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Navigating the North Sea transition!
For centuries, the North Sea has been a source of economic strength, ecological richness, and 

international cooperation. Always subject to change, yet steadfast as a connector of nations, 

cultures, and economies. Today, it once again takes center stage—this time as a lighthouse region 

for the transition to a sustainable, affordable, and reliable energy system. The North Sea Energy 

program marks an important step in this development.

North Sea Energy is a dynamic research program centered around an integrated approach to 

the offshore energy system. Its aim is to identify and assess opportunities for synergies between 

multiple low-carbon energy developments at sea: offshore wind, marine energy, carbon capture 

and storage (CCS), natural gas, and hydrogen. At the same time, the program seeks to strengthen 

the carrying capacity of our economy, society, and nature.

The offshore energy transition is approached from various perspectives: technical, ecological, 

societal, legal, regulatory, and economic. Our publications provide an overview of the strategies, 

innovations, and collaborations shaping the energy future of the North Sea. They reflect the joint 

efforts of companies, researchers, and societal partners who believe in the unique potential of 

this region as a hub for renewable energy and innovation.

What makes this program truly distinctive is not only its scale or ambition, but above all the 

recognition that we are operating in a dynamic field of research. The energy transition is not 

a fixed path, but a continuous process of learning, adapting, and evolving. New technologies, a 

dynamic natural environment, shifting policy frameworks, and changing societal insights demand 

flexibility and vision. Within this program, we work together to ensure that science and practice 

reinforce one another.

This publication is one of the results of more than two years of intensive research, involving 

over forty (inter)national partners. This collaboration has led to valuable insights and concrete 

proposals for the future of the energy system in and around the North Sea. All publications and 

supporting data are available at: https://north-sea-energy.eu/en/results/

We are deeply grateful to all those who contributed to the realization of this program. In 

particular, we thank our consortium partners, the funding body TKI New Gas, the members of the 

sounding board, the stakeholders, and the engaged public who actively participated in webinars 

and workshops. Their input, questions, and insights have enriched and guided the program.

At a time when energy security, climate responsibility, and affordability are becoming 

increasingly urgent, this work offers valuable insights for a broad audience—from policymakers 

and professionals to interested citizens. The challenges are great, but the opportunities are 

even greater. The North Sea, a lasting source of energy, is now becoming a symbol of sustainable 

progress.

With these publications, we conclude an important phase and look ahead with confidence to the 

next phase of the North Sea Energy program. In this new phase, special attention will be given to 

spatial planning in the North Sea, European cooperation, and the growing importance of security 

in the energy system of the future.



Prepared by: 

TNO 
Vadim Uritsky
Janaki Mohanan Nair

Checked by:

TNO
Vinit Dighe  
Joris Koornneef

Approved by:

TNO
Madelaine Halter

The project has been carried out with a subsidy from the Dutch Ministry of Economic Affairs and Climate, National 
Schemes EZK-subsidies, Top Sector Energy, as taken care of by RVO (Rijksdienst voor Ondernemend Nederland)

Logistics
North Sea Energy 2023-2025

D6.3



NSE 2023-2025 | D6.3 Logis3cs 
 

2 of 43 

 

 

 

Table of Contents 

ExecuGve summary 4 

1 Introduction 6 

1.1 Background 6 
1.2 Research focus 6 
1.3 Research quesGons 7 

2 Methodology 8 

2.1 Research acGviGes 8 
2.2 Scope 9 
2.3 InteracGon with other work packages 10 
2.4 DescripGon of the quanGtaGve analyses 10 

3 Hub West – Quantitative Analysis 12 

3.1 Scenario Overview 12 
3.2 LogisGcs Overview 13 
3.3 Scenario Results and Discussion 14 
3.4 Summary of Hub West Analysis 17 

4 Hub East – Quantitative Analysis 18 

4.1 Scenario Overview 18 
4.2 LogisGcs Overview 19 
4.3 Scenario Results 20 
4.4 Summary of Hub East Analysis 22 

5 Hub North – Quantitative Analysis 23 

5.1 Scenario Overview 23 
5.2 LogisGcs Overview 24 
5.3 Scenario Results 26 
5.4 Summary of Hub North Analysis 28 

6 Future research directions 30 

6.1 AutomaGon & RoboGzaGon in O&M 30 
6.2 Data Sharing 32 
6.3 Refined Maintenance Strategies 33 

References 35 
Appendix A LogisGcs Details 36 
 



NSE 2023-2025 | D6.3 Logis3cs 
 

3 of 43 

 

 

List of Tables 

Table 3-1: Hub West - Scenario Overview 12 
Table 3-2: Hub West - Scenario Results - Main KPIs 15 
Table 3-3: Hub West - Scenario Results – Emission ReducGons with a Diesel Fleet (1/2) 15 
Table 3-4: Hub West - Scenario Results – Emission ReducGons with a Diesel Fleet (2/2) 16 
Table 3-5: Hub West - Scenario Results – Emission ReducGons with an Electric Fleet (1/2) 16 
Table 3-6: Hub West - Scenario Results – Emission ReducGons with an Electric Fleet (2/2) 16 
Table 3-7: Hub West - Scenario Results – Cost ReducGons 17 
Table 4-1: Hub East - Scenario Overview 18 
Table 4-2: Hub East - Scenario Results – Main KPIs 20 
Table 4-3: Hub East - Scenario Results – Emission ReducGons with a Diesel Fleet (1/2) 20 
Table 4-4: Hub East - Scenario Results – Emission ReducGons with a Diesel Fleet (2/2) 21 
Table 4-5: Hub East - Scenario Results – Emission ReducGons with an Electric Fleet (1/2) 21 
Table 4-6: Hub East - Scenario Results – Emission ReducGons with an Electric Fleet (1/2) 21 
Table 4-7: Hub East - Scenario Results – Cost ReducGons 21 
Table 5-1: Hub North - Scenario Overview 24 
Table 5-2: Hub North - Scenario Results – Main KPIs 26 
Table 5-3: Hub North - Scenario Results – Cost KPIs 27 
 
 
  



NSE 2023-2025 | D6.3 Logis3cs 
 

4 of 43 

 

 

Execu3ve summary 
In this study, analyses of the logisGcs of performing OperaGon and Maintenance (O&M) 
acGviGes in the North Sea were conducted and analysed. Given hub blueprints input from 
WP1, key technologies with the potenGal of upcoming implementaGon were idenGfied for 
each of Hub West, East, and North, and used to define representaGve scenarios.  
 
For Hub West, the logisGcs requirements of wind farm technology, floaGng solar PV farms, 
and repurposed plagorms for CO2 storage (Carbon Capture and Storage - CCS) acGviGes were 
outlined, with a corresponding baseline scenario defined wherein the required O&M 
acGviGes would be performed independently using separate pools of resources. Further 
scenarios were defined wherein logisGcs were synergized by using common pools of 
resources, where possible. Long-term simulaGons of these scenarios were run using the 
UWiSE O&M Planner tool to quanGfy and analyse the differences in key O&M metrics such as 
wind farm/solar farm availabiliGes, vessel and labour costs, distances travelled, and 
atmospheric emissions. It was found that while the effect of sharing resources with a solar 
PV farm led to a 3-4% drop in wind farm availability, the required number of technicians 
dropped by up to 34% and yearly vessel costs reduced by up to €16.5 million for a 2 GW wind 
farm scenario. Vessel distances also reduced by up to 30%, significantly cukng emissions of 
CO₂, NOx, SO₂	, and PM2.5.  
 
For Hub East, the logisGcs requirements of wind farm technology were outlined along with 
the O&M requirements of the upcoming 500 MW DEMO2 electrolysis system, as well as a 
possible natural gas exploraGon plagorm in the N5 area. A similar procedure was performed 
as with Hub West, where a baseline scenario was simulated where O&M was conducted 
independently between assets, along with a scenario where O&M was synergized. A similar 
analysis was conducted, where it was found that synergizing O&M led to a 2% reducGon in 
wind farm availability, primarily due to the large travel distances required, but also a 
reducGon in distance travelled by up to 50%, with similarly large emission reducGons. 
Although large benefits from technician synergies were not found, due largely to the 
difference in skill sets required for the different types of O&M, vessel synergies led to a 
yearly reducGon of €4.6 million for the 700MW wind farm scenario. 
 
For Hub North, the logisGcs requirements of wind farm and electrolysis systems were 
outlined for two scenarios where the configuraGon in which the electrolysis producGon 
varied. The first scenario was one in which a 4 GW wind farm produces power, part of which 
is converted to hydrogen using 2 GW of electrolysis equipment located centrally on a series 
of plagorms. The second scenario was one in which the corresponding wind turbines were 
equipped with electrolysis equipment, at a raGo of 15 MW wind to 12 MW electrolysis 
capacity, to produce and export hydrogen directly. These scenarios were simulated for a 
long-term duraGon as well, and it was found that the de-centralizaGon of the electrolysis 
equipment led to significantly lower availabiliGes and increased vessel costs, but lower 
technician costs. It was found that these results depended heavily on the maintenance 
requirements of electrolyser systems and could significantly improve as electrolyser 
maintenance becomes more opGmized.  
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Geographic map of the Dutch sector (mainly) of the North Sea with the outlines of the three 
hubs of NSE (red polygons), in context with opera?onal windfarms (dark green), planned 
windfarm areas (dark blue), search areas for developing windfarms (yellow), and nature 
areas (light green). 
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1 Introduc3on 
1.1 Background 
Offshore logisGcs play a pivotal role in the successful development, operaGon, and 
integraGon of complex systems in the North Sea. As energy demands evolve and the industry 
moves toward more integrated soluGons that encompass oil and gas, wind, and emerging 
technologies such as carbon capture and storage (CCS), efficient logisGcs have become 
increasingly criGcal. The North Sea presents a challenging environment characterized by 
harsh weather condiGons, remote locaGons, and a dense network of exisGng infrastructure. 
These factors demand a robust and highly coordinated logisGcs framework to support system 
integraGon acGviGes, including the transportaGon of equipment, personnel, and supplies, as 
well as the installaGon and maintenance of offshore plagorms, pipelines, and renewable 
assets. 
 
