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  SPV( )    , 

            

 . SPV        

 . 

    : 

APEM, Arup, BVG Associates, ERM, Entrust Professional, Kinewell Energy, 

Lloyd's Register, Mott MacDonald, OEG Renewables, RPS, Turner & Townsend, 

Wood Thilsted, Xodus 

 

         .   

      . 
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    SPV  .  

   SPV        

. 

      SPV  ,    

      . 

SPV     , FID      

  . 

SPV         

        . 

     '   '   . 

          

  EIA         

. ,          

    . 

          

 .         ,  

           

          . 

          

   .       

         

(Design Envelope)  . 

        EIA  

 . 

       .   

          

 .         

   . 

           

.     ,  ,   

,       . 

RSPB( )        

( : )    . 

          

      .    

         

     .    

      (water column)  

.         . 

   , ,  ,    

        . 

  

¶ P.1.1 (EIA) 
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P.1.1 (EIA) 

 

(EIA) ,      , 

,   , ,      

  . 

 

1GW    ,  1  4  (USD) . 

 

    : 

AECOM, Arcus, Arup, Atkins, Cura Terrae Land & Nature, ERM, GoBe, Intertek, 

Land Use Consultants, Mott MacDonald, Natural Power, RPS, Sealand Projects, 

SLR. 

 : 

Construction Environment Research Institute, E&E Solutions, IDEA Consultants, 

Japan Weather Association, Kaiyo Engineering, Kanso Technos, Kiso-Jiban 

Consultants, Sanyo Techno Marine, Tokyo Kyuei, Union Data System Co. Ltd. 

 : 

, ERM, RPS, Saman Corporation, ,  ISAN,  

  

  

  EIA     ,  ,   

     .     

  . 

   ,         

 . EIA         

      (CIA. 

Cumulative Impact Assessment) . EIA      

    (ES)(   )  

. 

EIA     ,   ,   

    ,  ,     

 . 

 

EIA          3   

 . 

        2010( , Habitats Directive and the 

Conservation of Habitats and Species Regulations 2010)    

      .    

      ,      

           

        . 

      (2010)   , EIA  

    (HRA, Habitat Regulations Appraisal)    

. 

 

     EIA      

     3    . (MOE)   

(Environmental Impact Assessment Act)  

(Marine Renewable Energy Act)    
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, ,       .  

       ,  

         

 .          

      (DEIA)  

. 

 

EIA         

  3~5    .  

   100MW     EIA   

.  EIA       . 

EIA           

      .   

       ,  

        . 

          EIA  

 (MEIA)  .  

  

¶  

¶   

¶    

¶   

¶   

¶   

¶   

P.2   

 

           

    .      

     . 

 

1GW    ,  1  1  (USD) . 

 

    : 

APEM, Applied Genomics, Arup, BMT, Briggs Marine, Carcinus, ERM, Gardline 

Marine Services, Mott MacDonald, Ocean Ecology, RPS, RSK, RSK 

Environment, Sulmara, SLR, Venterra, Wood Thilsted, Xodus. 

 : 

Construction Environment Research Institute, E&E Solutions, IDEA Consultants, 

Japan Meteorological Corporation, Japan Weather Association, Kaiyo 

Engineering, Kanso Technos, Kiso-Jiban Consultants, Sanyo Techno Marine, 

Tokyo Kyuei, Union Data System Co. Ltd. 

 : 

, ERM, RPS, ,  ISAN,  

  

          

       2    

 .         
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   .          

     . 

, ,  ,  ,   ,   , 

 , ,  , , ,    

. 

          

            

  . 

     ,        

           .  

       ,     

     . 

         , , 

,   . 

          .  

   EIA       . 

         ,   

       . 

           

          

   . 

      

  . 

 , , , ,    

       .  

  

¶ P.2.1     

¶ P.2.1.1         

¶ P.2.2    

¶ P.2.3    
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P.2.1     

 

        

            

 . 

 

1GW    ,  970  (USD) . 

 

    : 

ABPmer, APEM, ERM,  Gardline, Nature Metrics, Natural Power, Ocean 

Ecology, RPS. 

 : 

Construction Environment Research Institute, E&E Solutions, IDEA Consultants, 

Japan Meteorological Corporation, Japan Weather Association, Kaiyo 

Engineering, Kanso Technos, Kiso-Jiban Consultants, Sanyo Techno Marine, 

Shibuya Diving Industry, Tokyo Kyuei, Union Data System Co. Ltd. 

 : 

, ISAN, (KIOST), (NIFS) 

  

    , , ,    

.    .     

           

 .       

          

 .        

          

 .         

    .   ,   

,  (DDV)  . 

         (water 

column)     .     (  

     )        

.         

    .       

  .        

   , EIA        

          

 .    ,    

   .          

   . 

          

      .     

         . 

      2     

          

  .          

,     .      
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      . GPS , , 

,          . 

           

( , ,  )   , , , 

 .        

   2    .    

            

     .    

 ,        ,   

( :   )    .     

            

  .      .   

         , 

    , eDNA .     

      . 

  

¶    

¶   

¶   

¶     

¶ P.2.1.1         

P.2.1.1         

 

             

 . 

 

    : 

: Enviro-serve, Ocean Information Services, Gardline. 

(     ): APEM, Green Rebel, HiDef 

Surveying. 

 : 

  Co.Ltd, (KIOST), RPS , APEM 

  

           

   .       

   ,       

 . 

          

        .  

        

         

. 

          ,  
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(       )   

 . ,          

,         . 

    , ,    , 

       .   

          

     . 

          

          

. 

  

¶  

¶        

¶    

P.2.2    

 

    ,  ,      

      . 

 

1GW    ,  160  (USD) . 

 

    : 

Andrew McCarthy Associates, APEM, BCM Environs, ESS Ecology, Natural 

Power, RSK, Thomson Ecology. 

 : 

E&E Solutions, Japan Meteorological Corporation, Japan Weather Association. 

 : 

, ERM, RPS  ,   

  

           .  

    , ,     . 

         

  . 

     . 

  

¶   
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¶  

¶  
P.2.3    

 

           

          . 

 

1GW    ,  100  (USD) . 

 

    : 

BizGive, ERM, Hayes Mackenzie, Hoare Lea, LUC, RPS, SLR. 

 : 

E&E Solutions, Japan Weather Association, Japan Wind Development Co, Tokyo 

Kyuei 

 : 

 , ERM, RPS,  ,   

  

        

  .      

          

  .      . 

        ( , , 

,       )    

 .         

  , ,    . 
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        . 

  ,  , , ,  , ,   

     .       

  .         

        . 

     . 

  

¶  

¶  

P.3      

 

         , 

   ,        

         .  

 

 12       .  : 

EOLOS.     .  

 

1GW    ,  920  (USD) .   
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    : 

 : IDS Monitoring, RPS, ZX Lidars. 

 : ZX Lidars. 

   : Sonardyne, Partrac. 

  : The Met Office 

    : DNV, Natural Power, Oldbaum, ZX Measurement, 

RPS, Arup, BMT, HR Wallingford, Mott MacDonald, Venterra, Wood, Wood 

Thilsted, Xodus, Briggs Marine. 

 : 

    : DNV E&E Solutions, Japan Meteorological 

Corporation, Japan Weather Association, OWC, Toshiba Energy Systems & 

Solutions Corporation 

  :  (Japan Meteorological Corporation), 

) 

 : 

 , Fugro UST21, OWC, TUV SUD  

  

            

.   (       

  ), , , , ,  ,  . 

          

           .  

      , 15MW    

130m  .       

      .   

, ,  ( :   , ADCP )  , 

   . , ,      

 .        

  .       ,  , 

 ,   (O&M)      

   . 

         

  ,         

 . 

     15     

  .        

     1   . 

          

,   ,      

(AEP)   .        

           

  . 

          

  .        

        . 

         

     . ,   

    .     

 (met mast)      . 
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    300m      

  .        

.          . 

     ,        

       . 

,  ,          

  .   ,   ,   

,     .      

  . 

            

   . ,   ,    

          

       . 

, ,  (        )  

       .  

 2~4    .   , ,  

    . 

        ,    

 , ,    . 

  

¶  

¶  

¶    

¶   

¶   

¶  

¶   

¶    



 

 

 

    45 

P.4     

 

         

(Export cables route)        

.         

    . 

 

1GW    ,  1  2  (USD) . 

 

    : 

Acteon Group, Arup, Briggs Marine, Cathie, CMS Geoscience, Enshore Subsea, 

EGS, Gardline, G-tec, Horizon, James Fisher Marine Services, Mott MacDonald, 

OEG Renewables, RPS, Sulmara, Tekmar Group, Venterra, Wood Thilsted, 

Ultrabeam. 

 : 

Fukada Salvage & Marine Works, Kiso-Jiban Consultants, OYO Corporation 

 : 

Fugro UST21,  , (MIT),  

  

            

     

          

           

 . 

     5      , 

 (   )    . 

   ,         

 ,          . 

 CFD( )       

    (  )      

            

. 

  

¶ P.4.1  

¶ P.4.2  

¶ P.4.3   
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P.4.1  

 

    ,  , ,    

   (UXO)     . 

 

1GW    ,  3  30  (USD) . 

 

    : 

AAE Technologies, Acteon, Argeo, Gardline, G-tec, Horizon Geosciences, 

Inosys, Ternan Energy, Sulmara. 

 : 

Kiso-Jiban Consultants  : 

 , (MIT),  

  

 (non-intrusive) ,  , ,   

    . 

           

   , (Side scan sonar)    

, UXO  ,    ,    

. 

           

   . 

             

      . 

   GIS  , ,   ,  

    . 

     UXO        

         . 

         

   . 

  

¶ P.4.1.1   
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P.4.1.1   

 

     . 

 

 13   .  : Fugro.     . 

 

 , ,        . 

    : 

Gardline, Hydrosurv, Horizon Geosciences, Sulmara 

  

     30~70m .    

     . 

          

      1      

 . 

     12       

, ,    . 

  

¶    

¶     
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P.4.2  

 

       ,  ,   

        . 

 

1GWW    ,  6  40  (USD) . 

 

 , ,        . 

    : 

G-tec, Gardline, Geoquip Marine, OWC, Rydar Geotechnical, Horizon, Sulmara. 

 : 

Soiltech Engineering 

  

           

, (CPT)    . 

         

       .  

         

. 

     .     

       . 

       CPT  . 

(CPT)         . 

   CPT      5m  

. 

          

.  , ,        

          

 . 

            

   .      

           

. 

          

 50~70m    .   

      , 

      (   B.3.1 ). 

        

     . 

          

    .    

         . 

  

¶ P.4.2.1   
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P.4.2.1   

 

     . 

 

 , ,        . 

    : 

G-tec, Gardline, Horizon, Sulmara. 

 : 

Soiltech Engineering 

  

  60~100m       

 .    A      

   .       

  . 

 (       )    

     .       

        ,  

     . 

          .  

   ,       

         1   

     . 

          . 

      , ,   

 . 

  

¶    

¶     
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P.4.3   

 

          

    .      

        . 

 

1GW    ,  2  40  (USD) . 

 

 , ,        . 

    : 

Gardline,       ABPmer, HR Wallingford 

      .  

  

Fukada Salvage & Marine Works, Kiso-Jiban Consultants and OYO Corporation. 

  

            

    ,  . 

  

¶   

¶   

¶  

¶    

P.5    

 

FEED(Front-end Engineering and Design,   )    

     , ,     

  . 

 

1GW    ,  1  2  (USD) . 

 

    : 

Acteon Group, APEM, Apollo, BMT, BVG Associates, Cathie, CASC, Chartwell 

Marine, Correll Group, Enshore Subsea, Environment Ltd (Atlantic58), ERM, 

First Marine Solutions, First Subsea, Gardline, Heavy Lift Projects, HR 

Wallingford, JDR Cable Systems, Kinewell Energy, Kent, Maritime Developments, 

Mott MacDonald, Motive Offshore Group, OEG Renewables, Offshore Solutions 

Group, Pharos Offshore, RPS, SeaRoc, Sulmara, SMD, Tekmar Group, Turner & 

Townsend, Venterra, Verlume, Western Isles Marine, Wood, Wood Thilsted, W3G 

Marine, Xodus, ONYX Insight. 

 : 

Arup, DNV, WD, KKE, Mott Macodnald, Tokyo Electric Power Services, TODA, 

Toshiba Energy Systems & Solutions Corporation. 

 : 

Arup, , , Fugro UST21, Mott McDonald, OWC, 

, , , WT, . 
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     FEED      

       . 

  FEED     

       . 

 LCOE     ,   ,  

 ,   ,  ,  ,    

   .       

   ,   ,       

   . 

FEED      ,    ,   , 

         . 

,        

LCOE            

   . 

FEED          

 . 

         

       .   

    IEC 61400Ȥ3Ȥ2 and DNVȤSTȤ0119 .   

      ABS195206, NKRE-GL-

FOWT01  BV NI572  . 

FEED          . 

 CFD( )       

          

    FEED     . 

           

       FEED   

    FEED     .   

          FEED   

   . 

    ,      

   , ,     

     .   

      .   

    IECRE ODȤ502, DNVȤSEȤ0190 and DNVȤSEȤ

0422 . 

  

¶    

¶     

¶      

¶   

¶   

¶     

¶   

¶   
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P.6   

 

      .   

  ,     ,   (COD)  

   . 

 

1GW    ,  6  3  (USD) . 

 

      .    

     EPCI( , , , )  

   . 

 

      .    

     EPCI( , , , )  

   . 

    : 

APEM, Arup, Briggs Marine, CASC, Correll Group, Enshore Subsea, Heavy Lift 

Projects, Maritime Developments, Mott MacDonald, Motive Offshore Group, 

OEG Renewables, Offshore Solutions Group, RPS, SeaRoc, Sulmara, Tekmar 

Group, Turner & Townsend, Venterra, W3G Marine, Wood, Wood Thilsted, 

Xodus. 

 : 

POSCO and Saman Corporation 

 

          

. 

  

      , ,  ,   

 ,        .  

         . 

   , ,  , , 

(PPA)  (CfD)  . 

  

¶     

¶     

¶     

¶   

¶   
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T   
 

    3     . 

 

15MW     ,  2  6  

(USD) .    ,  ,      

 .         ,  

,  , ,     , ,   ,  

      .    

  1  9  5  (USD) . 

 

 : GE Renewable Energy, Siemens Gamesa Renewable Energy 

(SGRE), Vestas, 

 CSIC Haizhuang, Dongfang Electric Corporation, Envision, Goldwind, 

MingYang, Shanghai Electric, Sinovel, XEMC Windpower. 

 : 

,  

  

  3         

.            

   , ,  ,      . 

          

    . 

¶   ,   ,      

      . 

¶           

   . 

¶         

 . 

2030          

       .    

           

       .   

  .     

           

. 

       .   , 

  ,       

      . 

    ,       

     ,    

  .        

  .        

    . 

          

     1~2       



 

 

 

    54 

   .     ,  

 ,   ,      . 

    25 .       

