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Abstract  

 
This thesis approaches the potential integration of biomass materials in aviation structures, 

components, packaging and more, with the primary aim of enabling sustainable growth whilst 

maintaining effective maintenance facilities and flight operations. Working through literature 

identified the significance of flax fiber reinforced polymers (FFRP’s) and mycelium-based composites, 

and their potential of replacing both structural and non-structural components within modern 

aircraft.  

 

With little literature approaching the effects bioplastics have on maintenance facilities, primary 

research has been obtained to provide a speculation to the potential effects bioplastics could have 

within maintenance facilities. It was confirmed that the span of new materials, particularly 

composites within an MRO can have a big impact on regular operations, primarily due to the lack of 

knowledge of new components and various repair schemes. 

 

Researching the additional applications of bioplastics brought significance to mycelium packaging 

due its cost-competitive price and biodegradable qualities. PLA is an affordable bioplastic with 

similar properties to polyethylene terephthalate (PET), with its ease of being 3D printed, PLA proves 

to be an effective candidate for replacing fossil-based bottles and other commodities sold on board 

flights.  

Through life cycle assessment, the materials considered have proved to enable sustainable 

outcomes if specific parameters are met during their production and disposal stages of their working 

life. Mycelium has been identified as a remarkably sustainable material, due to its ability to feed 

from carbon-based waste stocks.     
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Chapter 1 - Introduction  

 
 The anticipated growth of air travel poses an ever-growing challenge for commercial aviation. 

Airliners must meet commercial requirements whilst also meeting environmental standards. This 

project forms an analysis of Bioplastics, and if they have potential to serve as the compromising 

material to achieve sustainable growth in the aviation industry, whilst retaining practical and 

efficient maintenance facilities and flight operations.   

 

Bioplastic technology continues to grow in popularity, gaining particular interest because of its 

potential to enable a cost-effective and environmental-friendly alternative to metals, woods, and 

conventional plastics. Through the utilization of renewable sources, many of which are currently 

wasted, bioplastics aim to achieve greener product life cycles when compared to their fossil-based 

competitors. With their costs reducing and structural properties increasing, their potential 

application in aviation continues to grow. On the other hand, bioplastics have many challenges and 

setbacks to overcome for their successful integration within the aviation industry.  

 

This project is a neutral analysis, investigating the integration of bioplastics into the world of 

aviation, and their capability of producing sustainable growth whilst retaining efficient, safe, and 

productive maintenance facilities and flight operations. A range of components have been 

considered, starting from structural applications such as bulkheads working down to additional 

appliances such as packaging.  
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Chapter 2 - Literature Review 

 
To approach this thesis, the writing has been categorized into 6 key themes, each of which are 

relevant areas of research surrounding the project aim and objectives.  

 

Some themes are relatable, thus have overlapping fields of literature and research. This was 

visualized by constructing a Venn diagram, illustrating the themes and relevant literature relatable 

to one another. This also enabled identification of any immediate gaps in literature across the 

sections, thus revealing that Section 3 “Effects on maintenance facilities and procedures”, was 

lacking any thorough literature and research.    

 

 

 

 

 

 

 

 

 

 

 

Section 1 – The replacement of structural components 

 
With the aviation sector committed to lowering its carbon footprint, it is widely recognised that a 

holistic approach is essential, spanning product evolution through the development and integration 

of new materials. The first section of this project investigates the feasibility of replacing structural 

components on the aircraft with bioplastic materials.  

 

1.1 - Types of bio composites for structural applications 

 

Literature obtained must provide suitable information of potential bioplastic materials suitable for 

structural applications. Browsing online for suitable types of bioplastics brought me to a valuable 

source of research, “Bioplastics News”. Bioplastics news is an informative, subscription based online 

news channel, uploading the newest updates and innovative studies of bioplastic materials into 

short, informative articles.  

                                                                                                                                                                                                                                                                                                                                                                                                                                

Whilst accessing their articles, I discovered the significance of bio composite materials, some of 

Figure 1 – Venn diagram interlinking project themes 
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which are already being considered by airliners. Composites can be defined as materials made up of 

2 or more phases, typically consisting of fibers impregnated within a plastic matrix. (Thomas, 2020) 

“Interested in the potential of working with an original equipment manufacturer (OEM), the 

consortium partnered with Airbus in order to benefit from their technical support in the exploration 

into BAMCO (Bamboo long fibre reinforced biobased Matrix Composites)”. (Barrett, 2020)  However, 

it’s not just Bamboo fibre being considered. Flax, hemp, ramie, sugar, and even banana fibre are just 

some of the natural fibred reinforcements being considered into bio composite materials, as 

exclaimed by (Sharma, 2021).   

  

  

  

  

  

  

  

  

 

 

 

 

 

 

 

  

1.2 - Mechanical and Thermal Properties 

 

 Once potential materials have been identified, their structural properties will be investigated. 

“Initial results have shown that bio-based composites made from flax and ramie plant fibres have 

the potential to be used in natural-fibre-reinforced plastics for aviation.” (BioPlastics - Magazine , 

2018)   It’s no secret that aircraft structures are subjected to extreme forces and environments, 

ultimate tensile strength and thermodynamic properties are an essential consideration when 

developing new materials for aircraft application.  

As bioplastics are still relatively new and in the experimental phase, it’s hard to find the true 

properties of all the variations of bio-material available. “The American Institute of Physics” have 

numerous conference proceedings that research both mechanical and thermal properties of 

bioplastic materials, with particular focus to PLA (Polylactic Acid) (AIP , 2016), a bioplastic produced 

from renewable materials often utilized as the matrix of bio composites.  

 

Additional research is required to cover the properties of the bio-composites themselves. “Net 

Composites” connects the composites community by bringing the latest news and research from around 

the globe. After browsing their website, a promising joint report was evaluated, “Technology 

Figure 2 – Natural Fibers in raw formation (Nurazzi, 2021) 
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Overview – Bio composites”. (Dr Robert Quarshie, 2014) This report not only investigates the 

numerous bio-based polymers properties, but also investigates their properties when employed as 

both natural fibre - synthetic polymer composites, and full bio-based composites. 

  

  

  

  

  

  

  

  

  

  

 

 

 

  

  

1.3 - Applications      

 

If suitable materials have been identified, their potential applications will be considered. The 

structural components that transfer loads on an aircraft are split into three divisions, known as 

primary, secondary and tertiary structure. (Wang, 2012), 

 

Primary structure – Includes all areas of the aircraft under static, dynamic or pressurization loads. 

Failure of primary structure could cause catastrophic damage, fatalities and full failure of the 

aircraft, some examples include the wings, fuselage, empennage, and landing gear.  

  

Secondary structure - Secondary structure isn’t as crucial to the structural integrity of the aircraft 

however, its failure could affect the flight operation and has capabilities of causing minor injuries. 

Fairings, radomes and cowlings are all examples of secondary structure. 

 

Tertiary structure – Tertiary structure is that in which its failure would not affect the aircraft or its 

passengers, components such as non-pressurized panels and internal doors are examples of tertiary 

structure. 

 

 

 

 

 

 

 

 

Figure 3 – Flow chart expressing the numerous types of bio composite configurations (Alam, 2021) 
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Section 2 – The replacement of non-structural components  

 

The replacement of non-structural parts will be the second chapter covered and has been 

strategically placed as the second field of research under section 1, as much of the literature 

interlinks with one another. Bio composites are graced with their renewable origin and 

manufacturing processes however, their low-density fibres also play a significant role in achieving 

high environmental performance. 

 

2.1 - Types of bioplastics and bio composites for non-structural applications  

 

Where the replacement of structural components is an extensive and somewhat daunting challenge 

to overcome, non-structural components don’t require such extreme properties, thus have higher 

potential of integration. More so, non-structural components of modern aircraft quite often tend to 

be produced from non-renewable plastics such as Kydex, Boltaron and Radel. (Professional Plastics , 

2022) Aircraft seating, insulation, panels, bins, flooring, and partitions are just some of the numerous 

non-structural components that have strong potential of being replaced with bioplastics. 

 

 

  

  

  

 

 

 

Figure 4 – Bioplastic honeycomb structure built by EconCore (BioPlastics - Magazine , 2018) 
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Fuel consumption alone accounts for 20% of operating expenses and 75% of greenhouse emissions 

within the global air transport industry. By the end of 2022, aviation fuel expenses are expected to 

sit at around $132 billion, as illustrated by the International Air Transport Association Fuel Data 

sheet below. (IATA , 2021) Bioplastics serve as a potential compromise to mitigating the many 

negative effects of petrochemical materials through renewable sourcing and biodegradability, but 

also their reductions in weight, mitigating fuel costs. 

 

  

  

(Abhiran, 2021) exclaims the use of green(bio) composites is being incorporated in numerous fields 

of engineering and are regarded as the fourth generation of engineered composite materials. To 

enable the full potential of integrating bio composites into aviation components, the range of 

variations, developments and treatments must be considered for the specific application.  

 

2.2 – Material Properties  

 

Both the mechanical and thermal properties of non-structural components within the aircraft must 

be researched, and this is no different within the aircraft cabin. (Travaglini, 2015) expresses the 

importance of toxicity, thermal resistance, and acoustic insulation for internal components within 

the cabin.  

 

2.3 – Applications 

 

Less than 50 years ago, as much as 70% of an entire aircraft was made from aluminium, a versatile, 

lightweight, and widely available metal. (Standridge, 2014) Since then, numerous materials have 

been introduced to increase aircraft performance and efficiency, with two of the most significant 

types of materials being carbon and glass fiber reinforced composites. Although graced for reducing 

Figure 5 – IATA Aviation industry fuel costs and net profits. (IATA , 2021) 
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aircraft weight, they require high energy during processing and release concentrated CO2 emissions 

during manufacture and disposal.  This sub-chapter considers the applications of newly developed 

bio plastics and bio composites into non-structural applications about the aircraft cabin and cargo 

section.  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



11 
 

 

 

Section 3 – Effects on maintenance facilities & flight operations  

Whenever new technology is introduced to any field of engineering, the effects it has on 

maintenance facilities, procedures and personnel must be considered to ensure the continuity of 

safe, effective, and efficient flights. This chapter will be focusing on the practicality of bioplastic 

materials from a maintenance perspective, and if it’s a suitable material of choice. For example, let’s 

say an aircraft engine mounting has been replaced with an alternative bioplastic material. The 

material has superior properties that match its application however, its service life is a maximum of 

two years, meaning the man-hours and downtime thus have made it an ineffective choice.  

 

Bioplastic workability, corrosion, storage capabilities, tool requirements and maintenance 

procedures will be covered in this theme, however as bio composites are still considered an 

emerging technology in aviation, the necessary literature to approach this section is scarce, proving 

to be a “gap in literature”. With the lack of evidence and testing, this is one of the biggest limiting 

factors in successfully integrating bioplastics into the world of aviation.  

 

To approach this, primary research has been obtained by interviewing a locally based aircraft 

maintenance engineer to obtain their knowledge and insights to what it’s like working with new 

materials. To gain more information from the potential effects bioplastics may have on maintenance 

facilities, a digital questionnaire has been completed by aircraft project manager Rhys Jones. This 

has provided direct insights to the current waste management systems within a local MRO and 

hearing direct opinions on bioplastic technology in aviation.   

 

Through obtaining their insights and knowledge, a speculation has been produced to consider what 

the integration of bioplastics could do to the ordinary function of maintenance procedures, 

scheduling, storage, inspections and more. Contacting personnel within the aviation industry has 

revealed knowledge to what it’s like working with new composites and materials, bringing 

information about the most frequently discarded components, thus giving insights to what 

components may be more feasible to replace for a sustainable outcome.      
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Section 4 – Bioplastic availability and cost  

 

Another consideration is bioplastic availability and cost effectiveness. If research uncovers that there 

was a superior bioplastic available on the market with immaculate properties, renewability, and 

workability, this would all still be ineffective without it being readily available to maintenance 

facilities at an effective price. Aircraft downtime is an aircraft making no money, in fact it’s an 

aircraft paying money to the airfield. This section will be researching how readily available 

bioplastics are and their cost effectiveness under aviation applications. 

 

4.1 - Availability  

The bioplastics market represents less than one percent of the 367 million tonnes of plastic being 

produced annually, as stated by (European bioplastics , 2021). Although minor, the current market 

for bioplastics grows steadily each year and is expected to rise from 2.42 million tonnes in 2021 to 

approximately 7.59 million tonnes by 2026, driven by recent developments rising its demand and 

applications.  

  

  

  

  

  

  

 

 

 

 

  

  

With the growing awareness of climate change and environmental standards, the popularity of 

bioplastics comes with the international opportunity of price reduction. “Owing to economies of 

scale and application, there is a possibility of the lowering of prices”. (Biocomposites Market , 2021)  

This sub-section approaches bioplastics/composites current availability to the potential maintenance 

facilities utilizing them, some major aspects considered include time for arrival, quality assurance, 

suppliers and more.  

4.2 - Cost  

The modern aviation sector has an annual turnover exceeding £60 billion, as stated by (Sustainable 

Aviation , 2022). Like all businesses, managing cost is vital for retaining a practical and economic 

industry, thus the cost-effectiveness of the bioplastic materials considered must be evaluated.  

 

(Cho, 2017) States how bioplastics are relatively expensive, and that PLA can be 20 to 50 percent 

more costly than similar, non-renewable plastics, however, also picks up on the fact that prices 

continue to lower as researchers and companies develop more efficient production methods.  

 

Figure 6 – The Global production capacities of bioplastics (European Bioplastics , 2020) 
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(Biocomposites Market , 2021) Exclaims in a recent report that the energy required to produce bio 

composites is far lesser than that required to produce glass or carbon fibre composites, yet many 

remain at a similar cost. This sub-section investigates the cost-effectiveness of bioplastics and bio 

composites. 
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Section 5 – Additional applications  

 

This section approaches the additional applications of bioplastics within the aviation industry. 

Working through the literature of bioplastics being used in other faculties of engineering, there was 

a common occurrence of bioplastic materials being used in component packaging, bags, supports 

and disposable equipment such as disposable gloves and bottles. Maintenance facilities order and 

dispose masses of components, packaging, and equipment every day.  

