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Beyond Jack-Ups: A Moonshot for Future Offshore Wind 
Turbine Installation Vessels for an Uncertain Market 

J.J. de Ridder1,2,*, J.D. Stroo2, and A.A. Kana3 

ABSTRACT

This paper addresses the growing offshore wind market's demand for larger turbines in deeper waters 

by highlighting limitations in existing installation solutions and proposing a new concept with a floating 

monohull, named Moonshot, which will thus be different than traditional jack-up or semi-submersible 

crane installation vessel options. This paper discusses the design process, which combines Ulstein 

Rotterdam’s Controlled Innovation and Blended Design to develop the concept. This process is used to 

explore various market scenarios to determine optimal vessel parameters. Results demonstrate how 

optimizing for financial performance or seakeeping behavior impacts the design. Moonshot's initial 

parameters are established, and its performance is compared to existing installation solutions.  

KEY WORDS  

Early-stage design; Complex design methods, Design space exploration; Offshore wind turbine installation; Seakeeping. 

INTRODUCTION

Today’s society faces growing concern over climate change, which is primarily caused by the release of greenhouse gases 

and other hazardous emissions. Generating electricity and heat by burning fossils fuels causes a large part of global 

emissions (United Nations n.d.). To help mitigate the impacts of climate change, it is crucial to reduce the reliance on fossil 

fuels and transition to cleaner, renewable energy sources. One of those sources is offshore wind energy. As a result, offshore 

wind energy is a rapidly growing industry. The global wind market has experienced significant growth in recent years, with 

the total installed capacity increasing from zero in the 1990s to over 40 GW in 2020. This growth is expected to continue 

towards 630 GW in 2050 (Kuhn, et al 2023). 

Due to the improvement in offshore wind energy and growing demand, the landscape of the offshore wind turbines is also 

changing. Analysis of 4C Offshore wind farm data (February 24, 2023) has been performed, revealing three major trends. 

The first is the increasing capacity of turbines. The turbine capacity has significantly increased over the last years and is 

expected to continue to increase. With the increasing capacity of turbines, the physical size of turbines also increases, 

making them larger and heavier. The second is the increasing distance from shore to the offshore wind farms (OWFs). The 

main reason for this is that available location near the coast, especially in the North Sea, are getting scarce (WindEurope 

2020). Also, wind speeds are higher and thus more favorable (Nikitas, et al 2020). From 2011 to 2023, the average distance 

from land to OWF has more than doubled (NORWEP 2022). The third is the increase in water depths at OWF locations. 

The analysis showed that water depth was not more than 20 meters in 2010, while nowadays the water depth is almost 40 

meters. The wind farm data showed that this number is expected to increase in the future.  

Currently, wind turbine and foundation transportation and installation (T&I) is done by the same vessels. However, due to 

the increasing weight and size of foundations, which are growing faster than turbines, foundation installation work is 

shifting to purpose-built foundation installation vessels (FIVs) (Foxwell 2022). Wind turbine installation will therefore 

soon be done by dedicated wind turbine installation vessels (WTIVs). This research is thus focused on the process of wind 

turbine installation. Other research focused on understanding the driving factors behind offshore wind installation vessels 

includes van Lynden et al (2020). There are various ways of T&I for offshore wind turbines. Seven distinctive methods 

were identified for offshore wind turbine installation with vessels, as shown in Figure 1.  
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Figure 1: Overview of common methods for offshore wind turbine installation, based on (Jiang 2021, Richmond et 

al 2018, EnergyFacts.eu 2019) 
 

The methods mainly differ on the number of onshore preassembled components and subsequently the number of required 

lifts. The method and degree of preassembly influences the number of offshore lifts. Since offshore lifts are risky and 

susceptible to delay or damage due to wind conditions, the preference is to minimize offshore assembly (Kaiser, et al 2011; 

Iberdrola n.d.). Also, from a cost perspective it is beneficial to reduce the number of lifts offshore. For example, (Robinson, 

et al 2022) state that if construction costs would be $1 onshore, it is $2 in port, and $10 offshore. Despite, most offshore 

wind turbines are currently installed using method 2 – single blade with preassembled tower - (Asgarpour, 2016) because 

components can be transported more easily and deck space is used most-efficiently, reducing the number of required 

roundtrips (Kaiser, et al 2011). Method 7 is a novel installation method which combines the advantages of method 2 and 

method 6, ensuring efficient use of deck space, while also keeping the number of overboard offshore lifts as low as possible. 

The rotor nacelle assembly (RNA) is assembled on board of the vessel in a controlled environment with a dummy tower.  

 

Regarding transportation of turbine components, there are two options. The first option is all-in-one, in which the 

installation vessel both transports and installs the turbine components. The vessel loads at the marshalling port and sails to 

the installation site. There, the components are installed by the same vessel. When empty, the vessel returns to the 

marshalling port, repeating the cycle (Vis, et al 2016). The second option is a feeder system, in which the WTIV stays at 

the OWF location and is supplied by feeder barges or vessels that shuttle between the marshalling port and OWF to be 

loaded and unloaded with turbine components. An advantage of this strategy is that installation vessel’s productivity could 

be higher because it does not have to sail. However, lifting from another vessel at sea, which is moving due to waves, could 

be very risky (Vis, et al 2016), potentially damaging the fragile turbine components (Asgarpour 2016). 

 

Currently, mostly jack-up vessels are used for wind turbine T&I (Asgarpour 2016). These vessels can elevate themselves 

above the sea surface with their legs to provide a stable (Nørkaer Sørensen, 1984) base for lifting operations and eliminate 

vessel and crane displacements due to waves and surges (Streatfeild, et al 2013; Attari, et al 2014). Analysis of the existing 

fleet of jack-up vessels used for wind turbine T&I with the 4C Offshore wind vessel database (March 10, 2023), showed 

that they will not be able to lift the next-generation turbines. Furthermore, the increasing water depths are a negative 

progression for jack-ups. The leg length of these vessel dictates the maximum working depth (Attari, et al 2014). In 

addition, because of their interaction with the seabed, they are dependent on soil conditions. A seabed survey must be done 

beforehand, requiring other vessels (Riviera Newsletters 2010), and these vessels cannot be deployed at all locations. In 

addition, lowering and raising the legs takes up a considerable amount of time (Uraz 2011), especially considering that this 

must be done at every turbine location and in port. This makes jack-ups very inefficient.  

 

Alternatively, floating solutions are also sometimes used for wind turbine installation, such as semi-submersible crane 

vessels (SSCVs). A major drawback of these vessels is that their day rates are very high (Jiang 2021) and their capabilities 

exceed what is needed for offshore wind turbine installation (Kaiser, et al 2011), making them cost-inefficient. In addition, 

these vessels require a feeder system, despite having a substantial deck area. This is because SSCVs have a transit draft of 

10 to 12 meters. Their maximum draft, during lifting operations, ranges from 25 to 32 meters (Saipem n.d.; Heerema 

Marine Contractors 2020), while the water depth at marshalling ports is typically not larger than 9 to 13 meters (Parkinson, 

et al 2022). As a result, SSCVs are not able to enter the marshalling ports to load turbine components, requiring a feeder 

system with all risks associated.  