As the future North Sea Energy system grows, offshore logisGcs are becoming more and 
more important to maintain proper operaGon of these systems. LogisGcs ensures that assets 
are inspected on Gme to prevent failure, that key supplies are delivered when needed, and 
that, in case of failure, replacement parts and technicians can get to offshore structures as 
soon as possible. As such, logisGcs forms the backbone of the North Sea Energy system. 
Making sure that the logisGcs system can grow alongside the North Sea energy infrastructure 
in a cost-effecGve manner while simultaneously minimizing the negaGve environmental 
effects of emissions and the impact of increased vessel usage on the ecology of the North 
Sea will require an effecGve and opGmized logisGcs strategy. In this part of WP6 of the NSE5 
programme, the groundworks will be laid for the development of methods for such an 
opGmizaGon process. 
 
The report on the logisGcs work done in the NSE4 programme contained a comprehensive 
overview on the background of offshore logisGcs and logisGcs sharing in the North Sea area, 
most of which is sGll relevant for this work. For brevity’s sake, and to not repeat the same 
work twice, this background will be len out of this report. The interested reader can freely 
access and read the NSE4 report [1] on the programme’s website1. 

1.2 Research focus 
Within the NSE4 programme, offshore logisGcs was already invesGgated in detail from the 
perspecGve of shared logisGcs between the wind and oil & gas sectors. There, the case 
studies that were worked out were relaGvely generic in order to provide general results that 
could be applicable to different situaGons. In this work, the research will further build upon 
the work done in NSE4, but with the aim of specifying more towards the expected design of 
the future North Sea energy system. This is done based on the outcomes of WP1 of the NSE5 
programme, in which spaGal blueprints are created for the three North Sea Energy Hubs 
(West, East, and North). These blueprints contain the expected locaGons and installed 
capaciGes for various technologies key in the energy transiGon, including oil & gas plagorms, 

 
 
1 (h$ps://north-sea-energy.eu/en/results-2022/). 

https://north-sea-energy.eu/en/results-2022/
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offshore CO2-storage installaGons, offshore hydrogen, wind energy, and floaGng solar power, 
and will be used to define the inputs and boundary condiGon to the logisGcs analyses done in 
this WP. 
 
In addiGon, while the work done in the previous NSE programme mainly focussed on the 
wind and oil & gas sectors, this work will look into more detail into addiGonal technologies 
such as CO2 storage, offshore electrolysis, and floaGng solar. In this, the blueprints from WP1 
will be guiding in determining whether these technologies need to be included in the 
logisGcs planning done in this work (e.g. some hubs might not include one or more of these 
technologies, and thus they will also not be included in the logisGcs scenarios). Since many of 
these technologies are currently not in use yet (or only in very early research stages), one of 
the key challenges of this work is idenGfying their logisGc (maintenance) needs and dealing 
with the associated uncertainGes reliably during the analyses. 

1.3 Research ques6ons 
To guide the acGviGes in this sub-WP, two main research quesGons were formulated: 

 
The next chapter of this report focuses on the acGviGes required to be completed and the 
methods to be used to answer these two main quesGons. 
 

  

1 What might a synergized offshore strategy of the future look like? 
2 How can we develop a process for opGmizing the logisGcs strategy for a large offshore 

energy system? 
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2 Methodology 
2.1 Research ac6vi6es  
Based on the research quesGons defined in the previous chapter, the following acGviGes have 
been foreseen: 

1 Iden/fying logis/c requirements and constraints. The first phase of the work will focus 
on lisGng which acGviGes are planned to take place in the different hubs, and which 
physical assets are involved in these acGviGes. For these assets, as far as the informaGon 
is available, the type and frequency of different (operaGon and maintenance) logisGc 
acGviGes are idenGfied, which can then be incorporated into the opGmizaGon methods. 
In NSE4 many of these acGviGes have already been idenGfied for the wind and oil and 
gas sectors. NSE5 will aim to do the same for technologies such as offshore electrolysis 
and CO2 storage requirements. In addiGon, the requirements for different vessel types 
per acGvity will also be idenGfied, as this largely determines how acGviGes could be 
shared and in which way the logisGc fleet can be opGmized for a given maintenance 
campaign. This acGvity will also establish which offshore structures (wind farms, 
plagorms, energy islands, etc.) will be included in the opGmizaGon process. 

 
2 Finding poten/al logis/c synergies. With the logisGc needs and constraints idenGfied, 

potenGal synergies between acGviGes from different sectors will be invesGgated such 
that vessels can be shared between them in order to reduce costs, emissions, and 
impact on the North Sea ecology. Again, this work will expand upon the results of NSE4. 

 
3 Defining Key Performance Indicators. In order to be able to opGmize the logisGc of a 

system, the measure by which the opGmized scenario is evaluated should first be 
defined. In this acGvity, the KPI’s used for this will be defined. In parGcular, NSE5 will aim 
to include system availabiliGes, maintenance cost metrics for different resource type 
(vessels, technicians, etc.), and ecology-important KPIs such as travel distance and 
emission reducGons (similar as in NSE4). 

 
4 Performing quan/ta/ve analyses of Hub West and Hub East. The potenGal logisGc 

synergies idenGfied in Step 2 will be explored through UWiSE O&M Planner simulaGons. 
A baseline simulaGon will be defined that represents a status quo, and the impact of 
logisGc synergies will be esGmated through comparison with addiGonal simulaGons, in 
which these synergies are reflected through modelling changes. Comparisons will be 
framed in terms of the KPIs that were developed in Step 3. 

 
5 Performing a quan/ta/ve analysis of Hub North. In this acGvity, potenGal O&M 

strategies will be invesGgated according to the KPIs defined in Step 3. PotenGal 
approaches will be determined according to the possible configuraGons that energy 
systems may appear in in Hub North, given the direcGons outlined in WP1. UWiSE O&M 
Planner simulaGons will be used to quanGfy the differences between the strategies 
when possible. 
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6 Approach for an op/miza/on method/workflow. Using the results of the analysis, an 
approach will be developed for a workflow that would be able to produce an opGmized 
logisGc strategy for the offshore energy systems in the North Sea. This entails a 
discussion on what input variables would need to be opGmized, what KPIs are valuable 
to be opGmized, the tools that may be used for that opGmizaGon, and other relevant 
aspects. This work does not entail performing the opGmizaGon procedure itself, but is 
intended as a plagorm to discuss how opGmizaGon could be performed in future work. 

2.2 Scope 
In the iniGal plan for the logisGc acGviGes within NSE5, it was decided to focus the analyses 
on two out of three Hubs, with one quanGtaGve and one qualitaGve. However, the plan was 
later shined to include quanGtaGve analysis of all three Hubs, with a difference in temporal 
and technical scope between them. 
 
Based on the outcomes of the WP1 within the first sprint, it was decided that the first 
quanGtaGve analysis was to be for Hub West. Based on the blueprints of WP1, Hub West was 
considered to be where the development would occur earliest, with largely established 
technology such as wind farms and O&G plagorms. In the short term, it is expected that 
development in Hub West, in the context of O&M strategies, would focus on the synergies 
possible when co-maintaining wind farms and O&G plagorms together, similar to the study 
in NSE4. Later developments in WP1 showed a potenGal for floaGng solar PV farms to also be 
installed in Hub West, which allowed for the novel invesGgaGon into co-located wind and 
solar PV logisGcs to be analysed.  
 
The next quanGtaGve analysis was decided to be conducted for Hub East, where some 
offshore hydrogen producGon is expected to be developed offshore. The analysis therefore 
entails the possible synergies between wind farm power producGon and hydrogen 
conversion with P2G. This is considered further in the Gmeline, compared to Hub West, so an 
understanding of the O&M requirements of hydrogen, being less understood, was 
considered a key research theme in this study. In addiGon, the potenGal for addiGonal 
natural gas development in the N5 area is also considered in this Gmeframe, the logisGc 
synergies for which will also be included in this analysis. 
 
The final quanGtaGve analysis will be conducted for Hub North, which according to the 
blueprints of WP1 is expected to be a largely hydrogen-producing North Sea area. Thus, the 
focus will be on further refining the O&M strategies that could be relevant for large 
hydrogen-producing energy systems. Because developments are expected to occur furthest 
along in the Gmeline, the uncertainty is expected to be highest, meaning that an analysis of 
different technological configuraGons was deemed more important at this stage. Thus, an 
evaluaGon of key O&M KPIs was performed and compared for different ways in which the 
hydrogen may be produced.  
 
Regarding the scope of the modelling work to be executed, the following scope, boundary 
condiGons and constraints will be considered: 
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Technical Scope: Technologies considered will be those defined by WP1.  
Temporal Scope: The temporal scope will range from 2030-2050. 
Spa/al Scope: The spaGal scope will comprise Hub West, East, and North. 

2.3 Interac6on with other work packages 
The interacGon between this sub-WP and other work packages has been briefly touched 
upon in previous secGons of this report, and are schemaGcally shown in the figure below. 
The main inputs are expected and have come from WP1, in which the types, scales, and 
locaGons of the various acGviGes in the North Sea energy system have been defined per 
energy Hub. This informaGon is used in this work to define the boundary condiGons and 
inputs for the modelling acGviGes. To shape the direcGon of the work, input from WP2 
Human Capital and WP4.1 Ecology was also taken into account through cross-WP 
interacGons and work packages.   

 
Figure 2-1: Overview of the work package interac?on 

2.4 Descrip6on of the quan6ta6ve analyses 
The detailed model-based quanGtaGve analysis present in the logisGcs work package of NSE5 
will be mostly conducted through the use of the UWiSE O&M Planner tool, which is a 
discrete event-based logisGc simulator developed by the TNO Wind Energy group. This tool 
was originally developed a flexible decision-support sonware for long-term campaign 
evaluaGon when conducGng operaGons and maintenance on offshore wind farms. To model 
the non-wind assets in the current work, addiGonal features were implemented and further 
extrapolaGons were done, in order to model assets such as floaGng solar PV farms, plagorms 
for natural gas producGon and CCS, offshore electricity storage, and offshore electrolysis.  
 
