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Table 4. Examples of projects using VSC HVDC for connection of offshore wind farms 

Project name and 

location 

Topology Commissioned (year) Rating (MW) DC voltage (kV) DC cable (km) 

BorWin1 

(Germany) 

HVDC Light 2012 400 +/-150 125 (submarine) 

75 (land) 

DolWin1 

(Germany) 

HVDC Light 2013 800 +/-320 75 (submarine) 

90 (land) 

DolWin2 

(Germany) 

HVDC Light 2015 900 +/-320 45 (submarine) 

90 (land) 

HelWin1 

(Germany) 

HVDC Plus 2013 576 +/-250  

BorWin2 

(Germany) 

HVDC Plus 2013 800 +/-300 125 (submarine) 

75 (land) 

SylWin1 

(Germany) 

HVDC Plus 2014 864 +/-320  

Bresesti (2007) evaluates the benefits and drawbacks of DC transmission for offshore wind farms. Xu and 

Andersen (2006) describe HVDC systems for wind farms consisting of doubly fed induction generators. 

 

6.1.1.2 DC collection and transmission 

Pure DC grids for offshore wind farms is an active topic for research and development, but no such solutions 

have yet been implemented in any wind farm that exists or is under construction. The main attraction is 

potentially reduced costs as the technology may provide for lesser components inside the wind turbines and 

avoiding the need for large offshore substations. A possible configuration with DC collection and transmission 

is shown in figure 33. Here the standard wind turbines are modified taking out the grid side converter and 

step-up transformer, and replaced by a DC/DC booster and connected in series to step-up the voltage to 

transmission level.  

Since the turbines are connected in series, the voltage to earth increases for each connected turbine. Although 

the voltage difference at the DC terminals may be only 3 kV, the voltage to earth will for the last turbine equal 

the transmission voltage (to earth), e.g. 100 kV. Hence, electrical insulation is a serious challenge for these 

types of configurations. Insulation has to be incorporated somewhere. One possibility is to use a transformer 

(as part of the DC/DC booster); other options are to include the insulation in the generator or the entire 

nacelle. Besides the electrical issues themselves, there is also a question of maintenance at such high voltages. 

These, and other technical challenges related to DC wind farms are active topics of research. 
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Figure 33. Example configuration of offshore wind farm with DC collection and transmission. Source: SINTEF, 2012

Thorough discussions of DC wind farm options are found e.g. in

6.2 Innovations and possible step changers

6.2.1 Offshore grid 

This sub-section discusses some aspects of grid connection of wind farms from a higher level perspective 

where wind farm connections are coordinated cluster by cluster and w

Clustering of wind farms 

It is expected that many future offshore wind farms will be in relatively near proximity to each other compared 

to the distance to shore. In such situations it is likely to be beneficial to have a c

wind farms within a cluster. Clustering together with offshore petroleum installations may give additional 

benefits.  

Combined solutions involving offshore wind farms and regional HVDC interconnectors are also an interesting 

option (De-Decker et al. 2011). 

Clustering of offshore wind farms has already been decided in Germany, and offshore cluster substation with 

transmission cables to land are already built (e.g. HVDC BorWin1). In the German model, these are owned and 

operated by the Transmission System Operator (TSO), so the wind farm grid connection point is in fact the 

offshore substation. 

Finding the optimal grid layout and control scheme for a wind cluster grid and transmission system is not easy, 

as wind farms are likely to be developed step

considerations should take into account the risk that a planned wind farm may be delayed or not built at all.

Offshore wind farms as part of an offshore power grid

Wind energy is a variable source of electric power and large wind farms and clusters have a significant impact 

on power prices and power flow in the grid. For this reason they affect the power exchange (both trading and 

balancing) between different price areas and count

interconnectors are planned in the proximity of each other, it is therefore highly relevant to consider 

combined grid solutions. Investigations have shown that solutions where wind farm grid connection 

considered in coordination with an offshore grid more generally can give overall cost reductions

al. 2011, Huertas et al. 2011).  

       

Example configuration of offshore wind farm with DC collection and transmission. Source: SINTEF, 2012

Thorough discussions of DC wind farm options are found e.g. in Lundberg (2006) and Meyer (2007)

Innovations and possible step changers 

section discusses some aspects of grid connection of wind farms from a higher level perspective 

where wind farm connections are coordinated cluster by cluster and with other power exchange cables.

It is expected that many future offshore wind farms will be in relatively near proximity to each other compared 

to the distance to shore. In such situations it is likely to be beneficial to have a common grid connection for the 

wind farms within a cluster. Clustering together with offshore petroleum installations may give additional 

Combined solutions involving offshore wind farms and regional HVDC interconnectors are also an interesting 

Clustering of offshore wind farms has already been decided in Germany, and offshore cluster substation with 

transmission cables to land are already built (e.g. HVDC BorWin1). In the German model, these are owned and 

by the Transmission System Operator (TSO), so the wind farm grid connection point is in fact the 

Finding the optimal grid layout and control scheme for a wind cluster grid and transmission system is not easy, 

o be developed step-wise and have different owners. For example, the economic 

considerations should take into account the risk that a planned wind farm may be delayed or not built at all.

