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Disclaimer notice (IEA DHC): 

This project has been independently carried out within the framework of the International 

Energy Agency Technology Collaboration Programme on District Heating and Cooling (IEA 

DHC). 

Any views expressed in this publication are not necessarily those of IEA DHC. IEA DHC can 

take no responsibility for the use of the information within this publication, nor for any errors or 

omissions it may contain. 

Information contained herein has been compiled or arrived from sources believed to be 

reliable. Nevertheless, the authors or their organizations do not accept liability for any loss or 

damage arising from the use thereof. Using the given information is strictly your responsibility. 

Disclaimer Notice (Authors): 

This publication has been compiled with reasonable skill and care. However, neither the 

authors nor the DHC Contracting Parties (of the International Energy Agency Technology 

Collaboration Programme on District Heating and Cooling) make any representation as to the 

adequacy or accuracy of the information contained herein, or as to its suitability for any 

particular application, and accept no responsibility or liability arising out of the use of this 

publication. The information contained herein does not supersede the requirements given in 

any national codes, regulations or standards, and should not be regarded as a substitute. 

Copyright: 

All property rights, including copyright, are vested in IEA DHC. In particular, all parts of this 

publication may be reproduced, or transmitted in any form or by any means, electronic, 

mechanical, photocopying, recording or otherwise only by crediting IEA DHC as the original 

source. Republishing of this report in another format or storing the report in a public retrieval 

system is prohibited unless explicitly permitted by the IEA DHC Operating Agent in writing. 

Image Source (Frontpage): 

R. Paaske, Bodelyngsvejen, Bornholm. 

Citation: 

Please refer to this report as: 

Borup L., Guddat M.G.A, Sørensen P.A., Technical Fact Sheets. IEA DHC Annex TS5 RES in 

DHC Report, 2021. 
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1 WIND TURBINES 

This fact sheet summarises the key technical information about the construction and principles 

of operation of large wind turbines. The findings are based on the experience from the Danish 

projects representing the North Europe market.  

1.1 TECHNOLOGY DESCRIPTION 

 WIND TURBINES  

The typical wind turbine installed today is a three blade, horizontal axis, up-wind, grid 

connected using active pitch. 

The wind turbines transfer the kinetic energy in the wind via rotor blades into the drive shaft. 

The drive shaft is either connected to a low-speed generator (direct drive) or medium- or 

high-speed generator (speed-increasing gearbox). The generator converts the rotational 

energy to electric energy.  

 CAPACITY FACTOR 

The efficiency of wind turbines depends on the wind resource at the location. The efficiency of 

wind turbines is the capacity factor the energy production per generator capacity.  

In Denmark, the average capacity factor since 2010 for onshore wind turbines is 33 % 

whereas, the average capacity factor since 2009 for offshore wind turbines is 48 %. 

The capacity factor for wind turbines is calculated: (No. of full load hours in a year) / 8760 * 

100%. 

Figure 1 Turbine technology and the electrical grid system. (U.S Department of Energy 2021) 
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1.2 TRL 

Wind turbines are well-known technologies that have been widely used for energy production 

in Denmark and the rest of the world. This has led to a reduction in investments and 

maintenance costs.   

1.3 CAPEX AND OPEX  

The investment costs (CAPEX) and maintenance costs (OPEX) for the wind turbines depends 

on the capacity, location (onshore or offshore) and wind velocity.  (Danish Energy Agency 

2020) 

The investment costs elements for wind turbines are presented in Table 1.  

Table 1 The breakdown of investment costs for wind turbines. 

Onshore turbines Offshore turbines 

• Internal grid connection 

• Rent of land – an area of 50 x 50 meters is 

required. 

• Compensation of neighbours  

• Turbine incl. foundation 

• Project development 

• Installation 

• Internal grid connection 

 

• Turbine incl. foundation 

• Project development  

• Installation 

 

    

The following cost examples are based on plants with an annual operating hour in the range 

from 1,600 hours for small turbines to 4,500 hours for offshore and an operational lifetime of 

27 years, and an average availability of 97 %. Only the internal grid connection is included in 

the cost.  