  .       

          

.   ,        

 . ,  ,       

  .    90%    . 

          

       . 

   3  .         

      ,   

 .      . 

            

   . 

  

¶ T.1  

¶ T.2  

¶ T.3  

¶ T.4   

T.1  

 

       3    

 . 

 

 14 GE  Haliade X  12 MW .  : GE Renewable Energy. 

    . 
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15MW     ,  1  6  (USD) . 

 

         

 . 

    : 

: Cooper & Turner 

 : Nylacast 

  

: ,  

 : ,   

 : . 

  & : ,  

 , ,  : KPF, . 

 

  

15MW       21~25m,  9~12m,  

10~12m ,    600~700t . 

    , (  ), ,    

 . 

         

.          

      .     

   (main shaft)   . 

     4~8r/min      

600r/min   .    (drive 

train)        . 

          

.  , GE Renewable Energy  SGRE     

(direct drive)  . ,       

  . Vestas       

. 

     .   

( )      .    

          

    . 

 (yaw bearing)      (yaw system)  

        .     

     . 

    . 

¶         

   

¶          

  (main shaft) 

¶         (   

),  ,        

  .  

¶            
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    .        

           . 

           

(SG)  . 

           .  

   . 

    ,   .   

          

   .   (FOW)     

   .  

    ,  ,    . 

          

.         . 

  

¶   

¶    

¶   

¶  

¶  

¶   

¶  

¶    

¶   

¶    

¶    

¶      
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T.2  

 

        

. 

 

 15     .  : LM Wind Power.  

   .  
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15MW     ,  7  (USD) .   

 

          

    .      

   . 

    : 

: Cooper & Turner 

 : Nylacast 

   : 

( ) 

  

15MW     230t,   224m . 

 ,  ,  , ,   

. 

      .  

         

.          

      . 

          

         

  . ,  , , ,    

        

   .      

  .       

     . 

        .   

      .      

           

         

. 

         

  .       

     ,  ,  

      . 

          

     .     

      . 

  ( )       

 ~      .  

        

. 

           

     .    

2  (   )   ,   

 3 (   )   .  

          

     . 

   15MW    50%     

.      40%    . 
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     ,      

 .         

          

. 

  4~8 r/min ,    100m/s . 

   (MHWS)   22m 

 . 

          

.  

  

¶   

¶     

¶    

¶       

¶     

 

T.3  

 

      .   

             

  . 

 

 16        .  : TMS.  

   . 
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15MW     ,  3  (USD) . 

 

          

    .      

   . 

     : 

: Cooper & Turner 

 : Nylacast 

 : 

,  S&C, , Win&P 

  

        , 

  (    )  . 

    . 

     ,  ,    

        . 

         135m    

   120m   800t . 

           

   .   (     )  

        .  

           

 . 

  90%       . 

 15MW   ,    6m,    

10m    . 

   ,        .  

           

      .    

(Wind Shear)  (       

),         .  

           

           

    .       

     .  

         

     .       

. 

    (yaw)        

       . 

       , ,  ,  

        .     

 , ,      . 

        .    

     (TMD)    . 

  

¶   

¶   
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¶   
T.4   

 

          

   . 

 

     . 

 

 : 

Hitachi Energy, Mitsubishi Electric Corporation, Toshiba Energy Systems & 

Solutions Corporation. 

 : 

ABB, , , , , XEMC. 

 

  

           

      .     

         

. 

   AC-DC-AC       

 .  /   .    

IGBT(    )      

 . 
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          , 

          

  (   B.4  B.5 ).    

          . 

          

      .  

    (0.69kV~3.3kV)  66kV  

  , ,     . 

           

   ,      

 .  

          

      . 

      ,    

 2         . 

       .   

   ,         

  . 

      ,    

. 

          

. 

  

¶  

¶   

¶   

¶   

¶  

¶  
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B   
 

         

.        

. 

 

1GW    ,  31  4  (USD) . 

 

    : 

      .    

   ,  . 

Babcock, Balmoral, Bekaert, Bridon-Bekaert, Bruce Anchor, CCL UK, CRP 

Subsea, Enshore Subsea, First Marine solutions, First Subsea, Global Energy 

Group, Granada Cranes, Harland & Wolff, Hutchinson Engineering, 

Hydrosphere, JDR Cable Systems, Kent, Limpet Technology and Pict Offshore, 

Marine Power Systems, Strainstall, Subsea Micropiles, Swift Anchors and 

Synaptec, Tekmar Group, Venterra, WT Henley  

 : 

      .    

   ,  . 

 

Furukawa Electric Co., Hitachi Energy, JFE Engineering Corporation, Japan 

Marine United Corporation, Kanadevia Corporation, Mitsubishi Electric 

Corporation, Mitsui E&S, MODEC, Nippon Steel Engineering, Sumitomo Electric 

Industries, Toda Corporation, Toshiba Energy Systems & Solutions Corporation. 

 : 

      .    

   ,  . 

, DSME, HSG , HD ,  , LS , 

 ,  , SK ,   ,   

  

         

       . 

       

          

 . 

      100~150m  

  . 

¶           

       

. 

¶   100m         

           

.  

  

¶ B.1  

¶ B.2    
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¶ B.3   

¶ B.4   

¶ B.5   

B.1  

 

       . 

 

1GW    ,  6  (USD) . 

 

    : 

JDR Cable Systems 

 : 

Furukawa Electric Co., Sumitomo Electric Industries 

 : 

LS ,  

  

        

,       . 

      .   

      . 

      , , ,   

    .  AC  3 3 .  

AC   3   . DC (   )  

(   2  1  , 1  ) . 

     . 
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¶        

¶         

¶        

     .  66 kV    

   .  

       . (LV)  

  11kV   , (MV)   

66kV   , (HV)    220kV   

, (EHV)   220kV     

. 

HV  EHV        , MV  

  .   LV      

   MV  . 

     . , ,     

         

. 

      . 

(water column)        

       .    

    . 

¶         

¶    

¶        

           

  . 

  

¶ B.1.1 (Array cable) 

¶ B.1.2  

¶ B.1.3   
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B.1.1 (Array cable)  

 

       .  

           

. 

 

 17    : JDR.     . 

 

1GW    ,  1  4  9  (USD) . 

 

 : Hellenic Cables, Nexans, NKT, Prysmian, TKF 

    : 

JDR Cable Systems 

 : 

Furukawa Electric Co., Sumitomo Electric Industries 

 : 

LS ,  

  

      '   '  

 .         . 

   1.5km   ,   224m  15MW 

     7  . 

         . 

     (      

)           

  .    (water column)   

        .  

        (  

 I.2 ). 

            

    . 
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1.        

2.            

 (   ) 

3.           

         

       ,    

     ,       

      . 

        .   

          

 .        

  ,         500m  

 . 

   66kV .    ,   

132kV    .  16MW     

        .  

       , 

    .      

   ,       

. 

       (   I.2 

)   , EPCI      

 .  

  

¶ B.1.1.1   

¶ B.1.1.2   
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 18      .        .        

   200m .  : BVG Associates.     .  
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B.1.1.1   

 

      .     

    , ,  .  

 

     . ,  

           

 . 

 

  

     .       

    .     

  60%  ,     . 

     .  

    ,      

     .     

   . 

        

    . 

       (XLPE)  

    XLPE     .  

 (EPR)       XLPE  

   .  

       . 

          

         

 . HV       .  

           

. MV 66kV     (Water Blocking)  

 . 

          

 .        

   . 

66kV AC      150mm2~800mm 2 

  13mm . 

  

¶  

¶   

¶   

¶  

¶ XLPE  
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B.1.1.2   

 

         

  . 

 

       .  

  

3   ,        

      .  ,   

      . 

         . 

        

          

.    , ,     

    . 

  ,       . 

      . 

           

. 

          

    .        

   . 

        

.        . 

        , 

     , ,  ,  

,         .  

  48   . 

  

¶   

¶  

¶   

¶   
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B.1.2   

 

         

.          

   . 

 

 19     : JDR.     . 

 

 1     1GW    ,  3  

5  (USD) . 

 

 : Hellenic Cables, Nexans, NKT, Prysmian. 

    : 

JDR Cable Systems 

 : 

Furukawa Electric Co., Sumitomo Electric Industries 

 : 

LS ,  

  

          

      ,    

 . 

       ,  

  .        

,      . 

  ,   (Transition Joint Bay)    

 (   I.3 ).     

 .      , 

  3     3    . 

  (HVAC)   220kV    3  

   300MW  .    
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275 kV       .  ,   , 

       .  

         .  

  (MVAC)      

 .        

 MV     . 

  (HVDC)    1GW    

   (  80~100km)     

  .  ,    10  HVDC  

 .        

 HVDC     . 

HVDC   HVAC          

       . DC   

          

          . 

HVDC         80~100km  

 HVDC     . 100km   

    HVAC  HVDC     

 .     HVDC    . 

 HVAC   3   ,   HVDC  

    1         

.   , HVDC      

  .      

(     )    

      .  , HVDC  

     HVAC  

 .  

     HVDC   Dogger Bank 

 320kV   .  320kV     

  1,200MW    .      

  525 kV    . 

 220kV 3   AC      110kg/m .  

 320kV   DC       80kg/m . 

HV          . 

       (   I.2 

)       EPCI  .  

  

¶ B.1.2.1    

¶ B.1.2.2    
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B.1.2.1    

 

      .     

    , ,  .  

 

     . ,  

           

 .  

  

          

.  

HVAC  HVDC    XLPE   . 

 HVDC          

         (mass-

imprengated)   .  HVDC     

        XLPE  . 

220kV AC      800mm2~1,600mm 2 

  23mm . 

320kV DC     1,000mm2~2,500mm 2 

  25mm . 

  

¶  

¶   

¶   

¶  

¶ XLPE  
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B.1.2.2    

 

         

  . 

 

:  .   ,  ,   

    : 

    : CCL UK 

  

         

. 

  

¶   

¶  

¶   

¶   

 

B.1.3   

 

           

   . 

 

1GW    ,  1  4  (USD) . 

 

    : 

Balmoral, Bekaert, CRP Subsea, First Subsea, JDR Cable Systems, Synaptec, 

Tekmar Group, Enshore Subsea 

 : 

Furukawa Electric Co. Sumitomo Electric Industries, Tekmar 

 : 

Tekmar, Panduit subsea solutions 

 

  

      ,   

 ,    ,     

  . 

         .  

  

¶ B.1.3.1  
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¶ B.1.3.2   

¶ B.1.3.3  

¶ B.1.3.4     

B.1.3.1   

 

          

 . 

 

 20       .  : Tekmar, 

Oceaneering.     . 

 

1GW    ,  3  9  (USD) . 



 

 

 

    76 

 

    : 

Balmoral, Tekmar, WT Henley  

 : 

Furukawa Electric Co.,  

 : 

LS ,  

  

     (  )   

(  )    .     

          

   . 

          

   (   I.2.5 ).   

           

    .     

      . 

         

    T-  .  

 (J-   I- )         

/        . 

  

¶  , T-  

¶   

¶   

¶   

¶   
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B.1.3.2   

 

          

  .   ,     

,  ,       

  .  

 

 21   .  : Kaylan Offshore.    

 . 

 

1GW    ,  5  2  (USD) . 

 

    : 

Balmoral, Tekmar, WT Henley, CRP Subsea, First Subsea, Subsea Energy 

Solutions. 

 : 

( ), Panduit subsea solutions 

  

           

. 

         . 

         

.       (   

   )     .   

(      )       

         

     . 

  ,        

        . 

          .  

   ,       

      . 

  

¶   

¶    

¶   

¶     
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¶   

B.1.3.3  

 

          

  (water column)      .  

, '  '  .  

 

 22      .  : Balmoral.  

   . 

 

1GW    ,  3  10  (USD) . 

 

    : 

Balmoral, Tekmar, CRP Subsea, Subsea Energy Solutions 

  

          

 .        

      .   

      . 

         

(   I.2 ). 

  

¶   

¶  
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B.1.3.4     

 

          

  .  

       . 

 

 23         : MacArtney. 

    . 

 

1GW    ,  5  6  (USD) . 

 

        . 

    : 

First Subsea. Subsea Energy Solutions.  

 : 

Furukawa Electric Co.,  

  

          

    . 

      .      

  ,         

  .        

   66kV        . 

      ,   

     .    

          

      . 66kV     

        

     .    

          

  . 

          

 . 

      .   . 

¶           

 ,    . ,    

  , ,    ,   

         

¶     .       

     (OFTO)    
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.          

          

      . 

         

     .    

     OFTO     . 

  

¶    

¶    

¶    

¶    

 

B.2    

 

           

        .    

      . 

 

 24 WindFloat Atlantic      

. WindFloat Atlantic  : Principle Power/Ocean Winds 
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1GW    ,  17  (USD) . 

 

   : BW Ideol, Principle Power, Saitec, Stiesdal, SBM 

Offshore. 

       , Aker Solutions, DEME, 

Jan de Nul   EPCI     . 

    : 

 : Kent,  

 : Granada Cranes 

  : Marine Power Systems 

 : 

Japan Marine United Corporation, Kanadevia Corporation, Mitsui E&S, MODEC, 

Nipon Steel Engineering, Taisei Corporation Toda Corporation. 

 : 

DSME, , , ( ), , 

HSG ( )  

  

      . 

¶  

¶ (Barge) 

¶  , 

¶ (Tension leg platforms)(TLP) 

         

 .      . 

         (  

  )   .  

15MW       3,500t    80 ě 

90 ě 35m . 

  3    ( , , ) 3   

 (  ,  ,    )   .  

        ,  

(   )          

        . 

        ,  ,  

,      . (Joints) 

        

 . 

          

,            

 , ,       . 

       ,   

,         

       . 

      ,   

     . 

  

¶ B.2.1   
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¶ B.2.2    

¶ B.2.3     

¶ B.2.4   

B.2.1   

 

    ,      

      . 

 

 25         

 . WindFloat Atlantic  : Principle Power/Ocean 

Winds  

 

1GW    ,  14  (USD) . 

 

             

           

  .        

 ,          

 .            

,       . 

 : 

Japan Marine United Corporation, Kanadevia Corporation, Mitsui E&S, MODEC, 

Nipon Steel Engineering, Taisei Corporation, Toda Corporation. 

 : 

DSME, , , ( ), , SK , 

HSG ( ) 

  

     . 

¶  

¶  

¶  

¶   

    ,     

      (  )   .  

   . 
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¶  :        

   . (pontoon)    

 (Heave Plate)      

   . 

¶ :   ,      

  . 

¶  :        

      .  

     , ,     

   .       

,          

.            

  . 

   , (     

),    . 

          

( : Stiesdal Offshore  TetraSpar)      

( : Gusto MSC  Tri-floater)         

   .       

   . 

    ,       

     .     

      ,    

       .  

3,500 t            

  .       (SPMT)  

  .  ,   ,   

       .   

          

(   I.5 ). 

        , , 

       . 

  

¶      

¶      

¶    

¶   

¶  -           

  .        

