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To reduce maintenance costs due to (extreme) 
low temperature  



Content of this presentation based on recent white paper:  
White paper OWI-Lab: Why performing climate chamber tests for wind energy applications? 

 

Á Electrical equipment 

Á E.g. Transformers,  

switch gears 

 

Á Mechanical equipment 

Á E.g. Gearboxes  

 

Á Hydraulic equipment 

Á E.g. Pitch & Yaw systems 

 

Á Structural components  

 

Á Project development equipment 

 

Á Construction tools 

 

Á O&M tools  

http://www.owi-lab.be/sites/default/files/White Paper OWI-Lab  - Climate chamber testing of wind energy applications.pdf
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Quick Introduction   
 

Á Collective Belgian technology centre  
Á 2500 member companies  
Á Technology innovation for/with companies  
Á From collective  projects  to  contract research  
Á High tech R&D and test infrastructure  

 



Laboratory for environmental testing of heavy machinery  

Focus on (extreme) cold temperature verification testing  

 

 -60°C Ą +60°C 

Good design & good construction means reduced maintenance costs  



 

Data from lab  
and field testing   

Knowledge,  
insight and  
understanding  

CAPEX reduction 
OPEX reduction  
Yield optimization  
Risk reduction  



Power plants in general are not immune  for 
(extreme cold) weather events  



The 2011 ûSouthwest Cold Weather eventü and  the ûPolar Vortex eventü last 
winter  and  have been a reminder that despite several years of mild 
winters, colder months can occur and have a big impact if not properly 
taken into account.  

Ą Valuable lessons learned for future and existing power plants  



Ą Valuable lessons learned for future and existing power plants  

Understanding the risks and take them into account early in 
the design phase of a wind turbine  or development of a wind 
farm can avoid most problems and increase resilience  

http://www.ferc.gov/legal/staff-reports/08-16-11-report.pdf
http://www.nerc.com/pa/rrm/January 2014 Polar Vortex Review/Polar_Vortex_Review_29_Sept_2014_Final.pdf


Looking back 1 year ù  
Wind energy as a critical electricity supply  



Looking back 1 year ù  
Wind energy as a critical electricity supply  

± 19.500 MW lost capacity:  
 

Overview of forced power outages during 

the polar vortex: 

  

Á 3 percent were associated with nuclear 

generation  

 

Á 26 percent of outages were associated 

with problems at coal plants 

 

Á 55 percent of outages were attributed to 

disruptions in natural gas supply or 

generation 

 

Á 16% others but renewable generation 

(wind and solar) are not part of the 

mandatory data submittal requirements 

http://www.nerc.com/pa/rrm/January 2014 Polar Vortex Review/Polar_Vortex_Review_29_Sept_2014_Final.pdf


Á Wind and solar power are often 

considered unreliable Ą WRONG 

 

Á FACT: Fossil-fueled plants had the most failures 

 

Á FACT: Under extreme weather conditions, 

conventional power plants regularly become 

more intermittent than (fluctuating) renewables 

 

Á FACT: Energy markets experienced major 

disruption during the 2014 polar vortex due to 

the unexpected shutdown of power plants and a 

run-up in natural gas prices caused by supply 

shortages 

 

Á FACT: óCheapô wind energy helped to moderate 

the disruption and keep electricity prices from 

skyrocketing further 

 

Á ADVICE: Make sure wind turbines and 

their components are capable of performing 

reliable in such conditions  

Looking back 1 year ù  
Wind energy as a critical electricity supply  

http://awea.files.cms-plus.com/AWEA Cold Snap Report Final - January 2015.pdf


2011 Southwest Cold Weather Event  

Background - Unusually cold and windy weather during the 
first week of February 2011 resulted in: 
 

Á Increased Energy Demand (additional winter peak demand) 
 

ÁGeneration losses in different power plant assets due to 
ŦǊƻȊŜƴ ŜǉǳƛǇƳŜƴǘΣ ƭƻǿ ǘŜƳǇŜǊŀǘǳǊŜ ƭƛƳƛǘǎΣ ŦǳŜƭ ƛǎǎǳŜǎΣΧ 

 

Á225 units tripped, de-rated or failed to start.  

