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Abstract: Floating wind is becoming an essential part in terms of renewable energy. Therefore, highlighting 
the perspectives in developing the floating wind platforms is very important. In this paper, we focus on floating 
wind concepts and projects around the world. This will give a taste to the reader about what is going on in 
terms of the projects around the world. The main aim of this work is to further explain the collected data 
regarding the floating wind concepts and projects, and further classify them in terms of cost, power capacity, 
wind speed, water depth, and distance to shore. 
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1. Introduction 

Floating wind is currently a big candidate for renewable energy in many countries around the 
world. Governments and companies are investing a lot of money in developing floating wind 
projects. The purpose of this paper is to present all the floating wind projects in the world, as well as 
their implemented floating wind types, and their corresponding concepts, which is very significant 
to understand the floating wind situation around the world. 

Renewable energy has become essential in response to the increasing world population, and 
their corresponding demand for energy, and to stop the reliance on fuels, to eliminate pollution, and 
climate change [15]. 

Renewable energy is also a way to prevent the countries with Oil and Gas resources from having 
economic and political dominance over the countries which are without [16]. 

Unlike Oil and Gas energy, renewable energy is carbon-free and endless, which will make it the 
perfect solution for both climate change, and population growth [16]. 

While onshore wind energy is the current cheapest source of renewable energy, it has weaker, 
and more turbulent wind speeds as compared to its offshore counterpart, which is anticipated to 
dominate in the years to come, especially in high water-depth areas, which will necessitate the 
implementation of floating wind [15]. 

From this perspective, the European Union will need 450 GW of offshore wind by 2050, to 
achieve its complete decarbonization, as compared with its current offshore wind capacity of 25 GW 
[13]. 

The European Union must develop 150 GW of floating wind to be carbon neutral by 2050, which 
is likely to happen due to the available financial resources, as well as the high effort of the 
corresponding specialized floating wind companies [6]. 

Europe currently has 318 MW of floating wind from 34 floating wind concepts. The rest of the 
world has 32 MW of floating wind, coming from 16 concepts. The floating wind cumulative capacity 
is currently led by the European Union, and further investments in floating wind will facilitate the 
industrialization process and will reduce the capital expenditures (CAPEX) of future floating wind 
projects [6]. 
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As of 2030, France plans to have 750 MW of floating wind, the UK plans to have 1 GW, Norway 
plans to have 1.5 GW (or 3 GW [9]), and Portugal plans to have 275 MW [3], as compared to their 
current floating wind capacities of 114 MW in France, 80 MW in the UK, 95 MW in Norway, and 30 
MW in Portugal. Furthermore, the US has 12 MW, and Japan has a 20 MW floating wind power 
capacity [6]. 

Floating wind will be implemented in the areas where the typical bottom-fixed offshore wind 
projects are not attractive due to their corresponding negative assembly impact on the marine 
environment, as well as their corresponding limited water-depth capacities. Their floating 
counterparts have exceeding water-depth capacities, as well as less environmental impact, due to 
their early assembly in the ports. Further, the floating wind is on its way toward its industrialization, 
which will make its cost competitive with its bottom-fixed offshore counterpart [6].  

Both bottom-fixed offshore wind, as well as the existing Oil and gas infrastructure, will 
contribute to making Europe the world’s floating wind leader. Europe is currently planning to have 
the lead in the following floating wind supply chain areas, which will also help with bringing a 
corresponding tremendous job creation. Electrical cabling, mooring, as well as installation. The 
outcome of this will especially become significant when the floating wind global market will be 18 
thousand GW in the future [6].  

The floating wind LCOE cost will be 250 euros/MWh when the floating wind capacity reaches 
0.5 GW. Furthermore, it will drop to 50 euros, when the floating wind capacity reaches 4 GW in 2030 
[4].  

Romania has a current installed onshore wind capacity of 3 GW. However, it lacks a 
corresponding electrical infrastructure in the Sea areas, which is currently the obstacle to its 
corresponding floating wind implementation [13]. Efforts are still being made towards the success of 
the floating wind implementation in Romania [14]. The solution for the lack of a corresponding 
offshore electrical infrastructure in Romania is to implement the Power-to-X technology, which is 
used to convert the produced floating wind electrical power mainly into hydrogen and compressed 
air and eliminate the need for a tremendous electrical infrastructure. 

Figure 1 shows the most popular bottom-fixed and floating wind turbine concepts. 

 
Figure 1. Most popular bottom-fixed and floating wind support structures in the world. From left to 
right: Monopile, Jacket, Semi-submersible, and Spar-buoy. Figure processed by the authors, according 
to the information presented in [23]. 

2. Materials and Methods 
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This section mainly presents the floating wind projects and concepts from all around the world. 
The data presented in this section is mainly based on the ABS Group report [22]. The data presented 
here presents the global floating wind situation in 2020. 

2.1. Worldwide floating wind concepts 

Table 1 shows the four most common types of floating wind turbines, Spar-buoy, Semi-
submersible, Barge, TLP (See Figure 2), as well as the multi-turbine type (See Figure 7). The table also 
shows further information of relevance to the most common corresponding concepts of these wind 
turbine types, as well as their other related aspects. 

It is seen from the table that there are more concepts of Semi-submersible in comparison with 
each of the other concepts. Then comes the Spar-buoy, and TLP. Then Barge, and Multi-turbine. Most 
of these concepts are made of steel, while few of them are made of concrete. 

Table 1. All the floating wind concepts in the world. Table data processed by the authors, based on 
the information presented in [22]. 

