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Evolution of offshore wind energy

EU climate target & FOWT potential

• 55% GHG reduction by 2030[1]

• FOWT can unlock 80% offshore wind potential in 

deep waters (>50m) [2]

O&M challenges

• O&M = 30% of LCOE for FOWT [3]

• High O&M costs linked to Major Component 

Replacement (MCR) 



Improving O&M simulations by integrating vessel motions for floating wind farms

Major component replacement (MCR) in floating wind involves replacing critical turbine or platform components
with specialized tools and planning to minimize downtime.

Research question: How can current O&M models be adapted to incorporate dynamic motion parameters for a more
accurate evaluation of FOWT operations?
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[4, 5]
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Marram Wind

Celtic Sea

Wind Farm Characteristics

Farm Layout 100 x 15MW

Floater Type Semi-Submersible

Turbine 15 MW NREL turbine (Direct drive)

Lifetime 25 years

Location North Sea: Marram Wind Celtic Sea: Celtic Sea C

Water Depth 87 - 117.5 m 90 – 100 m

Port Fraserburght Loughbeg

Distance to Port 96.83 km 129.66 km

O&M Stretegy SOV-based
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Time series plots of mean wind speed (U10) and significant wave height (Hs) for Marram Wind and Celtic Sea C, 
showing raw data (lighter shades) and moving averages (darker lines) calculated with a bin size of 1000.
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Component-wise O&M overview detailing frequency, duration, 
and resource requirements.

Vessel characteristics including day/wait rates, mobilization/demobilization 
rates, dimensions, draft, displacement, bollard pull, and speed.
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• T2P Process: Involves disconnecting, towing FOWT to
port, replacing components with onshore cranes, and
reconnecting offshore.

• Resources: Requires lead/assist tugs, onshore cranes,
technicians.

• Operational Limits: Governed by weather (wave height,
wind speed) and motion criteria (vessel acceleration, roll,
pitch).
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• FTF Process: MCR is conducted on-site using
an SSCV with a dynamic positioning system
and motion-compensating crane.

• Resources: Requires a semi-submersible SSCV,
onboard crane, technicians, and advanced
motion compensation systems.

• Operational Limits: Governed by vessel
motion at the center of gravity and nacelle,
with higher weather tolerances than T2P due
to SSCV's seakeeping capabilities.
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• SHC Process: MCR is conducted on-site using a
self-hoisting crane integrated with the FOWT,
mitigating relative motions during lifting.

• Resources: Requires a self-hoisting crane platform,
small tug, CTV, and technicians for on-site
component replacement.

• Operational Limits: Governed by weather and
heave motion at the SHC platform deck, with
active compensation systems ensuring safe lifting.
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Maintenance and Downtime Cost (MDC): Represents O&M costs and revenue losses in k€/MW/year, providing a
clear financial impact of maintenance activities.

Time-based Availability (AT​) [%]: Reflects the percentage of operational time relative to total hours, indicating wind
farm efficiency.
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Hs is significantly higher at Celtic Sea
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Shortest MCR durations
Seasonality trend
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• Comparison: "Tow WT to Port" modeled with 
static limits and motion limits.

• Key Difference: Incorporating motion limits 
allows higher Hs(>3 m) by considering vessel 
dynamics, while fixed conservative limits are 
seen when using static limits.
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• Integrated Methodology: Combines motion-based operational limits using SafeTrans with UWiSE for realistic
O&M cost and downtime assessments.

• Performance Insights: SHC strategy achieves the lowest MDC costs, while F2F strategy offers the highest
availability.

• Tool Comparison: Motion-based methodology utilizes realistic operational limits tailored to the FOWT market,
offering more applicable assessments than static, conservative limits.

A prospective life cycle assessment of drivetrain technologies in offshore wind

Future works:

• Availability Constraints: Model vessel and spare part availability to reflect real-world limitations.

• GHG Emissions: Quantify emissions to evaluate environmental impacts of O&M activities.
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post-processing

Inputs for UWiSE Inputs for SafeTrans

UWiSE SafeTrans

Wind Farm 
Availability (%)

Revenue Losses 
(k€/ MW/ y)

Other O&M Costs

[k€/ MW/ y]

MCR O&M Costs

[k€/ MW/ y]

MCR Duration 
Calculated by UWiSE 

[days]

MCR Duration 
Calculated by SafeTrans 

[days]

(Time-Dependent & Component-Dependent)

MCR Correction 
Factor 

MCR Correction Factor

= 
MCR Duration Calculated by UWiSE

MCR Duration Calculated by SafeTrans

Modified MCR O&M Costs

[k€/ MW/ y]

Mutiply

O&M Costs

(k€/ MW/ y)

Sum

Intermediate Output

Final KPI

Input

Post Processing
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