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Wind turbines - Offshore
Technology

The typical concept is a horizontal axis wind turbine with a three-bladed propeller-type rotor placed on the upwind side of a tubular steel tower. 

To minimize specific costs, offshore wind farms are typically based on large turbines in considerable numbers.

The electricity from all the turbines (or a group hereof) is collected and cabled to a transformer station, which is either offshore or on land.

Technology data

Full load duration hours (ref. 1; based on actual production in the North Sea):

2004: 
3600-4200 hours/year

2010-2015: 
4200 hours/year

2020-2030:
4200 hours/year
The DENA grid study
 used the following full-load hours:

2010: 
3330 hours/year (4.4 GW in North Sea + 1 GW in Baltic Sea) 

2015: 
3320 hours/year (8.4/8.1 GW in North Sea + 1.4/1.7 GW in Baltic Sea)

Technical lifetime (ref. 1): 20 years; 15-20 years (ref. 27).

Investment costs

Total costs (ref. 1+6, 2002 prices):

2004: 
1.5 – 1.7 M€/MW

2010-2015: 
1.0 – 1.3 M€/MW

2020-2030: 
0.8 – 1.2 M€/MW

Converted to 2006 prices:

2010: 
1.14 – 1.48 M€/MW; medium 1.3 M€/MW

2025: 
0.91 – 1.37 M€/MW; medium 1.1 M€/MW

Capital costs (ref. 10, page 232, price level 2003): 

2005: 
1500 - 2500 USD/kW

2030: 
1500 - 1900 USD/kW

2050: 
1400 - 1800 USD/kW

Converting the figures to EUR (price level 2006) and also interpolating linearly between years give the following prices:

2010: 
1.47 – 2.34 M€/MW; medium 1.9 M€/MW
2025: 
1.47 – 1.99 M€/MW; medium 1.7 M€/MW

Installed system cost (ref. 27, price level 2003):

2003
1.8 M$/MW

2013
1.3 M$/MW

Equivalent to 1.42 M€/MW in 2010 (2006 price level)
On this background, default values have been chosen as follows:

2010: 
1.6 M€/MW

2025: 
1.4 M€/MW

Information on site-specific costs is presented in Annex A.
Operation and maintenance costs

Fixed O&M (ref. 1, 2002 prices):
2004: 
5 – 8 EUR/MWh (Note! Unusual unit)

2010-2015: 
4 – 6 EUR/MWh

2020-2030: 
3 – 5 EUR/MWh

Converted to 2006 prices and converted to unit €/MW/year (assuming load factor 4200 hours/year):

2010: 
19100 - 27800 EUR/MW/year (medium value 24000 €/MW/year)
2025: 
14400 - 23900 EUR/MW/year (medium value 19000 €/MW/year)

Variable O&M (ref. 1, 2002 prices):
2004: 
5 – 8 EUR/MWh 

2010-2015: 
4 – 6 EUR/MWh
2020-2030: 
3 – 5 EUR/MWh

Converted to 2006 prices:

2010: 
4.6 – 6.8 EUR/MWh (medium value 5.7 €/MWh)

2025: 
3.4 – 5.7 EUR/MWh (medium value 4.6 €/MWh)

Total O&M (ref. 27, 2003 prices), all O&M costs referred to as fixed:
2003
40,000 USD/MW/year

2013
28,000 USD/MW/year

Equivalent to 31,100 EUR/MW/year in 2010 (2006 price level)

Converted to 2006 prices and converted to unit EUR/MWh (assuming load factor 3500/3940 hours/year as used by the source):

2003
11.2 EUR/MWh

2013
  7.0 EUR/MWh

On this background, default values have been chosen as follows:
2010: 
Fixed 22,000 EUR/MW/year + variable 5.0 EUR/MWh.
2025: 
Fixed 18,000 EUR/MW/year + variable 4.0 EUR/MWh.
Costs of system integration

	
	EUR/MWh

	Additional infrastructure
	8.6

	Balancing
	4.0

	Capacity credit
	5.0

	Total
	17.6
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Annex A: Site specific costs
The foundation costs can be considered as fairly proportional with the water depth within water depths until 15 to 20 metres. For water depths above 20 metres an exponential increase in foundations costs can be expected (ref. 1).

Hvad koster fundamenterne, afhængigt af dybden?
The costs related to grid connection and landfall are proportional with the distance to the shore up to a distance of about 50 kilometres. Hereafter the cost increases considerably.

Typical unit costs of offshore power transmission are (ref. 26):

	Submarine cable
	Transmission capacity (MW)
	Cost (million EUR per km)

	AC 132 / 150 kV
	200 / 250
	1.5

	AC 400 kV
	700
	2.7

	DC 400 kV
	600
	0.57

	DC (VSC) 400 kV
	550
	0.30


Hvad er VSC? 50% rapport side 68.
Operation and maintenance costs are 0.1-0.2 % of investment cost.

The costs of other electric components (ref. 26):
	Component
	Cost (million EUR)

	Platform to carry sub-station (transformer)
	20

	Extra cost for HVDC-VSC platform
	6.7

	260 MVA transformer (150 kV)
	1.9

	160 MVA transformer (150 kV)
	1.4

	HVDC converter (600 MW)
	65

	HVDC-VSC converter (550 MW)
	75


Ref. 26 calculated the total grid connection and landfall costs for 2250 MW from Danish potential offshore sites at 6880 million DKK, equivalent to 0.41 million EUR per MW.
� Deutche Energie-Agentur: ”Planning of the Grid Integration of Wind Energy in Germany Onshore and Offshore up to the Year 2020”, Berlin, 15 March 2005.


� For a detailed description, please refer to the document ‘Externality – System integration’ which may be downloaded from the RECaBS website.
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