Type Concept Designer Hull Material 

Spar-buoy 
Hywind  

Toda Hybrid Spar 
Equinor  
  Toda 

Steel or concrete  
Steel and concrete 

hybrid 

 
Fukushima FORWARD  

   Advanced Spar 
JMU Steel 

        SeaTwirl SeaTwirl Steel 
    Stiesdal TetraSpar Stiesdal Steel 

Semi-submersible 

WindFloat 
Fukushima FORWARD 

compact semi-
submersible 

Principle Power 
MES 

Steel 
Steel 

 
Fukushima FORWARD 

V-shape semi-
Submersible 

MHI Steel 

 VolturnUS University of Maine Concrete 

 Sea Reed Naval Energies 
Steel, concrete, or 

hybrid 
 Cobra semi-spar Cobra Concrete 
 OO-Star Iberdrola Concrete 
 Hexafloat Saipem Steel 
 Eolink Eolink Steel 
 SCD nezzy SCD Technology Concrete 

 Nautilus 
NAUTILUS Floating 

Solutions 
Steel 

 Tri-Floater GustoMSC Steel 
 TrussFloat DOLFINES Steel 

Barge 

Ideol Damping Pool 
Barge 

Saitec SATH (Swinging  
   Around Twin Hull) 

Ideol  
Saitec 

Concrete or steel 
Concrete 

Tension leg platform 
SBM TLP 

PivotBuoy TLP 
SBM Offshore  
   X1 Wind 

Steel 
Steel 

 Gicon TLP Gicon Concrete 
 Pelastar TLP           Glosten Steel 
 TLPWind TLP           Iberdrola Steel 

Multi-turbine platform   

Hexicon multi-turbine 
  semi-submersible 

     W2Power 
Floating Power Plant 

          Hexicon 
          

         EnerOcean 
     Floating Power Plant 

Steel 
 

Steel 
         Steel 
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2.1.1. Worldwide Spar-buoy floating-wind concepts 

One of the most popular floating wind Spar-buoy concepts is Hywind [27], which is designed 
by Equinor and comes with either steel or concrete material. Advanced Spar [29], and Sea Twirl [30] 
are known enough as well, and are developed by JMU, and Sea Twirl, respectively, and are both 
made of steel. Stiesdal Tetra Spar [31], and Fukushima Forward [33,34] are also worth mentioning. 
They are made of steel, and they are developed by Stiesdal, and JMU, respectively. Toda Hybrid Spar 
[28] is also a Spar floating wind concept, which was developed by Toda, and it is made of steel and 
concrete (hybrid). 

2.1.2. Worldwide Semi-submersible floating-wind concepts 

One of the most popular floating wind Semi-submersible designs is Wind Float [32], which is 
designed by PRINCIPLE-POWER and is made of steel. VOLTURNUS [35], OO-Star [38], and Tri-
Floater [43] are also well-known floating wind Semi-submersible concepts, and they are developed 
by the University of Maine, Iberdrola, and Gusto MSC, respectively. The first two floating wind Semi-
submersible concepts are made of concrete, while the third one is made of steel. Cobra Semi-Spar, 
and SCD NEZZY [41] are also floating wind Semi-submersible concepts, which are made of concrete, 
and they are developed by Cobra, and SCD Technology, respectively. Hexa-Float [39], EOLINK, 
Nautilus [42], Tri-Floater, and Truss Float [22], are also Semi-submersible floating wind concepts, 
which are made of steel, and they are developed by Saipem, EOLINK, Nautilus floating solutions, 
Gusto MSC, and DOLFINES, respectively. Sea Reed [36] is also a Semi-submersible floating wind 
concept, which is made of either steel, concrete, or hybrid, and it is developed by Naval Energies. 

 
Figure 2. Most popular floating wind support structures in the world. From left to right: Barge, Semi-
submersible, Spar-buoy, and TLP. Figure processed by the authors, according to the information 
presented in [23]. 

2.1.3. Worldwide Barge floating wind concepts 

One of the most popular Barge floating wind concepts is the IDEOL Damping Pool Barge, which 
is designed by IDEOL and is made of either steel or concrete. SAITEC SATH (Swinging Around Twin 
Hull) is a Barge floating wind concept, which is also worth mentioning and was developed by 
SAITEC, and it is made of concrete. 

2.1.4. Worldwide TLP floating wind concepts 
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One of the most popular floating-wind TLP platforms is TLPWIND [49], which is designed by 
Iberdrola and is made of steel. SBM [22], Pivot Buoy [47], and Pela star are also TLP floating wind 
concepts, which are made of steel, and they are designed by SBM Offshore, X1 Wind, and GLOSTEN, 
respectively. GICON [48] is also a TLP floating wind concept, which is made of concrete, and 
designed by GICON. 

2.1.5. Worldwide multi-turbine floating wind concepts 

One of the most popular multi-turbine floating wind platforms is the HEXICON Multi-turbine 
Semi-submersible [51], which is designed by HEXICON and is made of steel. W2Power [52], and 
Floating Power Plant Multi-turbine floating wind platforms [53], are also worth mentioning. They 
are made of steel, and they are developed by Ener Ocean, and Floating Power Plant, respectively. 

2.2. Worldwide installed floating-wind projects 

Table 2 presents all the installed floating wind projects in the world. 

Table 2. All the installed floating wind projects in the world. Table data processed by the authors, 
based on the information presented in [22]. 

Continent Country, Location Year, Turbine - Power Project Name, Designer 

North America U.S., Maine 2013, Renewegy 20 kW 
VolturnUS 1:8, University 

of 
         Maine 

Asia 
Japan, Goto  

      Japan, Fukue 

2013, Hitachi 2 MW  
    downwind 

2015, Hitachi 2 MW  
    downwind 

Kabashima, Toda 
Sakiyama, Toda 

 Japan, Fukushima 
2013, 66kV - 25MVA 

Floating 
        Substation 

Fukushima FORWARD 
Phase 1, Fukushima 

Offshore Wind 
        Consortium 

 Japan, Fukushima 
2013, Hitachi 2 MW  

    downwind 

Fukushima FORWARD 
Phase 1, Fukushima 

Offshore Wind 
        Consortium 

 Japan, Fukushima 2015, MHI 7 MW 

Fukushima FORWARD 
Phase 2, Fukushima 

Offshore Wind 
         Consortium 

 Japan, Fukushima 
2016, Hitachi 5 MW  

    downwind 

Fukushima FORWARD 
Phase 2, Fukushima 

Offshore Wind 
         Consortium 

 Japan, Kitakyushu 
2019, Aerodyn SCD 3 MW 

– 2 
           bladed 

  Hibiki, Ideol 

Europe 
Denmark, Lolland 
Norway, Karmøy 

2008, 33 kW 
2009, Siemens 2.3 MW 

Poseidon 37 
Demonstrator [58], 

Floating Power Plant 
Hywind Demo, Equinor 

 Portugal, Aguçadoura 2011, Vestas 2 MW 
WindFloat 1 (WF1), 

Principle Power 

 
Portugal, Viana do 

Castelo 
2020, MHI Vestas 3×8.4 

MW 
WindFloat Atlantic 

(WFA), PrinciplePower 

 Sweden, Lysekil 
2015, 30 kW Vertical Axis  

      Wind Turbine 
SeaTwirl S1, SeaTwirl 
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      UK, Peterhead 2017, Siemens 5×6 MW 
Hywind Scotland, 