 

Multiple ways to address the gap between the existing wind turbine installation fleet and the market demands were 

investigated. Vessels currently on order or being built were found to be just larger jack-ups. Existing jack-ups are being 

retrofitted with larger cranes to be able to install the next-generation turbines. However, these approaches do not address 

the installation bottlenecks associated with jacking. In addition, several new concepts for future wind turbine installation 

were researched. These concepts were found to be mostly floating installation solution, relying on fully preassembled 



   

installation methods, reducing the number of offshore overboard lifts. However, there are stability and seakeeping risks 

when sailing with a fully preassembled turbine (Herman 2002; Díaz, et al 2023). Most of the concepts were found to still 

have installation bottlenecks, such as the jacking or the need for a feeder system. Also, most concepts were found to have 

complex hull types, such as semi-submersibles or catamarans, which are expensive to build, leading to higher day rates 

(Djupevåg Eri 2015). Additionally, operational costs are generally higher for these hull types (Schouten 2018).  
 
Based on the market, concept analysis, and previous development with industry partners, it was concluded that there is a 

need for a new cost-effective and efficient solution. This research proposes a new floating monohull vessel concept, called 

Moonshot, to address the gap between future market demand and current and near-term solutions. Monohulls generally 

have a large open deck area and are therefore capable of carrying a lot of cargo. Also, day rates are lower than for the other 

types of WTIVs (Jiang 2021). Also, they are capable of higher transit speeds than, for example, jack-ups and SSCVs 

(Djupevåg Eri 2015). But most of all, this vessel type would not have any of the mentioned installation bottlenecks. 

However, a floating monohull would be more susceptible to motions because of waves during the installation of the 

turbines, which is important to consider.   

 

The aim of this research is to explore the feasibility of Moonshot and to investigate how it can be developed into a viable 

concept. Because of the unpredictable nature of the market it will operate in, it is important to explore the design space of 

Moonshot and elucidate optimal design parameters for both financial performance and seakeeping performance. The main 

research question of this paper is: “What should optimal design parameters be for the innovative Moonshot concept, a 

floating monohull vessel for offshore wind turbine installation, taking into account financial and seakeeping performance, 

while considering the uncertainties and evolving requirements of the offshore wind market?” 

 

DEVELOPING MOONSHOT 
 

To design Moonshot, it is important to choose a suitable design strategy. Multiple design strategies were investigated. 

These included: point-based design, set-based design, systems engineering, systems-based design, and optimization-based 

design. Each of these design strategies were evaluated on several aspects that are important for the development of 

Moonshot, including: (1) applicability in ship design, (2) the degree of innovation the strategy enables, (3) optimization 

with a parametric ship model, and (4) flexibility in dealing with changing requirement and market uncertainty. None of the 

design strategies was found to meet all requirements. In response to this, two strategies developed by Ulstein Design & 

Solutions B.V. (UDSBV) were introduced: Controlled Innovation (CI) and Blended Design. When investigating these 

strategies, it was found that they are amalgamations of the main state-of-the-art design strategies.  

 

CI was originally developed by Van Bruinessen (2016) as part of his PhD dissertation and is a strategy to evaluate functions 

and design aspects in the ship design process. The application of development packages for high-risk design aspects allows 

for knowledge generation and often results in new solutions and an improved design. Therefore, this method proves to be 

very useful when innovating in the realm of ship design. Blended Design was developed by Zwaginga (2020), Zwaginga 

et al (2021) and allows for multi-parameter optimization for many variations of a parent ship design within different 

(market) scenarios, while considering the lifetime financial performance.  
 

The two strategies have been combined into one design strategy, suitable for the development of Moonshot. CI is used to 

determine the functions of Moonshot, as well as to establish the underlying design aspects. These design aspects are then 

evaluated to identify which ones require additional focus or extra knowledge. It is then important to differentiate between 

the design aspects that should be addressed in the development packages of the CI process and those that can be handled 

through Blended Design. The results obtained from the development packages will eventually serve as input or boundaries 

for Blended Design. The adopted design strategy for this research is shown in Figure 2 and described in more detail below. 

 

 
Figure 2: Schematic of the adopted design strategy for this research. 

 

 

 



   

High-level objective, Functions, and Design aspects  
Following the CI process, first the high-level objective of Moonshot was determined, which is that the design should aim 

to be competitive in the offshore wind market and be efficient. Secondly, the functions to reach the objective were 

established, which are: hull shape requirements, mission equipment for wind turbine installation, payload, station keeping, 

motion performance, mobility, and accommodation. Then, the associated design aspects to these functions were 

determined. The identified design aspects are shown in the first column of Table 1. Arranging the design aspects revealed 

that there were a lot of unknowns for the design aspects, including requirements for ship particulars, type of lifting 

equipment, and the number of turbines Moonshot should carry per roundtrip. Also, properties of the cargo are unknown.  

 

Design aspects evaluation 
Table 1 shows the design aspect evaluation, in which all design aspects are ranked. The first step involves assessing the 

level of the uncertainty of each requirement of a design aspects. Uncertainty in this context refers to the likelihood of 

changes in the requirements. Thereafter, the expected impact of an aspect on the ship design is determined. The two scores 

are then multiplied. Design aspects with higher scores indicate greater risks to the ship design. To decrease these risks, it 

is crucial to reduce uncertainty of the high-scoring design aspects and generate more knowledge to establish the right 

requirements with more certainty. Following CI, these high-risk design aspects are covered in detail in development 

packages. However, not all aspects will be covered solely in the development packages, as some will be addressed through 

Blended Design. The table shows the evaluation of the identified design aspects and indicates whether the path of 

development packages or Blended Design is proposed for high-scoring design aspects. 

 

Table 1: Evaluation of the design aspects. 

 
 

Development packages 
Three design aspects were identified that should be covered in development packages to generate more knowledge, or 

before they can be incorporated in Blended Design, namely: the lifting equipment; the size, mass and CoG of components, 

and optimal deck layout.  

 
Development package 1: Lifting equipment 

Since Moonshot will be a monohull and will install the turbine while floating, it will be susceptible to wave-induced 

motions. Therefore, the number of overboard lifts should be as low as possible to minimize risk. Therefore, the decision 

has been made to combine two installation methods to combine the benefits of those methods. The idea is to transport the 

turbine components separately, to allow for efficient use of deck space, and when at the installation location, assemble the 

turbine on board of the vessel. Then, the assembled turbine will be lifted overboard and installed on the turbine foundation. 

The right lifting equipment should be selected for this purpose. When looking at existing wind turbine installation vessels 

and future concepts, two types of vertical lifting mechanisms can be identified, free-hanging and guided (Figure 3). 

 



   

 
Figure 3: Visualization of lifting mechanisms: free-hanging lift (left) and guided lift (right). 

 

The two mechanisms have been evaluated on the five aspects in Table 2. The main advantage of a guided lift mechanism 

would be to prevent swinging loads, minimizing the risk of damage to the turbine components. However, the main 

drawback of this mechanism would be that it would not be flexible and could not be used for other lifting purposes, because 

the working area of a guided lift system would be very small. Therefore, a hybrid solution between the two lifting 

mechanisms is preferred, a crane that can do both, such as the Zephyr crane by Huisman. Therefore, this lifting solution is 

adopted on the concept for Moonshot. 

