
Results of We@Sea research in perspective

December 1-2, 2009, Den Helder, The Netherlands

Installation, Access, O&M, and SafetyInstallation, Access, O&M, and Safety
Luc Rademakers, ECN

• Why research on these topics?

• What has been done?

• What has been achieved?

• Are we ready?
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Why research?Why research?

Status 2004: < 300 MW offshore wind energy installed

• No operational experiences available 
(installation, O&M, safety) � Large uncertainties!

• Onshore turbines used for offshore
(too low reliability and maintainability)

• Installation methods from offshore oil & gas 
(too expensive)

• No dedicated vessels for installation and repair

• No dedicated harbour facilities
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Why research?Why research?

Installation and foundation

• Offshore Oil&Gas: 

– single pieces or small series � Expensive!

• Wind farms: 

– large series of identical foundations

– optimal choice dependent on a.o.: 

water depth, soil, available vessels, capabilities 

of contractor, turbine size, harbour,…
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Why research?Why research?

O&M and Access

• O&M contributes @30 % to 

kWh costs and high revenue losses

• “Onshore reliability” � to much corr. maint.

• Offshore visits are expensive

• Accessibility is limited due to harsh conditions

• Models required to select optimal approach

• Condition based maint. and FTC feasible?
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Windcat workboat
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Why research?Why research?

Safety

• Additional risk to shipping and fishery

• Labour safety regulations unclear

- offshore Oil&Gas: too strict

- onshore wind: partly applicable
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5.1 Installation & access (3)

5.2 Operation & maintenance concepts (5)

5.3 Dismantling  Safety (3)

5.4 Port Development

What has been done?What has been done?
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What has been achieved?What has been achieved?

www.wewww.we --atat--sea.orgsea.org / / www.ecn.nlwww.ecn.nl

Installation

• Cost analyses and sensitivity 

studies performed (soil, 

barges, distance to harbours)

• Small complexity: steel monopiles

• Medium complexity: drilled concrete monopiles

• High complexity: gravity based or steel jacket
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What has been achieved?What has been achieved?
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Access

• From conceptual design 

studies to full-scale prototype

• To be used even under harsh

weather conditions

• Leads to high availability!
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What has been achieved?What has been achieved?
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O&M Modelling techniques

• Planning phase: assess O&M strategy, downtime, and risks

O&M Costs = (Failure Frequency * Repair Costs) + Annual Costs

• Operational phase: estimate future O&M costs based on 

operational experience (e.g. end of warranty period) 

……… + Costs for condition based maintenance

• Models for Fault Tolerant Control (no visits, less downtime)
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What has been achieved?What has been achieved?

Planning phase

• ECN O&M Tool

• Validated by GL

• Many licenses sold

• Many wind farms 

analysed
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What has been achieved?What has been achieved?

Operational phase
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What has been achieved?What has been achieved?
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Condition Based Maint.: low cost load monitoring (1)

• Fibre Optic Blade Monitoring

• Easy to install and maintain 

sensor assembly

• Data reduction to provide

key-figures to operators

• Patent pending
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What has been achieved?What has been achieved?
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Condition Based Maint.: low cost load monitoring (2)

• Flight Leader principle

• Instrument 2 FL’s extensively

• Collect all SCADA data

• Relate loads to wind, wake, and

operational situations

• Translate FL situations to all turbines
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What has been achieved?What has been achieved?
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Safety

• Integral study on safety aspects

• Shipping and fishery 

• Higher density of shipping near OWF’s, risk of collision

• Cumulative effects expected during construction phase

(many ships crossing shipping lanes)

• Mitigating measures 

(OWF detected by ships, safety zones, rules for traffic, etc.)
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Are we ready?Are we ready?
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TP Wind: (1) Assembly, installation, substructures

and decommissioning

• Transfer of equipment from suppliers across Europe 

to wind farm sites

• Installing turbines in a hostile offshore environment

• new and improved materials and manufacturing methods for cost 

reduction and deeper waters 

� We understand the complexity of the problem

� Lots of work to be done by R&D institutes and industry
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Are we ready?Are we ready?
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TP Wind: (2) Turbines

• Suitable for operating in marine conditions

• Improving reliability

• Improve tools for turbine design

� Partly addressed by considering condition based maint.

� Work mainly responsibility of industry
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Are we ready?Are we ready?
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TP Wind: (3) Operation and maintenance

• Development of optimal O&M strategies

• Development and use of effective access systems

• Development of condition and risk based maint. strategies

• Better remoteness (less human intervention)

� Very good progress by R&D institutes
� Transfer of technology has been achieved
� Industry (with R&D) will probably solve remaining issues
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Are we ready?Are we ready?
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TP Wind: (4) Safety

• Labour safety

• Safety and risks

� Labour safety still a relevant item that should be 

adressed

� Shipping and fishery: technically not a challenge, mainly 

an organisational problem to be solved
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On behalve of the RL5 partners

R&D institutes and consultants: ECN, TU-Delft, KEMA, 
WMC, Greenpeace

Industry:  STC, GeniusVos, Ballast Nedam, 
Fabricom, GustoMSC, 
Fugro Engineers, Smart Tower,
Vestas (and NEG Micon), Multiwind, 
Rheden Steel, Shell, Siemens

Thank you for your attention!