 

5.1 – Packaging & Bags 

 

The largest market for plastic in Europe is packaging, making up somewhat 40.5% of the overall 

plastic demand, as stated by (Plastics Europe, 2021). Every day in maintenance facilities, 

components, tools, and equipment are delivered for use and are often packed in single use, non-

renewable plastics.  

 

 

  

The potential for mitigating environmental factors through an alternative green packaging is 

promising and has already been adopted by several companies in the food, automotive and clothing 

industries. During 2007, Co-op was the first UK retailer to launch certified compostable bags and by 

2021, their introduction has prevented somewhat 55 million single-use plastic bags from circulation, 

according to (Whitfield, 2021).  

PLA is made up entirely from renewable sources and has characteristics like petroleum-based 

plastics such as Polypropylene (PP), Polyethylene (PE) and Polystyrene (PS). There are many uses for 

PLA, it can be used as the matrix for forming bio composites as mentioned in Sections 1 and 2, 

however, PLA is most recognized for its ability to form bottles, packaging, and biodegradable 

medical devices such as pins and rods. (Swiftpak , 2021) This is quite likely down to its affordability, 

renewability, and versatile compatibility with 3D printers. 

 

5.2 – Disposable items 

 

Disposable items are somewhat the most despicable pollutants currently roaming the earth, in the 

UK alone, we consume 7 million disposable coffee cups every day and very few are even partially 

recycled. (London Assembly , 2019) Disposable items have been highlighted internationally as a must 

Figure 7 – European plastic distribution in percentages (PackagingEurope , 2022) 
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change item moving forwards. In January 2020, China announced bans and restrictions of items 

including single use plastic bags and cutlery. Chinese chemist, Weng Yunxan has estimated that by 

2025, China’s production of two major bioplastics, PBAT and PLA, will have reached 7 million and 1 

million tonnes by 2025 to replace single use plastic commodities, which is over a 1000% increase 

compared to the production in 2020. (Gao Baiyu , 2022) This is very significant as China represents 

over 66% of the global bioplastic produce, potentially leading towards cheaper, more available, 

bioplastics.  

With the consideration of the many disposable items used in both the maintenance and commercial 

sectors of the aviation industry, we are left with several applications, as seen in table 1.  

Maintenance Facilities  Commercial appliances 

-Component packaging and supports - Cups, plates, and cutlery  

-Discharged cartridges, bottles, and containers - Food packaging  

-Spill trays  - Bin bags  

-Absorbent oil spill pads  -Drink bottles  

  

  

All these items serve one simple and singular purpose yet will spend thousands of years in landfill. 

Plastic production is set to double in the next 20 years and quadruple by 2050 if nothing is changed 

to the current market. One of the solutions is PLA, its being recognized as the go-to-green bottle 

material and produces environmentally friendly products. With that said, there still poses to be 

many cons as well as benefits. (NJS-Packaging , 2014) This sub-section investigates the feasibility of 

replacing non-renewable, disposable items with a compromising bioplastic.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 – Components considered for bioplastic & bio composite application. 
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Section 6 – Sustainability  

 

The concept of bioplastics is appealing, but just how sustainable are these materials? This section 

addresses all aspects of bioplastic sustainability, and its significance to bringing sustainable growth. 

To enable no bias, the gathered literature is both promoting and arguing against bioplastic 

sustainability. 

 

6.1 – Sustainable Outcomes  

 

(Cho, 2017) States that bioplastics produce fewer greenhouse emissions than traditional plastics, the 

net increase of carbon dioxide when they break down is neutralized from the amount of carbon 

dioxide the biomaterial absorbed during growth. However, also picks up on the adversity that many 

bioplastics require specialized high temperature industrial composting facilities to adequately break 

down and that there are very few sites worldwide currently capable of achieving this. As a result, 

bioplastics often end up in landfill which leaves them deprived of oxygen with the potential to 

release methane, a greenhouse gas 2300% times more potent than carbon dioxide.  

Unfortunately, bioplastics have the potential to be just as harmful as regular plastics. (Oceana , 

2020) exclaimed in an article that “The bio prefix may make a product sound greener, but nice-

sounding labels won’t stop these plastics from ending up where they shouldn’t”. Thousands of 

chemicals are used to make regular plastic, and some are added to bioplastics such as PLA to make it 

behave like conventional plastics.  

 

 

 

 

 

 

 

 

 

 

 

To adequately assess the environmental impacts caused by different materials, all stages of their life 

cycle must be considered. Life-cycle Assessment (LCA) is a systematic and standardized form of 

methodology that investigates the overall environmental load of a material, enabling comparisons 

between materials and visualizing the environmental improvements integrating certain materials 

brings. (Muralikrishna, 2017)  

 

Figure 8 – Diagram illustrating all the aspects considered of LCA (Golsteijn, 2020) 
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Chapter 3 - Methodology  

 
Quantitative research 

 
As this project is primarily based upon secondary research, most data will be collected by utilising 

quantitative research. Quantitative research is the process of collecting and analysing several 

sources of numerical data to find patterns and averages to solidify given results.  

 

Quantitative research can be considered as the means of obtaining numerical data, this became very 

useful when researching materials properties, as their statistics vary quite extensively amongst 

different authors. By accessing numerous data sheets, patterns in statistics start to emerge thus a 

more efficient value and speculation can be obtained. Below are some of the most common tools 

and methods utilized to access the necessary documents, articles, and datasheets to approach the 

project thesis.  

 

Advanced Search Engines  

 
Google Scholar 

Bioplastics are still considered as an emerging technology, most of the information to approach the 

project thesis will be obtained from assessing secondary data/research. To refine the useful 

documentation online, the utilization of “Google Scholar” has been profoundly useful. Google 

scholar is an advanced search engine that enables access to articles related to the one/title you have 

searched, providing further literature to broaden the data, sources, and statistics to approach 

certain sections of this project, creating an efficient means of obtaining relevant, informative 

articles, journals, digital books, and documents.  

 

USW FINDit  
Google Scholar enabled quick and efficient sourcing of literature however, lots of the online articles 

and journals required a payment to access them, some being as expensive as £50.00 for one 

document or conference proceeding. Unfortunately, some of the best literature was within this 

“pay-to-access” format, but by utilising the Universities Library search engine, “FINDit”, the same 

pay-to-access articles were free to view through our institution. This proved to be useful when 

researching material characterizations and properties. 

 

Networking 

 
Bioplastics news   
Whilst accessing online literature, significance came to “bioplastics news”, an innovative and 

informative online news channel covering recent developments and studies of bioplastics. However, 

whilst trying to access their online articles, the viewer requires to pay an annual subscription fee of € 

189. Once in contact, I explained the benefits of the articles for supporting my thesis based upon 

bioplastics and they enabled access for half a year at a reduced cost.   

 

DPI conference proceedings  

The American Society for Composites has some of the most updated research of bio composite 

materials, with innovative documents about actual studies of incorporating biomaterials into 
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aeronautical components. To access their articles, you must register for an account and purchase 

each document needed. It was through accessing these articles mycelium became of significant 

interest.   

 

Qualitative Research 

 

Working through the literature review of this project identified the largest gap in literature, “Section 

3 – Effects on maintenance facilities and procedures”. To combat this, a decision was made to utilise 

qualitative research to gather primary data directly from the personnel working in these 

maintenance facilities themselves. Qualitative data can be considered as research expressed in 

words, it Is often used to understand concepts, thoughts, or opinions to gather in-depth insights on 

topics that are otherwise not well understood.  

 

Interviewing aircraft engineers  
To approach this gap amongst research, an interview has been conducted with aircraft maintenance 

engineer Dale Warren, although his experience and knowledge with bioplastics is scarce, his insights 

to what it’s like working with new materials and more so composite materials has proven to be very 

resourceful.  

Furthermore, interviewing Warren brought data to local waste management, environmental 

schemes, and the usage of disposable items in their MRO. Obtaining primary data alongside 

secondary research has aided in obtaining necessary information and insights to approach different 

sections of this project, broadening the scope of research thus resulting in more accurate and 

supported results.  

Digital Questionnaire  

To obtain further insights to the potential effects bioplastics could bring to maintenance facilities, a 

digital questionnaire has been sent to project manager, Rhys Jones. With his occupation, comes 

many responsibilities including the planning of waste management, product deliveries and 

maintenance scheduling.  

 

Responses have enabled the identification of current waste management systems, the most 

frequently used plastic items and what it’s like working with new materials around maintenance 

planning.    
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Chapter 4 – Results & Analysis 
 

Section 1 – The replacement of structural components  
 
1.1– Types of bio composites for structural applications 

 

The variation of bio composites is extensive, new processes are being tested and developed every 

day to enhance their properties in hopes to increase their overall strength thus applications.  

 
Bio composites, also known as natural fiber composites (NFCs) share the exact same principle as 

regular composites, by utilizing both natural fibres and a bio based or synthetic matrix, stronger 

materials with enhanced properties can be created, thus both the choice of natural fibers and 

biobased/synthetic matrix must be reviewed. Figure 8 below illustrates the extensive range of 

materials that can be used as the matrix within bio composites.  

  

  

Matrix – Epoxy and PLA       

The matrix plays a vital role in the overall performance of bio composites and as seen in Figure 9 can 

be fully or partially biodegradable. The most common choice of matrix for aeronautical standard 

composites is Epoxy resin, it adheres extremely well to most fibres including carbon, Kevlar, and 

glass, and is typically three times stronger than the next strongest resin. (Sloan, 2016) Epoxy 

however is a synthetic polymer, unlike PLA.  

 

PLA is an eco-friendly biopolymer and is already used in many applications such as packaging and 

medical industries. (Vijayakumar, 2021) PLA has lots of potential, it has a relatively high tensile 

strength at 26.4 MPa and ease of processability but softens at temperatures as low as 60°C and is 

Figure 9 – The range and classification of different materials used as the matrix within bio composites. (Ilyas, 2021)  
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susceptible to moisture ingression, thus requires further development to be incorporated as the 

soulful matrix for bio composite structures in aviation. (Fortanti, 2010) 

 

The primary choice of matrix will be thermoset epoxy, primarily down to certification proofs, as 

thermoplastic matrices aren’t currently being utilized for aerospace applications. (Hensche, 2019) 

Nevertheless, the integration of PLA ratios within the epoxy matrix will be considered to support the 

project thesis of achieving sustainable growth whilst retaining competent structures. 

 

Natural Fibers –Flax  

 
Natural fibers have attracted designers’ attention due to certain advantages over conventional 

materials. In comparison to synthetic fibers, natural fibers boast a lower cost and lower density 

whilst retaining high specific properties. Not only this, but they are readily available and carbon 

neutral, absorbing the same amount of carbon dioxide through their growth as they release during 

decomposition. However, certain drawbacks such as the tendency to form aggregates during 

processing and poor resistance to moisture ingression greatly reduces the potential of natural fibers 

to be used as reinforcement in aeronautical polymers. (Saheb, 1999)  

  

  

  

  

  

  

  

  

  

  
 

 

 

 

 

 

 

 

 

  

Amongst all the natural fibers, flax has been selected as the reinforcing fiber for structural bio 

composite applications. This is due to its superior versatility of mechanical properties when 

compared to other natural fibers, but more so its specific modulus, which incredibly exceeds that of 

glass fiber – E, a fibre used as the reinforcement of fibre glass composites used on aircraft.  (Saheb, 

1999)  

Figure 10 – The range and classification of different natural fibers utilised in bio composites. (Sparnins, 2006) 
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Specific modulus measures the fibers stiffness to weight ratio, which is a very important aspect 

considered when selecting materials for aeronautical applications in which maximum strength for 

minimum weight is required. (EN-Academic, 2010)  Another reason for flax being selected is its 

affordable price and sustainability, which will be covered in Section 4 and 6 of the results.  

 

 

Chemical Composition of natural fibers 

 
Each natural fiber contains a different chemical composition containing different amounts of 

constituents. Hemicellulose is responsible for biodegradation, moisture absorption, and thermal 

degradation as it contains the least resistance within the material. Lignin is a constituent that is 

thermally stable, but responsible for UV degradation. Most fibers contain 60-80% cellulose, 5-20% 

lignin and up to 20% moisture. The properties of these constituents contribute to the overall 

properties of the material, thus proves a vital consideration to make when considering aeronautical 

application. (Saheb, 1999) The chemical composition of flax along with numerous other natural 

fibers can be seen in the table below. 

 

  
  

  

 

 

 

 

  

 

  

  

  

  

  

  

  

  

  

 

 

 

Figure 11 – The chemical composition of natural fibers. (Bhattacharyya, 2015)  
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1.2 - Mechanical and Thermal Properties of Flax bio composites for structural 

applications 

 
Matrix Mechanical Properties 

 
The soulful material identified for the matrix is Epoxy. PLA has been considered in ratios of 10 and 

20% within the epoxy matrix and epoxy has been selected due to its superior strength and current 

use thus certification in aviation composites. Their mechanical properties can be seen in the table 

below.  

Property Epoxy PLA 

Density (g/cm3) 1.1-1.4 1.24 

Elastic Modulus (GPa) 3-6 4 – 5 

Tensile Strength (MPa) 35-100 45-65 

Compressive Strength (MPa) 100-200 18 - 25 

Elongation (%) 1-6 2-4 

Cure shrinkage (%) 1-2 0.37 – 0.41 

Water absorption (24h at 
20*C) 

0.1-0.4 - 

Izod impact strength (J/m) 0.3 - 

  

 

Epoxy/PLA matrix 

 
PLA can be blended within an epoxy matrix by utilizing Solution casting technique (SCT). PLA is 

obtained in granular form and is dissolved in Tetrahydrofuran (THF).  (Vijayakumar, 2021) A hardener 

known as K-6, along with the dissolved PLA is then introduced to the epoxy matrix with constant 

stirring. 

 

 (Vijayakumar, 2021) Conducted an experiment of different PLA dosages within epoxy matrices of 

the same sizes and dimensions, running them through different tests to determine the mechanical 

properties of different set PLA/Epoxy ratios. The casted specimens’ ratios were 10:90, 20:80, 30:70, 

40:60 and 50:50 respectively. 