 

Table 2: Assessment of the different lifting mechanisms, including a hybrid solution. 

 
 

Development package 2: Size, mass, and CoG of components 

Information about the properties of next-generation offshore wind turbines is not available, resulting in uncertainty 

regarding the size, mass, and CoG of turbine components. To overcome this, an analysis into the properties of turbines has 

been conducted. A database was created with properties of 16 commercially available offshore turbine models of different 

sizes, and 7 generic reference offshore wind turbine models provided by research institutions. Spearman’s rank correlation 

was used to determine the correlation between the various size and mass properties of the turbines. This showed that there 

is a strong correlation between all properties. The design of a wind turbine depends on the rated power, which is in turn 

linked to the squared rotor diameter (D). To understand the mass and size properties of turbines would scale with increased 

turbine capacity, scaling laws have been established with D as the independent variable. Two approaches, as described by 

(Sergiienko, et al 2022), were employed: 

 

1) Heuristic engineering fit with y=cxd+f, where x is the independent variable, and the exponent d is constant and 

based on expected geometric upscaling from physical laws or literature. Coefficients c and f are unknown, and f 

is non-zero for linear scaling; 

2) Best power fit with y=axb, where coefficients a and b are unknown.  

 

The coefficients were obtained by fitting curves, following the two approaches, through the data points from the wind 

turbine database. Then, the coefficient of determination (R2) was calculated to indicate how well the resulting curves fit 

the data. Eventually, the best fitting scaling law for each of the wind turbine properties has been established. These are 

shown in Table 3. When extrapolated, these can subsequently be used in Blended Design to estimate the size and mass of 

future turbine components. The center of gravity (CoG) location of the turbine components was estimated using literature 

and assumed for towers to be at 41% of the height (Quancard, et al 2019). The CoG of blades is located 35% from the 

blade root (Sørensen 1984) and for nacelles and hubs at the center of the components.  

 

 

 

 

 

 

 

 

 

 



   

Table 3: Scaling laws for each parameter based on a heuristic engineering approach and best power fit,  

based on the database with 23 offshore wind turbine models. 

 
*Only the direct and semi-direct drive turbines were used for this parameter. 

 

Development package 3: Deck layout 

To investigate the optimal deck layout for Moonshot, eighteen different deck layouts were manually drawn with 

components for 15 MW turbines. The deck layouts differed with respect to crane, assembly, and installation location, as 

well as placement of the components on deck. Subsequently, all deck layouts were evaluated on the following aspects:  

 

 

 

 

 

 

 

 

 

 

An analysis was performed to establish local motions in the nacelle for two different loading conditions and at two different 

locations. The analysis was done for a case in the North Sea with a JONSWAP spectrum with γ=3.3 at a significant wave 

height of 2.5 meters. The vessel was allowed to weathervane. For the analysis, software SESAM package by DNV was 

used. GeniE was used for creating a panel model, HydroD for modeling the environment and perform the hydrodynamic 

analysis in the frequency domain, using WADAM as a hydrodynamic solver. 

 

All deck layouts were evaluated and scores on the various aspects were assigned. After evaluation, it was concluded that 

the best deck layout and crane position for Moonshot would be as shown in Figure 4.  

 

 
Figure 4: The selected optimal deck layout for Moonshot. 

 

BLENDED DESIGN FOR MOONSHOT 
 

Blended Design is used to explore the design space of Moonshot and to elucidate the ship parameters based on financial 

and seakeeping performance. The existing model, as developed by Zwaginga (2020), Zwaginga et al (2021) generates a 

large number of unique design variations on a parent ship design by varying naval architectural parameters. For each of 

those design configurations, the lifetime financial performance is calculated within a simulated market environment. The 

model incorporates market uncertainty and different market scenarios can be considered to identify the optimal vessel size 

for evolving markets while balancing short- and long-term competitiveness. The current model could not directly be applied 

for the purpose of Moonshot as it cannot take into account seakeeping behavior and was originally designed for different 

vessel types, specifically heavy transport vessels (HTVs) and FIVs for monopile and jacket foundation T&I. In order to 

• Port logistics and transit 

o Loading 

o Transit 

• Offshore operations 

o Tower lifting 

o Nacelle lifting 

o Blade lifting 

o Assembly lifting 

• Capacity 

o Number of turbines 

o Efficient use of deck space 

• Motion behavior 

o Assembly location 

o Installation location 



   

adapt Blended Design for Moonshot, existing assumptions and functions needed to be updated or modified. Furthermore, 

new functionalities were added. Figure 5 visualizes the different parts of Blended Design and the connection between 

different functions of the entire model. The colors indicate what parts are added (green), unused (red), modified (blue), and 

left unchanged (white). 

 

 
Figure 5: Integration of functions for Moonshot in Blended Design. 

 
The biggest modifications to the model are the addition of the seakeeping performance functions and the mission functions 

for wind turbine components. 

 

Method for seakeeping analysis 
Figure 6 presents the adopted approach for determining the seakeeping performance of every ship configuration in the 

design space. The output of this approach aims to provide the most probable maximum responses for the most-occurring 

sea state within the operational range of a vessel configuration. The operational range can be specified as input for Blended 

Design by setting a desired significant wave height (Hs) limit. Based on the findings from the literature and market research, 

this limit was set to 2.5 meters for Moonshot.  

 

 
Figure 6: The approach to determine seakeeping behavior. 

 
Response Amplitude Operators 

The main challenge with the approach is to determine the Response Amplitude Operators (RAOs) for all ship configurations 

within the design space. 2D Strip theory and 3D boundary element methods would not be applicable for the purpose of 

Blended Design, because these calculation methods would take too much time when calculating the RAOs for hundreds of 

thousands ship configurations. Furthermore, these methods require a hull-form geometry. However, this specific 

information is not available during the early-stage design and, as a result, not included in Blended Design. Therefore, a 

simpler method which only relies on ship parameters is needed. The paper by (Jensen, et al 2004) presents closed-form 

expressions (CFEs) to estimate the heave, roll, and pitch RAOs of a homogeneously loaded box by applying linear strip 

theory. To validate the method, RAOs were calculated for an UDSBV design of which RAOs computed with hydrodynamic 

analysis software (HAS) were available. The RAOs for different wave headings from the two methods were then compared. 

The visual validation revealed that the RAOs for the three motions, as calculated using the CFEs, appeared to be remarkably 



   

similar. The trajectory of the RAOs calculated with the CFEs aligned with the behavior of the RAOs from HAS. The 

amplitudes of the motion RAOs appear to be around the same angular wave frequency, and the order of magnitude of the 

RAOs falls within the same range. Additionally, the area under each RAO curve was calculated and compared. The area is 

a measure of the transferred energy. This comparison is shown in Table 4. 

 

Table 4: Comparison of the areas under RAO curves for results from HAS and CFEs. 

 
 

As displayed, the CFEs tend to underestimate the area under the RAO curves in comparison to the RAOs obtained from 

HAS. This implies that there is a difference in the total transferred energy across the entire range angular wave frequencies. 

The disparities between the two methods are most pronounced in beam seas. Also, a validation has been performed with 

another way to validate the RAOs from CFEs is to compare the standard deviation (σ) of the resulting response spectra. 

