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Literature Review: Potential Application of Nanotechnology in Wind Turbine Blades 
Introduction 
Wind energy is growing rapidly as a renewable energy source worldwide. In 2017 a capacity of 52, 492MW of new wind turbines were installed, more than double that of 10 years ago [1]. A major trend in offshore wind turbine development is the increase in the size of the blade diameter because the extracted wind power is directly proportional to the surface area of the blade [2]. Increasing the size of the wind turbine blade (WTB) means the weight increases and the blades will deflect more, so the structural stiffness of the blade is of increasing importance. The demand for developing stronger and lighter WTBs has caused an increase in research for using nanotechnology using carbon nanotubes (CNTs), nanosilica and graphene as a reinforced hybrid composite to replace fibre reinforced polymers (FRP) currently used [3-5]. 
Discussion 
Off-shore WTBs are exposed to extreme weather conditions and have to deal with high dynamic loads, rapid changes in wind direction, extreme wind gusts, wake effects from neighbouring wind turbines and lightning strikes [6]. In Japan, the average number of faults caused by lightning strikes per 100 turbine years can reach as high as 36 [7]. CNTs have the advantage of being high electrical conductors to divert the lightning current, they have high thermal conductivity to dissipate heat generated from lightning strikes and they also have excellent chemical and thermal stability to withstand heat arising [4]. General Electric is developing a hydrophobic nanocoating to prevent ice formation on WTBs [5]. Ice can disrupt the aerodynamics of the blade and reducing its efficiency as well as unbalancing the load distribution potentially causing structural fatigue reducing its lifetime. In extreme cases, it could stop the operation of the wind turbine [6]. 
Several studies have been carried out to review the mechanical properties of CNTs in the form of a polymer nanocomposite [7-9], and a general conclusion is that CNTs can improve the strength, the elastic modulus and the fracture toughness by 20%, 24% and 60%, respectively [11]. It has also been found to reduce the propagation of interlaminar cracks which can be a problem in traditional FRPs [4]. Experimental studies have demonstrated that epoxy composites containing a small number of CNTs can increase the lifespan of the blade up to 1500% [6]. A report by Laura Merugula found that a weight saving of up to 20% potentially resulting in an increased lifetime of the blades in 2MW and 5MW turbines with the addition of 1-5 wt% of CNTs [12].  Numerical studies have also demonstrated that the advances in the blade’s lifetime compared with the current composites justifies the additional investment required to produce WTBs from nano-reinforced composites [3]. There are however studies that illustrate the practical and economic issues that currently prevent nanocomposite WTBs being widely adopted [13]. 
To ensure wind turbines are appropriately engineered against damage from hazards within the planned lifetime they must conform to the international standard IEC 61400 published by the International Electrotechnical Commission (IEC). The standard isn’t specific to the types of materials that but be used to make WTBs, but full-scale prototype blades are to be tested both statically and dynamically to meet set criteria under the requirements of IEC 61400-23. 
Conclusion 
The application of nanotechnology in wind turbine blades is still in the research and development stage but it can be said that they offer many advantages over the current fibre reinforced polymers used to date. They allow for a reduction in blade weight, increased reliability, longer operational life and improved efficiency/cost in the near future. 
The main factors under consideration are manufacturing cost, environmental factors, site-specific etc. Wind energy competes with other conventional sources for market share [13]. 
The weight of wind turbine also creates a problem in transportation and installation of the wind turbine. The increase in weight of wind turbine leads to increase in weight and cost of towers which will increase the installation cost. 
full-scale level prototypes of the blade are tested both dynamically and statically following the requirements in the IEC 61400-23 standard on full-scale testing 
IEC 61400-23: 2014 Full-scale structural testing of rotor blades 
The 61400 is a set of design requirements made to ensure that wind turbines are appropriately engineered against damage from hazards within the planned lifetime. The standard concerns most aspects of the turbine life from site conditions before construction, to turbine components being tested, [1] assembled and operated. 
At full-scale level prototypes of the blade are tested both dynamically and statically following the requirements in the IEC 61400-23 standard on full-scale testing. Full-scale blade tests are performed on typically one or two blades in order to verify that the blade type has the load carrying capability and service life provided for in the design. Since the cost of a blade itself is high, the blade is large and usually equipped with a lot of transducers, sensors and instruments, and the time needed for the dynamic test and the subsequent data analysis can be several months for large blades, the cost due to waiting time for market introduction is also significant. 
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