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News & Views 

HOW GREEN COMPOSITE MATERIALS COULD BENEFIT AIRCRAFT CONSTRUCTION  

Constantinos Soutis (Corresponding author), Xiaosu Yi, Jens Bachmann 

 

Aeronautical composite materials can be typically characterized by their excellent mechanical 

properties, light weight and high performance when compared to the more conventional materials, and 

the ability to tailor their structure to produce more aerodynamically efficient structural configurations. 

Considering though the environmental challenge and related public concerns, the game is nowadays 

changing focusing on renewables [1-2]. Historically, it might not be surprising, if one knows that the 

earliest aircraft structures, like the first flight of the Wright Brothers’ Flyer 1, in North Carolina on 

December 17
th

 1903, were made from natural materials such as wood, wire and fabric. Wooden 

structures did persist until World War II and the de Havilland mosquito aircraft (DH98) constructed of 

a plywood-balsa-plywood sandwich laminate probably represents the high point of engineering design 

with wood. The DH91 Albatross airliner in 1937 was moulded as a ply-balsa-ply sandwich 

construction and the Spitfire fuselage in 1940 was designed and built of Gordon Aerolite material that 

was a phenolic resin incorporating untwisted flax fibres that could be regarded as the precursor of 

modern fibre reinforced plastics [3]. European and Chinese scientists and engineers are currently 

working in association in the ECO-COMPASS project (www.eco-compass.eu) to develop low cost 

aeronautical green composites. This news article aims to give an overview of the topics and report 

main results obtained in the ECO-COMPASS project that could be of interest to the journal’s 

readership. The composites under investigation are made from naturally renewable resources like 

plants and recycled carbon fibres with added functionality, where acoustic, vibration and electrical 

behaviour can be tuned according to design needs [2, 4]. It is the objective of the joint effort to trial-

manufacture secondary and interior structures for aircraft by using these newly developed material 

systems. The threshold for the introduction of new materials in aviation is comparatively high because 

of the challenging safety requirements. An example is the fire performance criteria for materials used in 

the cabin environment.  

 

Biopolymers derived from natural resources are attracting the attention to replace traditional petrol-

based plastics in designing eco-friendly commodity bio-composites [5]. For GREEN AVIATION 

however, it is the priority to develop bio-sourced high-performance resins to substitute the traditional 

epoxies for use in structural applications. Rosin acid [6] and itaconic acid [7] have thus been 

synthesized, and formulated epoxy resins have been subsequently manufactured to produce green 

composites [8] through genetic engineering technology. Equivalent and in some cases improved 

performance have been found in these matrix systems. Furthermore, an intrinsically flame-retardant 

epoxy resin (diglycidyl ether of daidzein (DGED)) from renewable daidzein has been synthesized 

without addition of any flame-retardant element [9, 10]. The latest activities related to the bio-resins 

have focused on the introduction of nanofillers into the bio-based epoxy matrix and the preparation of 

specimens for mechanical and fire retardant testing. Silicon carbide nanoparticles, carbon nanotubes 

and nanoclays have been selected as nanofillers to improve thermal, mechanical and conductive 

performance of the cured thermosets. To disperse the nanofillers, high speed mixing followed by 

sonication has been used as method to disperse the nanofillers into the epoxy matrix. This method has 

been optimized after several trials and some nano particles have been previously functionalized and the 

mixtures formulated to improve the dispersion and the quality of the cured samples. After thermal and 

dispersion characterization, neat resin and nano-modified resin tensile, compression and fire retardancy 

specimens have been developed. Tensile and compressive tests have been performed to the neat resins 

showing values comparable to the currently used epoxies in this field. As next steps, mechanical and 



fire retardancy characterization of the nanofilled resins will be performed to compare the results to the 

ones of neat specimens. 

 

The poor interfacial property between the hydrophilic plant fibres and the hydrophobic polymeric 

matrices results obviously in low mechanical properties; this becomes one of the major obstacles for 

their structural application, if thinking of partially replacing the traditional glass fibre as reinforcement. 

