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EXECUTIVE SUMMARY  
This report gives a summary of two prospect European lighthouse initiatives that have been 

identified as part of the activity in the EU H2020 SETWind project. It will be part of the updated 

Implementation Plan for Offshore Wind and is a first step towards the final proposal for a 

lighthouse initiative that will be prepared in dialogue with stakeholders. The two prospect 

lighthouse initiatives that have been identified are: 

 

- Floating offshore wind technology, being the new frontier in offshore wind energy 

development that offers a huge potential to exploit the wind resources over deep water. 

- Integration of offshore wind energy, that is crucial for the future reliable operation of the 

power system with zero emission of CO2.  

 

These have been identified through communication with key stakeholders within the European 

offshore wind energy sector. The lighthouse initiatives will be visionary, science-driven large-scale 

initiatives that will address grand scientific and technical challenges that are crucial for the further 

advancement of offshore wind energy, providing new knowledge and innovation. They will bring 

together excellent research teams across relevant disciplines, sharing a joint goal to advance 

offshore wind energy and an ambitious research roadmap on how to achieve it.  

 

The lighthouse initiatives can be implemented as a collection of research projects that are prepared 

according to an overall plan for developing floating offshore wind and/or integration of offshore 

wind energy, or they can be implemented as two large "programme-like" projects. The budget will 

be substantial (tens of millions of Euros) with an ambition to bring forward new knowledge and 

innovation with great impact within the next 5 to 10 years.  

 

  
FIGURE 1: The two lighthouse initiatives suggested are aiming to bring forward new knowledge and innovation 

within two areas with great potential, namely floating offshore wind technology (left) and integration of offshore wind 

energy for the future reliable operation of the power system with zero emission of CO2 (right).  
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INTRODUCTION 
This report is deliverable D2.3 of the EU H2020 SETWind project. It gives a summary of two 

prospect European lighthouse initiatives that have been identified as part of the activity in the 

SETWind project WP2.3. It will be part of the updated Implementation Plan for Offshore Wind1 

and is a first step towards the final proposal for a lighthouse initiative that will be prepared in 

dialogue with stakeholders. The two prospect lighthouse initiatives that have been identified are: 

 

- Floating offshore wind technology 

- Integration of offshore wind energy 

 

These have been identified through communication with key stakeholders within the European 

offshore wind energy sector. This process has included workshops, presentations, etc as listed 

below, see also Figure 2: 

 

 Workshop at the EERA JPWIND and SETWind annual event in Amsterdam, September 2019.  

 Presentation for the SETWind Steering Committee in October 2019 

 Session at Wind Europe Offshore with presentation of the SETWind lighthouse initiative and 

panel debate with key stakeholders, in Copenhagen, November 2019 

 Blog on offshore wind, December 2019 

 Workshop at EERA DeepWind in Trondheim, January 2020 

 Presentation for the SETWind Steering Committee in February 2020 

 

Workshop participants have included representatives of EERA JP WIND, ETIPWind, IEA WIND 

TCP and the wider European (wind) energy research community.  

 

The prospect lighthouse initiatives are further described in section 1 and 2, and their possible 

implementation is briefly discussed in section 3.  

 

 
FIGURE 2: Overview of activities to develop the lighthouse initiative.  

                                                 
1 The updated Implementation Plan for Offshore Wind is expected to be published in 2020. The previous version can be 

found here: https://setis.ec.europa.eu/system/files/setplan_wind_implementationplan_0.pdf  

https://setis.ec.europa.eu/system/files/setplan_wind_implementationplan_0.pdf
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What is a lighthouse initiative?  
 

The term "lighthouse initiative" refers to a visionary, science-driven large-
scale initiatives with significant budget (tens of millions of Euros) and 
duration (5 years or more) that will address grand scientific and technical 
challenges that are crucial for the further advancement of offshore wind 
energy, providing new knowledge and basis for innovation. It can be 
realized as a collection of research projects that are set up according to a 
roadmap to achieve a certain goal, or it can be a large programme-like 
project.  
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FLOATING OFFSHORE WIND TECHNOLOGY 

1.1 MOTIVATION 

Offshore wind will be a big and central part of the solution to prevent climate change. This view is 

shared by IEA, researchers, industry, and think-tanks around the world. It also presents great 

opportunities for business, see e.g. the comprehensive report by IEA2 . Done right, offshore wind 

can be a cornerstone of the world’s power supply, create jobs, and make an important contribution 

to the battle against climate change. Floating offshore wind even has the potential to grow the 

offshore wind market significantly.  