NORTHERN EUROPE 

Table 2 Investment costs and operation costs per unit capacity of the technology in Northern 

Europe. 

Wind farm type and size CAPEX (M€/MW) OPEX (€/MWh) 

Onshore turbines (4.2 MW each) 1.12 1.50 
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Total height 130 m, specific power 316 W/m2, 

average capacity factor 39 %. 

Offshore turbines (10 MW each) 

Total height 190 m, specific power 353 W/m2, 

average capacity factor 51 %. 

2.13 3.0 

Offshore turbines (near shore) (10 MW each) 

Total height 190 m, specific power 353 W/m2, 

average capacity factor 51 %. 

1.75 2.7 

SOUTHERN EUROPE 

Table 3 Investment costs and operation costs per unit capacity of the technology in Southern 

Europe. 

Wind farm type and size CAPEX 

(M€/MW) 

FIXED O&M 

(€/MW/year) 

VARIABLE 

O&M (€/MWh) 

Onshore (2 MWe,net; 3 MWe,net;  

3.5 MWe,net; 4.5 MWe,net) 

(1.5; 

1.4; 

1.3; 

1.1) 

(40 000; 

35 000; 

30 000; 

20 000) 

- 

Mini wind (kW < Pn < 200 kW) (1.9 – 7.7) - - 

Offshore (6 MWe,net; 9 MWe,net;  

15 MWe,net) 

(2.8; 

2.5; 

2.2) 

(85 000; 

75 000; 

50 000) 

- 

NORTH AMERICA 

Table 4 Investment costs and operation costs per unit capacity of the technology in North 

America. 

Wind turbine type CAPEX 

M$(US)/MW 

[M€/MW] 

Fixed O&M 

$(US)/MW/year 

[€/MW/year] 

Variable 

O&M  

$(US)/MWh 

[€/MWh] 

Onshore, land-based wind $1.2 to $1.3 

[€1.1 to €1.2] 

$41,000 to 

$43,000 

[€38,000 to 

€40,000] 

- 
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Offshore Wind1 $2.8 to $5.9 

[€2.7 to €5.6] 

$69,000 to 

$119,000 

[€64,000 to 

€110,000] 

- 

  

1.4 REGULATION CAPACITY AND VELOCITY 

The regulation ability of the wind turbines decides on how the technology can by operated and 

on which electricity markets it can participate. Wind turbines can be regulated downward within 

short time and can therefore (if the wind is blowing) be used in both the primary and secondary 

downward regulation. 

With an efficient wind resource available wind turbines can always provide down regulation. 

An efficient wind resource being wind speeds higher than 4-6 m/s and lower than 25-30 m/s).  

Up regulation is possible if the wind turbine is operating in a power level below the power 

available.  

1.5 INPUT/OUTPUT AND CAPACITIES 

 INPUT  

Input is wind. Typical cut-in wind speed: 3 – 4 m/s, and cut-out wind speed: 25 m/s. 

Rated power generation wind speed: 10 – 12 m/s, depending on the specific power.  

The power is the wind is given by the formula: 

𝑃 =
1

2
∗ 𝜌 ∗ 𝐴 ∗ 𝑢3 

where rho is the density of air, A the swept area, and u the wind speed.  

 OUTPUT  

The output is electricity. The annual energy output is highly dependent on the average wind 

speed at the turbine’s location. The average wind speed depends on the geographical location, 

the hub height, and the roughness of the surface. Hills and mountains effect the wind flow thus 

 

 

1 As of 2022, limited offshore wind installations were in operation in North America, with just two 

projects operating in USA. 
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resulting in a larger roughness. The roughness of the surface can be classified from the 

following table:  

Table 5:  Classification of surface roughness (Danish Energy Agency 2020) 

Roughness 

class 

Roughness Length 

(m)2 
Description 

0 0.0002 Water 

1 0.03 Open farmland 

2 0.1 
Partly open farmland with some settlements and 

tree 

3 0.4 Forest, cities, farmland with many windbreaks 

 

 TYPICAL CAPACITIES  

The primary capacity installed onshore is in the range of 2 to 6 MW. The typical capacities 

have increased over the years. Larger rotors, hub heights and generator has contributed to an 

increase in the electricity generation from wind turbines.  

