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EXECUTIVE SUMMARY
The SETWind project is a European funded project to support the Implementation Working Group
of the Strategic Energy Technology (SET)-Plan Implementation Plan for Offshore Wind. The intent
of SETWind is to maintain the Implementation Plan for Offshore Wind as a dynamic reference point
for offshore wind energy research and innovation. SETWind monitors and report on progress towards
the Implementation Plan targets of EUR 1+ billion to be invested in R&I in the offshore sector until
2030; strengthening policy coordination in European offshore wind energy R&I policy by supporting
the work of the SET-Plan Implementation Group for Offshore Wind and facilitate a breakthrough in
the coordination across borders of nationally funded R&I projects.
Market status and development
The biggest deployment in 2019 took place in United Kingdom, with 45% of all installations,
followed by Germany with 34%, Denmark (8%), Belgium (7%) and The Netherlands (5%). The total
offshore wind installed capacity was 22,072 MW at the end of 2019. Siemens Gamesa Renewable
Energy (SGRE) has the largest number of offshore wind turbines in Europe with 68.1% of the total
installed capacity. MHI Vestas Offshore Wind is the second largest offshore wind turbine
manufacturer measured by installed capacity in European waters.
The most commons support scheme for new offshore wind projects is the tender-based feed-in
premium. Germany, Denmark, Finland, France, Greece, Ireland, Italy, the Netherlands, Poland and
the United Kingdom have a competitive bidding scheme in force. The shift from feed-in–tariffs to
tender-based support schemes has resulted in highly competitive price bidding from mid-2016
onwards.
Technology status and development
The trend of the offshore wind turbines continue to become more powerful.
•
•
•
•

The market outlook for 2023 expects installations of turbines +10MW coming from current
demonstrations sites. Siemens-Gamesa’s record breaking 14MW to be deployed by 2024.
The average project size capacity varies between 140 MW and 370 MW.
The blades length and rotor diameter has been growing exponentially during the last decades.
Average installed rotor diameters rose has increased about 47% as compared to 2010-levels.
In terms of supporting structures, monopiles foundations still dominate the European market,
followed by other concepts such as tripods, tripiles and jacket structures. However,
commercial scale floating offshore wind farms over 1 MW are gaining importance with 1 GW
of installed capacity for the coming two years. France is the frontrunner followed by UK,
Portugal and Norway.
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INTRODUCTION
The Framework Strategy for a Resilient Energy Union with a Forward-Looking Climate Change
Policy (Energy Union strategy, (COM(2015) 80, 2015)) is built on the ambition to achieve a
fundamental transformation of Europe's energy system in a cost-effective way. Renewable
technologies are at the heart of the new energy system with offshore wind as a main pillar.
As part of the Energy Union strategy, the Strategic Energy Technology Plan (SET-Plan, (C(2015)
6317 final, 2015)) is at the forefront of European energy technology policy with the aim of identifying
the strategic priorities and actions needed to accelerate the energy transition. In particular, the SETPlan Implementation Plan for Offshore Wind has defined six priority actions:
•
•
•
•
•
•
•
•
•

System Integration
Wind Energy Offshore Balance of Plant
Floating offshore wind
Wind Energy Operations and Maintenance
Wind Energy industrialisation
Wind Turbine Technology
Basic Wind Energy Science
Ecosystem and Social Impact
Human Capital Agenda

The SETWind project supports the Implementation Working Group for Offshore Wind. The project
has been developed in consultation with the Temporary Working group that authored the
Implementation Plan and key stakeholder organisations including ETIPWind, WindEurope, the
EERA Joint Programme for Wind Energy (JP Wind), the IEA Wind Energy Systems Technology
Collaboration Programme (Wind TCP) and the European Commission’s Joint Research Centre in
Petten.
SETWind has published an annual report on Mapping R&I policies and priorities for offshore wind
(SETWind D3.1, 2020). This report is a special edition of the annual progress report on SET-Plan for
offshore wind power in Europe, co-authoring with the European Commission, Joint research Centre.
It presents key data on European market developments in offshore wind energy and technology trends
in offshore wind energy to assess the progress towards the Implementation Plan targets. (JRC, 2019)
and (JRC, 2020 b).
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MARKET STATUS AND DEVELOPMENT
1.1 DEPLOYMENT STATUS
The strongest deployment in 2019 took place in United Kingdom, with
45% of all installations, followed by Germany with 34%, Denmark (8%),
Belgium (7%) and The Netherlands (5%)

Figure 1 Cumulative installed capacity (left) and annual capacity additions (right) of offshore wind
energy in Europe (JRC based on (GWEC, 2020).

1.2 POLICY SUPPORT
The State Aid Guidelines for Environmental protection and Energy (EEAG) 2014-2020 (applicable
from 1 July 2014), have promoted a gradual move towards market-based support schemes for
renewable energy technologies in the EU Member States (European Commission, 2014). As
illustrated in Figure 2, twelve MSs currently have support schemes in place for offshore wind.
Tender-based feed-in-premium is the most common support scheme for new projects. Ten out of
twelve MSs (Germany, Denmark, Finland, France, Greece, Ireland, Italy, the Netherlands, Poland
and the United Kingdom 1) have a competitive bidding scheme in force. Belgium and Sweden grant
tradable green certificates. No Member State grants any support scheme determined administratively
(JRC, 2019 a).

Poland and the United Kingdom have implemented a Contract for Difference (CfD) support scheme. Some publications
consider CfD as a kind of sliding FIP. Eligible generators receive a "strike price", previously defined-by auction, and are
required to participate in the wholesale market. If the market price is lower than the "strike price", the difference is covered
by a CfD counterparty. On the contrary, if the market price rises above the strike price, the generators are required to pay
back the difference between the guaranteed price and the wholesale price to the CfD counterparty.

