
 
TECHNOLOGY PAPER 1  

 
 

Towards mega size wind turbines 
 
The development and application of the wind energy technology is one of the genuine 
success stories in modern history of technology. The most impressive development period in 
this field was the explosion of the global wind market during the 1990’s. Nowadays the total 
installed wind capacity in the world is about 32,000 MW and the annual growth of that 
capacity varied around 30% during last 7 years. 
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Global wind power development. (Source: BTM Consult ApS, World Market Update 2002) 
 
Description of technology 
 
With concept “mega size wind turbine” it is in this 
paper meant wind turbines with the capacity of 3 MW 
or more. Megawatt-sized machines developed or under 
development are horizontal axis wind turbines, 
HAWTs, with two or three blades. They have rotor 
diameters of 90 to 125 meters and swept areas of 7 000 
to 12 000 square meters. These turbines are specifically 
designed for high-speed wind sites and are in other 

words ideal for offshore applications but also for areas 
where space for siting is scarce, so that a 
multimegawatt machine will exploit the local wind 
resources better.  
 
The megawatt market took off in 1998. Since then, it 
has been clear that the market trend is towards bigger 
projects with bigger wind turbines. The unit size of 
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wind power plants has grown very fast and apparently 
this trend is to be continued. Commercial mega size 
turbines are nowadays available in the size range from 
2 MW to 3 MW and there are prototypes running of up 
to 5,0 MW capacity.  

The development in unit sizes of wind power plants 
during period 1999-2010 is outlined in figure below.  
 

 

1999              2002       2003             ~2005       2010?
CAPACITY  P     1   2             3                     5           10 MW

                      HUB HEIGHT   H    60 70           90                 100          120 m
    ROTOR   D    60 70           90                 120          160 m
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The development in unit sizes of wind power plants during period 1999-2010  
source: Climtech Programme, VTT 

 
 
Drive train concepts 
 
There are three main drive train constructions in wind 
turbine design. A conventional wind turbine with 
non-integrated drive train consists of a multi-stage 
gearbox and a fast-running asyncronous generator. This 
is the most common concept used and its market share 
is around 85% of the global wind market when 
considering wind turbines of all sizes.  
 
The wind power plant can be simplified by eliminating 
the gear and by using a low-speed generator the rotor 
of which rotates at the same speed as the rotor of the 
turbine. 
 

This gearless direct-drive system uses syncronous 
generator and requires an inverter rated for full power. 
Market share of gearless solutions is around 15%. 
 
A compact drive system, highly interesting but 
technologically still largely unproven system, consists 
of a single-stage gearbox and a medium- or low-speed 
permanent magnet marine-type generator. This concept 
is known as German Multibrid-technology, a 
technological hybrid design that fits between the 
conventional and direct-drive systems described above. 
The comparison of these three different constructions 
to scale is shown in figure below. 
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Compact drive design

Direct-drive design

Conventional design

0 m 5 m 10 m  
 

The comparison of different drive train construction designs to scale,  
(Source: Eize de Vries, 2003 a.) 

 
Power control 
 
Growth in unit sizes has had an effect on the power 
control strategies of wind turbines: a total switch from 
stall-regulation to pitch control has taken place. 
 
In active pitch control, the blade pitch angle is 
continuously adjusted based on the measured 
parameters to generate the required power output: 
when the power output becomes too high, the blade 
pitch mechanism immediately turns the rotor blades 
slightly out of the wind. Conversely, the blades are 
turned back into the wind whenever the wind drops 
again. The pitch mechanism is usually operated using 
hydraulics or electric stepper motors. 
 
Use of pitch control has contributed to common use of 
variable speed wind turbine generators that provide the 
opportunity to capture more power than fixed speed 
turbines. It has also been surveyed that active pitch 
control reduces the wind generator output fluctuations. 
 

