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Offshore Renewables Accessibility for Crew transfer, Loss Estimation & Safety (ORACLES) 
D McMillan 

Case for Support 

 

1.0 The Challenge 

Offshore wind energy will play a large part in decarbonisation of the UK, EU, and worldwide energy 

mix - if the costs can be reduced further. The UK government has set ambitious cost reduction goals 

for offshore wind, effectively stating that levellised costs must reduce from levels of £120/MWh (2016 

CfD auction) to £85/MWh by 2026 [1]- an ambitious reduction of 29%. O&M (Operations & 

maintenance) comprises 18-25% of levellised overall cost of energy (LCoE) from offshore wind, so any 

reduction in O&M will have a substantial overall cost reduction impact. 

An independent study by NREL revealed that improved crew access to the turbine could comfortably 

shave £15m from the operating costs of an offshore wind farm2. Crucially, O&M savings can be 

achived by offshore wind farm operators without relying on turbine manufacturers, and can be 

accrued at any stage of the 25 year operational lifetime. Improved access in tandem with improved 

prognosic capability from condition monitoring has the potential to unlock even greater savings. 

However the pressure to achieve increased access to the turbine implies a greater number of 

marginal-weather transfers, which carry a greater safety risk. This will be especially valuable to the 

industry as the offshore fleet ages and life extension initiatives kick in, necessitating many more crew 

transfers for inspection and to deal with increased failures in late life. 

Crew transfer is safety-critical, and any attempts to facilitate an increase in the rate of success of crew 

transfers must be balanced against safety factors. This Primary objective of ORACLES is to develop a 

novel access forecasting methodology which enables an operator to accurately forecast both the 

upside of a marginal-weather crew transfer (in terms of KPI impact and cost) in tandem with careful 

quantification of risk of the crew transfer itself (safety), in order that both objectives are achieved. 

The proposed methodology will combine forecasting of sea state [3], energy yield [4] and safety 

aspects relating to marine hydrodynamics[5] – all of which are individual areas of expertise of the 

PI/Co-I team. The novelty of this approach is twofold. Firstly, the interdependency modelling of these 

3 discrete strands will be acheived using  copula models to capture the dependency structure.  

Secondly, real options theory will be used to evaluate dispatch options and present these to the 

control room operative. To the knowledge of the applicants, no such combined approach existis in the 

literature. At all stages of this project the team will work closely with James Fisher Marine (JFMS) to 

ensure the methods produced on this project are directly relevant to the offshore wind industry (see 

letter of support).  

2.0 Technical Context: The Importance of Crew Transfer Process 

Crew transfer is the process by which maintenance technicians are transferred by work boat (crew 

transfer vessel, CTVa) to the turbine and vice versa. Published sources [6] estimate the number of 

transfers for offshore wind to be around 15 per turbine per annum (1 maintenance visit = 2 crew 

transfers). The forecasting of sea conditions in general – and wave height in particular – is crucial to 

the crew transfer process because CTVs have operational wave height limitations and cannot enact 

                                                           
a We focus on CTV as this is the primary means of access at the time of writing, however the approach could be 
extended to SOV, walk to work systems by potential users of the approach. 
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crew transfer above these limits. [3] demomstrated that the O&M cost of both optimistic forecasts 

(send a CTV but cannot transfer) and pessimistic forecasts (do not send CTV, miss opportunity to 

restore turbines to service) could run into hundereds of thousands of pounds per annum. The 

approach taken in ORACLES will be to innovate in the space in between the outputs of the weather 

forecast and the decision-maker (vessel dispatch control room) – see Figure 1 (Business as usual BAU 

vs new ORACLES process). By modelling the complex dependency between yield loss, access 

probability and safety in a copula model, and communicating this to the operator via real options, it 

is hoped that the ratio of complete/ safe crew transfers will increase in a low risk manner. 

 
Figure 1: ORACLES Process and Business As Usual (BAU) 

 
 

Vessel dispatch is typically managed by the control room operative shown in Figure 1, with additional 

sight of a mix of live measurements from wave radar/ buoy, and NWP provided by a 3rd party. In order 

to reduce the operation and maintenance cost of offshore wind turbines and to manage the safety 

risk of marginal-weather crew transfers, the chance of success for each individual crew transfer must 

be maximised. To achieve this, an access forecast that assimilates all available information as is 

calibrated for crew transfers is required. (In its basic form, access is a function of vessel capability, 

wave height, wave period, and wave direction relative to the access ladder. Here, we focus on 

forecasting wave conditions under the reasonable assumption that vessel capability is known by the 

vessel operator.). The ORACLES access forecast will combine 3 distinct but related elements  

1) A quantification of the probability of successful crew transfer  

2) The safety aspects of crew transfer and  

3) Yield loss forecast associated with each outage 

These elements will be linked using copulas, and the outputs will be delivered to the control room 
operative as shown in Figure 1. The outputs comprise access forecast, safety assessment (safety KPIs 
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which will be provided by project partner JFMS), and decision recommender. This latter output is 
effectively the ORACLES process presented by real options as a set of decisions. In most cases this will 
be a simple go/ no go however there may be more complexity around the typical CTV access limit of 
1.5m sig. wave height.  