Offshore wind farms as part of an offshore power grid 

a variable source of electric power and large wind farms and clusters have a significant impact 

on power prices and power flow in the grid. For this reason they affect the power exchange (both trading and 

balancing) between different price areas and countries. In areas where offshore wind farms and offshore 

interconnectors are planned in the proximity of each other, it is therefore highly relevant to consider 

combined grid solutions. Investigations have shown that solutions where wind farm grid connection 

considered in coordination with an offshore grid more generally can give overall cost reductions
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To date, grid connection of offshore wind farms has been achieved by dedicated cables, bringing the power 

directly to shore before transporting it to where the demand is, possibly exporting it via a trade 

interconnector. Such connections are usually referred to as radial connections. The cost-reducing alternatives 

mentioned above include some level of meshed grid, where power from wind farms is allowed to flow in more 

than one direction. An example where such connection options have already been considered is the planned 

Kriegers Flak wind farms in the German, Swedish and Danish border region of the Baltic Sea. 

Multi-terminal DC grid 

The term multi-terminal DC grid refers to DC grids with three or more terminals to a common DC bus. For a 

cluster of wind farms, or in situations where it may be desirable to combine the grid connection of one or 

more wind farms with an offshore HVDC transmission corridor, multi-terminal HVDC grids are widely thought 

of as a possible future choice of preference. The main obstacle for the emergence of such solutions today is 

the lack of proven technology, in particular related to the protection against faults in the DC grid, i.e. DC circuit 

breakers for high voltages and high power ratings. Current technologies rely on power electronics and are 

costly. AC protection is inherently easier since the current alternates between a positive and a negative value 

and is therefore instantaneously zero twice per period. These zero crossings are the points when the circuit 

breaker breaks the current. More discussion of DC grids and protection is found in Yang et al 2010. 

However, it is likely that DC protection equipment will become commercially available in the future. 

Different multi-terminal HVDC-VSC topologies for large offshore wind farms are investigated in Gomis-

Bellmunt et al (2011), which includes a description of system requirements and a review of control schemes 

and HVDC circuit topologies. An analysis of DC-side faults, their transients and resulting protection issues is 

presented in Ref. [17]. The study includes short-circuit faults and cable ground faults, and a protection design 

and relay coordination method is proposed for a small-scale DC wind farm. Kling et al. (2008) includes a 

discussion on multi-terminal DC grids and points out that DC-voltage droop characteristics can be used to 

control the amount of power exchange to the AC-networks.  

A good reference that gives a thorough overview of power electronics and grid solutions for offshore wind 

farms is Nee and Angquist (2011). 

Connection to offshore oil and gas installations 

Connection of offshore wind farms to offshore oil and gas installations may be a viable option. Typically 

offshore oil and gas installations are operated with gas turbines for electricity supply. Connecting wind 

turbines to these will save fuel and emissions as the load of the gas turbines would be reduced, whereas a 

stable electricity supply is secured by the combination of gas and wind turbines. This can be done for single 

platforms connecting a few turbines or for a cluster of platforms connecting a medium sized wind farm. 

Another alternative is to let the wind farm and the oil and gas installation to share the connection to shore. 

This can be done for small wind farms or large wind farms. In this case the gas turbines on the platforms may 

not be needed.  

7 Operation and maintenance 

7.1 Technology status and trends 

7.1.1 Introduction to offshore wind operation and maintenance 

In the context of offshore wind power all normal, daily work done off- or onshore to enable the turbines to 

produce electricity is regarded as operation. Included in these activities is surveillance of the wind farm in an 

onshore control centre. Maintenance, on the other hand, is about repairing faults (minor and major) and 
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carrying out preventive maintenance on the equipment to improve its condition. Depending on the number of 

failures, maintenance on a turbine should normally be done only a few times each year.  

The maintenance regime applied offshore is in many instances adopted from land-based applications, and the 

long-term component effects of a saline atmosphere may not be covered by these established maintenance 

regimes. Historically, most of the maintenance done in the wind power industry has been corrective ("run to 

failure") (Bratland 2010). For offshore wind farms this is considered too unpredictable because the weather 

conditions play such a significant role when it comes to possibilities for carry out repair actions. Thus, a shift to 

more preventive maintenance, and even condition- or opportunity-based, is foreseen. 

Current trends in O&M: 

• Turbine reliability remains an issue. The early “offshore” turbines were in reality lightly marinized onshore 

turbines.   

• Access systems and strategies have evolved—and will continue to do so. The projects reviewed have 

varied experience regarding access to the turbines for routine inspections and unplanned repairs. Poor 

weather conditions, particularly wave conditions, lower accessibility.   

• Turbine manufacturers carry burden of early turbine challenges. Five-year operations and maintenance 

contracts between turbine manufacturers and project owners are the industry norm. The turbine 

manufacturers are responsible for establishing an operations organization, planned and unplanned 

maintenance, as well as component replacements.  