This is because the distribution of the area under the RAO curves is also important to consider. Therefore, the differences 

in transferred energy do not provide the complete picture. To incorporate the distribution into the validation, response 

spectra were calculated for all RAOs in three different sea states with different wave peak periods (Tp). A comparison for 

one of the periods is shown in Table 5. 

Table 5: Comparison of the standard deviation (σ) of the response spectra at Tp = 7s, calculated using the 

RAOs from HAS and CFEs. 

.  

The comparison showed that the error in the variances decreases as wave periods increase, or wave frequencies decrease. 

Overall, the variances from CFEs were lower than from HAS, but in the correct order of magnitude. Also, it is important 

to keep in mind the primary purpose of the method for determining the RAOs, which is to assess seakeeping behavior 

within Blended Design and predict the relative merits of various ship configurations. In this context, the method appears 

to be applicable. However, absolute results obtained from this method should be interpreted with caution.  

 
Local RAOs 

RAOs are calculated in the CoG of a vessel. When linearizing for small motions, the independent RAOs can be translated 

to local motions in a point P through superposition. The phase angles of the RAOs are not known, so it is assumed for this 

research that the phases of all motions are such that the maximum motions occur at the same instance. This approach would 

yield the most conservative results. The resulting RAO in each of the three directions is then the sum of the associated 

RAOs in combination with the coordinates of point P with respect to the origin of the coordinate system, located at the 

CoG of the ship. For this project, point P will be located at the hub height in its installation position of the largest turbine 

every ship configuration can potentially carry in its lifetime in a specific market. This is visualized in Figure 7. 

 



   

 
Figure 7: Schematic of the location of point P for local motions. 

 

Wave scatter diagram 

A wave scatter diagram represents the join probability of significant wave height (Hs) and wave zero-up-crossing period 

(Tz). The wave scatter diagram can be calculated for different worldwide locations and depends on multiple parameters. 

The values for those parameters have been derived using measurements and can be obtained from DNV-RP-C205 

Environmental Conditions and Environmental Loads (Det Norske Veritas AS 2017). The seakeeping module is 

programmed such that different wave scatter diagrams can be considered, based on the input. For this research, zone 11 is 

used. The corresponding wave scatter diagram is presented in Figure 8. 

 

When designing a vessel, it is common practice to aim for a certain workability or to set the limits up to which it can 

operate. Based on market research, it was decided that Moonshot should be able to operate up to Hs of 2.5 meters. This is 

highlighted by a black outline in the figure above and corresponds to a workability of more than 75 percent, which is 

acceptable. Of the sea states with a Hs of 2.5 meters, a Tz of 6.5 seconds is most occurring. For this research, this sea state 

(outlined in red) will be the sea state of interest. 

 
Figure 8: Wave scatter diagram calculated for zone 11 (North Sea). 

 

Wave and response spectra 

For this research, a JONSWAP wave spectrum will be used with a peak enhancement factor (γ) of 3.3. The wave spectrum 

will be calculated for the sea state of interest for the specified zone in Blended Design, as explained earlier. After the wave 

spectrum is determined, the response spectra for each of the motion directions and wave headings can be established. The 

motion response spectrum describes the response to waves of a floating body at different wave frequencies.  
 

Response maxima 

To assess the seakeeping characteristics of the ship configurations, it is important to predict the highest response value 

within an irregular sea state within a certain time. This is done with probability distributions. A good approximation for 

the distribution of response maxima can be obtained using a Rice distribution function. This probability distribution 

depends on the variance (σs) of the response spectrum and spectral width parameter (ε). When the ε=0, the Rice distribution 

reduces to the Rayleigh distribution. For ε≤0.9, the most probable largest value in n observations of a random process, 

as given in (Bhattacharya 1973), is calculated by Equation 1 and 2. 



   

 

𝑛 =
𝑇

𝑇𝑧

 [1] 

𝜂𝑛 = 𝜎𝑆 [2 ln (
2√1 − 𝜖2

1 + √1 + 𝜖2
⋅

𝑛

𝛼
)]

1/2

 [2] 

 

The most probable largest value ηn depends on a risk factor α. This factor is the probability that the extreme value will 

exceed ηn. For example, for α=1, the most probable maximum (MPM) value is calculated. This is the most-likely maximum 

response that will occur within the specified time interval T. This interval is commonly 3 hours. The MPM response value 

typically has a 63 percent probability of being exceeded. On the other hand, with α=0.01, the exceedance probability is 

only 1 percent, which is often referred to as the most probable extreme (MPE) response. An example of a probability 

density function (PDF) and cumulative distribution function (CDF) for n response observations is depicted in Figure 9. 

Also, the MPM and MPE values with an α of respectively 1.0 and 0.01 are shown. 

 

 
Figure 9: Rayleigh PDF and CDF (ε = 0) for m0 = 8.02 · 10−4 and n=2,207 waves (Tp =5.5s). 

 

The decision of the value for α depends on the acceptable risks and designer’s decision. When looking at the MPM and 

MPE responses of the CDF above, it stands out that the difference between the two values is relatively low, respectively 

0.114 and 0.142 meters. This depends on the steepness of the CDF and is thus directly related to the properties of the 

response spectrum. It should be noted that the response spectrum will be different for every wave heading, ship motion 

direction, and sea state. Therefore, the MPM and MPE values of other cases might be further apart, and when interpreting 

the results, it is important to keep in mind that the results are based on statistics and larger responses could occur.  Thus, 

for this research, the decision was made to calculate the MPE (α = 0.01) responses, representing a more conservative 

approach. The calculation of MPE response values is executed for every wave heading. Ultimately, the MPE responses 

across the three directions (x,y,z) for all wave headings are determined. With these results, the worst MPE responses across 

the longitudinal, transverse, and vertical direction can be determined for every ship configuration. 

 

Validation of the module 

To validate the output of the seakeeping module, the worst local MPE motion responses were calculated for an UDSBV 

design. These results were compared to the results from HAS under the same conditions as used in the module. The results 

were calculated for two different loading conditions, at both the assembly and installation position of the turbines, and for 

different sea states. Also, the validation was conducted for both a weathervaning and omnidirectional condition. The results 

demonstrated that the local MPE displacement of the two methods are comparable and within the same order of magnitude 

in the weathervaning condition. One of the validations, for Tp=6.2s is shown in Table 6. 

 

Table 6: Validation of weathervaning MPE motion-induced displacements from the seakeeping analysis module 

(SAM) with hydrodynamic analysis software (HAS). 

 
 

However, minor differences were observed, especially in longitudinal motion direction. This is likely because the 

simplified method does not consider coupling effects between motions and probably the omission of three of the six RAOs 



   

does play a minor role. However, for the purpose of this research, the outcomes of the new module are considered 

acceptable. The validation of the omnidirectional condition showed that this method cannot be used for this type of 

environment. This is mainly a result of the large discrepancies in the RAOs in beam seas. 

 

Wind turbine mission module 
The wind turbine mission module connects the wind turbine market within Blended Design with the ship configurations. 

The module determines the feasible number of turbines that can be transported and installed by each ship configurations. 

