)

(2.3.3 )
(DECC: ) ,

(LCOE) 2020
100/MWh( 17 /kWh)

(Carbon Trust,2008;The Crown Estate,2012 )  

2023 3%
10%

O&M (
3.10.2-1
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 100-8931 1-3-1 
Tel. 03-3501-4031 

 060-0808 4 5  
Tel. 011-709-2311(ext,2635-2638)  Fax. 011-726-7474 
E-mail:Hokkaido-energy@meti.go.jp 

 980-8403 3-3-1 5 6  
Tel. 022-221-4927  Fax. 022-213-0757 

 330-9715  
Tel. 048-600-0353  Fax. 048-601-1313 

 460-8510 2-5-2   
Tel. 052-951-2775  Fax. 052-951-9801 

 540-8535 1-5-44  
Tel. 06-6966-6043  Fax. 06-6966-6089 

 730-8531 6-30 2 ,3  
Tel. 082-224-5713  Fax. 082-224-5649 

 760-8512 5-7  
Tel. 087-811-8532  Fax. 087-811-8559 

 812-8546 2-11-1  
Tel. 092-482-5513-5515  Fax. 092-482-5398 

 
 

900-0006 2-1-1 2 2  
Tel. 098-866-1759   

 
 
NEDO  

 
212-8554 1310 18  

Tel. 044-520-5273  Fax. 044-520-5276 
 

530-0001  
Tel. 06-7670-2200  Fax. 06-6344-4574 

 
 
  



 

  

 

( ) 060-8677 1-2 
Tel. 011-251-4342 

( ) 980-8550 1-7-1 
Tel. 022-225-2111 

( ) 100-8560 1-1-3 
Tel. 03-4216-1111 

( ) 461-8680 1  
Tel. 052-951-8211 

( ) 930-8686 15-1
Tel. 076-441-2511 

( ) 530-8270 3-6-16 
Tel. 06-6441-8821 

( ) 730-8701 4-33
Tel. 082-241-0211 

( ) 760-8573 2-5 
Tel. 087-821-5061 

( ) 810-0004 2-1-82 
Tel. 092-761-3031 

( ) 901-2602 5-2-1
Tel. 098-877-2341 

 

( )  060-0031 6 12-6-11 
Tel. 011-555-5001   

( )  
980-0013 3-2-36 

 
Tel. 022-748-0235 

( )  171-8503 3-1-2
Tel. 03-3988-2322 

( )  
460-0002

3 19-12    
Tel. 052-955-0781 

( )  930-0004 3-1  
Tel. 0764-41-6350 

( )  530-0057 1-2-6
Tel. 06-6363-0731 

( )  730-0041 4-33
Tel. 082-242-7511 

( )  760-0066 3-31-15
Tel. 087-821-5615 

( )  810-0022 1-13-8 
Tel. 092-711-0056 

( )  900-0036 3-8-21
Tel. 098-866-4946 

  



 

 
 

 
NEF  

102-8555 3 13 2  
2  

URL: http://www.nef.or.jp 
 

TEL:03-6810-0362    FAX:03-3982-5101 

 
 

 
(JWEA) 

102-0091 2-1 
 

 
URL: http:// www.jwea.or.jp  
Tel. 03-3212-8487 Fax. 03-3212-0014 

 
 

 
 (JWPA) 

105-0003 3-15-3 
3  

URL: http://www.jwpa.jp 
Tel. 03-5733-2288 Fax. 03-5733-2511 

 
 

078-3792 37-1
 

TEL:01646-4-2211   FAX:01646-4-2142 

  
100-8118 1-3-2 

 
URL: http://www.fepc.or.jp 
TEL:03-5221-1440 

 
 

 
(JEMA) 

102-0082 17-4 
URL: http://www.jema-net.or.jp 

TEL:03-3556-5888 FAX:03-3556-5892 
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