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Features of a high fidelity 

cost/revenue model

A high-fidelity model should predict the different 
costs of a typical OW farm in a lifecycle-phase-
sequence pattern, by:

adopting the most up-to-date parametric 
equations found in the literature; 

developing new parametric equations where 
latest data are available; 

accurately predicting operation and 
maintenance costs in conjunction with latest 
reliability data through appropriate 
engineering models;

Considering the real time of money through 
accounting for the time that expenses and 
revenues have occurred; 

considering uncertainty of key variables in a 
systematic way and assigning confidence 
levels on the expressions of estimated KPIs.

Tool/Model Institution/Owner Year Commercial Software Model output Ref 

Santos et al CENTEC, Univ. of 

Lisbon (Portugal) 

2018 No GRIF (Petri 

Net) 

Costs, Availability [38]  

ECN O&M 

Access 

ECN 2017 Yes Not specified Accessibility [39], [40]  

Rinaldi et al Univ. of Exeter (UK) 2017 No Not specified Costs, 

Availability 

[41]  

Ambühl and 

Sørensen 

 

Alborg Univ. 

(Denmark) 

2017 No Not specified Cost,  

Availability 

RCM 

[42]  

Li et al Universities of 

Playmouth, Stirling, 

Liverpool (UK), and 

Le Havre (France) 

2016 No Xpress IVE Costs,  

Optimal maintenance 

[43] 

Joschko et al Univ. of Hamburg, 

Bremen Univ. of 

Applied Sciences 

(Germany) 

2015 No BPMN 2.0,  

DESMO-J 

(Java) 

Costs [44], [45]  

Endrerud et al 

 

Univ. of Stavanger 

(Norway) 

2014 No AnyLogic 

(Java) 

Costs 

Availability 

[46]  

NOWIcob 

 

NOWITECH 2013  Not specified Costs 

Availability 

[36]  

Dinwoodie et al Univ. of Strathclyde 

(UK) 

2013 No MATLAB Costs 

Availability 

[47]  

Byon et al 

 

Univ. of Michigan 

(USA) 

2010 No DESJAVA Costs 

Availability 

[48]  

Maros DNV 2010 Yes Not specified Net present value [49]  

SIMLOX 

 

Systecon 2010 Yes Not specified Costs 

Optimal maintenance 

[50]  

Iberdrola tool 

 

Iberdrola 2010 Yes Not specified CAPEX/OPEX 

Power 

[51]  

MWCOST 

 

BMT 2009 Yes Not specified Net present value [51]  

OMCE ECN  2009 Yes MATLAB Costs [52], [53]  

Besnard et al 

 

KTH Chalmers 

(Sweden) 

2009 No GAMS, 

MATLAB 

Costs [54], [55]  

Rangel-

Ramirez and 

Sørensen 

Alborg Univ. 

(Denmark) 

2008 No Not specified Costs [56], [57]  

O2M 

 

GL Garrad Hassan 

(DNV) 

2007 Yes Not specified Costs 

Lost production 

[37]  

ECN O&M  

 

ECN 2007 Yes Excel @Risk Costs [35], [58], 

[59]  

Bharadwaj et al 

 

Loughborough Univ. 

TWI Ltd (UK) 

2007 No Excel @Risk Net present value [60]  

Andrawus et al 

 

Robert Gordon 

Univ. (UK) 

2006 No Excel, Cristal 

Ball 

Net present value [61] 

RECOFF-model ECN 2004 No Excel @Risk Costs [62] 

Maddens et al Universite Libre de 

Bruxelles (Belgium) 

2004 No GRIF (Petri 

Net) 

Costs 

Availability 

[63]  

CONTOFAX 

 

TU Delft 

(Netherlands) 

1997 No Excel Costs 

Availability 

Power 

[35] 
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Integrated cost revenue 

model
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Availability basics
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O&M module



Logo

O&M module

O&M cost module framework

Reliability module framework
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Inputs for the individual 

modules

Site 
characteris
tics module

Total wind farm capacity

Projected operational life of the wind farm

Construction years

Number of turbines

Distance to port

Water depth

Rotor diameter

Hub height

Pile diameter

Rated power

Cut-in speed

Cut-out speed

Vessel information

Personnel costs

FinEX
module

Weight Average Cost of Capital

Inflation rate 

Equity to debt ratio

EIA module Greenhouse gas emissions of materials

Masses of materials

Vessel consumption

Vessel speed
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Inputs for the individual 