 

 
 

Table 2 – The mechanical properties of epoxy resin and poly-lactic acid. (Yan, 2014) (MakerBot , 2020)  

Figure 12 – The PLA/Epoxy specimens (Vijayakumar, 2021) 



23 
 

From tensile and flexural testing, it was confirmed that any PLA ratio exceeding 30% of the 

composite weight showed inferior tensile and flexural strength thus 10%, 20% and 30% of the 

PLA/Epoxy composite matrix will be considered. Their tensile strengths and flexural strength are 

illustrated in the bar charts below, where B1 is 10% PLA and so forth. 

 

 

  

  

  

From the results above, 20% PLA shows the highest Ultimate tensile strength of 29.10 MP, whereas 

10% PLA retained the highest flexural strength of 57.55 MPa. It is also observed through FTIR and 

TGA, that improved functional bonding and thermal degradation occurred with an increased weight 

percentage of PLA up to 20%, therefore Epoxy and PLA with 20% PLA would be considered an 

improved matrix for certain structural applications. (Vijayakumar, 2021) 

 

Flax Fiber Mechanical Properties  
 
The structural properties of composite materials are developed primarily from the fiber 

reinforcement which is held in place by the matrix resin. Below, is a table providing the mechanical 

properties of the selected flax fiber in comparison to numerous other natural fibers and Glass fiber – 

E alongside Carbon, which are the most used fibres for composites in aeronautical applications. 

(Verotex, 2021) 

Fiber Specific 
Gravity (SG) 

Tensile 
Strength 
(MPa) 

Young’s 
Modulus 
(GPa) 

Specific 
Modulus 

Elongation 
at break 
(%) 

Jute 1.3 393 55 38 2.5 

Sisal 1.3 510 28 22 8 

Flax 1.5 344 27 50 2.3 

Hemp 1.07 389 35 32 3 

Bamboo (Steam 
Exposion) 

1.2 615 35.45  3 

Glass Fiber - E 2.5 2000 72 28 1.8-4.8 

Carbon 1.85 2900 525 200  

Figure 13 [left] – Ultimate tensile strength of different PLA/Epoxy specimens & Figure 14 [right] – Flexural strength 

of PLA/Epoxy specimens (Vijayakumar, 2021) 

 

  

Table 3 – Comparison of natural fibers against glass and carbon. (Hensche, 2019) 
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Table 3 visualises the superior tensile strength of Carbon and Glass fiber – E, but also visualizes the 

many benefits natural fibers have over synthetic fibers. The specific gravity is substantially lower 

across all 5 natural fibers, all being somewhat under 50% that of Glass fiber – E and as a result, their 

Specific modulus retains a similar value to Glass fiber – E.  

 

Specific modulus is a materials property consisting of the elastic modulus per mass density and is a 

measure of the stiffness to weight ratio, it is utilized to find materials which will produce strong 

structures with minimum weight, which is a key factor of selecting flax as the potential fiber for 

aeronautical application. (EN-Academic, 2010) 

 

Flax Fiber Thermal Properties  

 
The constituent within natural fibers known as hemicellulose results in thermal degradation of 

natural fibers to occur in the range of 220-280°C, proving to be a real setback for their potential 

application in aircraft structures. Attempts have successfully been made by coating the fibers with 

monomers, this is known as grafting and has increased the degradation temperature of jute from 

170 to 280 °C. (Saheb, 1999) 

As flax is a natural fiber, differentiation of properties amongst different samples is guaranteed, thus 

tests are most accurate when carried out in quantity. Figure 15 shows 6 different samples of flax and 

their thermodynamic qualities. 

  

  

  

  

  

  

  

  

  
It can be observed that untreated flax fibers have inferior thermal resistance and developments still 

need to be made through the utilization of treatments, additives, hybridization, and 

experimentation. 

 

Treatments, Additives and Grinding   

 
Both the matrix and fibers can be improved by numerous processes through chemical, physical or 

mechanical treatments.  The further development and research into binders and treatments proves 

crucial for extending the scope of bio composites thus enabling aeronautical application. The 

number of processes being developed is extensive, below are just some of the most promising 

chemical treatments for flax fiber bio composite materials.    
 

Mercerization 

 

Before any fiber treatments can take place, a pre-treatment process must be carried out to modify 

the crystal structure of cellulose. This is known as mercerization; it works by pre-soaking the fibers in 

Figure 15 – The first peak and other parameters for the thermal degradation of untreated flax roves. (Zheng, 2014)  
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the solution of their upcoming treatment to activate OH groups of cellulose and lignin in the fibers, 

enabling more effective and efficient treatments. (Wang, 2008) 

Silane Treatment   

 
Studies show by utilizing silane or acid/alkali as modifiers on the fiber surface, both their dispersion 

and interfacial adhesion are improved. The pre-treated fibers are submersed in an alcohol water 

mixture (60:40) for one hour. Once soaked, the fibers are washed in double distilled water and oven 

dried at 80*C for 24 hours. (Wang, 2008) 

 

PLA has also been used to modify the fiber surface to improve their interfacial compatibility, but PLA 

solvents are costly and toxic thus proves to be a counterproductive method of treatment.  A recent 

study utilized epoxy to treat flax fibres impregnated in a PLA matrix, which increased the materials 

ultimate tensile strength by approximately 10%.  (Zhao, 2022)  

 

The silane treated flax fiber is compared to an untreated flax fiber below, the same test has been 

carried out numerous times on both fiber types to observe the continuity of mechanical properties.  

 

Flax Fiber 
Treatment  

Breaking 
strength 
(MPa) 

Breaking 
strain (%) 

Young’s 
modulus (GPa) 

Bundle 
diameter (um) 

Number of 
fibers tested  

Untreated  300 +/- 100 1.1 +/- 0.4 30 +/- 11 84 +/- 20 23 

Silane Treated 555 +/-210 1.6+/-0.6 40 +/- 13 79 +/- 13 22 

  

  

 

It is mentioned by (Wang, 2008), that alkalis, acids and other chemicals prove to be very hard to 

remove after treatments due to their porous structure and even the traces of these chemicals can 

have a significant impact on the final composite structure, proving to be a vital procedure for the 

materials structural integrity, thermal resistance and moisture characteristics.  

Thermogravimetric Analysis (TGA) 
 

Benzoylation and peroxide are two other 

chemical treatments used for flax fibers 

which results in similar thermal and 

mechanical properties to silane 

treatments.  Their behaviour under 

different temperatures is illustrated 

below on a TGA (Thermogravimetric 

analysis) graph. It compares the derived 

weight of each treated fiber along a 

spectrum of different temperatures and 

is used to analyse the fibers degradation 

temperature and thermal properties 

thus determines the fibers thermal 

capabilities. (Wang, 2008)  

 

Table 4 – Untreated and silane treated flax fiber comparison. (Yan, 2014) 

Figure 16 – TGA graph of flax fibers under different chemical treatments. (Wang, 2008) 
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Figure 16 displays the benefits chemical treatments bring to the flax fibers thermal resistance. The 

untreated fiber loses its derived weight a lot sooner and aggressively than the three treated fibers. It 

can be observed that peroxide treatment is superior in thermal qualities however, it is more costly 

than silane treatment and doesn’t increase its breaking strength as effectively as silane. (Wang, 

2008) Extending both the thermal, and mechanical properties of bio composites is crucial to 

increasing their chances in becoming a feasible component for aircraft structures.  

 

Grinding   

 

Once treated, the fibers are again stoved in the oven at 80*C for 24 hours to mitigate and harmonise 

the moisture content to below 2% and are then either mixed with a ratio of thermoplastics (typically 

10 or 20%) to be blended or prepared for lamination with thermoset plastics. (Wang, 2008) 

 

Additives 

 

Additives serve a similar role to the treatment, with the utilization of silane as a coupling agent, 

adhesion between the fibers and matrix are further increased. Furthermore, silane has proved to be 

crucial for modifying the hygroscopic properties of natural fibers, making them more resistant to 

moisture ingression.  An often-used ratio Is 5% of the weight of the matrix being the coupling agent, 

the stepped process of forming treated flax bio composites can be seen below. (Fathi, 2019) 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 
Figure 17 – The stepped process of producing flax-fiber reinforced composites. (Wang, 2008)  
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Flax fiber composite Mechanical Properties  

 
Configuration  

 
The configuration of the fibers has a phenomenal effect on the material’s mechanical properties. 

Most aeronautical composites are bought with the fibers already pre impregnated within the resin. 

Local engineer, (Warren) mentioned that most composites brought in are pre impregnated made in 

autoclave, and that they do occasionally get tins of resin but wouldn’t use that for repairs on the 

modern 747. This is known as “pre-preg”, and it is available in a variety of different weave patterns, 

thicknesses, and stacking sequences. Table 6 provides the numerous stacking sequences and angles 

used with the same conventional flax fibers and provides the mechanical properties of each 

configuration.  

  

  
The results above solidify the statement in which different configurations bring different mechanical 

properties. Material code H5 provides a superior compressive modulus of 1.956 GPa at 90°, whereas 

Material code H2 provides a superior tensile modulus at both 0° and 90°.  

 

Different sections of the aircraft are under different stresses, therefore when identifying a potential 

application, the stacking sequence proves to be just as important as the composite material(s) itself. 

 

Flax Fibre Composites  

 
Figures 18 and 19 compare the gauss distribution of Carbon Fibre Reinforced Polymers (CFRP) and 

Flax Fibre Reinforced Polymers (FFRP) processed from both prepreg and vacuum infusion techniques 

under a controlled tensile test. figure 18 observes the materials Ultimate Strength whereas figure 19 

observes the materials Elastic Modulus.    

 
 

Material 
code  

Stacking Sequence 
(K = Knitted  
W = woven) 

Lay-up 
angle (°) 

Laminate 
thickness 
(mm) 

Total 
fabric  

Tensile 
strength 
(MPa cm³) 

Tensile 
Modulus 
(GPa cm³) 

Compressive 
Strength (MPa 
cm³) 

Compressive 
Modulus 
(GPa cm³)  

 Weight 
fraction 
(%) 

0° 90° 0° 90° 0° 90° 0° 90° 

H1 k/wwww 0/0 2 31.43 40.52 38.62 2.13 2.82 11.08 11.98 0.535 0.347 

H2 k/wwww 90/0 2 31.43 51.60 47.40 2.57 3.07 8.19 6.60 0.754 0.153 

H2’ wwww/k 90/0 2 31.43 32.29 26.41 2.43 1.99 11.50 11.157 0.501 0.434 

H3 k/wwww/wwww/k 0/0/0/0 4 25.58 38.37 31.10 2.20 2.29 46.05 54.62 0.678 0.884 

H3’ wwww/k/k/wwww 0/0/0/0 4 25.58 35.26 38.40 1.76 2.90 40.94 56.723 1.101 0.823 

H4 k/wwww/wwww/k 0/90/90/0 4 25.58 53.35 29.26 2.52 2.57 37.54 57.563 0.902 0.935 

H4’ wwww/k/k/wwww 0/90/90/0 4 25.58 24.44 48.77 1.93 1.92 42.71 51.681 0.342 0.649 

H5 k/wwww/wwww/k 0/+45/-
45/0 

4 25.58 38.15 24.74 1.98 1.96 50.15 45.378 0.654 1.956 

H5’ wwww/k/k/wwww 0/+45/-
45/0 

4 25.58 25.02 42.51 1.82 2.80 48.51 47.479 0.473 0.687  

Table 5 – Different stacking sequences of flax fiber within epoxy resin.  (Muralidhar, 2013) 
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Figure 19 – Normalized Gauss Distribution of Elastic Moduli. (Hensche, 2019) 

Figure 18 – Normalized Gauss Distribution of Ultimate strength. (Hensche, 2019)   
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1.3 – Applications in Aviation Structures  

 

 
In terms of FFRP’s being used for aeronautical structures, their mechanical values look promising 

when compared next to CFRP’s and their specific modulus brings an edge to the current materials 

utilised. With that said, their environmental influences require further attention, especially with 

fluids as FFRP’s show strong hygroscopic properties thus have potential to swell, deteriorate or 

potentially contaminate other components. (Djellouli, 2021) 

 

To combat the high variation of properties of flax fibers (between 21% and 57%), it is observed that 

the application of multiple parallel fibers within a matrix reduces the variation below 5%. (Hensche, 

2019) Due to its early stages and drawbacks in its hygroscopic and thermal properties, FFRP’s can’t 

be considered to replace any primary structure of aircraft, neither can they be considered for high-

heat applications or areas prone to moisture ingression.  

 

Therefore, the most suitable structural applications of FFRP’s would currently be internal secondary 

and tertiary structure, where temperature and environmental conditions aren’t under such 

extremities. This is supported by AME, Warren, exclaiming “If they were ever going to be used for 

structural applications, they’d have to be internal to avoid the climate”. Some potential applications 

identified include: 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Secondary Structure  Tertiary Structure  

Internal bulkheads and Girders Internal doors e.g galley, cockpit & toilet  

Specific vertical columns Overhead storage  

Framing members Structural member for seats 

Bottom mat supporting structures (where it isn’t 
considered primary structure)  

Baggage compartment structure 

Table 6 – Secondary and Tertiary applications of FFRP’s.   
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Section 2 – The replacement of non-structural components  

 
The replacement of non-structural components is far closer and feasible than the replacement of 

structural components. Companies spread across numerous industries are already replacing non-

structural plastic components with a compromising biomaterial to mitigate environmental damage. 

During an interview with South Wales aircraft mechanic Dale Warren, he exclaimed the amount of 

waste from broken aircraft seat panels, seals and flooring was massive.   

 

He also went on to explain that the development of the cabin components through his decades of 

experience have become more and more lightweight to reduce weight however, in result, more 

damage is susceptible to these areas utilizing conventional plastics and composites, many of which 

aren’t being recycled. It has been confirmed that the cabin area tends to have the highest numbers 

of wasted components out of any area of modern aircraft and for this reason, the cabin and its non-

structural components will be the focal points considered during this section.  

 
2.1 - Types of bioplastics and bio composites for non-structural applications  
 

Mycelium Fungi  

 
Mycelium fungi has caught recent developers’ eyes down to its unique and widespread properties. 