1
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Figure 2 Overview of support schemes for new offshore wind energy projects in the EU28 (in force
in July 2019) (JRC, 2019 a).
The shift from feed-in–tariffs to tender-based support schemes promoted by the EEAG has resulted
in highly competitive price bidding from mid-2016 onwards (Error! Reference source not found.).
So far, more than 3.1 GW of offshore capacities have been allocated under zero-subsidy bids in
Germany and the Netherlands, and bid prices have decreased in tenders held in Denmark and in the
United Kingdom (JRC, 2019 b).
Across all EU countries a cumulative offshore wind capacity of about 13 GW has been allocated
through competitive tendering procedures, which are expected to be commissioned until 2025. With
2.1 GW and 1 GW of offshore capacity respectively, Ørsted (formerly DONG Energy) and Vattenfall
are the main beneficiaries of these tender rounds (Figure 3).
Ørsted (DONG)
Vattenfall
EDP Renovaveis (EDPR)
EnBW
Innogy (former RWE Innogy)
Shell-led consortium
Vattenfall/SP Renewables
EDF Renewables, Innogy and Enbridge
SSE Renewables consortium
Iberdrola Renovables
Mainstream Renewables
Equinor (Statoil) consortium
Innogy
KNK Wind GmbH
0

500 1000 1500 2000 2500 3000 3500 4000
Capacity allocated (MW)
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Figure 3 Allocated capacity and respective developers of competitive offshore tenders in Europe
until 2019 (JRC, 2019 a).
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Even though zero-subsidy bids are only possible under specific conditions in a few markets and to
certain players, offshore bid prices are coming down as a consequence of the following cost drivers
(JRC, 2017 b).
•
•
•
•

Technology advances through larger and more reliable wind turbines, as well as optimised
electrical systems and optimised installation, logistics and service concepts;
Reduced financing costs as a result of a lower cost of capital, as well as a reduced debt interest
and return on equity rates;
Ultra-shallow and super-shallow grid connection approaches in Denmark, the Netherlands
and Germany; and
Scalability towards larger wind farms, clusters of projects, and operating synergies, as well as
more mature industrialisation and standardisation.

Technology advances, scalability, and competition will likely be reinforced in future tendering
procedures, driving the bid prices down. However, other cost drivers such as availability of good
locations, and favourable market factors may not prevail. Some MSs have announced upcoming
tenders in 2019 (Figure 5) (JRC, 2019 a).
•

•

•

In the Netherlands, the applications to build two wind farms with 342 MW and 380 MW in
Hollandse Kust (zuid) III and IV are being assessed. In July 2019, the Dutch government
announced the permits for Hollandse Kust (zuid) Wind Farm Sites III and IV are being issued
to Vattenfall. Until 2030 the Netherlands plans to develop the following Wind Farm Zones in
the North Sea bringing the total offshore wind capacity to 11.5 GW: Hollandse Kust (noord),
Hollandse Kust (west), Ten noorden van de Waddeneilanden and IJmuiden Ver (RVO, 2019)
(RVO, 2020) (OffshoreWind.biz, 2019)
Germany will hold a tender of 700 to 900 MW of offshore wind per year starting from 2021
(BMJV, 2017). The next offshore auction in France is foreseen in December 2019
(WindEurope, 2018). Moreover the Government plans to tender 250 MW each of floating
offshore wind capacity off the coast of Brittany and the Mediterranean in 2020 and 2021
(4COffshore, 2019), (OffshoreWind.biz a, 2019).
The UK has also announced new rounds of up to 7 GW each to take place in 2019 and 2021
mostly for offshore wind, although onshore wind projects in remote islands will also be
eligible (WPO, 2018).

9

Figure 4 Results of offshore wind tendering procedures in the EU28 (from 2019 to July 2019, (JRC, 2019 a)

Figure 5 upcoming competitive tenders of offshore wind in the EU28 as of July 2019 , (JRC, 2019 a).

1.3 NATIONAL TARGETS AND PROGRESS

Figure 6 NREAP 2020 offshore wind targets and MS progress in offshore wind electricity
generation (JRC, 2019 a).
For offshore wind, most MSs will miss the initial NREAP 2020 target. Only Germany, Denmark and
Sweden are on track in 2016, as compared to the 2016-values of the NREAP trajectories (Figure 6).
Nine countries that formulated concrete offshore wind targets have no offshore wind capacity
deployed so far. Electricity generation data in 2018 and 2019 obtained from ENTSOE and
complemented with information from EUROSTAT, the Department for Business, Energy &
Industrial Strategy (BEIS) and the Swedish Energy Agency (SEA) shows a further increase in
offshore wind, yet significant progress as compared to the 2016-values can only be observed for a
few countries (e.g. Belgium, the Netherlands, the United Kingdom) (JRC, 2019 a). By end of March
2020, 13 MSs have submitted full versions of their NECPs for the period from 2021 to 2030. Only
Belgium (4GW by 2030), Denmark (6.1 GW by 2021, 9GW by 2025, 10.2 GW by 2030 ) and the
Netherlands (up to 49TWh by 2030) indicated a concrete national target for offshore (EC, 2020 a),
(EC, 2020 b).

SETWind – Project no. 842231

1.4 OFFSHORE INDUSTRY SUPPLY CHAIN
MAJOR MANUFACTURERS
At the end of 2019, five manufacturers are responsible for 99% of the total offshore wind installed
capacity (22,072 MW) across Europe (Figure 7). Siemens Gamesa Renewable Energy (SGRE) has
the largest number of offshore wind turbines in Europe with 68.1% of the total installed capacity.
MHI Vestas Offshore Wind is the second largest offshore wind turbine supplier with 23.5%, followed
by Senvion (4.4%) and Bard Engineering (1.6%).
68,1%

Siemens Gamesa Renewable Energy

23,5%

MHI Vestas
Senvion

4,4%

Bard Engeneering

1,6%

GE Renewable Energy

1,5%

Others

0,9%

Figure 7 main manufactures of the accumulated share of offshore wind power at the end of 2019
across Europe (Wind Europe, 2020).
Table 1 Wind turbine manufacture’s total accumulated share of offshore wind power at the end of
2019 accross Europe (WindEurope, 2020).
Manufacturer
Siemens Gamesa Renewable Energy
(SGRE)
MHI Vestas
Senvion
Bard Engeneering
GE Renewable Energy
Others

Cumulative share
(%)
68.1

Installed
Capacity
(GW)
15

Number of
turbines
(turbines)
3438

23.5
4.4
1.6
1.5
0.9

4.8
1.3
0.4
0.4
0.07

1187
222
80
74
45

ØRSTED, RWE, VATTENFALL and MACQUARIE CAPITAL represent over 50% of total
cumulative installed offshore wind capacity (over 250 MW) across Europe
Ørsted
RWE
Vattenfall
Macquarie Capital
Global Infrastructure partners
Northland Power
SSE
StadWerke Munchen