. 
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B.2.2    

 

     ,  ,   

    . 

 

 26 Kincardine        

. Principle Power    (Kincardine Offshore 

Wind Farm)  . 

 

1GW    ,  6  8  (USD) . 

 

    : 

Hutchinson Engineering 

 : 

Japan Marine United Corporation, JFE Engineering Corporation, Nippon Steel 

Engineering. 

 : 

Advact, , , ,  

  

15MW  ,      100t . 

      . 

¶   

¶    

¶   

¶     

¶   

¶  ( )   (    )   

 (Baffle) 

¶     

          

    . 

           

        . 

    ,  ,    . 

 ,          

  . 
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¶  

¶  

¶         (     

  ). 

B.2.3     

 

           

 . 

 

1GW    ,  1  1  9  (USD) . 

 

  ,   ,  ,   ,  

  . 

    : 

  : Strainstall 

  : Limpet Technology, Pict Offshore.  

  

   . 

¶    ,      .  

¶            

. 

¶    

¶   

¶  , ,  ,      

     

¶          
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  .  ,        

 ,  ,        . 

         . 

         

        (  

  )     .   

            

    .       

    . 

     ,    

       (   O.2.3 

).            

   . 

          

.         

  . 

  

¶      '  '.     

      . 

B.2.4   

 

           

          . 

 

1GW    ,  8  5  (USD) . 

 

         

    : 

Hutchinson Engineering  

 : 

Hempel, . 

  

        .  

   (  )       

    .        

     ,      

 .       . 

         .    

          .  

         

   . 



 

 

 

    87 

         . 

          , 

 .      . 

¶ (GACP)       

         .  

          . 

¶ (ICCP)        

        

    . ICCP  GACP    

        . 

          

   .        

           

      . 

          

        .  

  

¶  

¶       

¶      

B.3   

 

           

  . 

 

1GW    ,  4  1  1  (USD) . 

 

    : 

Bridon-Bekaert, Venterra, First Marine solutions, First Subsea, Intermoor, 

Tekmar Group 

 : 

MODEC 

 : 

DSME 

  

      4      

   .       

    . 
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 27    :  ,  ,  

(semi -taut)   (taut) (   ) 

 : BVG Associates.     . 

¶  :      , 

     .    

 .         

 ,        

.           

   .      

6~8 . 

¶  :         

.    ,     

  .       

 .    ,      

   . 

¶  (semi-taut)     ,  

    .    

          

   .       

.  

¶ (taut):         

  .       

    .      

,        .  

      ,     

   . ,      

2       . 

           

   .       

            

   . 

       . 

       ,  

         

 .  

         

.       . 

¶         . 
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¶          

  . 

¶           

 . 

¶     (taut)  (semi-taut) 

            

. 

     ' '    . 

      30~35% . ,   

100m    30~35m      

      . 

         ,  

            

 . 

         

   .      

  .         

 .        

         

   .  

   100~150m    .   

         

  .       

. 

          

 . 

             

 .  

  

¶ B.3.1  

¶ B.3.2  

¶ B.3.3 (Jewellery) 

¶ B.3.4   
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 28         .        .  : BVG Associates. 

    .  
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B.3.1  

 

           

       .    

     . 

 

 29   ,   ,   .  : 

Acteon, Principle Power, Acteon     . 

 

    1GW    ,  

4  5  (USD) . 

          

      . 

         ,    

    . 

 

    : 

Bruce Anchor, Global Energy Group, Intermoor, Subsea Micropiles, Swift 

Anchors  

 : 

Advact, ,  

  

         . , 

           

           . 

           

 . 

¶   

¶   

¶   
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 2         . 

       

     

  

  

  

  

.   

  

 . 

   

   

  

  

. 

  

 

 

  

 

  

  

. 

 ,   , , 

 

 , , 

 

 ,  

  

   

   

  

 

  

:  

 , 

  

 

   

 

     

            

 . 

          

    . 

            

    . Hywind Tampen  11   19   

   .       

  ,        

    . 

15MW       35~50t . 

  

¶   

¶   (  ) 
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B.3.2  

 

        

    .      

 . 

 

 30     .  : Acteon    

 . 

 

1GW    ,  2  2  7  (USD) . 

 

          

. 

    : 

Bridon-Bekaert, Intermoor 

 : 

Teijin Limited, Tokyo Seiko Rope MFG 

 : 

DSME  

  

         . 

     . 

¶            

 . 

¶      ,    

      . 

¶       .   

          

 .  (Thrash Zone)  . 

     200~300 t . 

   : 
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¶           

  .       

    .  

¶ R2, R3, R4, R5          

          . 

¶           .   

        . 

¶            

         

. 

¶        185~220mm   

   .  ,  220mm   

  700kg ,  1m .  

¶       200m    

  . 

   : 

¶      .      

          

  .         , 

      . 

¶   (HMPE)      

         . 

     . 

¶ HMPE       . (taut) 

   . 

¶           . 

       H    

      . 

¶          

          

  . 

¶ , , HMPE        

       . 

   : 

¶         

  .          

     .     (water 

column)          , 

     . 

¶         

     . 

  

¶    

¶       

¶     

¶ , , HMPE     
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B.3.3 (Jewellery) 

 

          

,       . 

 

 31  , , ,  ,   (  

 )  : Hi-Sea Marine, Balmoral, Dublin Offshore, 

First Marine Solutions.     . 

 

1GW    ,  1  2  8  (USD) . 

 

,  , ,     

    : 

: Hydrosphere, 

 : Balmoral 

  

   . 

¶  :           

 .          

 ,         

 ,          

  . 

¶ H  :          

       . 

¶  (  ):      

        . 

 , Delmar Vryhof  Stevadjuster      

      .  6  

          

  .  

¶ (LRD):         

    .    LRD   

       . LRD    

  . 

o     ( : Doublin Offshore LRD) 

o     ( : TFI Marine  

SeaSpring) 
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o      

o       

¶  :          

 .          

,          

. 

¶ :           . 

¶ (swivel):    . 

¶ (Tri-plate): 3     .    

      . 

         

,        ,   

       . 

  

¶  (  ) 

¶  (      ) 

¶ (       ,   ,  

 /      ) 

¶  (  ) 

¶ , H  , (  ) 

 

B.3.4   

 

        . 

 

1GW    ,  7  30  (USD0 .   

 

    : 

First Subsea 

  

   . 

¶  :    (fairlead)   

 ,     'fair( )'   

 'lead(   )'        

 . 

¶ (pull-through) :       

   . Macgregor       . 

¶ (ball and taper)  :   . First 

Subsea  Ballgrab®     . 

¶  (padeye):     .  

     ' (eye)'        

  . 
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   30         

         

. 

        

(Jewellery)          

  . 

,      ,    

           

 . 

          . 

     ,   

    . 

  

¶   

¶  

¶  

¶  

 

B.4   

 

     .    

    .   , 

 (AC)  (DC)       

. ,   ,    , 

      . 

 

 32 Hornsea One        . 

 : Ørsted.     . 
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HVAC   , 1GW    ,  3  

6  6  (USD) . 

 

 : 

Hitachi Energy, Mitsubishi Electric Corporation, Toshiba Energy Systems & 

Solutions Corporation. 

 : 

ABB, , DSME, ,  

  

       , 2025  

(FID)        

   .   100m    . 

    ,  ,      

  .         

    . 

HVAC   (     )   

1,200~3,000 t . 1GW       

.  700MW   HVAC  . 

HVDC     12,000~18,000t . 1GW  

 HVDC     AC    

   .     66kV  132kV 

  HVDC    . ,  60km 

  1GW  HVDC     

    . 

    ,      

         

.          

.           

       . 

        ,   

         

. 

66kV     300MW     

    . 

 HVAC    25m    800mö .  

        , 

       . 

  (OFTO)      

,         

     . 

Hywind Tampen           

      . 

  

¶ B.4.1 HVAC   

¶ B.4.2 HVDC   

¶ B.4.3   
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¶ B.4.4   

¶ B.4.5   
B.4.1 HVAC   

 

HVAC       66kV   

 220kV   .  

 

1GW    ,  1  4  (USD) . 

 

 : GE Grid Solutions, Hitachi Energy, Siemens Energy. 

 : 

Hitachi Energy, Mitsubishi Electric Corporation, Toshiba Energy Systems & 

Solutions Corporation. 

 : 

ABB, HD ,  

  

HVAC      . 

¶ HV  :        

   

¶ :         . 

          . 

        . 

¶          

(        ) 
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¶       (    ) 

¶      , , ,  

HVAC  (      )    

   80~100km    HVDC 

   (    )   .  HVAC  

HVDC         . 

 AC      ,    AC 

 .        

        . 

HVAC       ,   

    . 

  

¶  , ,   

¶      , , ,  

¶   

¶ HVAC   

¶    

¶     

¶  

B.4.2 HVDC   

 

   66kV AC  HVDC     

.   132kV AC   ,   

320kV DC   .      

   400kV AC   . 

 

 : GE Grid Solutions, Hitachi Energy, Siemens Energy. 

 : 

Hitachi Energy, Mitsubishi Electric Corporation, Toshiba Energy Systems & 

Solutions Corporation. 

 : 

ABB, HD ,  

  

HVDC      . 

¶ HV  :        

   

¶ :  AC    DC     

¶  :         

  

¶      , , , . 

HVDC  (      )    

   80~100km     
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HVAC    (    HVDC    

  )   .  HVAC  HVDC    

     . 

HVDC  750MW       

    . HVDC    

   (    1 )    

  . 

          

(interconnector)        

  . 

  

¶  , ,   

¶      , , ,  

¶  

¶   

¶ HVAC  HVDC   

¶    

 

B.4.3   

 

           

      . 

 

1GW    ,  1 7  (USD) . 

 

  ,  ,     , , , , 

     

 : 

Hitachi Energy, Mitsubishi Electric Corporation, Toshiba Energy Systems & 

Solutions Corporation 

 : 

ABB, ,  

  

       , , ,  

        . 

          

         

 . 

    ,      

         

. 
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     ,    ,  , 

    ,  ,     ,   

,     . 

  

¶    

¶     (  HVDC ) 

¶   

¶  &   

¶  

¶      

¶  (  HVDC ) 

¶ , ,   

¶   

¶  (  HVDC ) 

 

B.4.4   

 

       . 

 

1GW    ,  1  6  (USD0 . 

 

    : 

Babcock 

 : 

Japan Marine United Corporation, JFE Engineering Corporation, Nippon Steel 

Engineering. 

 

 : 

DSME, ,  

  

           

   . 

      (  

 O.4.4 ).       

   .       

           

       .     
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         . 

  

¶   

¶  

¶   

B.4.5   

 

       . 

 

 33   .  : Ørsted.     . 

 

HVAC       1GW   

 ,  8  5  (USD) . 
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 : 

JFE Engineering Corporation, Nippon Steel Engineering.  : 

Advact, ,   

  

         . 

        .  

       3~4     

 .  

         

          

.      (2030     

)       . 

   , , , TLP    

             

(   B.2 ).       

 ,   ,       .  

  

¶      

¶    

¶   

 

B.5   

 

    ( :  400kV)  . HVDC 

     3  AC  . , 

  ,    ,   

    . 

 

 34  .  : ScottishPower Renewables.    

 . 

 

1GW    ,  5  7  (USD) . 

 

 B.4      . 
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 : 

Hitachi Energy, Mitsubishi Electric Corporation, Toshiba Plant Systems & 

Services Corporation. 

 : 

ABB, , , (KEPCO) 

  

         

 . 

      1  ,    

.         

(FID)      . 

    .    (  

OFTO)         (  

  National Grid Electrical Transmission,  SSE Networks 

 SP Energy Networks  Northern Ireland Electricity Networks)   

 . 

     , ,   

  .        

 ,        . 

          

     .   

     . 

           

  ,    60km    . 

   HVAC    5ha, HVDC   

7.5ha   . 

        ,  

     . 

  

¶ B.5.2 ,  ,  

¶ B.5.1   
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B.5.1   

 

          

     . 

 

HVAC   , 1GW    ,  

4  (USD) . 

 

 : GE Grid Solutions, Siemens Energy. 

 : 

Hitachi Energy, Mitsubishi Electric Corporation, Toshiba Plant Systems & 

Services Corporation. 

 : 

ABB, ,  

  

          

.    , (HVAC  ), (HVDC  

), ,   . 

  

¶ B.4.1 HVAC   

¶ B.4.2 HVDC   

 

B.5.2 ,  ,  

 

,  ,       

        . 

 

1GW    ,  1  7  (USD) . 

 

       , ,  

    . 

  

            

. 

HVAC  ,  ,  ,  (LV) , 

         .  

  ,    , ,    

       . 

HVDC  ,  2     HVDC ,  

,  (LV) ,       

   .    ,    

, ,       . 

  

¶   LV  

¶   
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¶   
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I    
 

,  ,       

.          

      . 

 

1GW    ,  17  8  9  (USD) . 

   ,    .  

 ,   ,  (   

  ). 

 

    , , , (EPCI)     

  Boskalis, Heerema, Maersk, Saipem, Subsea 7, TechnipFMC, 

Van Oord .         

. 

  

    ,     

. 

1.    

2.    

3.    

4.       

5.      

6.     . 

1GW          

 3 . 

           ,  

   3  1   . 

(HS)        .  

        ,  , , 

(      ), , ,   

  . 

          

   . 

          

 .        

      .    

         

  .  

       .     

      .     

       .   

            

     . 

   ,   ,      

   .     . 
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  ,      

         

          . 

  

¶ I.1    

¶ I.2    

¶ I.3    

¶ I.4       

¶ I.5      

¶ I.6      

¶ I.7   

¶ I.8   

¶ I.9   

I.1    

 

           

  . 

 

 35          

 .  : ScottishPower Renewables.     

. 

 

1GW    ,  6  8  (USD) .  
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         .  

 . 

 : 

Kajima Corporation, Obayashi Corporation, Penta-Ocean Construction, Shimizu 

Corporation, Toda Corporation Yoshida Gumi. 

 : 

(KNOC)  

        . 

  

       2,000 t   , 

     .     

        .   

,         

   .       

,      . 

  ,        

.          

         

      .    

 (FORWARD)    '  '  

 .       

   . 

  

¶ I.1.1  . 

I.1.1   

 

       (   

)     . 

 

    . 

¶        299,000 (USD) . 

¶     585,000 (USD)     

    ,     . 

 

       . 

  

      ,   

    4 .   . 

¶ (Barge) 

¶   

¶   

¶    

     ,       

      .  
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   . 

¶  300mt  ( )    . 

¶  

  Solstad, Boskalis, FOF subsea, Vard marine    

. 

       Rambiz, Sleipnir, 

Stanislav Yudin, Samson  . 

 900t~3,000t ,     

   

¶   

¶  

¶ (DPS) 

¶   

¶   

¶   

 

I.2    

 

          

  . 

 

1GW    ,  2  2  3  (USD) . 

 (CLV),    ,  ,  , 

  .   ,  (Route Clearance),  

   . 