The sonware enables users to perform mulG-year simulaGons to calculate O&M costs, 
wind/solar farm availability and energy producGon while taking into account uncertainGes of 
weather and wind farm component reliability. MulG-year simulaGons that consider weather 
uncertainty by using the Monte Carlo sampling technique provide a valuable framework for 
decision-making in the planning, design, and operaGon of offshore wind farms. By running 
simulaGons for mulGple weather years, the sonware calculates staGsGcal esGmates of the 
frequency and duraGon of favourable weather condiGons for specific operaGons. This helps 
to idenGfy parerns, seasonal variaGons, and the probability of encountering adverse 
weather. The sonware presents the impacts on O&M's key performance indicators of 

http://www.north-sea-energy.eu/reports
http://www.north-sea-energy.eu/reports
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deploying different types and numbers of vessels each with their weather limits of operaGon. 
The figure below shows the user interface of UWiSE O&M Planner. This sonware aims to: 

 

 
Figure 2-2: Schema?c Overview of UWiSE O&M Planner 

2.4.1 Logis*cs requirement inventory 
In order to properly model offshore logisGc scenarios, informaGon is needed on the logisGc 
requirement for various offshore assets. While this informaGon is available for the wind 
sector coming from TNO’s wind department and to a lesser detailed, but sufficient extent for 
the oil & gas industry based on data analysis done within NSE4, it is sGll lacking for many of 
the newer, less established technologies such as offshore electrolysis, CCS, and floaGng solar. 
For this reason, the first acGvity in this sub-WP was inventorying the logisGc/maintenance 
requirements for these technologies as far as these were known. 
 
For assets where detailed subsystem maintenance requirements were known, maintenance 
requirements were defined by outlining a list of subsystems, each with relevant failure 
modes. The stochasGc behaviour of each failure mode was described by a set of staGsGcal 
parameters, as well as the associated maintenance acGon required to address it. Each 
maintenance acGon was then described by a sequenGal set of operaGonal steps, each with a 
Gme duraGon, weather restricGons, and a set of required resources (vessels, technicians, 
equipment, etc.). In addiGon, periodic scheduled maintenance campaigns were outlined, also 
with fully detailed maintenance acGons. The details of these logisGc requirements, as they 
correspond to specific assets, are expanded upon in the corresponding simulaGon discussion.  

• Assist energy system operators in opGmizing O&M choices between various 
transportaGon types, equipment, personnel shin and spare part stock management 
opGons in terms of standard Key Performance Indicators (KPIs) such as availability and 
repair costs. 

• Conduct scenario analysis for an O&M project by varying the available resources. 
• Provide an overview of prevenGve and correcGve maintenance acGviGes, the delays 

encountered (weather or resource) and associated costs. 
• Provide insights into the downGme per component failure mode and per maintenance 

acGviGes. 
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3 Hub West – Quan3ta3ve Analysis 
3.1 Scenario Overview 
The quanGtaGve analysis run for Hub West focuses on the logisGc synergies that can be 
obtained, when combining resources to operate and maintain offshore wind farm assets, 
offshore floaGng solar PV assets, as well as plagorms repurposed for CCS. This work expands 
on the previous results performed in NSE4, which focused on the logisGc synergies found 
purely between offshore wind and CCS. The following table summarizes the scenarios 
performed in this analysis.   
  
Table 3-1: Hub West - Scenario Overview 

#  Wind Farm 
Loca.on  

CCS Pla3orm 
Descrip.on  

Offshore Floa.ng 
Solar Capacity  

Resource Synergy  

1  Nederwiek-
Noord (NW-N)  

No pla1orms  500.0 MW  
  

None  
2  Vessel sharing: wind & solar  

Technician sharing: wind & solar  
3  5 Pla1orms in the 

eastern part of the 
K-block  

Vessel sharing: wind, solar, CCS  
Technician sharing: wind, solar, 
CCS  

  
For the locaGon of the wind farm, Nederwiek-Noord was chosen for this study due to its 
proximity to CCS plagorms located in the eastern part of the K-block, as well as for its 
locaGon in Hub West, where floaGng solar may feature as an energy producGon asset. A wind 
farm size of 2.0 GW was chosen, to represent the esGmated wind farm sizes in 2030, which 
led to a wind farm modelled with 133 wind turbines, each with a 15MW rated capacity. The 
floaGng solar PV farm was chosen to have a capacity of 500 MW, which was assumed to 
consist of 50 floater units, each with a rated capacity of 10 MW. The five CCS plagorms 
considered in this study were the same as used in the NSE4 Hub West island simulaGon, with 
the same maintenance requirements. The port used in simulaGons was chosen to be 
IJmuiden, with the Plagorm Service Vessel (PSV) assumed to be staGoned there as well.   
  
The following figures show the relaGve locaGons of the assets chosen for this study, with the 
asset layouts shown in several levels of detail. The figures on the top show the relaGve 
posiGon of the assets in the Dutch part of the North Sea (len), and the layout of the wind 
farm and CCS plagorms in more detail, as well as the locaGon of the floaGng solar PV farm in 
the centre of the wind farm. The figure on the borom shows a close-up of the layout of the 
floaGng offshore solar PV farm in more detail. In each of these figures, the circles and 
squares represent the assets modelled – here the circles are the individual wind turbines, 
and the squares are the individual floaGng solar PV modules.  
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Figure 3-1: Hub West - Graphical Overview  
(Total system) 

 
Figure 3-2: Hub West - Graphical Overview  
(Asset level) 

  

 
Figure 3-3: Hub West - Graphical Overview (Solar PV farm details) 

3.2 Logis6cs Overview 
In the baseline scenario (SimulaGon 1) where the wind farm is serviced independently, most 
of the O&M operaGons of the 2 GW wind farm was assumed to be performed by 1 service 
operaGon vessel (SOV), considered as chartered for the enGrety of the wind farm lifeGme, 
with two accompanying daughter crans. For major component replacement procedures, 
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jack-up vessels (JUVs) were modelled with the assumpGon that they would be chartered for 
the duraGon of the maintenance acGon, as well as mobilisaGon and demobilisaGon periods. 
For correcGve maintenance procedures, 50 correcGve maintenance technicians were 
assumed to be employed on a full-Gme basis, along with addiGonal 30 technicians chartered 
periodically for prevenGve maintenance campaigns. Each wind turbine is assumed to have 
6.2 minor repairs, requiring a visit by an SOV, along with 0.1 major component exchanges 
with a JUV, each year. The maintenance requirements of the wind turbines are detailed in 
Appendix A.1, along with the corresponding maintenance acGons in Appendix A.2.  
 
In the baseline scenario, the O&M of the solar PV farm was assumed to be done with a single 
SOV, along with 20 dedicated technicians. The maintenance requirements of the solar PV 
farm is detailed in Appendix A.3, along with the corresponding maintenance acGons in 
Appendix A.4.  
 
 The servicing of the CCS plagorms was assumed to require the use of a dedicated plagorm 
service vessel (PSV), along with 3-4 technicians. This was assumed to occur, for each of the 5 
plagorms, every 14 days, for 1.5 hours at a Gme.   
 
 The synergy explored in SimulaGon 2 was the sharing of vessels between the wind farm and 
the floaGng solar PV farm. In this simulaGon, a single SOV was used for the maintenance of 
both the wind farm and the solar PV farm. Dedicated technicians were also no longer 
needed, as WTG technicians were assigned to perform maintenance acGviGes on the solar PV 
farm. PrioriGzaGon of maintenance acGviGes was given to the wind farm assets – with solar 
O&M being performed only when resources were not being used for wind farm O&M, to 
ensure an efficient allocaGon of resources given the higher importance of the wind farm. The 
servicing of the CCS plagorms was sGll assumed to be conducted independently, with 
dedicated vessels and technicians.   
 
 The synergy explored in SimulaGon 3 was the sharing of vessels and technicians between all 
three of the included assets: the wind farm, the solar PV farm, and the CCS plagorms. In this 
simulaGon, neither the solar PV farm SOV nor the CCS plagorm PSV was needed any longer, 
and the wind farm SOV and DCs were used instead as the main service vessels for all 
maintenance acGviGes. PrioriGzaGon was given to wind farm maintenance acGviGes, with 
solar and CCS maintenance being performed only when necessary. 

3.3 Scenario Results and Discussion 
The following table shows a comparison of the main results found for the chosen 
simulaGons.  
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Table 3-2: Hub West - Scenario Results - Main KPIs 

# Descrip.on Wind Farm Availability 
[%] (t/y)* 

Difference 
(t/y) 

Solar PV Farm 
Availability [%] (t/y) 

Difference 
(t/y) 

1 Wind + Solar 97/98  -/-  95 /91  -/-  
2 Wind + Solar  

(with synergy)  
94/95  (-) 3/3  97/91  (+) 2/1  

3 Wind + Solar + CCS  
(with synergy) 

94/94  (-) 4/4  97/91  (+) 2/1  

(t/y): (?me/yield) 

As can be seen in the above table, the consequence of synergizing solar O&M acGviGes with 
wind farm O&M acGviGes results in a decrease in wind farm availability of ~3%, assuming the 
solar PV farm SOV is no longer used at all. The corresponding increase in solar PV farm 
availability was found to be 1-2%. The synergized scenario gave full priority to wind farm 
O&M over solar PV farm O&M, suggesGng that without wind farm prioriGzaGon, the 
difference in availabiliGes would be expected to be much higher. 
 
The following tables shows addiGonal analyses of the potenGal difference in distances 
travelled, and emission calculaGons when synergizing O&M acGviGes. The Tank-to-Wheel 
(TTW) approach calculated the actual emissions at the vessel released due to consumpGon, 
for both diesel and electric vehicles. The Well-to-Wheel (WTW) approach went a step further 
and calculated the emissions involved in the producGon of the considered fuel. The total 
emission reducGon values were then calculated by considering these effects along with the 
individual fuel consumpGons of each involved vessel. These calculaGons were done following 
the approach used in NSE4 [1] [2]. The first two tables outline the emission reducGons 
possible when conducGng O&M using diesel for the service vessels (SOVs and DCs), and the 
PSV, with the tables anerwards outlining them assuming an all-electric fleet. 
 