By careful selection of the fungi species, growing conditions and integration with other materials, 

bio-based composite materials can be made to tailor numerous applications such as, low density 

insulation for use within an aircraft cabin with stiffened parts based on generative designs. 

Mycelium is the primary element in fungal root systems, it grows into lignocellulosic materials and 

forms large networks that form cellular materials made from chitin, an organic biopolymer that 

produces strong, stiff, and durable materials which also naturally occurs in beetle shells. (Travaglini, 

2015) (Jones, 2020) 

 

 

 

 

 

Bio-based mycelium will be the soulful material considered for non-structural applications due to its 

superior versatility of properties, affordable price, and its unique behaviour in different 

environments. 

Figure 20 – Schematic diagram representing the key stages of manufacturing mycelium composites and the possible 

variations during each stage. (Jones, 2020) 
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2.2 – Mycelium fungi properties  

 
Mycelium materials are formed of thread-like fibers which can be generated into an extensive range 

of materials, achieving properties like conventional polymers and their composites. They grow by 

digesting carbon-based feedstocks thus have the capability to grow from carbon-based waste, which 

is an extremely common, awkward, and polluting form of waste in the vast aviation industry.  (The 

Green Temple , 2017) “Fungi offer the possibility to recover non-digestible, but recyclable, aerospace 

materials by eating away unwanted materials, such as polyurethane foam seat cushions around a 

recyclable aluminium frame”. (Travaglini, 2015) Mycelium can form materials from low-density 

foams all the way to dense and stiff materials acting as structures, the formation of these materials 

depends on the species, feedstock and growth process of mycelium.  

 

Mechanical Properties  

 

Ganoderma lucidum is a particular type of mycelium which boasts properties very similar to 

polyurethane, which is often used as the cores of sandwich composite materials. In its natural, non-

reinforced state alone it retains an ultimate tensile strength of 176 kPa, tensile modulus of 1.3 MPa, 

an ultimate compressive strength of 490 kPa and compressive stiffness of 1.0 MPa. (Travaglini, 2015) 

However, there are hundreds of species of mycelium, each bringing variations in their mechanical 

and thermal properties thus their potential properties cover a wide spectrum of different values.  

Thermal Properties  

 

Mycelium has superior thermal properties for a bio-based material, with a maximum use 

temperature of 390°C without any treatments. Thermal resistance proves crucial when considering 

and integrating materials into aircraft cabins, many materials used must be heat treated to 

withstand the operating temperatures and mitigate potential fires however, mycelium has 

somewhat overseen this typical setback of biobased materials having no thermal resistance in their 

raw, organic form. (Critical Concrete , 2018) 

 

Hybridization  

 

Amongst all these astonishing properties, fungi are extremely compatible of being combined with 

synthetic, natural, or bio-based materials without the use of any adhesives, producing numerous 

different fungi-based composites, grown to achieve unique properties to expand their applications. 

By applying bio-based carbon fiber epoxy reinforcing skins, we can create fungi-core carbon lmainate 

sandwich composites, which achieve a flexural strength of 2.9 MPa and flexural modulus of 296 

MPa. (Travaglini, 2015)  

  

  

  

  

  

  

  

  

Figure 21 – Carbon laminate fungi-core sandwich composite layout. (Girometta, 2019) 
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Two or more different fungi species can also be combined to grow together forming a hybrid 

material with unique properties, and fungi can quite literally be grown into synthetic materials 

forming bio-synthetic hybrid materials. (Travaglini, 2015)  

Treatments 

Amongst hybridization, the properties of mycelium composites are predicted to be improved 

through controlled growing and additional bio-based reinforcements brought to the fungi core such 

as bamboo or flax. Fillers have also been considered to further improve thermal resistance or even 

bring electrically conductive particles. (Travaglini, 2015) 

 

2.3 – Applications 

 
Thermal Acoustic Insulation  

 
The entire fuselage of an aircraft consists of a high-performance fiber encapsulated within a plastic 

covering, holding the insulation material together whilst acting as a moisture barrier. (TexTech 

Industries , 2015) To determine the feasibility of aircraft insulation, two industry standards must be 

met: 

 

FAR AC 25.856 – 1A – Thermal/Acousitc Insulaiton Flame Propagation Test  

 

FAR AC 25.856 – 2A – Instillation of Thermal Acoustic Insulation for Burn-Through Protection  

 

The first test (1A) determines the tendency of the thermal acoustic insultation to propagate fires 

from an in-flight ignition source, whereas the second test (2A) determines the burn-through 

resistance of the thermal acoustic insulation from an external fuel source during a post-crash fire.  

 

“Mycelium not only outperforms petrochemical/plastic-based construction materials in thermal and 

acoustic insulation but, as a natural material, it is also safer and healthier”. (Biohm , 2016)  

Furthermore, mycelium is organic thus doesn’t contain synthetic, resin-based substances that cause 

harmful smoke and quick spread of flames during a fire, both of which are strong considerations 

when identifying new materials for insulation.  

Some further considerations must be made to: 

 

- Corrosion potentials 

 

- Insulator of electricity  

 

- Moisture ingression  

 

-Health and environmental factors 

 

Amongst all these factors, mycelium confidentially ticks all the boxes except for moisture ingression. 

Mycelium is somewhat water resistant, but long-term exposure to moisture will cause the material 

to start decomposing. (Material District , 2020) This is nothing new to aircraft insulation, during an 
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investigation with Ryanair 737, they removed all the insulation blankets and weighed them after 5 

years of service and discovered a weight increase of approximately 100 pounds from moisture 

ingression. (Airliners.net , 2008) 

 

To combat this, aircraft designers encapsulate aircraft insulation within conventional plastics to 

mitigate moisture ingression. Mycelium has an opportunity to bypass this by its unique formation of 

chitin. “When fungi meet an impermeable material, such as metal, they form a shell of dense, 

waterproof barrier chitin”. (Travaglini, 2015) This chitin formation can permanently bond blocks of 

material together, adhering different materials together creating high strength joints.  

 

With sufficient development and funding, mycelium ticks all the boxes for having potential in serving 

as an insulating material for aircraft cabins. Its thermal resistance exceeds that of materials currently 

being utilized and its toxicity is also substantially lesser than conventional insulating materials. Its 

cost effective and grows rapidly, even in poor conditions.  

 

Mycelium has the capability of being grown within an already built structure, forming a uniform 

insulating material leaving no gaps for moisture ingression within the space of a couple weeks. Once 

the material is of adequate properties and sizing, it is denatured and desiccated by heating it up to 

70°C. 

Mop sills  

 
Mop sills in simple terms are the skirting boards for the inside of the cabin, they simply cover the 

wall-to-floor fitments and make an aesthetically pleasing seal amongst the joined structures in the 

cabin. They are simply installed for decorative purposes. 

 

During an interview with aircraft maintenance engineer Dale Warren, he exclaimed that the 787 

mop sills are made of conventional plastics and are under warranty by Boeing. As soon as the 

warranty expires, they go straight in the bin. Small, however these mop sills fill the whole cabins 

interior and are often thrown out with no further use and/or inadequate recycling.  

 

Mycelium has the capability to breakdown carbon-based waste and create new materials. As this is a 

completely non-structural application, mycelium could utilize the excess waste from the aircraft to 

grow and develop new mycelium composites that are suitable to be formed into new mop sills. 

Figure 20 below expresses the circular lifecycle of mycelium, a completely renewable production 

system. Section 6 will cover its LCA and sustainable outcomes in more detail.  

 

 

 

 

 

 

 

  

  

Figure 22 – The circular life of mycelium. (Travaglini, 2015) 
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Cabin Partitions and Panelling  

 
Airbus amongst other airliners, have begun considering alternative materials to replace non-

structural components within the A320 aircraft. With the utilization of Airbus-Autodesk 

collaboration, they envisioned new design possibilities using generative design. Generative design 

quickly generates high-performing design alternatives from a single idea, many of which probably 

wouldn’t have been considered independently. (AutoDesk , 2022) Known as the Bionic Partition, its 

innovative mycelium design can be seen in figure 23 below.  

  

  

  

  

  

  
 

 

 

 

 

 

 

 
The design reduced the panels weight by almost 50% whilst retaining the necessary strength and 

properties for its application. Its final design has been considered a novel of “bio computation” and 

provides an ultra-high-performance result beyond typical engineering “rules of thumb”. The design 

is currently going through 16G crash testing to enable the components certification and integration 

into the A320 planes, utilizing the weight savings to translate to fuel savings and carbon reduction. 

(Schaefer, 2020) 

 

 

 

 

 
 

 

 

 

Figure 23 – Airbus A320 bio-inspired design for a cabin partition. (Travaglini, 2015)  
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Section 3 – Effects on maintenance facilities and procedures 

 
Bio plastics have slim to no application in current commercial aviation, therefore there is insufficient 

results of the effects these materials can potentially have on maintenance facilities, scheduling, or 

personnel. To approach this gap, an extensive interview was conducted with Dale Warren, an 

experienced aircraft engineer based in South Wales. The total length of this interview was just under 

an hour, covering subjects such as working with new materials, composites, and waste management. 

To obtain further insights and opinions, a digital questionnaire was submitted to hangar project 

manager, Rhys Jones.  

 

3.1 - Maintenance Procedures  

 

When asked about the effects of working with new materials in the aviation industry, Jones 

exclaimed that before new materials enter service, their maintenance facility conduct awareness 

and training courses for the staff working with the aircraft in regard. This includes training for 

engineers and technical personnel on the structural build of the component and its different 

methods of inspection, damage assessment and repair schemes.    

 

Aircraft mechanic, Warren exclaimed the changes new materials can make to maintenance 

procedures are extensive, especially with the new composites as they create a “whole new realm of 

repairs”. The new 787 is practically all composite, posing a lighter thus more fuel-efficient aircraft 

however, the new composite materials employed on the aircraft have created a “whole new realm 

of repairs” as stated by Warren.   

 

Quite simply, when these aircraft were first employed by British Airways, much of the engineering 

team were left unsure of what to do following from certain damage to composite structures and had 

to contact Boeing directly for further advice. To their surprise, Boeing couldn’t give an immediate 

answer and expressed that they’d have to “get back to them to amend the damage.” An observation 

can be made to the span of new materials and composites. Quite often, the materials properties, 

availability and cost are intensively analysed but the repair schemes and engineers’ perspective are 

often given less shine.  

 

“They just think it’s only flying in the air, its safe up there. The problem is when it lands you’ve got 

people riffing round it with all kinds of things bumping into it. It’s amazing how many people bump 

into aircraft on the ground” (Warren). Human factors must also be considered when new materials 

are being utilised, some crucial considerations for continuing effective maintenance facilities and 

procedures include:  

 

- How does it behave under contamination of hydraulic, de-icing, lubricating fluids etc. 

- What is its impact strength? Can it take the occasional knock from personnel and/or equipment?  

- Are its instillation procedures straight forward and time efficient?  

- Is the material easy to work with in regards of feel, strength, and rigidity? 

-Are their adequate storage facilities for bio composite materials, if not is it feasible/possible to 

create additional storage? 

- Will regular working procedures and scheduling have to be amended to utilise the new 

equipment/material? 
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3.2 - Inspection/testing  

 

The unique behaviour of emerging composites and materials can be thought of as a setback when 

considering their qualities under inspections and testing. “You develop a feel for aluminium, you 

know how much it can flex until it breaks, even inside the aircraft we’re using these new, very 

lightweight composite panelling and you try to get them in, and you think that’ll flex, that’ll flex, 

crack! Because you’re not used to them, they’re quite disappointing to be honest with you.” 

(Warren)  

 

The span of new materials brings uncertainties around their properties, damage assessment and 

storage requirements, in result, lots of the new and often more lightweight materials can be easily 

damaged if not handled in the correct manner, and as soon as the material is damaged, the chances 

are the whole thing will have to be replaced. This is no different with bioplastics and bio composites, 

they must be handled with care and stored in the correct conditions to ensure their quality isn’t 

compromised.  

 

In review of obtaining primary research directly from both an aircraft engineer and project manager, 

the following points have been identified as vital considerations to continuing an effective MRO and 

airworthiness standards with the span of new materials:  

 

-Is damage easily identified and rectified during inspection routines, and how does its scheduling fair 

with the current materials being used in terms of cost, effectiveness, and time?  

-Are their adequate storage facilities for bio composite materials, if not is it feasible/possible to 

create additional storage? 

-Do the components retain their properties up to the expected intervals? E.g., flight hours, service 

life, calendar time etc 

 

3.3-Waste management  

 

The final factor considered is waste management. Like most major airliners, BAMC retains a facilities 

team who are responsible for managing waste across all departments. The department look to see 

how we can reduce materials and consumables we bring into business and how we manage waste 

removed from the facility.  However, both Jones and Warren explained many items such as sealants, 

cartridges and packaging are still made of unrecyclable plastics and contribute to plastic pollution.  

 

Jones stated, “The introduction of fully composite fuselages poses a problem for the future. What do 

you do with a retired B787 fuselage when removed from service?” It’s been observed that many 

composites utilised on aircraft have potential to be recycled but have inadequate recycling facilities 

to do so. In terms of waste management for bioplastics, the following must be considered: 

-Will the new materials be correctly disposed of within the maintenance facility? 

-Are their local, third-party recycling companies and centres capable of recycling these materials? 

-How often are components utilising bioplastics being replaced and disposed of when compared to 

the previous material(s) being used? 
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Section 4 – Availability and Cost 

 
The availability and cost of new materials within an aircraft maintenance facility prove to be vital 

considerations for the continuation of an effective and efficient work system. All the bioplastics and 

bio composites considered within this thesis have come from either a plant, fungi, or vegetative 

waste such as corn starch, thus they are all renewable materials. None the less, there are numerous 

factors besides renewability that effect bioplastics availability and cost. 