• O&M crews are based onshore—but that is changing. Commissioned in May 2009, Horns Rev 2 is the first 

project with on-site living quarters for the operational and maintenance teams. The sailing distance to the 

nearest port of Esbjerg is 35 nautical miles or approximately 3 hours. The developer has decided that it is 

more cost-effective to bring the operational team out to the site. With a capacity of 24 persons, the living 

quarters are located  15 metres from the Offshore   

• High Voltage Substation, connected via a bridge. It is expected that projects to be completed farther 

offshore will rely on similar solutions, including hotel ships and semi-permanent jackups stationed at the 

site 

Operation and maintenance strategies which maximise the energy yield from turbines while minimising O&M 

costs, are essential for the commercialisation of offshore wind power. The strategies should take advantage of 

advanced condition-based and risk-based maintenance philosophies in order to improve operational efficiency 

and reduce costs. They should also address the challenge of access, developing and testing novel systems and 

vessels to deliver a variety of access options. 

Table 5. Strategy elements for offshore wind. Source: Multiconsult, 2012 

Strategy Element Options and Best Practices for Offshore Wind 

Maintenance 

philosophy 

 

•Periodic maintenance (regular preventive + occasional corrective); currently the norm, similar to 

onshore wind 

•Predictive maintenance (condition based); becoming the norm 

 

Staffing 

•Close to shore: operate from onshore control stations. 

•Farther from shore: use of offshore accommodation facilities. 

Vessel strategies 

 

•Dedicated purpose built lifting vessel (justified for large farms >100 turbines); also use for 

construction 

•Mother ship that is permanently offshore to allow smaller service vessels to restock (compliant with 
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the Jones Act) 

•Floating barge to transport a land based crane offshore 

•Sharing of vessels 

Parts and 

warehousing 

•Store critical spares at an onshore O&M center 

•Shared O&M and spare parts storage facilities 

Plant design 

 

•Systems to facilitate component change out, such as cranage facilities within the nacelle 

•Preventive and automatic systems that can carry out oil, brush and filter changes without human 

presence 

•Modular drive trains to simplify heavy part replacement 

•Backup power diesel generator on the substation platform 

Access to 

turbines 

 

•Platforms fixed to towers above the splash zone with fender posts to absorb vessel impact 

•Flexible gangways extended from the vessel 

•Winch/netting for personnel and equipment 

Safety 

 

•Emphasis on safety during high risk activities such as accessing blades, crane and diving operations 

•Use of CO2 fire suppression systems in manned areas 

•Use of elevators in highly corrosive environments 

Predictive 

maintenance 

 

•Install sensors and equipment to monitor the condition of the drive train in real time 

•Plan ahead for multi-component replacement/repair 

•Schedule using the equivalent operating hours concept 

•Optimize gearbox intervention times 

•Optimize use of vessels 

•Monitoring of cable temperature, stress, scour, abrasion 

7.2 Innovations and possible step changers 

Innovative support vessel 

We know from the oil and gas sector that offshore supply vessels are one of the most costly resources in the 

supply chain, and the investment and operation costs of the offshore wind farm vessel fleet can therefore be 

expected to constitute up to over 30% of the total cost of energy for a far offshore wind farm. This means that 

large savings can be obtained if the vessel fleet is optimized with respect to size and vessel characteristics, and 

the fleet is operated efficiently (FAROFF 2010). 

The innovation within this area is considerable and the support vessel that is planned by SeaEnergy can serve 

as an example of this (see Figure 34). The drivers for development and innovation is of course cost reduction 

and maximising the electricity production, mostly related to the possibility of accessing the turbines in bigger 

waves heights, to operate in deeper waters and at more distant locations, and the increase in wind farm sizes 

that is expected (e.g. Doggerbank). 
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Figure 34. Planned support vessel from SeaEnergy
8
 

 

Mother ship vessel 

Going more than about 20 km from shore, a living platform may be a relevant solution. Even a so-called 

mother/daughter ship may be profitable if the wind farm is large enough. This is shown by the cost estimates 

done as part of this work. A mother ship serves as living quarter for the maintenance crew, and at the same 

time it can be used as a crane ship when heavy lifting within the wind farm is required. Even if such a ship is 

very expensive (> 1 billion NOK) it can still be profitable due to the combination of functions it provides. With a 

living platform or mother ship dedicated to a wind farm, the implications for the daily O&M tasks will be 

comparable with near shore wind farms since O&M personnel and spare parts are already on site. When it 

comes to replacement of bigger and heavier components it is always a question of storage space, and with a 

far offshore wind farm it will of course take more time to get a spare part to the turbine if it is not available on 

site. Thus, faster and bigger access vessels may be a solution far offshore.  

An example of a vessel fleet has been presented by Pieterman et.al., as part of a case study of a  

520 MW wind farm consisting of 130 wind turbines of 4 MW rated capacity. The wind farm is located 120 km 

from the nearest harbour and the water depth is 30 m. The vessels needed for operation and maintenance of 

this fictitious wind farm are listed below on Figure 35. 

The service vessel segment for current wind farms, based on an onshore O&M base is regarded to be covered 

by the industry and research. However, several aspects are lacking to meet the requirements of the market for 

far offshore wind farms that require an offshore O&M base / mother ship to drive a cost efficient industry 

development: 

• Detailed functional requirements and capacities (operational range, speed, dynamic positioning, 

stability, passengers, work shop, storage, crane etc.) 