Table 3-3: Hub West - Scenario Results – Emission Reduc?ons with a Diesel Fleet (1/2) 

    Total Distance Travelled 
[km/yr]   

Total CO2-eq emissions 
[t/yr] (TTW/WTW)  

Total SO2 emissions [10-3 

t/yr] (TTW/WTW)  
#  Descrip.on  Total   Reduc.on  Total   Reduc.on  Total   Reduc.on  

1  Wind + Solar  50,497  -  10.98/13.56  -  6.60/20.5  -  
2  Wind + Solar   

(with synergy)   
44,094  (-) 13%  6.43/7.99  (-) 41%  3.95/12.0  (-) 40%  

3  Wind + Solar + 
CCS   
(with synergy)  

35,274  (-) 30%  4.68/5.85  (-) 57%  2.92/8.78  (-) 56%  
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Table 3-4: Hub West - Scenario Results – Emission Reduc?ons with a Diesel Fleet (2/2) 

    Total Distance Travelled 
[km/yr]   

Total PM emissions   
[10-3 t/yr] (TTW/WTW)  

Total NOx emissions [t/yr] 
(TTW/WTW)  

#  Descrip.on  Total   Reduc.on  Total   Reduc.on  Total   Reduc.on  

1  Wind + Solar  50,497  -  4.98/5.49  -  0.23/0.23  -  

2  Wind + Solar   
(with synergy)   

44,094  (-) 13%  2.90/3.21  (-) 41%  0.13/0.14  (-) 42%  

3  Wind + Solar + 
CCS   
(with synergy)  

35,274  (-) 30%  2.11/2.34  (-) 57%  0.10/0.10  (-) 58%  

  
 
 Table 3-5: Hub West - Scenario Results – Emission Reduc?ons with an Electric Fleet (1/2) 

    Total Distance Travelled 
[km/yr]   

Total CO2-eq emissions 
[t/yr] (TTW/WTW)  

Total SO2 emissions [10-3 

t/yr] (TTW/WTW)  
#  Descrip.on  Total   Reduc.on  Total   Reduc.on  Total   Reduc.on  

1  Wind + Solar  50,497  -  0.00/10.02  -  0.00/0.00  -  
2  Wind + Solar   

(with synergy)   
44,094  (-) 13%  0.00/5.15  (-) 49%  0.00/0.00  -  

3  Wind + Solar + 
CCS   
(with synergy)  

35,274  (-) 30%  0.00/5.15  (-) 49%  0.00/0.00  -  

  
Table 3-6: Hub West - Scenario Results – Emission Reduc?ons with an Electric Fleet (2/2) 

    Total Distance Travelled 
[km/yr]   

Total PM emissions   
[10-3 t/yr] (TTW/WTW)  

Total NOx emissions [t/yr] 
(TTW/WTW)  

#  Descrip.on  Total   Reduc.on  Total   Reduc.on  Total   Reduc.on  

1  Wind + Solar  50,497  -  0.00/0.92  -  0.00/0.03  -  
2  Wind + Solar   

(with synergy)   
44,094  (-) 13%  0.00/0.47  (-) 49%  0.00/0.01  (-) 49%  

3  Wind + Solar + 
CCS   
(with synergy)  

35,274  (-) 30%  0.00/0.47  (-) 49%  0.00/0.01  (-) 49%  
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The following table outlines the reducGon in total labour force requirements found when 
synergizing O&M acGviGes across mulGple assets. In addiGon, a reducGon in total labour and 
vessel costs is given.  
  
 Table 3-7: Hub West - Scenario Results – Cost Reduc?ons 

#  Descrip.on  Total number of technicians 
required  

Reduc.on in labour cost 
[kEUR/yr]  

Reduc.on in vessel costs 
[kEUR/yr]  

1  Wind + Solar  73  -  -  

2  Wind + Solar   
(with 
synergy)   

52  2,100  14,200  

3  Wind + Solar + 
CCS   
(with 
synergy)  

48  2,500  16,500  

 

3.4 Summary of Hub West Analysis 
The simulaGons showed that sharing vessels and technicians (Scenarios 2 and 3) leads to 
notable reducGons in both operaGonal costs and environmental impacts, although it comes 
with a slight drop (3–4%) in wind farm availability. Specifically: 

 
The findings highlight that while a minor reducGon in wind asset availability occurs, the 
overall benefits in cost-efficiency, emission reducGons, and resource pooling strongly support 
a combined approach to the logisGcs and maintenance of offshore energy assets. It can be 
seen from the above results that the reducGons in emissions are not linearly proporGonal to 
the reducGons in travel distance, as they also depend on which specific vessels have reduced 
usage, how that usage is synergized across different types of maintenance procedures, and 
their emissions during non-transiGng acGviGes (idling, posiGoning, etc.).  
  

• The total number of required technicians dropped by up to 34%. 
• Annual labour costs were reduced by €2.5 million and vessel costs by €16.5 million. 
• Vessel travel distances decreased by up to 30%, significantly cukng CO₂, NOx, and SO₂ 

emissions. 
• Switching to electric vessels would further reduce carbon and pollutant emissions, 

bringing some categories close to zero. 
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4 Hub East – Quan3ta3ve Analysis 
4.1 Scenario Overview 
The quanGtaGve analysis run for Hub East focuses on the logisGc synergies that can be 
obtained, when combining resources to operate and maintain offshore wind farm assets, 
natural gas producGon at the N05-A plagorm, and the DEMO 2 electrolysis project. The 
following table summarizes the simulaGons performed in Sprint 2.   
  
Table 4-1: Hub East - Scenario Overview 

#  Wind Farm Loca.on  Electrolysis 
Capacity  

Natural Gas Pla3orm 
Loca.on  

Resource Synergy  

1  Ten noorden van 
de Waddeneilanden (TNW)  

500 MW  N05-A  None  
2  Wind + Electrolysis + NG 

Vessels  
  
The wind farm chosen for this study was the Ten Noorden van de Waddeneilanden wind 
farm, which is esGmated to have a rated capacity of 700 MW. This was chosen due to the 
planned development of the DEMO 2 project, which is a 500 MW electrolysis project co-
located with TNW. The power producGon of TNW is intended to be used for hydrogen 
producGon at DEMO 2, suggesGng that maintenance is likely to be shared between these 
assets. The electrolysis plant is assumed to be located at a single centralized point in the 
vicinity of the TNW wind farm. In addiGon, while natural gas producGon is declining overall in 
the North Sea, producGon is planned to conGnue at the N05-A plagorm, providing an 
opportunity for addiGonal logisGc synergies. The port chosen for maintenance in this study 
was Den Helder.  
  
The following figure shows the layout of the relevant assets, where the DEMO2 asset is 
shown west of the wind farm, and the N05-A plagorm is southeast.   
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Figure 4-1: Hub East - Graphical Overview 

4.2 Logis6cs Overview 
In the baseline scenario (SimulaGon 1) where the wind farm is serviced independently, the 
majority of the O&M operaGons of the 700 MW wind farm was assumed to be performed by 
a single SOV, assumed as chartered for the enGrety of the wind farm lifeGme. For major 
component replacement procedures, jack-up vessels (JUVs) were modelled with the 
assumpGon that they would be chartered for the duraGon of the maintenance acGon, as well 
as mobilisaGon and demobilisaGon periods. For correcGve maintenance procedures, 20 
correcGve maintenance technicians were assumed to be employed on a full-Gme basis, along 
with an addiGonal 10 technicians chartered periodically for prevenGve maintenance 
campaigns. As with Hub West, each wind turbine is assumed to require about 6.2 visits by an 
SOV each year, along with 0.1 visits by a JUV. The maintenance requirements of the wind 
turbines is detailed in Appendix A, along with the corresponding maintenance acGons.  
  
In the baseline scenario, the servicing of the DEMO2 offshore electrolysis plant was assumed 
to consist of daily maintenance, which requires a visit by 4 technicians every day for 4 hours. 
In addiGon, a cell replacement task was assumed to occur every 1.6 years, for 30 days at a 
Gme, using an SOV and a heavy lin vessel. These requirements were determined in 
consultaGon with project partners and stakeholders. 
  
In the baseline scenario, the unplanned servicing of the N05-A natural gas producGon 
plagorm was assumed to consist of weekly unplanned visits, for 3 hours with 4 technicians. 
In addiGon, two 1.5 week maintenance projects were assumed to occur each year, one in 
each of the spring and the autumn, using 30 technicians and an SOV. An addiGonal yearly 
painGng acGvity was simulated that requires the use of a heavy lin vessel, and 65 
technicians. These requirements were also determined in consultaGon with project partners 
and stakeholders. 
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The synergy explored in SimulaGon 2 was that of sharing vessels between the TNW wind 
farm, the DEMO2 electrolysis plant, and the N05-A natural gas producGon plagorm. While 
the daily maintenance of the DEMO2 plant and the weekly unplanned maintenance of the 
N05-A plant was performed with addiGonal daughter crans, the DEMO5 cell replacement 
and bi-yearly natural gas maintenance projects used the TNW SOV. Due to the differences in 
required skill sets for technicians servicing power equipment and process equipment, a 
shared group of technicians was considered to service both the DEMO2 and the N05-A 
assets, separately from the TNW wind farm.   

4.3 Scenario Results 
The following table shows a comparison of the main results found for the chosen 
simulaGons.  
 
Table 4-2: Hub East - Scenario Results – Main KPIs 

# Descrip.on Wind Farm Availability [%] (t/y) Difference (t/y) 

1 Wind + H2 + NG  97/99  -/-  
2 Wind + H2 + NG (with synergy)   95/97  1/2  

 
It can be seen from the above results that the wind farm experiences a moderate reducGon 
in availability when the service vessel used to maintain the TNW wind farm is also used to 
service the DEMO2 and N05-A plagorm. This is likely due to the relaGve distance between 
these assets, combined with the fact that a single SOV is used here, meaning that while it is 
occupied with its addiGonal tasks at the DEMO5 plant and the N05-A plant, it is unable to 
service the wind farm, leading to a build-up of component failures.   
  
The following tables shows addiGonal analyses of the potenGal difference in distances 
travelled, and emission calculaGons when synergizing O&M acGviGes. Values were calculated 
using both Tank-to-Wheel (TTW) and Well-to-Wheel (WTW) approaches, to account for 
emissions gathered when accumulaGng the source.   
  
The first two tables outline the emission reducGons possible when conducGng O&M using 
diesel for the service vessels (SOVs and DCs), and the PSV. 
 
