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1 Executive Summary 
The Scandinavian countries have high national development goals for wind power, and the spatial 
potential is big. However, cold climate has shown to cause several problems in regions of the north and at 
high elevations. The major problems occur when turbine blades are iced-up.  

The present report outlines the main aspects and problems of icing, summarized in the table below. 

 
Subject/ Aspect What is known Reflections 

Research insti-
tutes 

Denmark: Risö DTU, Vestas, Aarhus 
University 

Finland: Technical Research Centre of 
Finland (VTT), Finnish Meteorological 
Institute (FMI, Ilma-
tieteenlaitos),Tampere University of 
Technology (TTKK), Labko Oy, Kemi-
joki Oy, Kone Sampo, Imatran Voima Oy, 
Neste NAPS Oy, Vaisala Oy, and Kumera 
Oy among others. 

Norway: Kjeller Vindteknikk AS, Nord-
kraft Vind, Prof. Per-Arne Sundsbö at 
University of Narvik 

Sweden: The Swedish Energy Agency, 
the Swedish Wind Power Association, 
Vindkraftcentrum i Barentsregionen, Lu-
leå University of Technology, Umeå Uni-
versity, Halmstad University, Gotland 
University, KTH Royal Institute of Tech-
nology, Swedish Polar Research Secretar-
iat, MW Innovation, SMHI, WindREN 
AB, Dong Energy, Nordisk Vindkraft, o2 
Vindkompaniet, Skellefteå Kraft, 
Svevind, among others. 

Canada: Canadian Wind Energy Associa-
tion (CanWEA), Wind Energy Strategic 
Network (WESNet), TechnoCentre 
éolien, Wind Energy Institute of Canada 
(WEICan) 

The Scandinavian countries partici-
pate in in several international 
R&D programs, including Nordic 
initiatives. 

The development of wind farms in 
Denmark is far ahead compared to 
the rest of Scandinavia, but due to 
the early development there is an 
on-going exchange of the old 
smaller turbines to the larger mod-
els available today.  

In Finland research has been carried 
out since the 1980´s but the devel-
opment of wind farms has been 
slow. 

Research in Norway is poor due to 
their milder climate and limited 
number of wind farms. 

Only parts of the knowledge from 
Canada can be applied to the Scan-
dinavian wind industry due to other 
weather conditions. 

Conditions for 
icing 

• Icing is a complex process dependent on 
different weather conditions resulting in 
different types of icing. 

• Icing appears not only in cold climates, 
it may occur on sites where temperature 
reaches just below 0 o C. 

• Icing depends on height, i.e. the taller 
turbines the higher is the icing rate.  

Knowledge status is relatively 
good, much information can be 
found in aviation and military in-
dustry. Some of the knowledge is 
applicable to the wind power indus-
try. 
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• An ISO standard is available 

Icing measure-
ments and fore-
casts 

• The key parameters for estimating icing 
are expected to be the droplet size dis-
tribution and the liquid water content of 
air, combined with temperature and 
wind speed. This is currently not possi-
ble to measure. Instead, measurement of 
the visibility and estimation of the verti-
cal velocity can be used to approximate 
droplet size distribution and liquid water 
content of air. Another strategy to pre-
dict icing is measurement of air temper-
ature combined with humidity. 

• Several ice detection instruments have 
been developed, none is fully reliable.  

• Heated anemometers have been devel-
oped and are in use. They still need fur-
ther development. 

• The occasion when icing starts can be 
detected quite well with available in-
struments in use. But icing of sensors is 
a problem. It gives an overestimation of 
the period of time with icing.  

• Due to the fact that the measurements 
cannot be performed at the exact loca-
tion of the turbines in a wind farm, there 
will always be a location error in icing 
measurements.  

• Measurements of icing at the highest 
elevation of the blade are difficult. 

• Icing prediction models are today in 
regular use within civil and military 
aviation services. Models have been de-
veloped for wind power. However, 
models need higher resolutions to cap-
ture terrain effects as well as to be veri-
fied by measurements. 

Suitable ice detectors are needed 
for direct measurements of icing.  

No verified and fully reliable ice 
detectors are available on the mar-
ket.  

Ice maps presented for entire na-
tions are not fully reliable. 

Models need to be developed at 
several levels; parameter used, ter-
rain resolution, altitude resolution 
and verifications. 

Effects of icing on 
wind power plants 

• Loads: Additional vibrations caused by 
mass and aerodynamic imbalance. Pro-
duction losses when turbine is stopped 
due to high loads. May increase the 
structural loads of a turbine significant-
ly. 

• Production losses: Icing changes aero-
dynamics of the blade resulting in pro-
duction losses. 

• Difficulties in production forecasts: 
icing of anemometers, difficulties both 

In order to enable forecasts and in-
vestment decisions on prevention 
systems reliable ice measurements 
(synoptic measurements) in the 
planning stage is needed. This ap-
plies both on meso-scale and site 
specific. There are currently no ful-
ly reliable measurements. 

Development of de- and/or anti-
icing systems is needed. Preferably 
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in resource estimation and in turbine 
control 

• Shortening of component´s lifetime: 
vibrations cause higher loads 

• Increase of blade generated noise: 
changes in blade structure cause higher 
noise. 