Equinor 

  
     UK, Dounreay 

 
     2017, N/A 2×5 MW 

Hexicon Dounreay Trì 
project   

        [86], Hexicon 

 UK, Kincardineshire   

   2020, MHI Vestas 2 MW 
(former WF1) & MHI 

Vestas 
     5×9.5MW 

Kincardine, Principle 
Power 

 

Spain, Gran Canaria 
 

Spain, Santander 
France, Le Croisic 

Germany, Baltic Sea 

 2019, 2×100 kW twin-rotor 
 

     2020, Aeolos 30 kW 
     2018, Vestas 2 MW 

    2017, Siemens 2.3 MW 

W2Power 1:6 Scale, 
    EnerOcean 

  BlueSATH, Saitec 
   Floatgen, Ideol 

    Gicon SOF [90], 
GICON 

 

Worldwide largest contributing countries to the installed floating-wind projects 

It is shown in Table 2 that the largest contributing countries to the installed floating wind projects 
are the UK, Portugal, and Japan. The table shows that the UK has a total installed power capacity of 
79.5 MW, coming from two floating wind projects. The first one is Kincardine [64], which was 
developed by Principle Power, and it has a power capacity of 5x9.5 MW. This project also contains 
an additional 2 MW floating wind turbine, which was first implemented in the WF1 floating wind 
project. The second floating wind project in the UK is Hywind Scotland [63], which was developed 
by Equinor, and it has a power capacity of 5x6 MW. The first project in the UK implements a Vestas 
wind turbine brand. While the other one implements a Siemens wind turbine brand. 

It is seen from the table that Portugal has a total installed floating wind power capacity of 27.2 
MW, which comes from two projects. The first floating wind project is WindFloat Atlantic (WFA) 
[61,67], with a total power capacity of 3x8.4 MW. The other one is WF1 [60], which has a total power 
capacity of 2 MW. Both these Portuguese floating wind projects are developed by Principle Power, 
and they implement wind turbines with a Vestas brand. 

Japan has a total installed power capacity of 21 MW, coming from 7 projects. Mainly from 
Fukushima FORWARD Phases I and II [56], which make a total of 14 MW power capacity, and they 
are developed by Fukushima Offshore Wind Consortium. Then come Hibiki [57], and Kabashima, as 
well as Sakiyama Japanese floating wind projects. The first floating wind project is developed by 
Ideol, while the other two are designed by Toda. The Hibiki project has a 2 MW power capacity, as 
well as a downwind Hitachi wind turbine. Sakiyama floating wind project also implements a 2 MW 
Hitachi downwind wind turbine. 

Further installed floating wind projects in Europe, are the following. The Norwegian Hywind 
Demo, which was developed by Equinor, has a total power capacity of 3.2 MW, and it implements a 
Siemens wind turbine brand.  

The Spanish BlueSATH [46], and W2Power 1:6 scale floating wind projects, are developed by 
Saitec, and EnerOcean, respectively. The first Spanish floating wind project has a 30 kW power 
capacity. While the other one has a 2x100 kW power capacity. It is accompanied by two separate wind 
turbines, which are supported on a single Multi-turbine floating wind support structure. 

The Danish Poseidon 37 Demonstrator floating wind project, has a power capacity of 33 kW, and 
it is developed by Floating Power Plant. 

The French Floatgen floating wind project, which was developed by Ideol, has a total power 
capacity of 2 MW, and it implements a Vestas wind turbine brand. 

The Swedish SeaTwirl S1 floating wind project [62], which was developed by SeaTwirl, has a 
power capacity of 30 kW. This project implements a vertical-axis wind turbine, i.e., the blades rotate 
around the tower, and not around the typical horizontal-axis wind turbine’s hub. Meaning that their 
rotation axis faces the sky. 
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It is concluded from Table 2, that Europe is currently the largest contributor to worldwide 
installed floating wind projects. 

2.3. Worldwide planned floating-wind projects 

Table 3 contains all the European, North American, and Asian floating wind projects in the 
world. 

Table 3. All the planned floating wind projects in the world. Table data processed by the authors, 
based on the information presented in [22]. 

Continent 
Country - Location, 

Floating Substructure 
Design -Type 

Year, Turbine - Power Project Name, Designer 

Europe 

Norway - Karmøy, Stiesdal 
TetraSpar - Spar 

Norway - Haugaland, 
SeaTwirl Spar 

2020, Siemens Gamesa 3.6 
MW 

2021, 1 MW Vertical Axis 
Wind Turbine 

TetraSpar Demo [82], 
Stiesdal 

SeaTwirl S2 [37], SeaTwirl 

 
Norway - Snorre & Gullfaks 

offshore fields, Hywind 
Spar 

2022, Siemens Gamesa 
11×8 
MW 

Hywind Tampen, Equinor  
         [84] 

 
Norway - Karmøy, OO-Star 

semi-submersible 
2022, 10 MW 

  Flagship Demo, 
Iberdrola   

           [85] 
 Offshore Norway 2023, N/A NOAKA, N/A 

 
Offshore UK, Ideol 

damping pool - barge 
2021, 100 MW Atlantis Ideol [87], Ideol 

 Offshore UK, TLPWind TLP N/A, 5 MW TLPWind UK, Iberdrola 

 
Ireland - Offshore Irish west 

coast, Hexafloat 
-semi-submersible 

2022, 6 MW AFLOWT [88], Saipem 

 
Ireland - Offshore Kinsale, 

WindFloat semi-
submersible 

N/A, 100 MW  
   Emerald [89], Principle   

          Power 

 
France - Gruissan, Ideol 

Damping Pool, barge 
2021, Senvion 4×6.2 MW EolMed [91], Ideol 

 
France - Offshore Napoleon 

Beach, SBM TLP 

2021, Siemens Gamesa 
3×8.4 
MW 

Provence Grand Large 
(PGL) [92], SBM Offshore 

 