Table 4-3: Hub East - Scenario Results – Emission Reduc?ons with a Diesel Fleet (1/2) 

    Total Distance Travelled 
[km/yr]   

Total CO2-eq emissions 
[t/yr] (TTW/WTW)  

Total SO2 emissions [10-3 

t/yr] (TTW/WTW)  
#  Descrip.on  Total   Reduc.on  Total   Reduc.on  Total   Reduc.on  

1  Wind + H2 + NG  84,176  -  13.36/16.61  -  8.22/25.0  -  
2  Wind + H2 + NG 

(with synergy)   
42,324  (-) 50%  7.90/9.79  (-) 41%  4.81/14.8  (-) 41%  
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Table 4-4: Hub East - Scenario Results – Emission Reduc?ons with a Diesel Fleet (2/2) 

    Total Distance Travelled 
[km/yr]   

Total PM emissions   
[10-3 t/yr] (TTW/WTW)  

Total NOx emissions [t/yr] 
(TTW/WTW)  

#  Descrip.on  Total   Reduc.on  Total   Reduc.on  Total   Reduc.on  

1  Wind + H2 + NG  84,176  -  6.03/6.68  -  0.28/0.28  -  

2  Wind + H2 + NG 
(with synergy)   

42,324  (-) 50%  3.57/3.95  (-) 41%  0.16/0.17  (-) 41%  

 
The second two tables outline the emission reducGons possible when conducGng O&M using 
an all-electric set of service vessels (SOVs and DCs), and PSV.  
 
Table 4-5: Hub East - Scenario Results – Emission Reduc?ons with an Electric Fleet (1/2) 

    Total Distance Travelled 
[km/yr]   

Total CO2-eq emissions 
[t/yr] (TTW/WTW)  

Total SO2 emissions [10-3 

t/yr] (TTW/WTW)  
#  Descrip.on  Total   Reduc.on  Total   Reduc.on  Total   Reduc.on  

1  Wind + H2 + NG  84,176  -  0.00/14.63  -  0.00/0.00  -  
2  Wind + H2 + NG 

(with synergy)   
42,324  (-) 50%  0.00/8.62  (-) 41%  0.00/0.00  -  

  
Table 4-6: Hub East - Scenario Results – Emission Reduc?ons with an Electric Fleet (1/2) 

    Total Distance Travelled 
[km/yr]   

Total PM emissions   
[10-3 t/yr] (TTW/WTW)  

Total NOx emissions [t/yr] 
(TTW/WTW)  

#  Descrip.on  Total   Reduc.on  Total   Reduc.on  Total   Reduc.on  

1  Wind + H2 + NG  84,176  -  0.00/1.33  -  0.00/0.04  -  

2  Wind + H2 + NG 
(with synergy)   

42,324  (-) 50%  0.00/0.79  (-) 41%  0.00/0.02  (-) 41%  

  
In contrast to the scenario in Hub West, a reducGon in labour force was not modelled, as it 
was found that the skill set required for electrical work, and that required for work on 
chemical process equipment, was too dissimilar for technician sharing. The following table 
outlines the reducGon in total vessel costs found when synergizing O&M acGviGes across 
mulGple assets.  
 
Table 4-7: Hub East - Scenario Results – Cost Reduc?ons 

#  Description  Reduction in vessel costs [kEUR/yr]  

1  Wind + Solar  -  
2  Wind + H2 + NG (with synergy)   4600  
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4.4 Summary of Hub East Analysis 
Synergizing vessel operaGons across the wind farm, hydrogen producGon, and natural gas 
plagorm at Hub East led to a moderate reducGon in wind farm availability, with about a 2-
percentage-point drop, primarily due to longer vessel occupaGon Gmes and increased travel 
distances. However, significant benefits were achieved, as the total distance travelled by 
vessels was reduced by 50%, leading to a 41% reducGon in CO₂ emissions when using diesel-
powered vessels, and nearly eliminaGng direct emissions when using fully electric vessels, 
with a similar 41% lifecycle emissions reducGon. As was seen in Hub West, the relaGonship 
between emission cuts and travel distances is non-linear, as the emission reducGons are 
weighted according to the type of vessel, and so the total emission reducGons depend on 
which vessels see reduced usage. 
 
While specialized labour requirements for the tasks considered prevented any reducGon in 
technician workforce costs, the synergy sGll resulted in substanGal financial savings, notably 
reducing vessel charter costs by approximately €4.6 million per year. Unlike in the Hub West 
analysis, further reducGon of vessel numbers was found impracGcal, as it caused a 
disproporGonate decline in wind farm availability. Overall, the study demonstrates that while 
combining logisGc acGviGes provides clear environmental and cost benefits, maintaining a 
careful balance is essenGal to avoid negaGvely impacGng asset performance. 
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5 Hub North – Quan3ta3ve Analysis 
5.1 Scenario Overview 
This scenario will focus on the O&M that is assumed to be prevalent in the vicinity of Search 
Area 6/7 (shown below). As there will be a large focus on offshore hydrogen producGon, the 
maintenance of the corresponding hydrogen electrolysis equipment is of key interest here. In 
NSE5 D1.1 blueprints for Hub North are presented that include a higher and lower end 
version for offshore wind and hydrogen deployment. The higher end design for Hub North 
includes 20 GW of wind capacity and 10 GW hydrogen producGon capacity, while the lower 
end design includes 14 GW wind capacity and 7 GW hydrogen producGon capacity.2 
 

 

5-1 Graphical overview of the loca?on of Search Area 6/7 

 
 
2 The 20 GW is close to the indica2ve capacity stated in Par2al Revision of the Programme North Sea 2022-2027: "In total, 

wind energy area 6/7, excluding the open zone, offers space for an indica2ve 19 GW of wind farms." 
hNps://www.rijksoverheid.nl/documenten/rapporten/2025/04/18/bijlage-2-ontwerp-par2ele-herziening-programma-
noordzee-2022-2027  

https://www.rijksoverheid.nl/documenten/rapporten/2025/04/18/bijlage-2-ontwerp-partiele-herziening-programma-noordzee-2022-2027
https://www.rijksoverheid.nl/documenten/rapporten/2025/04/18/bijlage-2-ontwerp-partiele-herziening-programma-noordzee-2022-2027
http://www.north-sea-energy.eu/reports
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The quanGtaGve analysis run for Hub North focuses on the O&M logisGcs for a hydrogen-
producing wind farm. In this analysis, a wind farm capable of producing 4.0 GW of power will 
be considered, with the key difference being in the hydrogen producGon method. Two 
scenarios were therefore outlined – the first for when the electrolysis is centralized on 
500MW plagorms, and a second for when the electrolysis is produced directly at the site of 
the wind turbine, using a single 12.0MW module per wind turbine, located on an enlarged 
transiGon piece deck. An overview of the main scenarios are detailed below. 3 
  
Table 5-1: Hub North - Scenario Overview 

#  Descrip.on  Power Produc.on Hydrogen Produc.on 

Capacity  Loca.on  Capacity  Configura.on  

1  Centralized 
Electrolysis  

4.0 GW  Search Area 6/7  2.0 GW  4 × 500MW pla1orms using  
a module size of 20MW   

2  De-centralized 
Electrolysis  

4.0 GW  3.2 GW  1 × 12MW module per wind turbine  
on an extended transi_on piece 

deck  
 
The figures below show the layout of Scenario 1 and Scenario 2, respecGvely. In Scenario 1, it 
is assumed that the 4.0 GW wind farm will be split into 4 blocks of an approximately equal 
size. Each block of wind turbines will feed into its own plagorm, the output of which all feed 
into a single export towards shore. It is also assumed that there is, in addiGon to the 2.0 GW 
of electrolysis infrastructure, an addiGonal 2.0 GW cabling system in place. In Scenario 2, it is 
assumed that rows of wind turbines will export hydrogen locally through inter-array piping, 
which would then also feed into a single export towards shore.  
 

 

 

5-2 System layout overview for Scenario 1 5-3 System layout overview for Scenario 2 

5.2 Logis6cs Overview 
Both scenarios will include convenGonal wind turbine maintenance, along with electrolysers 
maintenance. In both scenarios, wind turbine maintenance is assumed to require technicians 

 
 
3 More informa2on available in NSE5 WP 1 – Technical Innova2on report and D1.1-3 Storylines and blueprints for the 

integra2on of three NSE hubs in the future energy system of The Netherlands and the North Sea. 

http://www.north-sea-energy.eu/reports
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with mechanical and electrical skill sets, and electrolysis equipment maintenance is assumed 
to require technicians with a predominantly process-related skill set. Upon consultaGon with 
project partner, it was determined that technicians are unlikely to be trained with both skill 
sets, so separate teams of technicians will sGll be required for complete system maintenance.  
 
Both scenarios will require the use of two service operaGon vessels (SOVs), each with two 
daughter crans (DCs) to house these technicians. These SOVs are assumed to be staGoned at 
the vicinity of the wind farm, with port calls every 2 weeks to refill fuel and exchange 
technician/equipment. Both scenarios will also consider the port of Eemshaven as the main 
service port for O&M acGviGes and vessel mobilizaGon.  
 
In both scenarios, the wind turbines used are assumed to be the same as in the Hub West 
and Hub East scenarios. They is assumed to therefore have a rated capacity of 15 MW, and 
the same set of components. For non-major correcGve procedures, 40 correcGve wind 
turbine technicians will be considered employed on a full-Gme basis, with an addiGonal 30 
technicians chartered on a contract basis for yearly prevenGve maintenance campaigns. 
Major repairs will be considered the same as with Hub West and Hub East, where jack-up 
vessels are chartered for the duraGon of the repair with addiGonal technicians as required by 
the maintenance acGon.  
 
In Scenario 1, which features centralized electrolysis on 4 plagorms, each with a 500MW 
electrolysis capacity, the addiGonal maintenance will be composed of two main parts: 
monthly module inspecGons/repairs, and a single stack replacement during the lifeGme of 
the wind farm (assumed to be 25 years).  
 
The monthly inspecGon/repair of each 20MW electrolysers modules is assumed at this point 
to require 6 electrolysis technicians, and 4 hours to perform. Given that a plagorm would 
house 25 modules, it is assumed that each plagorm would be permanently manned with 12 
technicians.  
 
A stack exchange is assumed to occur once per the lifeGme of the wind farm, due to its 
assumed lower operaGng lifeGme of 80,000 hours, which at a capacity factor equal to that of 
the wind farm (~50%) would suggest a replacement every 18 years. While an appropriate 
strategy that reduces concentraGons of revenue losses in Gme would be to spread the 20MW 
stack replacements throughout the 25 duraGon of the project, this would lead to 
inefficiencies in vessel usage, as well as the highest costs due to constant mobilizaGon and 
demobilizaGon fees. A strategy that focuses on minimizing the number of vessel charters, 
instead, would be more appropriate. In that case, a barge will be considered that can 
transport 3000 tonnes, which translates to 100MW of electrolysis equipment (at a 
conservaGve esGmate of 30 tonnes / MW [3]). This reduces the total number of vessel 
charters to 5 per plagorm, or 20 in total.  
 