4%
4%
3%
3%

7%

12%
12%

16%

Figure 8 Main owners’ share of total cumulative installed offshore wind capacity across Europe
(over 250 MW) at the end 2019 (Wind Europe, 2020).
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SGRE, MHI Vestas, GE Renewables and Senvion were the main offshore wind turbine
manufactures in Europe over the new grid connected capacity installed in 2019
SGRE connected to the grid the 62% share supplying 323 turbines (SWT-7.0-154 model) to three UK
wind farms (Hornsea One, Beatrice 2, East Anglia Offshore 1) and two German wind farms (EnBW
Albatros and Hohe See). MHI Vestas Offshore Wind, connected 28% supplying to Belgium,
Denmark, Germany, the Netherlands and Portugal. All the turbines supplied used the same 164m
long rotor, with variations in the nameplate capacity from 8 to 8.4 MW depending on the developer’s
choice. The most installed turbine was the V164-8.4 MW, with 75 turbines installed in Norther
(Belgium) and Deutsche Bucht (Germany). Followed by GE Renewable, the manufacturer supplied
7% of the connected turbines and connecting 42 units of the Haliade 70-6 MW at Merkur Offshore
wind farm (Germany). In November 2019 the first GE Haliade-X 12MW prototype was installed at
the Port of Rotterdam (onshore). Senvion supplied 3% of the connected turbines with 16 units at the
Trianel Windpark Borkum 2 in Germany (Wind Europe, 2020).
2261

Installed Capacity (MW)
Number of turbines (turbines)

1012
323

252

121

Siemens Gamesa
Renewable
Energy

MHI Vestas

101 16

42

GE Renewable
Energy

Senvion

Figure 9 Wind turbine manufacturers ‘share of 2019 installations and number of turbines
connected to the grid (Wind Europe, 2020).
ØRSTED, GLOBAL INFRASTRUCTURE PARTNERS, VATTENFALL and NORTHLAND
POWER represent over 50% installed capacity in 2019.
17%

Ørsted
Global Infrastructure partners

10%

Vattenfall

7%

Northland Power

7%

EnBW
Elicio

4%

Scottish Power Renewable

4%

Enbridge

17%

3%

Figure 10 Main representatives of the offshore wind installed capacity in 2019 (Wind Europe,
2020).
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MERGERS AND ACQUISITIONS
The globalisation of the wind energy sector has brought an increasing number of M&A deals over
the last few years. These transactions are usually driven by a desire of wind players to consolidate
their position in the market by increasing their market share and economies of scale, creating
synergies (higher revenues and lower overall cost of capital and expenses), and lowering risk (for
example aligning R&D resources), compared to individually developing new technologies and
products. M&A activity also reduces trade barriers and competition, and increases the
competitiveness of the wind energy sector against other technologies (JRC, 2019 a).
Annex A includes the main transactions in the wind energy sector since 2010. At least 58 M&A have
been identified, with 26 operations between European companies. Twelve European firms were
acquired by foreign players (six American firms, four Chinese and two Japanese), while only seven
foreign firms (six American and one Indian) were acquired by European players. It is interesting to
note that six out of the ten joint ventures since 2010 were created between European and foreign firms
(JRC, 2019 a).
In offshore wind M&A activity has increased over the years thus strengthening positions in a growing
market. As an example, one of the most relevant mergers between European OEMs was Siemens
Wind Power (DE) - Gamesa (ES) combining Siemens’ strength in offshore wind energy and
Gamesa’s strong presence in emerging markets such as India, Mexico, and Brazil thus creating a
world leader in wind turbine manufacturing (Energia16). Some foreign firms have also targeted
leading European OEMs and independent suppliers. In 2014 the industrial conglomerate General
Electric Co (US) acquired Alstom Wind (FR) and created a 50/50 joint venture for offshore wind. In
2018 General Electric Co acquired the remaining 50 % of the joint venture becoming the sole owner
[RN 2018]. This strategy allowed GE to enter the offshore wind market without committing its own
R&D to bring a commercial turbine to market (Renewable Energy World, 2015). The joint venture
MHI Vestas (50 % owned by the Danish OEM Vestas Wind Systems A/S and 50 % by the Japanese
firm Mitsubishi Heavy Industries) in 2013 turned the company into the second largest turbine supplier
in the offshore wind market.
Numerous examples of M&A deals are also found among industry players focused on the offshore
wind energy sector. As an example, the acquisition of 80 % of the Germany-based WindMW by
China Three Gorges aimed to keep penetrating the European offshore wind market, or the acquisition
of Bilfinger Marine & Offshore Systems (DE) by Van Oord (NL) aimed to expand its business
towards the German offshore wind market. Last year, the developer Ørsted (DK) acquired the
American offshore wind farm developer Deepwater Wind further cementing its position in the U.S,
one of Ørsted's strategic growth market (WPM, 2018). In May 2019 the developers EDP and Engie
signed a memorandum of understanding to form a new joint venture and become a "top-five global
player" in the offshore wind sector (WPM, 2019).
The consolidation of independent component suppliers also impacts on the offshore wind sector. As
an example, in 2015 ZF Wind Power (DE) took over the industrial gears and wind turbine gearbox
segments of Bosch Rexroth AG (DE) becoming the leading gearbox supplier in Europe (FTI
Consulting, 2017).
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BALANCE OF PLANT (BOP) MANUFACTURERS
The Balance of plant (BOP) can account for as much as 50% of the total offshore wind farm cost and
is one of the most difficult areas to yield cost savings (ETIP Wind, 2018). The BOP activities includes
of offshore foundations, cabling (array cabling connecting wind turbines and export cables
connecting wind parks to the shore) and transformer platforms and WTGs transport and cranes for
the installation. BOP is linked to the optimisation of support ports and fit-for purpose installation and
cabling vessels.
•

•

Array cabling: for both sub-technologies more than 10 European cable manufacturers supply
products and have recently increased their capacities to meet EU demand. Cable Systems,
NSW Technology, Prysmian, NKT Group and Nexans are the main BOP manufacturers
across Europe in 2019.
Jack-up and heavy lift vessels are the most used to install wind turbines, foundations,
transition pieces and substations. The trend towards higher turbine capacities, longer blades,
higher towers, and XL foundations capable to operate at deeper waters has resulted on a shift
to heavier and larger vessels (1 800 t is expected to be the norm) (JRC, 2019 b).
During 2019 at least 12 different vessel companies used for pre-construction were active in
the installation of foundations, turbines, inter-array and/or export cables (Table 2).