 

    : 

Venterra, Briggs Marine, Correll Group, Enshore Subsea, Maritime 

Developments, Motive Offshore Group, Pharos Offshore, Rotech Subsea, SMD, 

James Fisher Marine Services 

 : 

Furukawa Electric, Penta-Ocean Construction, SEKIKAIJI Industry, Sumitomo 

Electric Industries, Toyo Construction. 

 : 

LS GL , KT ,    

  

       (UXO)   

  . ,      PLGR 

(   )  . 
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    , ,   .  

 ,   ,     1~2  

. 

           

  ,     . 

          

  .     .  

       (  

 B.1.3.2 ).          

       . 

  

¶ I.2.1   

¶ I.2.2   

¶ I.2.3  (CLV) 

¶ I.2.4    

¶ I.2.5  (pull-in) 

¶ I.2.6      

 

I.2.1   

 

        . 

          

       . 

 

 36      : Jan de Nul.    

 . 

 

 

    : 
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Venterra, Briggs Marine, Correll Group, Enshore Subsea, Maritime 

Developments, Motive Offshore Group, Pharos Offshore, Rotech Subsea, SMD, 

James Fisher Marine Services. 

 : 

Furukawa Electric, Penta-Ocean Construction, SEKIKAIJI Industry, Sumitomo 

Electric Industries, Toyo Construction. 

 : 

LS GL , KT ,   

  

   (First-end Pull-in)  (   

B.1.2 ).   CLV    . 

          . 

   1~4m   .    

    ,        

  .     , 2  

   .  ,      

(ROV),  ,      

 .    , ,     

  . 

 ,  ,      

,  (  ).       

.    (static)   

J   .  

          

,      .    

 . 

   CLV      

. 

  

¶ B.1.3   

¶ I.2.3  (CLV) 

¶ I.2.4     

¶ I.2.5  (pull-in) 

¶ I.2.6      

¶ B.1.2  

¶ O.2.2.2.1 (ROV) 
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I.2.2   

 

           

   .  

 

 

    : 

Venterra, Briggs Marine, Correll Group, Enshore Subsea, Maritime 

Developments, Motive Offshore Group, Pharos Offshore, Rotech Subsea, SMD, 

James Fisher Marine Services. 

 : 

Furukawa Electric, Penta-Ocean Construction, SEKIKAIJI Industry, Sumitomo 

Electric Industries, Toyo Construction. 

 : 

LS GL ᵡᵛ, KTἌẄᵡᵛ, ₡ἪῬ⁪ῷ╪  

  

           . 

           . 

,  (jewellery)        

   ,      . 

       : 

¶       ,    

 .         

. 

¶        CLV   .  

¶   CLV       .  

           

.   ,  ,   

  ROV  . 

¶          

.  

         : 

¶            

            

 . 

¶      ,    

    . 

¶      ROV       

.          

     . 

       (   B.1.3.4 

): 

¶            

.           

         

. 
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¶         : 

o          

      . 

o    ROV        

.  

    . 

  

¶ B.1.1 (Array cable) 

¶   

¶ B.1.3   

¶ I.2.5  (pull-in) 

¶ I.2.3  (CLV) 

¶ I.2.6      

¶ I.2.4    

¶ O.2.2.2.1 (ROV) 

 

I.2.3  (CLV) 

 

 (CLV)        ,  

          

. 

 

 37  (CLV).  : Jan de Nul.     

. 

 

     . 

CLV       195,000 (USD) . 

 

       . 

  



 

 

 

    116 

        ,   

 CLV          

  . CLV         

    . 

           .  

        .  

    . 

CLV    . 

¶  30m( ) x 140m( ) ,  14kn(  )    

 . 

¶  90         . 

¶     10,000 t .     

       ( : Jan de Nul  Isaac 

Newton).  

¶  25 t  25 t A  3D      

. 

¶          

  . 

  

¶ I.2.4    

¶  

¶  

¶    

¶ O.2.2.2.1 (ROV) 

I.2.4    

 

      . 

 

     . 

 

         , 

    . 

  

         

   . 

 ,  ,  .     , 

           

     . 

            

   (Quadrant)  . 

  

¶      

¶  

¶  

¶  
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I.2.5  (pull-in) 

 

 ,    ,    ,  

    .  

 ,          

  . 

 

       . 

 

       .  

  

     ,  CLV   

.         

          

.   CLV    .   

    (HDD)  .   

       .    

          

  . 

  CLV      

  .        

CLV   2      ,   

    .      . 

¶        

¶       

¶    

¶ I- /J-     ROV      

¶     I- /J-   

¶          

     ,     

          

.        . 

           

. CLV         .  

     .     , 

  . 

   ,      

 ,       . 

        ,   

      . 

¶           

      .    

       .  

  

¶ (Barge) 

¶  

¶   
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¶   

¶  

¶ O.2.2.2.1 (ROV) 

¶  

 

I.2.6      

 

       ,  

   . 

 

       . 

 

          

. 

    : 

JDR Cable Systems 

 : 

Furukawa Electric Co., Sumitomo Electric Industries. 

 : 

LS ,  

  

           

   . 

¶ (  )       

¶ (  )   

¶              

¶   
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¶     

¶    (  )       

           

.         . 

           

.      . 

          

. 

           

 .   ,   , TDR(Time-

domain reflectometry) , OTDR(Optical time-domain reflectometry) 

 . 

          

  . 

  

¶   

¶   

¶   

¶    

¶     

¶    

 

I.3    

 

        . 

 

 38     .  : Ørsted.    

 . 

 

    1GW    ,  1  

1  (USD) . 

 

      . 
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,   ,   1km     . 

          

   . 

        .  

 ,  ,  , ,       

. 

          .  

  , ,     .   

 1ha . 

           

      . 

   ,    ,    

 . 

  1m    1km (   )   

        

.     (MDPE)   

    1km     .  

 ,   120m , ,  ,   

  .          

         . 

 ,        

            

. 

       1km   . 

  ,        

 .         

   . 

        

.          

    . 

 ( , , )        

             

. 

  

¶   

¶     

¶   
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I.4       

 

              

  ,          .  

 

1GW    ,  1  9  9  (USD) . 

 

    : 

Offshore Solutions Group, First Marine Solutions, Acteon Group 

 : 

Yoshida Gumi,  Obayashi Corporation 

 : 

 

  

      .   

  (   B.3.1 ). 

¶       (AHV)   

  1~2m     .  

¶           

  .    ROV    

         

. 

¶          

.   AHV        

 .          

    . 

     AHV      

 15~30     .       

           

. 

    (   )   . 

¶    ,       

       . 

¶     ,    , . 

     ,     

.  

   ,          

. 

  

¶ I.4.1  

¶ B.3.1  

¶    

¶ B.3.2  
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I.4.1   

 

AHV      ,        

 .  

 

 39   : Vryhof.     . 

 

      . 

200 t   AHV      65,000 (USD) . 

 AHV    26,000~39,00 (USD) .  

 

 : 

Mitsui O.S.K. Lines, NYK Line   

             . 

AHV       4~6       

  . AHV          

 .  

 AHV    . 

¶  25m( ) x 95m( ) ,  20kn(  )    

 . 

¶    60       . 

¶    800 t 

¶    200 t 

¶     ,  ,  ,    

     .  

    ,   AHV    200 t  . 

        . 

    AHV       .  

AHV     50~100t .  

  

¶   

¶   

¶     
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¶ O.2.2.2.1 (ROV) 

 
I.4.2   

 

            

      .  

 

 40      : Vryhof.    

 . 

 

      . 

 

    : 

W3G Marine 
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AHV    , ,   .  

¶            

  .  

¶        .    

   .    , ,  

 . 

¶            600 t  

  .  

     . 

¶   ROV        . ROV   

          

  .         

       .  

¶           

  . 

¶        .    

    . 

  

¶ I.4.1  

¶  

¶  

¶   

¶   

¶   

¶  

¶ O.2.2.2.1 (ROV) 

¶   

¶  
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I.5      

 

        , , . 

 

 41        . Principle 

Power    (Kincardine Offshore Wind Farm) 

 . 

 

1GW    ,  9  3  (USD) . 

 

             

  .      

    . 

    : 

Acteon Group, W3G Marine 

 : 

Obayashi Corporation, Penta-Ocean Construction, Shimizu Corporation, Toda 

Corporation. 

 : 

 

  

        2  

    , 1GW    

      . ,    

, 1GW  30    ,     

 ,           

  . 

      ,     

.  3,500 t        

      .     

  (SPMT)    .  ,   

,         

 .            
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   .         

    . 

    SPMT    .   

           

 .         

     ,      

.  

          

. 

            

    .      

            

  .         

,     .  

          ,  

      .     

,         .   

     ,    

 .  

          

    .       

  . 

          . 

         

      20%     . 

           

  .  

  

¶ I.8   

¶    

¶    

¶    

¶ , ,          
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I.5.1      

 

             

    . 

 

 42         .  

: Port Pictures / Danny Cornelissen.     . 
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1GW    ,  4  4  (USD) . 

 

   .        

. DEME, Fred. Olsen, Jan de Nul, Seajacks, Seaway 7, Van Oord. 

    : 

Ainscough 

 : 

DENZAI, Tadano Ltd, Mitsui E&S Holdings. 

 : 

, KMC Shipping 

  

       SPMT   

. 

           

   (  )    .    

         , 

         . 15MW 

    ,  800t   ,   

  160m   30m       

 .  

            

       .    

           .  

        ,    

      .       

    . 

        ,    

     .  

   ,    ,  

         .  

 , ,  ,       

  . 

  

¶   

¶      

¶   

¶    

¶ SPMT 
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I.5.2   

 

    SPMT        

    .     

            

. 

 

1GW    ,  1  4  (USD) .  

 

    : 

James Fisher Marine Services 

  

          

    .    , 

  ,       . 

    AHV       

             

. 

  

¶   ,  ,       

¶   

¶  

I.6      

 

      ,   ,  

     .  

 

 43 WindFloat Atlantic       

  . WindFloat Atlantic  : Principle 

Power/Ocean Winds  

 

1GW    ,  1  4  8  (USD) .  

 

 : 
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Kajima Corporation, Obayashi Corporation, Penta-Ocean Construction, Shimizu 

Corporation, Toda Corporation, Yoshida Gumi. 

 : 

  

  

 AHV           

   . 

           

   . 

             

  .  

             

  EPCI    . 

           

       .     

   EPCI ,       

    . 

  

¶ I.6.1  

¶ I.6.2   

¶ I.6.3   

¶ I.6.4   

 

I.6.1   

 

         

.  

 

       . 

 AHV 3         

169,000 (USD) . 

 

       . 

  

    200 t    AHV      

  .  

          AHV  

  .  

      ,   (HS) 

1~1.5m    14m/s  .      

   ,         

  .   3~4 kn ,   ,  , 

      . 

         ,    

      . 
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.     ,    . 

           

       .   

0.5 g . 

             

     . 

  

¶ I.4.1  

¶   

¶ I.5.2   

 

I.6.2   

 

        . 

 

       . 

 

       . 

  

          

   .       (  

)   . 

      .  ,   

         , 1     

 . ROV          

.          .   

 3           

       .     

    .     

. 

      ROV      

     . AHV    

      .     

   ,      
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.          

,  .       

         .   

      . 

  

¶ I.4.1  

¶   

¶ B.3.2   

¶ O.2.2.2.1 (ROV) 

¶   

¶ I.5.2   

¶   

¶  

 

I.6.3   

 

      .     

            

        . 

 

       . 

 

           

. 

  

          

. 

ROV             

     .      

 '  '  . 

             

 .         

    ,  ,   .  

       , ROV   

         

 .    . 
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      ,     

     .      

           

. 

¶     ,       

   .      

         ,   

  . 

¶    ,        

   .        

 ROV     .  

            

         ,  

,   . 

  

¶ B.1.1 (Array cable) 

¶   

¶ I.2.5  (pull-in) 

¶ B.1.3.4    

¶      

¶     

¶ O.2.2.2.1 (ROV) 

¶   

¶ I.5.2   

¶   

¶ B.1.3.4    

¶  
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I.6.4   

 

         ,  

, .         

      .  

 

        . 

 

  ,    EPCI ,    

       . 

  

           

          

. 

         ,  

,  ,   ,   ,  ,  

 . 

      . 

¶      

¶      

¶   (SCADA, VHF ) 

¶      

¶         

¶       

¶         

 

¶         

¶   ,   ,      

¶     ,           

 . 

        , , 

,   (SOV)        

. 

1            

          . 

           . 

  

¶    

¶  

¶  

¶ I.5.2   
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I.7   

 

      .  , , , 

  (    ),  , , ,  

 . 

 

1GW    ,  2  (USD) .  

 

          . 

    : 

Enshore Subsea, Heavy Lift Projects 

  

        .   

   .       

   . 

        .     

   (RO-RO)       

.      SPMT     

    .     

     (   I.5.1 ). 

     AHV     

    .  

¶  , AHV   2  ,      

           

. 

¶         ,  

        

   .       20m 

  .        

          

.        

      . 

¶     AHV        

      .    

       .  

           

    (   I.5 ). 

       , ,  

 .        .   

   ,   ,  , ,   

         . 

¶         

 . 

¶           .  

         . 

¶      ,    .  

     . 
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, ,           , , 

   .  

  

¶  

¶  

¶   

¶  

¶   

¶ SPMT 

¶   

¶   (  ) 

 

I.8   

 

          

     .    

          .  

     . 
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 44 Kincardine       Cromarty Firth 

.  : Cromarty Firth.     . 

 

   . 

 

        .  

    : 

  : Heavy Lift Projects 

  : CASC 

  : Boston Energy 

  

1GW        . 

¶       15~20ha    

¶             

    10~12ha     

¶  500m    40~100t/m2       

¶             

12~20m    

¶             

  160m,  45m,  6m ,       

  

¶     250m       

   (Air draft)    
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¶            

 . ,     ,   

(  ),       

         . 

        ,  30ha  

    . 

          

      . AHV    

         .  

   ,  ,       

      . 

             

    ,      

       .      

         

 .  

       ,   

  ,  3      

      . 

  

¶   

¶  

¶ (CTV)  (     ) 

¶  

¶  

¶  

¶  

¶    

¶  
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I.9   

 

           . 

 

1GW    ,  1  7  

(USD) .  

    : 

 : HST Marine, Turner Iceni, Mainprize Offshore, Windcat 

Workboats, OEG Renewables. 

  : SeaRoc, Heavy Lift Projects 

  

          

 . 

   ,   ,      

.      ,   

   . ,     

(MWS)   . MWS      

      . 

          

. 

           

.         , 

      . 

  (    ), CTV,  . 

        . 

  

¶ I.9.1   

¶ I.9.2    

¶ I.9.3      

¶ I.9.4      
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I.9.1   

 

       .  AHV, CTV, 

ROV  , SOV,  (Walk-to-work)    . 

 

1GW    ,  7  80  (USD) . 

 

    : 

 : HST Marine, Turner Iceni, Mainprize Offshore, Windcat 

Workboats  

 : 

(KLEM), ( )   

  

            

.      CTV  . 