• Health, safety and environment (HSE) accept criteria for all relevant functions and operations 

• Safe and robust launch and recovery systems for daughter vessels (of size 24 m /  

12 passengers or bigger 

These aspects are being explored in e.g. the FAROFF project in the RENERGI program (FAROFF, 2010) 

 

                                                                 

8
 http://www.seaenergy-plc.com 
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1 jack-up vessel for transporting and hoisting large 

components. Jack Up Vessel JU004 

 

1 cable lying vessel for replacing power cables

2 helicopters for transporting technicians for specific 

types of maintenance and emergency evacuation

Figure 35. Vessels used in a 520 MW wind farm (the pictures serve only as illustrations)

Manned offshore platforms 

Maintenance and service operations involve the transport of crew and equipment to the location. Due to 

weather window restrictions and the travelling distance from shore, it can be worthwhile for remote wind 

farms to reduce travelling times by installing an accommo

this concept is only applied at Horns Rev 2, where an accommodation platform was installed alongside the 

offshore substation. 

                                                                

9
 http://www.4coffshore.com 

10
 http://www.windcatworkboats.nl 

11
 http://www.maritimejournal.com 

12
 http://www.houlderltd.com 

13
 Bond Aviation Services  http://www.flightglobal.com/n

14
 OffshoreWind – InWater Service http://www.nordseetaucher.de

       

up vessel for transporting and hoisting large 

components. Jack Up Vessel JU004 
9
 

3 workboat access vessels for transferring 

technicians and transporting small components.

WindCat MKIII 
10

 

 

1 cable lying vessel for replacing power cables
11

 

 

1 mother ship for accommodation of technicians 

and storage of small components

 

2 helicopters for transporting technicians for specific 

emergency evacuation
13

 

2 diving support vessel for underwater inspections 

and repair
14

 

Vessels used in a 520 MW wind farm (the pictures serve only as illustrations)

ce and service operations involve the transport of crew and equipment to the location. Due to 

weather window restrictions and the travelling distance from shore, it can be worthwhile for remote wind 

farms to reduce travelling times by installing an accommodation platform as part of the wind farm. Until now, 

this concept is only applied at Horns Rev 2, where an accommodation platform was installed alongside the 

                         

Bond Aviation Services  http://www.flightglobal.com/news/articles/winds-of-change-361819/ 

InWater Service http://www.nordseetaucher.de 
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3 workboat access vessels for transferring 

small components. the 

1 mother ship for accommodation of technicians 

and storage of small components
12

 

 

2 diving support vessel for underwater inspections 

Vessels used in a 520 MW wind farm (the pictures serve only as illustrations) 

ce and service operations involve the transport of crew and equipment to the location. Due to 

weather window restrictions and the travelling distance from shore, it can be worthwhile for remote wind 

dation platform as part of the wind farm. Until now, 

this concept is only applied at Horns Rev 2, where an accommodation platform was installed alongside the 
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Figure 36. Offshore substation with accommodation platform alongside. Source: Dong Energy 

There are several advantages with coupling an accommodation platform to the sub-station, e.g. utilisation of 

common infrastructures like power supply and telecommunication. Also sharing of the same helicopter deck 

and common access facilities for vessels are cost-effective benefits with such a concept. In addition, the 

maintenance crew will have very easy access for operation and maintenance of the critical components on the 

sub-station itself. 

Access methods 

Access to the turbines for maintenance purposes is critical both regarding safety of personnel and unplanned 

downtime of a turbine. Table 6 gives an overview of the most typical access methods. 

Table 6. Characteristics of typical access methods. Source: Access to offshore wind turbines 2004 

     

Type Signicant wave 

height in metres 

Average wind 

speed in m/s 

(1hr at 10 m 

height) 

Example of 

application 

Advantages Disadvantages 

Direct boat landing 0.5 - 1.5  (rubber 

boats) 

2.5 (SWATH) 

10 Nysted (rubber 

boats) 

Bard 1 (SWATH) 

Simple Sensitive to marine 

growth and icing 

Boat landing with 

motion 

compensating 

2 - 2.5 (OAS) 

2 - 3 

(Ampelmann) 

11.5 (OAS) 

14 

(Ampelmann) 

Tested Not sensitive to 

marine growth 

Installation of 

additonal equipment 

on the vessel required 

Hoisting by crane 2.5 ? None Not sensitive to 

marine growth 

Remote control of 

crane 

Maintenance offshore 

required 

Helicopter - 15 - 20 Horns Rev, alpha 

ventus 

Not sensitive to 

waves 

Fast transport 

Expensive 

There is a lot of innovation going on within this area and WindServer by Fjellstrand can stand as an example of 

one promising concept. WindServer is one of the vessels shortlisted by the Carbon Trust Offshore Wind 

Accelerator in the UK
15

. 

                                                                 

15
 http://www.carbontrust.co.uk/emerging-technologies/current-focus-areas/offshore-wind/Pages/offshore-wind-access-

shortlisted.aspx#vessels 
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Figure 37. The Fjellstrand WindServer access vessel
16

 

Floating devices 

The turbine and substructure O&M for regular maintenance events follow industry standard intervals. 