4.1 – Availability 

  

Flax  

 

Flax fiber is the second most popular fiber grown in the world after cotton, this as well as its superior 

mechanical properties compared to other natural fibers have been the deciding factors when 

identifying materials for structural applications. (Cognitive Market Research , 2021)  

 

Taking 100 days to reach maturity, flax grows with a minimum environmental footprint and requires 

no irrigation or special fertilisers, making it suitable to be grown in the British climate. Currently, flax 

is grown over 12 million acres worldwide, with most production coming from Northern Europe and 

Russia. (Delate, 2013) 

 

 Since 2013, its cultivation has increased because its demand continues to rise and as a result, its 

fibers are available in massive volumes for an extremely effective price. This ever-growing demand 

has also led to new varieties of flax being used, enhancing physical factors such as length of the 

elementary fibers and improved mechanical properties. (Chand, 2008)  

  

Epoxy  

 

Amongst the many resins and adhesives used in the modern world, epoxies are one of the most 

common and widely used thermosets today. This is no difference in the aviation industry as epoxy 

proves to be superior to any other resin in regards of strength, rigidity, and water resistance. 

(Omnexus , 2022) 

 

Another important factor to consider is that epoxy is a well-known material in aviation, thus 

amongst all these materials its certification for aircraft applications has already had the green light 

for decades, and this along with its properties is exactly why epoxy has been identified as being the 

soulful matrix for flax fibre reinforced composites. 

 

PLA 

 

Currently, the world produces approximately 240,000 tonnes of PLA a year. There are two main 

manufacturers of PLA, the first being NatureWorks, producing somewhat 135,000 tonnes per year 

and Total-corbion producing around 75,000 tonnes per year. (Barrett, 2020) 

 

With recent developments in China, US and Europe, the production of PLA is expected to increase by 

700% in the next 5 years thus its availability continues to grow and in result, its cost is forecasted to 

reduce significantly as well. (Pogrell, 2020) Although relatively available internationally, the 



38 
 

availability of adequate recycling centres for PLA is scarce within the UK and is somewhat a bit of a 

grey area, proving to be a counterproductive factor to the sustainability, economics, and life cycle of 

PLA. (Marlow, 2020) 

 

Fungi (Mycelium)  

 

Fungi has an exceptionally fast growth rate and low energy requirements during growth. Not only 

this, but they could be cultivating in areas that could not be used otherwise due to lack of 

appropriate soil and environmental conditions making their potential availability massive. 

(Vijayakumar, 2021)  

 

Research has been uncovered by Insight Ace Analytic, they’ve calculated that the global mycelium 

market is currently valued at US$ 2.95 billion and is expected to reach US$ 5.49 billion by 2030 with 

a CAGR (compound annual growth rate) of 7.3% between 2022-2030. (InsightAce , 2022) 

 

Ecovative has partnered with the UK company Magical Mushroom, in hopes to broaden the scale 

and availability of mycelium packaging. Within a few days companies can get a quote and expect 

their unique prototype mycelium packaging in a few months. (MagicalMushroom , 2021) 

 

4.2 – Cost  

 

Flax 

 

Current technical data suggests that flax fibers can compete with glass fibers in specific composite 

materials. In the modern market, glass fibers used for composites cost between $1.52 to $3.10 per 

kilogram whereas flax fibers typically cost between $0.22 to $1.10 per kilogram, thus are an effective 

choice to make when cost is the priority. Not only this, but flax is somewhat 40% lighter than glass 

fiber-e extending its cheaper cost by reducing the overall load of the component regarded, thus 

saving fuel. (Foulk, 2000) 

  

  

  

  

  

  

  

 

 

 

 

 

 

 

 Figure 24 – Cost per weight comparison of flax amongst other natural fibers and E-Glass fiber (Yan, 2014)  
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Epoxy  

 

Epoxy is relatively inexpensive but still more costly than most adhesives, due to its superior strength 

and formulation requirements. For aviation purposes, specialised epoxies are developed to enhance 

their thermal properties and to ensure they withstand their environments. An expected range of 

price for aviation grade epoxy would be $40-$100 per kilogram. (Long, 2013) 

 

PLA 

 

PLA sells on the current market at prices between $15 to $25 per kilogram and although its price 

continues to fall it is still more expensive than most petroleum-derived plastics. (Acreo, 2020)  

 

However, experts predict its cost is going to reduce drastically over the next couple years due to a 

team of researchers succeeding in simplifying the production of PLA, making the process cheaper 

and broadening its variety of applications. Until now, the production of PLA has been a two-step 

fermentation and chemical process of polymerization, which is complex and costly. Through the 

utilization of a metabolically engineered strain of E. coli, the researching team from KAIST University 

have developed a singular-stage production process making it quicker, cheaper and more 

commercially available. (Quick, 2009 )  

 

Fungi (Mycelium)  

 

With the ability to be grown at room temperature with minimal lighting, the processing cost of 

mycelium is both inexpensive and fast, mycelium composites can be formed and ready within 20 

days. After denaturing using heat of only 70°C they are ready for the desired application. (Travaglini, 

2015) 

 

In terms of packaging supports, mycelium is inexpensive and is cost-competitive with conventional 

plastics such as polystyrene foam, which is priced at approximately $1100 dollars per metric ton. 

(Fernandez, 2021) The creation of mycelium foam uses agricultural waste, which is readily available 

all over the planet. 

 

Another important factor to consider is the disposal costs of conventional materials. The Health, 

Safety and Environment (HSE) regulations and standards continue to increase the costs of both 

producing and disposing of conventional materials, whereas natural non-toxic materials do not 

require high energy costs during these stages thus reduce both the production steps and costs. 

(Travaglini, 2015) 
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Section 5 – Additional applications of PLA and Mycelium  

 
In review of interviewing aircraft mechanics, there was a common mention of the extensive amount 

of packaging and single use equipment that was filling landfill bins every day. This is also supported 

statistically by (Springer, 2017), mentioning that airliners produced 5.2 million tons of waste in 2016, 

and is expected to reach 10 million tons annually by 2030.  

This section reviews the additional applications of Mycelium and PLA, which has been sub divided 

into two sections “packaging”, which covers everything from huge supportive packaging for large 

components like winglets to tiny plastic baggies used to retain 3.2mm rivets and “disposable items”, 

which is everything from oil spill trays to disposable gloves. 
 
5.1 – Packaging  
 

Mycelium 

 

Section 2 of the results and analysis discovered the significance and versatility of mycelium, however 

its applications are not just limited to on board components. Currently, there are several major 

packaging companies producing sustainable packaging from hemp hurd impregnated with mycelium 

spores, major companies such as Ikea are already on board. (Transparency - Market Research , 2019 

) 

 

 

 

Figure 25 – A uniquely designed mycelium packaging support for speakers. (Mushroom Packaging , 2022) 
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The feasibility of replacing conventional packaging with mycelium composites is promising, there are 

already numerous companies on board such as “Evocative” and “Mushroom Packaging,” successfully 

producing thousands of tons of mycelium packaging every year. Whilst interviewing aircraft engineer 

Dale Warren, he exclaimed the masses of packaging which goes into waste every day. “We throw 

out tons of cardboard, we can fill an entire room once a day in cardboard, and if it’s not larger than a 

shoebox we don’t bother to recycle it.” It was also observed during the interview that lots of 

recyclable packaging still isn’t being recycled thus finding its way to landfill. Biodegradable packaging 

has a strong potential to not only mitigate this problem, but capitalize on it, the biodegradable 

packaging could be used as the growing feed for mycelium to form new bio composites for further 

applications.  

 

(Mushroom Packaging , 2022) amongst other companies, has created an easy, online interface for 

industrial companies to produce mycelium packaging to match their needs. Within a few clicks of a 

button, buying customers can design their own specialized packaging and send a proposal of what 

they need packaged. It will then go through a phase known as the prototyping process, which 

typically takes 2-4 months. From them, the packaging requires 9 days to grow into the desired 

shape/sturdiness and its ready for service. The “Design Process” webpage of mushroom packaging 

can be seen in the link:  https://mushroompackaging.com/store/design  

Mycelium composites are cost-competitive, quick to manufacture and can be grown to match a 

variety of different applications. Above all, mycelium has an ability in forming supports in packaging 

just as adequate as conventional plastics like polystyrene (PS) and polypropylene (PP), the difference 

is it come from a renewable origin, its non-toxic, it can be grown in any conditions and can fully 

biodegrade in a matter of a month. (SeedLip, 2022)  

PLA  

 

PLA also has just as much relevance in being a suitable material for packaging. Its ease of being 

formed into films makes it an ideal alternative for the outer packaging rather than the supports 

within the packaging.  Made from corn starch and sugar cane, even the by-products of these crops 

can be used to manufacture PLA, which retains mechanical properties very similar to PET 

(polyethene terephthalate). (McCauley, 2017) It can achieve all of this whilst boasting a lower 

carbon footprint than fossil-based plastics and requires far less energy when being produced thus 

less greenhouse gasses are released to the environment. (Barrett, 2020) 

 

In opposition to PLA being an effective choice as an outer packaging, its average lifespan in film form 

can be as little as 6 months, therefore there’s only 6 months to manufacture the packaging, pack the 

components, sell them to stores and deliver them to maintenance facilities. (McCauley, 2017) With 

the quality assurance and high cost of any components used in aviation, it wouldn’t be feasible to 

use a material that doesn’t ensure continued protection for the internal goods until they’re used.   

 

5.2 – Disposable items 

 
Bottles and Cutlery  

 
Disposable items can be considered as some of the most despicable pollutants produced. An aircraft 

takes off and once at cruising speed/altitude, the food and drink trolley come out for the customers 

to buy consumables such as: coffee, snacks, and bottled beverages, 95% of which the packaging is 

https://mushroompackaging.com/store/design
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made of conventional plastics such as polyethylene (PET) or Polycarbonate (PC). (IBWA, 2022) These 

plastics are often graced that they are produced from recycled plastic and are also 100% recyclable 

however, out of the 38.5 million plastic bottles that are used every day in the United Kingdom, just 

over 50% will make it to a recycling centre. (Guardian , 2018) 

Unlike its inferior service life when in film form, PLA in the form of bottles or cutlery won’t degrade 

whilst on shelves and requires 65 percent less energy when being produced than traditional plastics. 

Inexpensive to produce and non-toxic, PLA looks, handles, and feels just like conventional plastic 

whilst being carbon neutral. (NJS-Packaging , 2014)  

 

In opposition, PLA can’t be recycled with other plastics and even worse sent to landfill. The tightly 

packed waste in landfills starves any matter of oxygen and water, without thorough oxygen during 

the decomposition process organic materials produce methane, a greenhouse gas 30 times more 

potent than carbon. (Evans, 2020) Therefore, for PLA to retain its renewable benefits, its 

disposal/recycling stage must be efficiently controlled to span sustainable growth.  
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Section 6 – Sustainability  

 
6.1 – Sustainable Outcomes  

 

Mycelium Fungi  

 

With the correct development, mycelium could prove to form aerospace components that are 100% 

reusable or recyclable, reducing the cost and labour adoption barriers thus providing compostable 

components which are disposable without negatively impacting the environment. Once the desired 

form of properties of the fungi-based material have been achieved, the growing fungi is denatured 

which results in a safe and completely inert material which can digest itself. (Travaglini, 2015)   

  

  

  

  

  

  

  

  

  

  

  

  

 

 

 

  

 

 

 

 

 

 

Considered as natures circular material, the disposed of materials can be used to grow new 

components or be used as a nutritious compost to grow new plants. Figure 26 visualizes the circular 

lifecycle of mycelium.  

 

 

 

Figure 26 – The circular, renewable life of Mycelium composites. (Girometta, 2019) 
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PLA 

 
Conventional plastics can be considered as a short-term answer to a long-term problem. It is 

common knowledge that the world’s oil reserves will eventually run out, thus conventional plastics 

will become more difficult and expensive to source and manufacture through time. PLA on the other 

hand, can be constantly renewed as it is processed from natural resources.  

Compared to its petroleum competitors, producing PLA requires 65% less energy and generates 63% 

fewer greenhouse gases. In a controlled environment, PLA will naturally breakdown however not all 

PLA plastic will find its way to the correct disposal sight. Fortunately, when corn-based plastics are 

incinerated they do not emit any toxic fumes unlike PET and other fossil-based plastics. (McCauley, 

2017) 

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

Criticism has been made to the amounts of corn required to produce PLA, and its potential of 

affecting it’s the price of corn for global food markets. Food analysists argue that vital sources are 

better used in food manufacturing, stating “With 796 million people in the world without enough 

food to lead a healthy lifestyle doesn’t it suggest a moral issue with the idea of growing crops for 

packaging and not for people?” (McCauley, 2017)  

 

PLA proves to be a sustainable alternative to many synthetic plastics currently used in aviation, with 

a well-thought analysis of its life cycle and disposal methods both the energy and emissions during 

its life are significantly lower than conventional plastics. With its popularity increasing, PLA recycling 

centres should become more popular further extending its potential of achieving sustainable growth 

within the aviation industry. 
 
 

 

 

Figure 27 – Carbon footprint of emissions released from different polymer’s during production. (Swiftpak , 2021) 
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Flax 

 

In terms of sustainability, flax is often considered a preferred natural fiber with less harmful impacts 

than cotton and jute. Flax is graced with its ability to grow in limited rainwater and pesticides on 

numerous terrains, but also its extreme versatility of applications, every part of the plant can find a 

use. (Baltic-Flax , 2021) 

  

  

  

  

  

  

  

  

  

 

 

Figure 28 visualises its superior values in price, energy usage and CO2 emissions during its 

production and end-of-life stages against conventional carbon fiber and epoxy resin.  In terms of 

LCA, a pattern occurs in FFRP’s like mycelium however, its end of life requires either incineration or 

specialized recycling. The life cycle of FFRP’s used in aviation is observed below.  

 

 

 

 

Figure 28 – Energy used, CO2 released and price of flax fibre, carbon fibre and epoxy resin. (Hensche, 2019) 

Figure 29 – Life cycle of FFRP panel used in the aviation sector. (Gomez-Campos, 2021) 
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Chapter 5 –Discussion    
 

 

Section 1 – The Replacement of Structural Components  

 
In review of section 1’s results and analysis, it was observed that both the matrix and fiber 

properties are crucial in developing bio composites capable for structural application. The tensile 

strength is more sensitive to the matrix properties whereas the modulus is practically dependant of 

the fiber properties.  To optimize the materials strength and stress orientation, the configuration of 

fibers is a vital consideration to make as well as their chemical and mechanical treatments to 

optimize adhesion between the fiber and matrix.  