Table 2 companies involved in the installation of foundations, turbines, inter-array and export
cables (Wind Europe, 2020).
Company

Type

Location

GeoSea

Heavy-lift jack-up vessel

Jan de Nul,
Seajacks and Van
Oord
Scylla (Seajacks)

Monopiles
Monopiles

Deutsche Buch

Deep Cygnus
(Volstad Maritime
AS)
Fred Olsen
Windcarrier
Jan de Nul, Van
Oord and A2Sea
Swire Blue Ocean

Offshore vessel

Install the first unit at Windfloat Atlantic

Brave Tern and Bold Tern
vessels

Connect turbines in wind farms: in EnBW Albatros and Hohe See
(Germany), East Anglia Offshore Wind 1 and Hornsea One (UK)
Installed turbines in wind farms

Boskalis Subsea

Inter-array cables

Installation at East Anglia Offshore Wind 1 and EnBW Albatros

Van Oord

Nexus, first cable-laying
vessel

Deutsche Bucht and Norther

Seaway 7
Tideway
Van Oord
DeepOcean

Foundations at EnBW Albatros and Hohe See (Germany) and at
Mermaid and Seastar (Belgium)
EnBW Albatros and Hohe See (Germany) and at Mermaid and Seastar
(Belgium), respectively

Turbine installation at Beatrice 2 (UK)

Active at Trianel Windpark Borkum 2

Livingstone cable-laying
and multipurpose vessel
Seastar and Nexus

Installed the export cable for Mermaid
performed the export cable installation at Deutsche Bucht

Supplied their first floating
project with the installation

Windfloat Atlantic using the T1 Trencher
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PORTS, DEVELOPERS & OFFSHORE CONTRACTORS
Ports host numerous activities to serve the entire supply chain of offshore wind but with the rapid
change in the offshore wind industry, new logistical challenges are being presented. Knowledge and
experience from other industries is also advantageous but the main challenge is to translate it into
offshore wind. By 2030, the ports will need to annually support at European scale activities including
O&M (70GW), installations (7GW), repowering (1 GW), decommissioning (750 GW) and life
extension (15 GW) (Wind Europe, 2017)

Figure 11 Annual goal of offshore wind energy activities in European ports by 2030 (Wind Europe,
2017).
The “European Ports Platform” is currently composed of 14 ports cover over 8,000 MW of offshore
wind capacity installed and over 6,000 MW of O&M, mostly in the North Sea. Additional ports across
European countries involved in the wind offshore energy supply chain are responsible for many wind
offshore related activities (see details in Annex B):

2

•

In United Kingdom, although offshore wind projects are among the largest infrastructure
projects, there is room to grow: projects from coastal clusters, and export to global markets
estimated at 34 bn EUR by 2030 (Offshore Wind Industry Council, OWIC, 2019).

•

The German offshore wind energy supply chain has few planned auctions: from the last in
April 2018 to the next one scheduled in 2021. They are less ambitious in relative terms on
their offshore wind build-out than other countries such as UK and Netherlands but with a great
opportunity to put offshore on track in its National Energy & Climate Plan for 2030
(WindEurope News 2, 2019).

•

The Netherlands’ ports strategic central location offers a significant edge in serving the
world’s largest consumer and industrial market. The Port of Amsterdam will turn a dredging
depot at the former Averijhaven into an energy port to serve as a base for the construction and
maintenance of offshore wind farms (OffshoreWind.biz, 2020).

•

In Denmark, the most well-known port hub for wind offshore industry is the Port of Esbjerg.
It is the leading port in Europe in terms of handling and shipping out wind power. The
companies at the port represent the entire supply chain for the wind industry, including several
of the world's leading companies specialised in handling and servicing wind installations.

https://windeurope.org/newsroom/news/germanys-offshore-wind-supply-chain-under-pressure/
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TECHNOLOGY STATUS AND DEVELOPMENT
2.1 RATED POWER
Offshore wind capacity results in
higher rating power
(over 9 MW threshold)

10
6,8

7,8

4

2015

2018

2019

>2023

Averaged rated power trends
(MW)

.

Figure 12 a) Evolution of rated capacity of offshore wind in the EU28, (JRC, 2019 a), (JRC, 2020)
and b) averaged rated power trends (MW) from 2015 up today and the market outlook beyond 2023
(Wind Europe, 2020).
The trend of the offshore wind turbines continue to become more powerful (Figure 12). The market
share of offshore turbines below 6 MW significantly fell in the last two years, a development that
will further accelerate as results from recent tenders show that projects, which are expected to be
commissioned until 2022, will be installing offshore turbines with a rated capacity of up to 9.5 MW.
Moreover, winning projects from offshore tenders with expected commissioning date in 2024/2025
(e.g. German Offshore tender April 2017) could implement already the next generation of 13-15 MW
offshore wind turbines (JRC, 2020).
MHI Vestas V164-8.4 MW and V164-9.5 MW are the largest turbines connected to the grid. In 2019,
the MHI Vestas V164-8.4 MW was the largest turbine grid-connected standing on monopiles at
Deutsche Bucht (Germany) and Norther (Belgium). It is also the largest floating wind turbine at
Windfloat Atlantic 1 (Portugal). Northwester 2 and Borssele 3&4 started the installation of
foundations, preparing the ground to install the MHI Vestas V164-9.5 MW in 2020 (Wind Europe,
2020). The market outlook for 2023 by WindEurope expects installations of turbines +10MW coming
from the demonstrations sites and the Hollande Kust Zuid wind farm, where SGRE will supply
Vattenfall with their SG 10.0-193 DD turbine.
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2.2 PROJECT SIZE

Figure 13 Evolution of wind park size of offshore wind in the EU-28 (JRC, 2019 a), (JRC, 2020).
The average project size capacity varies between 140 MW and 370 MW, with the higher values
originating from years with a low number of projects (e.g. in 2011 and 2016, with only 4 projects
each) (Figure 13). Contrarily in the last two years multiple projects delivering first power of which
some installed capacities were deployed in batches (e.g. Race Bank wind farm (UK) with about
500 MW in 2017 and 75 MW in 2018) (JRC, 2020).
UK has the largest wind farms as a result of the extensive Exclusive Economic Zone (EEZ)
surrounding the country’s coastline. For example, the East Anglia (714 MW) and Hornsea One (1,218
MW) are the largest offshore wind farms connected to the grid.
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2.3 WIND CLASS AND SPECIFIC POWER

Figure 14 a) Evolution of the share of installed capacity by IEC wind class of offshore wind in the
EU28 (JRC2019, JRC 2020), b) average specific power on the European seas by country and by
sea during the last decades (Deutsche-WindGuard-GmbH, 2018).
Contrarily to onshore wind turbine (showing a trend to low wind speed classes IEC II and IEC III),
the specific power trend of offshore wind turbines located at sites suitable for IEC class I decreases
slower (Figure 14a) (JRC, 2020).
The trend of the average specific power on the European seas has progressively decreased by 25 %
from 470 W/m2 in 2006 to about 340 W/m2 in 2015 and about 320 W/m2 in 2019, with the largest
decreased during the las decade (Figure 14b) (Deutsche-WindGuard-GmbH, 2018).
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2.4 TURBINE TRENDS
BLADES AND TOWERS

a)

b)

