Optimised management of blade erosion
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Erosion of leading edges of wind turbine blades [z a widespread issue, with
potential for significant cost and revenue Iimpacts, particularly offshore. The
ORE Catapult has developed the blade leading edge erosion programme
[BLEEP) focussing in this area.

We present the results of a fleld study completed as part of BLEEP to

measure impact on turbine performance of leading edge erosion at a

commercial offshore wind farm. We describe the methodology used to

guantify the performance impact of leading edge erosion and how improved

understanding can be applied to improve financial yvield by optimising the Performance Repair Performance
timing of maintenance interventions. assessment pre repair ~2-5 days assessment post repair
~2=3 months *~3-4 months

Results

The turbine under test could be described as exhibiting moderate erosion on all
blades. Full inspection reports along with a blade inspection on inktiation of
measurements were available to the project team.

{]h]ECtWEE The results of this measurement campalgn at a UK offshore wind farm showed

To quantify the impact of blade erosion on cost of energy because: that an uplift of between 1.5 and 2 percent of Annual Energy Production [AEP)
was credibly attributable to repair of blade leading edge erosion. This varied

* Cost of inspection and repair is known dependent on the wind speed distribution and mean wind speed used when
» Cost of lost yield is not known transforming a measured shift in the power curve to an AEP value,

Foliowing on from this ploneering work the ORE Catapult has convened a Joint
Industry Project with 7 industry partners which will repeat this methodology in
different test conditions. The JIP will shed light on the grey area of the cost of
The motivation behind the campaign design was to accurately quantify the energy impact of leading edge erosion for the benefit of the whole industry.
impact of erosion on AEP

= There s limited robust evidence in the public domain on the real world
effects of blade erozion

Conclusions
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Eroslon remains a significant issue for the wind power industry. Whilst mary

potential research projects, iInnovations, test methodologles and technology
Improvements may be able to help the Industry better deal with the
phenomena In time, a benefit avallable in the short term is the optimisation of
blade maintenance Informed by an understanding of both the cost and the
benefit of repair work.
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It has been demonstrated that using turbine mounted lidar for power
performance assessment can provide valuable insight into turbines in the
operations and maintenance phaze of the project lifecycle.

However this measurement represants only a single result from a single turbine
type, site, and level of erosion. As such it is extremely important that further
studies are performed to bulld a more complete picture of how the level of
Met hnﬁc-lng? erosion, site, turbine and atmospheric variables influence the impact of erosion
on performance. [t would be particularly interesting to repeat this methodology
on a turbine with more severe levels of erosion.

Lidar based power performance assessment was used to measure power
performance of a test turbine exhibiting leading edge erosion on all blades.

The methodology developed and executed az part of this campaign may also be
usefully applied to assessment of proactive turbine upgrades such as
aeradynamic or control improvements as well as to assaszsment of the impact of
leading edge protection products on power performance.

By establishing an understanding of turbine power performance before and
after blade repair it is possible to guantify the effect of erosion on
performance. & key assumption of this methodology was that repair restored
blades to as good as new.

It was essential to ensure that influences of factors with the potential to Acknowle dgeme nts
impact power performance such as turbulence intensity and air density wera
reduced as far as possible, This was achieved using a sensitivity analysis®, It would not have been possible to establish this valuable initial result without

the positive and pro-active engagement of our partner and site host; Centrica.

This measurement campaign was conducted with subcontracted measurement
equipment and data analysis assistance from RES.
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