Recent developments of bio composites have brought them closer to being suited for structural 

applications, but the setbacks remain evident and need to be amended before they can be 

considered as primary structural components. Table 7 below summarizes the pros and cons of bio-

composite materials being used as structural components when compared to the current materials 

employed.  

Pros  Cons  

Lightweight Moisture Ingression  

Often cheaper  Poor adhesive/bonding qualities  

Renewable  Susceptible to UV damage 

Exceptional Specific Modulus  Poor thermal properties  

Non-toxic  Different properties amongst the same fibers 

  
  
  
The two largest limiting factors of bio composites for structural applications are moisture ingression 
and poor thermal qualities. Aircraft are under an extensive range of temperatures with a vast range 
of environmental conditions, without adequate thermal properties and resistance to moisture it’s 
almost impossible for these materials to become certified for use in high temperature or harsh 
environmental conditions, limiting their current application to specific internal secondary and 
tertiary structure. 
 
 
Section 2 – The Replacement of Non-Structural Components 
 
Section 2 identified the significance of mycelium, and its ability in forming a range of non-structural 
components within modern aircraft cabins. Considered as mother nature’s circular material, 
mycelium is versatile in its properties, retains exceptional thermal resistance up to approximately 
400°C and can be grown just about anywhere, breaking down and utilising carbon-based waste 
products as its feed during growth.  
 
Taking weeks to form into unique shapes and composites, mycelium can be denatured at a heat of 
70°C and is then ready for its application. From results, several sources graced both its thermal and 
acoustic insulation properties. With all this, along with its cost-competitive price, mycelium has 
strong potential to replace conventional insulators such as mica, plastics, and glass fibers.   
 
Due to it lightweight yet strong structures, mycelium has further potential in replacing more robust 
components such as cabin partitions and seat panels. Through aided-design, Airbus and collective 

Table 7 – The pros and cons of utilising bio composites within aircraft structures.    
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researchers teamed up and produced a mycelium cabin partition of adequate strength whilst being 
40% lighter than the previous component used. Project manager, Rhys Jones expressed “The current 
aircraft maintained at our facility do not contain any bioplastics or bio- composites. Research by 
aircraft manufactures is underway to investigate the potential of biomass as alternative to 
traditional fibres. I can personally see them used in the construction of the cabin interiors.” 
 

Unlike flax or PLA, Mycelium doesn’t require masses of crops or long cultivation times, nor does it 

require any high energy demands for its production, installation, or disposal. With the current 

market of mycelium at approximately $3 Billion, its availability continues to grow. Results about its 

potential of being used in aviation, revealed its most suitable applications: 

 

- Aircraft cabin insulation 

-Aircraft cabin partitions 

-Seat and Decor panels 

-Mop sills  

 

Section 3 – Effects on maintenance facilities  

 

By obtaining primary research from local aircraft maintenance engineers and managers, a 

speculation has been made to what effects employing bioplastic materials may have on aircraft 

maintenance facilities with particular focus upon maintenance procedures, inspections and waste 

management.  The crucial factors that must be considered when integrating new materials into an 

MRO have been summarized in table 8 below.     

Even with strict certification proofs, the span of new materials within an aircraft maintenance facility 

must be carefully reviewed during their probational period. Previous events provide evidence that 

certified components still have the potential of providing unpredictable qualities, or worse, 

complete failure.    

It is acknowledged that the integration of bioplastics and bio-composites will not happen with fast 

pace. All aspects of this material being incorporated within an MRO needs to not only be considered 

Maintenance 
procedures 

Inspection, damage 
assessment and 
testing 

Waste Management  Other  

Contamination 
qualities 

Identification of 
damage  

Third party recycling 
companies and 
recycling centres 

Availability and 
expected time for 
deliveries  

Impact strength Inspection scheduling  Correct disposal  Quality assurance 

Instillation/removal 
procedures 

Components meeting 
their expected 
qualities. E.g., flight 
hours, service life etc. 

Frequency of discarded 
components compared 
to previous materials 
used 

Cost effectiveness  

Flexural strength  Time effectiveness Cross contamination  Galvanic potential  

Storage requirements Rectification and 
repairs 

Maintenance 
scheduling  

Corrosion, erosion, and 
deterioration qualities  

Table 8 – The crucial factors of integrating new materials into an aircraft maintenance facility    
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but trialled and tested with numerous different samples to confirm its consistency of being an 

effective and efficient material for the desired application.    

 

Section 4 – Availability and Cost  

 

Fossil-based plastics have been steadily increasing in production, manufacturing, and disposal costs 

for years. With the recent awareness of global warming and pollution, they continue their journey as 

unethical materials. Although bioplastics represent less than 5% of the current plastics market, their 

popularity is increasing which in turn is making them more available and cost-effective. 

 

A pattern has been observed in which fossil-based plastics are increasing in price whereas bioplastics 

continue to become cheaper. With recent developments in South Korea, the production of PLA has 

become a one-step stage and thus has significantly reduced its cost. This, combined with Chinas 

uptake on PLA production prove to be vital steps for PLA to become an applicable available and cost-

effective material.  

 

Section 5 – Additional Applications  

 

The additional applications of bioplastics revealed the significance of mycelium being used as 

packaging supports and PLA being used for disposable consumers items such as bottles, cups, and 

cutlery.  

 

Mycelium has been identified as a suitable packaging due to its ability of growing into unique and 

robust shapes in a matter of two weeks at a cost-effective price. Not only this, but discarded 

packaging is 100% compostable making it sustainable and cheaper with disposal costs. With UK 

based companies such as magical mushroom packaging already on board, companies could get a 

quote within a couple weeks and have personalized prototype packaging at the ready within a few 

months.  

 

PLA has been identified as a potential compromise for disposable items such as water bottles, cups, 

and cutlery. Its ease of being 3D printed and having similar mechanical properties to PET (A synthetic 

plastic often used for bottles etc) makes it an optimum candidate. With recent developments in 

South Korea, the production of PLA has become a one-step stage and thus has reduced its cost.  

 

 

Section 6 – Sustainability  

 

Flax, Mycelium and PLA are all renewably sourced, thus will always have that advantage over 

conventional materials. Although PLA releases somewhat 65% fewer emissions and energy 

consumption during production, it has been criticized for its use of valuable food-based materials 

and complicated recycling requirements. However, PLA can be produced from the waste materials of 

corn and with its forecasted market increasing by somewhat 700% in the next 5 years, it can be 

expected that PLA recycling centres will become more popular.  

 

Flax is graced as one of the greener natural fibers available. Next to carbon and glass fibers, its 

energy consumption, emissions, and cost are substantially lower than both synthetic fibers during 

their production and disposal stages of life.  
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Above all the natural materials considered, mycelium is completely impeccable in terms of 

sustainability. It can be cultivated in small areas under numerous conditions and temperatures, 

including that of poor lighting and feedstock. Its non-toxic meaning that its not only perfect for 

applications within the cabin but if it were to catch fire or be incinerated, no toxic fumes will be 

emitted. Once used, mycelium composites are 100% compostable and can even be used to 

breakdown awkward synthetic waste such as carbon fibers. 
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Chapter 6 – Conclusion 

 
The aim of this dissertation was to investigate the feasibility of integrating bioplastics into the 

aviation industry to promote sustainable growth, whilst retaining safe and practical maintenance 

facilities and operations.  

 

Working through literature identified the significance of flax being utilised as the reinforcing fiber 

within bio-composites for structural applications. Through processing, silane chemical treatment and 

additives, FFRP’s display mechanical properties competitive to fiber-glass composites. Due to 

certification proofs and its superior strength, thermal and hygroscopic qualities, thermoset epoxy 

was selected as the primary constituent of the matrix however, it was concluded that a PLA ratio of 

20% or below within the epoxy matrix retains adequate properties for the structural applications 

considered, and further mitigates the aviation industries dependence of synthetic polymers.  

Gathered results identified FFRP’s insufficient thermal and hygroscopic qualities, thus led to the 

confirmation that their current applications are limited to specific, internal secondary and tertiary 

structural items such as bulkheads and overhead baggage members.  

 

Mycelium-based composites being utilised for non-structural applications proves to be not only 

feasible, but truly beneficial. Providing incredible thermal and acoustic insulation, mycelium could 

serve a perfect compromising material for aircraft insulation and fungi-core sandwich composites. Its 

application could also be extended to more robust applications like seat panels and mop sills, which 

have both been confirmed as some of the most frequently discarded components from local 

engineers and project managers. Due to its biodegradable nature and cheap price, mycelium was 

also considered an adequate and cost-effective material for supports within packaging for 

components, tools, and equipment which once again, was confirmed by local engineers as some of 

the most frequently disposed of non-recyclable plastics.   

 

Through initial research in the literature review, it was identified that there was insufficient 

information regarding the effects bioplastics may bring to maintenance facilities, procedures, and 

operations.  Contacting local aircraft engineers and project managers brought insights to what it’s 

like working with new materials and how they can affect ordinary procedures and scheduling. It has 

been confirmed however, that bioplastics require much more trialling and testing within different 

aeronautical environments before any certification proofs can be made to structural bio-composites. 

Their application of non-structural members within the cabin however, is far more feasible and 

beneficial in providing sustainable growth, as these components require less extremities in their 

properties and are confirmed to be the most frequently disposed components within modern 

aircraft.  

 

Waste management within an aircraft MRO is usually directed by their own facilities team which 

review their current recycling schemes and waste reduction targets. However, by receiving insights 

from a local engineer, it has been recognised that lots of the recyclable waste won’t find its way to 

the correct bin within these facilities, especially on busy days. Mycelium based packaging not only 

mitigates this problem by being 100% compostable and non-toxic but provides an additional use 

during its disposal stage by breaking down carbon based waste and synthetic polymers, which are 

often discarded from modern aircraft.  
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Chapter 7 – Recommendation  
 

 

Through completing this dissertation, FFRP’s were identified in replacing structural components 

within the aircraft, however, were limited to internal secondary and tertiary structure. Although flax 

fibers offer better damping properties and a lower density when compared to carbon fiber, they 

retain lower mechanical and thermal performance. This thesis will be continued when the author 

decides to take the master’s degree and will be providing a more refined look into composites such 

as flax-carbon hybrids, mycelium insulation, and fungi-core flax laminate sandwich panels. 

 

It was confirmed that the potential effects bioplastics could have on aircraft maintenance facilities 

still retains insufficient information and research to provide a structured hypothesis. This was 

combated by obtaining primary research from experienced engineers and managers however, only a 

speculation can be made due to them having slim to no experience with bioplastics and bio 

composites.  

 

In the continuation of this thesis, the author intends to physically obtain the materials considered 

and run them through a series of tests and simulations to provide a deeper understanding of their 

physical, thermal, and environmental properties, and where they stand within the certification 

standards of aviation components. More so, the effects these materials may have on maintenance 

facilities will be approached through a means of testing their corrosive, hygroscopic, and thermal 

properties under the expected environments the component is thought to be under during its 

production, storage, service, and disposal stages of its life.    
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Appendices  
 
Appendix 1 – Digital Questionnaire with Project Manager 
 
Question 1 
 
What is it like working with composites when compared to conventional metals and plastics? Are 
there any immediate pros and cons that come to mind and have they had an adverse effect on 
maintenance scheduling, downtime, and procedures? 
 

Answer 1  
 
BAMC has maintained Boeing 747, 767 and 777’s for British airways for the past 27 years. These 
aircraft are all metal fuselage with composite panels and flying controls. Composite materials within 
aircraft maintenance are not a new concept but the introduction of the Boeing 787 has made 
changes within the maintenance environment. 
 
Before entry into service, we as a maintenance facility had to conduct awareness and training 
courses for staff who would be working with the aircraft. This included training for engineers and 
technical services personnel on the structural build and different inspections method, damage 
assessment and repair schemes. Our composite repair specialists had to attend a Boeing repair 
training course. 
 
The approach to working on a composite aircraft isn’t that different from a conventional type 
aircraft. One of the main advantages to composite aircraft is they are less labour intensive with 
respect to fuselage corrosion findings and repairs. The downside to composite aircraft is the increase 
in the amount of lightning strike damage we are finding and subsequent repairs. Another downside 
is the paint layers are dis-bonding from the composite surfaces and causing UV damaged due to the 
exposed composites. 
 

Question 2 
 
Through you experience, how would you rate waste management and recycling in terms of the 
maintenance facilities you work in? 
 

Answer 2  
 
Recycling has become a key target for businesses over the past decade. Whether the driving force is 
government, local authorities or internal targets, a company’s waste reduction target increases year 
on year. 
 
At BAMC we have a facilities team who are responsible for managing waste across all departments. 
The department look to see how we can reduce materials and consumables we bring into business 
and how we manage waste removed from the facility. 
 
The department monitor, record, and analysis all materials, consumables and parts brought into the 
facility with a view to reduce and find more sustainable alternatives. 
 
The management of recycling at BAMC is subcontracted to a third-party company. We are 
responsible for splitting our used waste such as metal, paper, plastics, wiring oils and fuels as an 



62 
 

example. The third-party company are then responsible for the recycling and disposal of all removed 
waste. 
 
 

Question 3 
 
Composites have been acknowledged as playing a large role in reducing the overall weight of aircraft 
structures, however, are expensive and hard to dispose of in a sustainable manner. Do you have any 
experience or opinions on bioplastics/ bio composites and their potential of increasing aviation 
sustainability? 

 
Answer 3  
 
Older airframes such as the 747 and 767 when retired were sold on to aircraft recycling companies 
where a high percentage of the fuselage and equipment was recycled or reused. The introduction of 
fully composite fuselages poses a problem for the future. What do you do with a retired B787 
fuselage when removed from service? 
 
Boeing when designing and introducing the B787 into service had to plan for the disposal or 
recycling of the materials used in the construction of their aircraft to remain an environmentally 
friendly organisation. Boeing are working with several companies which explores a 2-stage process 
of recycling so the fibres with the construction can be reused. This is an ongoing process that will 
develop over the course of time. 
 