Given the diversity of turbine sizes in a market, this calculation is performed for every possible turbine size. The number 

of turbines is dependent on multiple constraints. The module calculates the number of turbines a ship configuration can 

carry for each of the constraints and then identifies the limiting factor that yields the smallest number of turbines that can 

be transported and installed. This procedure is depicted in Equation 3. 

 

𝑁 = min{ 𝑁𝐶𝐶 , 𝑁𝐴, 𝑁𝐷𝑊𝑇 , 𝑁𝑡𝑜𝑡,𝑡𝑟 , 𝑁𝑡𝑜𝑡,𝑙𝑖𝑓𝑡} [3] 

 

Crane capacity constraint 

The crane capacity of a ship configuration determines the maximum turbine weight that can be lifted, (see Equation 4).  

 

𝑁𝑐𝑐 = {
∞,   𝑖𝑓 𝑚𝑊𝑇𝐺 < 𝑐𝑟𝑎𝑛𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦
0, 𝑒𝑙𝑠𝑒                                        

 [4] 

 

Deck area constraint 

The number of turbines for different sizes, that could fit in the free deck space of a configuration is calculated. For the 

analysis, the deck area is divided into two parts (see Figure 10). It is assumed that the green area will be reserved for towers 

and nacelles with hubs. The yellow area, behind the crane, is designated for blade storage. White areas cannot be used. 

 
Figure 10: Division of deck area. 

The dimensions originate from the results from development package 2. To account for seafastening and ensure sufficient 

spacing, a margin of 1 meter around the nacelles is assumed. For towers, a square footprint of the tower diameter with an 

offset of 1 meter on each side is assumed. To account for unused space, a margin of 90 percent is adopted. The number of 

turbines, with this margin included, was found to better match realistic deck layouts. The number of turbines, based on 

towers and nacelles fitting in the green area is calculated according to Equation 5. 

 

𝑁𝐴,1 = 0.9 ⋅ 𝐴𝑑𝑒𝑐𝑘,𝑔𝑟𝑒𝑒𝑛/[(𝐿𝑛𝑎𝑐𝑒𝑙𝑙𝑒 + 2) ⋅ (𝐵𝑛𝑎𝑐𝑒𝑙𝑙𝑒 + 2) + (𝐷𝑡𝑜𝑤𝑒𝑟 + 2)2] [5] 

 

Afterwards, the number of blades that fit within the width of the yellow part is calculated. Blades are assumed to be stacked 

in blade racks in pairs of three. The algorithm checks whether the width of all blade stacks does not exceed the breadth of 

the vessel and automatically adjusts the number of turbines if that is the cae. This is depicted in Equation 6. 

 

𝑁𝐴,2 = {
 𝐵/(𝐵𝑏𝑙𝑎𝑑𝑒 + 2),   𝑖𝑓 𝑁𝐴,1 ∙ (𝐵𝑏𝑙𝑎𝑑𝑒 + 2) > 𝐵

𝑁𝐴,1, 𝑒𝑙𝑠𝑒                                                       
 [6] 

 

Based on the deck layout, blades are assumed to extend over the aft of the vessel. The estimated length that should fit on 

the length of the yellow part of the deck is set at 60 percent of the total blade length. A check is performed to verify if this 

requirement is satisfied. A margin of 5 meters between the aft of the crane and blade racks is assumed (Equation 7). 

 

𝑁𝐴 = {
𝑁𝐴,2,   𝑖𝑓 0.5𝐿𝑑𝑒𝑐𝑘 − 5 ≥ 0.6𝐿𝑏𝑙𝑎𝑑𝑒

0, 𝑒𝑙𝑠𝑒                                            
 [7] 

 

Deadweight constraint 

The third limiting factor is associated with the deadweight available for cargo. The algorithm calculates the maximum 

number of turbines that can be accommodated within the vessel’s deadweight. This calculation assumes that there is no 

ballast water used. The total mass of a single turbine is defined in Equation 8. 



   

𝑚𝑊𝑇𝐺 = 𝑚𝑡𝑜𝑤𝑒𝑟 + 𝑚𝑛𝑎𝑐𝑒𝑙𝑙𝑒 + 𝑚ℎ𝑢𝑏 + 3 ⋅ 𝑚𝑏𝑙𝑎𝑑𝑒  [8] 

 

The number of turbines is calculated using Equation 9. An allowance of 10 percent is assumed for the mass of seafastening. 

𝑁𝐷𝑊𝑇 = 𝐷𝑊𝑇/(1.1 ⋅ 𝑚𝑊𝑇𝐺) [9] 

 

Transit and lifting stability constraints 

Blended Design calculates the maximum allowable KG value for both transit and lifting conditions of all ship 

configurations. Within the turbine mission module, the vertical center of gravity (VCG) for an increasing number of wind 

turbines of every size in the market simulation is calculated. It then checks if the VCG of the turbines is still below the 

allowable KG. If not, the vessel will be unstable and not be able to carry that number of wind turbines. The algorithm 

eventually finds the maximum number of wind turbines for which the KG value is still positive. Ballast water is 

incorporated in both cases. The VCG of ballast water is a fixed ratio of the depth. The mass of ballast water is calculated 

following Equation 10. 

𝑚𝑏𝑎𝑙 = 𝐷𝑊𝑇 − 𝑁𝑊𝑇𝐺 ⋅ 𝑚𝑊𝑇𝐺 [10] 

 

The VCG of the turbine components corresponds with the findings from development package 2. To determine the resulting 

VCG of these components, when they are in storage position on deck during transit, Equation 11 is used. 

 

𝑉𝐶𝐺𝑐𝑜𝑚𝑝 = 𝐷 +
3𝑚𝑏𝑙𝑎𝑑𝑒 ⋅ 0.5 ⋅ 3ℎ𝑏𝑙𝑎𝑑𝑒 + 𝑚𝑡𝑜𝑤𝑒𝑟 ⋅ 𝑉𝐶𝐺𝑡𝑜𝑤𝑒𝑟 + (𝑚𝑛𝑎𝑐𝑒𝑙𝑙𝑒 + 𝑚ℎ𝑢𝑏) ⋅ 𝑉𝐶𝐺𝑛𝑎𝑐𝑒𝑙𝑙𝑒

𝑚𝑡𝑢𝑟𝑏𝑖𝑛𝑒

 [11] 

 

The VCG of the deck cargo in transit and lifting condition is then calculated with the following Equations 12 and 13. 

