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Concluding Remarks 

WinterWind 2014 

Sundsvall (S), February 12, 2014 

Jos Beurskens 

Photo Jos Beurskens (Umeǻ, 08-02-2011) 
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• Physics of icing (accretion of ice; types of icing) 

• Atlas of icing probability 

• Impact on wind turbines; energy output, loads, 

acoustic noise emission) 

• Dedicated turbine systems; anti-icing and de-icing 

• Environmental issues & Safety 

• Grid connection & Integration 

• Market, Cost & Value 

 

The CC agenda 
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1,653 2,085 

24,393 

12,083 

3,836 

2,053 

2012 (cumulative) Forecast

Europe

9,529 10,514 

244 
1,852 72 

27 

2012 (cumulative) Forecast

Asia

Capacity in CC (up to end 2012) and forecasted (2013-2017) in MW
View of World

7,763 7,426 

16,442 
8,149 

7,570 

5,922 

2012 (cumulative) Forecast

North America

Moderate to heavy icing

Lighting icing

Low temperatures

For full country/regional breakdown see table 5.

Installed and forecasted capacity in the world 

Market bigger than anticipated 
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2013-04-17 4 

Total installed and forecasted capacity in Cold Climates 

(*)  The total capacity is less than the sum of individual capacities because some of the sites have both low 
temperatures and icing conditions. 

(*)This is 20% of present world wide installed wind power ! 
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More industries and institutions get involved 

in CC technology 

Dedicated CC research teams in industry 

Winterwind: 

5 years ago 60 particpants 

Now 500. 

SME”s : >40 

Uni’s & Institutes:  14 

Large companies including wt manufacturers: 16 

Authorities: 5 
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dry 

hot  
extreme cold 

humid  

saline air 

waves 

lightning 

earthquakes 

instable soil high turbulence 

complex terrain 

extreme wind speed 

wind classes I, II, III 

Dusty, abrasive 

cold 

Offshore 

CC less and less a ‘special case’ 
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First CC standard in the making 

• From field tests and analysis: input for defining design 

loads  

• Available by 01-2016 ! 

• Separate ‘wind class: II A (?) (200kg !) 

 

What we are actually doing is filling a knowledge gap on our way to 

a fully fledged asset management system. 
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Damage degradation modes 

for metals and composites 

(hidden damages due to 

manufacturing & inherent in materials) 

Structural 

Health 

Monitoring 

Condition 

Based 

Maintenance 

Material properties 

(Initial) Structural condition 

Usage 

(monitoring) 

Environmental factors 

(monitoring) 

Load spectrum 

(monitoring) 

 Water and salt ingress 

 Freezing and thaw cycles 

 Wear and Fretting 

 Long term effects of UV Light 
exposure 

 Heat damage 

 Lighting Strike 

 Bird Impact 

 Erosion (blade leading edges) 

Physics needed !! 

Based on: Martinez, TUD 

There is still a long way to go from sensor to analysis ! 
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Cost reduction 

2013-04-17 

Up scaling 

12 
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© Jos Beurskens 

   Up scaling                                                                   Cost reduction 

2013-04-17 13 
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Source: J.P. Molly, DEWI 

Power rating 

        It is not size, it is not generator capacity, it is Wind turbine 

power rating, which counts ! 

p =  
PR 

Arotor 
[W/m2] 

2013-11-29 15 
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Cost of de-rating wind turbines 

Source: J.P. Molly, DEWI 

System rating: Low wind regime rating 

Mechanical design: High wind speed regime 

Power rating 

2013-11-29 16 
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Wind turbine power rating and capacity factor 

Source: J.P. Molly, DEWI 

Trend turbine rating: Low specific power p in high winds 

100 m hub height, Weibull k=2,92, Vave = 7,3 m/s) 

Power rating 

2013-11-29 17 
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Cable & transformer & convertor cost 

proportional to peak power and not to the 

amount of energy generated, converted and 

transported. This leads to lower generation 

cost of WE, and less government subsidies 

Power rating 

Higher capacity factor (= equivalent full load 

hours) leads to  higher penetration degree of 

wind energy systems, better predictability, 

lower storage capacity. This leads to higher 

value of WE. 

Low specific power in high winds: 

2013-11-29 18 
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• In the past: only maximising output [kWh] and 

minimising cost [€/kWh] 

 

• Now and in the future: maximising wind contribution to 

electricity supply 

Power rating 

Power rating is under estimated and poorly understood issue 

2013-11-29 19 
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Wind turbines need to be re-designed  

 

• Optimised low p, high V rotor concepts 

• Design control and safety strategies 

for lower load spectrum …. and addition of ice 

loading 

• Modified wind farm optimisation strategies 

• ………  

 

Power rating 

2013-11-29 20 
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• Physics of icing (accretion of ice; types of icing) 

• Atlas of icing probability 

• Impact on wind turbines; energy output, loads, 

acoustic noise emission) 

• Dedicated turbine systems; anti-icing and de-icing 

• Environmental issues & Safety 

• Grid connection & Integration 

• Market, Cost & Value 

 

The CC agenda 
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Technology maturity curves for Cold Climate adaptations 

Electrothermal anti-or de-icing (retrofitted)

Low

High

1990 20202000 2010

Te
ch

n
o

lo
gi

ca
l m

at
u

ri
ty

 le
ve

l

Time

Electrothermal de- or anti-icing (factory installed)

Hot air circulation de- or anti-icing

Low temperature adaptations

Anti-icing coatings

Source: Navigant, BTM 
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2013-04-17 23 

Wind park, north of Östersund (S). Photo Jos Beurskens  

In conclusion 

• Significant progress in research and 

experimental validation of icing (various 

types of) under various climatologiacl 

conditions. 

 

• Same for additional laoding. Standard in 

the making.  

 

• Same for power and energy output loss 

 

• CC less and less a special case. Market at 

present 20 % of total wind power world 

wide. 
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Future 

• Grid issues & feed back to wind 

turbine and farm designers 

 

• Wind turbine CC testing and 

operational verification 

 

• Communication of risks & impacts 

 

• O&M, Asset management 

 

• Sharing of information 

© Jos Beurskens 
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Photo: Jos Beurskens 

                           Thank you for your attention ! 
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