 

The European Commission assume in their most ambitious scenario for achieving zero CO2 

emissions from the European energy system that 450 GW offshore wind capacity is in operation by 

2050. This will be both bottom-fixed and floating wind farms. The bottom-fixed wind farms will be 

installed in areas with relatively shallow waters – up to 50 m by current technologies – whereas 

floating wind technology will be applied to exploit the wind resources over deeper waters (see also 

Figure 3). The market and technology for floating offshore wind is still at an early stage with some 

few pilot plants in operation only. However, the global prospective capacity is huge. According to 

IEA2, 80 % of the global offshore wind potential is in areas with deep waters that can rationally be 

exploited by floating wind technology and can potentially supply the world's current demand for 

electricity more than 14 times over.  Thus, floating wind technology is an ideal topic for a European 

lighthouse initiative. It is a new frontier in wind energy development with a huge potential.  

 

 
FIGURE 3: Illustration of alternative substructures (2nd left to right: lattice structure, semi-submersible, spar-buoy) for 

bottom-fixed and floating wind farms in comparison to the mainstream monopile concept (very left). Graphic by 

SINTEF. 

                                                 
2 IEA Offshore Wind Outlook, 2019 

https://www.iea.org/offshorewind2019/
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1.2 RESEARCH CHALLENGES  

A lighthouse initiative on floating wind technology will be a visionary, science-driven, large-scale 

initiative addressing the grand scientific and technical challenges, which have jointly been 

identified by stakeholders from academia and industry. It will provide new knowledge and form a 

basis for innovations that will make large scale exploitation of the huge, yet unused wind resources 

possible and will support European companies in global markets.  

 

Floating offshore wind is already identified as one of the main topics in the ETIPWind research and 

innovation roadmap3, as well as in the EERA JP WIND R&I strategy4. The scientific challenges to 

be addressed are manifold, with examples summarized in the table below, largely based on EERA 

JP WIND and ETIPWind R&I priorities. 

 
TABLE 1: Example research topics to be addressed as part of the lighthouse initiative on floating wind. 

Research topic State-of-the-art Lighthouse initiative contribution/innovation 

Optimization of 

floating wind 

farms 

 Floating wind farms are in an early 

stage of development 

 Design tools needs to be developed 

 There are unrealized opportunities to 

improve floating wind performance 

through development of more 

advanced control systems 

 Models for integrated design optimisation of floating 

wind farms  

 Cost optimisation for various design conditions (sea 

depth, wind, waves, etc.) 

 Assess various floating wind farm designs, including 

platform, mooring, turbine, and electrical system 

design 

 Optimise performance of floating wind farms 

through innovative farm layout designs and controls, 

increasing power output and reducing loads on 

cables, mooring lines and anchors. 

Atmospheric 

flow inside and 

around offshore 

wind farms 

 High-fidelity models are 

computational demanding  

 Accurate models for real time 

applications are yet not existing 

 More accurate models of atmospheric flow inside 

and around offshore wind farms for real time 

applications to improve wind farm operation and 

control 

 Floating wind farms are highly dynamic systems for 

which such flow models are of high value 

Digital 

solutions for 

operation and 

maintenance 

 There are potential significant gains 

to be achieved by limiting the need 

for manual offshore inspections and 

repairs 

 Offshore access can be challenging 

due to weather conditions 

 Reduce need for manual inspections and 

unscheduled repairs  

 Bring forward digital twin models that give a real 

time estimate of time to failure of key components, 

such as mooring system, dynamic cable, power 

electronic converter etc 

 The use of digital twin technology to reduce need for 

site visits are of particular value for far offshore 

floating wind farms  

Optimization of 

components 

 Floating wind is at an early stage 

with components being adapted from 

other industries 

 Large volumes will enable a 

dedicated supply chain with series-

production of components optimized 

for floating wind farms 

 Optimization of the characteristic components of 

floating wind farms: platform, mooring system, 

dynamic cables and substation 

 The optimization shall consider choice of materials 

and design for series production, installation, 

operation and recycling 

Grid connection  Floating turbines require dynamic 

inter-array cables that can withstand 

the motion of the floater  

 Validate and develop cable modelling tools and 

methods, with regards to loss estimation, harmonics 

and transients and long-term performance of new 

dynamic designs. 