    SOV  .     

    . 

ROV        80~100m  DP2 

. 

  

¶ (Barge) 

¶ O.4.1  

¶ O.2.2.2.1 (ROV) 
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I.9.2    

 

            

   . 

 

1GW    ,  2  60  (USD) . 

 

       ,  

    .  

    : 

James Fisher Marine Services  

  

         

    , ,  .   

         . 

     . 

¶    , ,      

(  )  

¶      

¶         

¶      

  

¶     

¶     
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I.9.3      

 

           . 

     .    

      ,   ,  

       . 

         , , 

. 

 

1GW    , 80  (USD) . 

 

       . 

 : 

(KMA) 

     ( :     

  )  . 

  

          

          .  

            

 ,      . 

       ,    

         . 

            

 .  ,          

,  ,       . 

      ( :   , 

   ,  )     (  : , 

 , , ,  , )  .      

  , ,      . 

          

   (mast)         

   .      

    . 

           

           

. 

  

¶  

¶  

¶  

¶  

¶   (   ) 
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I.9.4      

 

             

. 

 

1GWW    ,  5  80  (USD) . 

 

    : 

NFFO Services 

  

       .   

           

  .       

    .  

          

       .  

          

 .   . 

¶      

¶          

¶ Marine AIS       ,   

          

             

       24   . 

        . 

          

   . 

         .  

          

 . 

  

¶     

¶     

¶  

¶       
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O    
 

  (O&M)       , 

,       . O&M 

      . 

      ,   

  ,     . 

 

1GW    ,   1  2  7  

(USD) .    ,  ,  ,    

  (     ). 

 

       .  

      ,     

3~10 .        (SLA)   

 .        

    ,   ,  

         

    . 

  

O&M        .  

        . 

    (downtime)    

         . 

        . 

 ,           

    .       

98% .         

       .     

   .      

95%~98%   . 

          , 

        24  . 

     SCADA    

  . 

        

      .     

     . 

          

,     . 

  (    )     

18   OFTO(Offshore Transmission Owner,   

)  . OFTO        

         

    .       

     . 

        

   . 
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 TSA(Transmission Service Agreement,    

)          

(KEPCO)      . 

  

¶ O.1  

¶ O.2  

¶ O.3   

¶ O.4     

¶ O.5 O&M  

 

O.1  

 

   ,  , ,   ,  

,  , ,   ,     ,  

   ,       . 

 

1GW    ,   4  4  (USD) . 

 , ,     , ,      

 . 

 

        

(SPV)  .     ,    

   .      

   .     

   . 

    : 

James Fisher Marine Services, Boston Energy 

  

  SCADA      , ,  

,  ,         

 .          

   .      

. 
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 SCADA        

        

. 

         SAP(Senior 

Authorized Person,  )    . 

SCADA          

     .   ,  

,  ,         

          . 

           

     . 

     CTV(Crew Transfer Vessel, 

)    SOV(Service Operation Vessel, 

)        .   , 

CTV  SOV      . 

         

 .    ,      

       . 

      ,    

     .  

  

¶ O.1.1    

¶ O.1.2  

¶ O.1.3   

 

O.1.1    

 

        

 . 

 

1GW    , 1  70  (USD) .  

 

        . 

  

         . 

¶   

¶  ,   ,  ,    

¶     : 

o   

o /OFTO  

o    

o   

o    

o    

o   

o    
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o    

¶          

  . 

  

¶  ,  ,         

¶     

 

O.1.2  

 

O&M         

       . 

 

1GW    ,   3  40  (USD) .   

 

    (GWO)     . 

GWO          . 

    : 

CWind, National Wind Farm Training Centres  

 : 

Akita Offshore Training Center, EOS Engineering & Service, Eurus Technical 

Service, Fukishima O&M Association, Giraffe Work Training Center, Hokutaku 

Kitakysyu Training Center, Nagasaki Ocean Academy Training, Nippon Survival 

Training Centre, Wind Power Training Center. 

 : 

TUB SUD , (KIMFT), (KRISO) 

  

        . 

         . 

¶     
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¶       

¶     

¶   

¶       

¶     

¶      

¶    

       ,    

      . 

             

  . 

  

¶  

¶   

¶   

 

O.1.3   

 

   , ,  ,      

      . 

 

1GW    ,   1  70  (USD) .  

 

    .   

        

    . 

  

           

  .          

     . 

       24    

            

.           

  . 

1GW    100     ,  

  .      

        

   . O&M   24  

  . 
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      , ,  , 

 24         . 

    . 

¶    

¶     (600kg)   

(1t)      

¶  ,  ,   

¶           

¶         

¶  ,  ,   

¶   

¶   

  

¶   

 

O.2   

 

          

     . 

 

1GW    ,   7  4  (USD) .  

 

    ,       

  .  

    : 

James Fisher Marine Services, Boston Energy, ONYX Insight, Pict Offshore 

 : 

Akita Offshore Wind Service, EOS Engineering & Service, JFE Engineering 

Corporation, Hokutaku Horizon Ocean Management, Kyudenko Corporation, 

Tokusyu Kosho Gijyutsu. 

 : 

, (KLEM), , ,  

  

      OPEX(  )  

         . 

  LCOE(   )      

       .    

     . 
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¶ O.2.1   

¶ O.2.2   

¶ O.2.3   

O.2.1    

 

        . 

 

1GW    ,   5  3  (USD) .  

 

(DNP)  DNP        

        

   (ISP)    .   

  ,  ,      

 . 

    : 

James Fisher Marine Services, Boston Energy, ONYX Insight, Pict Offshore 

 : 

Akita Offshore Wind Service, EOS Engineering & Service, JFE Engineering 

Corporation, Hokutaku, Horizon Ocean Management, Kyudenko Corporation, 

Tokusyu Kosho Gijyutsu 

 : 

, (KLEM), , ,  

  

         .  

          , , 
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    .      

     . 

     (  5 )  . 

         . 

         

    .       

       .  

          

          

. 

  (  )   (   )  . 

        (  

)    .      

 . 

      ,   

          

.       ,   

       . 

   ,   ,  (  

     )  . 

       .   

 (        ) .  

(       )    . 

  

¶ O.2.1.1      

¶ O.2.1.2  
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O.2.1.1      

 

         

       . 

 

 45         .  

: Altitec.     . 

 

 : 

 

  

          . 

       ,   

          . 

   ,   ,    

       . 

           

   . 

      ,     

           .  

         

          

. 

        . 

           

          

 

  

¶  

¶    
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O.2.1.2  

 

(UAV)          

  . 

 

    : 

Cyberhawk  

  

     UAV    . 

          

. 

            

    . 

     ,      

    .   , ,  

,          . 

             

   .      

    . 

  ,  ,       

 . 

  

¶  , ,  

¶    
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O.2.2    

 

 ,  , (Array cables), (Export 

cables),  ,         

        . 

 

 46WindFloat Atlantic       

. WindFloat Atlantic  : Principle Power/Ocean Winds 

  

 

1GW    ,   1  9  (USD) .   

 

    : 

CWind, James Fisher Marine Services, OEG Renewables, Sulmara, Venterra, 

First Marine Solutions, JDR Cable Systems, Synaptec, Acteon Group, Briggs 

Marine, Correll Group, Maritime Developments, Pharos Offshore, Rotech 

Subsea, SMD, W3G Marine, Boston Energy, Pict Offshore 

 : 

, (KLEM), , Fugro UST21,  

  

    .  

         . 

        

      . 

  

¶ O.2.2.1    , ,   

¶ O.2.2.2        

¶ O.2.2.3  , ,   

¶ O.2.2.4     

¶ O.2.2.5     

 



 

 

 

    155 

O.2.2.1    , , 

  

 

        ,    

      .  

 

    : 

CWind, Strainstall 

  

, ,     ,   ,   

          

.(   B.2 ).      . 

   ,    

  . 

             

   . 

 2       ,    

         

     .    . 

¶    

¶      

¶  

¶    

¶  ( : ,  ,  )  

¶  

 (ROV)      . 

          

   . 

  

¶ O.2.2.2.1 (ROV) 
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O.2.2.2        

 

, (mooring lines),       . 

 

           

    . 

  

     (   B.3.1 ).  

          

 .          

  . 

          , 

 ROV   (   B.3.2 ).  

     . 

  ROV     ,     

       .  

          

   .  

ROV           

       . 

       ,   

        . 

     .     

 6         .  

        .   

   . 

       . 

      (   B.3.3 

),          . 

          

     . 

         . 

        

           . 

  

¶ O.2.2.2.1 (ROV) 

¶ O.2.2.2.2 (AUV) 
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O.2.2.2.1 (ROV)  

 

(ROV)      . 

 

    : 

James Fisher Marine Services 

  

 ,         ROV  .  

         

         . 

 ROV    3~5kn   8~12kg   1m x 

0.7mx 0.5m .  

 , ,     . 

ROV  A   (moon pool)   DP2   , 

    (umbilical)     

.      ROV    

    . 

       ROV    .  

          . 

          . 

  

¶   

¶   

¶   

¶    

¶   

¶   
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O.2.2.2.2 (AUV) 

 

(AUV)       

          

. 

 

    : 

: ecoSUB, Manta 

: Beam, UTEC (Acteon) 

 : 

 

  

  

AUV           

 , ROV    . 

AUV          (parent 

vessel)   . 

CTV  AUV     ROV       

    . 

  

¶ AUV      

¶      

 

O.2.2.3  , ,   

 

           

  . 

 

           

 . 

  

          

      .(   B.1 

).  

         

.     ,       

, ,    .   , 

       ,  ,   

,          

. ROV     . 

           

    . 

        ,    

  .        

  .        ROV  

.  
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     ,      

   ,         

       .  

 2    ,     

  . 

         , 

           

           

  .  ,       . 

        . 

           

. 

¶      . 

¶ (Export Cable)       

     18      

(OFTO)  . 

         

      . 

         CLV   

    ,      

  .   ,    

    ,   . 

      ,    

   .    ,   

      . 

    ,     

     .      

         

     . 

  

¶ I.2.3  (CLV) 

¶    

¶ O.2.2.2.1 (ROV) 

¶    
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O.2.2.4     

 

     (jacket foundation)   

     . 

 

           

 . 

    : 

HR Wallingford 

 : 

MMA Offshore, Venterra Group 

  

    (   )  .   

            

       .  

     (   B.3.1 ). 

        . 

          

      .   

           

   . 

 (  ,   )     

.        

 2     .  ,   , 

    . 

          

. 

  

¶   

¶   

¶    
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O.2.2.5     

 

           

. 

 

           

 .  

  

          

 ,    ,      , 

   (   B.4 ). 

'       ( : , , , , 

)  . 

       . 

         . 

        . 

       ,   

          

    .        

  ,           

    ,       

  . 

   , ,    

 (   B.5 ).     . 

           

       . 

  

¶  

¶    
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O.2.3   

 

 (      )      

        

       .  

 

1GW    ,   1  30  (USD) .  

 

DNV  Bureau Veritas         

  

            

    .  1      

      .   

 6   1    .      

           

. 

          

 .            

      . 

          

           

. 

         . 

¶   

¶     

¶   

¶  , ,   

¶      

¶    

¶ ,  

¶    

¶     

¶    

¶   

  

¶ O.2.3.1     
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O.2.3.1     

 

              

   .  

 

    : 

Windfarm Worksafe, Hazchem Safety, Viking, Spinlock,  

  

, ,           

 .  O&M     . 

           

     . 

 , ,     . 

¶    

¶     

¶     

¶    

¶    

¶       

¶     

¶      

¶    

¶ ,    ,    

¶  ,   ,    

  

¶   
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O.3   

 

 , , , ,  ,  

     ,    

 

        .  

     AHV,   ,   

. 

  

     O&M     

.        , 

  ,         

. 

         

   .        

          . 

         

    (motion-compensated)  

    .      

         . 

  

¶ O.3.1   , , (  ) 

¶ O.3.2   , , (  ) 

O.3.1   , , (  

) 

 

 , , , ,  ,  

    ,    

 

    : 

James Fisher Marine Services, Boston Energy 

 : 

EOS Engineering & Service, JFE Engineering Corporation, Horizon Ocean and 

Management. 

  

          

 , ,          

   . 

 ,         

          

    . 

    ,      .  

         

 . ,       

    . 
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  , 3-D   . 

           

  .          

. 

       .    

  , ,         

 . 

  

¶   

¶     SOV 

¶    

 

O.3.2   , , (  

) 

 

 , , , ,  ,   

    ,    

 

 : 

EOS Engineering & Service, JFE Engineering Corporation, Horizon Ocean 

Management. 

  

  , ,         

 . ,         

, ,     . 

         AHV  

    .      

       . 

          

    .       

      , ,     

  . ,        

        . 

          

    . 



 

 

 

    166 

   , ,       

        . 

          

 . ,      . 

  

¶ I.4.1  

¶ I.8   

¶      

 

O.4     

 

      ,       

     .  

 

1GW    ,   9  40  (USD) .   

 

   O&M      

. 

    : 

James Fisher Marine Services, BMT, Chartwell Marine, OEG Renewables, 

SeaRoc, Briggs Marine, CASC, Pharos Offshore, SMD 

 : 

NYK Line, Tokyo Kisen, Mitsui O.S.K. Lines   

            

         

 . 

CCTV           

    . 

  ,   ,     

  .        

  ,  ,  ,    
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 . 

         

 . 

          

    . 

      CTV    

  .      

           

SOV  . 

  SOV       

       . 

  

¶ O.4.1  

¶ O.4.2    

¶ O.4.3    

¶ O.4.4  

 

O.4.1  

 

CTV(Crew Transfer Vessels, )     O&M 

           

 . CTV        

. 
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 47WindFloat Atlantic      

  WindFloat Atlantic  : Principle 

Power/Ocean Winds  

 

CTV    , ,      2  6  

(USD)(  ) . 

 

    : 

South Boats, Windcat Workboats 

 : 

NYK Line, Tokyo Kisen, Mitsui O.S.K. Lines. 

 : 

KMC Shipping 

  

CTV         . 

          . 

    12~16       

30m    . 

CTV    1     

 60nm      .     

 24 .    30kn     

        

. 

20m   CTV    ,    

           . 

(SWATH, )  (SWASH,   ,  ) 

        

 . 

CTV           

       .   

   ,   (2m )    . 
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CTV   , ,    30t    

.          

 . 

  

¶  

¶  

 

O.4.2    

 

  (SOV)   O&M  ,   2~4  

   .     

  SOV  . 

 

 48         

 .  : North Star Renewables     . 

 

SOV       (  )     

39,000 (USD) . 
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    : 

Bibby Marine 

 : 

Mitsui O.S.K. Lines, NYK Line. 

 : 

KMC Shipping 

  

SOV        , ,   

     . SOV     4   

 , 4       

. 

 CTV, , , SOV        

   . 

SOV     15kn      . 

          

.        (PSV)  

  .  PSV         

. 

