Risk Assessment of Operation and Maintenance of Wind Turbines In the Arctic
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» The available wind power in cold climate regions or In the arctic Is almost 10% higher than In
other regions, due to higher air density. Therefore, wind turbines are invested in this region.

» There are different risks related to wind turbines in cold climates. Ice accumulation on wind
turbines’ blades Is a main concern and has sever consequences for the wind turbines and their
surroundings.

» |ce can be thrown away from wind turbines and hit people, animals, cars, other wind turbines
and nearby structures.

» lce accumulation on the blades can create imbalance, vibration and affects the structural
Integrity of the wind turbine.

»Low temperatures can change the dimensions and mechanical properties of the mechanical
components of the wind turbine and cause failure to them.

»Snow accumulation on the roads and the foundation of the wind turbine can prevent
maintenance crews from reaching the wind turbine to carry out the required maintenance.

»Windy weather conditions accompanied by snow or precipitation can make the maintenance
work even more difficult.

» Ice accumulation on the blades will increase the noise levels and become annoying to people
living nearby and to operation and maintenance crews.

» Icing and cold climate related standards have progressed in recent years. However, cold climate
wind energy Is one of the largest “non-standard” markets in wind energy today.

» Risks related to wind turbines in the Arctic can be categorized into two categories:
* Risks generated by the wind turbines, affecting the surroundings.

* RIsks generated by the surroundings and environment, affecting installed wind
turbines, maintenance and operation crews.

» Risk assessment aims towards identifying the risk, analyzing it through defining the
probability of that risk to take place and the consequences of it, evaluating the risk through
comparing It to certain criteria, and based on that suitable measures are taken into account In
order to mitigate the risk.

» Risk assessment provides decision-makers and responsible parties with an 1mproved
understanding of the risks that could affect the operation and maintenance activities of wind
turbines.

» Decisions based on proper risk assessment will help in increasing the power production of the
wind turbines by decreasing their downtimes.

Risk generated by the Risk generated by

wind turbines

surroundings and
environment

Risk of Ice Accumulation Ice falling off or thrown from wind turbine
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Ice Is either thrown away of an operational
wind turbine or fall down in case the wind
turbine was idle. The probability depends on
how severe ice accumulation is

High probability under arctic conditions and
takes place mostly on the leading edge of the
blade

\_ J - J

4 N 4 )
Conseguences: creates mass imbalance

Increases static load on the rotor
Alters blades’ aerodynamic profile

Resonances and vibrations
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Consequences: thrown ice pieces represent a
hazard to personnel, animals, roads and
surrounding structures including other wind
turbines.

4 h " Current control measures: shutting down the

wind turbines, placing them in uninhabited
locations, and avoiding too close to roads or
agricultural infrastructure .

Current control measures: shutting down the
wind turbine when weather conditions are sever.

However, this will lead to power production loss
Anti/ De-icing systems (ADIS) Warning signs, raising awareness, forecasts,
ADIS
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Assessment
Factors

» Defining risks affecting the operation and maintenance activities of wind turbines installed in the
arctic region.

» Defining suitable risk assessment methodologies to be followed for risks related to wind
turbines In the arctic.

» Improving standards, guidelines and best practices to include dealing with different types of
risks affecting wind turbines’ operation and maintenance activities.

Selecting Best Risk
Assessment Methodologies

Improving Standards and
Guidelines

Defining Risks
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