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OFFSHORE WIND IN EUROPE: MARKET GROWTH 

• Europe added 3,623 MW net offshore 
capacity in 2019. 

₋ 502 new offshore wind turbines 
connected to the grid, across 10 
wind farms. 

• Total installed capacity: 22,072 MW. A 
total of 5,047 grid-connected wind 
turbines across 12 countries.

. [3]

OFFSHORE WIND

Introduction: Offshore wind in numbers
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Economy of scale → Possibility of developing large facilities

3. • < 25% red conectada. •• < 50% red conectada. ••• < 75% red conectada. •••• < 100% red conectada.

Overview of grid-connected offshore wind power projects at the end of 2019

. [3]

Average size of commercial offshore wind farm projects in the year (MW)

Offshore Wind

in Europe, Key trends and statistics 2019, Wind Europe

. [3]

The average size in 2019 was 600 MW

OFFSHORE WIND IN EUROPE: MARKET GROWTH 

OFFSHORE WIND

Introduction: Offshore wind in numbers
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In 2019 the average distance to shore (59 km) and water depth (33 m) still is increasing

Rolling average water depth of online offshore wind farms
Offshore Wind

in Europe, Key trends and statistics 2019, Wind Europe

Average water depth and distance to shore of offshore wind 

farms under construction during 2019. 
Offshore Wind

in Europe, Key trends and statistics 2019, Wind Europe

. [3]

. [3]

OFFSHORE WIND IN EUROPE: MARKET GROWTH 

OFFSHORE WIND

Introduction: Offshore wind in numbers
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• A cumulative total of 73MW of floating offshore wind power has

been installed in countries in Asia and Europe, which will

increase to 124MW by the end of 2020.

• Prototypes installed between 2009 and 2018 have

demonstrated the feasibility of the technology in single units,

paving the way for larger arrays.

• Europe has the largest installed capacity using floating

technology.
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OFFSHORE WIND – FLOATING WIND – GLOBAL OVERVIEW

OFFSHORE WIND

Introduction: Offshore wind in numbers
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OFFSHORE WIND – FLOATING WIND – GLOBAL OVERVIEW

Commercial projects and market growth to 2040

GLOBAL OVERVIEW

Source: Carbon Trust. [1]

Source: Carbon Trust. [1]

OFFSHORE WIND

Introduction: Offshore wind in numbers
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MARKET PROJECTIONS – 3 KEY REGIONAL MARKETS

Source: Carbon Trust. [1]

OFFSHORE WIND – FLOATING WIND – GLOBAL OVERVIEW

OFFSHORE WIND

Introduction: Offshore wind in numbers
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• There will be nearly 350 MW online in 2022 and at

least 6 GW worth of projects that could be

commissioned by 2030 if they secure support,

• At least 7 countries in Europe have the ambition to

develop floating wind in the next decade.

• Europe needs between 100-150 GW of floating wind

for reaching climate neutrality.

• Volumes backed-up with the right policies will

continue to reduce cost to 40-60€/MWh by 2030.

FLOATING OFFSHORE WIND IN EUROPE

Source: Wind Europe. [3]

The following floating projects are currently being developed in Europe

OFFSHORE WIND – FLOATING WIND – EUROPEAN OVERVIEW

OFFSHORE WIND

Introduction: Offshore wind in numbers
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OFFSHORE WIND

Introduction: Why floating offshore wind?

Advantages

• More resource

• Better resource (less turbulence)

• Larger economies of scale (larger facilities)

• Less socio-environmental restrictions

Disadvantages

• Harsh environment

• Technological barriers

• Higher costs

• Higher risks

PROS & CONS
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OFFSHORE WIND

Introduction: Why floating offshore wind?