SOV     50 ~100     

  50    . 

  

¶   

¶ , ,   

¶    

¶       

¶       

¶   

O.4.3    

 

    CTV  SOV      . 

          

    . 

 

    . 

 

    : 

Windcat Workboats 

  

 SOV         

          

 . CTV      . 

          

. 

  

¶   
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¶  

¶   
O.4.4  

 

           

. 

 

      ( :    )  

 . 

 

    : 

Babcock 

 : 

Kawasaki Heavy Industries. 

 

  

       . 

          

        . 

         

. SOV        CTV  

         . 

          

 .     .   
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. 

         

 .        

 2~ 6     .      

      . 

         

 . 

  

¶     

 

O.5 O&M  

 

O&M  CTV  SOV    , , ,   ˾

 O&M       ˾ . 

 

 49Hywind Scotland       

  .    : Camtech Engineering. 

    . 

 

1GW    ,   50  (USD) .  
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 O&M    .       

       . 

  

  O&M  CTV  SOV     

  . 

        

           

 .       

    .     

      (    )  

 . 

  .    CTV     

   . 

      15~20m   

       .   

           

      (   I.8 ). 

    O&M     ,   

  O&M         

  . 

      .     

         . 

    30m   .  1GW  

        2~3  

    . ,      5   

  .         

      . 

 O&M    . 

¶  CTV    CTV   35m   3m   (  

2t SWL     )  CTV   

¶ SOV   100m     7~8m  SOV   

¶    

¶    ,      ,  

     

¶              

¶ O&M    

        .  

   . 

¶ CTV   O&M :  40km   

¶ SOV   O&M :  200km   

¶  :         

 . 

  

¶  

¶   

¶  
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¶  

¶  

¶           

¶  

 

D  
 

          

    

 

1GW    ,  5  8  4  (USD)(  

,     ) .   

 

     .       

           

. 

  

           

 . 

¶  , ,   ,       

   

¶            

  , ,         

         , 

     .     

       .  
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   .       

  . 

 , ,         . 

          

.          

     .  

         

 . 

        . 

  

¶ D.1      

¶ D.2      

¶ D.3   

¶ D.4    

¶ D.5  

¶ D.6 , ,  

D.1      

 

          

 .  , ,    , 

  . 

 

1GW    ,  1  9  3  (USD0 .   

 

      .  

    : 

James Fisher Marine Services 

  

        .  

      .   AHV  

            

 .  

    ,      

       ( :   

 ). 

          

   .       

         .   

          . 
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¶ I.6      

 

D.2      

 

         

 

1GW    ,  1  5  9  .   

 

        

    : 

Maritime Developments, James Fisher Marine Services 

  

            

,           . 

           

ROV     .   ,    (  

 ),    . 

        AHV   

(   I.4 ).       

  .   ,  ,  ,   

  . 

         . 
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¶          . 

          

    . 

¶        . ROV   

        

.  

¶          

    .      

        . 

  

¶ I.4.1  

¶ O.2.2.2.1 (ROV) 

 

D.3   

 

    . 

 

1GW    ,  1  7  8  (USD) .   

 

     ,    

    : 

Pharos Offshore, Enshore Subsea, Maritime Developments, Motive Offshore 

Group, Rotech Subsea, James Fisher Marine Services 

  

           

  .  

        

      .  

   .        

    .       

      .   

     ,     (  

)   .     ,   

  ' '     .     

    . 
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    . 

  

¶ I.2    

 

D.4    

 

       

 

1GW    ,  5  4  (USD) .   

 

     .  

  

            

,            

      . 

   (offshore substation,  )    

    .       

         . 

         

      .  

           . 

          

     . 

  

¶ I.1    
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D.5   

 

        . 

 

    . 

 

          

      . 

  

     .    

        . 

         .    

      .      

          

   . 

  

¶ I.8   

 

D.6 , ,  

 

   , ,      

 . 

 

          

 . 

 

    .  

  

       , ,    

, , .        

      .    50% 

         

. 

           

       .   

   .       

     .  , , , 

,          

. 
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        .  

          

        . 

        

       (PET)  

    .     

      .      

  . 

   (     ), , 

    .        

    . 

    , , ,     

     .      

     .       

   .      .  

           

 . 

          

 .  

        . XLPE  

, ,           

    . 
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ᴏḛ♣Ѿּת ẋ↔ 

       .   

        .   

 (      )  (LCOE)  

   . 

ẋ↔ 

  

          

 . 

   

FID  2028 
 

  2030 
 

  1000 MW 

  15 MW 

  100 m 

100m     10 m/s 

    75 km 

    10 km 

   

 

75 km 

   

 O&M  

 

75 km 

        
 

     

 6    

 

      
 

      
 

         
 

     

    

   

   

   

 

 

  



 

 

 

    182 

ὡᶘ ẋ↔ 

            

          . 

 

 50            

. 



 

 

 

    183 

   

          . 

¶    2025  . 

¶            

. 

¶  ,  , ,         

          . 

¶          

  . 

¶  (     , ,  ,  

)       . 

  
 

 

 

    202,000 $/MW 

    94,000 $/MW 

(EIA) 14,000 $/MW 

      80,000 $/MW 

  11,000 $/MW 

 ( , , , , 

) 
10,000 

$/MW 

   2,000 $/MW 

   1,000 $/MW 

     9,000 $/MW 

  
 

 

 

 5,000 $/MW 

 4,000 $/MW 

 1,000 $/MW 

    12,000 $/MW 

 3,000 $/MW 

 6,000 $/MW 

  2,000 $/MW 

   12,000 $/MW 

  63,000 $/MW 

  1,755,000 $/MW 

 1,084,000 $/MW 

 468,000 $/MW 

 202,000 $/MW 

 3,143,000 $/MW 

  149,000 $/MW 

 350,000 $/MW 

  104,000 $/MW 

 39,000 $/MW 

  5,000 $/MW 

 3,000 $/MW 



 

 

 

    184 

  
 

 

 

    56,000 $/MW 

   1,706,000 $/MW 

 1,434,000 $/MW 

   68,000 $/MW 

 119,000 $/MW 

  85,000 $/MW 

  411,000 $/MW 

  45,000 $/MW 

  227,000 $/MW 

(Jewellery) 128,000 $/MW 

  7,000 $/MW 

   4,000 $/MW 

  366,000 $/MW 

HVAC   104,000 $/MW 

  17,000 $/MW 

  160,000 $/MW 

  85,000 $/MW 

  57,000 $/MW 

  40,000 $/MW 

,  ,  17,000 $/MW 

  
 

 

 

   1,789,000 $/MW 

  200,000 $/MW 

     199,000 $/MW 

   -   93,000 $/MW 

    44,000 $/MW 

  14,000 $/MW 

  28,000 $/MW 

 6,000 $/MW 

   -   148,000 $/MW 

    223,000 $/MW 

   11,000 $/MW 

   68,000 $/MW 

   38,000 $/MW 

  17,000 $/MW 

  8,000 $/MW 

   3,000 $/MW 

     1,000 $/MW 

     6,000 $/MW 

    793,000 $/MW 

, ,  127,000 $/MW/  
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, ,   1,000 $/MW/  

 44,000 $/MW/  

   2,000 $/MW/  

 3,000 $/MW/  

  2,000 $/MW/  

 (   ) 9,000 $/MW/  

   ( ) 10,000 $/MW/  

 18,000 $/MW/  

  9,000 $/MW/  

   74,000 $/MW/  

    53,000 $/MW/  

    19,000 $/MW/  

  1,000 $/MW/  

 584,000 $/MW 

  -   193,000 $/MW 

    159,000 $/MW 

  178,000 $/MW 

  54,000 $/MW 

 

͌Ӯ ḛ♣ẋ↔(LCOE) 

   

    (WACC  )    

    (  )  .  

  . ,       

. 

LCOE            

    (    - $/MWh)  

  . LCOE        

. 

LCOE    (       

)    LCOE        

. 

LCOE          

   .        

        

     (IRR)  (NPV)   

   . 

       (CFD) 

   . CFD    15    

($/MWh) .      .   

           CFD  

   .  CFD   LCOE    

   .       

   CFD   LCOE    . 
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   (2019)     

       . 

 (METI)  (MLIT)    . 

  20       (¥/kWh)  

 .        . 

  ,   ,      

   . ,    

(LCOE)   ,    . 

 LCOE   , ,     

. 

 (MOTIE)     

(RPS)    (FIP)     

.     ,  RPS     

      .   

(REC)      ,     

REC   . 2022   FIP    

           

. (LCOE)      

   ,  ,      

  .       

2          

.    RPS  FIP    

      . 

LCOE  

LCOE     . 

 

 

: 

¶ It t     

¶ Mt t   , ,   

¶ Et t     

¶ r (  WACC), 

¶ n  (  ) 

LCOE   

LCOE   ,   ,      

    . , ,      

    .       

        .   

      . 

  BVGA  LCOE 2027(       

    )  2035    

   .   LCOE    

    LCOE    .    

 ,  ,  LCOE       

        LCOE   

.       ,     

       .   
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   2020          

 .        , 

     . 

      . 

  

 70m          

          

          

            

           

 .          

         . 

   ,  ,   LCOE   .  

       LCOE  

 .         

   .       

           

      .      

           

    . 

         

       . 

 60km     (CTV)     

   (SOV)        . 

          

,  CAPEX  OPEX  . 

            

         

  .       

  .       

      . 

          

       .    . 

          

         .  

   -    O&M    

         

   . 

       .   

             

      . 

  

         

,             

.            

 .         

, ,      .   

 100  (  )     

          . 

  

,           

  .       . 
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20   2MW   2028  FID     

15MW   . 

    , ,  MW      

,       MW    . 

         , , 

,          

 . 

        LCOE     . 

         CAPEX    

  .       

           

.           

            . 

          .  

         . 

           

          

,     . 

 , ,  ,       

           

. 

 

        LCOE     

  . 

  BVGA  LCOE 2027(       

    )  2035   

     .    LCOE  

        .   

 LCOE        LCOE  

  .     ,  ,  LCOE  

           

  LCOE   .       ,  

          

.      2020      

     .      

  ,      . 

 

 51 2050      . 

  LCOE         

 ,        

 .        LCOE  
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     .    , 

 ,          

   .       

 .           

       .  

     ,     ,   

     .  
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ⱳҀ ̯ⱳ 

         

.          . 

¶ EPCI   -        

           

. 

¶         (Multi-

contracting)  

      ,   

    .      

        

       EPCI   

   . 
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EPCI ́– ˺ 

 

 52 EPCI    

♩ṏ 

¶ EPCI  , , ,  ,    

   . 

¶          (  , 

 , )  ,    

  . 

¶          , 

     . 

ở↑■ 

¶          

        . 

¶            

     .  

¶ EPCI        , , 

     ,    

       . 

ᴘ♬  ˉḘ‭  █◌╢ ◌ѻ♣ 

+   EPCI       

 

+      

-  EPCI        

    

 

ᾎ̑ШḓШἒ  §~É ˌḛ 

ˌḛШ⁷̯ 

ϿṨᵬШἒ  

ШϿṨᵬШ͕̑ 

ỮШṉ♣ἵШ

͕̑ 

ᴛⱡ Ш̕ᵙ 

Ṩ┬ᾏШṨШ

̯ⱳᶹШἒ  

Ṩ┬ᾏШṨШ

̯ⱳᶹШ͕̑ 

ᴛⱡ Ш̕ᵙ 

ẍШἒ ШḓШ

ᾎ⇔♣ 

ẍШⱳᵞ 

ẍШ͕̑ 

ᴛⱡ Ш̕ᵙ 

┴ỮШΩṨᵬШ

ἒ  

ΩṨᵬШ͕̑ 
‐ Шᾎᾅ Ш

ἒ  

‐ Шᾎᾅ Ш

͕̑ 

́ᵆШ◑ Шἒ  

́ᵆШ◑ Ш͕̑ 

ỮШṉ♣ἵШ

ἒ  

┴ỮШṉ♣ἵШ

͕̑ 

ỮШΩṨᵬШ

ἒ  

§Ѽ~Шr Шɣἒ 

ẍШ§~É 
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-    EPCI       

 

ѻַא ́–(Multi-contracting) 

 

 

 53      

♩ṏ 

¶ , ,       . 

¶          

  . 

ở↑■ 

¶ Equinor, Ørsted, RWE Renewables, ScottishPower Renewables, Vattenfall  

        

(     )      

 . 

¶ EPCI       

         . 

ᴘ♬  ˉḘ‭  █◌╢ ◌ѻ♣ 

+      

+          

   

-          

-         

 

ᾎ̑ШḓШἒ  §~É 
ˌḛШḓШᴛⱡ Ш

̕ᵙ 

ˌḛШ⁷̯ 

ϿṨᵬШ͕̑ ϿṨᵬШἒ  
Ṩ┬ᾏШṨШ

̯ⱳᶹШ͕̑ 

Ṩ┬ᾏШṨШ

̯ⱳᶹШἒ  

ΩṨᵬШ͕̑ 

‐ Шᾎᾅ Ш

ἒ  

жЮ7é]Ю

ƚƚŸĦŔċƣĲƚ 

Ш‐ Шᾎᾅ Ш

͕̑ 

́ᵆШ◑ Ш

ἒ  

ẍШ§~É 

ỮШṉ♣ἵШ

ἒ  

ẍШ͕̑ 
ỮШṉ♣ἵШ

͕̑ 

ẍШἒ ШḓШ

ᾎ⇔♣ 

ỮШΩṨᵬШ

ἒ  

Ш́ᵆШ◑ Ш

͕̑ 

́ᵆШ◑ Шἒ  

┴ỮШṉ♣ἵШ

͕̑ 
§Ѽ~Шr Шɣἒ 

ẍШⱳᵞ 

┴ỮШΩṨᵬШ

ἒ  
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͕̑ᵬ 

Ṩ┬ᾏ ᴛⱡ  ͕̑‰  

 (  ) 

            

.            

 . 

 

       . 
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 3       

 

 
      ( ) 

P 
  

  
 

        .     

 Bluefloat, BP, Copenhagen Infrastructure Partners, Corio, EDF, EnBW, Equinor, ESB, 

Falck, Iberdrola, Northland, Ocean Winds, Ørsted, RWE, Shell, Simply Blue, SSE, TotalEnergies, 

Flotation Energy  . 

P.1 
   

 

   

 

 

  SPV( )    ,    

          . SPV    

     . 

    : 

APEM, Arup, BVG Associates, ERM, Entrust Professional, Kinewell Energy, Lloyd's Register, Mott 

MacDonald, OEG Renewables, RPS, Turner & Townsend, Wood Thilsted, Xodus 

 : 

SK  

P.1.1 

   

 

 

(EIA) 

    : 

AECOM, Arcus, Arup, Atkins, Cura Terrae Land & Nature, ERM, GoBe, Intertek, Land Use 

Consultants, Mott MacDonald, Natural Power, RPS, Sealand Projects, SLR. 

 : 

Mizuho Information & Research Institute, Sanyo Techno Marine, Japan Wind Development Co  

 : 

, ,  , Saman Corporation. 