 

𝑉𝐶𝐺𝑡𝑟 =
𝑉𝐶𝐺𝐿𝑆𝑊 ⋅ 𝐿𝑆𝑊 + 𝑁𝑡𝑜𝑡,𝑡𝑟 ⋅ 𝑉𝐶𝐺𝑐𝑜𝑚𝑝 ⋅ 𝑚𝑊𝑇𝐺 + 𝑉𝐶𝐺𝑏𝑎𝑙 ⋅ 𝐷 ⋅ 𝑚𝑏𝑎𝑙,𝑡𝑟

Δ𝑡𝑟

 [12] 

 

𝑉𝐶𝐺𝑙𝑖𝑓𝑡 =
𝑉𝐶𝐺𝐿𝑆𝑊 ⋅ 𝐿𝑆𝑊 + (𝑁𝑡𝑜𝑡,𝑙𝑖𝑓𝑡 − 1) ⋅ 𝑉𝐶𝐺𝑐𝑜𝑚𝑝 ⋅ 𝑚𝑊𝑇𝐺 + 𝑉𝐶𝐺𝑏𝑎𝑙 ⋅ 𝐷 ⋅ 𝑚𝑏𝑎𝑙,𝑙𝑖𝑓𝑡 + 𝑧𝑙𝑜𝑎𝑑 ∗ 𝑚𝑊𝑇𝐺

Δ𝑙𝑖𝑓𝑡

 [13] 

 
Validation 

The module has been validated using a reference vessel from UDSBV. Validation has been performed for 8, 15, and 20 

MW turbines. Deck layout drawings were made, and calculations were done to check whether the calculated number of 

turbines for every constraint for the different turbine sizes matches. The results were found to be the same, so it is assumed 

that the wind turbine mission module produces sensible results.  

 
EVALUATING THE PERFORMANCE OF MOONSHOT 
 
After the new modules were created and adaptations to Blended Design were made, the design space is explored to evaluate 

the performance of different ship configurations and to elucidate optimal design parameters for next phases of the design. 

Firstly, a design space was created by varying ship parameters. In total, the design space consisted of 158,340 unique ship 

configurations, as displayed in Table 7. 

 
Table 7: The created design space in Blended Design. 

Particular  Start End Step size # 

Length [m] 140.0 280.0 5.0 29 

Breadth [m] 36.0 72.0 3.0 13 

Depth [m] 10.0 19.0 1.0 10 

Sailing speed [kn] 10.0 15.0 1.0 6 

Crane capacity [t] 1,000 7,000 1,000 7 

Block coefficient [-] 0.77 - - 1 

Unique configurations     158,340 

 
The output from Blended Design is visualized in graphs that show the performance of all configurations for a specific ship 

parameter. A Pareto front is drawn through the best-performing configurations for every parameter. Figure 11 depicts the 

visualization of the how the resulting graph is constructed and how to interpret it. The optimal range is user-defined and is 

set to 2.5 percent for this research.  

 



   

 
Figure 11: Visual guide on how to interpret the result plots. 

 

Firstly, the results from the financial performance analysis of all configurations within the design space is discussed. 

Secondly, the seakeeping performance will be presented.  

 

Financial performance 
The influence of ship parameters on the financial performance has been investigated. Different scenarios have been 

incorporated in the analysis and optimal design ranges have been determined. The financial performance is measured in 

return on investment (ROI), which is the ratio between the net profit over the lifetime and the investment costs. The revenue 

of each ship configuration consists of an installation reward per installed MW. Thus, every vessel will be rewarded for the 

number of turbines and size of turbines it installs. 

 
Performance in different market scenarios 

Figure 12 presents the financial performance in four different future markets. The unbound market assumes that the turbine 

growth is not limited. The 16MW bound market assumes that the turbines will not grow beyond the maximum turbine 

capacity of all offshore wind projects currently in operation, planned or within the Procurement, Construction, and 

Installation (EPCI) phase. The 1,000 feet bound market assumes that the growth of turbines is restricted to a tip height of 

1,000 feet. This scenario has recently been proposed by the Netherlands Wind Energy Association (NWEA) (Rijntalder 

2023). The maximum rotor diameter in this case would be around 280 meters (Netherlands Wind Energy Association 

2023), which would correspond to a 22MW turbine. Once this capacity is reached, the size of turbine components is 

assumed to not further increase. Uncertainty in the mass of components is only considered in the third scenario. In the 

fourth scenario, the market would be bound to 22MW, but uncertainty in both the size and mass properties is considered. 

The difference in optimal design parameters for different market scenarios is clearly visible.  

 

 
Figure 12: Visualization of the results for the four market scenarios. 

 

Influence of distance to port 

Figure 13 presents the financial results for different distances between the OWFs and marshalling ports. The calculations 

for the different market scenarios were conducted with a distance of 140 nautical miles (NM). This distance was selected 

based on insights from literature, as it corresponds to the anticipated maximum distance to shore for future OWFs in 2026 

(NORWEP 2022). To explore the impact of varying distance ranges, both shorter and longer distances were included. The 

short distance of 35 NM is based on current global maximum distances from (NORWEP 2022). The long distance is ten 

times that distance. The distance to port effects the ROI of different configurations. This is mainly due to the increasing 



   

sailing distance, decreasing the number of turbines that can be installed. Larger vessels perform better as distance increases, 

which can be attributed to the increased cargo capacity, ensuring that they can take more turbines per roundtrip. The optimal 

sailing speed is the same for all distances, but the optimal range narrows down as distances increase, favoring faster 

configurations at large sailing distances. 

 

 

 
Figure 13: Visualization of the results of a 1,000ft bound market with three distances to port. 

 

Influence of splitting the turbine towers 

The turbine towers are assumed to be transported vertically and as one part. The towers are very heavy and tall, resulting 

in high VCGs. The number of turbines a ship configuration can transport and install could be constrained by five different 

limiting factors, including stability. Therefore, an analysis was conducted on the distribution of limiting factors across all 

feasible ship configuration, to gain insight in what drives the carrying capacity. Figure 14 presents a breakdown of the 

limiting factors for all feasible ship configuration and a distribution with distinction per turbine size. 

 

 
Figure 14: Distribution of limiting factors for ship configurations (left) and aggregated per turbine size (right). 

 

In most ship configurations, the limiting factor is the crane capacity. This is because the design space consists of 

configurations with crane capacities ranging from 1,000 to 7,000. As turbine size increases, crane capacity becomes more 

limiting. After that, deck area and lifting stability are the most limiting constraints. The fact that many configurations is 

limited by lifting stability, indicates that the deck area or deadweight, and thus the full potential of a lot of ship 

configurations is not completely used. The main reason why lifting stability is limiting in a lot of configurations is because 

of the high VCG of the turbine towers.  

 

This led to investigating the effects of transporting the turbine towers as two smaller parts, rather than one large 

components. Splitting the towers in two parts would benefit the overall VCG of the turbine components. On the other hand, 

more deck area would be needed to transport one tower and more lifts would have to be performed when loading and 

installing the towers, doubling loading and installation times for tower parts. Figure 15 depicts how the limiting factors are 

distributed across the carrying capacity of all feasible ship configurations when the towers are transported as two parts. 

 



   

 
Figure 15: Distribution of limiting factors for ship configurations (left) and aggregated per turbine size (right) 

with towers transported as two parts. 

 
As shown in the figures above, the lifting stability constraint is a less dominant limiting factor for the carrying capacity of 

wind turbines. The share of the deck area limiting factor among all configurations has significantly been increased. This 

shift suggests that the carrying capacity of the ships is used more efficiently. The difference in carrying capacity when the 

tower is divided into two parts, for one of the configurations in the design space is visualized in Figure 16. The two plots 

depict the number of turbines that can be transported according to the five constraints for every turbine size. It also shows 

the main limiting factor for every turbine size and the resulting capacity. 

 

 
Figure 16: Visualization of limiting factors and number of turbines for the two tower strategies. 