Assuming the modules are arrange in a ‘plug-and-play’ fashion, where a vessel could arrive 
with a new module and have it replaced with the old module before returning to port, a 
plagorm-arached crane would be required to facilitate the exchange of the stacks. The crane 
would need to then have a capacity suitable for an electrolysis module that could 
conservaGvely weigh 600 tonnes (at 30 tonnes per MW [3]). In this scenario, each stack 
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exchange is assumed to require 36 hours to fully complete. During the repair, producGon 
would need to either be rerouted to other modules, exported as power, or curtailed during 
periods of rated producGon.  
 
In Scenario 2, which features de-centralized electrolysis though 12MW modules placed on 
an extended transiGon piece deck, the addiGonal maintenance requirements are similarly 
assumed to be composed of two main parts: an inspecGon/repair every 6 months, as well as 
a stack exchange once in the lifeGme of the wind farm. The difference in maintenance 
requirements between inter-array cabling and inter-array piping is not considered in these 
simulaGons.   
 
The periodic electrolysers inspecGon/repair is assumed to require 4 electrolysis technicians, 
and 4 hours to perform. These technicians will be drawn from a pool of 24 addiGonal 
technicians, assumed to be employed full Gme, and staGoned on the same vessels as the 
wind farm technicians.  
 
Given that a heavy lin vessel with a crane capacity of up to 360 tonnes is required, a jack-up 
vessel will be used to perform these stack exchanges. It is assumed that this set of stack 
exchanges will be performed once, with the vessel being mobilized for a set of campaigns 
within which 18 wind turbines would be serviced at a Gme.  

5.3 Scenario Results 
An overview of the system availability can be seen below.  
  
Table 5-2: Hub North - Scenario Results – Main KPIs 

# Description System Availability 
[%] (t/y) 

Availability loss due 
to inspections [%] 

(t/y) 

Availability loss due 
to stack replacement 

[%] (t/y) 
1 Centralized Electrolysis 96/96 0.6/0.6 0.1/0.1 
2 De-centralized Electrolysis 91/91 5.0/5.0 0.1/0.1 

 
Of the two scenarios, it can be seen that the de-centralized approach to hydrogen producGon 
leads to significantly lower availabiliGes, which can largely be arributed to the requirement 
of having regular inspecGons. Even with the assumpGon of less frequent inspecGons (6 
months in the de-centralized approach vs. 1 month in the centralized approach), it is the 
requirement that a technician team would need to transit to the wind turbine to perform the 
inspecGon, that leads to this difference.  
 
In the de-centralized scenario, where the inspecGons are performed by a technician team 
staGoned in the shared SOVs, the technicians must transit to the wind turbine to perform this 
inspecGon. This is subject not only to the limitaGon that these vessels are not in the midst of 
performing other wind turbine maintenance work, but the addiGonal weather-related 
condiGons that the repair itself must be performed in. This includes the limitaGons under 
which the vessel can transit, as well as the safety requirement that states that an emergency 
removal of the technicians must be possible while the technician is on the wind turbine. As 
the frequency of the electrolyser inspecGons may reduce over the years due to reliability 
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improvements, it would then be expected that the availability of the system will approach 
that of a convenGonal power-producing wind farm of comparable size. 
 
ComparaGvely, the maintenance strategy is easier to perform given a centralized scenario 
because the technicians are already at the site of the plagorm, and do not rely on vessel 
availability to perform their tasks. The fact that vessels are not a part of the inspecGon/repair 
strategy at all further gives the benefit that the tasks are also weather-independent. 
 
The stack replacement strategies impose less of a loss in availability, largely due to the ability 
of the vessels to perform in harsher weather condiGons. In addiGon, these operaGons are 
assumed to require an independent set of vessels and technicians, which are assumed to be 
chartered in advance. Given the assumpGon that the electrolyser stacks are in operaGon unGl 
the required vessel arrives with the new stack, this means that downGme is limited to the 
actual Gme required to disconnect the old stack, replace it with the new stack, and connect 
that new stack. Given that this operaGon can be planned flexibly and far in advance, assumed 
here in summers, weather condiGons were found to be unlikely to present operaGonal 
challenges.  
 
The differences in resource costs for these two strategies can be found in the table below. 
 
Table 5-3: Hub North - Scenario Results – Cost KPIs 

# Descrip.on Yearly vessel cost [M€] Yearly technician cost [M€] 

1 Centralized Electrolysis 5.3 4.8 
2 De-centralized Electrolysis 6.7 2.4 

 
The above table shows the esGmated costs of performing electrolysis maintenance for the 
4.0 GW wind farm, in addiGon but not including the exisGng costs of performing wind farm 
maintenance. The centralized approach shows how the addiGonal vessel costs for the 
centralized approach outweigh those for the de-centralized approach, largely due to the 
lower electrolysis capacity that would be present for that scenario (2.0 GW vs. 3.2 GW). 
Higher electrolysis capaciGes would be expected to increase vessel costs, due to the 
increased number of charters required (assuming equal vessel-carrying capabiliGes). In the 
event of increased vessel capabiliGes, the higher costs of chartering these larger vessels 
could be balanced out by the reduced number of total charters required.  
 
The esGmated technician costs are larger, however, for the centralized scenario, due to the 
higher number of technicians that are assumed to be contracted. This is subject to change as 
plagorms are expected to become unmanned in the future, with regular inspecGons less 
frequent. This larer possibility is valid for both scenarios, with a potenGal for high cost 
reducGons if the addiGonal electrolysis maintenance (which would anyways draw from an 
independent pool of technicians) were to be performed by a single party for the enGrety of 
Hub North.  
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5.4 Summary of Hub North Analysis 
The results of the studies performed in Hub North suggest that of the two scenarios studied 
in Hub North, both would likely have higher downGmes and higher costs compared to 
convenGonal power-producing wind farms, due to the addiGonal O&M requirements of the 
electrolysis systems. The results suggest that the differences in downGme and costs will 
conGnue to be a factor of the type of maintenance strategies that will evolve, but this would 
need to be proven through addiGonal studies.  
 
With the current assumpGons detailed in this report, the centralized electrolysis opGon offers 
higher availabiliGes due to the centralizaGon of the electrolysis equipment and the on-site 
personnel. This allows a much higher level of weather-independence, as well as a de-
coupling from convenGonal wind turbine O&M. The lower electrolysis capacity (2.0 GW 
assumed here) also played a factor in the comparison between the scenario results, although 
it is likely that even with the same capacity, centralized electrolysis O&M would be easier to 
perform. These factors also play a role in how expensive the hydrogen-producing wind farm 
system is to maintain, with lower costs for the centralized approach for stack-exchange 
vessels. The higher technician costs are subject to the requirements of the electrolyser 
maintenance in the future - if plagorms in the future are not required to be manned, and 
perhaps are operated by a single enGty, costs would be expected to reduce significantly.  
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6 Conclusions 
This study focused on the logisGc implicaGons that could be idenGfied as a result of the Hub 
blueprints developed in and passed from WP1. Following that structure, this work was 
conducted by first defining independent sets of scenarios according to the technologies and 
Gmelines expected for Hub West, East and North.  
 
In Hub West, the logisGc benefit of synergizing resources to perform O&M on offshore wind 
farms, offshore solar PV farms, and CCS plagorms was quanGfied, and showed that reducing 
and synergizing O&M assets could lead to technician and vessel cost savings on the order of 
€19 million per year and a reducGon in required technicians by 34%, but with a resulGng 
drop in wind farm availability of 3-4%. In Hub East, the logisGc benefit of synergizing vessels 
for the combined O&M of offshore wind, hydrogen producGon, and natural gas producGon 
was found to give annual cost savings of €5 million, while technician synergies were not 
found to provide benefits largely due to the difficulty in their cross-skilling. In Hub North, the 
logisGc differences in performing O&M on centralized and de-centralized offshore electrolysis 
for hydrogen producGon were explored, with disGnct maintenance strategies defined for 
each of those two cases. Large differences in availability and costs were found, with the 
major driving factors idenGfied as the high vessel cost of stack exchanges, and the downGme 
required for regular inspecGons.  
 
Some key conclusions can be summarized here, with more details in the appropriate secGon 
conclusions: 

 
 
 
 
 
 

• Synergizing resources while reducing the overall pool of resources led to significant cost 
savings, at the expense of power producGon availability, suggesGng that further refined 
strategies could focus on compensaGng for the larer.  
 

• Synergizing vessel fleets resulted in large reducGons in travel Gmes (30-50%), and 
corresponding large reducGons in emissions of CO2, SO2, and NOx. Nitrogen emissions 
are especially relevant in the Dutch context, where infrastructure projects close to 
sensiGve areas are subject to addiGonal scruGny thereof.  
 

• ReducGons in technician requirements were found to have more potenGal between 
offshore wind and offshore solar, but less potenGal with offshore hydrogen producGon 
with electrolysis. However, potenGal benefits could sGll be realized, such as with de-
centralized hydrogen producGon where these assets are co-located at the wind turbine.  
 

• In general, the requirements of offshore electrolysis maintenance are sGll unknown, and 
may therefore be subject to significant improvements over the coming decades. 
OperaGonal learnings could supplement further research significantly.  
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7 Future research direc3ons 
7.1 Automa6on & Robo6za6on in O&M 
The main findings from the simulaGons conclude that there are significant cost savings and 
technician reducGons possible with asset sharing and synergies, but with the risk that if not 
done with careful & strategic planning, it could lead to loss of asset availability. This is due to 
the long waiGng periods for the vessels and technicians which are occupied arending to the 
failures of other assets. This challenge could be opGmized with the deployment of 
autonomous drones for inspecGons/ robots for repair or unmanned survey vessels for 
underwater asset surveys. This frees up the current pressure on vessels and technicians 
leading to an opGmized O&M synergy. 