                                                 
3 www.etipwind.eu  
4 www.eerajpwind.eu  

http://www.etipwind.eu/
http://www.eerajpwind.eu/
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 Deep sea far offshore locations call 

for new cost-effective solutions for 

grid connection of floating wind 

farms 

 Cost-optimised subsea substation design for offshore 

wind applications 

Novel concepts  Floating wind farms are envisioned 

as a potential supplier of clean 

energy for future offshore demands 

of electricity and carbon-free fuels  

 Studies are on early concept stage 

 Assess novel concepts of floating wind farms 

supplying power to X 

 Develop methods/tools to determine optimal rating 

of main components (wind farm, electrolyser, 

storage, etc.) to supply electricity and clean fuel with 

a certain security of supply for a certain volume. 

 Assessment of power system stability and control 

system to optimize operation for maximum security 

of supply under uncertainty in generation and 

demand. 

Socioeconomic 

studies 

 Research is needed to identify 

relevant supply chain structures, 

deployment models and market 

strategies to accelerate the 

development of floating offshore 

wind farms 

 Analyse stakeholders and identify co-existence 

strategies for deployment of floating wind farms in 

areas with multiple users (fishery, oil and gas, etc.) 

 Assess manufacturing, transportation, installation 

and operation in a variety of markets and 

environments 

 Depict strategies that maximize social acceptance 

and positive socioeconomic impact 

Environmental 

impact  

 Floating wind can be located at deep 

sea with very limited negative effect 

on sea-life, but knowledge is 

required to ensure proper planning 

and avoid costly unintended effects 

 Assess the effect on seabirds, marine species and 

sea-bed biota during construction, operation and 

dismantling 

 Depict solutions for environmentally friendly 

holistic design and operation of floating wind farms  

Offshore 

physics 

 The limited understanding of physics 

phenomena affecting floating wind 

technology prevents optimal design 

and operation 

 Bring forward new knowledge and enhanced 

understanding of key offshore physical phenomena 

that enable better design tools for industry, reducing 

risks and increasing reliability 

Model 

validation  

 Proper data sets are lacking  Carry out data assimilation, measurements and 

experiments to generate high quality open access 

datasets for effective model validation 

 

 
FIGURE 4: Illustration of a digital twin of a floating wind turbine that would be a virtual representation of the physical 

asset enabled through data and simulators for real-time condition monitoring of key components. Graphic by SINTEF. 
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2 INTEGRATION OF OFFSHORE WIND ENERGY  

2.1 MOTIVATION 

In order to achieve the global climate targets, it can be no more net CO2 emissions from the energy 

system by 2050. This requires a total transformation of the system, in which the use of offshore 

wind energy will play a central part. In the European Commission’s scenario for a carbon neutral 

Europe by 2050 with 450 GW of offshore wind capacity, offshore wind will be a main source of 

electricity in Europe. Supplying roughly one third of the electricity demand5, offshore wind will be 

vital for ensuring power system adequacy and stability. To achieve this, offshore wind farms would 

need to be installed at an increased rate, see Figure 5, and they must be connected and controlled in 

a way that supports the proper operation of the power system.  

 

Research is needed into transmission system technologies, including subsea technologies, and into 

systems science for the integration of wind power plants into the future electricity grid. This must 

consider both the design and operation of the wind power plants to support grid stability. 

Alternatives should also be explored. For example, using offshore wind to produce hydrogen, or to 

create charging hubs for electric-powered vessels, or other multiuse options. 

 

To bring forward the required knowledge and innovations that enable offshore wind to be the 

backbone of the future power system of Europe is an ideal candidate for a lighthouse initiative. It 

addresses a tremendous challenge, but also a great opportunity to develop an efficient carbon-free 

power system.  

 

 
FIGURE 5: Installation rate to reach 450 GW of offshore wind capacity in Europe by 2050. About one 1/3 of the 

capacity is expected to be far offshore floating wind farms. Graph by BVG Associates for WindEurope 

(https://windeurope.org/about-wind/reports/our-energy-our-future/). 