Offshore foundations 
 
Mega size wind turbines are particularly designed for 
offshore applications. The benefits of offshore 
applications include the possibility for large-scale 
implementation, steadier and stronger winds than on 
the adjacent land, and the opportunity for the wind 
farm to generate at a scale of 200 MW and be 
connected directly to national transmission grids. 
Difficulties of the offshore wind power include the 
extremes and dangers of the sea, the weather dependent 
access, and the increased cost of interconnections, 
installation, maintenance and especially foundations.  
 
Most common types of foundations used are gravity-
based structures in shallow waters (< 5 meters depth) 
and monopiles in medium depth waters (> 5 meters 
depth). Floating and tripod supporting structures have 
also been under development. Bucket foundations are 
designed specifically for mega size turbines (MBD 
Offshore Power A/S of Denmark), prototype was took 
in use during autumn 2002. Another foundation type 
for plants with capacity range up to 5 MW is under 
development: Windarc concept (Hollming of Finland) 
includes individually designed foundations that are 
serially manufactured in port and then floated offshore 
complete with turbine mounted. 
 

 

OPET RES-e - NNE5/37/2002 
Boosting local technology uptake – an OPET action to support the objectives of the RES-e Directive 

 
3 



  

The suction bucket foundation  
(Source: Elsam A/S) 

 

 
 
Windarc-foundation 

Present level of market penetration 
 
Penetration of wind power in the world’s electricity 
supply reached 0,4% by the end of the 2002. However, 
there are no commercial series of wind power plants 
with capacity of 3 MW or more: mega size wind 
turbines are either prototypes or semi-commercial 
series turbines. 
 
Finnish manufacturer, WinWinD, has the rights to 
develop and market hybrid Multibrid type wind 
turbines developed by Aerodyn GmbH of Germany, up 
to 3 MW. WinWinD’s first prototype based on this 
slow-speed concept was presented in the spring 2001 
and now there are several 1 MW turbines operational 
(1 MW WWD-1). During spring 2002 WinWinD 

launched a project in order to develop a globally 
competitive mega size wind turbine with capacity of 3 
MW for offshore applications. A 3 MW prototype 
(WWD-3) will be installed during spring 2004. 
 
[Contribution from partners] 
 
The main actors and stakeholders in 
the EU  
 
In the table there are listed seven wind turbine 
manufacturers acting in the 3 MW+ market segment. 
These products represent the newest and biggest wind 
turbines that are under development at the moment.  

 
Wind turbines and their manufacturers in the 3 MW+ market segment 

 

Manufacturer Capacity, 
MW

Turbine 
diameter, m

Tower head 
mass, t

Swept area, 
103 m2 kg/m2 Prototype Mass 

production
Enercon 4,5 112 500 9,8 51 2002 2004
GEWind Energy 3,6 104 280 8,5 33 2002 2003
NEG Micon 4,2 110 214 9,3 23 2003 2005
Pfleiderer 5,0 116 290 ? ? 2003 ?
REPower 5,0 125 350 12,1 29 2004 2005
Vestas 3,0 90 102 6,4 16 2002 2004
WinWinD 3,0 90 ? ? ? 2004 ?  
 
 
Enercon of Germany is the dominating manufacturer 
using the direct drive concept. The 4,5 MW, E-112 
prototype has been operational since August 2002, and 
there will be two prototypes more in the course of 
2003.  
 
The wind markets continues to be dominated by the 
conventional gear-driven wind systems. German GE 
Wind Energy’s 3.6 Offshore prototype was erected in 
September 2002, and the product is the first mass 
produced mega size wind turbine. Prototype of Danish 

NEG Micon’s NM 110/4200 will be in operation 
before the end of 2003, and Repower Systems of 
Germany envisages the erection of the 5M prototype 
with the world largest 125-meter rotor early in 2004. 
Vestas of Denmark plans to begin series production of 
3 MW V90 turbine early in 2004, the prototype was 
released in 2002.   
 