A multi-scale shear lag model was proposed in the ECO-COMPASS project to take the full advantages 

of the hierarchical structure of the plant fibre reinforced composites [11, 12]. It is demonstrated that not 

only the fracture toughness, interfacial shear strength, tensile strength and modulus are improved by the 

component hybridization, nanoparticle grafting and nano-modification [13], but also the fire retardation 

and the anti-microbial performances [14, 15]. Moreover, the unique hollow structure of the plant fibres 

can provide additional benefit in structural damping, noise reduction and heat isolation compared to 

glass or carbon fibre counterparts, behaviour that is exactly desired for an aircraft interior structure [16, 

17]. Additionally to the improvement of pure plant fibre reinforced polymer properties, the utilization 

of valuable recycled carbon fibres (rCF) as an alternative way to enhance properties of eco-resins has 

been considered. The downcycled rCF usually retain their excellent mechanical properties but are 

discontinuous and cannot simply replace long virgin carbon fibres (vCF). Therefore, wet-laid [13] and 

carded [18] hybrid nonwoven of flax and rCF were produced. Positive effects on the flexural properties 

can be observed by adding even small amounts of rCF. Topically Boeing have recently announced a 

collaboration with ELG Carbon Fibre to recycle scrap carbon composites left over from the 

construction of B777X and B787 Dreamliner to be recycled into cars and consumer goods.  These 

fibres need to be converted to continuous forms with improved fibre alignment and designed interface 

in order to maximise their value in the final product.   

 

One viable strategy for enhancing the innovation level of green composites while addressing mass and 

volume constraints for the more composite aircraft is the notion of material multifunctionality, typically 

the electrical conductivity for structural composites in order to detect cracking [19], shield the 

electromagnetic interference and to protect from a lightning strike. For example, the lightning electrical 

energy will transform to thermal energy at the insulated resin-rich regions in the composite laminates 

and vaporize the resins adjacent to the surface instantly. There will be then the secondary mechanical 

impact, cracks will be formed, and eventually developed into delamination which occurs also at the 

resin-rich interlaminar (between plies) regions. Accordingly, a Functionalized Interlayer Technology 

(FIT) was proposed which can simultaneously increase the electrical conductivity and the interlaminar 

fracture toughness [20]. Following this concept, a coupled electrical-thermal-pyrolytic model was 

constructed. It shows that the lightning strike damage is strongly governed by the anisotropic electrical 

properties of the carbon fibre composite, and the lightning current waveform has certain effect on the 

damage extent [21]. Thus, a lightning damage criterion was proposed to evaluate the in-plane damage 

by temperature dependent model and to estimate the in-depth damage by pyrolysis dependent model 

[22]. Further investigation is going to quantitatively understand the mechanism of the lightning strike 

on the composite laminates, supported by the experimental lightning strike test. The effort on life cycle 

assessment [23] of these green composites will be continued. 

 

In summary, the emergence of bio-sourced and multifunctional green composites offers a unique 

opportunity to combine the resource and environment with materials and aircraft in new ways that can 

not only provide an alternative way for aeronautical structures, but also expand state-of-the-art 

technologies. A case study from the ECO-COMPASS project can, for example, be demonstrated 

wherein the bio-sourced epoxy composite using SoA carbon fibres is being engineered to manufacture 

empennage side panel with lightning strike protection, Fig.1. Although preliminary, the present 

research has highlighted materials-enabled potential, and an alternative solution to the CLEAN SKY 



target. Work is now continuing to optimize the properties of these material systems and understand the 

fundamental issues that affect their performance; analytical and experimental data have appeared in 

international journals and conferences listed in the reference section of this news article. Of course, it 

should be emphasised that affordability is the key to survival in aerospace, and other industries, and 

therefore effort is devoted to low cost manufacturing methods in addition to analysis and computational 

simulation of the manufacturing and assembly process. The simulation of the structural performance 

[24], is intimately connected and further progress will be reported in near future publications.  

 

   
Fig.1 Demonstration of an empennage side panel made of bio-sourced epoxy composites with lightning strike 

protection for C919 (left), Courtesy of Dr Weiping Liu, COMAC, and interior  panel made of ramie fibre fabric,  

and bio-based epoxy and Green honeycomb for MA 600 (right), Courtesy of Mrs. Fangbo Ding, XAC-AVIC. 
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