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What went behind the
Development of Mycelium composites
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Sample preparation:
Substrate (Sawdust/hemp)  + Wheat 
added in (1:10) ratio
Water is added till the substrate is damp
Autoclaved at 120 degree Celsius
Grow it in the molding bag

Incubation temp- 27 degree Celsius
Mold formation: Vacuum Forming
Mold Material: Acrylic polymer sheet

Mycelium inactivation condition: 50de-
gree Celsius for 24 hrs

info@impershield.eu
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Force and weight calculations for bio based panels

APPENDIX 3

Force and weight calculations for bio based composites



Force and weight calculations for composite made of flax panel and mycelium as core



Force and weight calculations for composite made of Balsa wood and mycelium as core



Force and weight calculations for composite made of pre treated wood and mycelium as core



Companies Assignment Brief
APPENDIX 4#3 Aerospace Meets Biotech

Aerospace meets biotech: Designing bio-sourced 
materials towards functionality for aerospace 
(mycelium, enzymes, etc.) 

Problem statement:
Bio-sourced raw materials are emerging 
materials that are made from renewable 
resources e.g. agricultural wastes, sugars or 
fungi feedstock. Their versatile properties make 
bio-sourced products promising for a wide 
range of applications. Biotechnology has been 
applied as a valuable tool to produce useful 
bio-sourced products. Bio-sourced materials 
and biotechnology have shown a huge potential 
to replace conventional petroleum-based 
materials towards a more sustainable and 
circular economy. Furthermore, biomaterials are 
manufactured using low-energy processes from 
agricultural by-products or wastes. Currently the 
main applications are packaging, automotive 
and building materials. First studies showed 
that bio-sourced materials are also promising 
alternatives for aerospace applications, e.g. 
in aircraft secondary structures and interiors. 
However their application is still limited and 
some key challenges have to be solved to 
implement biotechnology and bio-sourced 
materials in the aerospace industry.  

Research question(s): 
Today, although there are some promising 
opportunities, bio-sourced products are 
produced at a small scale. What are the 
challenges to mature and upscale the 
technology and make these products the 
materials of choice for our tomorrow’s aerospace 
applications?

Design of new class of materials:
How to answer the demanding aerospace 
requirements, e.g. high mechanical performance 
or flame, smoke and toxicity properties, while 
improving the environmental impacts of the 
products.

Market Analysis:
 What are the aerospace needs? e.g. how 

many biomaterials/biotechnology factories do 
we need for our aircraft. 

 How to set-up this new biomaterial supply 
chain? Challenges and Opportunities, e.g. 
viable biobased feedstocks and waste streams 
identification and if other industries are also 
interested. 

 Are there any economies of scale benefits? 
 How to scale-up biological manufacturing 

processes? 

Life Cycle Assessment:
 How to up-scale the data from the lab scale? 
 How to compare the environmental impact 

of low maturity materials and technologies, 
and drive the future developments? 

Expected type of work 
Interviews, material flow analysis, stakeholder 
analysis, life cycle assessment 

Available data/reports or other relevant 
information sources for the assignment 

E. Ramon et al., Aerospace 2018, 5(4), 110;
https://doi.org/10.3390/aerospace5040110 

S. Bitting et al., Biomimetics 2022 7(2), 44.
https://doi.org/10.3390/biomimetics7020044 

M. Chaudhury, Master thesis, Delft University
of Technology “Designing Circular Applications 
of Mycelium-Based Materials for Aircraft 
Cabins” 2023

Commissioner details
 Department: Airbus Central Research & 

Development, Materials Domain

Available data/reports or other relevant information 
sources for the assignment 

 Shapiro, M., Engberg, Z., Teoh, R., Stettler, M., 
& Dean, T. (2023). pycontrails: Python library for 
modeling aviation climate impacts (v0.47.1). Zenodo. 
https://doi.org/10.5281/ZENODO.8329793 

 Rahn, A., Wicke, K., & Wende, G. (2022). Using 
Discrete-Event Simulation for a Holistic Aircraft 
Life Cycle Assessment. Sustainability, 14(17), 10598. 
MDPI AG. http://dx.doi.org/10.3390/su141710598 