France - Offshore Leucate-
Le 

Barcarès, WindFloat semi-
submersible 

2022, MHI Vestas 3×10 
MW 

Golfe du Lion (EFGL) [93], 
Principle Power 

 
France - Offshore Brittany, 
Sea Reed semi-submersible 

2022, MHI Vestas 3×9.5 
MW 

Groix & Belle-Ile [94], 
Naval Energies 

 
France - Offshore Le 
Croisic, Eolink semi-

submersible 
N/A, 5 MW 

Eolink Demonstrator [95], 
Eolink 

 
Spain - Offshore Canary 
Island, PivotBuoy TLP 

2020, Vestas 200kW 
PivotBuoy 1:3 Scale [96], 

X1 Wind 

 
Spain - Offshore Canary 
Islands, Cobra semi-spar 

2020, 5×5 MW FLOCAN5 [97], Cobra 

 
Spain - Offshore Basque, 

Saitec SATH 
2021, 2 MW DemoSATH [98], Saitec 

 
Spain - Offshore Gran 

Canaria, 
N/A 

N/A, 4×12.5 MW 
Parque Eólico Gofio, 

Greenalia 

 Spain - Basque, N/A N/A, 26 MW Balea, N/A 
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Spain - Offshore Gran 

Canaria, 
N/A 

N/A WunderHexicon, Hexicon 

North America 
U.S. - Monhegan Island, 

VolturnUS semi-
submersible 

2023, 12 MW 
New England Aqua 

Ventus I [22], University 
of Maine 

 
U.S. - California, 
WindFloat semi-

submersible 
2024, 100 – 150 MW 

    Red Wood Coast [65], 
      Principle Power 

 
U.S. - Hawaii, WindFloat 

semi-submersible 
2025, 400 MW 

Progression South [69], 
Principle Power 

 
U.S. - California, SBM TLP/ 

Saitec SATH 
2025, 4×12 MW 

CADEMO, SBM Offshore/ 
SAITEC [70] 

 U.S. - California, N/A 2026, 1 GW   Castle Wind, N/A 

 
U.S. - Hawaii, WindFloat 

semi-submersible 
2027, 400 MW 

AWH Oahu Northwest, 
Principle Power 

 
U.S. - Hawaii, WindFloat 

semi-submersible 
2027, 400 MW 

AWH Oahu South [71], 
Principle Power 

 U.S. - California, N/A N/A Diablo Canyon [72], N/A 
 U.S. - Massachusetts, N/A N/A, 10+ MW Mayflower Wind, Atkins 

Asia 

Japan - Goto, Toda Hybrid 
spar 

Offshore Japan, Ideol 
Damping Pool, barge 

2021, 22 MW 
2023, N/A 

Goto City [73], Toda 
Acacia [74,75], Ideol 

 
Offshore Japan, SCD 

NEZZY Semi-Submersible 

N/A, Aerodyn SCD 6 MW 
–  

         2-bladed 

Nezzy Demonstrator [40], 
SCD Technology 

 
Korea - Ulsan, Hexicon 
  multi-turbine semi-  

     submersible 
2022, 200 MW 

    Donghae TwinWind,   
          Hexicon 

 
   Korea - Ulsan, Semi-   

        submersible 
2020, 750 kW 

Ulsan 750kW Floating 
Demonstrator, University 

of Ulsan 

 Korea - Ulsan, N/A 2020, 5 MW 
Ulsan Prototype [78,79], 

N/A 
 Korea - Ulsan, N/A 2023, 500 MW Gray Whale [80], N/A 

 
Korea - Ulsan, Hywind 

Spar 
2024, 200 MW 

KNOC (Donghae 1) 
[77,81], Equinor 

 
Korea - Ulsan, WindFloat 

semi-submersible 
N/A, 500 MW KFWind, Principle Power 

 Korea - Ulsan, N/A N/A, 200 MW White Heron, N/A 

Worldwide largest contributing countries to the planned floating wind projects (Table 3) 

1. The US has planned a floating wind power capacity of 2.45 GW, from 9 floating wind projects, 
in the period 2023-2027. 

2. Korea has planned a floating wind power capacity of 1.6 GW, from 7 floating wind projects, in 
the period 2020-2024. 

3. France has planned a floating wind power capacity of 113.5 MW, from 5 projects, in the period 
2021-2022. 

4. Ireland has planned a floating wind power capacity of 106 MW, from 2 projects, in 2022. 
5. The UK has planned a floating wind power capacity of 105 MW, from 2 projects, in 2021. 
6. Spain has planned a floating wind power capacity of 103.2 MW, from 6 projects, in the period 

2020-2021. 
7. Norway has planned a floating wind power capacity of 102.6 MW, from 5 projects, in the period 

2020-2023. 
8. Japan has planned a floating wind power capacity of 28 MW, from 3 floating wind projects, in 

the period 2020-2023. 
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It is worth mentioning that some other Asian countries such as Taiwan [99] have established a 
plan regarding future floating wind projects, but due to the lack of corresponding relevant details, 
we have eliminated our study to the presented data in the ABS Group report [22]. 

Figures 3 and 4 show the world’s largest floating wind project (Hywind Tampen).  
Figure 5 shows the world’s first floating wind project (Hywind Scotland). Figures 6–8 show the 

world’s most popular floating multi-turbine concept (HEXICON). 

 
Figure 3. The largest installed floating wind turbine in the world (Hywind Tampen). Figure processed 
by the authors, according to the information presented in [24]. 

 
Figure 4. The largest installed floating wind project in the world (Hywind Tampen). Figure processed 
by the authors, according to the information presented in [24]. 
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Figure 5. The first installed floating wind project in the world (Hywind Scotland). Figure processed 
by the authors, according to the information presented in [25]. 

 
Figure 6. The most popular multi-turbine floating wind turbine support structure in the world 
(HEXICON). Figure processed by the authors, according to the information presented in [26]. 

 
Figure 7. The most popular multi-turbine floating wind support structure in the world (HEXICON). 
Figure processed by the authors, according to the information presented in [26]. 
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Figure 8. The most popular multi-turbine floating wind support structure in the world (HEXICON). 
Figure processed by the authors, according to the information presented in [26]. 