Figure 15 Evolution of rotor diameter of offshore wind turbines (a) and annual market share of
installed capacity by drive train configuration (b) in the EU-28 (JRC, 2019 b), (JRC, 2020).
The blades length and rotor diameter has been growing exponentially during the last decades.
Average installed rotor diameters rose to about 149 m in 2018, an increase by about 47% as compared
to 2010-levels (Figure 15a). Currently the offshore wind OEMs, GE Renewable Energy (GE) and
Siemens-Gamesa RE (SGRE), introduced the first offshore turbines leading in terms of capacity and
blade length. With regard to drive train technology, both manufacturers build on direct drive turbines
(type D-PM). GE installed its 12 MW GE Haliade-X (rotor diameter: 220 m) in Maasvlaakte (Port of
Rotterdam) which produced first power in November 2019. The prototype is undergoing a test and
validation programme to obtain certification for the turbine this year (2020). A second prototype build
in Saint-Nazaire (France) will be shipped to a test site in the UK in order to perform a real-world test
programme (WPM 2019b), (WPM, 2019 c). SGRE plans to install a prototype of its newly developed
SG 10.0-193 DD (rotor diameter: 193m) at the test site in Østerild (Denmark) in the end
2019/beginning of 2020, followed by an envisaged serial production in 2022. The newly build test
site will initially be used to test the 94m blades of the SG 10.0MW model but will enable SGRE also
to test future offshore wind models with even longer blades. Potential upgrades to rated capacities of
14 MW and 11 MW are announced for both turbines from GE and SGRE, respectively (WPM, 2019
d), (WPM , 2019 e), (SGRE, 2020), (WPM, 2020). Since 2013, a continuous increase in drive train
configurations using permanent magnets (type D-PM and E-PM) can be observed resulting in market
shares above 80% in the last two years (Figure 6b). A full description of drive train typologies is
provided in (JRC, 2020).
There is no significant trend in the tower sector. The manufacturers both for the tower and for the
components are sourced locally following the wind energy deployment lead by Denmark and
Germany. The global tower market is facing currently overcapacities and the trend is expected to
continue both for European and Chinese markets. (JRC, 2019 b).
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DRIVE TRAIN CONFIGURATION
Wind turbines can be classified based on the drive train components: gearbox (geared or gearless),
electric generator (synchronous or asynchronous) and power converter (partial, full or none).
Currently, the largest OEMs tend to use geared drive trains, with the exception of Enercon and
Goldwind, who manufacture direct drive turbines, and SGRE offshore turbines which are also
gearless. Within the gearbox market all major OEMs outsource gearbox production, with the
exception of SGRE.
The European market leader is the German supplier ZF with the aim of achieving higher torque
densities to drive down gearbox unit mass and costs. ZF presented the Shift 6k gearbox platform with
the record of 175 Nm/kg torque density. ZF together with SGRE, Winergy and Monventas OY
manufacturers are also present in China, United States and India (JRC, 2019 b).
SUPPORT STRUCTURES
F IXED - GROUND FOUNDATIONS

•

•

•
•
•

Monopile foundations dominate the European market (74 % of total capacity installed),
followed by other concepts such as tripods, tripiles and jacket structures. Leading European
foundation suppliers (e.g. EEW, Bladt Industries, SIF Group, Eiffage Group) are located in
the North Sea and Baltic Sea countries, and stay abreast of the ongoing trend towards next
generation turbines by providing XL monopiles (diameter up to 10 m and 120 m length) to
the market [JRC 2020].
Jackets were the second most used substructure, with 65 three-leg jackets installed in 2019
at the wind farm East Anglia Offshore 1, representing 29% of all foundations installed. The
jackets share (8.9%) increased with the installations at Beatrice 2 in 2019.
Gravity base (5.7%), tripod (2.4%), and tripile (1.5%) follow the cumulative share.
One semi-sub floater was installed for the Windfloat Atlantic Phase 1 project.
One semi-sub multi-turbine floating prototype, Wind2Power, was tested in Spain for the
WIP10+ project. Sif supplied half of all foundations in 2019 followed by Lamprell (19%).
Navantia-Windar Consortium (11%), Bladt (10%) and EEW (9%) had nearly the same share
and ASM was supplier for the Windfloat Atlantic. Windfloat Atlantic Phase 1 is supplied by
ASM Industries (2 floating platforms) and Navantia-Windar Consortium (1 floating
platform).

F LOATING FOUNDATIONS

Commercial scale floating offshore wind farms with a capacity of more than 1 MW are gaining
importance with 1 GW of installed capacity from 2024 onwards. France is the frontrunner followed
by UK, Portugal and Norway (Table 3).
Considering also lower installed capacities, Europe’s floating wind fleet is the largest worldwide
(70%) with a total of 45 MW by the end of 2019. This includes Hywind Demo (2.3 MW), SeaTwirl
S1 (0.3 MW), Hywind Scotland (30 MW), Floatgen (2 MW), Kincardine Pilot (2 MW) and the
Windfloat Atlantic Phase 1 (25.2 MW).
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Table 3 Commercial-scale wind farms over 10 MW (World-Forum-Offshore-Wind, 2020)

Name

Hywind Scotland
Windfloat Atlandit
Kincardine
Provence Grand Large
EolMed
Groix-Belle-Ile
EFGL
Hywind Tampen
Donghae 1
Ulsan Metropolitan City

MW
30
25
50
24
24,8
28,5
30
88
200
500

Country
UK
PT
UK
FR
FR
FR
FR
NO
KR
KR

Turbine
Siemens Gamesa SG 8.0-167
MHI Vestas V164-8.4MW
MHI Vestas V164-9.5MW
Siemens Gamesa SG 8.0-167
Senvion 6.2 MW
MHI Vestas V164-9.5MW
MHI Vestas V164-10MW
Siemens Gamesa SG 8.0-167

Status
Operation
Construction
Construction
Development
Development
Development
Development
Development
Development
Development

Commissioning
2017
2020
2020
2021
2021
2022
2022
2022
2024+
2025+

Current prototypes and demonstration projects are:
•

•
•

The Wind2Power 1:6 scale prototype of 200 kW, part of the WIP10+ European funded
project, was successfully tested at PLOCAN site in the Canary Islands from June to October
2019.
Demonstration projects are testing different floating concepts with the objective to reduce cost
or upscale previous demonstrators.
The DemoSATH (SAITEC), TetraSpar (Stiesdal), SeaTwirl S2 (SeaTwirl), Eolink (Eolink),
and EU projects such as FLOTANT and X1Wind are examples of these innovative designs.