 

To assess the benefits of the transportation strategy, a financial performance analysis was conducted. The goal is to 

determine whether the advantages of transporting the towers as two parts outweighs the negative consequences. The 

financial performance is depicted in Figure 17. As visible, the ROI of all configurations is lower when the towers are 

divided into two parts instead of being transported as single components with a high VCG. Therefore, it can be concluded 

that there is no financial benefit in carrying the towers as two parts.  

 

 
Figure 17: Visualization of the results for two different tower transportation strategies in a 1,000ft bound market. 

The distance to port is 140 NM. 

 

 

 



   

Seakeeping performance 
The influence of various ship parameters will be investigated, and optimal design configurations will be determined for 

best seakeeping performance. The calculations have been performed for a significant wave height of 2.5 meters. The 

performance is measured in local MPE responses, as explained earlier. The lower the responses, the better. The local 

responses are calculated at the hub height of the largest turbine a ship configuration can possibly transport and install during 

its lifetime. This is during offshore operations, so when the vessel is station keeping. The ship is assumed to weathervane, 

meaning that it is allowed to align the bow with the incoming environment. This improves seakeeping and reduces the 

power required for dynamic positioning. While weathervaning, the environment is assumed to be at 180 degrees with an 

offset of 30 degrees to both sides, as visualized in Figure 18. 

 
Figure 18: Wave headings during weathervaning with an allowed offset of +-30 degrees. 

 

Weathervaning displacements 
Figure 19 shows the MPE motion-induced displacements in each of the three motion directions for different ship 

parameters. The results reveal that the longitudinal motion response is most dominant. This can be attributed to the 

environment while weathervaning, where waves are primarily coming in at the bow of the vessel. The main contributor to 

the longitudinal response is the pitch motion, which is lower for increasing ship lengths. Increasing the breadth does not 

really influence the MPE motion responses. In transverse direction, the main contributor to the motion displacement is the 

roll motion. However, roll motion is quite low due to the weathervaning and the used method for determining the RAOs. 

The used method neglects coupling effect between motions, disregarding for example roll motion due to pitch. Regarding 

vertical direction, the foremost contributor to the motion displacement is the heave motion in combination with pitch and 

roll. The results show that the vertical motion decreases for longer ships. This could be because the heave motion RAO 

shift to lower wave frequencies for longer ship. This results in lower RAO values at the same wave frequency for longer 

ships. When looking at breadth, relatively constant lines are observed. This is because heave motion is not significantly 

influenced by ship breadth with the used calculation method. In addition, due to decoupled motions and the weathervaning, 

the roll motion is also very little influenced by increased breadth.  

 

The influence of depth on the motion behavior of configurations is not straightforward. As depth increases, so does the 

maximum draft of a configuration, leading to an increase in displacement, which affects the motion behavior. However, an 

increase in draft leads to a decrease in sectional hydrodynamic damping (A) and the Smith correction factor (κ) in the 

method from (Jensen, et al 2004), influencing the forcing functions for heave (F3) and pitch (F5), subsequently affecting 

heave and pitch RAOs. Additionally, increasing depth and draft affect stability in several ways. Draft affects the GMT value 

of a ship configuration, impacting stability and the behavior of the roll RAO. An increase in depth at the same breadth 

reduces the B/D ratio, crucial for establishing the GZ curve, which determines the transverse stability. Stability influences 

the maximum turbine size the configurations can transport and install and, consequently, dictating point P in which local 

responses are calculated. In general, increasing depth results in decreased MPE motion displacement in all directions, as 

reflected in Figure 19.  

 

Crane capacity has limited influence on motion behavior. The lines for all three directions remain relatively constant 

because the best ship configurations with optimal motion behavior are independent of crane capacity. For instance, the 

'best' configurations for longitudinal motions have low to moderate breadth and the highest depth, providing the best motion 

behavior in the longitudinal direction. But due to their low B/D ratio resulting from the combination of breadth and depth, 

their stability is typically poorer, limiting their ability to handle larger turbine sizes in the market. For these smaller sizes, 

the point P where motions are calculated is closer to the CoG of the vessel, resulting in lower longitudinal motions. 

 

 



   

 
Figure 19: Wave headings during weathervaning with an allowed offset of +-30 degrees. 

 
The model behavior explained above is not the most elegant way to design a vessel, but the model does achieve the objective 

of findings the configurations with the best seakeeping behavior. This model behavior, while effective, can be considered 

undesired and should be considered when evaluating motion behavior or optimizing a vessel on motion performance.  

 

Figure 20 presents a parallel coordinates plot of the motion performance. The plot shows all possible configurations with 

their MPE motion responses in all three directions. Three combinations of ship parameters have been highlighted. These 

three configurations would have the lowest MPE displacement for one of the three directions. These three optimal ships 

would be very large, with the smallest crane possible. The model selects these configurations as the best one, because it 

can only lift the smallest turbines, with point P for motion calculation closest to the CoG of the vessel. Considering the 

findings from financial performance and the best configuration in terms of motion performance, a large gap between the 

best ship configuration for Moonshot is found. This gap will be addressed later. 

 

 
Figure 20: Parallel coordinates plot of motion performance. 

 

Weathervaning accelerations 
The accelerations during weathervaning have also been evaluated. Just as the MPE displacements, the MPE accelerations 

were also calculated in point P for the three directions. These three components were then translated to a resultant MPE 

acceleration vector using Equation 14. 

 

𝑀𝑃𝐸 𝒂 = √(𝑀𝑃𝐸 𝒂𝑥)2 + (𝑀𝑃𝐸 𝒂𝑦)
2

+ (𝑀𝑃𝐸 𝒂𝑧)2  [14] 

 

Figure 21 depicts the resulting MPE acceleration vector in relation to displacement of all configurations. To prevent damage 

to wind turbines, suppliers prescribe limits on acceleration in the nacelle during T&I. The acceleration limit is typically 

0.5g (~4.9 m/s²) (BVG Associates 2019). As demonstrated in the figure, the local MPE acceleration for all configurations 

remains well below this specified limit. Consequently, accelerations in the nacelle are not deemed to be a major concern. 

 

 
Figure 21: Visualization of the MPE acceleration vector results. 



   

Combining seakeeping and financial performance 
As previously highlighted, conflicting optimal ship configurations emerge when optimizing for either financial 

performance or seakeeping performance. To reconcile this discrepancy between the two objectives, a financial penalty will 

be imposed on configurations exhibiting inferior seakeeping behavior. This penalty will be in the form of an added cost for 

motion compensation, which is a supplement to the base cost for the main crane. The unit of this metric is €/(t.m), 

encompassing both the crane capacity and the cumulative MPE displacement in longitudinal, transverse, and vertical 

direction, measured in meters. While the metric might not be documented in existing literature, it aligns well with practical 

considerations. It is reasonable to expect that cost of lifting equipment would increase with increasing motion compensation 

requirements. Moreover, the inclusion of crane capacity in the metric is also logical, as a motion compensation system for 

higher crane capacity would likely be more complex and larger, inherently being more expensive. 