However, in the case of unscheduled turbine maintenance (replacement of a complete turbine nacelle for 

instance), the floating structures hook-up operation can be reversed so that the system can be towed back to 

shore to make use of existing shore side infrastructure. This provides the opportunity for significant cost and 

risk reduction relative to unscheduled maintenance. 

8 The cost of offshore wind technology 

8.1.1 Case of a typical 500MW offshore wind farm in UK 

The average electricity cost of energy (LCOE) for offshore wind has been estimated for a typical project of 

500MW in 35 meters water depth to 1370 - 1480 NOK/MWh depending on the wind conditions. The cost 

estimation assumes a project lifetime of 20 years, a net capacity factor of 43% (taking into account losses) and 

an applied WACC of 9,5%. Grid connection & transmission cost are not included in the CAPEX but considered 

as a transmission charge as part of the O&M cost (ref. OFTO regime implemented in UK). The detailed 

breakdown of typical cost is available in appendix. 

Development cost ranges between 450 and 1400 kNOK per MW depending on site specifics (size of the site, 

distance to shore, degree of possible impacts) and national requirements on impact studies and upfront 

surveys (pre investment). 

Capital expenditure (CAPEX) 

As indicated by many reports, CAPEX has increased from 20 to 30 MNOK/MW over the last past 5 years and is 

expected by the industry to have reached a plateau ahead of incoming cost reductions. 

Surveys carried recently through leading institutions active in the sector indicates the five main cost drivers for 

driving up the cost of offshore wind energy in the past 5 years: 

• Unfavorable GBP to EUR exchange rate 

• Supply constraints for turbines 

• Increased commodity prices (steel
17

, copper) 

• Supply constraints in installation vessels 

• Increased water depth 

A typical CAPEX (2012) for a 500MW offshore wind farm is presented below: 

                                                                 

16
 Source: http://www.fjellstrand.no 

17
 A modern offshore wind farm consists typically of up to 72%

17
 if the chosen support structure is based on steel such as 

monopile, tripod or jacket. 
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Figure 38. CAPEX (NOK/kW; % of total). Source: Multiconsult, The Crown Estate 2012 

Operational expenditure (OPEX) 

O&M cost estimations varies from one study to another. This clearly reflects the lack of operational and 

maintenance experience from the industry as whole, on large projects in particular. 

 

Figure 39. OPEX (NOK/kW; % of total). Source: Multiconsult, The Crown Estate 2012 

Decommissioning cost is estimated by UK and French authorities to be in the range of minimum 400 NOK per 

MW for bottom fixed sites. High uncertainties stand behind this number which in practice varies with national 

requirements, water depth, support structure technology, future heavy lift vessels and processes. 

8.1.2 Future cost trends 

About future cost prognosis 

As explained above, offshore wind costs are site specific, subject to various cost drivers and are expected to be 

reduced through learning, industry competition or innovations. However evaluating long term cost reductions 

remains a critical exercise to give vision to policy makers regarding the economic potential and cost 

competitiveness of offshore wind versus other alternative power generation sources.  
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A study carried out in 2010 presents indications of expected future levelised cost of offshore wind for the 

purpose of determining the value creation potential for the UK. Considering the amount of uncertainties in 

addressing the broad national offshore resources in a single assessment, basic assumptions where made to 

estimate a min-max cost range. Assumptions were consolidated with inputs from the industry and developers 

sharing their views on how costs are likely to evolve over time in a 2045 perspective. In the graph below, cost 

projections for floating structures in water depth down to 30 meters have been voluntarily removed. 

 

Figure 40. Levelised cost of offshore wind energy (NOK / kWh). Source: Data from offshore valuation report, BCG 2010, 

graph by Multiconsult 2012 

All offshore wind stakeholders recognize that the current high level of offshore wind cost can only last for a 

temporary phase. The sustainability of the sector relies on its ability to reach grid parity on the long term. 

Today cost reduction is on the top of the agenda of the offshore wind industry. In a 2020 perspective, the 

delivery of the UK 2020 ambition in offshore wind requires, according to market players, a decrease of 30% 

from current cost levels in order to finance the total amount of round 1, 2 and 3 projects. In an effort to 

accelerate and bring confidence in the market’s ability to overcome technical challenges and drive cost down
18

 

by 2020, several studies are being carried out to identify the cost drivers and project future cost reduction 

curves, so far with limited success in matching actual data from executed project.  

 

Cost reduction 

Aside from the sensitivity to raw materials
19

, table 7 below indicates internal cost reduction factors to the 

industry directly addressable by the market players: 

Role of the government - As presented in a recent report
20

 from the British Wind Energy Association (BWEA), 

the likelihood of reducing cost substantially over the next 5 years is highly dependent on whether effective 

                                                                 

18
 The UK government has recently set the goal of a levelised cost of offshore wind energy of GBP 100/MWh by 2020; 

corresponding to a 30-40% cost reduction compared to current 2011 levels. 