• Unfulfilled power curves: iced up 
blades makes rotor speed slower. 

• Safety risks: ice thrown off the blade 
may pose a safety risk even in areas 
where icing is infrequent. Mitigation 
measures can effectively be assessed 
and the risks are very low relative to 
generally accepted natural hazards. Mit-
igation methods are available. 

to be installed pre-construction. 

 

De-icing and icing          
prevention 

• Effects of iced blades can be prevented 
by anti-icing methods or removed after 
the occurrence; anti-or de-icing. 

• Turbine manufacturers have shown little 
interest in developing solutions for de- 
and anti-icing. This is due to a high de-
velopment cost compared to a low de-
mand from the market. 

• Most common techniques are heating of 
the blades by pumping hot air through 
the blades, electric heating and coatings. 

• None of the techniques are yet available 
for medium and sever icing conditions 
and neither sufficiently tested and de-
veloped for commercial use. 

• Results from on-going projects are ex-
pected in the coming years. 

• Lightning can be a challenge for de- and 
anti-icing systems. 

From energy saving point-of-view 
it is desirable to apply strategies 
adapted for the severity of the icing 
at the specific site. Classification of 
sites would be a helpful guide in the 
decision on what method is needed 
for the specific site. 

 

Economic   aspects 
of   icing on wind 
turbines and   
measurement      
instruments 

• Very little information available on ac-
tual costs. 

• No specific guidelines for assessing the 
economic impacts and risks associated 
with projects in extreme and arctic cli-
mates. 

• De- and anti-icing systems are not eco-
nomically profitable to install today 
when looking at production losses. 

• De- and/or anti-icing may be economi-
cally viable when looking at turbine 
loads and wear during the turbine life 
time. 

Due to the very little information 
available on economic aspects of 
icing it is difficult to estimate the 
additional costs when developing a 
wind farm in cold climate. 

In order to draw any conclusions 
more projects needs to be analysed 
from scratch. 

It will always be difficult to tell the 
specific cost of a project until icing 
and wind climate measurements has 
been undertaken for the actual wind 
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• Insurance costs are higher for wind 
farms in cold climates. 

• Better forecasts on cost may be possible 
to achieve by further development and 
verifications of forecast models. 

• Different strategies for de- or anti-icing 
due to the severity and the length of 
time in which icing occurs at a specific 
site may increase the cost-efficiency.  

farm site. 

In case measures to cope with icing 
are needed on a wind farm it might 
be cost-efficient to adapt the strate-
gy for de- or anti-icing to the sever-
ity and the length of time in which 
icing occurs. 

Other effects on 
turbine operation 
and maintenance 
in cold climate 
except from icing 

¶ Operation and maintenance:  
o Brittle fracture of materials 
o Insufficient lubrication of bear-

ings and gearbox 
o Malfunctioning hydraulics 
o Malfunctioning electronics 
o Service and monitoring under dif-

ficult conditions 
• Solutions have been developed by the 

industry and most manufacturers can of-
fer such solutions. 

• Freezing grounds cause problems when 
combined with wet grounds. The foun-
dations get instable when the ice melts. 

• Offshore foundations need to be adapted 
to ice loads from the sea. 

Most manufacturers offer different 
turbine component solutions. 

Actions needed – a 
priority list 

Step 1: Find reliable methods to more secure find out how big the actual prob-
lem of icing is.  

Step 2: Find out how much the icing actually cost. 

Step 3: A documentation of what methods there are to cope with the problems of 
icing and what is their cost. 

Step 4: A mapping of what effects there will be if possible measures are to be 
used, i.e. what will be gained from the decrease in production losses. 

Step 5: A cost-benefit analysis; will the necessary actions reach the intended 
effects at a reasonable cost? Is it economically feasible to take action? Is there 
reason enough to avoid development of wind power in areas where severe icing 
occurs? 
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2 Introduction 

2.1   Background 

Research and development associated with the problems of icing of wind turbines 
has been undertaken during several years throughout the countries exposed to icing 
of turbines. To outline what is really known on the matter and what knowledge gaps 
there is this report has been set up, on behalf of Nordic Energy Research. The report 
is to be a basis on further research and development needs and initiatives according 
wind power in cold climates. Hopefully the report will also serve as a helpful tool 
for the wind power industry and authorities in development of wind power in the 
Nordic countries.  

The project was contracted in June 2011 and an intermediary draft report was deliv-
ered to Nordic Energy Research in August 23rd 2011. 

The study has been composed by WSP wind power groups in Sweden and Finland 
and our affiliated company Multiconsult in Norway. 

WSP is a global business providing management and consultancy services for the 
built and natural environment. The  Group  has  over  9  000  staff  operating  from  
over  100 offices  worldwide  bringing  together  multidisciplinary planning,  engi-
neering,  corporate  services,  sustainability,  environmental  and  management  
skills  and  is  active across the full range of sectors. Renewable energy, especially 
wind power, is a fast growing business area within the company.   