 

Á1.3 million customers lost power  
 



2011 Southwest Cold Weather Event  

ÁExcept for nuclear facilities, all power plant types including 
coal/lignite, simple cycle gas, combined cycle gas and wind 
resources experienced problems 

 

ÁMostly coal & gas power plants  
 

ÁFrozen equipment & water lines ; cabinet heating elements 
failed ; Insulation removed, damaged, not adequate ; Heat 
traces failed or not adequate ; Blade Icing; Low temp. cutoff 
limitationsΤ Χ  
Ą this is reason why we extensively test & validate !  



Conventional power plants and their problems  
during extreme cold if not properly taken into account  

2011: Frozen valves: Insulation not re-installed for winter 



Conventional power plants and their problems  
during extreme cold if not properly taken into account  

2011: Frozen pipes: Frozen water in pipes cause damage 



Wind power plants and their problemsĄ 



Challenges with turbines in cold climate  

ÁYield - Production losses - Efficiency 
Á Icing effect on blades   

ÁLonger time for start-up ς cold start-up time  

ÁEffect op parasitic power consumption 

ÁReliability & Robustness 
ÁAdditional loads on certain ŎƻƳǇƻƴŜƴǘǎ όōƭŀŘŜǎΣ ƘȅŘǊŀǳƭƛŎǎΣ Χύ  

ÁEarly failure of certain components due to temperature effects  

ÁEffect of cold climate on expected lifetime  

ÁMaintainability & Operational Safety   
ÁLimited access (cold, snow, ice built-up and ice-throw, weather limits) 

ÁSpecial tools  

Á Increased O&M-costs  

 



Lubrication  

http://www.ferc.gov/legal/staff-reports/08-16-11-report.pdf


Blades & Icing 

http://www.ferc.gov/legal/staff-reports/08-16-11-report.pdf


Temperature limits  

http://www.ferc.gov/legal/staff-reports/08-16-11-report.pdf


Generation outage by cause  

Source: ERCOT Region Cold 

Weather Lessons Learned  



Also wind turbine  have not been immune  for 
the cold weather snaps  

16% of the wind units failed in ERCOT  

(Electric Reliability Council of Texas ) 
 

Á709MW due to icing 
Á1,237MW due to exceeding turbine 

temperature limits or other reasons  



Shift from standard wind turbines to ûtailored wind turbinesû 
according to their climate classification  

Á Corrosive environment  

Á Humidity & Rain  

Á Strong gusts & heavy wind loads 

Á Wave impacts; low freq. vibrations 

Á Vibrations due to wind loads 

 

Á (Extreme) cold temperatures: -40°C; -45°C   

Á Ice-rain & icing  

Á Heavy wind loads 

Á Snow  

Á Vibrations due to wind loads 
 

Á (Extreme) hot temperatures : +45°C; 50°C;  

Á Sand  & dust 

Á Vibrations due to wind loads 

Á Solar radiation 

Offshore wind turbines CCV wind turbines HCV wind turbines 

Cold weather packages: extended limits & heating  



 
 -10ÁC 

 
Standard turbine 

ñExtend temperature ranges, using 200 kW to 300 kW parasitic power per 

turbine at conditions below ï20C for heating components such as the 

nacelle space,  yaw drive and pitch motors, and the gearbox, slip ring, 

controller and control cabinet, and batteryò 

 
Cold weather package 



þCold weather package testingÿ of wind turbine 
components to ensure reliability and mitigate risk  



2011 Southwest Cold Weather Event  

Lessons learned:  

According ǘƻ b9w/Σ άit does not appear 
that cold weather packages were used in 
ǘƘŜ {ƻǳǘƘǿŜǎǘέ during the 2011 event. It 
recommends that all entities investigate 
the purchase of these packages in 
preparation for extreme cold events. 
 



Also wind turbine  have not been immune  for 
the cold weather snaps  

Polar  vortex  ù 6/01/2014 
 
Á1000MW cutoutüs due to extreme cold 

 
Áþmodels reaching their minimum operating 

temperatures according to the federal energy 
regulatory commissionÿ 



How to increase resilience and 

mitigate the Risk?  

1) Design classification and realistic  
 cold climate requirements  for wind turbine  





How to increase resilience and 

mitigate the Risk?  

2) Testing and validation in controlled laboratory 
conditions under realistic  climatic conditions  to find 
weak links in components and assemblies , early in 

the design phase  