 Clarke, D., et al. (2022). CO2 Emissions from air 
transport: A near-real-time global database for 
policy analysis. OECD Statistics Working Papers. 
No. 2022/04. OECD Publishing, Paris. https://doi.
org/10.1787/ecc9f16b-en 

 Filippone, A., Parkes, B., Bojdo, N., & Kelly, T. 
(2021). Prediction of aircraft engine emissions 
using ADS-B flight data. In The Aeronautical Journal 
(Vol. 125, Issue 1288, pp. 988–1012). Cambridge 
University Press (CUP). https://doi.org/10.1017/
aer.2021.2 

 Manz, O., Meyer, S., & Baumgartner, C. (2021). Life 
cycle assessment of an Internet of Things product: 
Environmental impact of an intelligent smoke 
detector. In Proceedings of the 11th International 
Conference on the Internet of Things. IoT ’21: 11th 
International Conference on the Internet of Things. 
ACM. https://doi.org/10.1145/3494322.3494332 

 Hagen, J., Büth, L., Haupt, J., Cerdas, F., & 
Herrmann, C. (2020). Live LCA in learning factories: 
real time assessment of product life cycles 
environmental impacts. In Procedia Manufacturing 
(Vol. 45, pp. 128–133). Elsevier BV. https://doi.
org/10.1016/j.promfg.2020.04.083 

 Kılkış, Ş., & Kılkış, Ş. (2017). Benchmarking 
aircraft metabolism based on a Sustainable Airline 
Index. In Journal of Cleaner Production (Vol. 167, pp. 
1068–1083). Elsevier BV. https://doi.org/10.1016/j.

jclepro.2017.03.183 

 Risse, K., Schäfer, K., Schültke, F., & Stumpf, E. 
(2015). Central Reference Aircraft data System 
(CeRAS) for research community. In CEAS 
Aeronautical Journal (Vol. 7, Issue 1, pp. 121–133). 
Springer Science and Business Media LLC. https://
doi.org/10.1007/s13272-015-0177-9 

 https://pace.txtgroup.com/products/flight-
operations/pacelab-flight-profile-optimizer/ 
https://blog.google/technology/ai/ai-airlines-
contrails-climate-change/ 

Other remarks
For the demonstrator development, skills in a 
suitable programming language for data analysis 
and presentation (e.g., Python) is highly desired. 
This will allow to put developed concepts directly 
into practice and eases the final presentation 
to other stakeholders. A passion for design or 
graphical user interfaces could also help, but is 
not mandatory. Furthermore, some knowledge 
on methodologies for environmental impact 
assessments and a vision for the future would be 
great!

Commissioner details 
 Department: Airbus Operations GmbH / 1CDC6
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Project title 

Please state the title of your graduation project (above). Keep the title compact and simple. Do not use abbreviations. The
remainder of this document allows you to define and clarify your graduation project. 

PROJECT TITLE, INTRODUCTION, PROBLEM DEFINITION and ASSIGNMENT
Complete all fields, keep information clear,  specific and concise

Introduction 

Describe the context of your project here; What is the domain in which your project takes place? Who are the main stakeholders 
and what interests are at stake? Describe the opportunities (and limitations) in this domain to better serve the stakeholder 
interests. (max 250 words)

Name student Student number 5,762,499Chinmayi Narasimha

Designing Bio sourced materials towards functionality for aerospace (Mycelium, enzymes, etc)

The aviation industry is experiencing rapid growth, with a projected demand for approximately 42,600 new commercial jets 
over the next 20 years. In the absence of rethinking technologies, design, and manufacturing of aircraft cabins, cabin waste 
volumes are expected to double in the next decade. The International Air Transport Association (IATA) aims to promote 
solutions that reduce industry costs and support the circular economy. One avenue being explored is the use of greener 
materials. Bio-based materials are one type of greener material offering environmental benefits. This project seeks to 
assess the viability of such materials as replacements and determine their actual sustainability benefits. However, 
challenges remain in maturing and scaling up this technology, as well as positioning these products as preferred materials 
for tomorrow's aerospace. Key among these challenges is the need to modify the material properties of bio-based materials 
to meet functional and contextual requirements.