2.4. Further details on the worldwide installed and planned floating wind projects in the world (based on 

Tables 2 and 3) 

Table 4 presents further details on some of the installed and planned floating wind projects in 
the world. These projects were first mentioned in their corresponding tables (Tables 2 and 3). Their 
corresponding mentioned data will be discussed and classified in Section 3. In this subsection, we 
only present the table. Note that Table 4 contains 14/16 of the installed floating wind projects, which 
were mentioned in Table 2. As well as 12/25 of the planned floating wind projects, which were 
mentioned in Table 3. 

Table 4. Further details on the worldwide installed and planned floating wind projects in the period 
2009-2026. Table data processed by the authors, based on the information presented in [22]. 

Year 

Project, Location, Distance 
To 

                      
Shore 

Turbine & Power, Floating 

Substructure Design & 
Type, 

                  
Designer 

Water Depth, Site 
Condition, 

             Estimated 
Cost 

2009 

HYWIND DEMO 
(ZEFYROS), 

Offshore Karmøy Norway, 
10  
                       

km 

Siemens 2.3 MW, Hywind  
      Spar, Equinor 

220 m, wind speed 40 m/s 
& 

max wave height 19 m, 
US $71 
million 

2011 
WINDFLOAT 1 (WF1), 
Offshore Aguçadoura  
      Portugal, 5 km 

Vestas 2 MW, WindFloat  
semi-submersible, 

Principle 
Power 

49 m, wind speed 31 m/s 
& 

max wave height 17 m, 
US $25 
million 

2013 
VOLTURNUS 1:8, Offshore 
 Castine Maine US, 330 m 

Renewegy 20 kW, 
VolturnUS, 

semi-submersible, 
University 
of Maine 

27.4 m, 50-year wind 
speed 

14.1 m/s & 50-year 
significant 

  wave height 1.3 m, US 
$12 

million 

 

SAKIYAMA, Offshore 
Sakiyama Fukue Island 

Japan, 
5 km 

Hitachi 2 MW downwind, 
Haenkaze -Toda Hybrid 

spar,  
          Toda 

100 m, 50-year wind 
speed 

45.8 m/s & 50-year 
significant 

  wave height 12.1 m, 
N/A 

 
FUKUSHIMA FORWARD 

PROJECT phase I, Offshore 
66kV - 25 MVA Floating  
 Substation, Fukushima 

120 m, 50-year wind 
speed 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2024                   doi:10.20944/preprints202401.0322.v1Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 January 2024                   doi:10.20944/preprints202401.0322.v1



 12 

 

  Fukushima Japan, 23 km Kizuna - Advanced Spar, 
Japan Marine United 
Corporation (JMU) 

48.3 m/s & 50-year 
significant wave height 

11.71 m, US $157 
million for all the phases 

of 
the project 

 
FUKUSHIMA FORWARD 

PROJECT phase I, Offshore 
  Fukushima Japan, 23 km 

Hitachi 2 MW downwind, 
Fukushima Mira - compact 
 semi-submersible, Mitsui 

Engineering & 
Shipbuilding  

      Co., Ltd. (MES) 

122-123 m, 50-year wind 
  speed 48.3 m/s & 50-

year 
significant wave height 

11.71 m, US $157 million 
for all the 

    phases of the project 

2015 

FUKUSHIMA FORWARD 
PROJECT, phase II, 

Offshore  
  Fukushima Japan, 23 km 

MHI 7 MW, Fukushima 
Shimpuu - V-shape 
Semi-Submersible, 

Mitsubishi 
Heavy Industries, Ltd. 

(MHI) 

125 m, 50-year wind 
speed 

48.3 m/s & 50-year 
significant 

wave height 11.71 m, US 
$157 

million for all the phases 
of 

the project 

 
SEATWIRL S1, Offshore  
  Lysekil Sweden, N/A 

30 kW Vertical Axis Wind 
Turbine, SeaTwirl Spar,  

       SeaTwirl 

35 m, wind speed 35 m/s, 
          N/A 

2016 

FUKUSHIMA FORWARD 
PROJECT, phase II, 

Offshore  
   Fukushima Japan, 23 

km  

Hitachi 5 MW downwind, 
Fukushima Hamakaze -  
 Advanced Spar, Japan 

Marine 
  United Corporation 

(JMU) 

110-120 m, 50-year wind 
   peed 48.3 m/s & 50-

year 
significant wave height 

11.71  
m, US $157 million for all 

the 
    phases of the project 

2017 

HYWIND SCOTLAND, 
Offshore Peterhead 

Scotland 
UK, 25 km 

Siemens 5×6 MW, Hywind 
      Spar, Equinor 

95-120 m, average wind 
speed 

10 m/s & average wave 
height 1.8 m, US $210 

million 

2018 
FLOATGEN, Offshore Le  
  Croisic France, 20 km 

Vestas 2 MW, Ideol 
Damping  

     Pool-barge, Ideol 

33 m, wind speed 24.2 m/s 
& 

significant wave height 
5.5 m, 

US $22.5 million 

2019 
HIBIKI, Offshore 

Kitakyushu  
            Japan, 15 km 

Aerodyn SCD 3 MW - 2 
bladed, Ideol Damping 

Pool - 
barge, Ideol 

55 m, typhoon-prone area, 
N/A 

 

W2POWER 1:6 SCALE, 
Offshore Gran Canaria 

Spain, 
                     

N/A 

2×100 kW twin-rotor, 
EnerOcean W2Power  

semi-submersible, 
EnerOcean 

 
N/A 

2020 
WINDFLOAT ATLANTIC 
(WFA), Offshore Viana do 
Castelo Portugal, 20 km 

MHI Vestas 3×8.4 MW, 
WindFloat semi-

submersible,  
       Principle Power 

85-100 m, N/A, US $134  
       million 

 KINCARDINE, Offshore MHI Vestas 2 MW (former 
60-80 m, UK North Sea off 

the  
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Kincardineshire Scotland 
UK, 

15 km 

WF1) - MHI Vestas 5×9.5 
MW, 

WindFloat semi-
submersible,  

       Principle Power 

    coast of Scotland, US 
$445 

          million 

 
BLUESATH, Offshore  

    Santander Spain, 800 
m 

Aeolos 30 kW, Saitec SATH 
 1:6, Saitec 

N/A, Abra del Sardinero, 
US  

      $2.2 million 

 

