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 Motivations & Research needs

 Design for cold climate compatibility (DCCC)

 Case study and Site experiences

 Cold climate influences

 Technological solutions

 Incident codification system and e-cold climate 
dependability database

 Asset Simulated assessment of technological 
solution

 Recommendations for cold climate 
stakeholders

Agenda



Cold climate pros and cons 

• High wind availability

• Less visual impacts

• More public acceptance

What are dependability threads due to CC?

- Cold climate condition impact physical 

systems

- Impact operational & maintenance practices

- Impact supportive practices

Motivations & Research needs



SysDE with focus on Design for Cold Climate Compatibility



How we measure the dependability in terms of 
cost?

• Production losses

• Direct operation & support cost

How we improve dependability of wind farm?

• Increase reliability

• Increase maintainability

• Increase maintenance supportability

Dependability ?



• The Havøygavlen windmill park officially opened on 4 June 

2003 in northern Norway in the Måsøy municipality in 

Finnmark. The park is 180km northeast of Hammerfest, and 

cost a total of NOK336 million ($44 million). 

Case Wind Farm 

http://www.power-technology.com/projects/havoygavlen/


Site wind speed
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Site temperature
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Site experiences: Capacity & Facility

Turbine:15 X and 1 Y (direct drive)

The wind speed reaches the 30 m/s

The there three technician of X company

The control depend on SCADA system

The plan is to install the CMS

2003 operations start

2004/2005 all gearboxes changed

Technical aspects



Site experiences: Technical challenges

The main effect of winter weather is the north wind 

Otherwise the south west wind is idle for operation

Temperature in winter is about 0 to -16, average is -10

Salty wind from the sea (Corrosion in blade covers, tower flanges)

Lubrication oil inspection every 6 months and oil change every three years

Operating temperature and oil heater

Impacts on Pitch system due to high wind turbulence and dust, the change in design 

of hardware and software to cope with weather condition and better controlling

The capacitors are old after 7 years and they needed to be changed

Azimuth system, updated for new motors and controller

Generator only one bearing changed

Winter storm----stop-----then oil become thinker-------needed more extra heating load 

to reach the needed viscosity after start up

site technical issues



Maintenance practices: new era

Firstly, it was two visits in winter and summer, but because the 

production losses and work difficulties it change

New way:

The maintenance visit should be performed between May and 

September with two types of maintenance packages: small (30 

hr) and large scale (50-60) for each wind turbine

Small scale maintenance including inspection and defining the 

problems for large scale maintenance

Large scale maintenance including oil change, replace & repair

The dark problem affect the workforce performance 

http://www.arctic.noaa.gov/np2003/gallery_np_tour.html

Spare part: policy is to have at least one turbine as spare part

With logistic time of 7-10 from Germany through Sweden by 

truck

Maintenance practices

http://www.arctic.noaa.gov/np2003/gallery_np_tour.html


1. Ice detectors: to detect ice, 

ice accretion phase, and its 

total time, ice structure.

2. Anti-and de-icing technology

3. Low temperature solutions

4. Wind sensors

5. Site supportive equipments 

like mobiles, bulldozers, 

cranes, infrastructure

6. Human factor/ ergonomics 

for operators and 

maintenance staff

Technological solution space

Challenges

High cost & affordability

Uncertainty

Interoperability 

Scalability



Site experiences: Site challengesInfluence diagram of cold climate conditions
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Site experiences: Site challengesWinter storm scenario & systems dynamic model

----stop-----then oil become thicker-------needed more extra 

heating load to reach the needed viscosity after start up



Coding system for dependability threads

Codify the incident reports provide ability to:

-Determine event circumstances 

-Define critical threads and prioritize available technological 

solutions

-better action and maintenance planning

-Reduce operation & maintenance errors

-Self-generated requirements for improvements

Quality 

Assurance

Design & 

development

Dept.