  
It is important to note that the full potential 

range of data available to make this 

decision is highly diverse in nature, can vary 

from site to site - and may be more 

complex than that shown in Figure 1.  

Figure 2 is a schematic of a typical offshore 

wind farm, and is a typical site 

measurement layout. This consists of point 

measurements from wave radar (circles), 

wind measurement at each turbine 

position, and wave buoy often outside the 

array. In the case shown, 3 wave radars are 

east facing and one is south facing. CTV 

approach is from the north and ladder 

access is exclusively north facing. These 

measurements are non-homogenous, 

subject to measurement error, and are in 

non-ideal positions to facilitate access.  

A secondary objective of ORACLES will be to establish if these currently-discrete data feeds can be 

combined into the access forecast. This secondary objective is reflected in the work plan in section 

4.0, and represents phase B of work packages 1-3. 

 
3.0 Methodology  

ORACLES brings together several areas of expertise of the PI/Co-I team for the first time, to help solve 

the offshore crew transfer problem in a safe manner.  

3.1 Copula models 

Copula models excel in the modelling of complex dependency. They have been used extensively in 

wind energy (eg power curve uncertainty modelling [7]) & ocean research [eg 8]. In ORACLES we 

propose a novel use for copulas in the form of capturing the complex dependency between access 

forecast, yield forecast and safety indicators.   

Marine operations take time and it is crucial to identify if a particular weather window is sufficiently 

long to allow an operation to be successfully executed, or to advance the marine operation to account 

for successful operations in more challenging conditions. Different copulas capture different kinds of 

dependencies, avoiding simple probability of exceedance data predictions, and hence allowing for a 

richer and more detailed description of dependencies than traditional summary statistics. It is 

proposed to explore a variety of copula models for joint and complex dependencies, and derive an 

efficient likelihood procedure for optimum and safe marine operations.  

 

  

 

Figure 2: Offshore Wind Farm Schematic 
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3.2 Real options theory 

Real options theory has recently been applied to operational decision making improvement for wind 

energy (see [9] and EPSRC grant held by PI team EP/P019544/1). Within ORACLES we see a role for 

real options in communicating complex risk (downside) and opportunity in terms of loss estimation 

(upside) in the access forecast to the control room operative in Figure 1. This modelling framework 

has been applied to maintenance problems in an onshore context - see example in Figure 3, which is 

a safety-critical blade lift application illustrating how different decisions (Start day for crane lift) cause 

similar mean/expected outcomes (net-cost) but very different risk profiles (distribution tails). The 

blade lift wind speed limit of 7m/s shown in this example can be considered analogous to the CTV 

transfer limit of ~1.5m Hs. One of the key challenges in ORACLES will be to work closely with JFMS in 

order to establish the most appropriate safety-reflective metrics and visualisation to structure the 

real-options model, which links back to the vessel dispatch decision maker shown in Figure 1. 

Any recommended decisions will be in the context of existing HSE legislation and also align with the 

G9 good practice guidelines followed by industry currentlyb. 

 

Figure 3 – Real Options Theory Applied to Safety-Critical Turbine Blade Lift  

 

 

4.0 Project Plan 

We propose a 12-month project with timescales and work packages as shown in Figure 4. Note that 
WPs 1-3 have phase A (primary objective) and phase B (secondary objective). Phase A represents what 
is required for WPs 4-6 to progress. Phase B represents possible improvements on current forecasting 
processes, contingent on having the time to do so and fitting with JFMS time constraints.  
 

                                                           
b Good practice guideline: The safe management of small service vessels used in the offshore wind industry. G9 Offshore Wind Health & Safety Association 

2014 http://publishing.energyinst.org/topics/power-generation/offshore-wind/good-practice-guideline-the-safe-management-of-small-service-vessels-used-
in-the-offshore-wind-industry  

http://gow.epsrc.ac.uk/NGBOViewGrant.aspx?GrantRef=EP/P019544/1
http://publishing.energyinst.org/topics/power-generation/offshore-wind/good-practice-guideline-the-safe-management-of-small-service-vessels-used-in-the-offshore-wind-industry
http://publishing.energyinst.org/topics/power-generation/offshore-wind/good-practice-guideline-the-safe-management-of-small-service-vessels-used-in-the-offshore-wind-industry
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Figure 4 – ORACLES Project Timeline 

5.0 Additionality & Fit with Existing Supergen Portfolio 

This is addressed in detail within the 2-page context document. In brief, this project will interact with: 

SPOWTT (H2020) – Led by Dr. Fiona Earle of Hull University. Focuses on fatigue impact on safety). 