7.1.1 Ecological Impact 
In interviews with stakeholders, it was idenGfied that the main ecological concern related to 
the O&M of offshore wind farms was the noise emissions produced by vessels during their 
acGviGes in the wind farm. Detailed research showing the quanGtaGve effect of noise on the 
wildlife is not yet present at the current moment, however noise reducGon can be quanGfied 
at the vessel level. Given modern maintenance requirements and the technician-centric 
methods with which they are maintained, there is an opportunity for significant noise 
reducGon when maintaining a wind farm.  
 
One method involves reducing the emissions of the related vessels, such as by equipping 
them with both main and auxiliary engines, the larer of which if electrically powered, would 
be quieter. The louder main engines could be reserved for high-speed travel outside the wind 
farm boundary, and the electric auxiliary engines could be reserved for slower travel within. 
This would result in higher upfront costs due to the added complexity of vessel design, but 
would be unlikely to present operaGonal drawback as vessel speed within the wind farm 
would need to be lower regardless. 
 
Another method is with reducing the number of visits required for the wind farms 
themselves. Current methods of maintaining wind farms rely heavily on the use of 
technicians, which require vessels for transport. Using more roboGcs and autonomous 
vessels for maintenance could lead to less visits per year, reducing the amount of noise 
emired. AutomaGon and roboGzaGon in wind farm logisGcs could bring following benefits 
from ecological perspecGve: 

1 Lower Carbon Emissions: Autonomous electric vehicles and drones replace diesel-
powered machinery, thus reducing emissions. Also fewer on-site personnel reduce travel 
and accommodaGon-related emissions. 

2 Lowering Nitrogen Emissions: The success of projects, especially those in proximity to 
protected areas, are subject to their expected nitrogen-related impact. OpGmized 
maintenance strategies could play a role in reducing the potenGal thereof.  

3 Reduced Waste and Material Use: Precision roboGcs can minimize damage to large 
turbine components during handling, thus significantly reducing waste. 



NSE 2023-2025 | D6.3 Logis3cs 
 

31 of 43 

 

 

4 Minimized Land and Habitat DisrupGon: Drones and roboGc systems reduce the need for 
heavy machinery and personnel on-site, causing less disrupGon to flora and fauna. 
Remote monitoring limits frequent human access, helping preserve local ecosystems. 

5 Cleaner Decommissioning and Recycling: Automated dismantling and sorGng streamline 
recycling at end-of-life, reducing landfill impact and transportaGon emissions 

7.1.2 Human Capital 
Shortage of trained offshore technicians is a criGcal borleneck globally and O&M requires 
highly skilled technicians with experGse in: 

1 Mechanical and electrical systems 
2 Digital monitoring tools (SCADA, sensors, drones) 
3 Health & safety protocols for working at height and in remote locaGons 
 
Remote and harsh working environments leads to logisGcal challenges, faGgue, and retenGon 
issues among the workers and thus causing increased pressure on workers' mental and 
physical health. Also, a significant porGon of the exisGng O&M workforce is aging. 
 
AutomaGon and roboGzaGon can help alleviate this shortage, by: 

1 Reduces Demand for Manual Labor: Robots and automated systems handle repeGGve or 
hazardous tasks such as heavy component handling and rouGne inspecGons which 
lowers the need for a large manual workforce, easing the pressure on technician 
numbers. 

2 Extends Workforce ProducGvity: Available technician force can be strategically employed 
improving the efficiency of overall operaGons. 

3 Enables Leaner, Smarter OperaGons: Fewer but more skilled technicians are needed to 
maintain automated systems, rather than doing the physical tasks themselves. This 
reduces the strain caused by the global shortage of general wind logisGcs personnel.  

 
The assessment performed in Hub West indicates that the skill-set requirements for wind 
farm technology and solar PV farm technology, which are both primarily mechanical and 
electrical in nature, are likely to overlap effecGvely, leading to a high potenGal for savings 
through the use of cross-skilled technicians. The corresponding assessment for hydrogen-
producing electrolysis technology, which is primarily process-related in nature, has a lower 
likelihood of effecGve overlap. O&M savings through the use of cross-skilled technicians 
would therefore be less likely to occur, although sGll worth invesGgaGon. For example, de-
centralized electrolysis configuraGons, which would otherwise require drawing from two 
disGnct pools of technicians, could benefit from this synergy, although this would need to be 
proven through further analysis.  
 
In general, the O&M strategies related to offshore hydrogen producGon through electrolysis 
are largely unknown, and will be developed and refined over the coming years. In this study, 
centralized electrolysis plagorms were considered manned, and scenarios considering 
unmanned plagorms were not considered. Shining towards unmanned scenarios is worth 
exploring due to the implicaGons for human capital, both to relieve pressure on the labour 
market but also to realize cost savings. RoboGcs and automaGon have the potenGal to 
contribute to this shin. 
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More informaGon on human capital challenges and possible soluGons is provided in NSE5 
D2.1 

7.2 Data Sharing 
A topic highly related to asset sharing is the data sharing aspect in logisGcs and operaGons. 
The importance of data sharing across mulGple asset owners in offshore operaGons and 
logisGcs is growing rapidly as offshore wind farms scale in size, complexity, and stakeholder 
diversity. When mulGple asset owners operate within the same offshore region (e.g., shared 
ports, vessels, or grid infrastructure), data sharing becomes essenGal for maximizing 
efficiency, safety, and cost-effecGveness.  This leads to: 

4 OpGmized Resource UGlizaGon:  Joint planning of logisGcs operaGons enables opGmized 
resource allocaGon, thus reducing vessel trips and fuel consumpGon 

5 Improved SituaGonal Awareness: Each asset owner may operate different wind farms, 
but all depend on weather condiGons, mariGme traffic and offshore infrastructure 
availability. Sharing this data gives all parGes a real-Gme, common operaGonal picture, 
reducing conflicts and improving decision-making. 

6 PredicGve and PrevenGve Maintenance: Asset owners benefit from shared condiGon 
monitoring data (e.g., turbine health, failure parerns). Cross-company analyGcs improve 
maintenance Gming, component lifespan predicGons and logisGcs planning for spare 
parts and technicians. 

7 Supply Chain CoordinaGon: Asset owners onen share logisGcs contractors, ports, and 
warehouses.  
Data sharing enables more accurate scheduling, reduced idle Gme and berer inventory 
management across mulGple owners. 

8 Safety and Emergency Response: In emergencies (e.g., accidents, extreme weather), 
shared safety protocols and personnel tracking data ensure coordinated response across 
sites. Faster, more effecGve evacuaGon and support operaGons rely on common 
situaGonal data. 

9 Environmental and Regulatory Compliance: Regulators increasingly require transparent 
reporGng of emissions, vessel use, and marine impacts. A shared data environment 
streamlines joint compliance reporGng, cumulaGve environmental impact assessments.  

 
In WP2, the projecGon of the Dutch labour market was researched, along with its impact on 
the Dutch ambiGon for offshore energy development. It’s clear that either the labour force 
must increase drasGcally, opportuniGes to reduce technician requirements must be found, or 
some combinaGon thereof. Given research into O&M strategies that share technicians across 
various assets, the human capital savings for specific scenarios can be determined by 
modelling scenarios with and without this sharing. ExtrapolaGon of these scenarios could 
lead to a berer understanding of the impact of technician sharing for the enGrety of the 
Dutch North Sea. 
 
For O&M, these synergies depend on the skills sets required to maintain these assets, which 
differ depending on which asset is being considered. The largest difference in skill set is 
between electrons and molecules, suggesGng that synergies are likelier to occur between 
offshore wind and offshore floaGng solar farms, or between electrolysis and natural gas 
producGon. Synergies can also be realized between neighbouring offshore wind farms that 

http://www.north-sea-energy.eu/reports
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are operated by different parGes. At the moment, the resource pooling experienced in the 
natural gas producGon sector, performed in large part by ONE Peterson, is not found in the 
offshore wind sector. Strict confidenGality measures currently prevent this, suggesGng that 
secure data transfer methods may need to be developed. The potenGal benefits of this type 
of synergy have not yet been invesGgated fully.  
 
North Sea Energy D5.2 provides and overview of advanced data sharing opGons from exisGng 
pracGces and case studies. This paper also indicates what next steps could be taken in this 
domain.   

7.3 Refined Maintenance Strategies  

7.3.1 Scenario Defini*on 
The scenarios in this study were defined according to the assumpGons in  work package 1 of 
the NSE program, and were simulated accordingly. The scenarios themselves may change in 
the next phase of the NSE program (NSE6) according to the evoluGon of the development in 
the North Sea, and the maintenance strategies may need to adapt accordingly. This can also 
be due to the new learnings that may be acquired from upcoming operaGonal experience. 
For example, oil and gas development was not considered in Hub North in this study, 
although that may change and present logisGc challenges and opportuniGes accordingly for 
exploraGon in NSE6. Carbon capture and storage technologies were also not considered in 
Hub North, which could also be explored in NSE6.  
 
For all the hubs, the maintenance strategies could be refined, either through the strategies 
explored above or through the consideraGon of improvements in vessels and technologies. 
AutomaGon and roboGzaGon, as described above, is an example of this, but improving 
exisGng vessels, or incorporaGng new vessels types such as helicopters, into cross-asset 
maintenance, could improve the overall maintenance costs. 
 
Also in the Hub North , currently maintenance strategies for Oil & gas plagorms involving 
helicopter logisGcs have not been considered. Studies from EBN has shown that there could 
be spaGal conflicts for carrying out the current logisGcs parerns using helicopters as this 
creeps in to wind and CCS areas. Combining logisGcs for various operators and creaGng a 
common logisGcs pool , involving vessels and technicians, could be a way forward to miGgate 
this challenge.  
 
Another refinement could be in the expansion of the scope of holisGc logisGcs strategies, 
both in terms of the type of asset, but also in terms of port selecGon and geographical 
locaGon. For example, if Dutch asset O&M could be performed by non-Dutch parGes 
operaGng out of non-Dutch ports, this could lead to overall system savings. This is also true in 
terms of installaGon and decommissioning strategies, for which port selecGon is an 
important factor. These are all possible research direcGons for NSE6.  