Pre-commercial projects will run in UK, France Norway and Portugal and will range between 24MW
to 88 MW in the next three years, with average project size of 35MW (four time larger than the past
5 years).
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2.5 ELECTRICITY INFRASTRUCTURE, OFFSHORE TRANSMISSION SYSTEM, ENERGY ISLANDS
The European Energy Program for Recovery (EEPR, launched in 2009 by European Investment Bank
Group) supports key investments in the context of the economic crisis and in order to promote the
energy transition. By February 2020, substantial progress was made in terms of offshore wind energy
with six out of nine projects being operational and one project being commissioned by Q1 2020.
Three projects specifically focused on offshore wind grid integration (Table 4).
Two offshore wind grid integration projects (Figure 16), Kriegers Flak (CGS) and COBRACable,
are complete or close to completion, only the OffshoreHVDC hub project was terminated end of 2012
as the project coordinator wished to change the project significantly. Kriegers Flak (CGS) is close to
being commissioned, the converter at the substation in Bentwisch (DE) is already in place, individual
commissioning steps will slightly postpone the final commissioning and trial runs towards Q1 2020
(50Hertz 2020 a), (50Hertz 2020 b). The COBRACable subsea interconnector operates since mid2019 and connects Eemshaven (NL) and Endrup (DK) with a ±320 kV HVDC bipole system (OW
2019b), (JRC, 2020).
Table 4 status of EEPR funded wind project on offshoe wind-grid integration (JRC, 2020)
Project

Kriegers Flak

Description

Status

OFFSHORE WIND-GRID INTEGRATION
Designing, installing and operating a Combined Grid
ONGOING
Solution for the grid connection of the offshore wind
(Commissioning
farms to the Danish region of Zealand and the German
and trial run in
state of Mecklenburg-Western Pomerania
Q1 2020)

Grants Awarded
(Cumulative
payments received)
[EUR]

150,000,000

COBRAcable

Realization of a sub-sea power link (VSC-HVDC)
between Denmark and The Netherlands

COMPLETED

86,540,000

OffshoreHVDC
Hub

Addition of an intermediate offshore platform on a
planned HVDC link for connecting offshore wind and
marine generation in the North of Scotland

TERMINATED

(3,097,512)

Figure 16 interconnectors Kriegers Flack (CGS) and COBRACable (50Hertz 2020 a), (COBRA
Cable, 2020).
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Within the EC’s H2020 programme, two major projects started in 2019 specifically focussing on grid
integration of wind energy.
WinGrid (UK) aims to train the next generation of researchers on future power system integration
issues associated with large-scale deployment of wind generation, focussing on the modelling and
control aspects of wind turbine design, and the system stability issues and supervisory structures
required for robust implementation (EC, 2020 b).
The HPCWE (UK) project addresses crucial computational challenges faced by wind energy
industries in Europe and Brazil. The project aims to deliver a step change in the use of highperformance computing regarding wind flow simulations (integration of meso- and micro-scale
simulations, and optimisation), reshaping almost every stage of wind energy exploration (EC, 2020
c).
Moreover, part of the RE-COGNITION (IT) project can be assigned to wind energy research. The
project proposes a holistic, end-to-end Renewable Energy Technologies Integration Framework
towards energy positive buildings with a focus on small and medium-sized buildings in Europe (EC,
2020 d). In total, the EC granted more than 7.5 mEUR to projects elaborating the grid integration of
wind energy in 2019 (JRC, 2020).
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ANNEX
A. MERGERS AND ACQUISITIONS
Table 5 Mergers, acquisitions and joint ventures in the wind energy sector since 2010 (JRC M&AWind energy database (last update in July 2019).)
Note: A refers to Acquisition, M to Merger and JV to Joint Venture.
Rows highlighted in red correspond to European firms acquired by a foreign company. Rows highlighted in blue represent
acquisitions of foreign companies by European players. Rows highlighted in green correspond to joint ventures between
European and foreign firms.
Annou
nceme
nt
year

Trans
actio
n

2010

A

Areva

A

General Electric Co

A

Clyde Blowers Capital

A

Toshiba Corporation

JV

TPI Composites, Inc.

A

Prysmian

A

A

Hitachi
MingYang (China Ming
Yang Wind Power Group
Ltd)
Titan Wind Energy
(Suzhou) Co. Ltd.

A

Eiffage Group

A
JV

Moventas
Vestas Wind Systems A/S
(50%)

2013

A

Toshiba Corporation

2014

JV

Gamesa (50%)

JV

Bladt Industries

A

Van Oord

A

GeoSea (DEME group)

A

General Electric Co

JV

General Electric Co (50%)

A

Yaskawa

2011
2011
2011
2012
2012
2012
2012
2012
2013
2013
2013

2014
2014
2014
2014
2014
2014

A

Company 1_
Buyer

Com
pan
y 1_
Cou
ntry

Company 1_
Business/compone
nt

FR

OEM

US

Industrial
conglomerate
Industrial
engineering group

UK
JP
US
IT
JP
CN

Company 2_
Target
Multibrid (remaining 49%)

OEM
Blades
manufacturer
Cable supplier
OEM

Converteam
Moventas
Unison Co., Ltd. (40%)
ALKE INSAAT
Global Marine Systems
Energy (GME)
Fuji Heavy Industries (windturbine business)

Com
pan
y 2_
Cou
ntry
DE
UK
FI
KR
TU
UK
JP

OEM
Generator &
converter
manufacturer
Gearbox
manufacturer
OEM
Blade manufacturer
Offshore cable
installation
OEM

OEM

GWPL (Global Wind Power
Limited)
Vestas (Tower business in
DK)
Smulders, Lemants,
Willems, Spomasz
(Smulders Group)
David Brown (gearbox
business)
Mitsubishi Heavy Industries
(MHI) 50%

JP

OEM

Sigma Power Janex Co., Ltd.