NEXUS (H2020) – Led by Prof Dracos Vassalos of Maritime Safety Research Centre/ Strathclyde. 

Focuses on SOV operability. David McMillan is a Co-I on NEXUS.  

ORACLES will also link to existing Supergen activity. In particular, Dr. Chris Crabtree’s project on  

Novel Data Integration Techniques for Enhanced Wind Turbine Condition Monitoring could have 

excellent synergy with the activities proposed in ORACLES.  

ORACLES will increase the impact of EPSRC Doctoral Prize 2015-16 awarded to Jethro Browell on 

advanced forecasting and novel applications of forecasting. 

ORACLES will increase the impact of EPSRC-funded PhD on advanced scheduling of vessel dispatch 
Rafael Dawid. Formulation of scheduling of work offshore is problematic - a higher degree of forecast 
accuracy could unlock a further optimisation of scheduling. 

ORACLES will interface with IEA Task 26, which is concerned with cost reduction modelling for wind 
power10. We will attempt to quantify the improved capability gained on ORACLES and translate this 
into a cost reduction, working with ORE catapult who are heavily involved in IEA T26. 

 

6.0 Dissemination 

We propose to disseminate the findings of this project as follows: 

 Make the code available as an open source library for R, to be useable by any researcher or 

industry partner working on offshore accessibility and safety 

 IEEE Transactions Paper on the methodology and its application to an example from JFMS 

 Presentation at Supergen meetings as appropriate 

 Presentation of key findings to JFMS management team 

 Quarterly F2F with project team: JFMS, Exeter, Strathclyde 

 

month 1 2 3 4 5 6 7 8 9 10 11 12

ORACLES Task

A B

A B

A B

5

Real options models - advanced 

decision options (Strath & 

Exeter)

6

Journal papers and Open Source 

R library (Strath & Exeter)

F2F meetings - Strathclyde, 

Exeter, JFM

Safety factors data gathering & 

modelling (Strath & Exeter)

Access forecasting data 

gathering & modelling (Strath & 

Exeter)

Yield forecasting data gathering 

& modelling (Strath)

Copula models - complex 

dependency modelling (Strath)

1

2

3

4
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7.0 National Importance, Timeliness & Link to Call Objectives 

Supergen Safety Call Headings Addressed 
in ORACLES  

Comment 

Access to fixed and floating offshore wind turbines Yes Directly addressed in ORACLES 

Logistics and their improvement’s impact on safety Yes Directly addressed in ORACLES 

Socio-economic and human factors Yes Indirectly addressed via link to SPOWTT 
H2020 project on technician health 

 

This project has special resonance for offshore wind projects that have not yet been built, and also 

those projects already in operation. Both feed into UK strategic goals for wind energy cost reduction. 

Assuming a current offshore wind cost of energy benchmark of £120/MWhc, every 5% shaved from 

O&M costs translates to a £6/MWh cost of energy reduction, boosting profitability & RoI for the utility 

owner. The 2015 UK Government Energy policy reset speechd by then- UK Energy Minister Amber 

Rudd concluded that “if, and only if, the Government’s conditions on cost reduction are met – we 

will make funding available for three [offshore wind CfD] auctions in this Parliament”. What this 

means in practice is a moving target for cost reduction, starting from £105/MWh in the next few years, 

reducing to £85/MWh by 2026. Without a much smarter, efficient, and productive approach to wind 

farm operation, this funding will not be unlocked in a sustainable manner for the industry. This 

research will also be extremely helpful for the ~80 currently operational sites worldwide. As wind 

turbines and associated plant become older, overall reliability will decrease. If life extension beyond 

the current assumed 25 year operational lifetime is to be achieved, operation in later life and in the 

extension phase must be extremely efficient, to cope with increased volume of failures. This boils 

down to managing the crew transfer process in a way that maximises safety and minimises costs. 
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Justification of Resources 
 
The project will run for a total of 12 months and employ a PDRA at 1.0 FTE, based at Strathclyde. We 

anticipate the need for a talented PDRF who has excellent coding capabilities and also a good 

combination of engineering and applied statistics skills. We anticipate quarterly F2F meetings between 

the project partners (as well as the academic team we expect James Fisher Marine and Generating 

Better to commit staff time, knowledge and data to the project and to be formal project partners.   