                                                 
5 At an assumption of 3000 FLH, 450 GW offshore wind would yield an annual electricity generation of 1350 TWh. In 

comparison, the ENTSOs joint Scenario Report (https://www.entsos-tyndp2020-scenarios.eu/wp-

content/uploads/2019/10/TYNDP_2020_Scenario_Report_entsog-entso-e.pdf) state that the electricity consumption for 

EU28 will increase from 3086 TWh in 2015 to 3476 TWh in 2040 for the Global ambition scenario.   

https://windeurope.org/about-wind/reports/our-energy-our-future/
https://www.entsos-tyndp2020-scenarios.eu/wp-content/uploads/2019/10/TYNDP_2020_Scenario_Report_entsog-entso-e.pdf
https://www.entsos-tyndp2020-scenarios.eu/wp-content/uploads/2019/10/TYNDP_2020_Scenario_Report_entsog-entso-e.pdf
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2.2 RESEARCH CHALLENGES  

A lighthouse initiative on integration of offshore wind energy will address the key scientific 

challenges and provide a basis for innovations. It will ensure a knowledge-based development of 

the industry; to make the right choices, to be innovative and to designing the systems right. It will 

enable offshore wind to be the backbone of the future power system of Europe and support 

European companies in the global market.  

 

Integration of offshore wind energy is already identified as one of the topics in the ETIPWind 

research and innovation roadmap6, and in the EERA JP WIND R&I strategy7. The research and 

innovation must contribute to the transition towards carbon-free power systems, understanding the 

challenges and developing the required technical capabilities. This includes aspects such as offshore 

grid development and operation at European scale, dynamic stability of electricity systems with 

very large penetration of power-electronic converters and maintaining a secure and affordable 

energy provision through developing markets and ancillary services, hybrid renewable energy 

systems, sector coupling and energy conversion and storage. The scientific challenges to be 

addressed are many, with examples summarized below. These are largely based on EERA JP 

WIND and ETIPWind R&I priorities, but also considering ENTSO-E R&I priorities8.  

 
TABLE 2: Example research topics to be addressed as part of the lighthouse initiative on integration of offshore wind. 

Research topic State-of-the-art Lighthouse initiative contribution/innovation 

Control of 

offshore wind 

farms and 

HVDC grids 

 Wind farms may contribute to safe 

and efficient operation of the power 

system 

 Grid codes set requirements to 

reactive power capabilities, fault-

ride-through capabilities and 

possibilities to contribute with 

frequency support 

 Digital solutions can bring 

significant benefits 

 Advanced system services from offshore wind 

farms, providing reserve power for frequency 

support, reactive power for (dynamic) voltage 

support, mitigate or actively compensate harmonics 

for maintaining power quality and providing black 

start (grid forming operation) for increasing security 

of supply and helping system restoration, etc. 

 Operation and control in concert with HVDC grid 

 Digital solutions including big data analytics and AI 

combined with system modelling for improved 

control and performance with provision of ancillary 

services from the future large offshore wind farms 

 Behaviour and control of large HVDC connected 

clusters is vital for enabling future development of 

large interconnected offshore grids, serving to 

connect wind farms to different national markets and 

offshore loads, as well as power/energy exchange 

between regions 

Validated 

energy systems 

models 

 Energy system models need to be 

developed to consider multiple 

energy carriers and cross sector 

integration, and with sufficient 

granularity in timescales, system 

representation etc.  

 Validated energy systems models for assessing 

alternative developments of offshore energy 

transmission systems, including electricity and 

hydrogen.  

 The models should be developed to consider relevant 

timescales, wind variations, balancing capabilities, 

regional transportation bottlenecks, etc. 

Market 

development 

 The electricity market needs to be 

developed to ensure the efficient 

operation of the future power system 

 Models of electricity markets with faster dispatch for 

more efficient energy management, considering 

multiple energy carriers (electricity and hydrogen), 

                                                 
6 www.etipwind.eu  
7 www.eerajpwind.eu  
8 https://www.entsoe.eu/research-and-innovation/  

http://www.etipwind.eu/
http://www.eerajpwind.eu/
https://www.entsoe.eu/research-and-innovation/
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with large amounts of offshore wind 

and more cross-border transmission  

conversion and storage, wind forecast uncertainty, 

demand-response and transmission limitations. 