• Winds are stronger and more consistent 
further out to sea

• Close to 80% of the world’s offshore wind 
resource potential is in waters deeper than 
60 metres

• Floating wind can potentially power 12 
million homes in Europe by 2030

• Removing water depth constraints allows 
us to select the best sites in the world

• Floating wind has a higher capacity factor 
thanks to better wind further offshore

• Floating wind aims to be competitive with 
other forms of energy by the year 2030

Floating offshore wind in Equinor - equinor.com

INDUSTRY PERSPECTIVE

Hywind | Saipem

https://www.equinor.com/en/what-we-do/floating-wind.html
https://www.saipem.com/en/projects/hywind


R
 &

 D
 +

 i
fo

r 
s
u

s
ta

in
a

b
le

 d
e

ve
lo

p
m

e
n

t
ENERGÍA EÓLICA MARINA FLOTANTE 
DE LA INVESTIGACIÓN AL MERCADO

VII JORNADAS DE MINERÍA Y ENERGÍA

OFFSHORE WIND

Introduction: Why floating offshore wind?

UK offshore wind capacity factors – Energy Numbers

https://energynumbers.info/uk-offshore-wind-capacity-factors
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Mooring System

&

Power cable

Aerodynamic Response

Hydrodynamic 

Response

OFFSHORE WIND

Introduction: The problem

▪ FOWT = support + RNA

▪ Support = tower + floater + station keeping

▪ Station keeping = mooring + anchoring
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OFFSHORE WIND

Introduction: The problem
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OFFSHORE WIND

Introduction: The floating concept
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Tension Leg Platforms
(6.000 ft  1800 m)

Floating hull tethered
by steel tendons.

Primary control load: 
Mooring System

Spar
(10.000 ft  3000 m)
Hollow cylinder, with extra
weight in the bottom; Lateral
anchoring system.

Primary control load:
Hull Configuration.

Semi-Submersibles
(9.000  ft  2700 m )
Deck supported by columns,
connected underwater by
pontoons. Lateral mooring
system.

Primary control load:
Hull Configuration.

Ship –Shape (FPSO) 
(10.000 ft  3000 m)
Mooring systems connected 
to a “turret” mounted to the 
hull; freely rotation.  

Primary control load:
Hull Configuration

Four primary industry recognized solutions 
Proven, Functional, Scalable, Adaptable worldwide. 

Source: Floatec, 2010.

Floating structures – State of the art
Offshore O&G Structures 

OFFSHORE WIND

Introduction: The floating concept
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▪ A semi-submersible is a free-surface buoyancy-

stabilised structure with relatively shallow draft.

▪ It is a versatile structure thanks to its relatively low

draft and flexibility to different site conditions.

▪ Generally, it is a heavy structure with a relatively

high steel mass and manufacturing complexity due

to the many welded connections.

▪ There are emerging and very promising solutions

based on concrete.

FLOATING WIND TYPOLOGY REVIEW – SEMI-SUBMERGIBLE TECHNOLOGY

WINDFLOAT – Semi-Sub Technology 

OFFSHORE WIND

Introduction: The floating concept
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FLOATING WIND TYPOLOGY REVIEW – SPAR TECHNOLOGY

▪ The spar is a ballast-stabilised structure with

relatively large draft.

▪ It uses simple, well-proven technology with

inherently stable design that exhibits high inertial

resistance to pitch and roll motions.

▪ The spar will face challenges due to its large draft

requirements for the operational site, but also in

terms of assembly sites and transportation routes.

▪ The spar technology is dominated by steel, but

there are solutions based on concrete like

Windcrete.

HYWIND – Spar Technology

OFFSHORE WIND

Introduction: The floating concept
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FLOATING WIND TYPOLOGY REVIEW – TENSION LEG PLATFORM (TLP)

▪ The tension leg platform is a tension-stabilised structure

with relatively shallow structural draft and limited motions

during operation.

▪ The tension leg enables low structural weight of the

substructure, and thus lower material costs.

▪ However, mooring tendons can present higher operational

risk in case of mooring failure and add requirements with

regard to soil conditions at site.

▪ Regarding with the materials used to manufacture this

kind of concepts, they are mostly built in steel, but there

are composite structures made of concrete and steel like

GICON technology. SBM WINDFLOATER – TLP Technology

OFFSHORE WIND

Introduction: The floating concept
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FLOATING WIND TYPOLOGY REVIEW – BARGES TECHNOLOGY

▪ Barges are the shallowest draft of all the floating

foundation types.

▪ This is an advantage for installing the turbine alongside a

quay at a shallow draft ports.