Stakeholders in this context:
TU Delft remains a highly engaged and influential stakeholder throughout this thesis, as the outcomes can serve as the 
foundation for upscaling diverse product designs made from mycelium sources. Conversely, Airbus' material research team 
in Munich is also a highly interested and involved stakeholder in the resulting developments related to sustainable 
structures. The design office situated at Airbus' headquarters in Toulouse, France, possesses competencies encompassing 
architecture integration, general design, structural design and computation, integration tests, and systems. Initially, this 
office is expected to wield significant influence but maintain relatively low involvement in initial stages. Stakeholders with 
considerable interest yet limited influence encompass competitors and existing manufacturing partners, including 
mycelium-based companies, honeycomb panel manufacturers, seat manufacturers, and other entities within the aircraft 
interiors supply chain.
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Current situation and future perspectives for the use of fungi. PeerJ Materials Science, 5, e31
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Then explain your project approach to carrying out your graduation project and what research and design methods you plan to
use to generate your design solution (max 150 words)

Problem Definition 

What problem do you want to solve in the context described in the introduction, and within the available time frame of 100 
working days? (= Master Graduation Project of 30 EC). What opportunities do you see to create added value for the described 
stakeholders? Substantiate your choice.
(max 200 words)

Assignment 

This is the most important part of the project brief because it will give a clear direction of what you are heading for. 
Formulate an assignment to yourself regarding what you expect to deliver as result at the end of your project. (1 sentence) 
As you graduate as an industrial design engineer, your assignment will start with a verb (Design/Investigate/Validate/Create), 
and you may use the :  

Mycelium based composites have  already shown potential replacement for aircraft interiors with respect to reduce in 
weight and waste, thanks to their lightweight and biodegradable nature. Despite these advantages, the aerospace industry 
has yet to adopt these composites, primarily due to the challenges mentioned below:

1.  Despite demonstrating considerable tensile strength, mycelium sheets still require a metal alloy to meet specific 
requirements. To enhance mechanical strength, no studies have yet optimized the geometric structure of mycelium.
2. A primary concern for aircraft safety is reducing flammability, as evidenced by recent incidents like the Tokyo aircraft 
crash. Ensuring materials are flame retardant and compliant with FST standards is crucial. This may involve layering with 
other bio-based materials or redesigning mycelium structures.
3. Currently, there is no validated method or production system to upscale bio-based structural materials for aircraft. 
Studying and prototyping in feasible ways is essential to demonstrate the potential production methodologies of these 
materials.
4. Given that mycelium and other bio-sourced materials are fungal-cultivated, understanding how these materials are 
perceieved and their value to companies is crucial. This aspect is planned to be explored through project value modeling.      

Redesigning an aircraft interior component (panel/armrest/tray table..) using mycelium-bio composites to validate its advantage over 
existing materials, while simultaneously evaluating their potential to meet industrial standards for scalability.

Understanding Context: 
- Review of the characteristics of mycelium-based products.
- Evaluate the properties of previously cultivated Mycelium sheet (Flammability, Toxicity, Tensile strength)
- Develop Value curve of Mycelium against exisitng aircraft Materials (polyethylenimine, Polyurethane, Polyetherimide)
- Ideation to Enhance Material Characterization. (Biomimicry, Co creative workshop, Stakeholder interviews)
Material Exploration/Modification:
- Create modifications in material/ Fabricate the designs. (3D printing/molding)
- Develop Material Categorization. (Material ontology to showcase the functionality of each layer/element)
Design Development:
- Proposal for Production methods based on the feasible application.
- Product Journey Mapping (Fast track LCA)
- Final Design Development (Detail, accurate prototype and renders)

Green light meeting 

In exceptional cases (part of) the Graduation 
Project may need to be scheduled part-time. 
Indicate here if such applies to your project

Part of project scheduled part-time

For how many project weeks

Number of project days per week

Project planning and key moments 

To make visible how you plan to spend your time, you must make a planning for the full project. You are advised to use a Gantt 
chart format to show the different phases of your project, deliverables you have in mind, meetings and in-between deadlines.
Keep in mind that all activities should fit within the given run time of 100 working days. Your planning should include a kick-off 
meeting, mid-term evaluation meeting, green light meeting and graduation ceremony. Please indicate periods of part-time 
activities and/or periods of not spending time on your graduation project, if any (for instance because of holidays or parallel 
course activities). 