 

20
 BWEA, UK Offshore Wind: Charting the Right Course - Scenarios for offshore capital costs for the next five years, 2009 

http://www.bwea.com/pdf/publications/ChartingtheRightCourse.pdf 
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action is taken by Government and industry now. More generally, the national governments’ role is key to 

unleash the potential of cost reduction through giving investors confidence in the market through profitable 

and stable incentive schemes, implementing reforms towards efficient and stable planning and consenting 

frameworks, funding RD&D efforts towards cost reduction and stimulating upfront investment in the supply 

chain through active and sustained regional support. More recently, the UK government has launched a more 

proactive initiative aimed at challenging the industry through the prospects of reaching specific cost reduction 

targets as a collaborative effort across all stakeholders
21

. 

Table 7. Internal cost reduction factors directly addressable by the market players. Source: Multiconsult, 2012 

Technology  Supply Chain  Finance  

• Wind farm selection 

• Wind farm design/layout  

• Lifetime of the wind farm 

• Turbine rating and rotor size 

• Drive train concept 

• Reliability 

• Production methods 

• Support structure type and level 

of production optimisation 

• Improved subsea array cable 

design including robustness 

• Installation methods for support 

structures, turbines and subsea 

cables 

• O&M strategies and methods of 

access 

• Accelerating technology 

commercialisation  

• Risk & contracting approach  

• Competition 

• Sourcing – UK v non-UK  

• Reach (China, mainland Europe, 

UK) 

• Supply chain consolidation v. 

dispersion  

• Co-operation: co-operative v. 

hand-off approach to supply chain  

• Standardisation  

• Assurance of volume 

(commitment)  

• Whole life optimisation approach 

– trading off CAPEX vs OPEX 

• Statutory requirements  

• Availability of capital and insurance 

• Perception of and management of 

risk 

• Project Sponsors  

• Participants 

• Gearing levels  

• Products (senior debt, senior bonds, 

subordinated debt / bonds, other 

risk mitigation instruments such as 

insurance) 

• Support (European Investment 

Bank, Green Investment Bank in UK)  

 

Table 8. Future cost trends per MW in a 2015-2030 perspective. Source: Multiconsult, 2012 

Cost items Typical share  

of LCOE %  

in 2012
22

 

2015 2020 2030 

Development 1 ↗ - ↘ 

CAPEX - Procurement     

 Turbines 29 - ↘ ↓ 

 Turbine Jacket foundations  12 ↑ ↘ ↘ 

                                                                 

21
 Offshore Wind Cost Reduction Pathway development, The Crown Estate, 2011-2012 

22
 Some items such as cost of insurance and financing costs are case-specific and excluded in this table 
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 Export cable 5 ↑ ↗ ↗ 

 Inter array cable 1 ↑ ↗ - 

 Substation 5 - ↘ ↓ 

CAPEX -Installation & Logistics     

 Turbine 2 - ↘ ↓ 

 Foundation 4 ↗ ↘ ↘ 

 Export cable  3 ↑ ↗ ↗ 

 Inter array cable 1 - ↗ ↗ 

 Substation 5 - - ↓ 

OPEX     

 O&M 13 ↗ - ↘ 

Electricity production     

 Yield, Production from wind farm  - ↗ ↗ 

8.1.3 Development 

Cost of development will increase on the short term due to the increase size of projects in unknown 

conditions. Cost will stabilize as lesson learned are integrated and new purpose made and cost efficient 

equipment surveys are utilized. 

8.1.4 CAPEX - Procurement 

Turbine supply - Despite the numerous annoucements in the offshore wind turbine supply segment, they are 

only a few commercial turbine available to the market. Prices are expected to remain stable or increase in the 

next 3 to 5 years but competitive price pressure should start to take effect from 2015/2016. The cost per MW 

is expected to fall as larger turbines are introduced into the market. We estimate the current cost for turbine 

in the range of 72MNOK for 6MW unit. For the purpose of this study we assumed that 12 MNOK/MW will be 

reduced to 10,4 MNOK/MW in a 2020 perspective where 10MW turbine could be deployed (Base case for the 

model).   

Turbine Jacket foundations supply - Raw material costs will put upward price pressure on jacket 

manufacturing costs and the lack of industrialization of supply in the next 3 to 5 years means prices are likely 

to increase in the short term.  However, as demand for jackets grows it is expected that new entrants and 

more automated construction process will emerge.  This may result in downward price pressure in the 5 to 15 

year time window.  If concrete solutions do manage to break into the market then this may also exert 

downward price pressure in the 5 to 15 year timeframe. 
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Export cable supply - Prices of export cables are driven by price increases of raw materials and the current 

supply demand imbalance.  As competitive pressure is unlikely to be strong and demand increase, prices are 

likely to push upwards above inflation over the next decade. 

Inter array cable supply- Prices of array cables will be mainly influenced by the price increase of raw materials, 

however increased competition may offset some of these increases. 

8.1.5 CAPEX - Installation & Logistics 

Foundation installation - Jacket installation will remain relatively inefficient from 2012 to 2015 but the 

development of a purpose designed/built fleet should see a downward impact on installation prices per jacket 

foundation from 2015 onwards for a given turbine and water depth. 

Larger turbines should increase the support structure and foundation costs per unit but still lead to a decrease 

of costs per MW and per MWh. 