 

 

 

    196 

 

 
      ( ) 

P.2     

    : 

APEM, Applied Genomics, Arup, BMT, Briggs Marine, Carcinus, ERM, Gardline Marine Services, 

Mott MacDonald, Ocean Ecology, RPS, RSK, RSK Environment, Sulmara, SLR, Venterra, Wood 

Thilsted, and Xodus. 

 : 

  

P.2.1       

    : 

ABPmer, APEM, ERM, Gardline, Nature Metrics, Natural Power, Ocean Ecology, RPS. 

 : 

(KOEM) 

 

P.2.1.1   
    

    

    : 

: Enviro-serve, Ocean Information Services, Gardline. 

(     ): APEM, Green Rebel, HiDef Surveying. 

 : 

  Co.Ltd 

P.2.2      

    : 

Andrew McCarthy Associates, APEM, BCM Environs, ESS Ecology, Natural Power, RSK, Thomson 

Ecology. 

 : 
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      ( ) 

P.2.3      

    : 

BizGive, ERM, Hayes Mackenzie, Hoare Lea, LUC, RPS, SLR. 

 : 

Japan Wind Development Co, Construction Environment Research Institute 

 : 

 VTS( ) 

P.3 

  

  

 

   

  

    : 

 : IDS Monitoring, RPS, ZX Lidars. 

 : Leosphere, ZX Lidars. 

   : Sonardyne, Partrac. 

  : The Met Office 

    : DNV, Natural Power, Oldbaum, ZX Measurement, RPS, Arup, BMT, HR 

Wallingford, Mott MacDonald, Venterra, Wood, Wood Thilsted, Xodus, Briggs Marine. 

 : 

    : Mizuho Information & Research Institute 

  : (JWA) 

 : 

    : , Fugro UST21 
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      ( ) 

P.4 
   

 
    

    : 

Acteon Group, Arup, Briggs Marine, Cathie, CMS Geoscience, Enshore Subsea, EGS, Gardline, G-

tec, Horizon, James Fisher Marine Services, Mott MacDonald, OEG Renewables, RPS, Sulmara, 

Tekmar Group, Venterra, Wood Thilsted, Ultrabeam. 

 : 

Shimizu Corporation  

 : 

 , (KIGAM), , Fugro UST21 

P.4.1 
   

 
 

    : 

AAE Technologies, Acteon, Argeo, Gardline, G-tec, Horizon Geosciences, Inosys, Ternan Energy, 

Sulmara. 

 : 

Shimizu Corporation 

 : 

 ,   

P.4.1.1 
   

 
  

    : 

Gardline, Hydrosurv, Kraken Robotics, Horizon Geosciences, MMT, Sulmara, XOCEAN. 

P.4.2 
   

 
 

    : 

G-tec, Gardline, Geoquip Marine, OWC, Rydar Geotechnical, Horizon, Sulmara. 

 : 

Shimizu Corporation  
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      ( ) 

 : 

Soiltech engineering 

P.4.2.1 
   

 
  

    : 

G-tec, Gardline, Horizon, Sulmara. 

 : 

Soiltech engineering 

P.4.3 
   

 
  

    : 

Gardline       ABPmer, HR Wallingford    

   .  

P.5 
  

 
   

    : 

Acteon Group, APEM, Apollo, BMT, BVG Associates, Cathie, CASC, Chartwell Marine, Correll 

Group, Enshore Subsea, Environment Ltd (Atlantic58), ERM, First Marine Solutions, First Subsea, 

Gardline, Heavy Lift Projects, HR Wallingford, JDR Cable Systems, Kinewell Energy, Kent, Maritime 

Developments, Mott MacDonald, Motive Offshore Group, OEG Renewables, Offshore Solutions 

Group, Pharos Offshore, RPS, SeaRoc, Sulmara, SMD, Tekmar Group, Turner & Townsend, 

Venterra, Verlume, Western Isles Marine, Wood, Wood Thilsted, W3G Marine, Xodus, ONYX Insight. 

 : 

Mitsubishi Corporation, TODA Corporation, Japan Wind Development Co, Construction Environment 

Research Institute 

 : 

, Saman Corporation, , , Fugro UST21. 



 

 

 

    200 

 

 
      ( ) 

P.6     

      .      

   EPCI( , , , )     . 

    : 

APEM, Arup, Briggs Marine, CASC, Correll Group, Enshore Subsea, Heavy Lift Projects, Maritime 

Developments, Mott MacDonald, Motive Offshore Group, OEG Renewables, Offshore Solutions 

Group, RPS, SeaRoc, Sulmara, Tekmar Group, Turner & Townsend, Venterra, W3G Marine, Wood, 

Wood Thilsted, Xodus. 

 : 

 and Saman Corporation 

T    

 : GE Renewable Energy, Siemens Gamesa Renewable Energy (SGRE), Vestas, 

CSIC Haizhuang, Dongfang Electric Corporation, Envision, Goldwind, Hitachi, MingYang, Shanghai 

Electric, Sinovel, XEMC Windpower. 

 : 

Mitsubishi Corporation 

 : 

,  

T.1   

          . 

    : 

: Cooper & Turner 

 : Nylacast 

T.2    
              

.         . 



 

 

 

    201 

 

 
      ( ) 

    : 

: Cooper & Turner 

 : Nylacast    : 

( ) 

T.3    

              

.         . 

    : 

: Cooper & Turner 

 : Nylacast 

 : 

 

T.4      
 : 

Hitachi 

B   

    : 

JDR Cable Systems 

 : 

Furukawa Electric Co., Sumitomo Electric Industries 

 : 

LS  

B.1    
    : 

JDR Cable Systems 
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      ( ) 

 : 

Furukawa Electric Co., Sumitomo Electric Industries 

 : 

LS  

B.1.1   (Array cable) 

 : Hellenic Cables, Nexans, NKT, Prysmian, TKF 

    : 

JDR Cable Systems 

 : 

Furukawa Electric Co., Sumitomo Electric Industries 

 : 

LS  

 

B.1.1.1     

     . ,     

         . 

 : 

Sumitomo Electric Industries 

 : 

LS  

B.1.2    

 : Hellenic Cables, Nexans, NKT, Prysmian. 

    : 

JDR Cable Systems 
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      ( ) 

 : 

Furukawa Electric Co., Sumitomo Electric Industries 

 : 

LS  

B.1.2.1      

     . ,     

         .  

 : 

LS  

B.1.2.2      

:  .   ,  ,   

    : 

    : CCL UK 

B.1.3     

    : 

Balmoral, Bekaert, CRP Subsea, First Subsea, JDR Cable Systems, Synaptec, Tekmar Group, 

Enshore Subsea 

 : 

Furukawa Electric Co. 

 : 

Tekmar, Panduit subsea solutions.  

B.1.3.1   

    : 

Balmoral, Tekmar, WT Henley  

 : 
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      ( ) 

Furukawa Electric Co., Sumitomo Electric Industries  

B.1.3.2    

    : 

Balmoral, Tekmar, WT Henley, CRP Subsea, First Subsea, Subsea Energy Solutions. 

 : 

Furukawa Electric Co., Sumitomo Electric Industries  

 : 

( ), Panduit subsea solutions 

B.1.3.3   
    : 

Balmoral, Tekmar, CRP Subsea, Subsea Energy Solutions 

B.1.3.4      

        . 

    : 

First Subsea. Subsea Energy Solutions.  

 : 

Furukawa Electric Co., Sumitomo Electric Industries  

B.2  
  

 
   

   : BW Ideol, Principle Power, Saitec, Stiesdal, SBM Offshore. 

       , Aker Solutions, DEME, Jan de Nul   

EPCI     . 

    : 

 : Kent, Harland & Wolff  

 : Granada Cranes 

  : Marine Power Systems 
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      ( ) 

 : 

 : Mitsubishi Corporation, Shimizu Corporation, Nippon Steel Corporation, TODA 

Corporation  

 : 

 : , , ( ), , HSG ( )  

B.2.1  
  

 
  

               

           .   

      ,       

    .            

,       . 

 : 

Mitsubishi Corporation, Shimizu Corporation, Nippon Steel Corporation, Japan Marine United 

Corporation, TODA Corporation  

 : 

, , ( ), , SK , HSG ( ) 

B.2.2  
  

 
   

    : 

Hutchinson Engineering 

 : 

Nippon Steel Corporation, Japan Marine United Corporation  

 : 

B.2.3  
  

 

   

 

  ,   ,  ,   ,    

. 
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      ( ) 

    : 

  : Strainstall 

  : Limpet Technology, Pict Offshore.  

B.2.4 
  

 
  

         

    : 

Hutchinson Engineering  

 : 

Nippon Steel Corporation  

 : 

  

B.3     

    : 

Bridon-Bekaert, Venterra, First Marine solutions, First Subsea, Intermoor, Tekmar Group 

 : 

 

B.3.1     
    : 

Bruce Anchor, Global Energy Group, Intermoor, Subsea Micropiles, Swift Anchors 

B.3.2    

    : 

Bridon-Bekaert, Intermoor 

 : 

Mitsubishi Corporation  

 : 
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      ( ) 

  

B.3.3 

  

(Jewellery) 

,  , ,     

    : 

: Hydrosphere  : Balmoral 

B.3.4 
  

  
    : 

First Subsea 

B.4     

 : 

Mitsubishi Corporation, Hitachi 

 : 

 

B.4.1   HVAC   

 : GE Grid Solutions, Hitachi Energy, Siemens Energy. 

 : 

Hitachi  

 : 

HD   

B.4.2   HVDC   

 : GE Grid Solutions, Hitachi Energy, Siemens Energy. 

 : 

Hitachi  

 : 

HD   
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      ( ) 

B.4.3     

  ,  ,     , , , ,    

  

 : 

Hitachi 

B.4.4      
    : 

Babcock 

B.4.5      

           

 : 

Shimizu Corporation 

 : 

 

B.5     

 B.4      . 

 : 

Mitsubishi Corporation, Hitachi 

 : 

 

B.5.1      

 : GE Grid Solutions, Siemens Energy. 

 : 

Hitachi  

B.5.2   ,  ,  
       , ,    

  . 
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      ( ) 

I     

    , , , (EPCI)       

Boskalis, Heerema, Maersk, Saipem, Subsea 7, TechnipFMC, Van Oord .    

     . 

I.1 
  

 
   

 : 

Shimizu Corporation, Japan Marine United Corporation, Taisei Corporation, Yoshida Gumi  

 : 

(KNOC)  

        . 

I.1.1 
  

 
         . 

I.2 
  

 
   

    : 

Venterra, Briggs Marine, Correll Group, Enshore Subsea, Maritime Developments, Motive Offshore 

Group, Pharos Offshore, Rotech Subsea, SMD, James Fisher Marine Services 

 : 

LS   

I.2.1 
  

 
  

 : 

Yoshida Gumi  

 : 

LS   

I.2.2 
  

 
  

 : 

Yoshida Gumi  
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      ( ) 

 : 

LS   

I.2.3 
  

 
 (CLV)        . 

I.2.4 
  

 
   

         ,   

  . 

I.2.5 
  

 
 (pull-in)        .  

I.2.6 
  

 

    

 

          . 

    : 

JDR Cable Systems 

I.3 
  

 
   

      . 

    : 

Balfour Beatty, J Murphy, Sons 

 : 

Taisei Corporation 

I.4 
   

   

    

  

    : 

Offshore Solutions Group, First Marine Solutions, Acteon Group 

 : 

Japan Marine United Corporation, Taisei Corporation, Yoshida Gumi 
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      ( ) 

I.4.1 
   

   
 

 : 

Japan Marine United Corporation, Taisei Corporation, Yoshida Gumi 

I.4.2 
   

   
   

I.5 
  

   

   

  

               

.          . 

    : 

Acteon Group, W3G Marine 

 : 

Japan Marine United Corporation 

 : 

(KNOC),  

I.5.1 
  

   

    

 

   .        . DEME, Fred. 

Olsen, Jan de Nul, Seajacks, Seaway 7, Van Oord. 

    : 

Ainscough 

 : 

(KNOC), KMC shipping,  

I.5.2 
  

   
  

    : 

James Fisher Marine Services 
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      ( ) 

I.6 
  

   

   

  

 : 

Japan Marine United Corporation, Yoshida Gumi 

 : 

(KNOC)  

I.6.1 
  

   
 

 : 

Japan Marine United Corporation, Yoshida Gumi 

 : 

(KNOC)  

I.6.2 
  

   
  

 : 

Japan Marine United Corporation, Yoshida Gumi 

 : 

(KNOC) 

I.6.3 
  

   
  

 : 

Japan Marine United Corporation, Yoshida Gumi 

 : 

(KNOC)  

I.6.4 
  

   
  

  ,    EPCI ,       

    . 

 : 

Japan Marine United Corporation, Yoshida Gumi 

I.7         : 



 

 

 

    213 

 

 
      ( ) 

Enshore Subsea, Heavy Lift Projects 

 : 

Yoshida Gumi 

 : 

( )  

I.8     

        .  

    : 

  : Heavy Lift Projects 

  : CASC 

  : Boston Energy 

I.9     

    : 

 : HST Marine, Turner Iceni, Mainprize Offshore, Windcat Workboats, OEG 

Renewables. 

  : SeaRoc, Heavy Lift Projects 

 : 

 : Japan Marine United Corporation  

 : 

 : ( )   

I.9.1     

    : 

 : Arklow Marine Services.  

 : Fred. Olsen, HST Marine, Turner Iceni, Mainprize Offshore, Windcat Workboats  



 

 

 

    214 

 

 
      ( ) 

 : 

 : Japan Marine United Corporation  

 : 

 : ( )   

I.9.2      

       ,     

 .  

    : 

James Fisher Marine Services  

 : 

Japan Marine United Corporation 

 : 

( )   

I.9.3   
   

  

       . 

 : 

Japan Meteorological Agency 

 : 

(KMA) 

     ( :       )  

. 

I.9.4   
    

 

    : 

NFFO Services 
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      ( ) 

O 
, , 

 
 

       .     

   ,     3~10 .     

   (SLA)    .      

      ,   , 

            

  . 

O.1    

        (SPV)  . 

    ,       .   

      .    

    . 

    : 

James Fisher Marine Services, Boston Energy 

 : 

Taisei Corporation 

 : 

(KOMERI)  

O.1.1              . 

O.1.2    

    (GWO)     . GWO   

       . 

    : 

CWind, National Wind Farm Training Centres  
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      ( ) 

O.1.3    
    .     

          . 

O.2    

    ,         

.  

    : 

James Fisher Marine Services, Boston Energy, ONYX Insight, Pict Offshore 

 : 

 

O.2.1      

(DNP)  DNP          

         (ISP)  

  .     ,  ,     

  . 

