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1. Introduction – In 2020, European Parliament voted to approve the European Green deal, a set of 

policy initiatives by the EC with the goal to make Europe climate neutral in 2050. The intensive 

development of renewable energy in general, and wind 

energy, in particular, is expected in next years and decades. 

Wind turbines became larger and larger over last decades, 

with blades reaching hundred meters. The requirements 

toward wind turbine materials are extraordinary high, in 

particular, for wind turbine blades. A wind turbine is expected 

to serve for 25…30 years. Repairing a wind turbine, which is 

located in North Sea, many kilometers from the coast, means 

considerable efforts, and costs, of the order of many dozens 

thousands of dollars per each repair. In this presentation, the 

challenges of the development of offshore wind turbines with 

view on the materials science aspects are discussed.  

 

2. Erosion of wind turbine blades - The most often observed damage mechanism of wind turbine blades 

is the surface erosion (usually, at the leading edge of wind turbine blades), see Image 1. It can be often 

detected even 1…3 years after the wind turbine installation, and can reduce the annual generation of wind 

energy by 5…7% and even higher. In the survey of wind farm owners and service companies, carried out 

by Indian NIWE (National Institute of Wind Energy) and DTU in the framework of MAINTAINERGY 

project [1], dealing with the blade damage mechanisms, 81% of respondents observed surface erosions, 

against 63% observing lighting strike and 44% structural cracks (each respondent could mark several 

options).  

The costs for repair of blade erosion, or, alternatively, caused by the fall of energy production due to 

erosion, are very high, with millions of euros per wind parks. The problem of preventing the leading edge 

erosion, by developing erosion resistant coatings, changing surface parameters or service regimes, 

attracted large interest of wind energy and materials. In many projects, new anti-erosion coatings, 

predictive models of erosion or special regimes have been investigated (see the review in [2]). For the 

optimization of coating and service regimes, better understanding of the erosion mechanisms, and 

predictive computational models are required. These topics are discussed in the presentation.  

 

3. Repair of wind turbine blades - In several works, computational models of blade repair were 

developed for the optimization of repair 

design and technology. The models are 

based on beam theory, fracture mechanics, 

damage tolerance approach. Image 2 shows 

a photo on onsite repair of wind turbine 

blade and a computational model of 

repaired laminate 

(coatings/scarf/adhesive/laminate) with 

stress field in repaired blade.  

The onsite repair of wind turbine blades can 

last several hours, and is rather expensive. 

In this presentations, various technologies 

of wind turbine blade repair are discussed.  

 

4. Conclusions – The intensive 

development of wind energy sets new challenges for the materials development. The goal of 

extraordinary long service of wind turbines under high mechanical and environmental loads and high 

maintenance costs sets rather high requirements for the materials used in wind energy applications. 

 
 

Image 1. Eroded surface of wind turbine blades 

   
(a)                                                 (b) 

Image 2. On-site repair of wind turbine blade (a), and computational model of 

repaired laminate (coatings/scarf/adhesive/laminate) (b) of wind turbine blades 



Specifically, the higher lifetime and lower maintenance costs of wind turbines can be achieved, if 

expected and likely damage mechanisms are known, and the materials for the blade components are 

designed to resist these damage mechanisms.  

With view on blade surface erosion, as the most common damage mechanism, development of multilayer, 

damping, viscoelastic architected coatings is an important task for blade protection.  

Further, the challenge of repair of wind turbine structures includes the repair costs and long post repair 

warranty requirements.  

 

5. References 

[1] K. Boopathi, L Mishnaevsky Jr., B. Sumantraa, S. Anthonyraj Premkumar, K. Thamodharan, 

K. Balaraman, Wind Energy, https://doi.org/10.1002/we.2706 

[2] L. Mishnaevsky Jr., Wind Energy 2019;1–18, https://doi.org/10.1002/we.2378.  

[3] L. Mishnaevsky Jr., N.F.N. Johansen, A. Fraisse, S. Fæster, Th. Jensen and B. Bendixen, 

Energies. 2022; 15(5):1767 

[4] L. Mishnaevsky Jr., K. Thomsen, Wind Energy, 2020, 23 (12) 2247-2255 

[5] L. Mishnaevsky Jr., Materials 2021, 14, 1124, https://doi.org/10.3390/ma14051124 

 

https://doi.org/10.1002/we.2706
https://doi.org/10.3390/ma14051124