Turbine installation - WTG installation is already reasonably efficient.  Further small price reductions are 

expected to continue as the capability and number of vessels available to the market increases in the next 5 

years.  The cost per MW will reduce significantly as the installation costs will not increase in proportion to the 

increase in MW size of turbines. 

Inter array cable installation - It is expected that prices will remain stable or even increase slightly during the 

next decade. 

Export cable installation - It is expected that prices will increase during the next decade unless new vessels are 

introduced.  This is only likely to result in stabilization of prices as new vessels are required just to keep up with 

demand. 

8.1.6 OPEX 

When it comes to cost reduction in the O&M area, there are a few major parameters to concentrate on: The 

number of major failures, i.e. breakdown of heavy components; The number of visits to the turbine; Vessel 

costs; Size of the wind farm (bigger wind farms have lower costs per MW). 

The possible cost reduction measures in each of these areas are of course very different. For increased 

reliability of heavy components (blades, bearings, gear-box, generator) one should concentrate on the design 

and installation. Direct-drive wind turbines without the gear-box is one way of "designing away" a problem, 

but of course that leads to other challenges like the size of the generator.  

There are two main solutions for reducing the number of visits to the turbines. One is to utilize more remote 

presence (surveillance and inspection) and condition monitoring to avoid unnecessary travels, and the other is 

to develop cost-effective access concepts that make it possible to enter the turbines in bigger wave heights.  

The vessel day rates are highly market dependent, and it will in many cases for bigger wind farms be profitable 

to buy their own vessels. Even a crane ship may be profitable to buy if it can be combined with personnel 

accommodation (mother ship solution). 

One can also expect that the learning curves and economy of scale will bring the costs down, but it is hard to 

say how much due to the uncertainty of the market element in the calculations. 

8.1.7 Yield – Production of the wind farm 

Turbine technology and size are expected to improve yields and reduced losses. Better understanding of wake 

effect within wind farm will contribute to lowering the wake losses. Improved wind modeling and measuring 

will also contribute to prioritize the best wind producing sites. 
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9 Offshore wind supply chain 

9.1 A high demand for specialized supply chain & skills 

The applicability and attractiveness of some innovative support structure technologies may depend on their 

supply chain requirements. Their deliverability and cost profile depends on the ability to scale up and develop 

a serial production processes for which specific fabrication and assembly yards may be necessary. 

Today the industry is subject to potential supply shortages and increased demand of skills. Table 9 below 

outlines the current shortages and bottlenecks in the sector. 

Table 9. Key shortages & bottlenecks. Source: Multiconsult, 2012 

Key supply chain shortages Key staff & skills bottlenecks 

Export HV cables 

Ports & harbors 

Deep water foundations 

Turbine supply 

Installation vessels  

Offshore engineers 

O&M technicians 

Project managers 

Qualification to work offshore 

Offshore wind experience 

While the industry has successfully triggered necessary upfront investments in turbine supply and turbine 

installation vessels, key issues remain on the supply of export cables as well as deep water foundation 

manufacturing and installation. 

Demand for staff capacity and skills will remain tight in the years to come as market size increases gradually 

and spreads geographically. 

9.2 Towards a global competitive arena 

To date, all projects have been delivered by an international supply chain. This trend is likely to stay for the 

years to come:  “The scale of the UK’s offshore wind pipeline means that, even if the domestic supply chain 

grows rapidly, there will be a need to import a significant proportion of services, vessels and components from 

established overseas supply chains for some time. Almost £80 billion is predicted to be spent overseas during 

the capital and operational phases of UK projects built between 2011 and 2022 compared with over £50 billion 

in the UK” (RenewableUK, June 2011). In addition, increase of the competition and introduction of innovation 

will contribute to reducing the overall cost of offshore wind. 

Despite the market being at an early stage of development, the potential for value creation is so large that the 

offshore wind supply chain is quickly growing from a European to a global platform. During the past years, 

Asian players have moved forward in various part of the supply chain, focusing particularly on turbine and 

foundation manufacturing. Their advantages include access to raw material such as steel in their domestic 

market. Quality and reliability has been a challenge for the first supply deliveries from Asia but are expected to 

improve rapidly. 

The market of offshore wind turbine which represents typically 35 % of the CAPEX of an offshore wind farm is 

a good indicator for understanding the dynamic in the global industry: 
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The deep water floating technology is also expected to accelerate, thanks to international demonstration 

initiatives23 and high ambitions for large scale commercial deployment already expressed by Japan as an 

answer to the Fukushima nuclear disaster in 2011. 

 

Table 10. Offshore wind turbine market trends. Source: Multiconsult, 2012 

Range 

(MW) 

Maturity Europe Outside Europe (Asia, North America) 

<3 Commercial Turbines of this size are still being used for 

demonstrating innovative floating solutions such as 

Hywind (Norway) and Windfloat (Portugal) 

Small scale models of innovative support 

structures are still utilizing small turbines 

under 3MW. 

3-5 Commercial The majority of current projects are currently 

installing commercial turbines from 3,6 to 5MW 

capacity. Leading providers are Vestas, Siemens, 

Repower, AREVA and Bard. New entrants include 

Gamesa, GE (former Scanwind), Mervento.  