TETRASPAR DEMO, 
Offshore 

     Karmøy Norway, 10 
km 

Siemens Gamesa 3.6 MW, 
Stiesdal TetraSpar - Spar, 

         Stiesdal 

220 m, Near Zefyros 
(former 

Hywind Demo), US $20.5 
         million 

2021 
DEMOSATH, Offshore  
 Basque Spain, 3.2 km 

2 MW, Saitec SATH, Saitec 

85 m, wind speed 12 m/s 
& 

significant wave height 
2.8 m, 

        $17.3 million 

 

EOLMED, Offshore 
Gruissan 

Mediterranean Sea France, 
15  

            km 

Senvion 4×6.2 MW, Ideol 
 Damping Pool - barge, 

Ideol 

55 m, Mediterranean Sea, 
US 

        $236.2 million 

  

 PROVENCE GRAND 
LARGE 

  (PGL), Offshore 
Napoleon  

  beach Mediterranean Sea 
      France, 17 km 

Siemens Gamesa 3×8.4 
MW, 

  SBM TLP, SBM Offshore 

100 m, Mediterranean 
Sea, US 

          $225 million 

2022 

HYWIND TAMPEN, 
Snorre & 

Gullfaks offshore fields 
Offshore Norway, 140 km 

Siemens Gamesa 11×8 MW, 
  Hywind Spar, Equinor 

260-300 m, mean 
significant 

 wave height 2.8 m, US 
$545 

million 

 

GOLFE DU LION (EFGL), 
Offshore Leucate-Le 

Barcarès 
Mediterranean Sea France, 

16  
           km 

MHI Vestas 3×10 MW, 
WindFloat semi-

submersible, 
       Principle Power 

65-80 m, Mediterranean 
Sea, 

      US $225 million 

 

GROIX & BELLE-ILE, 
Offshore Brittany France, 

22 
km 

MHI Vestas 3×9.5 MW, Sea 
Reed semi-submersible, 

Naval  
           Energies 

60 m, Atlantic Ocean off 
the 

   coast of France, US 
$254 

  million 

 
DONGHAE TWINWIND, 
Offshore Ulsan Korea, 62 

km 

200 MW, Hexicon  
   multi-turbine 

 semi-submersible, 
Hexicon 

  N/A 

2023 

NEW ENGLAND AQUA 
VENTUS I, Offshore 

Monhegan Island in the 
Gulf  

     of Maine US, 4.8 km 

12 MW, VolturnUS - 
semi-submersible, 

University 
of Maine 

100 m, 50-year wind 
speed 40 

   m/s & 50-year 
significant 

 wave height 10.2 m, US 
$100 

million 

2024 
REDWOOD COAST, 

Offshore 

100 – 150 MW, WindFloat 
semi-submersible, Principle 

           Power 

600 m - 1 km, average 
annual 
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Humboldt County 
California  

          US, 40 km 

   wind speed 9-10 m/s, 
N/A 

2025 

CADEMO, Offshore 
Vandenberg California US, 

4.8  
                        

km 

4×12 MW, SBM TLP/ Saitec 
SATH, SBM Offshore/Saitec 

85-96 m, average wind 
speed 

8.5 m/s, N/A 

2026 

CASTLE WIND, Offshore 
Morro Bay California US, 

48  
             km 

1 GW, N/A, N/A 

813 m-1.1 km, average 
wind 

       speed 8.5 m/s, 
N/A 

3. Results 

The following subsections present the findings from Tables 1–4 regarding all the floating wind 
concepts and projects in the world. 

3.1. Findings of Table 1 (Worldwide floating wind turbine concepts – Part 1) 

The total number of the presented floating wind turbine concepts is twenty-eight. Thirteen Semi-
submersibles, five Spar-buoys, five TLPs, three multi-turbines, and two Barges. 

3.2. Findings of Table 1 (Worldwide floating wind-turbine concepts – Part 2) 

The total number of the presented floating wind turbine concepts is twenty-eight. Eighteen of 
which are made of steel, six are made of concrete, and four are made of steel and/or concrete. 

3.3. Findings of Table 1 (Worldwide floating wind-turbine concepts – Part 3) 

The total number of the presented floating wind turbine concepts is twenty-eight. Thirteen Semi-
submersibles, eight of which are made of steel, four are made of concrete, and one is made of steel or 
concrete. Five Spar-buoys, three of which are made of steel, and two are made of steel and/or concrete. 
Five TLPs, four of which are made of steel, and one is made of concrete. Three multi-turbines, which 
are made of steel. Two Barges, one of which is made of concrete, and one is made of steel or concrete. 

3.4. Findings of Table 2 (Worldwide installed floating wind-turbine projects) 

The total installed floating wind capacity in Europe is 123.5 MW, coming from 12 projects, from 
eight contributing countries. The UK, Portugal, Norway, France, Spain, Denmark, Sweden, and 
Germany. 

The total installed floating wind capacity in the US is 30.2 MW, coming from two projects. 
The total installed floating wind capacity in Asia is 21 MW, coming from 4 projects in Japan. 

3.5. Findings of Table 3 (Worldwide planned floating wind-turbine projects) 

The total planned floating wind power capacity in France is 108.5 MW, coming from 4 projects 
(Golfe du Lion – EFGL, GROIX & Belle-Ile, Provence Grand Large – PGL, and EOLMED). 

The total planned floating wind power capacity in Ireland is 106 MW, coming from 2 projects 
(Emerald and AFLOWT). 

The total planned floating wind power capacity in the UK is 105 MW, coming from 2 projects 
(Atlantis IDEOL and TLP Wind). 

The total planned floating wind power capacity in Spain is 103 MW, coming from 5 projects 
(Parque EOLICO Gofio, Balea, FLOCAN 5, Demo SATH, and Pivot Buoy 1:3 Scale). 

The total planned floating wind power capacity in Norway is 102.6 MW, coming from 4 projects 
(Hywind Tampen, Flagship Demo, Tetra Spar Demo, and Sea Twirl S2). 
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The total planned floating wind power capacity in the US is 2.42 GW, coming from 8 projects 
(Castle Wind, Progression South, AWH Oahu Northwest, AWH Oahu South, Red Wood Coast, 
CADEMO, New England Aqua Ventus I, and Mayflower Wind). 