JP

Developer/Operator

ES

OEM
Offshore
foundation
manufacturer
Offshore
installation
Offshore
installation

Areva (50%)
EEW Special Pipe
Constructions GmbH (EEW
SPC)

FR

OEM

DE

Offshore foundation
manufacturer

CN
FR
FI
DK

DK
NL
BE
US
US
JP

OEM
Tower
manufacturer
Construction
group/Foundation
supplier
Gearbox
manufacturer

OEM
OEM
Motion control and
robotics
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Ballast Nedam
HOCHTIEF (offshore assets)
Alstom Wind (power and
grid business)
Alstom Wind (offshore
wind business) 50%
The Switch

IN

Company 2_
Business/component

DK
NL
UK
JP

NL
DE
FR
FR
FI

OEM
OEM
Offshore foundation
and tower
manufacturer
Gear systems
manufacturer
OEM

Offshore installation
Construction group
OEM
OEM
Generator
manufacturer
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Anno
unce
ment
year
2015
2015
2015
2015
2015
2015

Tran
sacti
on

Company 1_
Buyer

A

Centerbridge Partners, L.P.

A

ZF Wind Power

M

CSR Qishuyan Institute

2015
2016
2016
2016

US
DE
CN

GE Renewable Energy

US

Nordex

DE

A

Vestas Wind Systems A/S
Cheung Kong
Infrastructure Holdings
(CKI) and Power Assets
Holdings

DK

A

CSR Times Electric

A

Vestas Wind Systems A/S

JV

DEME Group

A
M
A

2015

2015

Co
mp
any
1_
Co
unt
ry

CN

CN
DK
BE

M

Siemens Wind Power

DE

A

Royal Boskalis Westminster
N.V. (Boskalis)

NL

2016

JP

Company
1_
Business
/compon
ent
Investme
nt firm
Gearbox
manufact
urer
Gearbox
manufact
urer
OEM
OEM
OEM
Develope
r/Operat
or
Industrial
conglom
erate
OEM
Offshore
installati
on

Company 2_
Target

Senvion SE
Bosch Rexroth AG
(industrial gears and wind
turbine gearbox segments)
CNR (named as CRRC Wind
Power (Shandong) after the
merger)

Co
mp
any
2_
Co
unt
ry
DE
DE
CN

Company 2_
Business/component

OEM
Manufacturer and assembler of
hydraulics, electric drives and
controls, gear technologies
Gearbox manufacturer

Blade Dynamics

UK

Blade Manufacturer

Acciona Windpower

ES

OEM

UpWind Solutions

US

Independent Service Provider

PT
Iberwind
Soil Machine Dynamics
Modular Wind Energy, Inc.
(ModWind)
COSCO Shipping

OEM
Offshore
installati
on
Generato
r
manufact
urer
Offshore
installati
on
Export
cables

Gamesa
VolkerWessels (offshore
business consisting of
VBMS, Stemat and VSI)

OEM

Adwen (50% Areva share)

Developer/Operator
UK
US
CN

Advanced underwater machines
Blade manufacturer
Offshore installation

ES

OEM

NL

Offshore cable installation vessels
and foundations

FR

A

Nidec Corporation

A

Van Oord

A

NKT Cables

A

Siemens Gamesa

DEES

2016

A

General Electric Co

US

OEM

LM Wind Power Holding A/S

DK

Blade manufacturer

2016

A

Senvion SE

DE

Euros Group

DE

Blade Manufacturer

A

China Three Gorges

OEM
Develope
r/Operat
or

2016
2016
2016

2016
2016

A

Envision Energy

NL
DK

CN
CN

OEM

Leroy-Somer
Bilfinger Marine & Offshore
Systems
ABB (High voltage export
cable business)

WindMW (80%)
ViveEnergia (portfolio of
600MW of projects)
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Generator manufacturer
DE
CH
DE

DE
MX

Offshore foundation installation
Technology firm
OEM

Developer
Developer
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Annou
nceme
nt
year

Tran
sacti
on

2016

A

2016
2017
2017
2017
2017
2017
2017
2018
2018
2018
2018
2018
2019
2019
2019
2019
2019

A
A

Company 1_
Buyer

Senvion SE
Vestas Wind Systems
A/S
China State Grid
group

Co
mp
any
1_
Cou
ntry

Company 1_
Business/component

DE

OEM

Kenersys India Pvt Ltd

OEM

Availon

Developer/Operator

CPFL Energias Renovaveis

DK
CN

Company 2_
Target

Nordex
GeoSea (DEME
group)

DE

Fred Olsen
Windcarrier AS
EEW Special Pipe
Constructions GmbH
(EEW SPC)

DK
DE

Offshore foundation
manufacturer

Global Wind Service, Natural
Power and Zephir Lidar
Offshore Structures Britain
Ltd. (OSB) (Bladt Industries’
share)

DE

OEM

Lagerwey

A

Enercon
Vestas Wind Systems
A/S

OEM

A

General Electric Co

Utopus Insights, Inc.
Alstom Wind (remaining 50%
of the joint venture for
offshore wind)

JV

Cwind (Global Marine
Group)

A

Ørsted

A

Ørsted

JV

Taaleri Energia

A
A
M
A
A

A
A
JV
JV

Enel Green Power
Fred Olsen Ocean
EDP (offshore wind
business)
Fortum

BE

DK
US
UK
DK
DK
FI
IT
NO
PT
FI

OEM
Offshore installation
Offshore installation

OEM
Cabling provider and
asset management
services
Offshore wind
developer
Offshore wind
developer
Developer and fund
manager
Developer/Operator
Marine services
company
Developer/Operator
Developer/Operator

30

SSP Technology
A2Sea (owned by DONG
Energy and Siemens)

International Ocean Vessel
Technical Consultant (IOVTEC)
Deepwater Wind
Lincoln Clean Energy
Masdar
Tradewind Energy
United Wind Logistics (UWL)
Engie (offshore wind
business)
Nordkraft

Com
pan
y 2_
Cou
ntry
IN
DE
BR
DK
DK
DK/
UK/
UK

Company 2_
Business/component

OEM
Independent Service
Provider
Operator
Blade Manufacturer
Offshore installation
Independent Service
Providers

UK

Offshore foundation
manufacturer

NL

OEM
Energy analytics and
digital solutions

US
FR
TW
N
US
US
AUH
US
DE
FR
NO

OEM
Survey and crew
transfer vessel (CTV)
service provider
Offshore wind
developer
Onshore wind and solar
PV developer
Utility/Developer
Developer/Operator
Offshore logistics (50%)
Developer/Operator
Developer/Operator
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B. OFFSHORE WIND ACTIVITIES IN PORTS
THE NETHERLANDS

Figure 17 Ports in The Netherlands
There are eight ports actively serving for wind offshore supply chain activities in The Netherlands.
All ports are North Sea deep-water ports, with open access to sea and inland areas, and with low tidal
ranges. These characteristics are indispensable for the immense logistical operations necessary in the
supply and assembly of turbine components and the installation, operation and maintenance of wind
farms. In addition, the ports all have excellent infrastructures and facilities, such as reinforced quays,
heliports, heavy mobile cranes, and grid connections. It offers manufacturers the space to assemble
their wind turbines as efficiently as possible, and thus, as close as possible to the ports themselves.
•

In the port of Amsterdam, the main companies providing the full range of offshore wind
spectrum, whether financing, inspection and advisory services, cable handling and storage to
ship conversion as well as terminal storage catering for heavy lifting. The port is carrying out
the Energiehaven project in collaboration with the province of North Holland, the
municipality of Velsen, Tata Steel, and the Port of IJmuiden. Energiehaven will spread over
15 hectares and comprise both the area of the Averijhaven and Tata Steel’s 5-hectare site to
set up a public harbour area for offshore wind (OffshoreWind.biz, 2020).