Hybrid systems  Offshore wind farms are built as 

"stand-alone" projects that feed 

electricity into the power system 

 Validate hybrid solutions, in which offshore wind is 

combined with other offshore renewable generation 

like wave and PV.  

 Quantify pros and cons, including how offshore 

wind together with wave and PV may provide 

complementary generation patterns that can 

contribute to improving the security of supply and 

lowering grid integration costs 

Storage and 

power to X 

 The use of storage and power to X 

solutions are essential to achieve 

sufficient flexibility in the power 

system to accommodate large 

amounts of offshore wind energy  

 Assess storage and power to X solutions that will 

contribute to generation flexibility and security of 

supply, both short-term and seasonal 

 Validate integration of these solutions in offshore 

wind farms, including off-grid approaches, e.g. 

isolated offshore wind farms producing hydrogen. 

Digital 

solutions for 

monitoring and 

maintenance of 

equipment 

 Faults in offshore grid components 

such as cables, transformers, HVDC 

converters, etc can be critical for the 

operation and bring loss in revenue 

 There are big potential gains to be 

achieved by being able to predict 

failure of components 

 Degradation and failure mechanisms of cables, 

transformers and HVDC converters call for 

extensive research and testing to be fully understood 

and enable reliable grid solutions 

 Bring forward digital twin models that give a real 

time estimate of time to failure of key components, 

such as cables, transformers and converters 

High-fidelity 

models of 

electric 

components 

 The future offshore grid will be a 

complex system with risk of stability 

issues if not properly designed and 

operated.  

 Provide accurate models of electric components in 

offshore wind farms and the connected system for 

harmonic interaction and stability analyses.  

 Such high-fidelity models are essential to ensure 

proper system design and operation of large complex 

offshore grids 

 

 

 

 
FIGURE 6: Illustration of an offshore grid with transmission of electricity and hydrogen. Graphic by North Sea Wind 

Power Hub. 

https://northseawindpowerhub.eu/
https://northseawindpowerhub.eu/
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3 IMPLEMENTATION 
 

The possible implementation of one or the two prospect lighthouse initiatives, namely floating 

offshore wind technology and integration of offshore wind energy, is briefly discussed in this 

section. Three possible principles of implementation as part of the EC research and innovation 

framework are identified. These are to implement the lighthouse as one big "programme-like" 

project, in a collection of smaller projects or by a mix: 

 

 Programme: A big "programme-like" project would rationally be setup with a fairly rough 

overall plan for the full programme period (say 4+3 years), while annual workplans should 

be prepared and approved by a project board with EC/MS, research and industry 

representation to ensure that work is directed according to scientific progress and industry 

needs.  

 Projects: A collection of smaller projects could be established through a series of dedicated 

call for proposals in which each would address a specific sub-task within a programme to 

address the grand challenges.  

 Mix: An alternative could be something in between a very big programme-like project and 

individual smaller projects. A possibility could be to have a call for three large projects with 

4-5 years duration at the start of the programme period, and a second call for remaining 

issues after the first set of projects. 

 

The programme and project implementation are further illustrated in the graphic below. 

 

 

Programme implementation Project implementation 

 

 

FIGURE 7: Illustration of programme and project implementation of lighthouse initiative to result in high impact R&I. 

The programme can be implemented through one call for proposals by EC and/or MS, resulting in one lighthouse 

"programme" grant that is carried out according to annual work plans subject to approval by the programme board with 

EC, MS, industry and research representation. A project implementation will require multiple call for proposals by EC 

and/or MS to grant a set of projects. 
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The pathway towards the implementation will include further communication with stakeholders and 

development to have a description of a lighthouse initiative with an SRIA that is endorsed by the 

SETWind Steering Committee and/or a programme board with EC, MS, industry and research 

representation. Thereafter, depending on how it is chosen to implement the lighthouse initiative, 

one or more EC and/or MS calls for proposals can be launched, and subject to evaluation, 

successful project proposals can be granted to carry out the required research and innovation. The 

process is further illustrated in the graphic below. 

 

 

 

 
 

 

FIGURE 8: Pathway from lighthouse concept to high impact R&I.  

 

 
 