modules
LCC module Legal costs

Environmental survey costs

Engineering costs

Contingency costs

Project management cost

Unit cost of cables

Tonnage of scour protection per unit

Rock-dumping vessel capacity

Number of trips required to the installation of scour protection

Total transportation time of scour protection by rock-dumping vessel

Dumping time per trip

Loading time per trip and Mobilisation cost of rock-dumping vessel

Installation rates of export and array cables

Number of piles per substation foundation

Rate of piling the piles of the substructure

Depth of pile under the soil

Reposition time of the vessel

Installation time of the substation’s jacket

O&M module Failure rates

Sub-system breakdown

Failure categories

Wind speed

Wave height

Energy price

Interest rates

Material costs

Vessel costs

Crew costs

Maintenance times

Subsystem grouping

Required crew

Required main vessel type

Required support vessel type

Repair times

Required crew number

Required main vessel type

Required support vessel type

Spare stock initial

Spare stock minimum

Spare wait time 

Mission organization time
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Uncertainty in cost data
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Stochastic expansion of cost 

revenue model
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Case study: 504 MW offshore 

wind farm 
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Case study: Life cycle cost 

breakdown

CAPEX = £1.674 billion (Total 
undiscounted)

Annual OPEX = £56.597 million

NPV = £284 million at a real discount rate 
of 6.15% with an IRR= 10.3%

LCOE= 109 £/MWh

Lifecycle costs Value

CAPEX in k£

Total P&C costs, 𝐶𝑃&𝐶 205,750

Total P&A costs, 𝐶𝑃&𝐴 1,040,230

Total I&C costs, 𝐶𝐼&𝐶 305,742

Total D&D costs, 𝐶𝐷&𝐷 122,860

OPEX in k£/year

Total O&M costs, 𝐶𝑂&𝑀 56,597
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Case study: Sensitivity 

analysis
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Strike price (£/MWh) Return on equity (%)
Interest rate on debt (%) Mean time to failure (h)
Share of Equity (%) Cost of wind turbine (million £/unit)
Inflation rate (%) Technicians shift duration (hours)
Wholesale electricity prices (£/MWh) Workboat significant height limit (m)
Corporate tax (%) Cost of foundation (million £/unit)
Jack up vessel dayrate (£/day) Weather adjustment factor
Contingency costs (million £) Depreciation (%)
Cost of offshore substation (million £) Average repair cost (£)
Installation time of transition piece (h) Project management cost (million £)
Workboat work dayrate (£/day) Fixed annual cost per technician (£/year)
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Stochastic 

inputs/Approximation models
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Probabilistic results
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Cost/revenue profiles of 

different investor strategies
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Baseline case and variation to debt to equity ratio
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LCC module outputs 



Logo20 Power Module

O & M Modelling Outputs – Preliminary Results
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O & M Modelling Outputs – Preliminary Results

Maintenance Module



Logo22 Reliability Module

O & M Modelling Outputs – Preliminary Results
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O & M Modelling Outputs – Preliminary Results

Reliability Module
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O & M Modelling Outputs – Preliminary Results

Maintenance Module
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Reducing Failure rates by 

30%
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Reducing cost of materials 

by 20%
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Increasing PF intervals by 

100%
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Extend service life to 40 yrs
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Reduction of distance to 

25%
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Impact assessment scenarios and KPIs

1. How much do KPIs change if we reduce unplanned maintenance by

60/80% (related to SO5)?

2. How much do KPIs change if we invest in CMS and obtain PF intervals

by 30% of TTF?

3. How much do KPIs change if we achieve reduction in failure rates by

30% (related to SO1)?

4. How much do KPIs change if we achieve reduction in material costs by

16% (related to SO4)?

5. How much do KPIs change if we assume life extension by 5/10/20

years?

6. How much do KPIs change if we invest in CMS and reduce inspections

by 30% (related to SO3)?

7. How much do KPIs change if we invest in CMS and reduce inspections

by 24-47% specifically for jacket substructures (related to SO6)?

8. How much do KPIs change if we reduce cost of jacket substructures by

19-41% (related to SO7)?

9. How much do KPIs change if we reduce overall O&M costs by 8%

across the offshore wind farm (related to SO8)?

10. How much do KPIs change if we adjust maintenance strategy

dynamically, instead of considering a constant through-life strategy?

Wind turbine 
availability

Wind farm 
availability

Maintenance 
cost

OPEX

LCoE NPV

Revenue loss Downtime

Duration of 
offshore 

operations

Environmental 
Impact
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Lite version of the tool



Logo32 Power Module – GUI (Graphical User Interface)

O & M Modelling Outputs – Preliminary Results
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Effect of weather forecast uncertainty to 

offshore wind farm availability assessment 

Effect of weather forecast uncertainty to offshore wind farm 

availability assessment 

M. Richmond1, R. Pandit1, S. Koukoura1, A. Kolios1, Submitted
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Effect of weather forecast uncertainty to 

offshore wind farm availability assessment 
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Influence of extended P-F intervals through condition 

monitoring systems on offshore wind turbine availability
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Develirables
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