In Denmark, the height of the wind turbines onshore is limited by the distance to neighbours. 

It is an official requirement that the distance to neighbours should be at least four times the 

total height. 

The primary capacity installed offshore is around 8 MW, but it is expected to increase with the 

use of turbines on 10+ MW.  

The size of offshore wind farms in Denmark has increased rapidly since larger parks (Horns 

Rev) in early 2000s. The recent two wind farms are 600 MW (Kriegers Flak) and 400 MW 

(Horns Rev 3) and between 2025 and 2027 an 800-1000 MW (Thor) windfarm is connected to 

the grid. 

1.6 SUPPLIERS 

The largest wind turbines manufacturers and suppliers popular in different part of the world are 

described below. 

 

 

2 The roughness length is the height above ground level, where the average windspeed is 0. 
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NORTHERN EUROPE 

The direct heat pump producers common in the Danish market are 

• Siemens Gamesa 

• Vestas 

There are also ‘turnkey’ type suppliers using the wind power technologies from the earlier listed 

producers and these include: 

• Ørsted 

• Vattenfall  

• European Energy 

SOUTHERN EUROPE 

Large wind power: wind turbine builders (2015): 

• Leitwind (Italy) - 2 factories Austria and India 

• Vestas (Denmark) - 1 factory in Italy Taranto 

Small wind power: manufacturers and distributors of wind turbines: 

• Ropatec 

• Tozzi Nord 

• Air 

• Jonica Impianti 

• En-Eco 

• Eolart 

• T.R. Power 

• It-Energy 

• Espe. 

NORTH AMERICA 

Leading turbine suppliers specifically for Canada include: 

• Siemens 

• Vestas 

• GE 

• Enercon 

• Goldwind  
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Limited domestic blade and tower manufacturing exists in Canada, with examples being: 

• LM Wind Power (blade manufacturing) 

• Marmen Inc. (tower manufacturing) 

1.7 DEMO EXAMPLES 

This section present examples for the installed and running systems with wind power in varying 

environmental conditions collected from experience in different the part of the world.  

NORTHERN EUROPE 

 PORT OF HIRTSHALS 

 

Figure 2 The four wind turbines from Vestas in port of Hirtshals (Hirtshals Havn, 2019) 

Four wind turbines have been installed in port of Hirtshals. They are the first to be installed 

without any subsidies - meaning on commercial conditions in Denmark. 

The annual production from the wind turbines is 17.5 GWh, which is equivalent the electricity 

consumption of 14,000 Danish households in respect to this, there are 2,000 households in 

Hirtshals. Technical details of each turbine unit are listed in Table 6. 

Table 6 Technical specification of the turbine unit in port of Hirtshals. 

Parameter  Value 

Turbine Vestas V136  

Capacity 4,2 MW 



INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON  

DISTRICT HEATING AND COOLING 

 

 
IEA DHC ANNEX TS5 RES IN DHC 7    

 

Blade length  68 meters 

Hub height  82 meters 

Total height 150 meters  
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SYMBOLS, ABBREVIATIONS, INDIZES 

DEFINITIONS 

The following table includes terms that are uncommon and require a definition for precise 

understanding.  

Term Definition 

Capacity factor Energy production per generator capacity 

Full load hours The annual production in MWh per installed MW 

Primary and secondary 

downward regulation. 

Regulation power is used to maintain the balance and the 

frequency in the electricity system across the Nordic countries 

and is traded on a market every hour.  
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