    : 

James Fisher Marine Services, Boston Energy, ONYX Insight, Pict Offshore 

 : 

(KOMERI),  

O.2.1.1   
   

  

 : 

 

O.2.1.2    
    : 

Cyberhawk  
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      ( ) 

O.2.2  
 

 

    : 

CWind, James Fisher Marine Services, OEG Renewables, Sulmara, Venterra, First Marine Solutions, 

JDR Cable Systems, Synaptec, Acteon Group, Briggs Marine, Correll Group, Maritime 

Developments, Pharos Offshore, Rotech Subsea, SMD, W3G Marine, Boston Energy, Pict Offshore 

 : 

 and Fugro UST21 

O.2.2.1  

   

, , 

  

    : 

CWind, Strainstall 

 : 

Japan Marine United Corporation  

O.2.2.2   
   

    

              

 . 

O.2.2.2.1   (ROV) 
    : 

James Fisher Marine Services 

O.2.2.2.2    (AUV)  

O.2.2.3   
 , 

,   

    : 

Briggs Marine, CWind 

O.2.2.4   
   

 

    : 

HR Wallingford 

 : 

MMA Offshore, Venterra Group 
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      ( ) 

O.2.2.5   
   

 
            .  

O.2.3    DNV  Bureau Veritas         

O.2.3.1       

O.3     
        .     

  AHV,   ,   . 

O.3.1   
  , 

, (  ) 

    : 

James Fisher Marine Services, Boston Energy 

 : 

Japan Marine United Corporation  

 : 

(KOMERI)  

O.3.2   

  , 

, (  

_ 

 : 

Japan Marine United Corporation 

 : 

(KOMERI)  

O.4 
   

 
    

   O&M      . 

    : 

James Fisher Marine Services, BMT, Chartwell Marine, OEG Renewables, SeaRoc, Briggs Marine, 

CASC, Pharos Offshore, SMD 

 : 
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      ( ) 

Japan Marine United Corporation 

 : 

(KOMERI), Dong Fang Offshore 

O.4.1 
   

 
 

    : 

South Boats, Windcat Workboats 

 : 

KMC Shipping 

O.4.2 
   

 
   

    : 

Bibby Marine 

 : 

KMC Shipping 

O.4.3 
   

 
   

    : 

Windcat Workboats 

O.4.4 
   

 
 

    : 

Babcock 

O.5 O&M  O&M  

           O&M 

   .            

  . 

 : 

Shimizu Corporation  

 : 
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      ( ) 

 

D   

     .          

        . 

 : 

(KNOC) 

D.1 

  

   

   

  

      .  

    : 

James Fisher Marine Services 

D.2 

   

  

    

 

        

    : 

Maritime Developments, James Fisher Marine Services 

D.3     

     ,    

    : 

Pharos Offshore, Enshore Subsea, Maritime Developments, Motive Offshore Group, Rotech Subsea, 

James Fisher Marine Services 

D.4 
  

 
        .  

D.5     
             

   . 

D.6 
, , 

 
, ,   
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ᾎ◑ ⅝– 

₅̰ ᾎ◑ 

            .     (IGP)   ,  

        . 

      

2017 Hywind Scotland Pilot Park,   

    

         30km   

.        5  Siemens Gamesa 6MW 

  . Hywind Scotland  2009      2.3MW  

      . 

2020 Erebus,     

 

Simply Blue Energy  Total(  TotalEnergies)    96MW Erebus  

Crown Estate   . 

2021 Kincardine,  ,    

    

        .   Principle 

Power      5  Vestas 9.5 MW   ,  

      . 

2021     Crown Estate   3  100MW  3      

 . : Cobra Group/Flotation Energy  100MW 

(Whitecross) ,  100MW  Cierco  Lyr 1  2 .  

2021 CFD 4  (Allocation Round)  

   

  BEIS          4    

. 2025~2027        '  '  

  , BEIS          
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  . EDF  58.4MW Blyth Phase 2  Hexicon  TwinWind  

 . 

2022 ScotWind   17    Crown Estate Scotland  ScotWind    . 

   10      24GW   15GW  

.       9  1  (USD))    . 

8    2.8GW      3  . 

2022 Hywind Tampen   Equinor   Gullfacks  Snorre      11  Siemens 

Gamesa 8MW            

. 

2022 INTOG   ScotWind   Equinor  Hywind Tampen    Crown Estate 

Scotland  'Innovation and Targeted Oil and Gas'(INTOG)   .  

   100MW          

      .    6.2GW    

  . 

2022 FLOWMIS    BEIS           

        2  8  (USD)   

 '      (Floating Offshore Wind Manufacturing Investment 

Scheme-FLOWMIS)    . 

2024     Crown Estate         5    

     .   2035   4GW    

  .  

2024 Green Volt  6  (AR)  CFD 

 

Flotation Energy  Vårgrønn   Green Volt       

       2024   CFD   
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  .         

139.93 (£)  . 25  (£2.5 billion)      

        . 
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    225 

▀ṕ ᾎ◑ 

      ,       .         

      (EEZ)          .  (  12  )   

  ,   EEZ              . 

      

2009       -       1:10     

       .     

   10  . 

2013       

  

    2MW     . 

 /      . 

2013         2MW    1      

. 

2015   2      7MW         

   .  

2019 (Offshore Wind Promotion 

Law) 

    '  '     . 

    30          

 .  

2020            (Vision for Offshore Wind Power Industry)  

2030  10GW    (  ), 2040  30~45GW   

 .  2035    (LCOE)  2035  JP¥8-

9/kWh($64~71/MWh)   2040     60%    

 . 
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2020   2020     2050         

  .    2030  10GW, 2040  30 4˾5GW  

   .         

   . 

2021 1   1    1.7GW       3      

    . Mitsubishi Corporation   3    

 XX  . 

2022        

  

             

  139MW  . 

2023/24 2   2    1.8GW       4      

    .       3  

  3 /KWh, 1   22.18 /KWh   . 

2024 3   3    1.1GW       3      

    . Marubeni  JERA    3 /KWh  

  . 

2024 EEZ     ' ' 

 

           (EEZ)  

      '   (Marine Renewable Energy)' 

 .  

2024       

  . 

JERA  Green Power Investment Corporation   112 MW      

   .         

.  
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ҍ Ḋ̰ ᾎ◑ 

     . 100MW 1   2025       .  

 2030  14.3 GW, 2038  40.7GW         .   (MOTIE)  

 '   '    .            2026   

7~8GW        .     2024            1.9GW  

 .  

 

      

2017   3020    2030          20%   

     '   3020 '  . 

2021  1          200MW 1   

      . 

2024      (MOTIE)  2030  14.3GW, 2038  40.7GW    

         . 

2024 750 MW     1.9 GW 

    

  ,   70km       

 4      1     . 
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↔‡︡ 

 4    

  

       (Tendon)       . 

  (AEP) 1    .  AEP           .  AEP  

    ,   , ,     . 

 (Array cable)        . 

(     )  :              

 :               

(Availability)         /       . 

(BOP)           . 

(Barge)     .           . 

   . 

  (CPS)       .          

  . 

(Capacity Factor) /               . 

 (CAPEX)       . 

(Catenary)   ,                   

 . 

(CFD)        ( )     . 

      . 



 

 

 

    229 

  

(CTV)                 

.   12         . 

 (XLPE)        . 

 (DECEX)                

                

       .         

         . 

  (EEZ)            200      

(EIA)   , ,   , ,       . 

, , , (EPCI)      .          . 

     AC   DC      . 

    

(FEED) 

FEED(Front-end Engineering and Design)       , ,    

 . 

  (FID)       , ,     ,   

        . 

        . 

          .           

. 

             .    , , ,  

     . 

  (GIS)                . 

https://www.merriam-webster.com/dictionary/exclusive
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(GW)  

(GWh) 

   . 

  (HVAC)         .         

 . 

  (HVDC)         .   , HVDC  HVAC    

    .     . 

 (HDD)  (HDD)         ( ) . 

             .         

  . 

(Jewellery)      ,  , , H ,   . 

(LCOE)       .     (WACC)  

      (  )  . . 

(MHWS) 24              . 

 (MSL)     . 

(MW)  

(MWh) 

   . 

    (  )     ,         

   . 

        .  ,  ,      . 

 (OSS)          .   , 

 ,  AC  DC      .       

         ,          . 
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  (OFTO)  (Ofgem)  OFTO         . 

(Opex)        . 

  (O&M) O&M    O&M    O&M  .  

O  M    . 

Operation( ):          .  O&M  ,   

, ,  ,  ,     . 

 :        ( ,    ) . 

            . 

   ,   ,  (       )  

. 

            .   (   

     ) .  (       )    .  

       (    )        

. 

  :   (BOP)     . 

 :         . 

O&M :          . 

:        . 

(ROV) ROV      .    , ,     . 

   

(SPMT) 

SPMT     ,           . 
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     .   /         (  )   

 .      . 

  (SOV) O&M       , ,   .    85m  

 60    . 

(HS)          1/3    (  ) . 

     .            . 

    

(SCADA)  

    , ,  . SCADA     ,   ,    

  (  )  .           , ,  

   . SCADA       . 

(Tension leg 

platforms)(TLP) 

    .          ,    

  .  

        .        . 

            .      12m/s    

    ,   25~30m/s         

      .  ,   , ,  ,     

       5%   . 

(UXO)          . 

(WACC)        /         . 

 (Winds Shear)     . 

 (WCD)         .       . 
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ʺ ♬Ṓ 

Ṩ┬ᾏ Ữ ᴏ ּת∟⁄ ♠͏♠╬ ⱳֹו 

   ,  ,       

          . 

UK 

Offshore Renewable Energy Catapult(ORE Catapult)  

ORE Catapult           

.           

      Floating Offshore Wind Centre of 

Excellence(   )  . 

ORE Catapult  Floating Offshore Wind Centre of Excellence    

 , ,    . 

  https://ore.catapult.org.uk    . 

ORE Catapult  Crown Estate       

'    (Guide to an Offshore Wind Farm)'   

 .   https://guidetoanoffshorewindfarm.com/. 

   . 

Crown Estate  

Crown Estate  , ,      

         . 

  www.thecrownestate.co.uk    . 

 

 

Crown Estate Scotland  

Crown Estate Scotland       

         . 

  www.crownestatescotland.com    . 

RenewableUK  

RenewableUK          

.           

  . 

 www.renewableuk.com    . 

Scottish Renewables  

Scottish Renewables        

. 

  www.scottishrenewables.com/    . 

    (DESNZ) 

    (DESNZ)       

.  

   https://www.gov.uk/government/organisations/department-for-

energy-security-and-net-zero    . 

Carbon Trust  

Carbon Trust  , ,         

  .         

https://ore.catapult.org.uk/
https://guidetoanoffshorewindfarm.com/
http://www.thecrownestate.co.uk/
http://www.crownestatescotland.com/
http://www.renewableuk.com/
http://www.scottishrenewables.com/
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(Floating Wind JIP)  . 

Floating Wind JIP          

      . 

  www.carbontrust.com/our-projects/floating-wind-joint-industry-

programme-jip    . 

Corewind  

Corewind  2019~2023  EU        

.          

, ,       .  

 http://corewind.eu/    . 

   (WFO) 

WFO          

. WFO           

   (Floating Offshore Wind Committee)  . 

WFO     , ,    . 

  https://wfo-global.org/    . 

Flagship  

Flagship      10MW    

            

Horizon 2020  .       

  . 

 www.flagshiproject.eu/    . 

NextFloat  

NextFloat         

. 10       

  .  

 

  

http://www.carbontrust.com/our-projects/floating-wind-joint-industry-programme-jip
http://www.carbontrust.com/our-projects/floating-wind-joint-industry-programme-jip
http://corewind.eu/
https://wfo-global.org/
http://www.flagshiproject.eu/
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▀ṕ 

(METI) 

METI          .  

  . METI       

 . METI      , 

          (Vision 

for Offshore Wind Power Industry)  ,      

       .  METI   EEZ 

        . 

  https://www.meti.go.jp/english/    .  

(MLIT) 

MLIT    , ,  ,     

. MLIT   METI        

   . 

(MLIT)  (Maritime Bureau)      

      .   ,  

            

       .   

          

     . 

  https://www.mlit.go.jp/en/    . 

(JWPA) 

JWPA        . 500   

          

.          

   ,    . 

  https://jwpa.jp/en/    . 

    (FLOWRA) 

FLOWRA         

   20    .      

         .   

            

    . 

  https://flowra.or.jp/en/    . 

(NEDO) 

NEDO            

 . , ,      

  . NEDO      

        2030  

     . 

  https://www.nedo.go.jp/english/    . 

  (REI) 

REI             , 

 ,      . REI   

       (Recommendations for 

Accelerating the Commercialization of Floating Offshore Wind Power)  

           

 . 

  https://www.renewable-ei.org/en/    . 

https://www.renewable-ei.org/en/
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ҍ Ḋ̰ 

(MOTIE) 

MOTIE        . 2024 , 

           

   .       

          

. 

  https://www.motie.go.kr/    . 

(KEA) 

KEA           

.           

 . 

  https://www.energy.or.kr/en/main/main.do    

.  

(NREC) 

NREC  KEA          

 (REC)      . 

(KIER) 

KIER         .   

           . 

  https://www.kier.re.kr/eng    . 

(KWEIA) 

KWEIA  , , ,     

         

   .  

  http://www.kweia.or.kr/    .  

(KSNRE) 

KNREA          

         ,   

  , ,  . 

  https://www.ksnre.or.kr/eng/    .   

https://www.motie.go.kr/
https://www.energy.or.kr/en/main/main.do
https://www.kier.re.kr/eng
http://www.kweia.or.kr/
https://www.ksnre.or.kr/eng/
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ṕ ʺ╪ӥ ♬Ṓ 

    2023   2025  

    . 

ᶜ♠ 

  (Guide to a Floating Offshore Wind farm )  

  ,  , , ,      

       . 

           

(UK Guide to Floating Offshore Wind farm)    

 (Offshore Wind Farm)   .    

 (UK Guide to Floating Offshore Wind farm)  Offshore 

Renewable Energy Catapult (ORE Catapult)  Crown Estate    

 BVG Associates  . 

    (UK Guide to a Floating Offshore Wind 

farm)   (Guide to an Offshore Wind Farm)  

   . :  

¶ https://guidetofloatingoffshorewind.com/ 

¶ https://guidetoanoffshorewindfarm.com/ 

 ∟תּ ͔▫

/    (Guide to a Floating Offshore Wind 

Farm)      , (DBT), ORE Catapult  

  . 

Ⱡ▬ 

BVG Associates  /    (Guide to a 

Japanese/South Korean Floating Offshore Wind Farm)  . BVG 

Associates         . 

    ,  ,   

   .       

  , ,  .      

          

           . 

  www.bvgassociates.com    .  

 

Pixel House Media      .

http://www.bvgassociates.com/
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BVG Associates ἵˌ 

BVG Associates  , , ,       

   .    , 

 ,         

. BVG Associate      , , 

          

           

  .   ,  ,    

          

  . 

BVG Associates       2006  . 

 , , , ,      

    . 

BVGA        10  . 

  , ,       

  . 

  ,  ,      

.  
 

 

Figure 54 BVGA  


