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Summary

Wind energy plays a pivotal role in the transition towards a more sustainable electricity production and, among
other systems, offshore wind farms play a significant role. However, offshore wind turbine design is still
challenging due to the harsh marine environment in which they operate. This requires a comprehensive analysis
of combined environmental loads, including wind, wave and currents. The design of offshore wind turbines is
hence crucial for optimizing performance, reliability, and cost-effectiveness and requiring a multidisciplinary
approach that incorporates not only the turbine but also its foundation, with mooring lines and anchors.

An integrated design ensures that all components of the turbine, such as the rotor, tower, and substructure, are
harmonized with environmental factors like wind speeds, wave loads, and sea currents. This approach helps
improve energy efficiency and reduces structural fatigue, leading to longer operational lifespans. Additionally,
integrated design addresses the challenges of installation, operation, and decommissioning by considering
logistical constraints and optimizing for ease of transport and assembly.

In this work is presented a novel approach for the integrated design of offshore wind turbine with the aim at
reducing the LCOE where the aerodynamic and structural design of the rotor is coupled with the design of its
support structure, including tower, floater and mooring lines. By employing fully coupled simulation models with
different level of fidelity, the framework enables a synergistic design process for all system components. The
preliminary results indicate significant differences to the conventional land-based turbine designs, proving the
necessity of an integrated system design approach tailored for floating offshore wind turbines.

1. Introduction

Offshore wind turbine design is challenging due to the complex environment they operate, which includes
wind, waves and currents. An integrated design ensures that all components of the turbine, such as the rotor, tower,
and substructure, are harmonized with these environmental factors like wind speeds, wave loads, and sea currents.
This approach helps improve energy efficiency and reduces structural fatigue, leading to longer operational
lifespans. Additionally, integrated design addresses the challenges of installation, operation, and decommissioning
by considering logistical constraints and optimizing for ease of transport and assembly.

Moreover, the integration of advanced control systems, such as real-time monitoring and predictive
maintenance technologies, enhances turbine performance and reduces downtime. By considering the entire
lifecycle of the turbine—from manufacturing to end-of-life—integrated design also plays a vital role in lowering
the levelized cost of energy (LCOE) and promoting sustainability through better use of materials and resources.
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In recent years, the offshore wind industry has shifted from conventional design methods—where individual
components were developed in isolation—towards an integrated design approach. This state-of-the-art
methodology considers the turbine as a complete system, optimizing each component in relation to the others to
maximize overall performance, reliability, and cost-efficiency. This integrated approach is crucial for ensuring the
long-term viability of offshore wind farms, reducing operational and maintenance costs, and driving the industry
towards large-scale deployment.

In this paper a holistic approach which considers from the very begging of the design phase all the main
components of the floating wind turbine is developed and tested on a classical multi-megawatt wind turbine.

2. Methodology

This work builds on a decade of advancements in multidisciplinary design technologies for land-based wind
turbines (see [1], [2], and references therein). The holistic design framework utilizes nested optimization problems
to integrate aerodynamic and structural design of both rotor and tower, with the main objective of minimizing the
Levelized Cost of Energy (LCOE).

In this study, this approach has been extended to include the floating platform, catenary mooring lines and
anchors in the design loop. Several nested optimization problems as showed in Fig.1 include steps involving i) an
aerodynamic co-design (i.e. the aerodynamic rotor shape together with the floating sub-substructure), i7) a model-
based controller design and iif) a structural sizing of the blade and tower elements, guided by certification-standard
load cases together with a re-design of the floating support structure. In fact, during the final structural
optimization, floating substructures are resized in response to system mass adjustments while meeting ultimate
limit state constraints. To address varying levels of design detail, turbine models of different fidelity are used, from
a reduced-order model for static aero-hydro-structural assessments to a fully coupled multi-body model for time-
domain load calculations.

Macro Optimization: min CoE
Opt. variables: Rotor diameter, turbine height, cone, uptilt; tip speed,
| blade shape parameters o, ¥, 0, T,
Constraints: max loads, max turbine height
Opt. variables
Macro-level constraints

Aerodynamic Co-Optimization: min LCOE, e
Dpt. variables: chord and fwist distributions, airfoll positions, substructure design varobles
Constralnts: maw chord, max biade tip speed, a,, T,, 0y, 1 , 0 D in i
ot} atural cies

Control synthesis

Structural Dptimization: min ICC,
Opt. variables: thickness of blade stauctor! comoanents, 1o ickness and diamelers,
camgposite materal parametears
Constraints: stress, strain, fatigue damage for Blade, hub, tower and support structure, max

CoE + constraints

Substructure Final Sizing

Transition piece validity check
Tower base changed ? — adjust platform top

Mooring Lines ULS validity check
ULS > ULS_,, 7 — adjust mooring design

Platform final sizing: min 10C; ..
Opt. variables: platform design variables (M, Rs..)
Constraints: platform natural frequencies, platform design angle B,

Figure 1:Holistic design framework with nested optimization problem inside.
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3. Results

To demonstrate this multi-disciplinary and multi-nested design methodology, a classical 10-MW turbine on a
spar platform has been re-designed for floating conditions. The results reveal substantial design modifications,
especially in the rotor aerodynamic shape and, consequently, in the structural components of the blade and tower,
compared to the baseline turbine. For instance, Fig. 2 shows, on the left, the chord distribution for the original
land-based optimized blade (red solid line) compared with the one optimized together with the substructures
(dashed blue line). The same Fig. 2, on the right, shows the floating spar design for the baseline case, the optimal
co-design and the final one (respectively, magenta, blue and green). The final low-solidity (hence high-Tip Speed
Ratio) rotor shape is found by the optimizer because, in presence of a design tip speed, this solution allows to
reduce the aerodynamic thrust hence the maximum platform pitch angle. This example highlights the significant
interdependence between system components in floating wind turbines, emphasizing that their design should adopt
similar holistic techniques to achieve optimal performance.

The final presentation will provide an extensive description of the design methodology, discuss in more detail
the different results of the pre-design loops and compare them with previous models.
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Figure 2: chord distribution (left) and spar design (right) comparison during the design phases.

4. Conclusions

This paper presents a novel approach for the integrated design of offshore wind turbines with the goal of
reducing LCOE. This methodology couples the acrodynamic and structural design of the rotor together with the
design of its support structure (tower, floater and mooring lines).

The technology developed for the integrated design, based on solving nested optimisation problems, allows
different coupling solutions between the turbine and substructures to be studied. Initial results, on a 10MW wind
turbine, show interesting compromise solutions that can be further developed and investigated in the future.
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