Make sure to attach the full plan to this project brief. 
The four key moment dates must be filled in below

Motivation and personal ambitions

Explain why you wish to start this project, what competencies you want to prove or develop (e.g. competencies acquired in your 
MSc programme, electives, extra-curricular activities or other).

Optionally, describe whether you have some personal learning ambitions which you explicitly want to address in this project, on 
top of the learning objectives of the Graduation Project itself. You might think of e.g. acquiring in depth knowledge on a specific 
subject, broadening your competencies or experimenting with a specific tool or methodology. Personal learning ambitions are 
limited to a maximum number of five.  
(200 words max)

Graduation ceremony 

Kick off meeting Kick off meeting 

Mid-term evaluation

Comments:

4 Mar 2024

15 May 2024

12 Jul 2024

28 Aug 2024

9

4,0

Kindly access the sharepoint link for the 
detailed project planning: 
https://shorturl.at/pvxJ3 

About me, I studied Chemical Engineering for my Bachelor's degree, specializing in Starch-based bioplastics for my thesis. I 
switched to product design because I felt limited just working in labs with materials and chemicals without knowing user 
and market needs. The Sustainable Design Engineering department at TU Delft caught my attention during my 
undergraduate studies due to its pioneering research and innovative design initiatives and thus I planned my masters in IDE. 
Since becoming a Master's student, my interest in the program has only grown. I took the initiative to work as a student 
assistant under the supervision of Ingrid and Jeremy Faludi within this department. Additionally, I am currently moderating 
edX courses on circular economy. These experiences have afforded me a deeper understanding of sustainable practices.

Competencies to demonstrate:
1. Proficiency in material sciences.
2. Expertise in conducting user and stakeholder research.
3. Applying sustainable design methods.
Competencies to enhance:
1. Project planning and applying design methodologies on own which will align with the requirements of the project.
2. Consistently upholding responsibility and accountability for the research and design tasks I undertake.
3. Developing stronger communication skills to articulate and present my work more effectively.
3. Strengthen skills in material testing and understand industrial standard requirements



    Working Days              Weekends             Public 
Holidays Week

Date 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1 2 3 4 5 6 7 8
Days worked 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 # 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 ##

Day M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S

Important Dates
Thesis Kickoff *Midterm Evaluation

*Thesis Green light
*LDE Labs Finals

*Graduation Day
*

Initialisation: Understanding Context

Review of the characteristics of currently 
used aircraft cabin materials

100% 3-5-24 3-8-24

Research on companies using bio based 
composites.

100% 3-11-24 3-11-24

Literature review on developing bio based 
materials in lab conditions

100% 3-12-24 3-15-24

Training in Bio labs, chemical and 
composites labs at DASML

100% 3-19-24 3-19-24
Re
por
t

Develop Value curve of Mycelium against 
exisitng aircraft Materials

100% 3-25-24 3-27-24

Identify current areas of Improvement and 
draw program of requirements

10% 4-3-24 4-4-24

Design and Development

Formulate the specifications 
(Certifications /Standards)
Ideation: Implementation of Design 
methodologies
Develop test Plans and source the 
resources 
Production of new recepies/ Design

Testing properties of the results

Add to the fish trap model

Design Development

Proposal for Production methods based 
on the feasible application.
Product Journey Mapping

Final Concept Development (Detail, 
accurate)

Evakuation and Feedback

Project Value Modelling

Identify Areas for further development

     Documentation

Every week Reporting- 3-4hrs

Thesis Report

Poster Preparation/ Video

Final Presentation

aug 5, 2024 aug 12, 2024 aug 19, 2024 aug 26, 2024 sep 2, 2024jul 1, 2024 jul 8, 2024 jul 15, 2024 jul 22, 2024 jul 29, 2024mei 27, 2024 jun 3, 2024 jun 10, 2024 jun 17, 2024 jun 24, 2024apr 22, 2024 apr 29, 2024 mei 6, 2024 mei 13, 2024 mei 20, 2024apr 15, 2024mrt 4, 2024 mrt 11, 2024 mrt 18, 2024 mrt 25, 2024 apr 1, 2024 apr 8, 2024

TASK PROGRESS Start END

Iteration 1 Iteration 2 Iteration 3 Iteration 4 Iteration 5 Iteration 6 Iteration 7 Iteration 8 Iteration 9 Iteration 10

Project Planning