7.3.2 Alterna*ve Fuels  
As part of the research done in NSE4, emission data related to the maintenance campaigns 
for wind farms and CCS plagorm maintenance was calculated. The vessels considered for 
that analysis were fuelled by electric power, hydrogen, heavy fuel oil (HFO) with a scrubber 

http://www.north-sea-energy.eu/reports
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to parGally offset emissions, and liquified natural gas (LNG). CalculaGons of the Tank-to-
Wheel (TTW) and  Well-to-Wheel (WTW) emissions were performed for maintenance 
campaigns with and without resource synergies between the offshore wind farms and 
plagorms, to invesGgate the emission savings that resulted from that synergy. In NSE5, 
similar calculaGons were performed to quanGfy the corresponding emission cuts that occur 
with reduced travel distances, considering both diesel and all-electric fleets.  
 
While these fuels are likely to make an appearance in the North Sea, it is not yet clear which 
fuel will power the majority of the vessel fleet in the North Sea. Other possible fuels that 
could be invesGgated include ultra-low-sulphur diesel (ULSD), ethanol, ammonia, gas-to-
liquid (GTL), or any of a large variety of bio-fuels, such as hydrotreated vegetable oil (HVO). 
Some of these opGons sGll exist only in their research phase, such as sodium borate nitrate, 
which is considered to be a candidate for hydrogen propulsion from a solid-state material. In 
NSE6, these alternaGve fuels can also be considered and explored to find addiGonal emission 
reducGon potenGals.  
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Appendix A: Logis.cs Details 

A1. Offshore Wind Farms – Subsystem Breakdown 

The offshore wind farms, simulated using the UWiSE O&M Planner tool, were assumed to 
have the subsystem breakdown as follows. Each subsystem was assumed to have up to three 
failure modes, each with an associated correcGve maintenance acGon, a set of required 
resources, and the repair duraGon considered in the method statements of Appendix A.2.  
 
Direct-drive generator 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
2 WTG Technicians 

Complete failure Complete replacement 1 JUV 
8 JUV Technicians 

 
Main bearing 

Failure Modes Associated Ac.on Resources Required 

Major failure Major repair 1 SOV 
3 WTG Technicians 

Complete failure Complete replacement 1 JUV 
17 JUV Technicians 

 
Power converter 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
2 WTG Technicians 

Major failure Major repair 1 SOV 
2 WTG Technicians 

Complete failure Complete replacement 1 JUV 
6 JUV Technicians 

 
Blade 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
2 WTG Technicians 

Major failure Major repair 1 SOV 
3 WTG Technicians 

Complete failure Complete replacement 1 JUV 
21 JUV Technicians 
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Pitch system 
Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
2 WTG Technicians 

Major failure Major repair 1 SOV 
3 WTG Technicians 

Complete failure Complete replacement 1 JUV 
4 JUV Technicians 

 
Yaw system 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
2 WTG Technicians 

Major failure Major repair 1 SOV 
3 WTG Technicians 

Complete failure Complete replacement 1 JUV 
5 JUV Technicians 

 
Electrical components 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
2 WTG Technicians 

Major failure Major repair 1 SOV 
3 WTG Technicians 

Complete failure Complete replacement 1 SOV 
4 WTG Technicians 

 
Grease/oil/cooling liquid 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
2 WTG Technicians 

Major failure Major repair 1 SOV 
3 WTG Technicians 

 
Contactor/circuit/breaker/relay 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
2 WTG Technicians 

Major failure Major repair 1 SOV 
3 WTG Technicians 

Complete failure Complete replacement 1 SOV 
8 WTG Technicians 
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Controls 
Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
2 WTG Technicians 

Major failure Major repair 1 SOV 
3 WTG Technicians 

Complete failure Complete replacement 1 SOV 
2 WTG Technicians 

 
Safety 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
2 WTG Technicians 

Major failure Major repair 1 SOV 
3 WTG Technicians 

 
Sensors 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
2 WTG Technicians 

Major failure Major repair 1 SOV 
2 WTG Technicians 

 
 
Pumps/motors 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
2 WTG Technicians 

Major failure Major repair 1 SOV 
3 WTG Technicians 

 
Hub 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
2 WTG Technicians 

Major failure Major repair 1 SOV 
4 WTG Technicians 

Complete failure Complete replacement 1 JUV 
10 JUV Technicians 

 
Heaters/coolers 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
2 WTG Technicians 

Major failure Major repair 1 SOV 
3 WTG Technicians 
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Service items 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
2 WTG Technicians 

Major failure Major repair 1 SOV 
2 WTG Technicians 

 
Transformer 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
3 WTG Technicians 

Major failure Major repair 1 SOV 
3 WTG Technicians 

Complete failure Complete replacement 1 JUV 
5 JUV Technicians 

 
Tower/founda/ons 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
3 WTG Technicians 

Major failure Major repair 1 SOV 
3 WTG Technicians 

 
Inter-array cables 

Failure Modes Associated Ac.on Resources Required 

Complete failure Complete replacement 1 CLV 
10 CLV Technicians 
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A2. Offshore Wind Farms – Method Statements 

For minor and major failures requiring the use of an SOV, the method statement shown in 
the first table describes the procedure simulated by UWiSE O&M Planner. During simulaGon, 
work orders stemming from these maintenance acGons are grouped together – meaning that 
the stages of the resulGng work orders are planned such that a single vessel visits mulGple 
systems, distribuGng technicians and equipment as necessary, and collects them back at the 
end of the day. This is contrast to major maintenance acGons, in which the associated vessel 
is assigned solely to the execuGon of that maintenance acGon, and doesn’t become available 
unGl that acGon is complete. The simulated steps of major maintenance procedures are 
highlighted in the second table.  
 
Stage Step Opera.onal Details 

Prepara_on Transit to system SOV Vessel Speed:  12 knots 
SOV Opera_onal Limits: Significant wave height < 2.5m 

Wind speed at 10m < 15.0 m/s 
Transfer resources Dura_on:  1 hour 

Opera_onal Limits: Hs < 2.0m 
Ac_vity Turn off system Dura_on:  - 

Repair system Dura_on Depends on subsystem and task 
Turn on system Dura_on:  - 

Finish Transfer resources Dura_on:  1 hour 
 Opera_onal Limits: Hs < 2.0m 
Transit to port SOV Vessel Speed:  12 knots 

 SOV Opera_onal Limits: Significant wave height < 2.5m 
Wind speed at 10m < 15.0 m/s 

 
Step Opera.onal Details 

Load vessel at port Dura_on:  1 hour 
Transit to the system JUV Vessel Speed:  10 knots 

JUV Opera_onal Limits: Significant wave height < 3.0m 
Wind speed at 10m < 15.0 m/s 

Unload vessel at the system Dura_on:  1 hour 
 Opera_onal Limits: Hs < 2.0m 
Turn off system Dura_on:  - 
Replace system Dura_on Depends on subsystem and task 
 Opera_onal Limits: Depends on subsystem and task 
Turn on system Dura_on:  - 
Load vessel at the system Dura_on:  1 hour 
 Opera_onal Limits: Hs < 2.0m 
Transit to port JUV Vessel Speed:  10 knots 
 JUV Opera_onal Limits: Significant wave height < 3.0m 

Wind speed at 10m < 15.0 m/s 
Unload vessel at the system Dura_on:  1 hour 
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A3. Offshore Solar PV Farms – Subsystem Breakdown 
The offshore floaGng solar PV farms, simulated using the UWiSE O&M Planner tool, were 
assumed to have the subsystem breakdown as follows. Each subsystem was assumed to have 
up to three failure modes, each with an associated correcGve maintenance acGon, a set of 
required resources, and the repair duraGon considered in the method statements of 
Appendix A.4.  
 
Floater assembly 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
5 PV Technicians  

Major failure Par_al replacement 1 SOV 
7 PV Technicians 

Complete failure Complete replacement 1 SOV & 2 Tugboats 
7 PV Technicians 

 
Central inverter 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
10 PV Technicians  

Component failure Complete replacement 1 SOV & 2 Tugboats 
10 PV Technicians 

 
 
Transformer 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
10 PV Technicians  

Complete failure Complete replacement 10 PV technicians 

 
Mooring assembly 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
10 PV Technicians  

Line Failure Complete replacement SOV & 2 Tugboats 
10 PV Technicians 

 
Addi/onal cabling 

Failure Modes Associated Ac.on Resources Required 

Minor failure Minor repair 1 SOV 
3 PV Technicians  
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A4. Offshore Solar PV Farms – Method Statements 

Similarly to the wind farm, work orders stemming from maintenance acGons that require the 
use of an SOV were grouped together, and are shown in the first table, while larger major 
maintenance acGons, that require the addiGonal use of tugboats, are shown in the second 
table, and are planned independently.  
 
Stage Step Opera.onal Details 
Prepara&on Transit to system Vessel Speed:  12 knots 

Opera&onal Limits: Significant wave height < 2.5m 
Wind speed at 10m < 15.0 m/s 

Transfer resources Dura&on:  1 hour 
Opera&onal Limits: Hs < 2.0m 

Ac&vity Turn off system Dura&on:  - 
Repair system Dura&on Depends on subsystem and task 
Turn on system Dura&on:  - 

Finish Transfer resources Dura&on:  1 hour 
 Opera&onal Limits: Hs < 2.0m 
Transit to port Dura&on:  Dependent on vessel speed 

 Opera&onal Limits: Dependent on vessel weather limits 
 
 
Step Opera.onal Details 
Organize inspec&on Dura&on:  6 hours 
Transit to the system SOV Vessel Speed:  12 knots 

SOV Opera&onal Limits: Significant wave height < 2.5m 
Wind speed at 10m < 15.0 m/s 

Unload vessel at the system Dura&on:  1 hour 
 Opera&onal Limits: Hs < 2.0m 
Perform inspec&on Dura&on: 4 hours 
Load vessel at the system Dura&on: 1 hour 
Organize the replacement  Dura&on:  16 hours 
Load the tugboats at port Dura&on:  1 hour 
Transit the tugboats to the system Tugboat Vessel Speed:  3 knots 
 Tugboat Opera&onal 

Limits: 
Significant wave height < 3.0m 
Wind speed at 10m < 12.0 m/s 

Unload tugboats at the system Dura&on: 1 hour 
Turn off system Dura&on:  - 
Replace system Dura&on Depends on subsystem and task 
Turn on system Dura&on:  - 
Load all vessels at the system Dura&on:  1 hour 
 Opera&onal Limits: Hs < 2.0m 
Transit all vessels to their base Dura&on:  Dependent on vessel speed 
 Opera&onal Limits: Dependent on vessel weather limits 
Unload tugboats at port Dura&on:  1 hour  
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