▪ However, this designs usually show larger motions due to

waves, which can demand more advanced mooring

systems.

▪ Some barge designs include a moonpool to suppress

wave-induced loading (i.e. IDEOL).

▪ With regards to the base materials used within this

technology, both materials, steel and concrete, are being

used to develop this kind of concepts. BLUESATH – Barge Technology

OFFSHORE WIND

Introduction: The floating concept
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In practice, floating concepts
are hybrid designs that gain
static stability from all three
methods, although generally
relying on one primary source
for stability.

SPAR 

• Stable Design, Lowest Risk 

• Simple and Inexpensive

• Catenary or Taut Mooring 

• High Mass, Deflection and Heel Angles.

• For very High Depths

TLP

•Most Stable  (low roll and pitch).

• Site – Constrained.  High depth.

• Expensive taut  mooring. 

• Prone to fatigue loading.

• Sensitive to yaw load.

BARGUE / TRIFLOATER / SEMI-SUB 

• Most Flexible. 

• Easily Mass Produced.

• Catenary or Taut mooring

• High heel angles

•Dry-docking possible

Fit For Purpose Design of Deepwater Support Structures: 
Optimize the Structural Configuration ensuring  Robustness, Cost and Performance Efficiency, and thus meeting 
Financial Targets.

Source: Upwind Project, 2010.Source: Upwind Project, 2010.

OFFSHORE WIND

Introduction: The floating concept

Floating structures – State of the art
Offshore O&G Structures 
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Life Cycle Assessment of Greenhouse Gas Emissions for Floating Offshore Wind Energy in California (pnnl.gov)

OFFSHORE WIND

AN INNOAVATIVE INDUSTRY: The floating wind farm

Keywords: Efficiency, Reliability, Durability, Standardization/Industrialization, …
Weather dependency, Marine Environment, Floating …

https://tethys.pnnl.gov/sites/default/files/publications/Bang-2019-Floating-Wind-LCA.pdf
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Prioritisation of key technical barriers

Impact: 1-3 (High=3; Med=2; Low=1)

Criticality/Barrier: High - Low
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OFFSHORE WIND

AN INNOAVATIVE INDUSTRY: The floating wind farm

Floating Offshore Wind - Market & Technology 
Review_FINAL (storage.googleapis.com)

https://prod-drupal-files.storage.googleapis.com/documents/resource/public/Floating%20Offshore%20Wind%20Market%20Technology%20Review%20-%20REPORT.pdf
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STATUS OF FLOATERS DESIGN IN 2020 (1/2)

TRL

Source: Carbon Trust. [1]

▪ There are approximately 40 different

floating wind concepts at various stages of

development.

▪ Almost all the developments are focused on

the floaters.

▪ The majority of the turbines are

conventional horizontal axis turbines, as

provided by the major offshore wind turbine

suppliers.

▪ While a large number have successfully

completed tank testing, the progression to

full-scale demonstration has proved more

elusive, largely due to the step change in

investment required.

OFFSHORE WIND

AN INNOAVATIVE INDUSTRY: The floater
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TRL

Source: Carbon Trust. [1]

▪ There are approximately 40 different

floating wind concepts at various stages of

development.

▪ Almost all the developments are focused on

the floaters.

▪ The majority of the turbines are

conventional horizontal axis turbines, as

provided by the major offshore wind turbine

suppliers.

▪ While a large number have successfully

completed tank testing, the progression to

full-scale demonstration has proved more

elusive, largely due to the step change in

investment required.

STATUS OF FLOATERS DESIGN IN 2020 (2/2)

OFFSHORE WIND

AN INNOAVATIVE INDUSTRY: The floater
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FLOATING WIND TYPOLOGY – STATION KEEPING SOLUTIONS – MOORING ARRANGEMENT

➢ 3 Main solutions: 

TURRET SOLUTIONS

• Generally used on Barge floating 

platforms in more harsh environments. 

• Multiple mooring lines are used, 

• The Barge is able to rotate around the 

turret to obtain an optimal orientation 

relative to the prevailing weather 

conditions.