The current aircraft maintained at our facility do not contain any bioplastics or bio- composites. 
Research by aircraft manufactures is underway to investigate the potential of bios as alternative to 
traditional fibres. I can personally see them used and an advantage in the short term in the 
construction of the cabin interiors. 

 
Question 4 
 
Are disposable/ single use plastics used in maintenance facilities? If so, what are the most frequently 
recurring items used and how often are they used? Some examples could be disposable gloves or 
discharged cartridges. 
 

Answer 4  
 
Unfortunately, some materials and usage cannot be avoided. Within the maintenance environment 
on a daily basis, we have a high consumption of fluid, liquid sealants and tooling that are delivered/ 
used that are made of plastics that are not recyclable. As a business we try to offset this by the 
amount we purchase of these items. An example of this would be the purchasing of PRC that comes 
in a plastics tube. We used to only buy one size tube and found a high percentage of the time only a 
small quantity of the sealant was used, and the rest was disposed of in the chemical waste bins. By 
purchasing a percentage of smaller tubes, we were able to save money whilst reduce waste and the 
amount of plastic used. 
 
Plastic gloves are another example of unavoidable use of such material. Gloves are part of our PPE 
requirements a company must provide which is controlled by health and safety legislation. 
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Question 5 
 
Through your experience, have any environmental laws, schemes or standards been implemented in 
your workplace? Some examples could be cycle-to-work schemes or recycling targets. 
 

Answer 5  
 
British Airways as a company have planned a committed to be a carbon zero emission company by 
2050. They have pledged to do this by carbon offsetting, use of sustainable fuels and purchasing new 
efficient aircraft. As a business we are investing in newer, greener, and more efficient technology to 
lower our impact on the environment. 
 
Within our local maintenance environment, we do have targets to reduce our overall energy 
consumption, waste, and use of non-renewable consumables. 
 
British Airways as an employer do offer a cycle to work scheme. This is to encourage the use of 
bicycles rather than cars whether that be commuting to work or during rest periods. 
 

Question 6 
 
Have any new materials or equipment been introduced to your workplace? If so, did this have any 
effect on maintenance scheduling or procedures? 
 

Answer 6 
 
As a business we invest every year in the maintenance facilities to renew system within the hanger 
and the equipment to carry out maintenance. The main driver for the investment is to reduce cost 
over the long term and reduce our overall energy consumption. 
 
As an example, we recently replaced the ageing hangar heating and cooling system to a more energy 
efficient system. We have changed all light throughout the hangar and support areas to more energy 
efficient LED systems. Ground equipment such as GPU’s, air-started and power supply units are 
currently being replaced for newer more efficient units. 
 
The investments made don’t have much of a significant effect on aircraft scheduling but operating 
and working procedures are amended to reflect the new equipment. 
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Appendix 2 – Interview with aircraft maintenance engineer (Transcription)   
 
Interview with Aircraft Mechanic – Dale Warren  

 

Commenced on March 20 2021 

 

[Kyle Davies] 0:00-0:06 

“In summarization of new materials being utilized for aircraft, would you say they have an effect on 

maintenance procedures and scheduling?” 

 

[Dale Warren]0:06-1:02 

“Yeah massively, especially with the new composites. Triple 7s contain a lot of composites as well as 

the 787, its near enough all composite. The triple 7 has proved itself to be a good aircraft. These 

787s I don’t think will last half as long because you get into a whole new realm of different repairs. 

It’s all quite new technology, plus the triple 7 you can scrap most of it and recycle it, 78’s… what do 

you do with it? You can’t recycle composites; we don’t know what to do with it! We haven’t worked 

that far ahead.” 

 

[Kyle Davies]1:02-1:23 

“Yeah that’s it isn’t it, the introduction of composites was massive for aircraft, with weight reduction 

more than anything, fuel efficiency but you’re completely right, we’ve made these very hard to 

manufacture materials, very hard robust materials but likewise, where do you dispose of them?”  

 

[Dale Warren] 1:23-2:00 

“Exactly, as I said before is how do you fix it? When we first had the 78’s come in we got in contact 

with Boeing when the plane had damage and they responded you’re not meant to have damage on 

them, and we said yeah but we have damage so how do we fix it? And at first they exclaimed they 

didn’t know and that they’d have to get back to us. They just think its flying in the air its safe up 

there, problem is when it lands you’ve got people riffing round it with all kinds of things bumping 

into it. It’s amazing how many people bump into aircraft on the ground”.  

 

[Kyle Davies] 2:01-2:07 

“Oh wow, so it’s not just the loads you need to worry about in the air then it’s all the human factors 

on the ground”. 

 

[Dale Warren] 2:08-2:55 

“You should’ve seen what it was like in the hangar, we’ve brought aircraft in, and there’s a big beam 

of metal at the top of the hangar by the aircraft, and as the aircraft came in, they’ve slammed the 

brakes the suspensions gone down and unloaded and banged one of the aircrafts on the top of the 

beams. We’ve brought aircraft into the hangar and ladders have been left unloaded, and although 

small, a steel ladder is a lot harder than anything aluminium so are susceptible to damage. We’ve 

been good though for a long time though, but things do happen.” 

 

[Kyle Davies]2:56-2:59 

“So, in many ways aircraft are subject to just as much potential damage when there in the air or the 

ground, when its being transported and worked on”. 
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[Dale Warren]3:00-3:48 

“Yeah,  if your 25,000 feet upwards you’re safe, if you’re below that you’ve got birds, birds flying at 

400 odd mph can do damage. Like a toast through butter. Especially in America, when you’ve got 

huge birds like flying eagles and what not strikes the surface like a brick, you know these birds are as 

big as yourself. It’s like running over someone at 500 mph.” 

 

[Kyle Davies] 3:50-4:22     

“So in addition to that, I know you mentioned that composite materials are quite awkward to work 

with when compared to conventional materials like metals and plastics in terms of testing, repairing, 

identifying damage and what not? Is there anything more you could to that in terms of composites 

vs conventional materials? What are they like to work with physically?” 

 

[Dale Warren] 4:25-5:38 

“When you start with apprenticeships, steel, and aluminium you know how much you can flex it and 

how far you can push it. Take bolts for example, you’ll soon know how far you can torque it before 

you snap it, you gain a feel for it, same with aluminium same with steels. Composites right, even 

inside the aircraft we’re using these new very lightweight panelling and you try to get them in and 

you think that’ll flex, that’ll flex, crack! Because you’re not used to them, they’re quite disappointing 

to be honest with you with the new stuff. The 787 is very disappointing, yes it saves a load of fuel 

because its light, its good but it’s tricky.” 

 

[Kyle Davies] 5:39-5:53 

“They don’t fully consider the engineers as much as they do the design right? I’ve heard that when it 

comes to pipe work etc they don’t think too much about the engineer, they don’t think about access, 

they think about saving weight and money.”  

 

[Dale Warren] 5:54-6:43 

“Yeah, but there is a good side to that as well though because you haven’t got the erosion you used 

to have. 747s used to be rotten. You would spend weeks doing repairs on them because, you’d go to 

a floorboard that’s wet or something and it’s just white in powder, which is aluminium that’s 

dissolved, so you’d put a whole new section in. But with the new composite stuff, you don’t get that 

problem. That’s where they got the triple 7 right, they put the composites where they knew there 

wouldn’t be problems. 78’s, even the floor beds on them are so thin, when you’re walking on them 

you can feel them flexing on your feet .” 

 

[Kyle Davies] 6:44-6:53 

“Wow that’s not good, I thought that was even half the reason they don’t permit high heels whilst in 

the cabin, because you’d go straight through the honeycomb structure underneath. Or if it’s an even 

thinner composite like you mentioned, you just go straight through it.”  

 

[Dale Warren] 6:54-7:31  

“Because these things are so light, the floor used to be part of the structure where they’d bolt down 

sheets let’s say, that would create a floor with a similar strength to the aircraft, they’ve gone so thin 

now and I don’t know if that’s a weight saving thing or because the aircraft is quite strong by itself, 

they haven’t had to. But you get aircraft, and you can guarantee the floorboards are going to of split 

where somebodies walked across the floorboards at some point.” 

 

[Kyle Davies] 7:32- 9:05 



66 
 

“Further on to that, I was saying earlier how composites have been identified as the weight reducing 

material along with corrosion but have numerous problems with sustainability and being disposed of 

properly. My project looks at bio composites. Bio composites serve as a potential alternative to 

conventional composites by using natural fibers and renewable materials, obviously this thesis 

comes with many ifs and buts and that’s what I’m trying to approach. The fibers I have identified are 

all far lighter than glass fiber – E which is commonly used in aeronautical fiber glass, and some are 

more available, they’re biodegradable and recyclable. So, there are many benefits but they’re also 

many struggles, so moisture ingression being one of the biggest ones, natural fibers love to soak in 

water which is just not good. I’m trying to consider what components could be replaced starting 

from structural components all the way down to commodities like single use plastic packaging or 

disposable items like gloves. Things which probably get chucked out often are of particular focus, so I 

was going to ask what some are of the most used single used and thrown out items in your 

workplace, stuff like PPE, spill trays etc would you say these items are often used?”  

 

[Dale Warren] 9:06 – 10:29 

“Oh god yeah, I mean we’ve got these mob seals, they’re like skirting boards basically to a point, 

around the aircraft and you can guarantee they’re made from plastic and we’re binning them every 

day we change these things, we fill up bins full of plastic, you should see the bin. And like you said, 

meal trays and backs of seats etc they break all the time, because we’ve gone so lightweight with 

everything, its fragile as. We are throwing away loads of stuff, and it’s just going in the bin. And the 

carpets, which we thought were recycled because they’re a mixture of Kevlar and other materials.  

No, binned. We used to take them to be recycled but maybe something changed when they changed 

to Kevlar, and I’m pretty sure it could be recycled but as far as I know, it’s not being recycled. I don’t 

know If it’s because the cant finds a company that’s doing it. Rhys would be the one to help you find 

out that as he’s the Project Manager.” 

 

[Kyle Davies] 10:29-11:20  

“Yeah, a lot of the time materials can be recyclable but require a special breakdown process and 

there might not be many recycling centres that can do that. That’s another setback of bioplastics and 

bio composites because although they are more renewable and sustainable if they’re not broken 

down correctly, they can release methane which is 21 times more polluting than carbon dioxide is, 

so they must be broken down in the right facilities but there’s not many of them because they’re still 

an emerging technology, you know. They’re being tested and developed and becoming popular day 

by day but there’s still many challenges for them to face.” 

 

[Dale Warren] 11:21 – 11:36 

“Even in the early stages like you say, with the problems they’ve got they could probably still be used 

now in aviation and aircraft use, I’m sure. The only thing I would say is okay with the moisture 

problems they’d have to be internal, but the fire resistance is the big thing.”  

 

[Kyle Davies] 11:37 – 11:51 

“Yes definitely, as I said with natural fibers they do have a low flash point normally ranging around 

200 – 300 degrees Celsius, which isn’t substantial.” 

 

[Dale Warren] 11:52 – 11:55 

“But the thing is realistically on a modern aircraft, if you’re at that heat already, you’re probably 

already in trouble.” 
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[Kyle Davies] 11:56 – 13:07 

“Talking about thermal capacity, mycelium which is the root of fungi has shown superior thermal 

properties and again is considered as an emerging technology, it can be grown into different types of 

materials and networks as it naturally would throughout the material creating a robust and fire 

retardant material. This is the materials I’m going to investigate to replace non- structural 

components like cabin walls and seats. I think this may have the most luck of being integrated, as I 

said I’m looking at structural, non- structural and additional applications and I’m pretty sure that 

non-structural and additional applications will have the most success, stuff like discharged cartridges 

and bottles don’t need any particular crazy structural properties and their being thrown out every 

day so why don’t we just use something that would decompose in the ground rather than spending 

an extended lifetime in landfill.” 

 

[Dale Warren] 13:08- 14:21 

“That’s it, at the moment I think the world is still like wow we found this new material let’s use it, 

we’ve always done it look at asbestos, wow we found this stuff let’s use it! And now 25 years later 

we tell ourselves that wasn’t a good idea. I don’t think composites is a long-term answer, they’re 

awkward to use and the environmental factor of trying to dispose of these things… Theirs’s 

hundreds of thousands of them. It’s not a couple of tons its millions, what are they going to do with 

it? There’s no real answer to their end life.” 

 

[Kyle Davies] 14:23 – 14:59 

“Through your work experience, has the ever been any environmental schemes, or laws or 

standards? Just like, cycle to work or anything around that criterion.” 

 

[Dale Warren] 15:00- 18:50 

“We had the cycle to work scheme, which we had to fight for and me and my college eventually got 

it. They just didn’t want to do it because our pension and pay. The recycling thing has been quite 

poor unfortunately, I think it’s still rather poor. We got a recycling scheme, it’s a very vague one, 

basically if its bigger than a shoe box of cardboard then we recycle that, if its smaller don’t bother. I 

think really!? We throw out tons of cardboard, we can fill an entire room once a day in cardboard, 

and if it’s not larger than a shoebox we don’t bother to recycle it. Interserve used to deal with this, 

but now its mighty FM, we only have one big bin, instead of having one for cardboard one for plastic 

etc… what’s the point in that? Why can’t we just do that? Instead, we have one big bin and another 

for chemicals. The cleaners used to come round and used to dispose of chemical waste with their 

bare hands, this stuff is corrosive it’ll burn your hands. They weren’t aware that the chemical waste 

can’t be disposed of with regular landfill. Things have changed, they’ve had to, but the mentality 

here is “Its rubbish put it in the bin”. None of the cleaners have had any proper training with waste, 

they’ve just been told to tidy up sort of thing. And I don’t think they’ve ever had that training, even 

with the health and safety briefing. You go to the toilets, and they’ve put 25 gallons of bleach in 

there you can’t breathe, everybody needs a job, but they don’t seem to be properly training these 

guys. The bins are terrible, because I think we should have a different bin for everything, so 

everything can get recycled, but as far as BA/mighty FM are aware, they get the bins and dispose of 

it, they don’t know where it goes it’s just done for that part. We go through a lot of oil, skydrol will 

burn your skin. In fairness, we dispose of it in big bottles and that’s recycled properly, the rest of it… 

I’m not sure. “ 

 

 



68 
 

[Kyle Davies] 18:51- 19:43 

“The years building up to now, everyone’s been aware of plastic pollution and global warming, but I 

think now as far as EASA and environmental standards go things are really going to start changing 

from now. Because with the population growing and flight paths increasing, it seems that sooner or 

later some sort of compromise you know? Whether that be through becoming a lot more uniform 

with recycling or whether that be the span of new materials, I think a compromise is on its way.”  