 
As this metric is not documented in existing literature, there is no reference for quantifying the cost of motion 

compensation. Consequently, a range with different cost levels has been assumed. This range spans from €0 to 

€10,000/(t.m). The resulting ROI for these different cost levels is depicted for different ship parameters in Figure 22. As 

displayed, the ROI decreases for increasing cost levels for motion compensation. What stands out, is that the optimum for 

length shifts to longer configurations. This indicates that at a certain point, the higher cost of investing in and operating a 

longer ship surpasses the increased cost for motion compensation of shorter vessels. 

 

 
Figure 22: Visualization of the financial results with motion performance penalty in a 1,000ft bound market with 

an operational Hs limit of 2.5 meters. 
 

Optimal design ranges for Moonshot 
Considering all findings, optimum design ranges for the ship have been established. These findings for different scenarios 

are summarized in Table 8. The initial design parameters can be chosen according to client preferences or based on a 

designer’s perspective. The initial design parameters, as chosen by the author, are displayed in the last row of the table.  

 

Table 8: Summary of optimal design parameters for Moonshot. 
Scenario Length Breadth Depth Sailing speed Crane capacity 

 [m] [m] [m] [kn] [t] 

Financial performance      
16MW bound market 210-215 57-60 14-15 12-14 4,000 

22MW bound market 225-230 60-63 15 11-13 4,000 

1,000ft bound market 225-230 57-63 15-16 11-13 4,000-5,000 
Unbound market 245-250 60-69 16-17 11-13 5,000 

Distance to port+      

35 NM 225-230 54-60 15 10-13 4,000-5,000 
140 NM 225-230 57-63 15-16 11-13 4,000-5,000 

350 NM 225-230 63 16 12-13 4,000-5,000 

Seakeeping performance+,◦      
Weathervaning x-displacement 280 54 19 11-13 1,000 

Weathervaning y-displacement 280 72 19 11-13 1,000 

Weathervaning z-displacement 280 57 19 11-13 1,000 

Motion compensation*,◦      
€2,000/(t·m) 225-230 57-63 15-16 11-13 4,000 

€6,000/(t·m) 225-245 60-63 15-16 11-13 4,000 
€10,000/(t·m) 225-245 60-63 16 11-13 4,000 

Initial design parameters 230 63 16 12 4,000 
* in a 1,000ft bound market with a 140 NM distance between port and OWF. ◦ for a maximum significant wave  

height of 2.5 meters. + in a 1,000ft bound market scenario. 



   

 

BENCHMARKING THE DESIGN 
 
Previous results indicate that the Moonshot could be a viable alternative for offshore wind turbine installation. However, 

the question arises whether it measures up against existing technologies. To benchmark, a version of Moonshot has been 

designed to directly compete with the largest jack-up design in the market, the NG-20000X (GustoMSC n.d.). This jack-

up has a capacity of four 20 MW turbines (4C Offshore n.d.). Blended Design has been used to explore the design space 

and determine the ship parameters for the direct competitor, the 20MW Moonshot. This Moonshot concept is designed to 

operate in a market with only 20 MW turbines for only one year. 1,532,160 ship configurations were investigated. Firstly, 

optimal design ranges were determined with cost for motion compensation levels of €0 to €10,000/(t·m). The actual cost 

would probably be somewhere in that range. The results are shown in Figure 23. 

 

 
Figure 23: Visualization of the financial performance results for the 20MW Moonshot. 

 
The optimal design ranges reveal an overlap when looking at the two different cost levels. An optimal displacement for 

both cost levels can be found around 70,000 tonnes. Following a slightly different approach then earlier, the displacement 

will be fixed at this value to find the optimal ship parameters for best seakeeping performance within this displacement. 

The results from this analysis are shown in Figure 24. Based on the results from both the financial and seakeeping 

performance, an optimal configuration can be selected.  

 

 

 
Figure 24: Visualization of the seakeeping performance results for the 20MW Moonshot with a fixed 

displacement. 

 

After selecting the optimal configuration for the 20MW Moonshot, the day rate, number of installed turbines per year, and 

the cost per installed MW were extracted from Blended Design. The same metrics were calculated for the NG-20000X jack 

up, an SSCV, and Huisman’s windfarm installation vessel concept. The number of turbines installed per year for those 



   

solutions was determined based on estimated cycle times of the operational cycles. With an assumed day rate, derived from 

literature or internal knowledge at UDSBV, the cost per installed MW was calculated. These values were then compared 

to the installation cost per MW of the 20 MW Moonshot.  

 

Table 9: Comparison of different installation solutions to benchmark Moonshot. 

Parameter  NG-20000X SSCV 

Huisman’s 

WIV concept 

20 MW 

Moonshot 

Sailing speed [kn] 11 10 12 13 

Cargo capacity (20 MW turbines) [-] 4 - - 5 

Workability [-] 0.6 0.6+ 0.6+ 0.78 

Day rate installation vessel [€/day] 375,000 750,000 750,000 260,000* 

Day rate feeder vessels [€/day] - 2x 50,000 2x 50,000 - 

Day rate harbour crane [€/day] - 32,000 32,000 - 

Installed turbines per year [-] 110 165 179 180 

Cost per installed MW [€/MW] 50,900 80,100 73,900 21,500* 
* Profit margins are not reflected in the day rates and installation cost per MW of Moonshot, whereas in the others it is included. 

+ Actual workability of the installation vessels is higher. However, it is assumed that the workability is dictated  

by the offshore transfer from the feeder barges or vessels. 

 

The benchmarking revealed that Moonshot is a more efficient and cost-effective solution, capable of installing a larger 

number of turbines per year at a considerably lower cost per MW compared to other solutions. The results of the 

benchmarking show the potential of Moonshot in comparison to other solutions as a competitive and cost-efficient offshore 

wind turbine installation solution. Above all, since Moonshot is a floating solution and has no interaction with the seabed, 

it would remain feasible in areas where jack-up vessels might no longer be feasible in the future. Overall, these findings 

underscore the cost-effectiveness and competitive advantage of the Moonshot concept in the offshore wind industry, 

positioning it as a promising solution for the evolving demands of the sector. 
 

CONCLUSIONS 
 
This paper introduced a novel installation solution for offshore wind turbine installation, named Moonshot. The 

development process involved a combination of UDSBV’s Controlled Innovation and Blended Design. With Controlled 

Innovation functions and design aspects were identified. An evaluation of design aspects revealed the ones that required 

special attention. These included the choice of lifting equipment, size and mass properties of wind turbine components, 

and the deck layout. Since Moonshot is a monohull solution that will install turbines while afloat, it would be more 

susceptible to waves than other existing WTIVs. Therefore, seakeeping assessment is deemed to be important. 

Modifications to the Blended Design model were made to accommodate Moonshot's unique characteristics and to assess 

seakeeping performance. With Blended Design, different scenarios were analyzed on both financial and seakeeping 

performance to explore the design space of Moonshot and elucidate optimal design parameters. The results revealed a 

disparity when optimizing for financial or seakeeping performance. To balance these factors, a penalty mechanism was 

introduced, resulting in new optimal ship configurations. Furthermore, Moonshot was benchmarked against other wind 

turbine solutions, such as jack-ups and SSCVs. Blended Design was used to determine optimal design parameters for a 

direct competitor. Then, the cost per MW of the other solutions was compared to the optimal 20 MW Moonshot. The 

comparison showed that Moonshot could be a viable alternative in the offshore wind turbine installation sector.  
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