SPREAD MOORING SOLUTIONS

CATENATY MOORING SYSTEM

TAUT AND SEMI-TAUT MOORING SYSTEM

• Chain
• Wire Rope
• Drag Embedment Anchor

• Synthetic Rope
• Wire Rope
• Vertical Loaded Anchor (VLA)

TENSION LEG SOLUTION

• Very Hight Deep Water
• Suction Anchor
• Vertical Loaded Gravity 

Anchors

Source: Vryhof. [5]

OFFSHORE WIND

AN INNOAVATIVE INDUSTRY: Station keeping
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Most common anchors: 

▪ Deadweight anchor (1) 

▪ Drag embedment anchor 

(mainly against horizontal load) 

(3)

▪ Anchor piles: 

▪ Driven pile (2) 

▪ Suction pile (4) 

▪ Torpedo pile (5) 

▪ Vertical load anchor (6) 

Source: Vryhof. [5]

FLOATING WIND TYPOLOGY – STATION KEEPING SOLUTIONS – ANCHORING

OFFSHORE WIND

AN INNOAVATIVE INDUSTRY: Station keeping
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FLOATING WIND TYPOLOGY REVIEW – 2 MAIN MATERIALS OF CONSTRUCTION: STEEL & CONCRETE

Offshore Steel Structures

ADVANTAGES FOR STEEL HULLS:

▪ Fabrication in Existing Shipyards

▪ Potentially Lower First Cost for One Hull

▪ Traditional Engineering

▪ Traditional Construction

▪ More Steel Fabricators are Available

▪ More Steel Designers are Available

▪ Prestressing Not Required

Steel is the most common material used for offshore construction

Bollsta Dolphin - Semisub Advantages of steel structures

Fabrication in Existing Shipyards

High supply of specialized shipyards

Traditional Engineering & Construction

Standardized processes

Specialized staff

Production efficiency

More Steel Fabricators & Designer

High supply to develop technology.

Cost Reduction

Cost Reduction

Windfloat –Steel Hull

OFFSHORE WIND

AN INNOAVATIVE INDUSTRY: Materials
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FLOATING WIND TYPOLOGY – 2 MAIN MATERIALS OF CONSTRUCTION: STEEL & CONCRETE

ADVANTAGES FOR CONCRETE HULLS:

▪ Lower prices

▪ Well-known performance

▪ Long experience in the marine environment

▪ Industrialize

▪ Low maintenance

Offshore Concrete Structures Offshore concrete structures have been in use successfully for about 40 years.

Floating offshore structures have

become rather attractive within

the last three decades.

Troll B (1995). SemiSub

Advantages of offshore concrete structures
Lower fabrication costs

Economy of materials

Faster and more cost effective to construct

• The fabrication costs saving is at least a 16% compared to that of steel.

Lower maintenance costs

High resistance to abrasion

Non corrosion effects over hull

No painting required

Less downtime for repair and maintenance

Repair and restoration can be done afloat

Excellent resistance to impact loads

Lower maintenance costs

Lower fabrication costs
Damping Pool. Ideol

Other key qualitative parameters for cost of concrete structure

• Local availability of labour and materials

• Design basic requirements

• Construction schedule. Construction time is related to simplicity and concrete volume.

OFFSHORE WIND

AN INNOAVATIVE INDUSTRY: Materials
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OFFSHORE WIND IN EUROPE: MARKET GROWTH – FLOATING WIND

➢ Opportunities for floating wind – OFFSHORE WIND AREAS

OFFSHORE WIND

FLOATING OFFSHORE WIND AT IHCANTABRIA: Spain

Global Wind Atlas

CAN AND

CAT

ACBC
GAL

➢ 5 regions have been identified in Spanish 

waters and are promoted by the national 

government

▪ Canary islands (CAN)

▪ Galicia (GAL)

▪ Asturias-Cantabria-Basque Country (ACBC)

▪ Andalucía (AND)

▪ Catalonia (Can)