Manufacturing 
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D
e
si

g
n
 f
o
r 

te
ch

n
ic

a
l i

n
te

g
ri
ty

D
e
si

g
n
-o

u
t 
in

st
a
lla

tio
n
 e

rr
o
rs

D
e
si

g
n
-o

u
t 
m

a
n
u
fa

ct
u
ri
n
g
 

e
rr

o
rs

Im
p
ro

ve
 Q

u
a
lit

y 
co

n
tr

o
l 

p
ra

ct
ic

e
s

Module 6:

      (Re) engineering development system

Sensor

technology

Remote communication system

Data 

acquisition

AI-based 

multi value drvien 

Decision Support

& optimization 

system

Logistics 

contractors

Analytical 

software

Support vessels 

Expert 

center

External Expert 

Weather 

forecasting

O&M crew

In-house/out-sourcing

Control data

actions

Event data

Condition 

monitoring 

data

Control & 

performance data

Diagnostic & 

Prognostic 

system 

Sensor

technology

D2D

D2D

Marine operations 

Management system

D2D

D2D

Reverse logistics

RCM 

program
CMMS

Module 1:

Offshore Wind power Asset 

Module 4: 

   Offshore support system

Module 3: 

Onshore support system

Module 2:

Onshore operating system

Feedback and 

recommended 

actions

Operational 

actions & orders

Orders 

D2A

D2A

D2A

Remote Control 

actions

Module 5: 

  Work process management system



Coding system for dependability threads

Incident report code includes

-Event data

-Context data and information of incident event

-Technical data and classification

-Failure mode, cause, pattern data

-Acting procedures and recommendations



Site experiences: Site challengesSimulation package

Simulation model:

-Wind turbine 

production and losses

-Operation & 

maintenance system

-Lifetime simulation

-Reporting life cycle 

costs

-Shows effect of cold 

climate condition on 

overall asset

-Shows the 

enhancement of new 

add-on system, 

operating scenario



Site experiences: Site challengesSimulation model of the asset dependability plan



Overall methodology of ‘design for cold climate compatibility’

Application & model verification

Modeling & framework

definitions

Stakeholder 

requirements

Generate system 

concepts

System 

requirements

Use-case 

scenarios

Physical 

architecture

Generate 

evaluation/

selection

Define site & 

season threads

Dependability centred 

engineering 

characteristics

Dependability centred 

functional requirements

Dependability 

centred 

scenarios

Dependability  

criteria & metrics

Dependability  

requirements

Functional 

architecture

Engineering 

characteristics

Risk related 

environmental 

threads

System model Detailed design

legacy

Systems 

Engineering

Dependability 

engineering

Generate/evaluate 

Concept of operations

Verification

Verify 

functions

Verify 

engineering 

characteristics

Verify system 

interfaces

• There are a lot of system 

requirement behind use-case 

scenarios

• Simulation is an helpful tool to 

estimate the power production, 

losses and maintenance 

process.

• Adding-on technology into 

engineering architecture it is an 

iterative process

• System scale could impact the 

dependability of system-of-

interest



For manufacturer 

• System Requirement Review (SRR) should include

dependability plan based on site & seasonal conditions

of installation site.

• Cold climate impact it is not ice and low temperature and needed to visualize 
in a sub-system levels

• Scale of system and application site are the context of our experience

• The new technological solutions needed to be assessed based on overall 
system effectiveness criteria

For operating & support 

• Commercial on the shelf (COTS) should be assessed for the specific 
installation site conditions

• RAMS or dependability simulation provide practical meaning of design 
specification in the design phase.

• Coding incident report/events reduce errors, better understanding of event, 
faster support process planning and self-generated improvement 
requirements

For consultant company

• Dependability model & simulation is an helpful module for site assessment 
system to assess optimal O&M cost together to wind power production

recommendation 



life cycle stakeholders

Manufacturing

 system Construction

 system

Design & 

development system Operating 

system

Disposal issuesLogistic system Maintenance system

& Accessing system

     
 

 



Thanks a lot

http://winterwind2011.se/index.html