•

The port of Rotterdam host the largest concentration of wind turbines in the south: around
200 MW capacity at the start of 2019, about the 10% of the country capacity. In the short
term, at least 150 MW of new wind power will be added. Existing turbines are regularly
replaced with new, higher capacity turbines. In March 2019, for example, 17 turbines on
Slufterdijk were replaced with 14 larger turbines with a capacity that is almost double. This
port also hosts The Haliade-X 12MW turbine (GE Renewable Energy and Future Wind), the
most powerful in the world.

•

The port of Den Helder includes operations not only North Sea wind farm construction but
also O&M activities. Den Helder-based Glomar Offshore B.V. is the first company to confirm
their position in the Kooyhaven inner harbour. The company operates a diverse fleet of
purpose-built offshore support vessels and is regarded as a prominent player in the offshore
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market. Glomar Offshore is extending its activities to Kooyhaven with the establishment of
warehouses for minor vessel repairs and mobilisations for the wind industry.
•

In the port of Ijmuiden, the main companies providing the full range of off shore wind
spectrum, whether advice and input around the permit procedures to heavy lift and
mobilisation:
AllSeas - Breman Off shore - C-Ventus - Eneco - Iskes Tugs & Salvage - Vestas MHI
Maintenance and support - Windcat Workboats. Particularly, O&M services for current wind
farms are orchestrated and operated by MHI Vestas, Eneco and Vattenfal.

•

Vlissingen and Terneuzen Ports: construction and installation of wind farm offshore wind
activities have included (de)mobilisation operations and the construction of blade racks,
transition pieces, monopile grippers, suction buckets, monopiles, pin piles, tripods, jackets
and even complete top decks. The Vlissingen port area includes heavy-lift crane capacity,
dedicated heavy-lift quays, seabed conditions that are ideal for jack-up installation and a 24
m deep pocket for semi-submersible operations.

•

The port of Eemshaven is considered as the backdrop to large-scale activities concerning the
assembly and shipping of wind turbines.
Monopiles, transition pieces, converter stations, blades, tripods, etc. were launched from
Eemshaven to e.g. Alpha Ventus, Bard Offshore I and Global Tech I. Van Oord selected
Eemshaven for the Dutch Gemini Windfarm, OWF (Boskalis/Volker Wessels) used the port
for the Veja Mate windfarm and currently Senvion is using Eemshaven for Nordsee One and
General Electric (GE) for Merkur Offshore.
With the completion of the Beatrixhaven, Eemshaven has strengthened its position as offshore
wind hub. A heavy load quay (30 tons per m2) of 220 metres is available, it is possible to
position jack-up vessels directly in front of the quay.

•

The port of Harlingen offers modern loading and unloading facilities for small and medium
sized vessels and a wide range of storage and transfer locations. Also there are shipbuilding,
repair and maintenance services available.
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UNITED KINGDOM
Throughout the network of 21 ports around Britain, the Association of British Ports (ABP) supports
wind offshore developers through the full project cycle: building phase, O&M (by handling the crew
transfer and maintenance vessels, as well as having the potential to house the crews and engineers)
and the decommissioning or repowering services. Currently there are six ports handling the wind
offshore sector and principal investments are held in the ports of Barrow, Hull and Lowestoft (Table).

Figure 18 total estimated annual value of the UK offshore wind market by component ,in bn of
pounds (OFFSHORE WIND INDUSTRY COUNCIL, OWIC, 2019)
Location
Barrow
Hull
Lowestoft
Lowestoft
Barrow

Wind farm
£1 billion 650 MW (North
West) Walney project
£310 million joint activity
between ABP and Siemens
30 year agreement ABP and
Scottish Power Renewables
£1.5 billion Greater Gabbard
offshore wind farm
Irish sea and supporting
Ørsted

Activity
Decommissioning and Repowering
Establish a world-class renewable energy hub
Provides the construction and operations hub for the East Anglia One
offshore wind farm
Operations and maintenance base for SSE’s 504MW
Home to four Operations and Maintenance bases supporting
significant renewable generation developments in the Irish Sea, as
well as supporting a range of projects run by energy giant Ørsted

The supply chain companies still have room to grow in areas largely serviced or supplied from current
overseas, including towers, foundations, nacelles, sub-station topsides and export cables. OWIC
suggested that an ambitious and coordinated programme of supply chain innovation and support
could raise the UK share of UK projects beginning in 2030, to around 60% (FIGURE 18).
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GERMANY
The German port infrastructure cover all important functions to cater to wind farms across Europe.
There are currently 24,500 jobs in offshore wind in Germany in the supply chain and operation. 33%
of these jobs are exclusively offshore wind. The most important offshore manufacturing ports along
the coastlines and their main activities in the supply chain are depicted in the table below. The port
of Cuxhaven is the leading location for wind power production activities, assembly and logistics
services for the wind industry.

Figure 19 principal Germany’s offshore energy hubs. Numbers corresponds to the description in
the Table 2.
Table 6 Germany’s offshore infrastructure on harbors for wind offshore activities.
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DENMARK
The port has specialised facilities and flexible areas for transporting, pre-assembling, shipping out
and servicing offshore wind turbines. 4/5 of the offshore wind capacity installed in Europe was
shipped out from the Port of Esbjerg. Apart from Horns Rev I and Horns Rev II, the Port of Esbjerg
has been the primary base for a number of foreign wind farms. These include Butendiek, Northwind,
Sandbank, Dantysk, Humber Gateway and Westermost Rough. In 2017 alone, 1,300 MW of offshore
wind capacity was shipped out from the port.

Figure 20 Offshore wind farms which the port of Esbjerg has been involved in (PortEsbjerg.dk).
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