➢ Marine spatial planning. Interaction with orher

marine uses: Protected areas, Fisheries, 

Aquaculture, Sea Transport, Airports, …

https://globalwindatlas.info/
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➢ Opportunities for floating wind – OFFSHORE WIND AREAS

https://www.grupocobra.com/en/proyecto-innovacion/flocan-to-grid/

FLOCAN TO GRID

OFFSHORE WIND

FLOATING OFFSHORE WIND AT IHCANTABRIA: Spain

Source: Spanish Offshore Wind Status. Saitec Offshore Technologies. November 2020.
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➢ Opportunities for floating wind – OFFSHORE WIND AREAS

OFFSHORE WIND

FLOATING OFFSHORE WIND AT IHCANTABRIA: Spain

Source: Spanish Offshore Wind Status. Saitec Offshore Technologies. November 2020.
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➢ Opportunities for floating wind – OFFSHORE WIND AREAS

IDERMAR FLOATING MET MAST III (Source: IHCantabria)

IDERMAR FLOATING MET MAST III (Source: IHCantabria)

www.eldiariomontanes.es, Aug. 2020

OFFSHORE WIND

FLOATING OFFSHORE WIND AT IHCANTABRIA: Spain

Source: Spanish Offshore Wind Status. Saitec Offshore Technologies. November 2020.

http://www.eldiariomontanes.es/
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➢ Opportunities for floating wind – OFFSHORE WIND AREAS

www.lavozdigital.es, Jun. 2020

Source: Spanish Offshore Wind Status. Saitec Offshore Technologies. November 2020.

OFFSHORE WIND

FLOATING OFFSHORE WIND AT IHCANTABRIA: Spain

http://www.lavozdigital.es/


R
 &

 D
 +

 i
fo

r 
s
u

s
ta

in
a

b
le

 d
e

ve
lo

p
m

e
n

t
ENERGÍA EÓLICA MARINA FLOTANTE 
DE LA INVESTIGACIÓN AL MERCADO

VII JORNADAS DE MINERÍA Y ENERGÍA

SPANISH MOST 
RELEVANT 

TECHNOLOGY 
INITIATIVES

OFFSHORE WIND

FLOATING OFFSHORE WIND AT IHCANTABRIA: Spain
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Campus Building

Research Groups

Administration and 

general services

TER Building

Offices 2
1

Supercomputing Laboratories

3

21.982 m2

B U I L T

CCOB

Hydrobiology Laboratories

OFFSHORE WIND

FLOATING OFFSHORE WIND AT IHCANTABRIA: Spain
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Hydrodynamic Analysis

Aerodynamic Response

Laboratory and numerical analysis (frequency 

and time domain analysis):

• Movements (6DOF).

• Accelerations.

Simulation by:

• Numerically through In house Model 

and Fast.

• Laboratory Multi-fan System.

1

• Loads Evaluation.

• Design.

• Optimization

2

Mooring Analysis
3

Mooring Systems

Aerodynamic Response

Hydrodynamic Response

OFFSHORE WIND

FLOATING OFFSHORE WIND AT IHCANTABRIA
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Pre-Design of mooring 
systems

Design of mooring 
systems

a) b)

Numerical Modelling

Non-Coupled Analysis Coupled Analysis

Physical Modelling

Design and Validation 
of the mooring system

c)

Static 

Approach

Quasi-static 

Approach

Quasi static 

Approach

Simulation of mooring line system

(forced oscillations)

Simulation of mooring lines and 

floating structures

Dynamic 

Approach

Non-Coupled Analysis Coupled Analysis

Simulation of 

mooring line system

(forced oscillations)

Mooring Lines 

Floating 

Structures

a.1 a.2 b.1 b.2 c.1 c.2

Numerical Modelling

Design, Validation and Certification of mooring system for floating structures: Hybrid Methodology

OFFSHORE WIND

FLOATING OFFSHORE WIND AT IHCANTABRIA
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IH Cantabria has developed different strategies to reproduce the wind turbine loads

In house multi-fan wind 

generator (medium and 

small scale)

Commercial Wind 

Generator (GEVI) 

(large scale)

Drag Disk

2013-2015

Static lines 

and cables

2010-2014

Multi-fan system: 

Software in the 

Loop (SIL)

