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• Need to understand the past before talking about cost reduction in the future 

• Between 2003 and 2010, CAPEX increased (blue bars) 

• Much can be explained by change of site conditions 

• Much of the rest can be explained by market conditions 

• Due to increases in site wind speeds and use of larger turbines, LCOE decreased during period  

despite CAPEX increase 

• CAPEX stabilised 2010-12 

Cost of energy 
Health warning 
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CAPEX has been going up, not down 
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4 Dimensional cost model: Time, types of wind farm site, 

turbine sizes, industry scenarios 

6 Industry day-long workshops (in UK, DK, DE) 

 

20  Deep industry interviews (4 hours +) 

 

125 Industry individuals directly involved  

 

215 Pages – available for download from our website 

 

 

 

Methodology in numbers: technology work stream 

Cost reduction pathways study 

 Overview 

• 2011 UK Government Energy white paper: 

• Central scenario 13GW by 2020 

• Minded to support to 18GW if cost of energy  

reduced – target £100/MWh 

• The Crown Estate cost reduction pathways study established to 

evidence what industry thinks could be done 

• Supply chain, finance and technology work streams 

                     =                 +                 + 

 

 
• Published summer 2012 

 

Context 
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Cost reduction pathways study: results 

• Given right external conditions, industry  

can meet target: 

• Confidence in market size to beyond 2020 

• Smooth and timely transition under EMR 

• Planning consent timelines reliably met 

• Clear and predictable offshore grid  

regulatory framework 

• Facilitation of new technology introduction 

• To deliver, industry also needs to work together: 

• Best practice, standardisation,  

risk management, accessing new finance 
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Why focus on reliability 
The case for focus on wind turbine reliability 

OPEX is already 1/3 of LCOE and growing 
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Why focus on reliability 
The case for focus on wind turbine reliability 

Most non-fixed OPEX is turbine-related 
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Why focus on reliability 
The case for focus on wind turbine reliability 

Most  OPEX is unplanned service – reactive or proactive 
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Why focus on reliability 
The case for focus on wind turbine reliability 

Summary 
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OPEX 

~40% of LCOE 

Operations 

Unplanned 
Service 

~75% of OPEX 

Turbine 

~90% of Service 

Electrical 
Transmission 

Foundation 

Planned 
Maintenance 

If... 

• If turbines were 100% reliable, so just needed visits for 

planned maintenance... 

• OPEX down 68% 

• Lifetime expenditure down 27% 

• Lost energy down by 90% 

• LCOE down by 30% 

 

• Visits down 70%  

• Accidents down by >80% 

• Increased certainty would increase pool of investors 

and hence decrease cost of capital 
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 Lots good 

 Few components / systems tested thoroughly 

 Poor justification for component survival (beyond 

calculations) 

 Main component exchange not designed in / tested 

 Not possible to easily replace wear parts 

 Poor / incomplete manuals and troubleshooting guides 

 Track record of unreliable systems / repeat faults 

 Training strategies not implemented 

 Site work records incomplete 

 SCADA report errors 

 Significant inefficiencies on site 

 Type Certificate (does not consider the above) 

 

 

 

Why focus on reliability 
The case for focus on wind turbine reliability 

Where our experience comes from 
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Due diligence - experience 
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Reliability centred approach  
Important ingredients of  reliability centred approach 

1a. Reliability budget 
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Turbine  
MTBF* = 3 months  

(90 days) 

Rotor 
365 days 

Blade 

900days 

Hub Assembly 
600 days 

Blade bearing 
3650 days 

Pitch System 
450 days 

Other 
3650 days 

Nacelle 
200 days 

Drive Train 
MTBF =  700 days 

Gearbox 
MTBF =  3650 days 

Generator 
MTBF =  3650 days 

Converter 
MTBF =  2000 days 

Other 
MTBF =  2700 days 

Yaw system 
MTBF =  900 days 

Control system 
MTBF =  700 days 

Auxiliary systems 
MTBF =  900 days 

Tower  & 
Transition Piece 

300 days 

10 Steps to success 

 

 

 

 

1.    Reliability and OPEX  

   budgets (and model) 

 

 

* MTBF (large vessel intervention, small 

vessel intervention & remote reset) 
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Reliability centred approach  
Important ingredients of  reliability centred approach 

1b. Reliability and OPEX model 
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OMS strategy 

• Failure response strategy 

(MTBR) 

• Weather capability 

• Vessel-related, labour and 

spares costs 

 

 

Generic design site 

conditions 

• Distance to OMS port 

• Range of other physical site 

parameters 

• Wind and wave climate  

(inc. persistence data) 

 

Availability 

Energy- or time-based 

 

OPEX 

Taking into account lost revenue  

Product design and 

verification 

Justification for MTBF data 

based on: 

• Operational experience 

• Reliability analyses 

• Sub-system and component 

verification and testing 
 +  

10 Steps to success 

 

 

 

 

1.    Reliability and OPEX  

   budgets (and model) 

MTBF 

Three sets of MTBF data, self-

consistent  down to sub-

system/component level*: 

• Simple resets 

• Small vessel interventions 

• Large vessel interventions 

 +  
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Reliability centred approach  
Important ingredients of  reliability centred approach 

2. ‘Rules of thumb’ 
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• A ‘small boat’ intervention 

costs average €15,000 

• Worth spending €1k CAPEX if 

can save €X OPEX per year 

• Downtime costs average 

€8k/day (€20k for windy day) 

 

• FMEA – hard to do well, 

balanced across range of 

components 

• Logic and probalistic FTA 

• Six sigma 

3. Component reliability reviews 10 Steps to success 

 

 

 

 

 2.   ‘Rules of thumb’ 

1.    Reliability and OPEX  

   budgets (and model) 

3. Component reliability 

reviews 
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Reliability centred approach  
Important ingredients of  reliability centred approach 

4. Test and verification 
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Reliability centred approach  
Important ingredients of  reliability centred approach 

5. Demonstration of maintenance procedures 
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Reliability centred approach  
Important ingredients of  reliability centred approach 

6. Joined up SCADA/control/CM 
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10 Steps to success 
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Holistic  

decisions 
 

CMS 
Engineering 
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Reliability centred approach  
Important ingredients of  reliability centred approach 

7. Feedback from site 
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Reliability centred approach  
Important ingredients of  reliability centred approach 

8. Useful, accurate data 
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Reliability centred approach  
Important ingredients of  reliability centred approach 

9. Fix first time approach 
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Reliability centred approach  
Important ingredients of  reliability centred approach 

10. Reliability champion 
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Bill Shankly, Liverpool Football Club 
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Reliability centred approach during wind turbine development 

Important ingredients of  reliability centred approach 

Beautiful, happy offshore wind farms... 
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... are born in messy places 