Pfleiderer of Germany and WindWinD of Finland have 
serious intentions to provide the global wind markets 
with Multibrid-type hybrid turbines. Pfleiderer’s 
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Multibrid M 5000 prototype was erected during 
autumn 2003 and WinWinD’s 3 MW prototype, 
WWD-3, is planned be operational during spring 2004.  
 
In addition to WinWinD, other Finnish actors in the 
wind markets are component manufacturers producing 
main components such as gearboxes, generators and 
frequency converters, service providers and research 
organisations. The main component manufacturers are 
ABB Oy, Ahlström Oy, Kemijoki Arctic Technology 
Oy, Kumera Oy, Metso Automation, Metso Drives Oy, 
Rautaruukki Oyj and Windside Production Oy Ltd. 
Planning, consulting and building services are provided 
by Electrowatt-Ekono Oy, EMP-Projects Oy, 
GreenStream Network Oy, Immtech Oy, PI-RAUMA 
OY, Prizztech Oy, Windcraft Oy and Finnish Wind 
Energy Association. VTT and The Finnish 
Meteorological Institute are the main organisations in 
terms of research. 
 
[Contribution from partners] 
 
Assessment of main future market 
possibilities 
 
It is assumed that offshore installation in Europe will 
take off on a large scale from 2006, particularly in 
Germany and the UK. In other words, the 
multi-megawatt future markets are on offshore due to 
the fact that in many EU-countries, there are potentially 
only a few permitted land-based sites for wind farms 
comprising such large machines. In addition, large 
structures are difficult to transport on land. 
 
When assessing the future market possibilities of 
different wind turbine techniques one can say that it is 
not so much size or specific concept that will offer the 
leading edge in multi-megawatt technology race. Most 
important will be the capacity of individual 
manufacturers to develop reliable, state-of-art multi-
megawatt class wind turbines that produce electricity 
for the lowest possible costs (€/kWh) during their 
lifetime. The future wind markets will be dominated by 
those kinds of reliable wind turbine manufacturers.  
 
Research and development gaps  
 
The timely development of ever-bigger rotor-blades is 
considered a major bottleneck and a key limiting factor 
determining the up-scaling pace in the wind industry. 
The larger the unit sizes of wind power plants become, 
the bigger the components, especially blades, are. More 
R&D actions are needed in terms of exploring new 
ways of transportation, installation and O&M methods 
of these big components. 
 
Another bottleneck in the mega size wind industry is 
weak grid: in some cases the local electrical grid may 

be too weak to handle the electricity output from a 
large machine.  
 
In terms of offshore wind power the areas where R&D 
actions are needed are adequate modelling of large 
machine structures, solutions for high local penetration 
and saturation on the grid and reduction of uncertainty 
of cost and production.  
 
A low top head mass (nacelle + rotor) is regarded as a 
sign of engineering competence. A lot R&D has been 
done in this field but the bigger the turbines grow, the 
more there is to research. By far, the mega size turbine 
with the lowest top head mass is NEG Micon’s 4,2 
MW 110/4200 (214 t). Also Vestas with 3 MW V90 
(102 t) and Pfleiderer with Multibrid M5000 (290 t) 
manage well in the competition of lowest top head 
mass value.  
 
It is the gearbox problems in wind turbines of 
conventional design and the cost-and weight penalty of 
direct drives that has led to the development of a 
compact drive train for wind energy converters. More 
R&D actions directed towards Multibrid-concept or 
other semi-direct driven concepts are needed. 
 
Cost-effective application 
possibilities??? 
 
I.e. methods to discount the price of the electricity? 
 
Multibrid-concept 
 
New offshore installation techniques 
- new solutions for transportation, installation, 

operation and maintenance of mega size machines 
- large scale offshore installation: wind parks of 

hundreds of megawatts, AC-transformation from 
the park to on-land 

 
Investigating new application 
possibilities??? 
 
- Harsh conditions: arctic climate, sand, salt 

(offshore and on coastal sites) 
- AC grids 
- Smart censoring, control and condition monitoring 
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