2016-2020System pulley with  

suspended weights

Pat. ES2632187B1 

OFFSHORE WIND

FLOATING OFFSHORE WIND AT IHCANTABRIA
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Offshore wind O&M drivers: 

Hydrodynamics + Metocean

• Metocean conditions rules the crew transfer

• Fluid–vessel–structure → Marine operation risks

• Farm Downtime vs Operation & Maintenance

Metocean
conditions

Marine 
operations

•Personnel transfer

•Sea transport

O&M
Logistics

MPI Dulcinea transfers technicians off D4 at Sheringham Shoal Offshore Wind Farm
https://www.youtube.com/watch?v=Y-IdwS6scEk&t=136s

OFFSHORE WIND

FLOATING OFFSHORE WIND AT IHCANTABRIA
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• Optimize availability

• Facilitate the decision-making during personnel transfer operations

• Improve personnel safety access (marine operations)

• Optimize transport vessel/boatlanding selection

CHALLENGES

To develop an integrated tool to simulate the 
marine operations associated to O&M logistics 

from a long-term perspective

OBJECTIVES

0401
Metocean conditions 

assessment
• Hindcast data
• Forecast data  (future works)

02
Multi-body 

Hydrodynamics
-Access simulator-

03
O&M Simulator

• Transport model
• Accessibility algorithm
• Fault/reparation model

Farm Simulator
• Production model
• Cost model

OFFSHORE WIND

FLOATING OFFSHORE WIND AT IHCANTABRIA
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Vessel (CTV or SOV)Platform (fixed or floating)

R
A
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s

M
e

to
ce

a
n

 t
im

e
 

se
ri

e
s 

(w
a

ve
, 

w
in

d
)

Guanche, R., Martini, M., Jurado, A., Losada, I.J., (2016) Walk-to-work accessibility 
assessment for floating offshore wind turbines, Ocean Engineering

W2W strategy: step up to access ladder by CTV (no 
gangway)

• Hypothesis considered: O&M technicians walk from the vessel 
to the boatlanding if and only if :

1. There is no-slide condition between both bodies (no relative 
motion).

2. There are small relative rotations (thresholds defined by the 
user).

• Hypothesis considered: gangway tip is infinitely close to the 
transition piece, allowing O&M technicians to walk to the 
platform if and only if:

1. Relative motions between the gangway tip and the platform 
are within operational compensation limits of the gangway.

W2W strategy: SOV with an auto compensated 
gangway

Coupled system RAO
Frequency domain response 
of both bodies according to 

the wave heading angle

Multibody simulation
NEMOH: Open source code to get 

hydrodynamic response in the frequency 
domain

Accessibility

• Accessibility polar diagram of limiting wave height depending on 
wave periods and wave headings.

• Statistical results of accessibility for any

• Accessibility atlas.

Results:
• Thorntonbank III
• Zeebrugge Port
• 5MW Semisub
• CTV 24m

OFFSHORE WIND

FLOATING OFFSHORE WIND AT IHCANTABRIA
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Ingeteam O&M experience has been 
used to create a database including:
• Failure rates per component
• Repair time per component
• Repair cost per component

Life-time faults distribution:
• Bath-curve: Extra probability at early years (defective

equipment) and late years (wear out faults)
• Met-ocean influence: Extra probability due to wind and

waves severity (extreme events).

1604 types of faults 
characterized by:
• Failure rate
• Reparation time
• Cost 

Farm Intelligence

• Aggregation of small failures
• Night/day 

transportation+reparation
optimization 

• Ad-hoc reparation protocol per 
component

…

OFFSHORE WIND

FLOATING OFFSHORE WIND AT IHCANTABRIA
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The farm simulator provides long-term
information to perform a statistical analysis, of:

• Downtime
• Energy production
• Number of fails
• Reparation costs
• Reparation time
• Number of vessel trips

OFFSHORE WIND

FLOATING OFFSHORE WIND AT IHCANTABRIA
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Energía eólica marina flotante: 

de la investigación al mercado

Torrelavega, 15 de Abril de 2021

PhD. Raúl Guanche (guancher@unican.es), 

IHCantabria - Instituto de Hidráulica Ambiental de la 

Universidad de Cantabria
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