The total planned floating wind power capacity in Korea is 1.606 GW, coming from 7 projects 
(Gray Whale, KF Wind, DONGHAE Twin Wind, KNOC (DONGHAE 1), White Heron, Ulsan 
Prototype, and Ulsan 750 kW Floating Demonstrator). 

The total planned floating wind power capacity in Japan is 28 MW, coming from 2 projects (Goto 
City and NEZZY Demonstrator). 

3.6. Findings of Table 4 (Further details on the worldwide installed and planned floating wind projects – Part 

1) 

The most distinguishable floating wind projects’ cost in France is 962.7 million dollars, coming 
from one installed project (FLOATGEN), and four planned projects (GROIX & Belle-Ile, EOLMED, 
Provence Grand Large, and Golfe du Lion). 

The most distinguishable floating wind projects’ cost in the UK is 655 million dollars, coming 
from two installed projects (Kincardine and Hywind Scotland). 

The most distinguishable floating wind projects’ cost in Norway is 316.5 million dollars, coming 
from one installed project (Hywind Demo – ZEFYROS), and two planned projects (Hywind Tampen 
and Tetra Spar Demo). 

The most distinguishable floating wind projects’ cost in Portugal is 159 million dollars, coming 
from two installed projects (Wind Float Atlantic and Wind Float 1). 

The most distinguishable floating wind projects’ cost in Spain is 19.5 million dollars, coming 
from one installed project (Blue SATH), and one planned project (Demo SATH). 

The most distinguishable floating wind projects’ cost in the US is 112 million dollars, coming 
from one installed project (VOLTURNUS 1:8), and one planned project (New England Aqua Ventus 
I). 

The most distinguishable floating wind project cost in Japan is 157 million dollars, coming from 
one installed project (Fukushima Forward Phases I & II). 

3.7. Findings of Table 4 (Further details on the worldwide installed and planned floating wind projects – Part 

2) 

The most distinguishable floating wind power capacity in France is 110.5 MW, coming from one 
installed project (FLOATGEN), and four planned projects (Golfe du Lion – EFGL, GROIX & Belle-Ile, 
Provence Grand Large – PGL, and EOLMED). 

The most distinguishable floating wind power capacity in Norway is 93.9 MW, coming from one 
installed project (Hywind Demo – ZEFYROS), and two planned projects (Hywind Tampen and Tetra 
Spar Demo). 

The most distinguishable floating wind power capacity in the UK is 79.5 MW, coming from two 
installed projects (Kincardine and Hywind Scotland). 

The most distinguishable floating wind power capacity in Portugal is 27.2 MW, coming from 
one installed project (Wind Float 1 – WF1), and one planned project (Wind Float Atlantic) 

The most distinguishable floating wind power capacity in Spain is 2.302 MW, coming from two 
installed projects (W2Power 1:6 Scale and Blue SATH), and one planned project (Demo SATH). 

The most distinguishable floating wind power capacity in Sweden is 30 kW, coming from one 
installed project (Sea Twirl S1). 

The most distinguishable floating wind power capacity in the US is 1.2102 GW, coming from 
one installed project (VOLTURNUS), and four planned projects (Castle Wind, Red Wood Coast, 
CADEMO, and New England Aqua Ventus I). 

The most distinguishable floating wind power capacity in Korea is 200 MW, coming from one 
planned project (DONGHAE Twin Wind). 

The most distinguishable floating wind power capacity in Japan is 20 MW, coming from three 
installed projects (Fukushima Forward Phases I & 2, Hibiki, and Sakiyama). 
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3.8. Findings of Table 4 (Further details on the worldwide installed and planned floating wind projects – Part 

3) 

The most distinguishable wind speed in Norway is 40 m/s, coming from one installed floating 
wind project (Hywind Demo – ZEFYROS). 

The most distinguishable wind speed in Sweden is 35 m/s, coming from one installed floating 
wind project (Sea Twirl S1). 

The most distinguishable wind speed in Portugal is 31 m/s, coming from one installed floating 
wind project (Wind Float 1). 

The most distinguishable wind speed in France is 24.2 m/s, coming from one installed floating 
wind project (FLOATGEN). 

The most distinguishable wind speed in Spain is 12 m/s, coming from one planned floating wind 
project (Demo SATH). 

The most distinguishable wind speed in the UK is 10 m/s, coming from one installed floating 
wind project (Hywind Scotland). 

The most distinguishable floating wind speed in the US is 8.5-40 m/s, coming from one installed 
floating wind project (VOLTURNUS 1:8), and four planned projects (CADEMO, Castle Wind, Red 
Wood Coast, and New England Aqua Ventis I). 

The most distinguishable wind speed in Japan is 45-48 m/s, coming from two installed floating 
wind projects (Sakiyama and Fukushima Forward Phases I & II). 

3.9. Findings of Table 4 (Further details on the worldwide installed and planned floating wind projects – Part 

4) 

The most distinguishable water depth in Norway is 220-300 m, coming from one installed 
floating wind project (Hywind Demo – ZEFYROS), and two planned projects (Tetra Spar Demo and 
Hywind Tampen). 

The most distinguishable water depth in the UK is 90-120 m, coming from two installed floating 
wind projects (Kincardine and Hywind Scotland). 

The most distinguishable water depth in France is 33-100 m, coming from one installed floating 
wind project (FLOATGEN), and four planned projects (EOLMED, GROIX & Belle-Ile, Golfe du Lion 
– EFGL, and Provence Grand Large - PGL). 

The most distinguishable water depth in Portugal is 100 m, coming from one installed floating 
wind project (Wind Float Atlantic – WFA). 

The most distinguishable water depth in Spain is 85 m, coming from one installed floating wind 
project (Demo SATH). 

The most distinguishable water depth in Portugal is 49 m, coming from one installed floating 
wind project (Wind Float 1 – WF1). 

The most distinguishable water depth in Sweden is 35 m, coming from one installed floating 
wind project (Sea Twirl S1). 

The most distinguishable water depth in the US is 27.4 m – 1 km, coming from one installed 
floating wind project (VOLTURNUS 1:8), and three planned projects (CADEMO, New England Aqua 
Ventus I, and Red Wood Coast). 

The most distinguishable water depth in Japan is 55-125 m, coming from three installed floating 
wind projects (Hibiki, Sakiyama, and Fukushima Forward Phases I & II). 

