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Wind turbines - Onshore
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. 

The below data are valid for wind farms with a large number of turbines.

Technology data

Full-load duration hours, turbines situated in roughness class 1.5 (ref. 1):

2004: 
2400 hours/year

2010-2015: 
2500 hours/year

2020-2030:
2600 hours/year
The DENA grid study
 used the following full-load hours:

2010: 
1650 hours/year

2020: 
1700 hours/year

Technical lifetime 20 years (ref. 1 and 17); 15-20 years (ref. 27).

The maximum height of turbines on land may be limited by aviation regulation.

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

2004:               0.87 – 0.93 M€/MW (1.5 MW turbines)
2010-2015: 
0.62 – 0.75 M€/MW (3 MW turbines)
2020-2030: 
0.5 – 0.6 M€/MW (5 MW turbines)
Converted to 2006 prices:

2010: 
0.71 – 0.85 M€/MW; medium 0.79 M€/MW

2025: 
0.57 – 0.68 M€/MW; medium 0.63 M€/MW

Capital costs (ref. 10, page 232, price level 2003): 
2005: 
900 – 1100 USD/kW

2030: 
800 – 900 USD/kW

2050: 
750 – 900 USD/kW
Overnight construction costs, 2010 (ref. 17): 1000 – 2000 USD/kW (2003 prices). 

Converting the ref. 10 figures to EUR (price level 2006) and also interpolating linearly between years give the following prices:

2010: 
0.865 – 1.042 M€/MW; medium 0.95 M€/MW

2025: 
0.806 – 0.924 M€/MW; medium 0.87M€/MW

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

2003
1.0 M$/MW

2013
0.7 M$/MW
Equivalent to 0.78 M€/MW in 2010 (2006 price level).
On this background, default values have been chosen as follows:

2010: 
0.90 M€/MW

2025: 
0.80 M€/MW

Experience curve (source: ”Cost Reduction Prospects for Offshore Wind Farms”, Wind Engineering,  Vol. 28, No. 1, 2004, p. 101):

[image: image1.png]ggt

1200

Tutnkoy intataton prics [Euro(2001)KW)
EE8E 3

E

1992
Tumkey pries large vind fams.
© Tumkay pices smal ing arms.

10909

o
PRiE 0N @

g

2000 000 1000 20000 30000
Cumulative globl installed onshora wind capacity (W)




A technology learning analysis from 2003 (ref. 6) forecasted the capital costs for wind technology in 2020 to 435 – 538 USD/kW, cf. the below figure:

[image: image2.emf]
2006 prices did not reflect a proper market, as the market pull was much higher than supply capacity. Order books were filled up for 1.5 to 2 years ahead for all the leading suppliers (source: “International wind energy development. World market update 2006”, BTM Consult, March 2007).  

“the weakness of the dollar, rising material costs, a concerted movement towards increased manufacturer profitability, and a shortage of components and turbines continued to put upward pressure on wind turbine costs, and therefore wind power prices in 2006” (ref. 23). The below figure (ref. 23) shows how this upward trend started around year 2000:
[image: image3.emf]
So, market mechanisms may increase prices, even though costs may be unaltered. However, planning data for future situations will have to be based on expected costs, ignoring short-lived turbulences in market prices. Otherwise, conclusions will become too speculative.

Operation and maintenance costs

O&M (ref. 1, 2002 prices), all O&M costs referred to as variable:
2004: 
9 EUR/MWh

2010-2015: 
8 EUR/MWh

2020-2030: 
7 EUR/MWh

Converting the above data to fixed O&M costs in EUR 2006 price level (with load factor 2500 hours/year in 2010 and 2600 in 2025) yields a total cost of:

2010: 
23000 EUR/MW/year

2025: 

21000 EUR/MW/year
O&M (ref. 27, 2003 prices), all O&M costs referred to as fixed:
2003
22,000 USD/MW/year

2013
13,000 USD/MW/year

Equivalent to 15,400 EUR/MW/year in 2010 (2006 price level).

Total O&M costs (ref. 10, page 221): 

1% of investment cost in the first year to 4.5% after 15 years (Danish source); 2-4% (Portuguese source); 3.4% (Dutch source).
An average assumption would then be around 3 %, which converts to (in 2006 prices):
2010: 
28500 EUR/MW/year

2025: 

26100 EUR/MW/year
Annual O&M costs, 2010 (ref. 17): 15000 - 38000 EUR/MW (2003 prices).

On this background, the following values have been chosen as default values:
2010: 
20,000 EUR/MW/year

2025: 

15,000 EUR/MW/year
Costs of system integration

	
	EUR/MWh

	Additional infrastructure
	2.2

	Balancing
	4.0

	Capacity credit
	5.0

	Total
	11.2
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� For a detailed description, please refer to the document ‘Externality – System integration’ which may be downloaded from the RECaBS website.
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