Cost type  Budget item Cost 
Directly incurred PDRA, 12 months @1.0 FTE £54,055 

Directly Allocated Strathclyde Investigator time (0.05FTE) £2,785 

Travel – Engagement Travel (quarterly partner meetings, Supergen hub meetings, 
industrial engagement) 

£1,500 

Travel – Site visits/ JFMS Visit site(s) and engage closely with JFMS (2 trips) £500 

Travel – Dissemination Conference dissemination: fees & travel (WindEurope 2018) £1,000 

Directly Allocated Exeter Investigator time (0.1FTE) £16,405 

Travel – Engagement Exeter Travel (quarterly partner meetings, Supergen hub meetings, 
industrial engagement) 

£1,500 

Estates, Indirects, 
Infratech  

This figure covers Strathclyde costs only. Overheads are rolled into 
the Exeter DA costs. 

£66,269 
 

 100% FTE £144,014 
 80% FTE £115,211 

 

Staff Directly Incurred  

1.0 FTE post-doctoral research fellow for 12 months (£54,055). This individual is proposed to be 

appointed at Research Fellow level, since this researcher requires a very extensive skillset which will 

enable them to undertake the technical research work. This work will be a combination of 

methodology development informed by various academic and industrial parties, extensive data 

handling and manipulation, coding the developed concepts into software tools, and communicating 

the outputs (papers, technical outcomes, case studies, cost reductions) across institutions and sectoral 

boundaries. 

Staff Directly Allocated 

PI allocated 5% FTE for the full 12 month project duration (£2,785). Co-I allocated 10% FTE for the full 

12 month duration (£16,405 – includes all overheads at Exeter). This covers project management, 

engagement with external academic colleagues and industrial partners. Also covers impact activity – 

publishing, ensuring work is publicised via social media and in industry forums etc. This sum also covers 

intellectual leadership and steering of the methodology development outlined in the Case for Support. 

 

Travel and Engagement 

There are 3 key components to this. 

1) Travel - Engagement – Strathclyde and Exeter each request £1,500 to facilitate engagement, for a 

total of £3,000. This will cover UK academic collaboration within the project lifetime, as well as kick 

off meetings, quarterly updates with JFMS management team and attendance at SuperGen Hub 

meetings. This will also facilitate joint working on 2 co-authored publications: 1) A WindEurope paper 

on the initial phases of work and 2) A top-tier academic journal paper on the final method and findings  
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2) Travel – Site visits/ JFMS – This has been costed at 2 trips for a total of £500. This will facilitate 

increasing the impact of this work by linking it to specific sites. By speaking directly to the marine 

planners and control room operatives on these visits the team hope to embed operational constraints, 

including safety measures, into the methodology. Site selection has not been finalised but is likely to 

involve Greater Gabbard.  

3) Travel - Dissemination – This covers attendance at 1 top-tier conference (WindEurope 2018), with 

a budget of £500 for conference fees and £500 for travel and subsistence. With the novelty of this 

approach and the focus on safety, it is important that the dissemination activity reaches both 

academia and industry, and the WindEurope conference dissemination will achieve both. 

Project Partner In-Kind Contribution 

Partner  In-kind contribution item £Contribution 
JFMS 10 person-days (marine controller, vessel dispatch control room) £1,500 

JFMS CTV operational data, crew transfer probabilities etc £500 

Generating Better 2 person-days (industrial steering) £500 

 Total in-kind support £2,500 

 

James Fisher Marine Services (JFMS) have committed 10 person-days of staff time on the project – 

see letter of support. JFMS currently provide CTV services to the Galloper wind farm - this will enable 

ORACLES to access highly valuable operational insights which would be impossible without direct 

collaboration. The total in-kind contribution for this staff time is c£1,500. The total in-kind contribution 

for data is more difficult to calculate due to the unique nature of vessel operational data, so a nominal 

figure of £500 is proposed. This creates a total JFMS contribution of £2,000 in-kind support for 

ORACLES 

Generating Better have committed 2 person-days of staff time to the project. This will be in the form 

of company CEO input to the project, which will help steer the project towards areas of greatest need 

in terms of safety performance. This creates to total Generating Better contribution of c£500 in kind 

support for ORACLES. 

Other co-funding 

In parallel with this application, the PI is submitting an application for internal Strathclyde funds to 

facilitate this project engaging with Dr Raul Guanche of University of Cantabria, who leads a research 

team looking at interaction of wind and wave field with offshore structures. Such interactions are 

important for the conditioning of forecasts, and treatment will differ depending on foundation 

technology, therefore there is research value in establishing how our two modelling approaches could 

be combined. Understanding how interaction with jacket structures and moored floating platforms 

alters the forecast could be important for the next generation of offshore wind farms. Therefore a 

substantial visit to UoCantabria has been costed as part of the co-fund. If this application is successful 

this will result in further co-funding for ORACLES of c£1,500.  

Facilities 

The postdoctoral researcher employed on this research project will be based in Strathclyde’s state of 

the art Technology and Innovation Centre building with full access to its excellent facilities. This facility 

will also be used to bring together the research consortium for key meetings and workshops on the 

project.  

 