Multiconsult  is  a  Norwegian  affiliated  company  to  WSP  with  wind power  
competence  and  track  record  in market and policy advisory, multi-disciplinary 
engineering and project management. Together with WSP, the joint project team 
brings the wind and renewable energy expertise and international perspective neces-
sary to support Nordic Energy Research.  

Nordic Energy Research is the funding institution for energy research under the 
Nordic Council of Ministers. The aim of the institution is to reach knowledge for 
sustainable, affordable and clean energy solutions. Nordic Energy Research pro-
motes research and innovation in new energy technologies and systems by fostering 
competitiveness, cooperation and increased knowledge creation in Nordic research 
initiatives. 

2.2  Objectives and scope of work 

The overall objective of this report is to summarise the knowledge, research and 
development that has been undertaken in the field of wind power in cold climate and 
icing until today.  The report is to be based on existing knowledge, i.e. completed 
studies and reports. 

Four main aspects have been pointed out by Nordic Energy Research: 

¶ Conditions for icing to occur  
¶ Effects of icing 
¶ Methods for de-icing and prevention of icing 
¶ Economic aspects of icing and de/anti-icing 
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For every of the four aspects appointed research results and development in the 
Nordic countries Denmark, Finland, Norway and Sweden has been collected and 
analysed. A comparison to development in Canada has been included and the as-
pects listed above has been analysed in order to identify the knowledge gaps in the 
field. Unfortunately, a number of the research reports from Canada are only availa-
ble in French why they are not included in the study. 

Based on the results of each aspect, the report holds an analysis of how the cold 
climate affects the wind power industry in certain regions and what important as-
pects should be valued in the context. The most possible scenario for the near future 
is described as well as an analysis and description of a desirable scenario. The de-
velopment in and reports from other parts of the world are not included in the report. 

It has also been shown that available ice maps only represent a coarse tool in wind 
power planning, why they are not attached to the report. The resolutions of the cal-
culations are too low, why the terrain is not sufficiently reflected. There is a risk that 
too far-reaching conclusions are drawn in wind power planning. In some cases sites, 
where there are no risk of icing, might be deselected.  

2.3 Methodology 

The project team performed a bottom-up research of publicly available information 
in three approaches:  

1. Nation wise (National wind power trade organisations; Denmark, Finland, 
Norway, Sweden, Canada) 

2. Latest trends (conferences and direct engagement with market players) 
3. Project research (national wind power research institutes, pilot project own-

ers in Sweden) 

The collection of available data was allocated to the WSP and Multiconsult offices 
in each country of question in order to facilitate the research. WSP Sweden also 
conducted the research for Danish and Canadian R&D, composed the report and the 
basis from each country and conducted the analysis. 

While most of the knowledge and research on the subject is coherent internationally, 
the backgrounds on icing conditions and effects of icing are the same irrespective of 
nation. What separates the nations from each other is the regional and local climate, 
which can have different effects on icing appearance and icing extent on wind tur-
bines. Thus, the first part of the report holds a chapter with dedicated sections to 
each country with descriptions of the national wind power development, climate and 
the research and development (R&D) status. 

Thereafter the report follows the structure of the objectives described above. An 
additional chapter has been added describing icing measurements and forecasts. 
Measurements in icing conditions, measurements of icing and forecasts of icing do 
not obviously fall under the four main objectives of the study. They have been de-
voted a separate chapter while they are aspects important of particular highlighting.  

Each chapter contains a section with reflections where conclusions and the state of 
knowledge on the subject is summarised. 

A list of references is presented in the end of the report. 
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In attached appendix on-going and completed research and development projects 
noted in the study are reported. It is not a full list of all current and completed pro-
jects on the subject. 

 

3 National conditions and summaries 

3.1 Denmark 

3.1.1 Introduction 

The Danish wind turbine industry has a 27 % share of the global market and em-
ploys approximately 27 000 people, making it the world leader in wind power. Fur-
thermore, some 20 % of the domestic electricity production comes from wind ener-
gy. The development of wind power in Denmark is characterized by a close collabo-
ration between publicly financed research and industry.1 

As of May 2010, there were 5 052 wind turbines in Denmark with an installed wind 
capacity of 3 545 MW, offshore wind power accounting for 505 MW. However 
since then Horns Rev II has been put in to operation and Rødsand II is also under 
construction. This means that Denmark in May 2010 had over 720 MW wind capac-
ity placed offshore.2 

In 2009, wind-power production accounted for 19.3% of domestic electricity sup-
ply. In 2009 wind turbines produced 6 721 GWh electricity. In 2010 the Danish tur-
bines produced 7 807 GWh. In the Environmental plan from the government the 
goal 1996 to be fulfilled 2005 were that 10 % of the power consumption ought to 
come from wind power and 2030 it should be 50 %. Year 2010 the wind power ac-
counted for 21.9 % of the total power consumption. 3 

 
Figure 1: Wind power development in Denmark 4 

                                                   
1 Risø DTU National Laboratory for Sustainable Energy, 2011-07-07 
2 Danish Energy Agency, 2011-07-07 
3 Ibid 
4 Ibid 




































































































































	Table of Contents