Sinovel has provided China’s first offshore 

wind farm with 3MW units. AMSC and a 

large range of Asian companies. 

6 Commercial  The largest commercial turbine under deployment is 

the Repower 6MW to be installed on the Nord See 

Ost offshore wind farm in Germany in 2012. New 

entrants include Alstom, Nordex, 2B Energy, 

Siemens, Schuler. 

Sinovel has made its first order of 6MW. 

And new entrants include Mingyang, 

Guodian United Power, Goldwind, 

Doosan, Huayl Electric & MECAL. 

7-10 Prototype 

by 2013 

Construction of the first Vestas V164-7.0 MW 

prototypes is expected in Q4 2012. Serial production 

is set to begin in Q1 2015 provided a firm order 

backlog is in place. Gamesa has planned for a 7MW 

model and Samsung have recently decided to set up 

a development facility in UK for a 7MW model. 

Mitsubishi has announced plans for a 

7MW model. NPS is looking at a 8MW 

model. 

10-15 Prototype 

by 2015 

ClipperWind has stopped its 10MW model 

development while SWAY and Windpowerlimited 

/Aerogenerator X are both developing 10MW units. 

Sinovel, Goldwind (China) and AMSC Sea 

Titan (US) are developing 10-12MW 

models. 

15 Prototype 

by 2018 

The Azimuth Offshore Wind Energy 2020 project, led 

by Gamesa, is planning a 15MW offshore wind 

turbine. 

GE (NA) and Guodian United Power 

(China) are both developing 15MW 

models. 

20 Prototype 

by 2020 

The EU research project UpWind indicated that 

20MW units are feasible and could be ready by 2020. 

 

>20   FUTURAWIND has announced the 

development of turbine technology 

suited for turbines up to 25MW. 

                                                                 

23
 Such as Hywind in Norway, Windfloat in Portugal, Vertiwind in France or Hiprwind in Spain 
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9.3 Norway’s position in the industry 

The Norwegian offshore wind supply chain has gained competitive advantages from its world leading offshore 

and energy experience, visualized on figure 41 below. Technological and operational expertise from offshore 

oil and gas is commonly regarded as the main competitive advantage of Norwegian companies in the offshore 

wind industry. This expertise is, however, not only about supplying components and services but also in the 

development of technologies and the management of offshore risks. 

 

 

Figure 41. Norway’s unique energy, offshore and maritime heritage. Source: Multiconsult 2011 

 

By transferring skills and supply chain assets in the new offshore wind market segment, the potential for 

diversification and new value creation in the supply chain, services, research and technology is considerable.  

As illustrated on figure 42 below, several key contracts have already been secured in the manufacturing and 

installation of inter array and export cables; design, manufacturing and installation of foundations.  

 

Another public report (Multiconsult for INTPOW and Innovation Norway, 2012) describes the Norwegian 

offshore wind supply chain and capabilities. The report illustrates the high capabilities and great export 

potential for the Norwegian industry. 
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Procurement and installation of 

offshore cables, Draka (now 

Prysmian) through Europe 

Procurement and installation 

of offshore cables, Nexans 

throughout Europe

 

Design of Jackets by OWEC 

Tower for Beatrice (UK), Alpha 

Ventus (DE), Ormonde (UK), 

Thorton Bank II (BE) 

Tripod fabrication at 

Kvaerner Verdal for Alpha 

Ventus (DE), 2008

 

Fred Olsen has invested 

massively in a range of offshore 

wind engineering firms, 

technology and supply chain 

companies including Universal 

Foundation and Windcarrier. 

SWAY is currently testing a 

small scale prototype of its 

floating concept in Norway.

Figure 42. Key references in the Norwegian offshore win track record.

 

       

  

  

curement and installation 

of offshore cables, Nexans 

throughout Europe 

Alpha Ventus (DE) 

EPC lead and logistics for 

Jackets by Norwind, 2009 

Design and Demonstration of the 

first large scale floating offshore 

wind unit by Statoil at Hywind 

(NO), 2010

  

Tripod fabrication at 

Kvaerner Verdal for Alpha 

Ventus (DE), 2008 

Design and fabrication of 49 

jackets by Kvaerner for Nord 

See Ost (DE), 2011 

Aibel EPC on 900MW offshore 

wind substation for the Dolwin 

cluster (DE), 2011

  

SWAY is currently testing a 

small scale prototype of its 

floating concept in Norway. 

GE has acquired ScanWind, a 

Norwegian turbine 

technology, currently 

offering a 4MW unit. 

Statkraft and Statoil are jointly 

finalizing in 2012 the construction 

of one of U

wind farms.

Key references in the Norwegian offshore win track record. 
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Design and Demonstration of the 

first large scale floating offshore 

wind unit by Statoil at Hywind 

(NO), 2010 

 

el EPC on 900MW offshore 

wind substation for the Dolwin 

cluster (DE), 2011-2014 

 

Statkraft and Statoil are jointly 

finalizing in 2012 the construction 

of one of UK’s largest offshore 

wind farms. 
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