3.10. Findings of Table 4 (Further details on the worldwide installed and planned floating wind projects Part 

5) 

The most distinguishable distance to shore in Norway is 10-140 km, coming from one installed 
floating wind project (Hywind Demo – ZEFYROS), and two planned projects (Tetra Spar Demo and 
Hywind Tampen). 

The most distinguishable distance to shore in the UK is 15-25 km, coming from two installed 
floating wind projects (Kincardine and Hywind Scotland). 
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The most distinguishable distance to shore in France is 15-22 km, coming from one installed 
floating wind project (FLOATGEN), and four planned projects (EOLMED, Golfe du Lion – EFGL, 
Provence Grand Large – PGL, and GROIX & Belle-Ile). 

The most distinguishable distance to shore in Portugal is 5-20 km, coming from two installed 
floating wind projects (Wind Float 1 – WF1 and Wind Float Atlantic). 

The most distinguishable distance to shore in Spain is 800 m – 3.2 km, coming from one installed 
floating wind project (Blue SATH), and one planned project (Demo SATH). 

The most distinguishable distance to shore in the US is 330 m – 48 km, coming from one installed 
floating wind project (VOLTURNUS 1:8), and four planned projects (New England Aqua Ventus I, 
CADEMO, Red Wood Coast, and Castle Wind). 

The most distinguishable distance to shore in Korea is 62 km, coming from one planned floating 
wind project (DONGHAE Twin Wind). 

The most distinguishable distance to shore in Japan is 5-15 km, coming from three installed 
floating wind projects (Sakiyama, Hibiki, and Fukushima Forward Phases I & II). 

4. Discussion 

In this section, we will no further discuss the obtained findings in Section 3, because these were 
sufficiently touched upon. This section will include external references of relevance to the worldwide 
floating wind situation, with a special focus on Europe, and some other related aspects. Figure 9 
shows the floating wind Power-to-X technology, which is used to transform the produced floating 
wind electrical energy mainly into hydrogen and compressed air to eliminate the need for 
tremendous corresponding electrical infrastructures. Next, we will consider the floating wind 
feasibility in Romania. 

 
Figure 9. The floating wind Power-to-X technology which transforms the produced floating wind 
electrical power mainly into hydrogen and compressed air. Figure processed by the authors, 
according to the information presented in [100]. 

There was established a European floating wind research project, which specializes in European 
floating wind development, has a total cost of 50 million euros, but with an expected revenue of 5000 
million euros [2]. Europe is also working towards both keeping its position as the world’s floating 
wind leader, as well as towards being the biggest floating wind manufacturer. It will first focus on 
the European pre-commercialized floating wind projects and their corresponding incentives and 
grants. It will second focus on the European-patent floating wind concepts and collect them in a 
corresponding portfolio, which will be pushed rapidly toward serial production. It will third focus 
on the European large-scale floating wind projects and make corresponding large governmental 
investments. It will fourth focus on developing the European coastal infrastructure and making it 
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suitable for the implementation of large-scale floating wind projects. It will also focus on financing 
the private sector and making European inter-governmental floating wind collaborations [6]. 

A typical 2 MW Spar floating wind support structure weighs 140 tons, and has a draft of 100 m, 
a water depth of 700 m, a tower height of 70 m, and a total height of 100 m. A typical floating wind 
project takes seven years for its demonstration, and an additional eight years for its construction (i.e., 
Hywind Scotland) [8]. 

Floating wind projects have an overall cost that comes from the implemented floating support 
structure (24%), the implemented wind turbine (33%), Operation and Maintenance (23%), grid 
connection (15%), and decommissioning (5%) [5]. 

Spar-buoy is the simplest floating wind support structure, and it has convenient stability. Semi-
submersible is less stable due to its comparably larger water-plane area, and it has a relatively 
difficult manufacturing. TLP is the most stable floating wind support structure, but it has both the 
most difficult installation and an inconvenient mooring system price. The typical cost for a generic 
floating wind turbine is 8 million euros/MW [1]. 

Spar-buoy has both ballast and drag-embedded catenary-mooring, as well as anchor stability 
systems. Semi-submersible and Barge have both buoyancy and mooring stability systems. TLP has 
both mooring lines and suction pile anchors [5]. 

Romania is a feasible candidate for floating wind implementation [10,11]. However, it lacks 
electrical infrastructures in the Sea areas, which will necessitate the implementation of floating wind 
Power-to-X technology, which will do the job of transforming the produced electrical power mainly 
into hydrogen or compressed air and transport it accordingly through ships or other means of 
transportation. This technology is also a candidate for replacing the European gas import from other 
countries, by converting renewable energy’s produced electricity into other chemicals such as 
methanol and synthetic natural gas [45]. Also see [7,12,17-19,20,21,44,50,54,55,59,66,68,76,83]. 

5. Conclusions

The presented data throughout the paper shows that the current installed floating wind power 
capacity is 123.5 MW in Europe, 30.2 MW in the US, and 21 in Asia, making an overall floating wind 
installed power capacity of 174.7 MW (between 2013-2020). The total planned floating wind power 
capacity is 525.1 MW in Europe, 2.42 GW in the US, and 1.634 GW in Asia, making an overall floating 
wind planned power capacity of 4.5791 GW (for 2020-2027). The total number of the floating wind 
concepts is twenty-eight. Thirteen Semi-submersibles, five Spar-buoys, five TLPs, three multi-
turbines, and two Barges. Three-thirds of these are made of steel, and a third are made of steel and/or 
concrete. 

The most outstanding installed and planned floating wind projects make a total cost of 2.113 
billion dollars in Europe, 112 million dollars in the US, and 157 million dollars in Asia. Their 
corresponding power capacity is 313.43 MW in Europe, 1.21 GW in the US, and 220 MW in Korea. 
Their corresponding wind speed range is 10-40 m/s in Europe, 8.5-40 m/s in the US, and 45-48 m/s in 
Asia. Their corresponding water depth is 33-300 m in Europe, 27.4 m – 1 km in the US, and 55-125 m 
in Asia. Their corresponding distance to shore range is 800 m – 140 km in Europe, 330 m – 48 km in 
the US, and 5-62 km in Asia. 

Note that this data is based on 2020 [22], due to the limited reliable overall resources on the 
floating wind situation in 2023. 
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