 

[Dale Warren] 19:44 – 20:54 

“We had an email recently saying, 70% of our rubbish is being recycled, and we think really? Okay BA 

works by a set of rules and guidelines but sometimes they say these items have been recycled, we 

ask were its gone and the response is we’ve burnt it in an incinerator. And we think that’s recycling, 

is it? That’s the grey area of recycling materials. Surely, they could’ve melted down the plastic and 

made wheels or something with it. Yeah, disposed of shouldn’t be considered as recycling you know, 

the carpets, we always thought were recycled. But they just go straight into the bin.” 

 

[Kyle Davies]20:55-20:57 

“And they were made out of Kevlar you said?” 

 

[Dale Warren] 20:58-21:52 

“Yeah, they’re all Kevlar, it’s a mixture. Their so hard wearing, if you cut them, they’ll blunt a knife. 

The designers make sure it’s incredibly hard to prevent damage from the hundreds of people 

walking down the corridor wearing God knows what. We even had to have a stage trialling different 

blades to cut it, because a Stanley knife will blunt after one cut.” 

 

[Kyle Davies] 21:53-21:54 

“So disposing of Kevlar isn’t easy?” 

 

[Dale Warren] 21:55-22:24 

“No, but you’d think there would be something out there for that… someone would want it for 

something. But at the same time I could be completely wrong, you may ask Rhys, and hell say oh 

yeah it goes to x,y,z. But we’ve been told to put it in the bin. We’re just chucking it in the bin with 

the rest of the stuff. I’m not joking, with our bins… everything just goes into one. The number of 

times we just through it in the bin.” 

 

[Kyle Davies] 22:25- 22:30 

“It’s a shame, but I get it. When days are busy as well, umm it becomes tricky recycling everything.” 

 

[Dale Warren] 22:31 – 23:13 

“I mean Mark G**, is local and has been taking a lot of our scrap metal away. We told him we must 

pay for our metal to be disposed of, but he said he’d be happy to take it for free. You’ve got to think 

the couple tonnes we produce of aluminium, titanium etc is worth a fortune and we were paying for 

it to be taken away. Its mental.” 

 

[Kyle Davies]23:14-23:37 

“It’s funny, it’s like when it’s no longer use to one industry, they’re just like ahh, we need it gone, 

you guys are always busy in the hangars and don’t want it faffing about the hangar, you want a quick 

and easy process. But, a lot of the time, that quick and easy process can ultimately be the brush it 

under the carpet method you know, just pass it on get it somewhere.” 
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[Dale Warren] 23:38-24:07 

“We’ve always had metal bins, and as I said we haven’t officially got cardboard bins except for in bay 

one, which is a large walk down there. I think that’s why they’ve said, anything smaller than a shoe 

box don’t bother, because they don’t want you walking to it all the time, it’s a good 3-minute walk. 

It’s a big hangar. We’ve got like big landfill bins everywhere though.” 

 

[Kyle Davies] 24:08-24:20 

“I get you, so you have recycling facilities but it’s just not time efficient under busy workloads. I 

imagine the hangar can be stressful, aiming for time restricted goals and targets trying to get planes 

back in the air you don’t want to be having to walk back and forth faffing about.” 

 

[Dale Warren]24:21-25:08 

“Exactly, the last thing they want you doing is that they don’t want to pay us to walk they want the 

job done at the end of the day. If they just introduced more recycling bins, I think that would make 

us way better with our recycling etc. Sometimes we use big trolleys to save up all the cardboard and 

at the end of the day we take it to the bins in one hit. But British airways aren’t always transparent 

with what they want you to do and what you can do, as far as they’re concerned, they don’t care if it 

goes to what bin, just if you’re working. So, I don’t think it’s written anywhere how big a piece of 

cardboard should be for it to be recycled, but if you ask someone on site, that seems to be what’s 

been said. Considering how much cardboard we go through they should bring the allocated bins to 

each bay. That’s all you’ve got to do, it’s not rocket science.” 

 

[Kyle Davies] 25:09 – 25:16 

“No its not, and it will help the company with costs as well you’d think.” 

 

[Dale Warren] 25:17-26:05 

“It depends if they’re still paying for it to be taken away, because M** only takes away metal, he’s 

basically the local scrapman and strips all our waste up for metals. But with the composite stuff for 

the seats, I don’t know what happens to it.” 

 

[Kyle Davies] 26:06-26:17 

“What would be some of the most common components that your removing day to day from 

aircraft, removing and replacing?” 

 

[Dale Warren]26:18-33:12 

“Carpet is a huge one, theirs tons of it. For smaller stuff, seat panels, we fill a fair number of bins 

with seat panels. They’re some sort of brittle plastic or composite. A lot of them go, the customers 

break them, and they get replaced, no question about it. Another thing we use a lot is rags believe it 

or not, because everything is covered in grease and oil right, we go through boxes and boxes of rags 

which go straight in the bin because they’re contaminated. Oil is a huge one, because it’s a newer 

aircraft, the items we seem to replace the most is everything in the cabin. Yeah, anything that 

customers can get involved with basically. The 78’s are all under warranty, and because their new 

aircraft, in terms of the most frequently recycled and disposed items, its anything in the cabin. We’re 

still in the phases of repairing galley items, again most of it is composite. The cost of these items is 

crazy though, what was it? A latch, for a cupboard door cost £350.00. It’s that kind of ridiculous 

price, the galleys have meal trays and when you push them in storage they have plastic seals on the 
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back of them, when you take them out they snap off, every time, it’s a recurring issue. You’ve got to 

pull apart glued panels without trying to damage anything, we’ve done it couple times, but sooner or 

later these items are going to have to go in the bin, things such as aluminium panels etc must be 

removed. Those things break all the time, and its composite stuff, were literally filling buckets of 

these things every shift. It does seem to be all the items they’ve tried going lightweight on, which is 

huge with the composite stuff in the cabin. As far as external components, everything is rather 

robust there’s nothing we’ve come across that were changing on the 777, unless its small aluminium 

members within the doors which are prone to corrosion. Most of the work were doing in bay 2 is the 

servicing part not the annual’s, which investigates major strip downs and rebuilds, but we don’t 

really throw a lot of aircraft parts away unless severely damaged. Even actuators and stuff, they go 

for overhaul and come back. As far as externals, they don’t make a lot of rubbish, its consumables 

such as rags which are frequently chucked out, that sort of stuff. Everything else is routable or 

repairable at that point. “ 

 

[Kyle Davies] 33:13-33:18 

“So as far as components on aircraft, you’d say the cabin is the focal point of waste?” 

 

[Dale Warren] 33:19-35:40 

“Yeah, the cabin is where probably 70% of the aircrafts working hours are, its huge. It is massive, 

because you’ve got to think with every check regardless, everything in there is usually broken, it’s all 

got to be taken out and it’s all got to be replaced. I’ve worked on and off the cabin for years, and half 

the time when you read the manual it says “disassemble”, it doesn’t say how to disassemble or what 

equipment is required. Externally, you read the manual and it will give concise instructions because 

that’s when its important, or more important. But again, external work can be considered easy in 

comparison, the people working external will do anything to stay away from the cabin because 

they’ll stroll round most of the shift, because they can. The cabin on the other hand is go go go go! 

It’s all the time non-stop, you’re getting whipped literally because everything is broken. There are 

more inspections in cabin, within the space of a few meters, you’ve got so much to look at, you 

know you could have up to 2 engineers working through their whole shifts just doing inspections. 

But like I say, external parts aren’t thrown away much.” 

 

[Kyle Davies] 35:41- 36:08 

“Bioplastics and bio composites still have a while before being at the mechanical and especially the 

thermal properties for structural application but for the non-structural stuff in the cabin I think it has 

a much larger chance of being successfully integrated, replacing stuff like seat panels, honeycomb 

structures and more.” 

 

[Dale Warren] 36:09-38:35 

“A lot of it, is going to come down to the people who are designing the stuff, because unfortunately 

we do live in a society where people go “Oh, that looks pretty, what a lovely egg”, but in engineering 

that’s an absolute nightmare, you’ve given the design side of it to someone completely 

inexperienced in an office who have thought of nothing else but aesthetic. It looks great, brilliant, 

but how strong is that structure will a foot go straight through it? And then the failed design gets 

passed on to somebody else. The people who design this stuff aren’t necessarily making it to a grade 

or standard which is long-term going to last, the new stuff usually breaks quickly. But then these 

guys must follow an agenda, is it lightweight? Is it cheap? It’s got to meet xyz whatever it may be. 

Another common occurrence is the negligence to removing these components, as they’re usually 

bonded to other components. It’s not environmentally friendly when its lasted 10 times shorter than 
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the previous component.” 

 

[Kyle Davies] 38:36 – 38:39 

“Yeah, even though these items could even be carbon neutral, it’s still completely counterproductive 

to the idea.” 

 

[Dale Warren] 38:40 – 39:09 

“Exactly, whereas if they passed it on to an engineer to design it rather than someone trying to make 

it look pretty, the engineer is going to create a feasible component rather than an astatically 

pleasing component.” 

 

[Kyle Davies] 39:10 – 39:31 

“Yeah, so you have to find a compromise somewhere basically, you want it to look good but you 

need it to hold up and you’re completely right with all the aspects you need to consider, I’ve looked 

into it and it doesn’t stop. You’ve got to consider mechanical properties from tensile strength to 

young’s modulus to elastic modulus, then you’ve got to consider thermal properties, then you’ve got 

to consider toxicity, flammability, and more.” 

 

[Dale Warren] 39:32 – 40:13 

“Exactly, the list goes on and on, but the simple stuff they could replace, they don’t want to because 

it won’t look as pretty. And you go well that would save it going to landfill, so all the things you’re 

going on about for the environment what it’s made from, how it’s made, how its processed, what 

pollution it gives off to what we’re going to do with it after were done is all irrelevant because it’ll be 

going in the bin. So, if you made it reusable, half of that stuff you wouldn’t really need to worry 

about too much. It reduces the impact because we can use it for ten years not 6 months, you know. 

Plus, the cost, I mean if somethings getting thrown out every 6 months and is costing 5 grands 

worth.. it’s not productive.” 

 

[Kyle Davies] 40:14-40:42 

“So, its finding that compromise between a material being strong enough, aesthetically pleasing 

enough, available and cost effective because that’s the bottom line of any business. If they know 

they’re missing out on money using these materials it’s not appealing so it’s finding a material which 

can tick all these boxes, which is difficult.” 

 

[Dale Warren] 40:43-41:15 

“All of this is being driven now, reductions in weight to save fuel because it all comes down to cost, 

everything. Secondary, even if it was considered secondary is the environmental factors because 

you’re still chucking 50 tons of fuel in that engine to make one journey. Okay, they want to reduce 

that… but only for cost, they don’t want to pay for it.” 

 

[Kyle Davies] 41:16 -41:46 

“That’s why hopefully if I did identify a material which could replace seat panelling and let’s say it 

costs slightly more than the current material used because it’s a new technology but we’ve reduced 

the weight of the aircraft by a ton or two, then they’ll buy it because over the course of a year of 

flights they’ve saved x amount, it makes it worth it and also it makes them look good!” 

 

[Dale Warren] 41:47 – 42:57 

“Ah definitely, years ago, we stripped all the footrests of an aircraft, by itself it’s a tiny component, 
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strip all of them you can full skips, we had skips full of them and what they reckon they were going 

to save within a year having them off the aircraft was silly. And they weigh probably the same as 

your phone, but because theirs 350 of them on every aircraft of a fleet of 52 747s, the savings are 

humongous.  I think therefore they’re becoming more and more funny about luggage, give it a few 

more years you’ll only be able to take your pants on an aeroplane, seriously. Budget airlines have 

thought that if one person weighs over 20 odd stone they should be buying two seats because your 

weight is using up twice the fuel. That’s why easyJet were like any baggage above 20kg and were 

going to charge the hell out of you, because it all costs money for fuel.” 

 

[Kyle Davies] 42:58 – 43:14 

“Apparently that’s one of the reasons why business class is more expensive, because on average the 

clientele using business class are heavier than economy class customers.” 

 

[Dale Warren] 43:15 -43:24 

“Put it this way, you fill up the business class you’ve made your money back for the flight and there’s 

only what 10 to 14 spaces there. That’s how expensive it is.” 

 

[Kyle Davies] 43:25 -43:27 

“Its crazy isn’t it? Well yeah, I think I’m happy with that, this has been useful, thank you.” 

 

[Dale Warren] 43:28 – 43:58 

“Yeah? No worries, Rhys will be useful for the figures and everything else, and he’s also avionics 

making him dual trade. Rhys is really switched on and I’m sure will provide some good information, 

he really is. I’m the one getting greasy with tools, Rhys is higher up the chain and has a better 

understanding on the facts and things and what happens, which will be good for you.” 

 

[Kyle Davies] 43:59 – 44:01 

“Yeah I’ve sent him a digital questionnaire to fill out, he said it should be completed in a couple 

weeks.” 

 

[Dale Warren] 44:02 – 44:04 

“Nice, well I hope this helps anyway.” 

 

[Kyle Davies] 44:05 – 44:08 

“Yeah, that was awesome, you’ve helped confirm and clarify many grey areas within my project. 

Thank you very much and have a great day.” 

 

[Dale Warren] 44:09 – 44:11 

“You to have a good day in work and good luck to you completing your project.” 
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Appendix 3 – Email conversations  
 

Conversation with “Bioplastics News” Editor and Co-founder, Axel Barrett.  
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Flax fiber market report request: Cognitivemarketresearch.com  
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